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	SCOPE: This TMCR contains specific integrated requirements and instructions for the preparation of the subject standard technical manual. The requirements for the preparation of the technical content of the subject technical manual were taken from the applicable specifications and standards for technical content of manuals as specified in NAVSEAINST 4160.3A. 

The requirements of the Data Item Descriptions (DIDs) listed in the Contract Data Requirements List (DD Form 1423), in conjunction with the requirements of the specific contract line items as specified herein, constitute the data to be delivered, the products to be prepared, and the resulting tasks to be performed by the contractor. 






1.0 DELIVERABLES.
The following deliverable items shall be prepared as specified in Section 3 of this document. 



DATA ITEMS. 

1.1 TECHNICAL MANUAL SCHEDULE, STATUS AND COSTS REPORTS.
1.2 QUALITY ASSURANCE PROVISIONS.
1.2.1 Validation Plan.
1.2.2 Validation Certification.
1.3 MANUAL, TECHNICAL, STANDARD.
1.3.1 Review Draft Copy (RDC).
1.3.2 Final Reproducible Copy (FRC).
1.3.2.1 Final Digital Encoding of Technical Publications.
2.0 APPLICABLE DOCUMENTS.
2.1 Specifications.
The following documents were used to establish the requirements of this document. 

   MIL-DTL-24784B(SH)           Manuals, Technical: General 

                                Acquisition and Development 

                                Requirements

   MIL-DTL-24784/20B(SH)        Associated Detail Specification

                                Digital Systems Manual Requirements

   MIL-PRF-28001C               Markup Requirements and Generic 

                                Style Specification for Exchange 

                                of Text and its Presentation.

   MIL-PRF-28002C               Raster Graphics Representation in

                                Binary Format, Requirements for.

   MIL-STD-38784                Standard Practice for Manuals, 

   Appendix C Document          Technical:  General Style and 

   Type Definition (DTD)        Format Requirements

2.2 Standards.
   MIL-STD-1309                 Definition of Terms for Test,

                                Measurement, and Diagnostic

                                Equipment

   MIL-STD-1840C                Military Standard Automated

                                Interchange of Technical

                                Information

   DOD-STD-1686                 Electrostatic Discharge Control

                                Program for Protection of 

                                Electrical and Electronic Parts,

                                Assemblies and Equipment 

                                (Excluding Electrically 

                                Initiated Explosive Devices)

(Copies of standards required by contractors in connection with specific procurement functions should be obtained from the procuring activity or as directed by the contracting officer.) 

2.3 Handbooks and Manuals.
Government Printing Office. 

   United States Government     Style Manual
   Printing Office

2.4 Department of Defense.
   JCS Pub 1                    DOD Dictionary of Military and

                                Associated Terms

Application for copies should be addressed to: 

The Superintendent of Documents, 

U.S. Government Printing Office, 

Washington, DC 20402

2.5 Department of Navy.
   SL160-AA-LST-010/TM-WORDS    Baseline Word Lists for NAVSEA/

             or                 SPAWAR Technical Manuals

   EL160-AA-LST-010/TM-WORDS

   NAVSEA ST000-AG-IDX-010      Test Measurement Diagnostics 

                                Equipment Index

Application for copies should be addressed to: 

The Standardization Documents Order Desk, 

700 Robbins Avenue, Building 4D, 

Philadelphia, PA 19111-5094

2.6 Forms.
   Form NAVSEA 4160/3           Technical Manual Validation

                                Certificate

Copies of forms required by the preparing activity in connection with specific procurement functions should be obtained from: 

The Standardization Documents Order Desk, 

Building 4D, 

700 Robbins Avenue, 

Philadelphia, PA 19111-5094

2.7 NON-GOVERNMENT PUBLICATIONS.
The following document(s) form a part of this document to the extent specified herein. Unless otherwise specified, the issues of the documents which are DOD adopted are those listed in the issue of the DODISS cited in the solicitation. Unless otherwise specified, the issues of documents not listed in the DODISS are the issues of the documents cited in the solicitation. 

    Aerospace Industries           Recommendation for Hazardous

    Association, AIA-TR91-1        Materials Warnings in Technical 

    Publications DOD Liaison       Data                            



(Application for copies should be addressed to the Aerospace Industries Association, 1250 Eye Street NW, Washington, DC 20005.) 


2.7.1 American National Standards Institute, Inc. (ANSI).
The following standards shall apply: 

   ANSI Y14.5                   Dimensioning and Tolerancing

   ANSI Z535.3                  Criteria for Safety Symbols

Application for copies should be addressed to: 

American National Standards Institute, Inc.

1430 Broadway

New York, N.Y. 10018

2.7.2 American Society for Testing and Materials (ASTM).
The following standards shall apply: 

   ASTM D3951                   Standard Practice for Commercial 

                                Packaging

Application for copies should be addressed to: 

American Society for Testing and Materials,

100 Barr Harbor Dr., 

West Conshohocken, PA 19428-2959

2.7.3 Institute of Electrical and Electronics Engineers (IEEE).
The following standards shall apply: 

   IEEE 945-84                  IEEE Recommended Practice for

                                Preferred Metric Units for Use in

                                Electrical and Electronics Science

                                and Technology

Application for copies should be addressed to: 

The Institute of Electrical and Electronics Engineers, Inc., 

P.O. Box 1331 

445 Hoes Lane, 

Piscataway, N.J. 08855-1331

2.7.4 International Standards Organization (ISO).
The following standards shall apply: 

   ISO 6829                     Flowchart Symbols and Their Use 

                                in Micrographics First Edition

Application for copies should be addressed to: 

American National Standards Institute

11 West 42nd Street, 

New York, NY 10036

2.7.5 National Institute of Standards and Technology (NIST).
The following standards shall apply: 

   NIST Special Publication 811   Guide for the Use of the 

                                  International System of Units 

                                  (SI).

Application for copies should be addressed to: 

NIST Metric Program 

Building 820, Room 304, 100 Bureau Drive, Stop 2000 

Gaithersburg, MD 20899-2000

3.0 REQUIREMENTS.
In the event of a conflict between the text of this document and the references cited herein, the text of this document takes precedence. Nothing in this specification, however, supersedes applicable laws and regulations unless a specific exemption has been obtained. 

Advertising. Technical manuals shall contain no advertising unless the contract or SEATASK specifies that the equipment manufacturer shall be identified on the cover. 

Copyrights and proprietary information credit line. Technical manuals shall not contain copyrighted material except as specified in the Federal Acquisition Regulations and Defense Federal Acquisition Regulation Supplement. When copyrighted material is to be included in a technical publication, the developer shall obtain prior written permission from the copyright owner or authorized agent for its use. The signed, written permission shall be delivered together with the final reproducible copy. The written permission shall contain a statement declaring whether or not a copyright credit line is required. When it is necessary to include copyright and proprietary material, it shall be clearly identified and the following warning statement shall be included on the title page: 

"This document contains copyright or proprietary materials.  Infringement of 

copyright or proprietary material may violate existing Federal laws and statutes 

and result in criminal penalties, imprisonment, or removal from office."

Security classification, distribution statement and destruction notice. Security classification, distribution statement and destruction notice shall be in accordance with this document. The overall security classification assigned to a technical manual shall agree with the highest classification assigned to any portion within. The security markings shall be the same as for other title pages. For destruction notice see 3.3.1.1.1.2.6. 

Source Data. The primary source data for technical manuals shall be engineering drawings and, if a requirement, Logistic Support Analysis (LSA) and Logistic Support Analysis Record (LSAR). 

Maintenance coverage. Organizational, intermediate, and depot maintenance levels shall be covered in a combined single manual. 

Distribution Statement. Each technical manual and modification thereto shall be marked, in accordance with DODD 5230.24, to denote its availability for distribution, release, and disclosure without additional approvals and authorizations (see 3.3.1.1.1.2.4). This marking shall be in addition to a security classification marking. Additionally, a determination shall be made in accordance with DODD 5230.25 whether the technical manual contains export controlled technical data. 

3.1 TECHNICAL MANUAL SCHEDULE, STATUS AND COSTS REPORTS.
3.1.1 Schedule and Status Reports.
A technical manual schedule and status report shall be supplied at the frequency determined by the contract or SEATASK. The report shall be in a narrative format and indicate the information necessary to provide a comprehensive management level analysis of all development activities. 

3.1.2 Cost Reports.
Technical manuals shall be acquired in a cost-effective manner. Cost and pricing data shall be obtained for each new, revised or changed manual. A separate analysis shall be provided together with supporting documentation for each manual developed. The cost of technical manuals shall be limited to the effort and material needed to produce the manual from source data. 

3.2 TECHNICAL MANUAL QUALITY ASSURANCE DATA.
3.2.1 Validation Plan.
A validation plan shall be developed and shall be acceptable to the government. It shall reflect compatibility with the overall maintenance and support plan, outline the preparing activity`s recommended validation procedure, and indicate the scope of the validation effort. It shall also include manuals for which requirements have yet to be defined, such as equipment component and support equipment manuals. The plan shall reflect the requirements of this document. The plan shall include recommendations for simultaneous validation or verification as appropriate. The validation plan shall ensure there is a system for inspection, validation, and correction of the manual. Validation shall provide a measure of the overall quality of the manual. When the Government performs an inspection at a preparing activity`s plant, such inspection shall not be used by the preparing activity as evidence of effective control of quality. When revisions or corrections are required after any inspection, validation, or review, there shall be reinspection, revalidation, or re-review by the preparing activity, and if necessary, by the Government of all data affected. The validation plan shall include: 

a. Validation by which the technical manual is tested for technical adequacy and accuracy and compliance with the provisions of this document and other technical contractual requirements. 

b. Detailed review of FRC to ensure that this material is identical to the authorized, validated, verified, corrected, and accepted draft or preliminary manuals and complies with legibility and reproducibility requirements. 

3.2.2 Validation Certification.
The preparing activity shall prepare a validation certification attesting to the technical manual adequacy and accuracy by actual performance or simulation. Individual validation certification reports shall be prepared for each technical manual validation by the preparing activity, using NAVSEA Form 4160/3 from S0005-AA-PRO-010/TMMP as the certification document. 

3.3 MANUAL, TECHNICAL, STANDARD.
3.3.1 Review Draft Copy (RDC).
RDCs shall be developed for review and coordination for technical accuracy and adequacy to evaluate the preparing activity`s progress and assess compliance with this document and terms of the contract or SEATASK. RDCs shall be submitted for acceptance prior to development of the PTM or FRC. 

3.3.1.1 RDC Development.
The RDC shall be developed as follows: 

a. RDC shall be formulated in accordance with the approved outline and represent the configuration of the hardware. 

b. The text shall be computer generated, double spaced, on one side of the paper and shall contain the exact wording and content intended for the reproducible copy. The RDC may be issued initially in single column format and may include voids where information is not available. The production method may be the most economical method at the option of the preparing activity. When the RDC is presented in computer or other form such that the paragraphing or symbols cannot be readily understood, it shall be annotated to make the paragraphing and symbols clear to the reviewer. 

c. All front matter, text, tables, and illustrations shall meet the content, format, page size and image area requirements of this document. 

d. The binding edge shall not be less than 1 inch and the outside edge not less than 1/4 inch. The method of duplication, covering and binding shall provide legible, collated copies. 

e. Unclassified RDCs shall be duplicated and loose leaf bound in pressboard or equivalent binders. 

f. Reproduction of penciled illustrations are acceptable if their technical content, clarity, correctness, and adequacy meet requirements of this document. Illustrations submitted for review shall be legible. 

g. Illustrations, drawings, and tables shall be final size, complete with titles, figures, and table numbers. 

h. Official nomenclature, common names, and equipment abbreviations shall appear in their normal-reading sequence. The nomenclature shall be used consistently in the text, figures, and tables of the text plan. Transposed nomenclature shall be used in illustrated parts breakdowns (IPBs) or indices. 

i. The words "REVIEW DRAFT COPY" shall be placed on the cover and title page above the technical manual identification number. 

j. The RDC shall be complete in all respects with all in-process review comments incorporated. A completed and signed validation certificate shall accompany the RDC submitted for technical review. Following review, the developing activity shall incorporate all required changes. 

k. Shading or color-coding is not required in the RDC but functional boundaries shall be illustrated by dotted lines. Hardware boundaries shall be indicated by dot-dash lines, with the number of dots corresponding to the level of containment (first level, second level, and so forth). 

l. The RDC shall be proofread, technically edited, validated in accordance with the validation plan, and collated in the same manner as the final manual prior to submittal. 

3.3.1.1.1 Arrangement.
Each manual shall be arranged according to a standardized format (as applicable): 

a. Front matter. 

b. Technical content subject matter. 

c. Appendices. 

d. Glossaries. 

e. Indices. 

f. Technical Manual Deficiency/Evaluation Reports (TMDERs). 

3.3.1.1.1.1 Front Matter.
Front matter pages, except change record pages, following the list of effective pages and preceding chapter 1 shall be assigned sequential lower case Roman numerals, i.e., i, ii, iii, etc. Material preceding the first chapter shall consist of the following in the order specified: 

       Cover/Title Page 

       List of Effective Pages         

       Change Record                   

       Table of Contents               

       List of Illustrations           

       List of Tables                  

       Foreword/Preface/Introduction   

       Safety Summary (as applicable)  

3.3.1.1.1.2 Cover and Title Page.
Manuals shall have either a cover or title page, or an abbreviated title. There shall be a cover and title page. The cover/title page shall contain the information indicated by Figure 4. Figure 4 also lists the requirements for abbreviated titles. Abbreviated titles shall be used only when specified. If there is both a cover and title page, the date shall be omitted from the cover page. A manual shall require a backbone for binder or cover. FRC for the backbone or cover of a manual shall be in accordance with Figure 9. The TM identification number will be furnished by the acquiring activity. Certain information such as the supersedure notice, supplement notice, disclosure notice and destruction notice, as applicable, may be placed on the reverse side of the title page if additional space is needed to avoid overcrowding of the title page (that is, small technical manuals such as job guides and work cards). The reverse side of the title page, when used as a continuation of the title page, shall be numbered. Title pages shall be unnumbered; however, the first page of a brief manual that uses an abbreviated title, below which the beginning text is placed, shall be assigned Arabic numeral 1. 

3.3.1.1.1.2.1 Title.
The TM title shall consist of the following, located as shown in Figure 4. 

a. WARNING (if the manual contains unverified data). 

b. Heading "TECHNICAL MANUAL" 

c. Type of Manual 

d. Maintenance Level (if restrictive) 

e. Prime title (type and model) 

f. Subtitle (as applicable) 

g. Manufacturer 

3.3.1.1.1.2.1.1 Type of Manual.
The type of manual shall be placed beneath the "TECHNICAL MANUAL" heading. 

3.3.1.1.1.2.1.2 Maintenance Level(s).
The level(s) of maintenance, as appropriate, shall be placed beneath the manual type. When only one maintenance manual is being acquired to support a weapon, equipment or hardware, no level shall be specified unless restrictive, since it will be the only manual available for repair and maintenance at any designated maintenance level (Organizational, Intermediate or Depot). 

3.3.1.1.1.2.1.3 Prime Title.
The nomenclature of the equipment, type, model, part number or subject (blocks, serial numbers or registration numbers, if appropriate) shall be positioned below the words identifying the manual type or maintenance level, if applicable. When specified, the national stock number and identification of other equipment covered in the manual shall be indicated. 

3.3.1.1.1.2.1.4 Subtitle.
A subtitle shall be used and located immediately below the prime title to indicate the contents of every separately bound volume and part of a Technical Manual. 

3.3.1.1.1.2.1.5 Manufacturer.
The identification of the manufacturer of the equipment shall appear below the equipment nomenclature or subtitle, as applicable. 

3.3.1.1.1.2.2 Contract/SEATASK Number.
The original contract/SEATASK number shall be placed on all new issues and carried forward on all subsequent cover and title pages. If the contract/SEATASK number for a change or revision is different from the original number, the number applicable to the change or revision shall be indicated on the cover and title page in addition to the original number. No more than two contract/SEATASK numbers, the original and the latest, need appear. 

3.3.1.1.1.2.3 Seal.
The Department of the Navy Seal, with command identifier, is placed below the Contract/SEATASK number(s). 

3.3.1.1.1.2.4 Distribution Statement.
All TMs shall have a distribution statement placed on the cover and title page. The appropriate distribution statement, will be provided by the Government. Unless otherwise specified, Distribution Statement C shall be placed on the cover and title page 

3.3.1.1.1.2.5 Export Control Notice.
When required, an Export Control Notice shall be placed on the cover and title page of each manual, manual supplement, revision or change: 

       "WARNING:  This document contains technical data whose export 

       is restricted by the Arms Export Control Act (Title 22, U.S.C. 

       SEC 2751, et seq) or the Export Administration Act of 1979, 

       as amended, Title 50, U.S.C., App 2401 et seq. Violations of 

       these export laws are subject to severe criminal penalties. 

       Disseminate in accordance with provisions of DOD Directive 

       5230.25(D)."

3.3.1.1.1.2.6 Destruction Notice.
All technical documents marked with distribution statements A, B, C, D, E, F or X shall be marked with the destruction notice from DOD 5230.24 on the cover and title page as follows: 

"Destruction Notice: Destroy by any method that will prevent disclosure
of contents or reconstruction of the document." 

3.3.1.1.1.2.7 Authority Notice.
The authority notice will be provided by the Government. Manuals to be jointly used shall show a joint authority notice. 

3.3.1.1.1.2.8 Publication Date.
The publication date of the manual shall be the cutoff date from which no further changes to the manual are permitted without issuing a formal change. This is normally the "approved date", that is, the date the government accepts the manual subject to the inclusion of specified comments. If the acquiring activity does not advise the preparing activity the exact date to use, the publication date shall be the date at which the last material to be included was received (copy freeze date). The day, month, and year shall be given in that sequence. 

3.3.1.1.1.3 List of Effective Pages.
A List of Effective Pages shall be prepared in accordance with Figure 1124. The list of effective pages shall back up the title page and be numbered using the letter "A" in the lower left-hand corner. When the list of effective pages begins as a right hand page, the letter "A" shall be in the lower right-hand corner. When additional pages are required, they shall be identified as "B", "C", etc. When the last page is a right hand page, it shall not be backed up and will list the next succeeding page as blank, e.g. "B/(C blank)". The list of effective pages shall be a complete list of all manual pages, including title page, the list of effective pages, table of contents pages, safety summary pages, blank pages, deleted pages, added pages and foldout pages. The list of effective pages shall include a statement of the total number of pages in the manual. The list of effective pages shall be updated for each change or revision. The listing shall be held to a minimum by grouping numbers where applicable. The page numbers for a blank page and the printed side of the sheet shall be listed as separate numbers even though a double number will appear on the printed side of the sheet. Appropriate change numbers shall be placed in the "Change No."column. The words "Deleted" or "Blank" shall be placed alongside the page number of pages so affected. 

3.3.1.1.1.3.1 Acquiring Service Identification.
The abbreviation of the acquiring Service, for example, USN, shall be placed in the lower right corner of the list of effective pages (page "A" only). If a Service acquires a manual for exclusive use of another Service, the symbol in the lower right-hand corner of the page shall still show the abbreviation of the acquiring Service. 

3.3.1.1.1.4 Change Record.
Unless otherwise specified, a change record, when included, shall be prepared in accordance with Figure 21. The change record should not back or be backed up. These pages shall not be numbered. 

3.3.1.1.1.5 Table of Contents.
A table of contents listing parts, chapters, sections and paragraphs in the same order and with the exact titles used in the text, with page number, shall be placed at the beginning of each publication (see Figure 11). In publications containing alphabetical indexes (see 3.3.1.1.2.26.6), only primary and first subordinate paragraphs shall be listed in the table of contents. There shall be no table of contents preceding individual chapters or sections. Layout shall conform to Figure 11 except that a single column format shall be used when the manual is prepared in single column. 

3.3.1.1.1.5.1 Table of Contents for Review Draft Copy.
The page number column for tables of contents may be left blank when working on RDC during the early stages of preparation. The page number column may be filled, if the composition equipment can produce the table of contents automatically. 

3.3.1.1.1.6 List of Illustrations.
Publications containing ten or more illustrations (including charts and graphs assigned figure numbers) shall have a list of illustrations showing the figure number, title, and page number of each figure. This list shall include foldout pages, schematics, and so forth. The security classification, if any, of illustration titles shall be indicated. Layout shall conform to Figure 1131 except that a single column format shall be used when the manual is prepared in single column. 

3.3.1.1.1.7 List of Tables.
Manuals containing ten or more tables (including charts assigned table numbers) shall have a list of tables showing the table number, title, and page number of each table. The security classification, if any, of table titles shall be indicated. Layout shall conform to Figure 1132 except that a single column format shall be used when the manual is prepared in single column. When both are brief, the list of illustrations and list of tables may be included on the same page. 

3.3.1.1.1.8 Foreword, Preface, Introduction.
A foreword, preface or introduction (see figure 1128) shall contain the purpose and scope of the manual plus any other information required by this document. The foreword, preface or introduction shall define abbreviations and nonstandard symbols, including any icons used in the manual if not explained elsewhere. When specified, submittal and routing instructions for technical manual improvement reports shall be included in the foreword, preface or introduction as provided by the Government. The following statement shall be included: "Ships, training activities, supply points, depots, Naval Shipyards and Supervisors of Shipbuilding are requested to arrange for the maximum practical use and evaluation of NAVSEA technical manuals. All errors, omissions, discrepancies, and suggestions for improvement to NAVSEA technical manuals shall be forwarded to: 

            COMMANDER

            CODE 5E30

            NAVSURFWARCENDIV

            4363 MISSILE WAY

            PORT HUENEME CA 93043-4307

on NAVSEA Technical Manual Deficiency/Evaluation Report, form NAVSEA 4160/1. All feedback comments shall be thoroughly investigated and originators will be advised of action resulting therefrom. Three copies of NAVSEA 4160/1 are included at the end of each separately bound technical manual 8-1/2 x 11 inches or larger. Copies of form NAVSEA 4160/1 may be downloaded from: 


http://nsdsa.phdnswc.navy.mil/tmmp/forms/TMDER_BLANK_REV_3-2001.doc 

Users are encouraged to transmit deficiency submittals via the Naval Systems Data Support Activity Web page located at: 


http://nsdsa.phdnswc.navy.mil/tmder/tmder.htm" 

Individual electronic TMs do not contain NAVSEA 4160/1 but are linked to an electronic version on the resident CD-ROM. Therefore, we encourage the user to transmit deficiency submittals via the Naval Systems Data Support Activity Web page located above. 

3.3.1.1.1.9 Safety Summary.
The safety summary shall be located as the last page(s) of the front matter. Figure 1129 is an example of the content and format of safety summaries. 

3.3.1.1.2 Style of Writing.
Writing style shall be in accordance with GPO Style Manual. Style of writing shall ensure: 

a. Technical content shall be presented in language free of vague and ambiguous terms, using the simplest words and phrases which will convey the intended meaning. GPO Style Manual shall be used as a general guide for capitalization, punctuation, compounding of words, numerals in the text and spelling of nontechnical words. All essential information shall be included, either by direct statements or by reference. Sentences shall be short and concise. Punctuation shall be used in a manner which aids in reading and prevents misreading. Sentences shall be rewritten when extensive punctuation is necessary for clarity. Technical words shall be used only when no other wording will convey the intended meaning. 

b. For maximum clarity and usefulness, there shall be consistency in terminology and organization within the same publication or series of publications. Nomenclature shall be consistent within a publication and throughout parts lists, parts breakdowns and other directly related publications. 

c. Quotation marks and underscoring shall not be used for emphasis. 

d. Words which have more than one meaning which will fit the context in which they are used, such as "replace" for "reinstall," shall not be used. 

e. Chapter, section and paragraph headings shall be descriptive of the contents of the division they head; "General" and "Miscellaneous" shall not be used unless no other title will suffice. 

f. Statements which explain applicability for individual items of equipment shall use specific serial number(s), block designation(s), specific model designation(s) or similar identification. Such terms as "on later equipment" and "on early serial numbers" shall not be used. 

g. Technical publications shall make no reference to age, sex, race or national origin. Use sex neutral terms, except avoid use of the word "person" (terms such as "midshipman" and "workman" are considered sex neutral). Terms such as male and female connectors, pins, and so forth, are acceptable. 

3.3.1.1.2.1 Support of User Tasks.
To the extent possible, information shall be presented that: 

a. Directly supports the immediate task of the user. 

b. Minimizes need for reading, studying, and conceptualizing skills. 

c. Minimizes need to refer to other documents or text material. 

3.3.1.1.2.2 Standard English Grammar.
Rules of grammar for standard American English shall be used. Colloquial, substandard, and slang expressions shall not be used. Infinitives may be split and sentences may be ended with prepositions in cases where not doing so sounds awkward or stilted and is likely to distract the user's attention from comprehending the content. 

3.3.1.1.2.3 Grammatical Person and Mood.
The second person imperative mood shall be used for procedures, i.e., "Remove test set from carrying case." Third person indicative mood shall be used for description and discussion. 

3.3.1.1.2.4 First Person Pronouns.
First person pronouns should be used, to avoid indefinite passive construction. 

3.3.1.1.2.5 Positive Form.
Procedural steps shall be in positive form ("Close the container" rather than "Do not leave the container open") unless the meaning demands the negative form. 

3.3.1.1.2.6 Concrete and Specific Language.
Concrete and specific language shall be used to reduce vagueness. 

3.3.1.1.2.7 Use of "Shall", "Will", "Should" and "May".
Use "shall" whenever a manual expresses a provision that is binding. Use "should" and "may" whenever it is necessary to express nonmandatory provisions. "Will" may be used to express a declaration of purpose. It may be necessary to use "will" in cases where simple futurity is required. 

3.3.1.1.2.8 Complex Sentences.
If a sentence has more than one clause and is more than 20 words in length, it shall whenever possible be rewritten as two or more simple sentences. 

3.3.1.1.2.9 Sentences in Procedures.
Sentences directing the actions of the user shall be in the active voice and imperative mode. If more than one person is involved, the directions shall be in the active voice, indicative mode, third person. 

3.3.1.1.2.10 Word Order.
Sentences and clauses shall be written using simple word order (subject, verb, object) to the extent possible. Modifiers, including prepositional phrases, shall be as close as possible to the word modified. These word order requirements shall be relaxed only to the extent necessary to avoid ambiguity or distortion of meaning. Procedural steps shall start with an active verb; lubricate, remove, tighten, and so forth. 

3.3.1.1.2.11 List Form.
If any series of three items or more appears in a sentence, the sentence shall be written so the items will appear in explicit list. 

3.3.1.1.2.12 Simple versus Complex Phrases.
Complicated phrases shall be avoided. 

3.3.1.1.2.13 Synonyms.
Use of synonyms to provide variety in technical writing can lead to confusion. If there are several synonyms for a concept or object, only one shall be selected and used consistently throughout the technical manual. 

3.3.1.1.2.14 Shortened Equipment Names.
In each section supporting a single user task, official terminology shall be used for the first reference to a hardware item. Official terminology shall be used wherever the use of a shortened name might be ambiguous. 

3.3.1.1.2.15 Nomenclature.
Nomenclature associated with systems, equipment, and components shall be introduced by means of illustrations coordinated with descriptive text. 

3.3.1.1.2.16 Consolidation of Material.
To the extent possible, all information required to complete a single task shall be put in one location in the manual. Information and artwork shall be repeated as necessary to fulfill this requirement. The need for the user to refer to other parts of the manual or to other information sources during performance of a task shall be minimized. 

3.3.1.1.2.17 Organization of the Technical Manual.
To ensure comprehensibility (the completeness with which a user in the target audience understands the text or text-graphics combination), technical manuals shall be organized on the basis of the user's need for information. In complex equipment or systems, where hierarchies of functional and physical relationships exist, corresponding technical tasks shall be grouped together in order of importance. An overview of the hierarchical arrangement of tasks by which the manual is organized shall be provided. This overview may be illustrated as a family tree or top-down breakdown of the tasks. The hierarchical arrangement shall be described in the introductory chapter of the technical manual. 

3.3.1.1.2.18 References.
References shall be kept to a minimum and shall be limited to Government approved documents such as military specifications and standards, technical manuals, drawings, engineering change data, and other approved material which will enhance the clarity and support the repair requirements and processes delineated in the manual. When commercial documents are the only suitable reference material available, approval shall be requested of the Government upon request of the manual developing activity. Strong justification must be provided. Referencing shall conform to the following: 

a. Where a small amount of information is needed (fewer than two pages), the applicable material shall be copied verbatim. 

b. Where a large amount of material is required (more than two pages) the applicable material shall be referenced fully, including the publication number and title. Reference to alternative repair procedures and drawings required to refurbish parts is acceptable if that refurbishment information is not routinely required. 

c. Where the reference is to an entire content of another document, the reference shall be only to the title of the publication and the publication identifying number. It is not considered necessary to repeat quality control standards or other approved routine procedures which have been addressed during specialty training. 

3.3.1.1.2.19 References.
The text shall refer to: 

a. Only models or types covered by the manual. To facilitate coverage of modified or additional models or types at a later date, references should be held to a minimum consistent with clarity. 

b. The basic number of Government specifications and standards. When the contractor cannot ascertain the Government specification number, the contractor shall request this information from the acquiring activity, furnishing complete information concerning the material's composition, properties, characteristics, applications, manufacturer's specification number, and so forth. 

c. Temperature readings as calibrated on the equipment. If other than Fahrenheit, the equivalent in Fahrenheit shall follow in parentheses. General temperature references, such as room temperature, shall normally be given in degrees Fahrenheit. 

d. Speed, distance and other instrument readings as calibrated on the equipment. 

e. Switch positions and panel markings exactly as marked on the equipment. However, symbols on panel markings may be spelled out when they cannot be produced by the composing equipment used to prepare the PTM or FRC, such as the symbol for "ohm", "infinity", and so forth. 

f. Measurements in U.S. standard units (ounces, pounds, gallons, inches, feet, knots, miles, and so forth.) except instances in which metric measurements are required. When the metric system is used on the equipment, conversion to U.S. standards shall follow in parentheses. If this document so requires, conversion of U.S. measurements to metric measurements shall be indicated. 

g. Illustrations by figure number, including section letter/number when applicable, and the sheet number for multisheet illustrations, when applicable. References shall be made only to illustrations within the same manual or another volume of the same manual. 

h. Figure numbers first, followed by the index number. However, when multiple references in a paragraph refer to the same figure, only the first reference need indicate the figure number. When the sequence is unbroken for procedures requiring two or more pages, the figure number followed by a dash and the word "Continued" shall be repeated after the first reference on each succeeding page. If two or more figures are involved in the same sequence, the figure with the greater number of items shall be cited as described above. Index callouts for items on remaining figures shall have the index number follow the figure number. In such cases, the paragraph lead-in shall contain a statement similar to the following: "Item numbers below refer to Figure 3-4 unless otherwise indicated." 

i. Parts on diagrams by enough of their reference designation to identify the item. For example: Resistor A6R11. 

j. Tables by table number. Reference shall be made only to tables within the same manual or another volume of the same manual. 

k. Other supporting paragraphs in the same manual or another volume of the same manual, by exact paragraph title (without the paragraph number) in capital letters, followed by the volume/part/chapter/section number in parentheses. 

l. Other subordinate paragraphs of the same primary paragraph as "above" or "below." 

m. Other TM identification numbers including exact paragraph title, when applicable, but omitting dates, page, figure and paragraph numbers. Reference may be made only to publications in the publication system(s) of the Service(s) that will use the publications and are authorized at user level. 

n. Footnotes, when essential for reference, explanation, comments, and so forth. Footnotes shall be numbered. Identical footnotes shall not be repeated within the chapter. Footnotes in the text shall not be used for mandatory requirements. Footnotes to the text shall be placed at the bottom of the page with a one inch horizontal rule placed flush left two spaces below the text and the footnote placed under the rule. 

o. Series of items as follows: 

1. By following the basic number with "-series" when all numbers in the series are included. 

2. By following the basic number with "series" (without dash) when the basic number is immediately followed by a letter or is succeeding a higher number. 

p. When a reference applies only to one sentence, it shall be enclosed in parenthesis. 

q. When a reference applies to the entire paragraph it shall be enclosed in parenthesis. 

3.3.1.1.2.20 Text Reference Placement.
References shall conform to the following: 

a. When a reference applies to one item within a sentence, place the reference parenthetically immediately after the item being referenced. 

b. When a reference applies to an entire sentence, place the reference at the end of the sentence with a period outside the parenthesis or show the reference in a complete sentence. 

c. When reference applies to an entire paragraph or paragraphs, place the reference after the paragraph title. 

d. When reference is made to items in figures by reference designations, the numbers shall be indicated in the following manner: "The ON-OFF switch (158, figure 3-6) on the center console controls the TWT cooling." 

3.3.1.1.2.21 Readability.
Unless otherwise specified, the Reading Grade Level (RGL) shall be nine. Technical manuals shall be written to the capability of the target audience for which they are intended. The method employed to determine readability of narrative material is optional; however, it must meet the quality assurance provisions identified in Section 4 of this document. The overall grade level (OGL), determined in 3.3.1.1.2.21.6.1, shall not exceed the appropriate RGL by more than one grade level. The grade level (GL) of each sample, shall not exceed the appropriate RGL by more than three grade levels. Nonnarrative material, such as procedural steps, is not subject to RGL. 

3.3.1.1.2.21.1 Sample Selection.
Samples of text shall be analyzed for readability. Select samples as follows: 

a. Count the number of pages of text in the publication. The count shall include all full and partial pages that contain text in the form of consecutive sentences. The count shall not include pages containing only illustrations, tables, lists, and so forth. Record the number of text pages. 

b. The basic number of samples is determined by the following: 

c.                                              BASIC NO.

d.          NUMBER OF            DIVISOR       OF SAMPLES

e.          TEXT PAGES        DIVIDED BY "N"   MIN    MAX

f.          90 and above          10            9      30

g.          54 to 89               9            6       9

h.          32 to 53               8            4       6

i.          1 to 31                6            2       4

j. Divide the number of text pages by the appropriate divisor, "N". Round off the quotient to the next lowest whole number. For example: quotients of 17.3 and 17.7 shall both be rounded off to 17. This quotient shall equal the basic number of samples to be analyzed. 

k. For publications that contain fewer than 12 pages, randomly select two samples and mark them for analysis. 

l. For publications that are 12 pages or more, randomly select a number between one and "N". The number selected shall be marked as the first page of text to be analyzed. Starting at the selected page, mark every "Nth" page of text to the end of the publication. The marked pages shall identify starting points for the basic samples to be analyzed. 

m. Check marked pages to verify that at least one sample has been selected for each chapter of the publication. If any chapter has been missed, randomly select one text page from that chapter and add it to the basic samples to be analyzed. 

3.3.1.1.2.21.2 Raw Data Collection.
For each sample marked, raw data must be collected. Data collection will consist of counts of the numbers of words, sentences, and syllables in each sample. The size of each sample is based on the number of words to be analyzed. Samples shall start at the beginning of the first full paragraph of each marked sample page. If a sample falls on a page containing procedural instructions, start sample at beginning of first full sentence on page. Headings, captions, and paragraph titles shall not be counted in the sample. 

3.3.1.1.2.21.3 Word Count.
For each sample, count the number of words as follows: 

a. For each sample, count all words up to the end of the sentence containing the 200th word. If the marked sample page contains fewer than 200 words, the sample can be extended to the next page of text; but, do not extend the sample into a new chapter or text pertaining to a completely new subject. 

b. Count as a word all numbers, letters, symbols, and groups of letters surrounded by white spaces. Hyphenated words and contractions count as one word. For example: each of the following count as one word: couldn't; GFE; that is; 32,008; 19-inch; +250F, left-hand. Thus a sentence like "The left-hand MLG door shouldn't open more than 250." consists of 9 words. 

c. Record the number of words in each sample. 

3.3.1.1.2.21.4 Sentence Count.
For each sample, count the number of sentences as follows: 

a. Count all sentences in sample including the sentence that contains the 200th word. 

b. Count as a sentence each unit of thought that can be considered grammatically independent of another sentence or clause. A period, question mark, exclamation point, and semicolon usually denote independent clauses and thus mark the end of a sentence. 

c. Record the number of sentences in each sample. 

3.3.1.1.2.21.5 Syllable Count.
For each sample, count the number of syllables as follows: 

a. For most words, count syllables the way the word is normally pronounced aloud. For example: "at" is one syllable, "maintain" is two syllables, "area" is three syllables, "panoramic" is four syllables, and "recuperated" is five syllables. 

b. Count all numbers as one syllable. For example: 5.1, 65 and 300 all count as one syllable each. However, if a numeric expression contains several numbers separated by hyphens, count each number as a syllable. For example: the expression 9-1025-240-10 is counted as four syllables. 

c. Acronyms and abbreviations are counted as one syllable unless they actually spell out a word of more than one syllable. For example: Hz and DVM each count as one syllable but TRADOC and ARRCOM each count as two syllables. 

d. Count as one syllable all words that are included in a baseline word list for Navy technical manuals (see SL160-AA-LST-010/TM-WORDS; EL160-AA-LST-010/TM-WORDS) and all expanded versions of those lists that are authorized for technical manual acquisitions. 

e. Record the number of syllables in each sample. 

3.3.1.1.2.21.6 Grade Level Calculations.
3.3.1.1.2.21.6.1 Overall Grade Level.
The Overall Grade Level (OGL) of a publication is calculated as follows: 

a. Add the total number of words (W) from all samples combined. Record total. 

b. Add the total number of sentences (S) from all samples combined. Record total. 

c. Add the total number of syllables (P) from all samples combined. Record total. 

d. Calculate the average sentence length (A). Divide total number of words (W) by total number of sentences (S): (A = W/S). Round off quotient to the nearest one hundredth. Record quotient. 

e. Calculate the average number of syllables per word (B). Divide total number of syllables (P) by total number of words (W): (B = P/W). Round off quotient to the nearest one hundredth. Record quotient. 

f. Calculate the OGL of the manual by the following formula. Round off the OGL to the nearest integer. 

g.                          OGL = 0.39(A) + 11.8(B) - 15.59

h.                SAMPLE COMPUTATIONS TO DEMONSTRATE USE OF FORMULAS:

i.                            TOTAL NO.     TOTAL NO.     TOTAL NO.

j.                 SAMPLE       WORDS       SENTENCES     SYLLABLES

k.                    1         250            30            500

l.                    2         220            35            475

m.                    3         245            28            420

n.                    4         223            22            400

o.                    5         256            32            510

p.                    6         215            27            398

q.                    7         219            26            395

r.                    8         230            30            400

s.                    9         225            29            380

t.                   10         226            28            370

u.          TOTALS:  10    W = 2309      S =  287       P = 4248

v.                    A = W/S    A = 2309/287     A = 8.05

w.                    B = P/W    B = 4248/2309    B = 1.84

x.                    OGL = 0.39(A) + 11.8(B) - 15.59

y.                    OGL = 0.39(8.05) + 11.8(1.84) - 15.59

z.                    OGL = 3.14 + 21.71 - 15.59

aa.                    OGL = 9

3.3.1.1.2.21.6.2 Sample Grade Levels.
Calculate the Grade Level (GL) of each sample as follows: 

a. Calculate the average sentence length (L). Divide the number of words in the sample (V) by the number of sentences in the sample (T): (L = V/T). Round off quotient to the nearest one hundredth. 

b. Calculate the average number of syllables per word (D). Divide the number of syllables (C) in the sample by the number of words (V) in the sample: (D = C/V). Round off quotient to the nearest one hundredth. 

c. Calculate the Grade Level of each sample (GL) by the following formula. Round off each GL to the nearest integer. 

d.                       GL = 0.39(L) + 11.8(D) - 15.59     

3.3.1.1.2.22 Abbreviations and Acronyms.
The use of abbreviations and acronyms shall be such that there is no need for experienced users to consult a glossary of abbreviations and acronyms. Abbreviations and acronyms should be used for those systems, subsystems, equipment, components, organizations, or other items which are ordinarily referred to by their abbreviations or acronyms by experienced personnel. When abbreviations or acronyms are used as markings on the equipment, the same abbreviations and acronyms shall be used in the technical manual. Use of abbreviations and acronyms shall be held to a minimum and each shall be spelled out the first time it appears in each chapter, section, part, job guide, work package or other division where confusion may exist or usability would be enhanced. An excellent rule to follow is; "when in doubt, spell it out." 

Abbreviations and acronyms which are accepted as words (radar, sonar, laser, and so forth) need not be spelled out. When a phrase is being abbreviated or acronymed, the first letter of each word shall be capitalized and elements shall not be separated by periods. Abbreviations and acronyms used shall be in accordance with MIL-STD-12, except that abbreviations may be plural (s) or possessive ('s) after the first use. If a manual is prepared on composing equipment which cannot produce a certain abbreviation or symbol, such as "+/-" for "plus or minus", a substitute symbol, such as "+ or -", or an abbreviation, such as "POM", may be used. New abbreviations and acronyms shall not be created for words or terms that already have abbreviations and acronyms established in MIL-STD-12. All abbreviations and acronyms used in the manual shall be explained in the manual's foreword, preface, or introduction. 

3.3.1.1.2.23 Metric Symbols.
Metric symbols shall be in accordance with NIST Special Publication 811 and IEEE 945. 

3.3.1.1.2.24 Military Terms.
Military terms used shall be in accordance with Joint Chiefs of Staff (JCS) or any dictionary or glossary of military terms of the appropriate Service. 

3.3.1.1.2.25 Automatic Electronic Test and Checkout Terminology.
Terms used for automatic electronic test and checkout shall be in accordance with MIL-STD-1309. 

3.3.1.1.2.26 Divisions.
The hierarchical breakdown of a publication shall be divided into chapters, sections and paragraphs, as appropriate. There shall be at least two of each subdivision used, except paragraphs, that is, where there is a Chapter 1 or Section I, there shall be a Chapter 2 or Section II. All chapters, sections and primary and first subordinate paragraphs shall be titled except procedural steps or those statements which follow a colon. The second and all following subparagraph lines shall begin at the left margin. Breakout shall be planned so as to subordinate that which should be subordinated. 

3.3.1.1.2.26.1 Chapters.
The manual shall be divided into chapters to provide a logical work sequence arrangement. Chapters shall start on a right-hand page and shall be identified by use of an Arabic numeral on the heading page. Arabic numerals shall be used to number chapters consecutively throughout all volumes of the publication. Pages within a chapter are identified by use of a chapter number, hyphen, and successive page numbers. 

3.3.1.1.2.26.2 Sections.
Sections shall be formatted in accordance with this document. When multiple coverage in chapters of manuals for compound items is approved by the Government, a chapter sectioning technique may be employed. In this instance, a section that reflects a separate breakout item or separate allowance parts list (APL) identified unit shall start on a new right-hand page. Roman numerals shall be used to number sections consecutively within each chapter. 

3.3.1.1.2.26.3 Paragraphs.
Text shall be divided into primary paragraphs and subordinate paragraphs. Paragraphs may also be divided into procedural steps. Procedural steps may be further divided if necessary. Decimal paragraph numbering shall be used. 

3.3.1.1.2.26.3.1 Primary Paragraphs.
Primary paragraphs shall be used to divide text within chapters or sections into two or more main portions. There shall be at least two primary paragraphs in each chapter or section, except when a chapter or section of a manual is comparatively brief, the section could consist of one primary paragraph. A primary paragraph begins with a primary sidehead which shall be prepared as follows: 

a. All capitals. 

b. Boldface type. 

c. Stand alone (no text on the line). 

3.3.1.1.2.26.3.2 First Subordinate Paragraphs.
First subordinate paragraphs are used to divide text under primary headings into two or more subjects. There shall be at least two first subordinate paragraphs when a primary subject is subdivided. First subordinate paragraphs begin with first subordinate sideheads which shall be prepared as follows: 

a. All capitals. 

b. Boldface type. 

c. With text being run-in. 

3.3.1.1.2.26.3.3 Second Subordinate Paragraphs.
Second subordinate paragraphs are used to further subdivide material under first subordinate paragraphs. Second subordinate paragraphs normally begin with second subordinate sideheads which shall be prepared as follows: 

a. Upper and lowercase. 

b. Boldface type. 

c. With text being run-in. 

3.3.1.1.2.26.3.4 Third Subordinate Paragraphs.
Third and fourth subordinate paragraphs are used to further subdivide material under second subordinate paragraphs. Third and fourth subordinate paragraphs begin with subordinate sideheads which shall be prepared in the same manner as second subordinate sideheads. 

3.3.1.1.2.26.3.5 Paragraph Headings.
Paragraph headings (titles) are identified as primary sideheads, first subordinate sideheads, second subordinate sideheads, and so forth (see figure 1130). Each paragraph heading (sidehead) shall describe that paragraph's contents and start with a significant word. Periods shall follow paragraph titles. There shall be two spaces between the paragraph number and the title. 

3.3.1.1.2.26.3.5.1 Informative Headings.
Headings shall be informative and not merely labels. Headings shall serve two purposes. First, they shall make access to information easier by permitting the reader to scan a page to find the information needed. Second, they shall alert the reader to the type of information contained in the text to follow. 

3.3.1.1.2.26.3.5.2 Headings and Relevance.
A paragraph or procedure heading shall uniquely identify the content of the material that it heads. All material under a single heading shall be consistent with the heading. 

3.3.1.1.2.26.3.5.3 Heading Length.
Headings shall be limited to 10 words or less. Only 10 percent of all headings shall be more than 7 words in length. 

3.3.1.1.2.26.3.5.4 Headings Per Page.
To facilitate the user's search for information in the technical contents sections of the manual: 

a. If more than half of a page consists of text, there shall be at least two headings on the page. 

b. If one-fourth to one-half of a page consists of text, there shall be at least one heading on the page. 

3.3.1.1.2.26.3.5.5 Primary Sideheads.
Primary sideheads divide text within chapters or sections into two or more portions. There shall be at least one primary sidehead in each chapter or section. Primary sideheads stand alone (are not run in with text) and shall appear in capital letters. They shall begin at the left margin and shall be underscored. 

3.3.1.1.2.26.3.5.6 Subordinate Paragraphs.
Subordinate paragraphs shall be numbered. First subordinate paragraphs shall have a sidehead. Second and subsequent subordinate paragraphs should, but are not required to, have a sidehead. The first letter of the first word and of each principal word shall be capitalized, and the title shall be underscored. The text shall begin on the same line as the title/paragraph number and be separated by a period (if using a title) and two spaces. Carry over lines for all subordinate paragraphs shall return to the left margin. Breakdowns beyond the third subordinate shall not be used without the approval of the acquiring activity. Figure 7 shows samples of decimal paragraph numbering and decimal paragraph numbering with added material. Single column format shall use the same conventions as double column. 

3.3.1.1.2.26.3.6 Decimal Paragraph Numbering.
Format for the decimal numbering method shall be as outlined below and in Figure 7. Paragraphs shall be numbered consecutively within the chapter. All paragraph numbers shall be preceded by the chapter number and a period. 

a. Primary sideheads shall be numbered consecutively within the chapter. The paragraph number shall be preceded by the chapter number and a period, for example the first primary paragraph of chapter 3 would be 3.1, the second primary paragraph would be 3.2, and so forth. 

b. All subordinate sideheads shall begin two spaces below the preceding paragraph at the left margin. 

c. Procedural steps shall begin two spaces below the preceding text and indented two spaces from the left margin. Substeps shall begin two spaces below the preceding step and indented an additional two spaces. 

3.3.1.1.2.26.3.7 Procedural Steps.
Procedural steps shall be used to provide step-by-step instructions, such as disassembly, assembly and alignment procedures. Steps may be further divided into substeps. Procedural steps and checklist items shall be numbered. The text shall begin on the same line as the step number and be separated by two spaces. Carry over lines shall not return to the left margin but shall start under the first letter of the preceding line (blocked). 

3.3.1.1.2.26.3.8 Procedures.
Step-by-step procedures (see figure 913) for removal, disassembly, repair, and inspection of the repairable items shall be developed only as required. Procedural steps and checklist items shall be numbered. Extensive use of uniform standards and methods is encouraged. Instructions shall be limited to areas where the sequence of operations is not standard shop practice or where special techniques are required for access to a part requiring repair. Instructions on the tagging, labeling, and match-marking of parts shall be included in the procedure. When examinations and inspections must be performed prior to or during disassembly, the procedure shall so specify. 

3.3.1.1.2.26.3.8.1 Procedural Step Content.
A procedural step shall be limited to a single operation or to repetitions of a single operation with the following exceptions: 

a. If simultaneous operations are required, they shall be listed together in the same step. 

b. If the step is a major step in a dual-level presentation, the major step shall express the action with a single verb; for instance, "Turn equipment ON". 

c. If the step represents a detailed procedure, as in (b), but the procedure is so basic that the details should rarely be needed by the intended users, or if the procedure is very frequently repeated, such as turn on, turn off, and calibration procedures, the step shall refer to the procedure with a single verb and cite a reference to the detailed steps. For instance, "Turn equipment ON (see 3-46 for details)." 

d. Verification of the result of an operation may be included in the step. 

3.3.1.1.2.26.3.8.2 Procedure Length.
Each separate procedure shall be limited to a maximum of 10 steps. 

3.3.1.1.2.26.3.8.3 Indentations.
Procedural steps in a paragraph structure shall be indented. Procedural steps in each level of substep shall be indented an additional two spaces. When step numbers require double characters (aa), (10), and so forth), the number shall be indented only one space in order to maintain right justification of the numbers. All lines on warnings, cautions and notes shall be indented five spaces or characters from both left and right margins. When the right margin is unjustified, indentations of five spaces shall be from the maximum allowable width of the typed text. 

3.3.1.1.2.26.3.8.4 Dual-Level Presentation.
If users of a procedure are expected to vary widely in experience and capability, the Government may direct that certain procedures be presented in a dual-level format. In this format, detailed steps appropriate for inexperienced users shall be listed under major steps. The major steps, without reference to the detailed steps, shall be sufficient to support the performance of experienced users (see figure 913). Dual-level, step-by-step procedures shall be provided in any of the following cases: 

a. When accomplishment of the required action would not be obvious to a journeyman mechanic unfamiliar with the peculiar equipment covered by the manual. 

b. When a peculiar or special action is required. 

c. When safety-related or precautionary procedures are required to prevent personnel injury or equipment damage. 

d. When the required action involves an area with a known history of failure due to improper procedures. 

e. When because of complexity of a particular procedure, it is necessary to maintain the continuity of the manual. 

f. When verification of the manual demonstrates the need for a step- by-step procedure to satisfactorily complete the required action. 

3.3.1.1.2.26.3.8.5 Introduction to Procedure.
Prior to the listing of procedural steps, introductory information shall be provided to help the user carry out the procedure without interruption. 

3.3.1.1.2.26.3.8.6 Lead-in.
Procedural steps shall not be prefaced by a lead-in which duplicates the heading. 

3.3.1.1.2.26.3.8.7 Relevance of Procedural Text.
A procedure shall present only that information necessary for completing a task or preventing error. 

3.3.1.1.2.26.4 Appendixes.
Each appendix shall contain a statement delineating its purpose and application. Appendixes shall immediately follow the last chapter of the manual. Appendixes shall begin on a right hand page. Each manual or volume in a set of manuals shall contain its own appendixes. In addition, Volume 1 or the first manual of the set shall contain appendixes for all volumes or manuals in the set. Appendices shall be used to separate relatively bulky information from the body of the manual when such separation will increase the clarity of the overall manual. When used, appendices shall be identified by capital letters. Appendixes shall be identified by capital letters, for example, APPENDIX A, APPENDIX B and so forth. Pages, paragraphs, illustrations and tables for appendixes shall be consecutively numbered in Arabic numerals preceded by the capital letter of the appendix. For example: 

          Number                           Meaning

          A-17                             Appendix A, page 17

          Figure B-17                      Appendix B, figure 17-1

          Table C-17                       Appendix C, table 17

3.3.1.1.2.26.5 Glossaries.
Glossaries shall be used in TMs only when the terms are not adequately defined in the text, in the Navy, DOD or standard dictionary, or contained in the manual foreword, preface, or introduction. If a glossary is required, it shall immediately precede the alphabetical index, if any. Page numbers for a glossary shall be consecutively numbered in Arabic numerals with the word "Glossary" preceding the page number. For example: "Glossary 1." 

3.3.1.1.2.26.6 Index.
Unless otherwise specified, an alphabetical index shall be prepared when the number of titled paragraphs in a publication exceeds 100 (see Figure 29). When specified, an index shall be prepared regardless of the number of paragraphs. It shall list pertinent subjects under every topic for which users are likely to look. "See" and "see also" references may be included to guide the user to other pertinent entries. All applicable paragraph numbers for each item shall be indicated. The alphabetical index shall be so constructed as to enable the user to easily locate any part, information or operation described in the text. Alphabetical indexes shall begin on a right hand page. Page numbers for alphabetical indexes shall be consecutively numbered in Arabic numerals with the word "Index" preceding the page number. For example: "Index 1." The alphabetical index shall be located at the end of the publication but will be located before foldout page(s). 

3.3.1.1.2.27 Margin Data.
Margin data (generally the running heads and feet) shall be placed outside that portion of the page used for either narrative text, full page tabular data or full page illustrations, but within the printing area dimensions of the page. When applicable, margin data also consists of the change number, security classification, page content and equipment identification, figure number and figure title. The margin data shall be mounted on full page illustrations, including those for foldout pages that have been prepared in exact printing size (or in the same size as text pages). Margin data shall not be on an overlay. Text may be separately prepared in single column galleys and then attached to the appropriate layout page. 

3.3.1.1.2.27.1 Running Heads and Feet.
Complete running heads and feet shall be included on all pages except title pages or pages otherwise blank. 

3.3.1.1.2.27.1.1 Running Heads.
3.3.1.1.2.27.1.1.1 TM Identification Number.
The technical manual identification number assigned by the Government shall be located on each page. The technical manual identification number, as assigned for each volume and part, shall be in bold face type at the upper outer edge of each page and outer segment (page unit) of each foldout page. If the publication is jointly used, each Service's number shall be prefixed with the word Navy (NAVSEA) (NAVAIR), (SPAWAR), as applicable. The Government's technical manual identification number shall be placed above the using activity's technical manual identification number. The using activity's numbers shall be in alphanumeric sequence following the Government's number. For example: 

        NAVY (NAVAIR)
AI-F18AA-WRM-070

        NAVY (NAVSEA)
SE211-FA-MMA-010/SPS-10A

        NAVY (SPAWAR)   EE211-FA-MMA-010/SPS-40

3.3.1.1.2.27.1.1.2 Binding Edge.
The binding edge shall indicate the equipment or subject to which the manual applies and relate to the prime title. Appropriate abbreviations may be used. Top-bound manuals shall place this information on the top, left-hand corner. 

3.3.1.1.2.27.1.1.3 Outer Edge.
Significant reference information such as chapter, section or subject titles or paragraph number or figure number shall be used or added. Appropriate abbreviations may be used. Top bound manuals shall have this information placed on the top, right-hand corner. 

3.3.1.1.2.27.1.2 Running Feet.
3.3.1.1.2.27.1.2.1 Page Number.
Page numbers shall be located at the lower outer edge ending at the outside margin and shall be in bold face type. Even numbers, including zero, shall be assigned to left-hand pages and odd numbers to right-hand pages. The page number for a foldout page shall be so placed (lower outer edge ending at the outside margin) that the number will be visible when the printed page is folded. 

3.3.1.1.2.27.1.2.2 Issue Indicator.
When specified, the issue indicator of basic manuals, revisions and the change designator for change pages shall be located at the outer edge of all pages on the same line as, and 1/2 inch to the inside of, the page number. When specified, the word "Original" shall be included on basic pages. 

3.3.1.1.2.28 Numbering of Pages, Tables, and Illustrations.
3.3.1.1.2.28.1 Review Draft Copy.
Page numbering techniques shall approximate that to be used in the final reproducible copy. These page numbers are used only to establish the continuity of the RDC and have no bearing on page numbers which will appear later in the final reproducible copy. 

3.3.1.1.2.28.1.1 Blank Page Number.
A blank page shall be assigned a number but it shall appear on the preceding or following page. For example: if page 10 of Chapter 1 is blank, page 9 shall bear the number 1-9/(1-10 blank); if page 9 of Chapter 1 is blank, page 10 shall bear the number (1-9 blank)/1-10. When applicable, an added page, such as 1-10.1, shall show that 1-10.2 is blank. 

3.3.1.1.2.28.1.2 Pages, Tables and Illustrations.
Pages, tables and illustrations shall be numbered consecutively within each chapter. Manuals divided into chapters and, in turn, into sections, shall contain consecutively numbered pages, tables and illustrations for the entire chapter. Page, table and illustration numbers shall consist of two part Arabic numerals separated by a hyphen. The first part shall be the chapter number with the second part being the order within the chapter. The volume number shall be included with the page number. For example: 

      Number                               Meaning

    2-17                                 Chapter 2, page 17

    3-12-10                              Volume 3, Chapter 12,

                                         page 10

    Table 2-17. (Title)                  Chapter 2, table 17

    Figure 2-17. (Title)                 Chapter 2, figure 17

    Figure 2-17. (Title) (Sheet 1 of 3)  Chapter 2, figure 17 is a

                                         multisheet (3 total)

                                         illustration.  Remaining

                                         sheets shall be numbered

                                         in consecutive order;

                                         (Sheet 2), (Sheet 3) and

                                         so forth.

Note that a manual may contain both a table and a figure 2-17. Only the first sheet of a multiple sheet illustration shall contain the total number of sheets, that is, Sheet 1 of 3. If a chapter is so short that the chapter can be completed on one page, permitting another chapter to start on the same page, both chapter numbers shall be indicated by the page number. For example: `3-1/4- 1`. 

3.3.1.1.2.28.1.2.1 Foldout Figure Number and Title.
The figure number and title for a foldout page shall be so placed (lower outer corner) that the number will be visible when the printed page is folded. 

3.3.1.1.2.29 Emergency Page Markings.
Pages containing emergency information shall have a broken black border in accordance with the requirements of Figure 58. FRC for emergency pages shall be 1/4 inch oversize to ensure proper printing of the bleed borders. Emergency page markings are not considered margin data. 

3.3.1.1.2.30 Danger, Warnings, Cautions and Notes.
Dangers, warnings and cautions shall precede the text but follow paragraph headings to which they apply. Notes may precede or follow applicable text, depending upon the material to be highlighted. Dangers, warnings, cautions and notes shall not contain procedural steps nor shall the headings be numbered. When a danger, warning, caution or note consists of two or more paragraphs the heading DANGER, WARNING, CAUTION, or NOTE shall not be repeated above each paragraph. If it is necessary to precede a paragraph by both a danger and a note, a warning and a note, or a caution and a note, and so forth, dangers shall precede warnings, warnings shall precede cautions, which in turn shall precede notes. 

	DANGER


	WARNING


CAUTION

Dangers, warnings, cautions and notes shall be short, concise and used only to emphasize important or critical data. Dangers, warnings and cautions may be worded positively or negatively and shall state the hazard and result or reason, unless obvious. Paragraphs 3.3.1.1.2.30.1 through 3.3.1.1.2.30.1.4.1 provides additional requirements for inclusion of warnings and cautions. Icons shall be used as described in paragraphs 3.3.1.1.2.30.1 through 3.3.1.1.2.30.1.4.1. 

3.3.1.1.2.30.1 Scope.
This document identifies standard practices for the inclusion of Occupational Safety and Health guidance in the text of technical manuals. The intent is to provide sufficient information to allow a standardized approach to the task, eliminate confusion, and improve the technical manual development process overall. The criteria for safety symbols in technical documents are in conformance with ANSI Z535.3. 

3.3.1.1.2.30.1.1 General Requirements.
3.3.1.1.2.30.1.1.1 Human factors.
Technical manual procedures are subject to being overlooked or circumvented when they are deemed unworkable or impractical. Careful consideration of environmental factors, equipment design or layout, human nature, and other human factors will help ensure the overall integrity of the task procedures. 

3.3.1.1.2.30.1.1.2 When to use Danger, Warning, or Caution statements.
3.3.1.1.2.30.1.1.2.1 Danger.
Danger is used to indicate a location, equipment, or system where imminent hazard exist, capable of producing immediate injury or death to personnel or threatens the primary mission of the ship. 

3.3.1.1.2.30.1.1.2.2 Warning.
Warning is used to indicate a location, equipment, or system where a potential hazard exist, capable of producing injury to personnel, if approved procedures are not followed. 

3.3.1.1.2.30.1.1.2.3 Caution.
Caution is used to indicate where hazard exist, that could severely damage equipment, a system, or the ship, causing loss of mission capability if approved procedures are not followed. 

3.3.1.1.2.30.1.1.3 General.
Operating, maintenance, and safety instructions are used to indicate procedures to be followed in operating and maintaining equipment and complex systems normally tended by trained technicians. These information signs shall be prepared with limited detail and shall cover emergency and safety procedures fully. General safety information provides notice of general safe practice or rules related to health, first aid, sanitation and housekeeping. 

3.3.1.1.2.30.1.1.4 Design criteria.
Danger, warning and caution icons or symbols shall be in accordance with ANSI Z535.3. These signs shall be compatible with precautions in applicable manuals. 

a. As indicated by the definition in this document, DANGER statements are used to indicate imminent hazard to personnel or equipment, WARNING statements are reserved for the protection of personnel and CAUTION statements are reserved for equipment or system protection. Do not use CAUTIONS for health hazards. 

1. WARNINGS and CAUTIONS should be used for those unique conditions, steps or processes that require additional emphasis because of the inherently dangerous nature of the task or the potential for a "surprise" not otherwise readily obvious from the procedure. 

2. A WARNING should be used to advise of injury or occupational illness potential, but only based on the reasonable likelihood that the reader's health or safety will be impacted in such a manner as to cause immediate concern and a disabling injury or occupational illness will result if the task procedure or stated precaution are not closely followed. Injury is defined as a traumatic bodily harm caused by a single or 1-day exposure to an external force, toxic substance (usually associated with accidents and spills in work places where the specific agent is not normally in the environment), or physical agent which will result in restricted duty, lost time, or worse. The occupational illness is defined as any abnormal physical condition or disorder, other than one resulting from an injury (as defined above), caused by repeated exposure to chemical, biological, or physical agents associated with the occupational environment which will result in restricted duty, lost time, or worse. 

3. Specific direction as to which specific procedures require the use of warnings or cautions should be obtained from the LSAR and system safety. The responsible safety office also should be requested to review technical manual procedures for compliance with safety concerns. 

b. Risk assessment - and the related issue of whether or not additional emphasis is required - is somewhat subjective. Decisions concerning these issues should be based on as much information as possible including historical mishap data from related systems, research, and the experience of all those involved in the technical manual development process. Often, the latter is the best indicator of the need for additional comment. Through the acquisition phase of major weapon systems, the decision to include a DANGER, WARNING or CAUTION statement in the text can often be made by consulting the Operating and Support Hazard Analysis or other system safety engineering analysis. 

c. DANGERS, WARNINGS or CAUTIONS are not to be used for environmental protection concerns or security information. 

3.3.1.1.2.30.1.1.5 Wording and Structure of Danger, Warning, and Caution Statements.
a. A DANGER, WARNING or CAUTION statement should consist of four parts: a signal word (Danger, Warning, Caution), a concise statement of the hazard, minimum precautions, and the possible result if the DANGER, WARNING or CAUTION is disregarded, unless obvious. An icon is optional. In cases where hazardous materials are being used and the conditions on 3.3.1.1.2.30.1.1.7e.2 exist, a hazardous material icon(s) shall be used. See paragraph 3.3.1.1.2.30.1.4 for guidance on constructing the icons. 

1. The signal word will always be included using one of the styles, or similar, referenced in this document. Whichever style is used, it must be used consistently. 

2. The remaining parts can be arranged in any way that gets the point across; however, following the format of statement first, precaution second, and result third is often the most clear and concise method. Brevity is important. If the possible result is obvious, it need not be included. 

3. A precaution is a short statement of hazard mitigation that tells the reader to take care, for example "use eye protection", or "keep arms and hands clear". Certain precautions may reference other publications or direct people to consult with another agency (for example, "...consult Bioenvironmental Engineering"). However, guidance of this nature should be considered for inclusion in a safety summary (see 3.3.1.1.2.30.1.1.7). 

b. DANGER, WARNING or CAUTION statements shall never contain procedures critical to the effective and safe completion of the task. For example: 

c.                              "WARNING

d.          Cleaning with compressed air can create airborne 

e.          particles that may enter eyes or penetrate skin. Pressure 

f.          shall not exceed 30 psig. Wear goggles. Do not direct 

g.          compressed air against skin."

h. Negatively worded statements (for example, "Failure to adhere..." or "Do not use ...") are acceptable and sometimes the best way to convey the message. 

i. Multiparagraph or excessively long DANGER, WARNINGS and CAUTIONS are not specifically disallowed by this document but lengthy statements are a good indication that the task procedures are not written with the needed safety steps or procedures included. 

j. Pay strict attention to the definitions of "shall", "will", "should", and "may" in this document. The use of these words must be consistent with exposures or conditions which require comparable DANGER, WARNINGS or CAUTIONS. 

3.3.1.1.2.30.1.1.6 Placement of Danger, Warning, or Caution Statements.
a. This document contains general requirements. 

b. DANGER, WARNINGS or CAUTIONS should be placed in the text immediately prior to the step or procedure to which they apply. The same DANGER, WARNING or CAUTION need not be repeated within a procedure as long as the emphasis and impact of the DANGER, WARNING or CAUTION is not lost because of a break in the procedures. 

c. There is no stated maximum on the number of unrelated DANGER, CAUTIONS or WARNINGS that can be placed on a page. Under no conditions should they be so numerous so as to obscure the procedures. Properly written procedures should eliminate the need for consecutive WARNINGS. Sandwiching short (one line or two line) procedures between WARNINGS and CAUTIONS should be avoided. 

3.3.1.1.2.30.1.1.7 Safety summary sheets or sections.
a. All technical manuals containing dangers, warnings, or cautions shall have a Safety Summary. In conjunction with properly written procedures, the Safety Summary, which can contain general safety precautions, can eliminate the need for many DANGER, WARNINGS or CAUTIONS. 

b. Provide a Safety Summary in accordance with this document in the front of the manual preceding the first text page. The safety summary provided on figure 1129 is only an example of the type, depth, and format of general shop safety information necessary. It is not all inclusive. Only the first two paragraphs (see figure 1129), or similar wording detailing the significance and use of DANGER, WARNING and CAUTION statements, should be considered common to all Safety Summaries. Additional paragraphs can be added depending upon the class of hazard found in the technical manual. 

c. Nearly any topic can be considered for inclusion in a Safety Summary: mechanized material handling equipment; overhead lifting devices; wood or metal working machine use and guarding; and so forth. General precautions related to storage, and so forth, can also be included. 

d. Safety summaries are an excellent place to provide general safety or health instructions, but they must be tailored to the technical manual. 

1. Live circuitry guidance is probably not applicable to a corrosion control technical manual. This does not preclude the possibility, however, of a WARNING in the text of a corrosion control technical manual if the text establishes the likelihood of exposure to injurious current. 

2. The converse is also true. It would be appropriate to include live circuitry guidance in the Safety Summary of a maintenance manual. However, WARNINGS inserted in the text prior to every point of potential current exposure would not be required, as long as the procedures identify the proper controls, for example, "discharge capacitor XXXX," or "...turn off power and tag out (lock out) switch." It is reasonable to assume a trained maintenance technician is fully aware of the hazards of live circuitry; emphasis beyond a Safety Summary would be needed only in the event that the equipment, procedures or work environment presented an unusual situation to the technician. 

e. Inclusion of general guidance in a Safety Summary does not preclude the need for a DANGER, WARNING or CAUTION if the text calls out a nonroutine use or application. 

1. For example: in a parts cleaning technical manual, general guidance in the Safety Summary related to air pressures (30 psig), chip guarding, eye protection, and so forth, would suffice as long as the task procedures include the minimum required controls (pressure regulation, and so forth) as procedural steps. A CAUTION may still be required, however, if the text specifies 15 psig for a delicate piece of equipment that would be damaged if the technician proceeded under the general guidance included in the Safety Summary. 

2. Many industrial hygiene and occupational health concerns can be addressed in the same manner. In technical manuals that frequently call for routine solvent applications, WARNINGS would not be needed throughout the text as long as the minimum required controls are called for in the task procedures. General guidance regarding solvents could be included in the Safety Summary. Additional emphasis would then be required only if a procedure calls for a nonroutine application, such as heating the solvent, or an unusual, potentially more toxic solvent. In that event, a DANGER or WARNING could be used depending on the ability of the process to cause immediate safety or health concerns. This approach can be used for many of the occupational health concerns associated with commonly used substances, for example, hydraulic fluids, oils, fuels, paints, thinners, adhesives, sealants, and so forth. 

f. DANGER, WARNINGS or CAUTIONS should not simply be extracted from the text and inserted verbatim in a Safety Summary. An acceptable approach would be to provide a general summary of guidance, classed by exposure. DANGER, WARNINGS or CAUTIONS must still be placed in the text, however, based on the risk associated with the steps or procedure. 

g. Excessively long Safety Summaries are discouraged. If a technical manual requires extensive safety or health guidance, a safety section or chapter should be considered. 

3.3.1.1.2.30.1.2 Quality Control.
3.3.1.1.2.30.1.2.1 Rewrite.
The Government will recommend rewrite under the following conditions: 

a. When any part of a procedure, DANGER, WARNING, CAUTION, or Safety Summary is not consistent with existing Occupational Safety and Health Administration and Service safety requirements or is detrimental to existing Service safety and health programs. 

b. When WARNING statements are misused for equipment protection or otherwise misused outside of the intent of this document. 

c. When CAUTION statements are misused for personnel protection, or otherwise misused outside of the intent of this document. 

d. When DANGER, WARNING or CAUTION statements contain procedural steps, they should be included in the task description. Minimum protective equipment requirements or minimum precautions are allowable. 

e. When DANGER, WARNING, or CAUTION statements are excessively long. 

f. When DANGER, WARNING, or CAUTION statements are so numerous on a page that necessary task procedural steps are visually obscured. 

g. When Safety Summaries are used to the exclusion of DANGER, WARNINGS and CAUTIONS in the text unless indicated by the nature and class of hazard associated with the text, or when otherwise used outside of the intent of this document (that is, they should provide tailored, general guidance). 

h. When DANGER, WARNINGS or CAUTIONS are extracted from the text verbatim and inserted in the Safety Summary. 

i. When statements detailing the significance and use of DANGER, WARNING and CAUTION statements are not provided in the Safety Summary. 

j. When the wording of DANGER, WARNINGS or CAUTIONS varies throughout the text even though the same or very comparable conditions are being emphasized. 

k. When a DANGER/WARNING does not serve to prevent disabling injury or death, or a DANGER/CAUTION does not serve to prevent damage or destruction of equipment. 

l. When a procedure lacks required emphasis because of its inherently dangerous nature or a step requires additional emphasis because of its critical safety impact. 

m. When WARNINGS or CAUTIONS contain vague precautionary statements such as "avoid all contact", or rely too frequently on references to other technical manuals or outside agencies. In these cases, inclusion in a Safety Summary or input conditions page will be recommended as appropriate. 

n. When WARNING or CAUTION statements contain general safety precautions. 

3.3.1.1.2.30.1.3 Points of Contact.
3.3.1.1.2.30.1.3.1 Coordination.
All those involved in the technical manual development process must remember that the OSH guidance included in technical manuals is not the only line of defense against serious mishaps, but it is sometimes the last. The effective inclusion of OSH guidance can almost never be accomplished by a single individual with a distinct background. It must be a coordinated effort among system experts, safety professionals, technical writers, and the potential user. Questions arising from this process should be referred to the appropriate Safety Office and the Government acquiring activity. Do not ignore existing contractual or Command requirements. 

3.3.1.1.2.30.1.4 Construction of Health Hazard Icons/Safety Symbols.
3.3.1.1.2.30.1.4.1 Hazard Icons.
Icons/safety symbols may be used to save space in the manuals while still conveying a clear message of the hazard to the technician using the manual. Since the icon presents a visual image of the hazard rather than a more abstract message, recognition should be much faster than with a worded warning. ANSI Z535.3 provides general criteria for the design evaluation and use of safety symbols to identify and warn against specific hazards and provide information to avoid personnel injury and damage to equipment. 

3.3.1.1.2.30.2 Health Hazards.
Procedures prescribed for the operation of equipment shall be consistent with the safety standards established by the Occupational Safety and Health Act (OSHA) Public Law 91-596 and Executive Order 12196. When exposure to hazardous chemicals or other adverse health factors or use of equipment cannot be eliminated, guidance pertaining to the exposure shall be included in the Safety Summary or a Warning. 

3.3.1.1.2.30.3 Energy Efficiency Requirements.
Technical manuals covering products that directly consume energy in normal operations, and that commonly have a method of expressing energy efficiency, shall include their energy efficiency. 

3.3.1.1.2.30.4 Environmental Protection.
All technical manuals that require the use, transportation, handling, storage or disposal of fuels, toxic and hazardous substances, chemicals, ordnance and munitions, and so forth, shall meet the requirements of the Federal Environmental Protection Standards. 

3.3.1.1.2.31 Nuclear Hardness.
If equipment to be operated, maintained or overhauled has nuclear survivability requirements (that is, over pressure and burst, thermal radiation, electromagnetic pulse or transient radiation effects on electronics), applicable cautions shall be incorporated into technical publications to ensure that hardness of equipment is not degraded during operation and maintenance. 

a. Nuclear Hardness Symbol. Unless otherwise specified, all Hardness Critical Processes (HCP) shall be marked with the symbol: 

	HCP


b. When approved by the acquiring activity, the symbol **HCP** may be used in lieu of the boxed HCP symbol. The symbol shall be prepared in the same style and size as the applicable paragraph sidehead. The symbol shall not be included in the paragraph title in the table of contents. Use of the symbol is as follows: 

1. When the entire procedure and all subordinate paragraph and steps relate to establishing nuclear hardness, the symbol shall be inserted immediately following the paragraph number: 

	for example:  "1.2
	HCP

	LRU REPAIR."


2. When all subordinate paragraphs and steps do not contribute to establishing nuclear hardness, only those which do contribute will be annotated with the symbol. 

3. Maintenance actions which could degrade hardness, but which are not directly involved in establishing nuclear hardness, will not be annotated with the symbol, but will be preceded by a caution. 

c. Nuclear Hardness Symbol Explanation. When applicable, the foreword, preface, introduction shall include the symbol and an explanation of the HCP symbol and other pertinent information as necessary to emphasize the uniqueness of hardness features. This shall include an explanation that all paragraphs, procedures and steps identified by the symbol must be followed as written to ensure nuclear hardness is not degraded. This explanation shall be preceded by a CAUTION heading. 

3.3.1.1.2.32 Electrostatic Discharge Sensitive (ESDS) Parts.
If equipment to be handled or maintained contains ESDS parts, components or circuits, applicable cautions and symbols shall be incorporated into technical publications to ensure ESDS parts are not damaged or degraded during handling or maintenance. 

a. ESDS Symbol. Unless otherwise specified, all paragraphs which address handling or maintenance which could damage ESDS parts shall be identified by the following symbol indicating a sensitive electronic device. 
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When approved by the Government, the symbol **ESD** may be used in lieu of the ESDS symbol. The symbol shall be prepared in the same style and size as the applicable paragraph sidehead. The symbol shall not be included in the paragraph title in the table of contents. Use of the symbol is as follows: 

1. When the entire procedure and all subordinate paragraphs and steps describe handling or maintenance which could damage ESDS parts, the ESDS symbol shall be inserted immediately following the paragraph number: 

	for example: "1.2 **ESDS**
	**ESDS**

	LRU REPAIR."


2. When all subordinate paragraph and steps are not related to handling or maintenance which could damage ESDS parts, only those related will be annotated. 

3. Maintenance actions which could damage ESDS parts, but which are not directly related to handling or maintenance of ESDS parts, will not be annotated with the ESDS symbol, but will be preceded by a caution. 

4. Illustrations, drawings and schematics shall be marked with the ESDS symbol. 

b. ESDS Symbol Explanation. When applicable, the foreword, preface, or introduction shall include the ESDS symbol and an explanation of the ESDS symbol. Other pertinent information shall be included as necessary to emphasize the uniqueness of ESDS parts. This will include an explanation that the ESDS symbol requires that all ESDS parts be handled according to ESDS device handling procedures. This explanation shall be preceded by a CAUTION heading. 

3.3.1.1.2.33 Type Style And Size.
Type style and sizes shall be comparable to those shown in this document, except for the following: 


TABLE I. Text size and style. (note 1)

	USE 
	SIZE AND STYLE 

	Art callouts (pictorials, and so forth) 
	8 point 

	Art lettering 
	7 point 

	Circled keying numbers on FBD art 
	8 point 

	Circled keying numbers on pictorials 
	10 point 

	Art drawing sheet numbers, title blocks, main drawing number blocks, hardware boundary titles, and functional boundary titles 
	8 point 

	Running heads 
	10 point bold 

	Dangers (heading) 
	14 point bold 

	Warnings (heading) 
	14 point bold caps, boxed 

	Cautions (heading) 
	14 point bold caps, underlined 

	Notes (heading) 
	10 point caps 

	Rules 
	1 point 




1 Text for notes, dangers, cautions, and warnings shall be short-measured; 
that is indented from LEFT and right margins of overall text area. 

3.3.1.1.2.34 Tabular, Chart, or Graph Form.
3.3.1.1.2.34.1 Tables, Charts and Graphs.
Reference data (other than illustrations, drawings, diagrams) shall be presented in tabular, chart or graph form. Any other type of data which lends itself to tabular, chart or graph form may also be so presented. Tables, charts and graphs shall be so designed that they are easily understood. Charts shall be presented as tables or illustrations, whichever is most appropriate. Graphs shall be considered illustrations, and be assigned figure numbers. Figure 1125 provides an example of a typical table. Tables shall include the following: 

a. Center the word "Table", the applicable number, and the title above the head rule. 

b. Capitalize the word "Table" and each principal word in the title. 

c. Capitalize each principal word in column heads. 

d. Single space entries within the table. 

e. Align related entries in different columns. 

f. Align entries within columns as follows: 

1. For decimal data, decimal points shall be aligned. 

2. For mathematical notation, multiplication signs shall be aligned. 

3. All other numeric data shall be aligned flush right. 

4. Alphabetic or alphanumeric data shall be aligned flush left. 

g. Indent carryover lines two spaces. 

h. Specify units of measurement in row or column headings. 

i. Arrange row entries in tables in groups of up to five rows. Groups shall be separated with white space if no entries are blank, and with light horizontal lines if any entries are blank. At least 25 percent of the area within tables and between columns and groups of rows shall be white space. 

3.3.1.1.2.34.2 Tabular Material.
When a small amount of tabular information is to be inserted, and will not require referencing from adjacent text, it may be included within a paragraph of text without identifying it as a table. 

3.3.1.1.2.34.3 Line Graphs.
Line graphs shall conform to the following: 

a. The number of ideas conveyed per graph shall be minimized. Line graphs shall have a maximum of four lines (that is, lines that show the relationship of variables). Such lines shall be coded for easy identification. 

b. If there is a natural orientation for the axes (for example, altitude on vertical axis), the axes shall be so oriented. 

c. Grid lines shall support the intended use (that is, more grid lines shall be provided where accurate interpretation is required). Grid lines shall be no less than 0.1 inch apart when reduced to final size and shall be lighter than the graph line. 

d. Graph scales shall be linear unless they must be nonlinear for proper comprehension and use. They shall include the zero value of the variables. One line break may be used per scale in order to include the zero value if this saves space without jeopardizing clarity. 

e. For complex graphs, instructions shall be provided for use and interpretation. 

3.3.1.1.2.34.4 Table Cutline.
For RDC, the point at which a table or (when appropriate) chart is to be placed shall be indicated by a break in the text and the insertion of the table number and title. Cutlines shall be placed at the end of the first paragraph or subparagraph to which they pertain. The table number shall begin at the left margin and there shall be a double space above and below the cutline. For the PTM or FRC, the table is mounted in place and the cutline becomes the table title. 

3.3.1.1.2.34.5 Table Titles.
Tables shall be assigned table titles. The title shall follow two spaces after the table number and shall be centered above the applicable table. The first letter of the first word and of each principal word shall be capitalized. Full page tables, placed sideways on a page, shall be turned 90 degrees counterclockwise. The table number and title for a turned table shall also be turned 90 degrees counterclockwise to stay centered above the table. Table titles should begin with an identifying name. For example: 

          "Table 3-1.  Guidance System Test Points"

The title shall be short and describe the contents or purpose of the table. Tables applicable to one Service, in a manual that will be used by more than one Service, shall be identified. For example: 

    "Table 2-3.  (Army Only)  Fuel Indicator Correction Factors."

3.3.1.1.2.34.6 Continued Table Material.
When a table is continued on a following page, the number and title shall be repeated at the head of the columns on all following pages of the table, followed by a dash and the word "Continued." Boxhead titles shall also be repeated. The above information shall not be repeated on a following page when the page is a foot page of a head to foot tabular arrangement. When a table entry is continued, the entry or its identifying number or letter from the first column shall be repeated in the first column followed by a dash and the word "Continued." The abbreviation "Cont" may be used when table columns are too narrow for "Continued" to be spelled out. 

3.3.1.1.2.34.7 Footnotes.
Numbering of footnotes to tables shall be independent of that of footnotes to the text. Consecutive superior numbers beginning with "1" shall be used (in tables, superior lowercase letters, asterisks or other designation may be used where numbers would cause confusion). Footnote numbers and text shall be separated by two spaces. The numbering system shall be per chapter or table as applicable. Footnotes to the text shall be placed at the bottom of the page on which they appear. The footnotes, which shall be kept to the minimum consistent with clarity, shall be placed immediately below the table in which they are referenced. If a table is continued onto other pages, all footnotes shall be placed at the bottom of the page on which they are referenced or at the end of the table and the directory note "See footnotes at end of table" shall be placed at the bottom of pages containing footnote references. For footnotes coming before the end of the table, and for a directory note, a one inch horizontal rule shall be placed flush left below the table and the footnote or directory note placed under the rule. Footnotes at the end of the table shall be started on the second line below the closing rule. All table notes and footnotes shall be indented five spaces from the left margin of the table and carry over lines shall return to the left margin of the table. 

3.3.1.1.2.34.8 Boxhead Titles and Rules.
The first letter of the first word and of each principal word of boxhead titles shall be capitalized; the remaining letters shall be lowercase. Tables shall be so designed that related entries in different columns are aligned (see figure 1126). Carry over lines shall be indented two spaces unless adequately spaced between entries. Tables shall be vertically ruled as required for clarity. A horizontal rule shall be placed at the beginning (head) and at the end (foot) of a table and following column heads (boxhead titles). The closing rule is omitted at the foot of a continued table; the opening rule is omitted at the head of the continuation of the table. For preprogrammed tables, with columns ruled for continued tables, the opening rule may be included at the head of the continuation of the table. 

3.3.1.1.3 General Illustration Information.
3.3.1.1.3.1 Illustrations.
Style and techniques shall be of a quality which will produce artwork that will clearly, adequately, and economically portray the information to be illustrated. Illustrative material shall be used to: describe an item or idea if this can be done more efficiently and effectively by graphic methods; clarify text; present phases difficult to describe by text alone; call attention to details; and furnish graphic identification of parts and tools. Multiple sheet, or sequence number illustrations, in addition to step-by-step operational type, may be used for depicting disassembly, assembly, removal, installation, and so forth. Illustrations, other than foldouts, shall be located as near as possible to the point at which they are first referenced, except where this would require unnecessary duplication of illustrations. 

a. Illustration use. Liberal use of illustrations is encouraged to ensure clarity of descriptive text and procedural steps. Exploded views shall be used to the greatest extent possible. Redundant drawings shall not be included. When only a part of an existing drawing is required, only that section of the drawing shall be provided. 

b. Illustration placement. Each illustration shall be included as part of a paragraph or follow as closely as possible to its first reference in the narrative text. Use of fold-out illustrations is discouraged. However, when an illustration does require a foldout sheet, such as for a large schematic diagram, it shall be located at the end of its relative discussion in the text and shall be printed with an apron. Foldup-foldout (map fold) illustrations are strictly prohibited. 

c. Illustration titles. Illustrations shall be assigned figure titles. The title shall follow two spaces after the figure number and shall be centered below the applicable illustration (except for foldout figures). The first letter of the first word and of each principal word will be capitalized. Full page illustrations, placed sideways on a page, shall be turned 90 degrees counterclockwise. The figure number and title for a turned illustration shall be placed at the bottom of the page with the manual in its normal position. When the majority of illustrations are turned, the figure number and title shall also be turned to appear below the illustration. Figure titles should begin with an identifying name. For example: 

d.           "Figure 3-1.  Guidance System Gyroscope Assembly."

The title shall be short and describe the contents or purpose of the illustration. Illustrations applicable to one Service, in a manual that will be used by more than one Service, shall be identified. For example: 

          "Figure 2-3 (Navy only).  Fuel Indicator."

e. Material or parts list. A material or parts list shall be included with each drawing. Only those parts referenced in the text shall be identified on the drawing. When specifying disassembly in accordance with disassembly sequence numbers, all parts shall be listed. Text and illustrations shall complement each other to communicate the required information. Nomenclature shall be consistent throughout the manual. 

f. Acceptability of drawings and illustrations. Engineering drawings and illustrations that are not prepared primarily for illustration purposes are acceptable if the copy print is legible, reproducible, and readable when reduced to manual size. All irrelevant material shall be removed. 

g. Callouts. Illustrations shall identify key part locations with callouts neatly placed around the drawing. Care shall be taken not to introduce clutter and distractions. The associated operator's manual identification numbers should be included as a cross-reference indicator to aid the user. Cite the method used to present data as a note in the drawing. 

h. Drawing reduction. Drawings which are to scale but not dimensioned shall be reduced for inclusion in the manual. A line approximately three to six inches long, indicating the actual scale of the subject drawing, shall be added to the drawing before reduction. The scale shall then be reduced in the same proportion as the drawing. 

i. Drawing identification. Drawings and sketches reproduced or modified from an existing approved blueprint or drawing shall contain information identifying the drawing. 

3.3.1.1.3.2 Illustration Selection Criteria.
Exploded view isometric drawings shall be used whenever necessary to show the proportionate size of machinery parts, proper relation to other parts, and assembly or disassembly sequence. It is preferable that all parts be exploded in isometric projection of their line of assembly axis. Sectional views or item location drawings should be used to indicate where critical measurements shall be taken or when the information presented is easier to understand when depicted as a cross-sectional view. Parts should be numbered in disassembly order sequence, with a parts list including part name, quantity, and number on each figure. As a rule, sectional drawings are not needed when isometric drawings are available. For general drawing requirements see 3.3.1.1.3.1. 

3.3.1.1.3.3 Illustration Details.
3.3.1.1.3.3.1 Zoning on Diagrams.
Diagrams containing the symbols for more than 100 parts shall be zoned. Diagrams shall be divided into equally spaced horizontal zones (ordinates) designated A, B, etc., from bottom to top along the outside left and right borders. Diagrams shall be divided into equally spaced vertical zones (abscissa) designated 1, 2, 3, and so forth, from right to left along the outside top and bottom borders. The zone size shall be as needed to clearly locate referenced points. The location of all circuit elements by zones shall be included in a table located on the apron. 

3.3.1.1.3.3.2 Reference to Zones.
In reference to zones, the numeral shall be listed first to avoid possible confusion with reference designations, for example: use "3C" instead of "C3." 

3.3.1.1.3.3.3 Scale.
Illustrations shall be prepared to as small a scale as possible consistent with effective use of space, with all essential detail legible; be same size as areas they will occupy in the manual page, or be of such oversize as to permit uniform reduction to this size. 

3.3.1.1.3.3.4 Letter Size.
The scale shall be such as to provide for a minimum final letter size, when printed, as required by Figure 5. 

3.3.1.1.3.3.5 Notes on Diagrams.
Notes on diagrams shall be confined to clear spaces of the image area. Notes for foldout diagrams, with the exception of installation control drawings, shall be placed on the apron. Notes shall be identified with the legends GENERAL NOTES and SPECIFIC NOTES, as applicable. General notes shall precede specific notes and shall be identified by capital letters (A, B, and so forth). Specific notes shall be identified by arabic numerals (1, 2, and so forth). 

3.3.1.1.3.3.5.1 General Notes.
General notes shall apply to the entire diagram and shall appear only on the first sheet of multisheet diagrams. No reference shall be made to general notes from the diagram or from specific notes. Examples of general notes are: a warning that high voltage exists throughout the entire equipment, the general instructions for positioning switches, and a list of the test equipment needed to take measurements. 

3.3.1.1.3.3.5.2 Specific Notes.
Specific notes shall apply only to a specific item on the diagram. Specific notes shall be repeated on each sheet of a multiple sheet diagram to which they apply and it shall not be required to refer to a specific note on another sheet of a diagram. 

3.3.1.1.3.3.5.3 Apron Notes.
Apron notes for foldout diagrams should be placed in a final size image area of 7 by 10 inches with a minimum letter height of 0.060 inch. Notes shall be arranged to make best use of the available space. When notes for a given diagram foldout sheet require more than the 7- by 10-inch apron, the notes shall be extended with additional columns on the diagram image area if the space permits. If the space does not permit, single pages shall precede and shall contain the additional notes. When additional note sheets are required, the notes shall start on the first additional sheet and be printed as a right-hand page; note pages may be printed on both sides. Foldout sheets shall not be used for running text. Each sheet of the diagram, including the note sheets, shall contain the figure number, title, and sheet number. 

3.3.1.1.3.3.5.4 Multiple Page Notes.
For multiple page note pages, applicable to illustrations, each note page if used, shall be consecutively numbered front and back. Multiple note pages shall not be delineated as being part of (or sheet XX of XX) an overall notes page, but illustrations shall be delineated as being sheet of an overall illustration, as applicable. Notes shall precede the illustration or appear on the illustration apron, as applicable. Notes pages shall be of the single sheet type. 

3.3.1.1.3.3.6 Photographs and Line Drawings.
Line drawings shall be used in lieu of photographs (halftones), when practicable. The use of a photograph instead of a line drawing shall be determined by the practical considerations of the purpose and suitability of the illustration in the publication. Existing illustrations and engineering drawings shall be used where they meet the requirements of this document. In the early development of equipment, a line drawing may be prepared from the source data if the equipment is not available for photographing. Rendered drawings, either airbrush or wet-wash, are acceptable only if such preparation is the most efficient method available. Line tracings of photographs are also acceptable. The resulting line drawings shall be of high reproduction quality. A suitable material capable of maintaining consistent and permanent high density reproducible values shall be used for preparing the line drawings. 

3.3.1.1.3.3.7 Photographic Details.
When specified for use, photographs shall be detailed and sharp, free of heavy shadows, distorted objects, cluttered foregrounds or backgrounds, and give good contrast from white, middle tones, and black. 

3.3.1.1.3.3.7.1 Retouching.
Photographic retouching shall be held to a minimum. Retouching shall be used only to emphasize detail, exclude unwanted detail, correct slight photographic defects and eliminate undesirable shadow for that portion of the photograph related to the text only. Quality of retouched photographs shall be such that tonal values are held when reproduced. 

3.3.1.1.3.3.7.2 Prescreened Photographs.
When approved by the acquiring activity, prescreened photographs are acceptable as reproducible copy provided they will not be rescreened and are of proper quality, size, and mounted on the reproducible copy of the text page or margin data. When prescreened photographs are used, artwork will be clearly marked to indicate prescreening. Unscreened continuous tone photographs and original artwork shall be supplied, with reproducible copy, as specified by the contract or SEATASK. 

3.3.1.1.3.3.8 Continuous Tone Artwork.
When specified for use, such artwork, whether photograph or drawing, shall be clear in detail, sharp in contrast of tones and with light and shadow in proper relation to a consistent light source. The background shall be an intense white. It shall extend the full width and depth of the artwork. 

3.3.1.1.3.3.9 Combination Artwork.
When specified for use, presentation of a subject by combining photographs or continuous tone artwork with line drawings, shall be limited to where this presents the subject more accurately or more clearly. 

3.3.1.1.3.3.10 Engineering Drawings, Diagrams, and Wire Run Lists.
Engineering drawings, diagrams, and wire run lists, shall be arranged functionally and are acceptable only if they meet the content, arrangement, legibility and format requirements of the contract or SEATASK, and the style, format and production requirements contained in this document. They must have all unnecessary data removed that would reduce the comprehension or clarity of the illustration and must be reduced or redrawn to meet foldout restrictions. When wiring diagrams are included in a manual, wire run lists shall not be included. 

3.3.1.1.3.3.11 Equipment Illustration.
For installations consisting of more than one unit or assembly, a pictorial illustration representing the equipment, or all units comprising the equipment shall be included and shall be designated figure 1-1. If two units of the equipment differ between models, the alternate units shall be shown side by side (if clarity is not sacrificed) and designated by applicable model numbers. If more than two units differ, two frontispieces should be furnished and designated as figures 1-1 and 1-1A. The illustration shall show the major units of the equipment, relative size of each unit, basic interconnections between units, and their relationship with other equipment. The illustration shall be a left-hand full page or foldout (never backed up) and shall be assigned the folio (blank/1-0). 

3.3.1.1.3.3.12 Functional Block Diagrams (FBDs).
A system of FBDs shall be used to depict the functional divisions of the system. (A functional division is defined as a function or a portion of a function that performs a particular task in relationship to the entire system.) The diagrams shall depict the system in an integrated manner; that is, a master FBD shall show each function of the system; primary FBDs shall show the functional divisions of the system; and third-level or lower-level FBDs shall show further functional subdivisions of complex subfunctions. The lowest level of FBD shall be directly linked to functional circuit diagrams (FCDs) (contained in Chapter 5) or to the hardware where the function is performed. This reference shall be by the hardware reference designator. The FBD/FCD structure and relationship is shown on figure 1085. 

a. Master FBD. The master FBD depicts the system functions and major signal paths within the system. 

1. Each major block on the master FBD shall represent a major functional element and shall be identified by functional and hardware boundary lines and descriptive names. These functional elements shall be connected by signal path and control lines, also identified with descriptive names. 

2. Functional boundaries shall be depicted with thin, solid lines; and hardware boundaries shall be depicted with thin, short-dash and long-dash lines. Signal and control lines shall be depicted with thin, solid lines; while data lines shall be depicted with thick, solid lines (see figure 1086). 

3. Each block on the master FBD shall contain a circled number. The circled number corresponds to a brief paragraph (referred to as "keyed text") that describes the purpose and function of that block. The circled numbers shall start with the circle 1 in the first block at the top left of the FBD and progress in a logical manner (either by data flow, or top to bottom and left to right) on the FBD until all blocks are numbered. This "keyed text" paragraph will be located on a page facing the FBD to which it applies. In addition to the circled number, each block on the master FBD shall contain a reference to a primary FBD and the paragraph number of the paragraph that describes the block (not the keyed text paragraph). 

b. Primary FBD. Primary FBDs shall contain system function and subfunction information. The primary FBD shall illustrate the interconnection of subfunctional elements in order to describe how the functions work within the system. They shall provide a reference to secondary diagrams and the paragraph number of the paragraph that describes the block (not the keyed text paragraph). The secondary diagrams may be FBDs or FCDs. If there are no secondary diagrams for reference, the reference shall be made directly to the hardware by reference designation. 

1. The primary FFBD shall consist of the major functional divisions enclosed by the proper boundary lines (see figure 1088). Each functional block shall be identified by a descriptive name and referenced to a keyed text paragraph on the facing page. The functional divisions shall be interconnected by signal path and control lines, each identified with a descriptive name and proper line weight (line weights shall be in accordance with 3.3.1.1.3.3.12.3). Primary FBDs may show equipment boundaries if appropriate to the function being shown. A direct relationship shall be maintained in regard to the number and nomenclature of interface lines between a primary FBD and other interfacing primary FBDs. 

c. Secondary FBD. When the functional divisions represented on the primary FBD are sufficiently large, subfunctionalization is sometimes necessary. The secondary FBD provides the transition between the major functional elements on the primary FBD and the FCDs (see 3.3.1.1.3.3.14), or to actual hardware by reference designator where the function depicted is performed. The subfunctional segments illustrated on the secondary FBD must often be further subdivided to effectively depict equipment operation. In this case, the secondary FBD provides the transition between the primary FBD and lower levels of FBDs (see figure 1088). 

1. The secondary and lower-level FBDs are generated by dividing the functional elements into discrete segment (subfunction) blocks. Each block shall be identified by a descriptive name and referenced to a keyed text paragraph on the facing page. The blocks shall also reference the paragraph number of the paragraph that describes the block (not the keyed text paragraph). These segments shall be interconnected in the same manner as the major blocks on the primary FBD; that is, with signal path and control lines identified by names and having the proper line weights. Each subfunctional block shall be identified by a descriptive name. A direct relationship shall be maintained in regard to the number and nomenclature of interface lines between a secondary FBD and other interfacing secondary FBDs. The lowest-level FBD block shall contain a reference to an FCD, or to the hardware reference designator where the function depicted is performed (see figure 1089). 

3.3.1.1.3.3.12.1 Power And Grounding Circuits.
The following paragraphs describe the preparation of power and grounding circuit FBDs. 

a. System power FBD. The system power FBD shall show the distribution of primary power from the power source to the various units comprising the system. The FBD shall be a part of the master FBD of the technical manual and shall reference the associated unit power and grounding FBDs and FCDs. Power conversion and distribution within the system units shall be shown by a separate power FBD for each unit unless the power circuits within the unit do not warrant a separate FBD because of their simplicity. 

b. Unit power FBD. This FBD shall show the distribution of primary power and control power from the primary power source and associated interface units to the power elements within each unit. The FBD shall represent the power elements as functional blocks and shall show power conversion, power control monitoring and indicating between the unit power elements. The diagram shall be laid out in a logical left-to-right sequence to clearly define the power operations within the unit. Each functional block shall contain a reference to an FCD. This FBD shall be the last sheet(s) of the FBDs (see figure 1090). 

3.3.1.1.3.3.12.2 Requirements For Preparing FBDs.
A clear and complete referencing system is required for use on FBDs because of the interrelationship between FBDs and FCDs, and the interconnection between sheets of FBDs. The referencing system shall include all or a portion of the following reference information. 

a. Signal names. 

1. Signal names on FBDs shall be descriptive names. The Automated Interface Listing (AIL) (the wire lists for the system cabling), or their equivalent, shall be used as the source of signal names between units. Engineering schematics and cabling wire lists shall be used as the source of signal names internal to a unit. 

2. Power-on reset signals on the data FBDs shall be shown entering from external to the function. No function block for power reset shall be shown on the data FBDs. The generation of the power-on reset shall be shown on the power and grounding FBDs. 

3. All signal lines between functional blocks on the FBDs shall be identified by descriptive signal names. Signal lines that interface from one FBD sheet to another FBD sheet shall have the identical signal name on each sheet. Signal lines that are identified on different level FBDs (a signal level shown both on the primary FBD and on the secondary FBD) shall be identified by the same signal name. 

4. Reference designations shall not be used as signal names except in cases where no other name exists. 

5. The FBD number, sheet and zone shall be used to identify signal origins and destinations when referencing from one FBD to another. 

b. Signal referencing for FBDs. 

1. Signal referencing on the same sheet. An on- sheet reference to show a continuous line between two points shall be shown by a circle enclosing double capital letters with a lead arrow indicating direction. Zone reference shall not be used. (Letters to start with AA, then AB, AC, and so forth) see figure 1091. 

A. Signal lines shall show signal name on flow line before the reference symbol. See figure 1091. 

B. An inverted triangle symbol shall not be used except for an A or B (primarily found on the power FCDs) to indicate grounds. 

2. Signal referencing between two or more functional parts. To show a continuous line between two points on different sheets of a functional breakdown (a function broken into Parts 1 of 2, 2 of 2, and so forth), an irregular pentagon shall be used. Double capital letters starting with BA then BB, BC, and so forth, shall be enclosed within this symbol. Zone references shall be indicated. See figure 1092. 

3. Signal referencing between functions. Referencing between units shown on the diagram shall be accomplished at equivalent levels (that is, primary levels shall interface, second levels shall interface; however, a primary level shall not interface with a second level). See figure 1093. 

4. Grouping of signals. Brackets may be used when all of a group of signals come from or go to the same zone on destination. See figure 1090. 

c. Diagram type. The diagram type (FBD or FCD) shall be included above the title block of the drawing or on sheet 1 only. The title block shall appear only on sheet 1. Sheets 2 and on shall not contain the diagram type block or the title block. 

d. Equipment names. Equipment name or reference designation shalll be used to identify hardwar boundaries on the FBDs. 

e. Function names. Each functional area of each unit shall be identified by a descriptive name. These functional areas shall then be further broken into subfunctions, each being assigned a descriptive name. Once a function name has been assigned, the identical name shall always appear whether it appears on an FBD or on an FCD to identify the functional boundary. No two functional areas may be assigned the same name. 

f. Diagram (drawing) numbers. In systems with fully implemented unit numbers, all FBDs shall be numbered FBDXXXX, where XXXX is equal to the unit number (that is: 1001, 1002, 1107, and so forth), except for the master FBD or FCD. The master FBD or FCD shall be numbered FBD0000 or FCD0000. For those cases where one FBD (or FCD) is used for multiple and identical units, the lowest unit number shall be used (that is, units 1071 and 1072 shall be FBD1071). In other systems, FBDs shall be numbered chronologically. 

g. Sheet numbers. FBDs or FCDs having multiple sheets shall be assigned sheet numbers starting with one (1). The drawing sheet number and zone number shall be used to identify signal interconnections between sheets of the same FBD or FCD. 

h. Zone numbers. 

1. The zone number and sheet number shall be used to identify signal interconnections between sheets of an FBD and when referencing between FBDs or from FBDs to FCDs and vice versa. Sheet and zone numbers shall be as shown on figure 1094. 

2. Zone number references shall call out the drawing coordinates of the referenced detailed signal name rather than call out the drawing coordinates of the symbol itself. Brackets may be used when all of a group of signals come from or go to the same place. 

i. Reference designations. Reference designations shall be used to correlate circuit symbols to actual hardware locations. All hardware boundaries, logic symbols, electrical symbols, and analog symbols shall be identified by the reference designations assigned to the hardware being depicted. 

3.3.1.1.3.3.12.3 Diagram Drafting Requirements.
This subsection defines the requirements for line weights, methods of depicting interconnecting lines, symbol sizes, lettering size, and notes in the preparation of FBDs. 

a. Line weights. Hardware or functional boundaries and boundary titles shall be prepared as described in the following paragraphs. 

1. Hardware Boundary. A hardware boundary shall be a long-dash, short-dash light (0.005 inch) line. The length of the long-dash in relation to the length of the short-dash should be drawn so that the long-dash does not give the impression of a solid line. The hardware boundary title shall be positioned as illustrated on figure 1095. 

2. Functional Boundary. A functional boundary shall be a solid medium (0.01 inch) line. The functional boundary title shall be positioned as illustrated on figure 1096. 

b. Interconnecting lines. Interconnecting (data, signal and control) lines shall be prepared in the following manner: 

1. Line bends shall be 90 degrees, unless a particular junction requires a different bend. Bend corners shall not be rounded. 

2. Line spacing shall be 0.125 inch minimum on a 9 by 15.75-inch master. 

3. Data lines shall be single, solid heavy (0.02 inch) lines (see figure 1097). 

4. Signal and control lines shall be single, solid medium (0.01 inch) lines (see figure 1096). 

5. Signal lines that contain closely related information may be grouped into one line. However, care must be exercised to not group signal lines indiscriminately. Grouping of signal lines into one line is called a highway. 

6. Highways shall be solid medium (0.01 inch) for signal and control lines, and heavy (0.02 inch) lines for data (see figure 1097). 

A. Any changes in the flow direction of the basic highway shall be indicated by square corners [see figure 1097, (a)(1))]. 

B. Any input or output of a highway shall be indicated by a 45-degree connecting line. The direction of the angle implies flow direction [(see figure 1097, (a)(2))]. 

C. The end points (a highway may have several) of a highway are indicated by square corners [see figure 1097, (a)(3)]. 

D. A highway does not necessarily contain a uniform number of signals over its entire length. Therefore, when a highway is identified by a name, that name applies to its entire length. 

E. Each individual signal contained within a highway shall be identified with a detailed signal name. 

F. The signal names used as inputs to a highway may be different from the highway signal name; for example, BIT 5 and BIT 4 may be individual inputs to a highway having a signal name of INTERFACE REG SET OUTPUT. There shall be a logical relationship between the input and highway signal names [see figure 1097, (b)]. 

G. The signal names used as outputs to a highway may be different from the highway signal name; for example, BIT 9 and BIT 8 may be individual outputs to a highway having a signal name of ADDRESS. There shall be a logical relationship between the highway signal name and the output [see figure 1097, (c)]. 

H. Highway inputs and outputs to logic symbols are illustrated on figure 1097, (d). The input shall contain the input signal name and input pin number; the output shall contain the output pin number and signal name. 

I. Highway fan-outs and fan-ins shall have the highway signal name indicated above the signal line and the highway output or input signal names with its appropriate sheet and zone reference below the signal line [see figure 1097, (e)]. 

c. Symbols. Symbols shall be prepared in the following manner: 

1. FBD rectangular blocks shall be drawn as medium (0.01 inch) lines and, insofar as possible, conform to a 2-to-1 aspect ratio. Minimum block size shall be 0.05 inch by 1 inch. Insofar as possible, the block nomenclature shall be positioned as illustrated on figure 1098, for ease of reading. 

2. On-page and off-page connectors and miscellaneous symbols shall be drawn as medium (0.01 inch) lines and in accordance with the dimensions depicted on figure 1099. 

d. Lettering. Lettering shall be accomplished in the following manner: 

1. All lettering on the diagrams shall be Letter Gothic. Letter style shall be vertical, uppercase Gothic (sans-serif) as illustrated by figure 1100. 

2. Lowercase lettering shall not be used for general lettering on a diagram. Lowercase letters shall be indicated as an underscored uppercase letter but may be used when: 

A. Lower case lettering appears on the physical part (such as connector pins). 

B. Symbols requiring lowercase letters are used on drawings. 

C. Signal names contain lowercase letters such as an abbreviation like "Db". 

3. All lettering shall be placed on the diagrams in a position readable from either the bottom or right-hand side of the diagram. 

4. Letter size, line spacing, and line weight shall be as follows: 

A. 8-point for drawing sheet number, title block, main drawing number block, circled keyed text reference number, hardware boundary titles, and functional boundary titles. Line spacing for 8-point type shall be 2 points (.028 inches) minimum. 

B. 7-point for all other format block areas and the field of the drawing. Line spacing for 7-point shall be 2 points (.028 inches) minimum. 

e. Notes. Notes shall be included on the diagrams as appropriate. The notes shall be identified by Arabic numerals in consecutive numeric sequence starting with the number 1. 

3.3.1.1.3.3.13 Flowchart Development.
The flowchart shall be developed using the following procedure and symbology. 

a. General flow. The general flow of the flowchart shall be top-to-bottom and left-to-right. A portion of the flow may be contrary to the general flow if no intermediate blocks are involved (see figure 1103). 

b. Terminal blocks (See figure 1104). These blocks are used to show the starting and ending points of a flow. START blocks shall have a vertical exiting line. EXIT and COMPLETE blocks shall have vertical or horizontal entry lines. The EXIT block shall be accompanied by text explaining the reason for the EXIT. 

c. Annotation or comment block. These blocks are used to provide additional descriptive clarification, comments, or explanatory notes (see figure 1105). The dashed line is connected to the dashed outline of the symbol corresponding to the data contained inside. This block is inserted with the dashed line intersecting flowchart flow at the point appropriate to the content of the block. 

d. Process blocks. These blocks define an operation to be performed (see figure 1106). These blocks shall have only one entry line and one exiting line. Entry lines and exiting lines shall be vertical or horizontal; however, entry lines shall never enter the bottom of a process block and exiting lines shall never leave the top of a process block. Process blocks shall never be used in place of decision blocks. 

e. Decision blocks. These blocks are used to provide two or more paths resulting from specific condition related decisions (see figure 1107). Decision blocks where the exiting line choice is dependent on a "yes" or "no" decision shall normally have only two exiting lines. These blocks may have more than two exiting lines if each path is clearly defined by the decision required to select that path. There shall be only one entry line (either from the top or at the side) to a decision block. Entry and exiting lines shall not occupy the same side of a decision block. Exiting lines shall not occupy the top of a decision block. Exiting lines shall be labeled by decision criteria. Do not include question marks in decision blocks. 

f. On-Page connectors. These connectors shall be used to join two ends of a line when it is inconvenient to draw a single continuous line between two points on a single sheet (see figure 1108). These connectors shall be shown by a circle enclosing a capital letter. The letter used in the on-page connectors shall start with "A" and proceed alphabetically on each page. The same letter shall be used in the starting and ending connectors at both ends of an implied line of communication. The same letter shall be used in multiple starting connectors when their respective ending connectors are the same point. Connectors shall have exiting or entry lines consisting of vectored arrows which indicate that the connector is used as a starting or ending connector. A single arrowhead with multiple entry lines may be used when required to ensure clarity (see figure 1109). The exiting from a starting connector and the entry line to an ending connector shall show the direction of the corresponding connector and path of the implied line between. 

g. Off-Page connectors. These connectors shall be used to show flow continuity between sheets of the same figure or of different figures. These connectors shall be shown by an irregular pentagon enclosing a number and a capital letter (see figure 1110). The number contained by the off-page connector shall indicate the destination sheet (for the output connector) and the origin sheet (for the input connector). The letters used in off-page connectors shall start with "A" and proceed alphabetically in each figure, using the same letter in the output and input connectors at each end of an implied line continuation. The same letter shall be used in multiple output connectors when their respective input connectors are the same point. The entry line to an output off-page connector shall enter the side of the connector opposite the point. The exiting line from an input off-page connector shall leave from the point of the connector. When off-page connectors are used to show flow continuity between figures, the figure number of the corresponding connector location shall be shown outside each off-page connector symbol (see figure 1111). If more than one of the output connectors is located on another figure, two or more input connectors shall be placed at the entry point so that figure numbers of all output connectors are shown (see figure 1111). 

h. Arrowheads. Arrowheads shall be used to indicate the direction of flow. All block or connector entry lines shall have arrowheads. Arrowheads shall be used at all line intersections to clearly show direction of flow (see figure 1112). 

i. Line intersections. Lines shall not cross except when an intersection is intended. On-page connectors shall be employed to prevent line crossings where intersections are not intended (see figure 1112). 

3.3.1.1.3.3.14 FCDs.
An FCD shows in symbolic form the interrelationship of the circuits required to perform a function. The FCD consists of symbols representing circuit modules and electrical parts complete with physical location and interconnection information. FCDs shall be prepared for control and indicator circuits, analog logic, and power and grounding circuits. See figure 1101 for an example of an analog logic FCD. An explanation of power and grounding FCDs is given in paragraph f.(1) below. If FCDs are required for a unit having all three types of the above circuits, all circuits shall be shown on the same drawing numbered FCD. 

a. Schematics are not required for unit wiring or similar interconnecting hardware devices because complete interconnecting information appears on the FCDs. Components such as switches, relays, terminating resistors, and so forth, mounted directly on the cabinet shall be shown in schematic form on the FCD using the rules for detailed FCDs (refer to paragraph e below). 

b. Layout techniques. An FCD shall be prepared for each function defined on the lowest level of FBD where it is necessary to show circuits that are not located on pluggable modules and for the power and grounding circuits. Layout of the symbols on the FCD shall provide a left-to-right functional flow. Circuit symbols shall be functionally divided by thin lines in direct relationship to a functional block on a related FBD, and the functional division on the FCD shall be identified by the same function name. If the equipment is sufficiently complex, an FCD may consist of multiple sheets; then, functional flow shall be left-to-right from sheet to sheet. All inputs and outputs of the function depicted on the FCD shall be identified by signal names. Inputs shall be referenced to the source FCD and outputs shall be referenced to the destination FCD. For smaller systems or equipments, an FCD sheet may contain more than one function and possibly the entire equipment. 

c. Analog functionalization. In analog functions, the FCD details the operating elements (emitter followers, amplifiers, and so forth) within the function using special block symbols or schematic symbols. The special block symbols shall be used to detail replaceable circuit elements or modules that are used as building blocks in the analog equipment. 

d. Schematic symbols shall be used to detail circuits of assemblies or modules having replaceable parts. The resulting FCD may have both symbolic and electrical schematic characteristics with functional grouping techniques applied. Schematic representations on the FCD shall be formed using the rules set forth for detailed FCDs. 

e. Detailed FCDs. Detailed FCD drawing techniques shall be used, where necessary, to show cabinet-mounted components such as switches, relays, termination resistors, and so forth, and for detailing circuits of assemblies or modules having replaceable parts. Separate detailed FCDs are required for the unique repairable circuits used as building blocks for analog equipment; one detailed FCD is required for each type of building block. 

1. Layout techniques. Detailed FCDs present all circuit information, including component values, test points, and sensors (see figure 1102). Circuit parts shall be grouped functionally and arranged to make signal flow obvious from left-to-right and top-to-bottom. Emphasis should be placed on arranging the circuit parts to enhance functional understanding. One technique which simplifies the circuit presentation is to completely separate each power and ground connection. Common ground or return points should not be tied together merely to conserve symbols. 

f. Power and grounding circuits. The following paragraphs describe the preparation of power and grounding circuit FCDs. 

1. Unit power and grounding FCD. Unit power and grounding FCDs shall show the generation and distribution of power to all assemblies within the unit. All cable, connector, and pin numbers shall be shown except those listed on sheet 1 as unused. Cabinet-mounted parts shall be shown in schematic form. All power supplies and regulators that are packaged as complete assemblies shall be shown in symbolic form. Lowest level replaceable assemblies shall not be further detailed in detailed FCD form. Since a power and grounding FCD is a schematic diagram rather than a wiring diagram, it does not show routing of wires, but it must show the continuities that exist. Several types of circuit returns may exist in the system: (1) ground, (2) chassis or frame connection, and (3) common connections. Each of these grounds shall be shown by using symbols where it will simplify the FCD (see figure 1113). 

A. Prime power inputs shall be shown on the left of the FCD and signal flow shall be left-to-right. Grounds shall be shown by using the symbols illustrated in IEEE 315. The layout of circuit parts shall follow a logical arrangement and be consistent with other unit- oriented power and grounding diagrams; for example, primary AC distribution, power control and indication, interlocks, gate monitoring and gate distribution. Also, unnecessary long lines shall be shortened to conserve space. The hardware boundaries can be distorted where necessary, to preserve smooth signal flow. Crossed lines and "doglegs" shall be kept to a minimum. 

B. Each relay and switch element or contact set shall be identified. If the switch is a front panel control, and it is accessible during normal equipment operation, the nomenclature of the switch exactly as it appears on the front panel shall be placed adjacent to the switch symbol. When multisection switches or relays have more than one element or contact set, the sets or elements shall be identified individually but with some alphanumeric relationship. It is desirable to align the contact sets if possible, but not at the expense of disturbing functional flow. Relays and switches shall not necessarily have their contact sets in the same functional area; often they will function in different circuits. When this occurs, the various sets of contacts and actuating elements shall be connected by a dashed line (if on different FCD sheets, sheet and zone references shall be used to connect the dashed line) to illustrate mechanical linkage. Spare contact sets of switches and relays shall not be shown on the body of the diagram. 

3.3.1.1.3.3.14.1 Requirements For Preparing FCDs.
A clear and complete referencing system is required for use on FCDs because of the interrelationship between FBDs and FCDs, and the interconnection between sheets of FCDs. The referencing system shall include all or a portion of the following reference information. 

a. Signal names. 

1. Major or important signal paths on an FCD shall be identified by descriptive signal names. All signal lines that interface between FCD sheets shall be identified by descriptive signal names. The signal name shall be identical on all FCD sheets. No signal name shall be used for more than one signal path. 

2. Reference designations shall not be used as signal names except in cases where no other name exists (primarily on power FCDs). 

3. The FBD or FCD number, sheet, and zone shall be used to identify signal origins and destinations when referencing from one FCD to another or from an FCD to an FBD. 

b. Signal referencing for FCDs shall be in accordance with 3.3.1.1.3.3.12.2. 

c. General format items. The following shall, at a minimum, be located on the FCD first sheet. 

1. Notes that apply specifically to that FCD. 

2. Special abbreviations (that is, P/O). 

3. A note to explain the position (energized/de-energized, on/off) of any relays or switches shown on the FCD. 

4. All assemblies shall reference an internal schematic when necessary for troubleshooting and maintenance. 

5. Power and logic FCDs shall carry specific signal names on the flow lines. If signal names are not readily available, then the signal name may indicate a hardware destination point (that is, K3-82). 

d. Diagram type, equipment names, and function names shall be in accordance with 3.3.1.1.3.3.12.2. 

e. Key codes. In certain applications, both digital and analog modules shall be assigned key codes. Most key codes consist of three letters (KDM, KDN, and so forth). The logic or analog symbol on the FCD shall contain the key code for the circuit module (or portion of the circuit module) depicted. These key codes permit the users to locate a text description of circuit operations located in the technical manual. 

f. Diagram (drawing) numbers, sheet numbers, and zone numbers shall be in accordance with 3.3.1.1.3.3.12.2. 

g. Reference designations shall be in accordance with 3.3.1.3.5.3.2. 

h. Test points. All monitored and nonmonitored test points shall be incorporated in all FCDs. These test points shall be shown as part of the circuitry they are testing and shall indicate the following information and parameters: 

1. Test point number. 

2. Test point operational connector pin (if applicable). 

3. Circuitry associated with test point (for example, divider network). 

4. Test point symbology per IEEE 315. 

3.3.1.1.3.3.14.2 Diagram Drafting Requirements.
This subsection defines the requirements for line weights, methods of depicting interconnecting lines, symbol sizes, lettering size, and notes in the preparation of FCDs (see 3.3.1.1.3.3.12.3 and the following). 

a. FCD logic symbols shall be drawn as medium (0.01 inch) lines. Other symbols depicting assemblies shall be drawn rectangular and to the minimum size which will allow inputs and outputs to be depicted and include all reference data within the symbol. All like symbols shall be drawn to the same size. FCD logic symbol nomenclature shall be positioned as illustrated on figure 1098 to ease reading. 

b. FCD electrical and electronic graphic symbols shall be drawn as medium (0.01 inch) lines. Graphic symbol nomenclature shall be positioned to achieve the best clarity. 

c. On-page and off-page connectors and miscellaneous symbols shall be drawn as medium (0.01 inch) lines and in accordance with the dimensions depicted on figure 1099. 

3.3.1.1.3.3.15 Multisection Illustrations.
Each section of a multisection illustration shall be identified by a capital letter. Sections may or may not be captioned, but if one section is captioned, all shall be captioned. Each caption, with the identifying letter as its first character, shall be centered with respect to the section to which it applies. Where captions are not used, the identifying letters shall be centered. Identifying letters and captions shall be larger and bolder than any other lettering on the illustration. Sections shall be separated by lines. Separation by shading shall not be used. 

3.3.1.1.3.3.16 Cartoons.
The use of animated drawings and other visual techniques are permitted. Animated drawings shall not include copyrighted cartoon characters. Such presentations must serve a functional purpose. 

3.3.1.1.3.3.17 Other Types of Illustrations.
Depending on the type of information to be shown, a manual may contain illustrations such as frontispiece (assembled view), exploded, operational, procedural, functional, location view, lubrication, waveform, and so forth. 

3.3.1.1.3.3.18 Border Rules.
Border rules shall not be used for single illustrations, but shall be used to separate multisection illustrations on the same page. 

3.3.1.1.3.3.19 Use of the Human Figure.
Where it is necessary to illustrate an operation, procedure, or installation, illustrations may include a human figure or parts of the body. Jewelry shall not appear in any illustration. The human figure shall not be permitted to obscure details of the equipment necessary for a complete understanding of its operation. The human figure shall be clothed as designated by the acquiring activity. A cross section of races and sexes shall be used. 

3.3.1.1.3.3.20 Credit Lines.
The artist's name shall not appear on any artwork; neither shall a manufacturer's name, symbol, or trademark appear on artwork for the purpose of identifying the illustration. A contractor's identification number may be used. When used, such numbers shall be in approximately 4 to 6-point type and placed in the lower right-hand corner of the illustration sufficiently removed to avoid being confused as part of the illustration or margin data. 

3.3.1.1.3.3.21 Callouts.
Index numbers, reference designations, nomenclature, leader lines, legends, procedures,and so forth, shall be used, when necessary, to identify significant features. Callouts shall be prepared by a mechanical or electronic method, rather than freehand lettering, except that engineering drawings prepared as stated in 3.3.1.1.3.3.10 are acceptable. Unless otherwise specified, type size shall be no smaller than 8-point and no larger than 10-point. Lettering shall be in uppercase. Nomenclatures shall appear on illustrations only if it can be done without crowding or reducing type size so as to make reading difficult (diagram callouts shall be no smaller than 8-point). Callouts shall be placed in the background areas of illustrations when practical. Care shall be taken not to introduce clutter and distractions. 

3.3.1.1.3.3.21.1 Index Numbers.
Index numbers for each separate figure shall start with Arabic numeral 1 and continue consecutively. All multisheet illustrations shall be considered one figure. Sequence on exploded views used to show assembly/disassembly shall be in disassembly order. Otherwise, sequence shall be from top to bottom or clockwise, when possible. New callouts inserted between items when an illustration is changed shall be the same as the preceding index number with an added decimal number, for example, 22.1, 22.2, and so forth. When it is necessary to add a callout between items which have already been added by the preceding method, an alpha character shall be used (for example a callout added between 22.1 and 22.2 would be 22.1A). This system shall also be used in basic publications when errors are discovered so late in preparation that renumbering of all following index numbers would delay submittal. Suffixed index numbers need not be eliminated for a revision unless the illustration must be reaccomplished. All functional items shown on exploded views shall be identified except for exploded views used for disassembly/assembly. 

3.3.1.1.3.3.21.2 Nomenclature.
Nomenclature of more than one line shall have the left margin justified. All lines of copy shall parallel the horizontal edges of the figure, whenever possible. A cross reference shall list the official nomenclature and its corresponding acronym or general usage nomenclature. 

3.3.1.1.3.3.21.3 Leader Lines and Arrowheads.
Leader lines and arrowheads may end close to the callout and object, or may touch the objects to which they apply. Lines shall be uniform, short and straight as possible; however, dog leg shaped lines are permitted. Lines and arrowheads shall not cross or come in contact with other callout lines or arrowheads nor shall they obscure essential details. A line should be highlighted or changed from black to white to make the line easier to follow. Arrowheads may be added for clarity. Arrowheads shall be uniform in shape and size when multiple arrowheads are used on a page. 

3.3.1.1.3.3.22 Legends.
Unless the legend is contained as part of the figure, legends shall be placed four spaces above the cutline (RDC) or illustration (PTM and FRC) and shall be headed by the word "Legend" followed by the number of the figure to which it is applicable. The entire legend shall be indented 5 spaces. If the legend is continued, the figure number and title shall be repeated, followed by a dash and the word "Continued". Only that information which is necessary to clearly identify the items shall be included in the legend. Where methods such as the tabular presentation technique (as in an Illustrated Parts Breakdown) are used, no legends are required. When index numbers are used, a legend consisting of their numerical listing and their identification shall be included on, adjacent to (same page) or facing, the artwork. 

3.3.1.1.3.3.23 Steps.
Essential illustrations depicting mechanical operations shall be included as necessary. Operational or procedural illustrations shall have one or more text steps with each illustrated step. It is not necessary to illustrate each step of a maintenance procedure, such as the removal of screws with an ordinary screw driver, lifting off a cover after the screws have been removed, and so forth. Procedural illustrations should supplement the text by clarifying procedures which are of a special nature or are not obvious. The text step shall be as close to the illustrated step as possible. Steps shall be identified in the order in which they are to be accomplished. Alternate types of operational and procedural step illustrations are acceptable. 

3.3.1.1.3.3.24 Reference Designations.
Reference designations shall be included. Reference designations marked on equipment take precedence. 

3.3.1.1.3.3.25 Review of Illustrations.
Illustrations shall not be furnished separately for review. If a publication is reviewed, illustrations forming a part of the publication shall be included in the review. Each illustration copy shall be approximately the same size as a page of text, except for those of foldout size which shall not exceed maximum foldout dimensions. 

3.3.1.1.3.3.26 Line Drawing Details.
3.3.1.1.3.3.26.1 Darkness and Sharpness of Lines.
The darkness and sharpness of lines shall be sufficient to reproduce clearly at required reproduction size without additional treatment. Parallel lines on wiring and schematic diagrams shall in no case be less than 1/16-inch apart when reduced to printed size. Secondary lines, such as those used to indicate extensions or measurements, shall be lighter but strong enough to reproduce clearly at reproduction size. Shading may be used to give substance and form to the item depicted, to sharpen the contrast between the subject and its background or to increase effectiveness. Shadows shall be used only when necessary to provide a clear understanding of form, shape or depth. Shading effects shall not be used for decorative purposes. Accented lines may be used to emphasize detail. Lines, cross-hatching, or mechanical patterns used for coding shall remain clearly defined when reduced to reproduction size. 

3.3.1.1.3.3.26.2 Designations, Diagrams, and Symbols.
Designations, diagrams, graphic symbols and letter symbols shall be consistent and the source or reference for these items shall be identified. 

3.3.1.1.3.3.27 Foldout Page and Multisheet Illustration Limitations.
3.3.1.1.3.3.27.1 Foldout Pages.
Foldout pages shall be prepared only when approved by the acquiring activity. Multisheet illustrations should be used where possible, in lieu of foldouts, when usability will not be affected. Foldout-foldup pages are not permitted. If approved by the acquiring activity, foldout pages may be prepared for 8 1/2 by 11 inch manuals. Foldouts shall meet the following requirements: 

a. All foldout pages shall be prepared for printing on one side only. 

b. Full blank aprons shall be used. 

c. Foldout pages shall not be spliced. 

d. Foldout pages shall fall at the end of the manual. When specified, foldout pages shall fall at the end of chapters or be interspersed within text pages. When foldout pages fall at the end of the manual, such pages shall follow the last chapter, appendix or index, whichever forms the last portion. 

e. Maximum foldout page sizes and maximum printable area for foldout pages shall be as follows: 

                   Foldout maximum page size    Foldout Maximum

 Manual Size       (including blank apron)      printable area

 8 1/2 by 11                26 by 11                16 by 10    *

*  Minimum  margins: 1/2 inch top and bottom, 1/4 inch side opposite

binding edge.

3.3.1.1.3.3.27.2 Multisheet Illustrations.
Whenever possible, to reduce the number of foldouts to the essential minimum, illustrations shall be divided between facing pages and identified "Figure sheet 1" and "Figure sheet 2" respectively. When more than two pages are required, and except for such illustrations as schematic, wiring and logic diagrams where the use of the diagram would be adversely effected, additional sheets may be continued on immediately succeeding pages and similarly identified. Sheet 3, Sheet 4, and so forth, can be planned for succeeding pages when required and if this treatment will not effect the usefulness of the manual. 

3.3.1.1.3.3.27.3 Foldout Figure Numbers.
The figure numbers for foldouts which fall at the end of the manual shall be "FO-1", "FO-2", etc., and shall be placed preceding the figure title under the illustration. The figure numbers for foldouts which fall at the end of a chapter or are interspersed with the text shall follow normal figure numbering sequencing. When a foldout consists of several sheets, the sheets shall be numbered in consecutive order following the figure title. 

3.3.1.1.3.3.27.4 Foldout Page Numbers.
The page numbers for foldout pages which fall at the end of the manual shall be FP-1/(FP-2 blank), FP-3/(FP-4 blank), and so forth. The page numbers for foldout pages which fall at the end of a chapter or are interspersed with the text shall follow normal page numbering sequence. 

3.3.1.1.3.3.27.5 Footnotes.
Numbering of footnotes to tables shall be independent of that of footnotes to the text. Consecutive superior numbers beginning with "1" shall be used (in tables, superior lowercase letters, asterisks or other designation may be used where numbers would cause confusion). Footnote numbers and text shall be separated by two spaces. The numbering system shall be per chapter or table, as applicable. Footnotes to the text shall be placed at the bottom of the page on which they appear. 

3.3.1.1.3.4 Page Size and Reproduction Area for Final Reproducible Copy.
Text and artwork shall not exceed the following dimensions for the indicated size manual. Manuals shall be prepared in 8 1/2 by 11 inch size. When specified, manuals shall be produced in accordance with the dimensions below. 

   Paper Size

   of Printed                                      Depth (Including

   Manuals     Width - Text/Art  Depth - Text/Art  Marginal Copy)

   (Inches)    (Inches) (Picas)  (Inches) (Picas)  (Inches) (Picas)

   8 1/2 by 11   *7 1/4    44       9        54      10        60

   *  Double column, each column shall be approximately 3 1/2 inches 

   wide with an approximately 1/4 inch gutter between. Single column 

   shall be 7 1/4 inches wide.

3.3.1.1.3.4.1 Oversize Reproducible Copy.
Final reproducible copy shall be supplied final size. Reproducible copy may be prepared oversize not to exceed 50 percent larger than the prescribed image area for each printed manual page size. Type shall be of such size that after final reduction the text shall be no smaller than that prescribed in Figure 4 and Figure 5. When oversize final reproducible copy is specified, reduction shall be positive to positive (without using film). 

3.3.1.2 Technical Contents For Digital Systems Manuals.
3.3.1.3 Specific Requirements.
The manuals shall provide systemand subsystem oriented instructions for operation, maintenance, installation, and testing. Detailed equipment data should be provided by reference to the equipment manuals. However, for this manual, the technical data shall be developed at the digital equipment level and be included for all digital equipment system and subsystem and interface components not covered by an equipment technical manual. The contents shall be arranged in chapters according to the following: 

a. Chapter 1 - General information and safety precautions. 

b. Chapter 2 - Scheduled maintenance. 

c. Chapter 3 - Functional description. 

d. Chapter 4 - Operation. 

e. Chapter 5 - Fault-isolation. 

f. Chapter 6 - Alignment procedures. 

g. Chapter 7 - System cabling. 

h. Chapter 8 - Unit level maintenance procedures. 

3.3.1.3.1 Chapter 1, General Information and Safety Precautions.
All safety precautions necessary for the protection of personnel and the ship shall be included and cross-referenced as the initial paragraphs ahead of the introduction. These precautions shall be prepared as specified in this document. The remaining content of this chapter shall be so that command level, supervisory personnel, and other users having a general interest in the equipment can easily and rapidly determine the purpose, physical and functional characteristics, and the operational capabilities of the digital system. 

3.3.1.3.1.1 Safety Precautions.
This section shall describe the hazards associated with system operation and maintenance. 

3.3.1.3.1.1.1 Introduction.
This description shall orient system supervisory personnel, and shall include the following: 

a. Purpose, scope, and organization of the system safety instructions. 

b. Basic safety concepts. 

c. Basic responsibilities for safety. 

3.3.1.3.1.1.2 System Hazards and Precautions.
Descriptions of system hazards and precautions shall be included, addressed to system personnel and referenced to particular system equipments. The descriptions shall be organized to be consistent with the operation of the system. The descriptions shall supplement and extend equipment safety instructions to the system level, by warning of potential hazards that can be caused during operation or maintenance. 

3.3.1.3.1.1.2.1 Operational Safety Summary.
A summary shall be included which emphasizes the proper use of equipment controls, describes the hazards to operators, or as applicable, the hazards to persons in areas remote from the operation, and recommends precautions. An emergency operational routine shall be included which emphasizes the controls that permit immediate braking or de-energizing of the system. 

3.3.1.3.1.1.2.2 Maintenance Safety Summary.
A maintenance safety summary shall emphasize the proper use of controls, describe the hazards to maintenance personnel, potential damage to the equipment, and recommend precautions. 

3.3.1.3.1.1.2.3 Hazardous Components.
Identify and briefly describe the hazardous components including radioactive devices and elements used with the system and summarize the general handling precautions for such components. The description of a hazardous component shall include brief statements as to the purpose, manner of functioning, nature of built-in safety devices, and nature of the hazardous element; it shall also indicate the relative sensitivity of the component to mechanical shock, vibration, electromagnetic and radioactive radiation, and electrostatic charges. 

3.3.1.3.1.1.3 Introduction.
The introduction shall define the system and its relationship with other systems. The mission of the system shall be stated. The text shall be supported by a diagram showing the interrelationships of the system equipments (see figure 1114). The major functional relationship and inputs and outputs to related systems shall be indicated. 

3.3.1.3.1.1.4 Physical Arrangement.
System areas and compartments shall be described and the system equipment and units contained in the areas shall be listed. The physical arrangement description shall be supported by the following illustrations: 

a. An inboard profile drawing of the ship or stations showing compartment locations and identifying topside equipment and equipment units comprising the system (see figure 39). 

b. Separate illustrations of each compartment and area, identifying the listed system equipment (see figure 137). Other equipment, which is installed in the subject system compartments and areas, need not be listed in the text or called out in the illustrations if they do not directly affect the operation or maintenance of the subject system. 

3.3.1.3.1.1.5 System Equipment Description.
Each of the equipments comprising the system shall be identified and described. Descriptions of operator-attended equipment shall include general statements as to the nature and purpose of units and indicators. The text shall be supported by illustrations. All equipment shall be shown, whenever possible, in relative- scale proportion. An equipment may be separately illustrated with significant features called out, if such details are necessary for proper support of the text. 

3.3.1.3.1.1.6 Associated System Equipment.
When required, descriptions and illustrations of associated system equipment shall be limited to the major units thereof. The descriptions shall be more condensed than those of subject system equipment; otherwise, the same requirements are applicable. In the descriptions, emphasis shall be placed on those associated systems equipments that constitute operational or functional interfaces with the subject system. Such units shall be included in the system illustrations. 

3.3.1.3.1.1.7 Equipment Illustrations.
Equipment illustrations shall be in accordance with paragraph 3.3.1.1.3.3.11. 

3.3.1.3.1.1.8 Reference Data.
Reference data, equivalent to the following, shall be included in tabular form: 

a. Descriptive (identification plate data) which identifies manufacturer, type, model, part or identifying number (PIN), Joint Electronic Type Designation (when applicable), repairable identification code (RIC) and allowance parts list (APL), as applicable. 

b. Functional characteristics, such as: power requirements, horsepower, pressure, capacity, modes of operation, power output, frequency, pulse characteristics, sensitivity, selectivity, including tolerances, where applicable. 

c. Capabilities and limitations, such as: pounds of thrust, knots, turning radius, minimum and maximum ranges, degree of coverage, resolution, accuracy. 

d. Rated outputs, such as: wattages, voltages, horsepower, gallons per minute. 

e. Environmental characteristics, such as: ambient temperatures, heat dissipation per unit, humidity limits. 

3.3.1.3.1.1.9 Equipment, Accessories, and Documents Supplied.
A tabular listing of all equipment and documents supplied shall be included. List the equipment, its units, and its accessories (special tools, test equipment, miscellaneous parts, and Government- furnished items) which form a part of, or are supplied with, the equipment. The table shall include the following: 

a. Column 1, Quantity. This column shall contain the quantity of each unit and accessories supplied with the equipment. 

b. Column 2, Item name or nomenclature. This column shall contain the official name (for example, pump, winch) or nomenclature (name and designation) of each component, unit or accessory. 

c. Column 3, PIN number, RIC number, or unit number. This column shall contain the PIN, RIC, or unit number of each equipment unit or accessory. 

d. Column 4, Overall dimensions. This column shall contain the crated (if available) and uncrated height, width, and depth in inches (or inches and centimeters) of each unit or accessory. 

e. Column 5, Weight and volume. This column shall contain the crated (if available) and uncrated weight and volume in cubic feet of each unit and accessory. 

3.3.1.3.1.1.10 Equipment and Publications Required But Not Supplied.
A tabular listing of all test equipment and publications required but not supplied with the equipment or system shall be included. If a measurement requirement is established which cannot be satisfied by the subcategory (SCAT) codes listed in this guide, or alternate test procedures cannot be developed utilizing the listed SCAT request for assistance should be directed to: 

                         Commander

                         Naval Sea Systems Command

                         Arlington, VA  22242-5160

                         ATTN:  SEA 0415

The listing shall contain: 

a. Column 1, SCAT code. When applicable, this column shall contain the four digit group of numbers, which is included in NAVSEA ST000-AG-IDX-010 Rev. 02 or the web site http://tmde.phdnswc.navy.mil , used to identify a measurement requirement. 

b. Column 2, Test equipment category. This column shall contain the item name of each item of equipment required. 

c. Column 3, Representative test equipment model number. This column shall contain the model number of the standard or Substitute Standard General Purpose Electronic Test Equipment, listed in NAVSEA ST000-AG-IDX-010 Rev. 02 or the web site http://tmde.phdnswc.navy.mil , which can be used to satisfy the measurement parameters. 

d. Column 4, Equipment test parameters. This column shall specify the range of test parameters which must be satisfied by this test equipment item (it shall not define the ranges of the test equipment model). 

e. Column 5, Application. This column shall indicate the intended use of the test equipment (for example, scheduled maintenance, troubleshooting, corrective maintenance, or installation). 

3.3.1.3.1.1.11 Field and Factory Changes.
System and equipment changes (for example field changes, factory changes, engineering changes or notices, modifications, and so forth) shall be identified and included in separate tables. Field and factory changes shall be included as follows: 

a. Column 1, Change number. This column shall list the change number for each field and factory change considered and included in the preparation of the manual. 

b. Column 2, Nomenclature. This column shall list the equipment nomenclature and Government serial numbers of equipment affected by the change. 

c. Column 3, Description. This column shall contain a brief statement identifying the change and its purpose. 

3.3.1.3.1.1.12 Description of Technical Manual.
A brief description of the technical manual and an introduction to the use of the data contained within shall be included. 

3.3.1.3.2 Chapter 2, Scheduled Maintenance.
Chapter 2 shall contain all system schedule test procedures, together with necessary explanations and illustrations. It is intended that the engineering effort required to develop preventive maintenance data be expended only once and that the data, where applicable be used both in this chapter and in Logistic Support Analysis (LSA) or Maintenance Requirements Cards (MRC) where one or more of the latter three data items are required by the contract. When the approved LSA, or MRC data is available, it shall be referenced in the manual. When included in the manual, such LSA, or MRC data shall be integrated with other technical data required by this specification to be in this chapter. Chapter 2 shall comprise the following: 

a. Introduction. 

b. Scheduled maintenance action index. 

c. Scheduled test procedures. 

When a separate depot-level manual is required, it shall include the information required by electronics/IC or ordnance equipment, as applicable. 

3.3.1.3.2.1 Introduction.
The introduction shall be an explanation of the purpose, scope, and arrangement of the scheduled maintenance material. When a preventive maintenance procedure is critical to the operation of the system and the schedule for servicing is absolute (not recommended), this information shall be conspicuously written as a CAUTION. The following statement shall be included: 

    "The scheduled maintenance instructions in this manual are

    intended to duplicate those furnished in the Planned Maintenance

    System (PMS).  In case of conflicts, the PMS documentation takes

    precedence.  Such conflicts should be reported immediately on

    the user comment sheet in accordance with the maintenance

    procedures for this manual."

3.3.1.3.2.2 Scheduled Maintenance Action Index.
This index shall include all scheduled performance procedures. The index shall be tests and preventive maintenance tabulated as follows: 

a. Column 1, Periodicity. This column shall contain an alphanumeric list of all maintenance actions contained in the chapter. The following periodicity symbols, as appropriate, shall be used in the order of increasing periodicity as listed below: 

b.             INTERVAL                          SYMBOLS

c.             Daily                                D

d.             Weekly                               W

e.             Monthly                              M

f.             Quarterly (3 months)                 Q

g.             Semiannually (6 months)              S

h.             Annually                             A

i.             Overhaul cycle                       C

j.             As specified (explain circumstances) R1/

k.         1/ An R periodicity shall be preceded by a recommended

l.          calendar periodicity (for example, DR, WR, MR, and so forth).

m. Column 2, Maintenance action. This column shall list the maintenance action which corresponds to the periodicity number in column 1. 

n. Column 3, Reference. This column shall state the paragraph number that contains the procedure listed in column 2. 

3.3.1.3.2.3 Scheduled Test Procedures.
Include the detailed procedures for setting up and performing complete system tests. Each procedure shall be numbered and titled to clearly define the test action and the output to be tested. 

3.3.1.3.2.3.1 Scheduled Performance Tests.
These tests shall contain step-by-step procedures necessary to verify that the equipment is operating within standards in all modes of operation and shall contain the following: 

a. Safety precautions. 

b. A list of tools and test equipment identified by type, manufacturer, and model number. 

c. The title of the test to be performed. 

d. The minimum rating of the technician expected to perform the task. 

e. Preliminary setup data required to perform the test. 

f. Detailed procedures for accomplishing the test. Procedures requiring lengthy and identical setup data may be presented in detail in one procedure and referenced in succeeding procedures. 

g. Values or conditions, with tolerances, indicative of normal operation. 

h. References to troubleshooting or corrective actions to be used if the test values are not within tolerances. 

i. Illustrations to support the test. 

3.3.1.3.3 Chapter 3, Functional Description.
Chapter 3 shall describe how the components or equipments comprising the system jointly perform major operations and functions, and how associated systems contribute to the performance of these major functions. Equipment or associated system interfaces shall be described only as necessary to identify the sources or destinations of system inputs and outputs (see figure 150). Descriptions shall not repeat the functional description provided in the equipment manuals or Chapter 8. 

3.3.1.3.3.1 Method of Presentation.
The presentation shall first define how the system major functions meet the purpose of the system as described in 3.3.1.3.1. Each major function shall then be discussed separately at progressively increasing levels of detail. The description of the entire system shall be supported by a basic block diagram of the system (see figure 1115). Where information can be presented better pictorially than by text, additional diagrams and other illustrations shall be used. Reference may be made to diagrams appearing in Chapter 5. 

3.3.1.3.3.2 Introduction.
The introduction shall describe the general approach that is used in the functional description. The introduction shall also describe briefly the interrelationship between the system and associated systems. 

3.3.1.3.3.3 System Function Directory.
A system function directory shall tabulate operation control functions and the signal data described in the detailed level of functional analysis (see 3.3.1.3.3.4). The tabulation shall include the following information, as applicable: 

a. Official name of the function, colloquial name, and symbol. 

b. Type of control or signal (ac frequency and voltage, dc polarity and voltage, hydraulic pressure, mechanical motion, synchro, and so forth). 

c. The origin and termination of the control or signal. 

d. Identify equipments (relay transmitters, coordinate converters, distribution boxes, switches, and the like) between the origin and termination of the output control or signal. 

e. Figure numbers of illustrations on which the function is illustrated, including the fault-isolation diagrams in Chapter 5. 

3.3.1.3.3.4 Functional Description Level.
3.3.1.3.3.4.1 First Level of Functional Description.
The first level of the description shall be confined to data, such as, origin of the function at an equipment control or sensor; transmission of the signal via intermediate equipment such as switchboards, relay transmitters, coordinate converters, and distribution boxes; and presentation of the function at terminal equipment. Control functions essential to the development of a signal shall be introduced and briefly described in their relationship to the signal. The description shall be supported by an FBD (see 3.3.1.1.3.3.12). Functions involving computations may be explained in mathematical terms, but at a level no higher than high school mathematics. The second level of analysis shall be supported by one or more diagrams. 

3.3.1.3.3.4.2 Detailed (Second) Level Of Functional Description.
The detailed level description shall explain the system functions in terms directly related to the diagrams in Chapter 5. Data and control functions shall be described down to the level of an equipment or an equipment group. 

3.3.1.3.3.5 Preparation of FBD Associated Keyed Text.
This subsection describes the requirements and method of presentation of the keyed text associated with each FBD. 

a. Keyed text presents brief descriptions of each block on the FBD. The short (generally one to three sentences) paragraph is "keyed" to the FBD by a circled number. The first text paragraph shall describe the total FBD sheet. Each subsequent paragraph (circle one, circle two, circle three, and so forth) shall describe what that block does within the operation of the system. 

b. The keyed text shall discuss, at an overview level, the purpose of each block (why it exists, and what it does). The keyed text shall not discuss circuit implementation, or how it works. When the same block appears on many levels of the FBD, the keyed text relating to the block shall be identical at all levels. See figure 1116, figure 1117, figure 1118. 

3.3.1.3.4 Chapter 4, Operations.
Chapter 4 shall describe system operating situations, modes, and procedures. The descriptions shall be detailed to the level required for an understanding of the operational interfaces of the system equipments and associated systems. Illustrations shall be included when necessary for clarity (see figure 1119). The various operating modes shall first be described to acquaint the operator with all equipment combinations that can be employed to effect a given mode of operation. 

3.3.1.3.4.1 Preoperational Conditions and Setup.
Specific preoperational conditions presumed to be in effect prior to system operation shall be established. A system readiness checkoff list of significant switch positions and indicator status shall be tabulated. For indicators such as dials, where a band of readings are possible, upper and lower limits shall be delineated. The initial conditions of associated system equipment that directly affect system operation shall be treated in a similar manner. 

3.3.1.3.4.1.1 Operating Modes.
The primary operating mode shall be discussed in detail, and alternate modes shall be treated as modifications of the primary mode. Operating procedures common to all modes shall be detailed under the primary mode and referred to under the alternate modes, with such modifications of procedure as may be necessary. Each mode shall be described in the logical sequence of major phases, events, options, supervisory commands and responsive actions, and the following: 

a. Only those equipment operational controls and indicators having system significance shall be explained in the description. When controls must be actuated and indicators observed in a sequence to achieve system operation, the descriptions will cite each control and indicator with a number to indicate the position in the sequence. 

b. Emphasis shall be placed, by the use of warnings on the safe operation of controls, which, if operated improperly, could result in hazards to personnel or damage to the equipment. Each control shall be followed by a brief description of its effects (equipment actuation or display indication, or both) at the operator station and at remote stations. The primary mode description shall be supported by both general and detailed illustrations. 

c. Operational phases which involve operator judgement shall be illustrated by operational logic diagrams. The diagrams shall indicate the conditions that must be favorable prior to an operator action, or if unfavorable, indicate the alternate action. Illustrations showing dials, gauges, status lights, and so forth, which indicate the favorable or unfavorable conditions shall be included. Special procedures to be followed when an equipment failure may be bypassed (as separate from emergency procedures) shall also be described. 

3.3.1.3.4.1.2 Normal Operation.
The duties of system operators shall be described in terms of general responsibility and specific step-by-step procedures for operating the system in all of the primary modes. Descriptive words (such as switch, button, dial, or indicator) may be added to clarify the type of control involved, for example: "Press ACCESS button and observe channel spot." All system controls and indicators provided for the use of operators shall be covered. Controls and indicators provided only for maintenance and nonsystem application shall not be called out. 

3.3.1.3.4.1.3 Emergency Operation.
Step-by-step procedures shall be provided for emergency operation of the system. If specially designated controls have been provided for emergencies, a short statement shall be included describing how they modify or otherwise affect normal system operation. Emergency procedures shall be supported by illustrations. 

3.3.1.3.4.1.4 Special Operation.
Special operations such as test checkout, training, or evaluation exercises shall be described. Illustration support shall include block diagrams and pictorial diagrams. 

3.3.1.3.5 Chapter 5, Fault-isolation.
Chapter 5 shall provide a high level overview of troubleshooting methods, techniques, and procedures as well as detailed procedures, illustrations, and an explanation of the use of the information presented for the identification, isolation and correction of all system level and system interface related problems and casualties. The major objective of the system fault-isolation procedures shall be described. In addition, a brief description of each type of maintenance diagram shall be provided. This chapter shall also provide procedures for the identification of system level casualties caused by and which must be repaired at an individual equipment level and shall isolate these casualties to the applicable portion of Chapter 8 or other equipment level manual for troubleshooting. Chapter 5 shall provide an index of system diagnostic callout fault groups. Chapter 5 shall provide system related maintenance data, including tools and test equipment descriptions, and safety precautions associated with maintenance. The material in Chapter 5 shall be presented in seven separate sections as described by the following: 

a. Introduction 

b. Tools and Test Equipment 

c. Diagnostic Descriptions 

d. Diagnostic Operating Procedures 

e. System Troubleshooting 

f. Fault Group Index 

g. System FCDs 

3.3.1.3.5.1 Safety Precautions.
A reference to the safety precaution data contained in Chapter 1 shall be included as the initial paragraph ahead of the introduction. 

3.3.1.3.5.2 Introduction.
The introduction shall provide an explanation of the purpose, scope, supersedure data, and application of Chapter 5, including the models, serial numbers, and configurations covered. The interface relationship of the technical manual to other referenced publications and the relationship of the equipment to referenced systems or other equipment shall also be included. Warranty and guarantee information shall be included, as applicable. 

3.3.1.3.5.3 Tools and Test Equipment.
This section shall consist of data associated with the system which has been found to be useful as reference data for maintenance purposes. General data presented shall include, but not be limited to: identification and description of general and special purpose tools and test equipment; and any other special system requirement which modifies general electronic system maintenance practices. 

3.3.1.3.5.3.1 Tools and Test Equipment Listing.
Separate listings shall be provided as required to describe the system complement of general purpose tools and tool kits, consumable items, general purpose test equipment, special purpose tools and tool kits, and special purpose test equipments. Tools supplied as parts of hardware assemblies, such as cabinet wrenches, shall be included in the tool lists. Requirements for description will be dependent upon the determination that a listed item is categorized as general purpose type or special purpose type. Special tools and equipment are defined as those not listed in the Federal Supply Catalog. Notes explaining use of the tables and Stock Code Number column numbering system shall precede the first table for which a particular note is applicable. 

a. General purpose tools shall be listed in tabular form with numbered items listed alphabetically by their official name or nomenclature. Descriptive text explaining the use of the table and the Stock Code Number column numbering system shall precede the first table. Separate tables shall be provided which list the items comprising tool kits or groups which may be acquired as a kit or set. Tables describing the contents of tool kits or sets shall include identification data for the acquisition of the kit or set in the title of the table. For each listed item, the table shall include: 

1. Item number reflecting the position of the item on the tables. 

2. Item name consisting of the official name or nomenclature of the listed item. 

3. Part number consisting of the manufacturer or contracting activity assigned number as it appears on the item. 

4. Quantity of the items required for maintenance of the system. 

5. National Stock Number (NSN) of the item as it appears in the Federal Supply Catalog. 

6. Contractor and Government Entity (CAGE) code consisting of the assigned CAGE code of the manufacturer or contracting activity of the listed item. 

7. Stock Code Number consisting of an assigned number which indicates the procurement status of the listed item as follows: 

A. Item is supplied with the equipment. 

B. Item is supplied by the Navy Supply System. 

C. Item is available through the Navy Supply System. 

D. A note explaining this coding system shall precede the first table where used.

8. Remarks and Descriptions consisting of the name or number of the unit for which the item is to be used, SCAT code number, equivalency data, description of use, and so forth, applicable to the listed item. 

b. Consumable items shall be listed in tabular form with numbered items listed alphabetically by their official name or nomenclature. For each listed item, the table shall include data as described by paragraph (a) above. 

c. General purpose test equipment shall be listed in tabular form with numbered items listed alphabetically by their official name or nomenclature. For each listed item, the table shall include data as described by paragraph (a) above. 

d. Special purpose tools shall be presented in tabular form. Items included in the tables will be listed alphabetically by their official name or nomenclature. Separate tables shall be provided which list the items comprising tool kits or groups which may be acquired as a kit or set. Notes explaining the use of the tables and Stock Code Number lettering system shall precede the first table for which a particular note is applicable. Tables describing the contents of tool kits or sets shall contain identification data (the manufacturer's or other identification to be used in acquisition of the kit or set) in the title of the table. Special purpose items listed as parts of general purpose tool kits shall be included in the special purpose tools table; its inclusion as part of the kit or set shall be properly annotated. For each listed item, the table shall include: 

1. Item number reflecting the position of the item on the table. 

2. Item name consisting of the official name or nomenclature of the listed item. 

3. Illustration number consisting of the number of illustration describing the item and its general use. 

4. Quantity of the items required for maintenance of the system. 

5. Manufacturer's part number consisting of the manufacturer's or the contracting activity's assigned part number as it appears on the item. 

6. CAGE code consisting of the assigned CAGE code of the manufacturer or contracting activity of the listed item. 

7. Stock code number consisting of an assigned number which indicates the acquisition status of the listed item as follows: 

A. Item is supplied with the equipment. 

B. Item is supplied by the manufacturer. 

C. Item is available from the manufacturer. 

D. A note explaining this coding system shall precede the first table where used.

8. Remarks and description consisting of the name or number of the unit for which the item is to be used, SCAT code number, equivalency data, description of use, reference to procedures requiring usage, and so forth, applicable to the listed item. 

e. Special purpose test equipment shall be presented in tabular form with accompanying illustrations. Items included in the table will be listed alphabetically by their official name or nomenclature. For each listed item, the table shall include data as described by paragraph (a) above. 

3.3.1.3.5.3.2 Reference Data.
This section shall consist entirely of data associated with the system which has been found to be useful as reference data for maintenance purposes. Technical and informative data which enhances maintenance and repair of the system shall be included. This section shall be presented by tabular format with introductory text and illustrations. Use of text and illustration shall be kept to the minimum required to ensure understanding of the material in the tables. This section shall contain, but not be limited to, the following sections. 

a. A list of redundant (identical) pluggable electronic components shall be provided to facilitate the interchange of parts in use within the system. The list of components shall appear in tabular form with items grouped by part number and arranged in alphanumeric part number order. The list shall include reference designators for each part number listed. Reference designators shall be arranged in ascending order with the least critical component appearing first. A maximum of ten reference designators shall be listed for any component used more than ten times within the system. Nonpluggable items and items having minor degrading impact on the system shall not be listed (Example: indicator lamps and light bulbs). This table shall be titled "Component Interchangeability." 

b. A list of Maintenance Assistance Modules (MAMs) shall provide a tabular listing of the system MAMs. This table shall be titled "Special Purpose Test Equipment - MAMs." 

3.3.1.3.5.4 Diagnostic Descriptions.
This section shall identify and describe all performance monitoring (PM) and fault localization tests supporting the system. 

3.3.1.3.5.5 Diagnostic Operating Procedures.
Step-by-step procedures shall be provided for operating all system diagnostic operating procedures. 

3.3.1.3.5.6 System Troubleshooting Procedures.
This section shall provide specific troubleshooting methods and procedures to direct fault identification and location, fault-isolation, and fault repair or correction at the system level. The procedures shall provide for the analysis of switching combinations and observable indications (dials, gauge lamps, and meters). The use of any required test equipment shall be described. The procedures shall support the fault logic diagrams (FLDs), FCDs, and sequenced switching diagrams (SSDs). The supporting diagrams shall be referenced by figure number. Prerequisite control settings, conditions, and tools and test equipment shall precede each procedure. 

3.3.1.3.5.6.1 Maintenance Concept.
The beginning of the system troubleshooting section shall describe the maintenance concept for system fault detection, fault localization, and fault- isolation and repair. The section shall contain a flowchart to aid the maintainer by illustrating the philosophy behind the method used to troubleshoot casualties. 

3.3.1.3.5.6.2 Maintenance Concept Flowchart.
The flowchart shall illustrate the basic methodology of troubleshooting casualties. The philosophy or concept behind the troubleshooting method shall be shown by depicting generalized maintenance actions rather than specific tasks performed. Overall format of the flowchart shall be divided into Operational, Detection, Localization, and Isolation and Repair sections by use of labeled dashed lines. Each block of the flowchart shall contain a circled number that corresponds to a paragraph number of an accompanying narrative text that describes the content of that block. Block numbers shall be assigned sequentially and shall follow the top-to-bottom, left-to-right flow pattern used by the flowchart. The flowchart shall illustrate typical operations performed during the troubleshooting process in the sequence that they were performed. The flowchart shall represent sufficient examples of the hardware and software used with the system to illustrate the underlying troubleshooting philosophy. All inherent or built-in troubleshooting aids shall be illustrated. However, to minimize complexity, the flowchart shall not attempt to show all of the possible troubleshooting operations for every hardware and software combination. (See 3.3.1.1.3.3.13). 

3.3.1.3.5.6.3 Maintenance Concept Flowchart Definitions.
This section shall describe each of the blocks of the maintenance concept flowchart and their content by use of narrative text presented in tabular form. The table shall consist of paragraphs referenced to the numbered block of the flowchart that is described. The table I shall contain a separate sequentially numbered description for each block appearing on the maintenance concept flowchart. 

3.3.1.3.5.6.4 FLDs.
The FLDs shall be prepared in accordance with this document. 

3.3.1.3.5.6.5 SSDs.
SSDs may be used to step the technician through a sequence of events to support troubleshooting. SSDs are generally used when normal monitoring of events will miss symptoms that are significant to the troubleshooting process. This can be due to the speed that the events take place, the need for controlling operator actions or other circumstances that make a step-by-step monitoring of events useful to the troubleshooting process. SSDs are often used to monitor weapon control functions, ensuring that the technician zeros in on the correct symptom rather than a symptom indirectly resulting from the actual problem. 

3.3.1.3.5.7 Fault Group Index.
The fault group index shall provide a list of suspected faulty assemblies and parts for a fault group number callout resulting from the performance of specific diagnostic fault detection routines performed at the system level. Use of this section shall enable maintainers to swap or replace suspected faulty parts identified by troubleshooting routines with the use of MAMs, replacements from the supply system, or redundant parts available within the system. The fault group index is used for repair of a failure. The fault group index shall consist of a list of callouts or typeouts which list the reference designator of suspected faulty part(s) causing the callout; and which references the entry point on the correct diagram for further troubleshooting of casualty. This section shall also contain references to available lists of swappable components and MAMs, supply data, and instructions for replacement or swapping of suspected faulty parts. This section shall consist of a tabular listing of data related to system troubleshooting routine callouts. The fault group index may be an automated printout if format and legibility are retained and reproduced copy is clear and useable. The fault group index shall contain an introduction describing the use of the table in narrative text. The fault group index shall contain the following parts: 

a. Fault group number. This shall consist of a column of callouts or typeouts listed alphanumerically by unit number of the diagnostic test performed, and shall contain all callouts applicable to unit casualties. Entries shall be spaced to facilitate inclusion of all corresponding data in the other columns of the table. 

b. Test. This column shall identify the diagnostic test number of the test that produced the fault group callout. 

c. Unit. This column shall identify the unit that was tested. 

d. Card type. This column shall identify the part number of the suspected faulty card. 

e. Reference designator. This shall consist of a column of all suspected faulty components applicable to the corresponding fault group number. Entries shall be spaced one to a line of type and shall be ranked by highest-to-lowest probability of causing the fault group number callout, and pluggable components shall be listed preceding hard-wired components. The reference designator shall describe unit number, cabinet or section number, subassembly number, and component number. 

f. Functional circuit diagram. This column shall identify the figure number of the FCD associated with the suspected faulty card. 

g. Circuit tested. This column shall identify the circuit that was tested. 

h. Notes or remarks. This shall consist of notes, remarks, comments or amplifying data related to repair of the casualty. (Examples of notes and data: Identification of Electrostatic Discharge (ESD) sensitive parts; reference to applicable Fault Group Replacement Instructions; and so forth). 

3.3.1.3.5.7.1 Fault Group Replacement Instructions.
This section shall describe by procedural text, the approved instructions for replacement or swapping of components identified by the fault group index, including equipment lineups and restrictions and all applicable safety instructions. This section shall also contain narrative references to technical manual sections describing the availability, location, and use of MAMs and redundant swappable components in use within the system. 

3.3.1.3.5.8 System FCDs.
FCDs shall be the most detailed part of the system of diagrams used to depict the functional divisions of the system. The FCDs shall be directly linked to the lowest level of FBDs contained in Chapter 3. This reference shall be by the hardware reference designator. More information about the FBD and FCD structure and relationship is discussed in 3.3.1.1.3.3.12 and 3.3.1.1.3.3.14 and shown on figure 1085. 

3.3.1.3.6 Chapter 6, Alignment Procedures.
Chapter 6 shall present the corrective adjustment procedures and support information necessary to restore electrical and mechanical alignment between the various system equipments. All values and tolerances shall be included. The alignment shall be cross-referenced to respective fault-isolation procedures and diagrams in Chapter 5. Alignment procedures shall include references to equipment publications where further procedures are required at the equipment level. The alignment procedures shall be presented in step-by-step form. 

3.3.1.3.7 Chapter 7, System Cabling.
This chapter shall provide system cabling diagrams, listings and description tables which will support troubleshooting of the system and the interfaces to associated systems. Chapter 7 shall be structured to provide coverage for every class of ship for which the system configuration being covered by this manual is applicable. 

3.3.1.3.7.1 System Cabling Diagram.
The system cabling diagram shall illustrate the electrical interfaces between the system units and the interfaces between the system and other associated systems. 

3.3.1.3.7.2 System Interface Listing.
The system interface listing shall list all the system cables, by cable number, and provide a cross-reference to a cable description table which describes the cable. The listing shall also correlate the cable number with the cable drawing number and show which ship class(es) the cable is applicable to. 

3.3.1.3.7.3 Cable Description Table.
The cable description table shall define the electrical interfaces between units of the system and between the system and associated systems. A separate table shall be provided for each cable. The cable description table shall be in accordance with the following. 

3.3.1.3.7.3.1 Header Data.
The first line of header data (the table title) contains the table number and system cable number. The second line (USABLE ON CODE) shall list a code which can be correlated with the class(es) of ship the cable is installed on. The third and fourth lines list the names of the units connected by the cable and correlate by physical position with the TO and FROM columns. 

3.3.1.3.7.3.2 WXP1, EXP2, From and To Columns.
The headings of these columns shall show the cable plug reference designators and their physical position shall correlate with the unit number's physical position. The entries within these columns refer to the pin numbers on the connectors and the signal flow. 

3.3.1.3.7.3.3 Signal Name Column.
This column shall give the name of the signal associated with a wire. The term "NOT USED" shall indicate an unwired connector pin. The term "SPARE" shall indicate a wire that can be used in the future (or in an emergency). The term "UNUSABLE SPARE" shall indicate a signal line not presently used but that cannot be used as a spare. 

3.3.1.3.7.3.4 Signal Characteristics Column.
This column shall describe the electrical characteristics of power and supply signals listed in the "SIGNAL NAME" column. 

3.3.1.3.7.3.5 Comments Column.
This column shall contain grounding notes and other pertinent information. The comments column shall also contain general remarks such as revision dates for table entries and references to footnotes. 

3.3.1.3.7.3.6 General Table Data.
The general table data block at the bottom of each sheet shall contain information which applies to the entire table. This block shall show the manufacturer's code, the cable drawing number, the revision level, and the sheet number. 

3.3.1.3.8 Chapter 8, Unit Level Maintenance Procedures.
Chapter 8 shall be prepared as Unit Level Maintenance manuals for each unit. The technical manual shall therefore contain a separate part of Chapter 8 for each (or like) units. Each Part of Chapter 8 will contain Sections 1-5. When a Chapter 8 part requires 2 or more physical binders, the section(s) contained in each binder shall be clearly listed on the cover and title page of that binder. Procedures shall be included for troubleshooting to the lowest replaceable unit designated as organizational level by the equipment maintenance plan of the unit described. Troubleshooting procedures shall be included for corrective action where the automatic diagnostic program recommendations fail to solve the problem and for any circuits not tested by an automatic diagnostic program. Applicable tools for performing each removal, replacement, or maintenance action shall be listed before each procedure. 

3.3.1.3.8.1 Section 1, General Information and Safety Precautions.
All safety precautions necessary for the protection of personnel and the ship shall be included as part of the introduction, in accordance with 3.3.1.3.5.1. 

3.3.1.3.8.1.1 Introduction.
The introduction shall provide an explanation of the purpose, scope, supersedure data, and applicability of the technical manual, including the models, serial numbers, and configurations covered. The interface relationship of the technical manual to other referenced publications and the relationship of the equipment to referenced systems or other equipment shall also be included, warranty and guarantee information shall be included, as applicable. 

3.3.1.3.8.2 Section 2, Functional Description.
Section 2 shall include a detailed analysis of the principles of operations of the overall equipment and its functions. The required inputs and development of the equipment outputs in every mode of operation shall be described. The descriptions shall be presented in successive levels of increasing detail as follows: 

a. Overall level (Level 1). The first level of description shall explain the equipment functions in terms directly related to the equipment primary FBD (see 3.3.1.1.3.3.12b). The primary FBD and associated keyed text (see 3.3.1.3.3.5) are located in section 2. 

b. Detailed level (Level 2). The detailed level description shall explain the equipment functions in terms directly related to the secondary and lower level FBDs and FCDs (see 3.3.1.1.3.3.12b). The FBDs and associated keyed text (see 3.3.1.3.3.5) aare located in section 2. The FCDs are located in section 3 (see 3.3.1.3.8.3). 

3.3.1.3.8.3 Section 3, Troubleshooting.
Troubleshooting procedures and data shall contain all information necessary for a technician to locate a malfunction in the equipment. Troubleshooting shall be presented based on locating faults in a unit, assembly, subassembly, module, or piece part, depending on the maintenance concept for the level of maintenance being performed. When the troubleshooting concept limits the location of a fault to a repairable item (such as the unit, assembly, subassembly, or module) for organizational level maintenance, troubleshooting procedures and data shall also be presented that will permit a repair of the item at the intermediate level maintenance facility. When more than one level of maintenance must be provided for, organizational- and intermediate-level troubleshooting procedures shall be separated such that the organizational-level troubleshooting procedures are identified as "Organizational-Level Troubleshooting Procedures" and are presented first. Intermediate-level troubleshooting procedures shall follow organizational-level procedures and shall be identified "Intermediate Level Procedures." Immediately following this title the following statement shall be included: "These procedures are authorized for Intermediate-Level (or higher) activities (tender, shore facility or depot)." 

3.3.1.3.8.3.1 Trouble Isolation and Testing.
This subsection shall contain all instructions and information necessary to locate troubles and conduct tests on each component, assembly, or subassembly of the equipment as follows: 

a. Troubleshooting guides providing step-by-step procedures for logical isolation of faults. This information shall direct the technician to observe meters, fuses, circuit breakers, valves, and other available indicators which would indicate the presence of trouble. 

b. Complete instructions on signal tracing for electrical circuit including the use of special test instruments and unusual servicing techniques. 

c. Where appropriate because of equipment complexity, troubleshooting diagrams including schematics giving details of mechanical and electrical assemblies and relationship specified under the following paragraphs. 

3.3.1.3.8.3.2 Malfunctions.
This subsection shall contain all the information required to enable the technician to locate malfunctions in the equipment. 

3.3.1.3.8.3.3 Introduction.
The introduction shall explain the approach and logic of the troubleshooting principles presented in the manual. The section shall describe the troubleshooting data in Chapter 8 and show how it relates to the data in Chapter 5. 

3.3.1.3.8.3.4 Troubleshooting Index.
The troubleshooting index shall be presented in tabular form. The index shall list all equipment, major and supporting functions in alphabetical order, provide references to the technician to the appropriate procedures and diagrams that are to be used to troubleshoot a specific function. 

3.3.1.3.8.3.5 Relay and Lamp Indices.
These indices shall be prepared in tabular form for all relay coils and indicator lamps. The relay and lamp indexes shall include the item reference designation, the functional name, energizing voltage, and a reference to the troubleshooting diagram(s). Any components which are part of a circuit card assembly that is a lowest replaceable unit shall not be listed on the component indices. 

3.3.1.3.8.3.6 Protective Device Index.
This index shall list all protective devices, such as fuses, circuit breakers, and so forth. The index shall include the item reference designation, front panel marking of the device, trip-out value of the circuit breaker and rating of fuses, name of the circuit protected and a reference to troubleshooting diagram(s). 

3.3.1.3.8.3.7 Maintenance Turn-on Procedure.
Include a maintenance turn-on procedure to energize the equipment from the fully de-energized condition to full operation (see figure 1120). This procedure shall enable the technician to determine which major function or supporting function is malfunctioning. Each step of the procedure shall include the action to be taken (STEP), the observation to be made (OBSERVE), and shall presume that normal conditions have been observed in previous steps. Reference shall be made to the procedure for troubleshooting or corrective action to be used (REFERENCE) if the observation is out of tolerance. Built-in monitors, such as meters, dials, lamps, and so forth, shall be used when possible for making observations, as opposed to the use of external test equipment. The procedure is complete when the equipment is fully energized and all switches and controls are positioned for proper operation. 

3.3.1.3.8.3.8 Troubleshooting Procedures.
Specific troubleshooting methods and procedures shall be presented to direct fault identification, fault-isolation, and fault repair or correction, at the equipment level. The procedures shall provide for the analysis of switching combinations and observable indications (dials, gauge lamps, and meters). The use of any required test equipment shall be described. The procedures shall support the troubleshooting diagrams (see 3.3.1.3.8.3.9). The supporting diagrams shall be referenced by figure number. Prerequisite control settings, conditions, tools and test equipment, shall precede each procedure. 

3.3.1.3.8.3.8.1 Fault Group Index.
The fault group index shall provide a list of suspected faulty assemblies and parts for a fault group number callout resulting from the performance of specific diagnostic fault detection routines performed at the system level. Use of this section shall enable maintainers to swap or replace suspected faulty parts identified by troubleshooting routines with the use of MAMs, replacements from the supply system, or redundant parts available within the system. The fault group index is used for repair of a failure. The fault group index shall consist of a list of callouts or typeouts which list the reference designator of suspected faulty part(s) causing the callout; and which references the entry point on the correct diagram for further troubleshooting of casualty. This section shall also contain references to available lists of swappable components and MAMs, supply data, and instructions for replacement or swapping of suspected faulty parts. This section shall consist of a tabular listing of data related to system troubleshooting routine callouts. The fault group index may be an automated printout if format and legibility are retained and reproduced copy is clear and useable. The fault group index shall contain an introduction describing the use of the table in narrative text. The fault group index shall contain the following parts: 

a. Fault group number. This shall consist of a column of callouts or typeouts listed alphanumerically by unit number of the diagnostic test performed, and shall contain all callouts applicable to unit casualties. Entries shall be spaced to facilitate inclusion of all corresponding data in the other columns of the table. 

b. Test. This column shall identify the diagnostic test number of the test that produced the fault group callout. 

c. Unit. This column shall identify the unit that was tested. 

d. Card type. This column shall identify the part number of the suspected faulty card. 

e. Reference designator. This shall consist of a column of all suspected faulty components applicable to the corresponding fault group number. Entries shall be spaced one to a line of type and shall be ranked by highest-to-lowest probability of causing the fault group number callout, and pluggable components shall be listed preceding hard-wired components. The reference designator shall describe unit number, cabinet or section number, subassembly number, and component number. 

f. Functional circuit diagram. This column shall identify the figure number of the FCD associated with the suspected faulty card. 

g. Circuit tested. This column shall identify the circuit that was tested. 

h. Notes and remarks. This shall consist of notes, remarks, comments or amplifying data related to repair of the casualty. (Examples of notes and data: Identification of ESD sensitive parts; reference to applicable Fault Group Replacement Instructions; and so forth). 

3.3.1.3.8.3.8.2 Fault Group Replacement Instructions.
This section shall describe by procedural text, the approved instructions for replacement or swapping of components identified by the fault group index, including equipment lineups and restrictions and all applicable safety instructions. This section shall also contain narrative references to technical manual sections describing the availability, location, and use of MAMs and redundant swappable components in use within the system. 

3.3.1.3.8.3.9 Troubleshooting Diagrams.
Troubleshooting diagrams shall consist of FLDs, secondary FBDs, FCDs, and so forth, as required to support the system maintenance concept. All diagram notes (general, apron, multiple page, and so forth), except for FBDs and FCDs, shall be developed in accordance with this document. 

3.3.1.3.8.3.10 Secondary FBD, Lowest-level FBD, and FCDs.
Refer to Chapter 5 for a discussion of these diagrams. 

3.3.1.3.8.3.11 Flow Charts.
Flow charts for digital devices shall be provided to support the explanation of machine instructions and test programs, and shall be in accordance with 3.3.1.1.3.3.13, ISO 6829, and this document. 

3.3.1.3.8.3.12 Coding Instruction Sheets.
Coding instruction sheets shall be provided for all programs. The listing shall contain all coding and address data as well as an adequate notes section to ensure understanding (see figure 1121). 

3.3.1.3.8.3.13 Test Programs.
Test programs with coding instruction sheets shall be developed and included on support troubleshooting procedures. 

3.3.1.3.8.3.14 Troubleshooting Dependency Diagrams.
FLDs (see 3.3.1.3.5.6.2) shall be provided to augment the troubleshooting procedures. Supporting information required to explain the use of the diagrams shall be provided in the text or general note. 

3.3.1.3.8.4 Section 4, Corrective Maintenance.
This section shall contain instructions required to adjust and align the equipment; remove, repair, reinstall, and align all repairable parts, modules, subassemblies, and assemblies. The instructions shall identify the action to be accomplished; safety precautions to be observed; tools, parts, materials, and test equipment required; preliminary control settings; test equipment setup instructions; and step-by-step instructions, with supporting illustrations, to accomplish the maintenance task. Corrective maintenance instructions shall be provided for all items designated repairable irrespective of the maintenance concept unless this information is included in another technical manual and can be referenced. 

3.3.1.3.8.4.1 Introduction.
The introduction shall contain an explanation of the purpose, scope, and arrangement of the corrective maintenance data. 

3.3.1.3.8.4.2 Adjustments and Alignments.
This subsection shall contain all information and procedures required to perform all necessary adjustments and alignments as follows: 

a. Nonoperator type adjustments. 

b. Alignments requiring external jigs, test equipment, or bench setups. 

c. Alignments that are accomplished after a repair or replacement of a part or module. 

d. Test equipment setup and other illustrations necessary to support the procedures. 

3.3.1.3.8.4.3 Repair.
The repair subsection shall contain all procedures required in the repair of assemblies and repairable parts. Repair procedures shall include but not be limited to the following: 

a. Removal, disassembly, and inspection. 

b. Repair or replacement of piece parts. 

c. Cleaning, reassembly, adjustment, installation, calibration, and checkout. 

d. Exploded views, sectional views, wiring diagrams, and photographs necessary to support the procedures. 

e. Obvious repair actions such as soldering, use of multimeters, hand tools, and so forth, shall not be included except where these actions involve hazards to personnel or equipment. 

3.3.1.3.8.4.4 Supporting Illustrations and Data.
The use of clear, sharp illustrations to supplement description and maintenance coverage is required. Exploded views are required for parts location illustration. As a minimum, illustrations or sketches of the following shall, when applicable, be included: 

a. Typical bearings for rotating or moving equipment. 

b. Method of taking clearance measurements where required. 

c. Typical mechanism for absorbing thrust where applicable. 

d. Locking devices when applicable. 

e. Typical seal assembly (pressure and vacuum seals or controlled leakage between rotor and casing). 

f. Typical assembly of blading to rotor, with lock devices, where applicable. 

g. Typical assembly of field poles, laminated core iron, electrical windings, commutator, slip rings, and brush rigging where applicable. 

h. Equipment assembly with upper casing partially removed. 

i. Series of illustrations showing installation of supervisory instruments (such as RTEs in bearings). 

3.3.1.3.8.5 Section 5, Parts List.
The parts list shall list and identify and shall reference or include an illustration that will show the location of all repair parts, including the attaching hardware required to support the maintenance concept. All mechanical parts subject to replacement, although not provisioned as a spare part, such as handles, slides, plates, covers, and so forth included in the Provisioning Documentation shall be included in the parts list and identified in the respective parts-location diagram. This chapter shall include: 

a. Introduction. 

b. Parts list. (Including attaching hardware) 

c. List of manufacturers. 

d. Parts location illustrations. 

3.3.1.3.8.5.1 Introduction.
The introduction shall contain an explanation of the scope and arrangement of the parts list. The following type of information shall be included: 

a. Models of equipments and, where all equipment of a specific model do not have interchangeable parts, serial number of equipments covered. 

b. Explanation of any special notes. 

c. Explanation and instructions for using the list of common item descriptions. 

d. Explanation and instructions for using the list of attaching hardware. 

e. Explanation and instructions for using the parts list. 

f. Explanation and use of the list of manufacturers. 

3.3.1.3.8.5.2 Parts List Requirements.
The parts list shall be in tabular form in accordance with this document. The parts list shall be divided by major units. Each unit shall be arranged in numerical sequence (for example, unit 1 with its parts, and so forth, will precede unit 2 with its parts). All parts attached to the unit shall be listed first in alphanumerical order, followed by unit assemblies with parts and then subassemblies with parts, also listed in alphanumerical order. The list shall be arranged as follows: 

         Unit                  1

          (Cabinet parts)      1AT1

                               1B1

                               1C1

                               1CR1

                               1R1

                               and so forth

         Assembly              1A1

          (Assembly parts)     1A1AT1

                               1A1B1

                               1A1C1

                               1A1CR1

                               1A1R1

                               and so forth

         Subassembly           1A1A1

          (Subassembly parts)  1A1A1AT1

                               1A1A1B1

                               1A1A1C1

                               1A1A1CR1

                               1A1A1R1

                               and so forth

         Unit                  2

                               and so forth

3.3.1.3.8.5.3 Parts List Format.
All parts listings shall be prepared in tabular form with columns headed as follows. 

a. Column 1, Reference designation. This column shall contain the reference designations of all parts listed in sequential order. Unit numbering method of assigning reference designations, in accordance with IEEE 200 shall be used to identify units, assemblies, subassemblies, and parts. Mechanical part numbers shall be assigned to mechanical parts subject to replacement, such as handles, slides, and so forth, that are included in the APL but not assigned mechanical part numbers in the engineering drawings. With the exceptions of screws, nuts, bolts, and other attaching hardware, every functioning part in the equipment shall have a reference designator. When reference designations have been canceled for more than two consecutive items, only the first and last of the designations are to be listed, separated by the word "through". For example: 3A1R69 through A1R100 not used. 

b. Column 2, Part name. This column shall contain the name of the part. 

c. Column 3, Part number. This column shall contain the part number. 

d. Column 4, CAGE code. This column shall contain the Contractor and Government Entity (CAGE) code of the manufacturer. 

e. Column 5, figure reference. This column shall reference the parts location illustration in Section 4. 

f. Column 6, Notes. This column shall contain equipment reference information such as serial number, model number, configuration data, and so forth. 

3.3.1.3.8.5.4 List of Common Item Descriptions.
This list shall include the description of all identical parts that are used more than five times in the equipment. The description of each common item shall totally identify the item including manufacturing CAGE code and part number or military standard number. Like parts should be grouped and arranged in alphanumeric order. Item numbers shall be assigned consecutively, for example: 

Item   Description

Number

1      CAPACITOR, FIXED,CERAMIC: DIELECTRIC 3PF, 500 VDCW; MIL type CCZ1UJ030C

2      CAPACITOR, FIXED GLASS: DIELECTRIC 5100 PF, + 1% 300 VDCW, mfr 86969,

       dwg 231B743H15.

3      RESISTOR, FIXED, COMPOSITION: 3000 ohms + 5% 1/2w; mfr 42384 dwg 4469D69

4      RESISTOR, FIXED, COMPOSITION: 4000 ohms + 5% 1/2w; MIL type RC20GF402J.

3.3.1.3.8.5.5 List of Attaching Hardware.
A list shall be included that shows items of attaching hardware. Attaching hardware shall be listed alphanumerically and identified by an assigned letter. For example: 

     Letter code            Name and description

        A              CAPSCREW, 1/4-28, UNF-2A, 1 in. lg, HEX HEAD, 

                       DRILLED HEAD, CRES  MS51100-8,.

        B              WASHER, FLAT, 0.750 in. ID, 0.312 in. OD, 

                       0.066 in. thickness, STEEL, ROUND., 


Items used fewer than five times need not be included in the list of attaching hardware providing the item is completely identified in the parts list, following the part identification that is being attached. 

3.3.1.3.8.5.6 List of Manufacturers.
The list of manufacturers shall contain the names, addresses, and CAGE number of all manufacturers supplying items for the equipment as referenced in the parts list. The list shall be presented in numerical sequence by CAGE number. CAGE numbers shall be in accordance with cataloging handbook H4/H8. 

3.3.1.3.8.5.7 Parts Location Illustrations.
Illustrations shall be included to provide positive and rapid location of parts. Types of parts location illustrations include exploded views, when approved by the Government, engineering drawings and sectional views, printed-circuit boards, as applicable. (Suitable parts location illustrations located in other chapters of the manual may be referenced). 

3.3.1.3.8.5.8 Criteria for Illustrations.
Items shall be called out by reference designator. Standard attaching hardware items (such as nuts, bolts, washers, screws) need not be called-out or illustrated, except when they are referenced in a procedure. Exploded views shall be supplied when required to support maintenance procedures in Section 4. 

3.3.1.3.8.5.9 Exploded Views.
Exploded views for parts lists shall be prepared in accordance with this document. 

3.3.1.3.8.5.10 Line Drawings, Engineering Drawings, and Photographs.
Line drawings shall be used in lieu of photographs. 

3.3.1.3.8.5.11 Printed Circuit Board.
Printed-circuit board illustrations shall be prepared in accordance with this document. 

3.3.1.4 Final Reproducible Copy (FRC).
A final document shall be developed ready for reproduction and publication as an authenticated technical manual including all necessary changes made as a result of validation or verification procedures and Government conditions of acceptance or approval. The delivery media shall include, but will not be limited to, reproducible camera-ready copy, direct image copies, digital text and graphic files, disks, tapes, and so forth. 

3.3.1.4.1 FRC Development.
The FRC shall be developed as follows: 

a. The FRC shall incorporate all comments resulting from the technical and format compliance reviews, approved changes resulting from verification, and any comments resulting from interim use of a PTM. 

b. Text shall be prepared using a word processor or document publishing system. A master copy suitable for reproduction shall be printed. 

c. The FRC shall include all text (including tabular data and emergency page markings when applicable), and reproducible artwork suitable for reproduction. 

d. Type styles and sizes (fonts) shall be comparable to those shown on figure 5. Minimum type size for text shall be 10-point elite type. Nomenclature callouts, tabular material, and symbols on illustrations shall be uppercase with 7-point (0.10 inch) minimum size. Spacing and lettering shall conserve space without lessening usability or clarity of material. Letters, lines, and symbols shall be of a uniform contrast throughout the text material and shall not touch. 

e. The FRC shall have the following minimum acceptable features: 

1. Single spacing. 

2. Justified right margins. 

3.3.1.4.2 Digital Encoding of Technical Publications.
3.3.1.4.2.1 Source File Development Requirements.
3.3.1.4.2.1.1 General Requirements.
Manuals developed in general accordance with this document shall conform to a document type definition in accordance with MIL-STD-38784. Technical manual and artwork shall meet the requirements of this document, including the requirements specified for FRC printed form and style. All corrections required due to verification and review of the preliminary manuals shall be incorporated. Technical manual in digital form shall conform to the requirements specified in MIL-STD-1840, MIL-PRF-28001, MIL-PRF-28002, FIPS PUB 194, and the requirements set forth in this document. 

3.3.1.4.2.1.2 Textual Source File Requirements.
Textual material marked in accordance with MIL-PRF-28001 is referred to as a text source file. A complete SGML-tagged source file(s) of all text data (SGML Instance) is a mandatory part of each final technical manual product. 

3.3.1.4.2.1.3 Graphic Source File Requirements.
Illustrations artwork, photographs and other graphic material shall be developed in accordance with MIL-PRF-28002 and FIPS PUB 194. This data is referred to as a graphic source file. Raster illustration or graphic source files for all figures and illustrations shall be a mandatory part of each final technical manual product. 

3.3.1.4.2.1.4 Source File Interchange Format.
The format of all digital source files shall be in accordance with MIL-STD-1840. It is the source files to which all subsequent changes and updates must be made to maintain the technical publication throughout its operational life. When corrections are made to a working, intermediate, or output file, corrections must be incorporated in the source file which is the primary final product. 

3.3.1.4.2.1.5 Inspections.
The Government reserves the right to perform any of the inspections set forth in MIL-PRF-28001 to ensure that supplies and services conform to prescribed requirements. 

3.3.1.4.2.2 Digital File Requirements.
3.3.1.4.2.2.1 Files And File Formats, General.
The following specific digital source files and products are required for the final issue of each technical manual. Technical publication information consists of text and associated illustrations in digital form. This information shall be organized into file sets. Each requisite file of a set shall be encoded in a format in accordance with MIL-STD-1840, and be accompanied by the applicable data file header records in accordance with MIL-STD-1840. 

3.3.1.4.2.2.2 Declaration File Format.
The declaration file shall be in 7-bit ASCII and shall uniquely identify the delivery document. The declaration file shall be developed in accordance with the requirements of Section 5 of MIL-STD-1840. There shall be one declaration file provided with each final manual delivered in digital form. (Declaration files may also contain the characters permitted by ANSI X3.4.) 

3.3.1.4.2.2.3 SGML Conforming Text Source File Format.
The file set of a technical manual containing SGML conforming files shall consist of SGML coded text source files with at least one text source file per document, mandatory. Each file shall be accompanied by identifying data file header records. The text source files shall be ASCII, SGML coded text files tagged in accordance with MIL-PRF-28001 as specified by the document type definition of MIL-PRF-28001 and the following: 

a. Text files shall be provided on 9-track magnetic tape at 6250 characters per inch or 1600 if so specified in the contract or SEATASK in data format conforming to MIL-STD-1840. Media other than magnetic tape (for example, magnetic diskettes, optical disks, and so forth) shall be provided when specified in the contract or SEATASK. 

b. The appropriate document declaration set shall be referenced in the SGML text using the following public identifier: 

c.  <!DOCTYPE doc PUBLIC "-//USA-DOD//DTD MIL-STD-38784C 900102//EN" >

d. Document numbers for the following items must be physically present in the text stream using the appropriate attribute as defined in MIL-PRF-28001: chapter, section, paragraph, figure, table, footnote, appendix, steps, and list items. 

e. All internal (cross) references shall be tagged as defined by the document type definition in Appendix B of MIL-STD-38784. For internal references, a reference identifier (ID) shall be provided which specifies the unique ID of that part of the manual which is being referenced. Accordingly, an ID value shall be provided for the appropriate reference within the manual. For external references, the referenced document number shall be provided. 

f. Information in the following table shall be tagged as defined by the document type definition (DTD). 

g.                      Information to be tagged.

h.          Cross reference                National stock number

i.          Technical manual               Part description

j.           identification                Part number

k.           number (Doc No)               Start and end of change

l.          Equipment model number         Start and end of emergency

m.          Equipment serial number         information

n.          Footnote                       Start and end of emphasis 

o.          Graphic                         (note 1) 

p.          Index flag                     Test equipment

q.            Note 1. For use only when format document cannot

r.                    provide desired emphasis

s. Hyphenation and spell checking. The processing system that produces the text digital products required by this paragraph must electronically spell check the document text. Line ending machine generated hyphens are not permitted. 

t. Page integrity. Page integrity is the maintenance of physical or logical page boundaries at specific places in a publication. The processing system that prepares the digital products must provide page break indicators in the tagged text files for use in maintaining page integrity during future updates to the technical manual. The page break indicator as defined by the document type definition of MIL-STD-38784 and associated page number shall be used. 

3.3.1.4.2.2.4 Document Type Definition (DTD) Data File Format.
A document type definition shall be used to define the organization and logical structure of elements, entities, and attributes allowed in a particular document. It shall also be used to control automated processing functions (such as parsing) that support quality assurance requirements. The document type definition data file shall be in accordance with the document type definition in Appendix B of MIL-STD-38784 and shall define the structure and content of the technical manual. A standard DTD shall be cited. It can be provided on diskette, if the contractor desires, and requests it. The standard Navy/NAVSEA DTD (NAVSEA Class 2 DTD) is readily available on INTERNET. It can be viewed on-line at: 

      
http://navycals.dt.navy.mil/dtdfosi/repository.html

3.3.1.4.2.2.5 Output Specification and Formatting Output Specification Instance (FOSI).
The Government will provide a FOSI for use by the preparing activity. The FOSI provides a set of formatting characteristic values used to rigorously describe composition processing functions to be performed on the elements of a text document to provide the required format and style. The FOSI shall be expanded by the preparing activity to contain values for characteristics for every context in which a tag has a unique formatting requirement. Each unique tag shall be accompanied with a description of its attributes if it effects the formatting. Technical manuals conforming to this document and encoded in accordance with MIL-STD-38784 shall be accompanied by a FOSI which incorporates any preparing activity unique attributes for output format and style stated in this document. 

3.3.1.4.2.2.6 Illustration Data Source File Format.
Each set of text source files for a technical publication shall be supported with an illustration data source file for each illustration in the technical publication. 

a. Raster illustration data files shall be in accordance with the requirements of MIL-PRF-28002 and FIPS PUB 194. 

b. Each illustration data file shall be accompanied by identifying header records (see Section 5 of MIL-STD-1840). 

c. A printout of all raster file header records will accompany all digital raster illustration files. 

d. Where there are multiple instances of the same illustration in different locations of the technical publication, a single illustration file may be used to satisfy all of the illustration instances. 

e. All digital raster illustrations shall be cropped and sized to fit the designated window for printing with no further manipulation. 

f. The use of color and photographs is prohibited. 

g. The fixed-length blocks of the raster files are to be padded using ASCII Decimal 32 (space) to the appropriate size. 

h. For TMs conforming to this document, 8 1/2 inch by 11 inch or smaller illustrations are to be MIL-PRF-28002 type I files. All larger sizes are to be in accordance with FIPS PUB 194. 

3.3.1.4.2.2.7 Page Description Language (PDL) Data Files.
The PDL shall be as follows. Output page description language files shall be provided as allowed by MIL-PRF-28001. The page description language shall be postscript or a postscript compatible language. The file format shall be written with 256 byte ANSI type F fixed-length records with block length of 2048 bytes. All data header records shall be as defined in Section 5 of MIL-STD-1840. The data header record shall be written in the first physical block of the file, with the block padded using ASCII Decimal 32 (space) to the appropriate size. There shall be only one postscript or postscript compatible file for the final issue of each technical manual. 

3.3.1.4.2.2.8 Hardcopy Print From PDL Files.
A hardcopy printout of the PDL files shall accompany each final technical manual deliverable. 

3.3.1.4.2.2.9 Special Word Data File Format.
Any special word data files and their format (see MIL-STD-1840) shall be as specified. 

4.0 QUALITY ASSURANCE PROVISIONS.
4.1 Responsibility for Inspection.
The contractor is responsible for the performance of all inspection requirements as specified herein. Except as otherwise specified in the contract, the contractor may use his own or any other facilities suitable for the performance of the inspection requirements specified herein unless disapproved by the Government. The Government reserves the right to perform any of the inspections set forth in this document where such inspections are deemed necessary to assure supplies and services conform to prescribed requirements. 

4.2 Responsibility for Compliance.
All items shall meet all requirements of this document. The inspection set forth in this document shall become a part of the contractor's overall inspection system or quality program. The absence of any inspection requirements in the document shall not relieve the procuring activity of the responsibility of ensuring that all products or supplies submitted to the Government for acceptance comply with all requirements of the contract or SEATASK. Sampling in quality conformance does not authorize submission of known defective material, either indicated or actual, nor does it commit the Government to accept defective material. 

4.2.1 Government Inspection.
Material furnished in accordance with this document shall be subject to inspection, verification and approval or disapproval by the Government as specified by the terms of the contract. Inspection and verification will be performed by the Government prior to acceptance. The Government reserves the right to conduct a guidance and quality planning conference and quality program reviews throughout the term of the contract to ensure compliance with the quality assurance program plan, this document, the contract, and the production of a quality product. 

4.2.1.1 Government Inspection at Subcontractor Facilities.
Government inspection, verification and acceptance of a preliminary material at a subcontractor facility shall not constitute Government acceptance of the manual. Such Government actions shall not in any way relieve the prime contractor of his responsibilities for inspection and validation or of his responsibility to furnish an acceptable manual. When the Government requires inspection or verification at the subcontractor location, the prime contractor shall include in the purchasing document a statement equivalent to the following: 

	"Government inspection and verification is required prior to shipment from your plant. Upon receipt of this order, promptly notify and provide a copy of this order to the Government representative servicing your plant so that Government inspection and verification may be planned. If the Government representative cannot be identified, the prime contractor shall be notified immediately." 



The prime contractor shall report to his Government representative any nonconformance of subcontractor's manuals and shall require the subcontractor to coordinate corrective action with the appropriate Government representative. 

4.2.2 TMQA Program.
The contractor shall establish a TMQA program to ensure the development of technically accurate and complete technical manuals. The Quality Assurance program shall be in accordance with the ASQC Q9003 or other documented quality assurance procedures submitted by the contractor and approved by the procuring activity. Review requirements for the quality assurance program developed by the contractor will be specified by the acquisition documents. The contractor's quality assurance program shall encompass the accountability for and development of quality control functions required for the management of the following technical manual program elements: 

a. Source data collection. 

b. Intermediate product. 

c. Graphics and illustrations. 

d. Validation. 

e. Internal coordination. 

f. Records. 

g. Verification support. 

h. Final product. 

4.2.3 QA Program Organization.
The contractor's quality assurance program organization shall have well defined responsibility, authority, and the organizational freedom to identify and evaluate quality assurance problems and to recommend and initiate solutions. 

4.2.4 Quality Assurance Program Functions.
All TM elements and processes shall be evaluated by the preparing and Government Quality Assurance personnel at various stages of development, by any or all of the following Quality Assurance program functions: 

a. Guidance and quality planning conferences. 

b. Adequacy reviews. 

c. In-process reviews. 

d. Quality program reviews. 

e. Quality reviews. 

f. Validation. 

g. Verification. 

4.2.4.1 Guidance and Quality Planning Conference.
The Guidance and Quality Planning Conference is conducted to ensure the contractor's understanding of applicable specifications, this document, formal instructions, established policies, and program requirements. Such conferences may be requested by either the contractor or Government. 

4.2.4.2 Adequacy Reviews.
Adequacy reviews will be authorized and convened by the procuring activity to monitor the preparation of documentation in support of the planned maintenance system (PMS) and may be conducted on maintenance manuals to determine adequacy prior to verification. PMS documentation will be reviewed to ensure it is ready for Fleet evaluation. 

4.2.4.3 In-Process Reviews (IPRs).
IPRs will be authorized and convened as deemed necessary by the Government. The contractor shall support IPRs and provide access to TM materials, intermediate, and final products. As a minimum, IPRs will include evaluation of source data, TM plans/outlines, presentation methods, modes of preparation, TMCR compliance (if applicable), completed text and artwork, and readability. 

4.2.4.3.1 IPR and Adequacy Review Location.
IPRs and adequacy reviews will be held at the contractor's facility but can be held at a designated Government facility. IPR and adequacy reviews intended for locations other than the contractor's facility must be approved by the Government. The contractor may request IPR and adequacy reviews at any time during the term of the contract when assistance or clarification is desired. The Government will request additional IPR and adequacy reviews when it appears the program is not proceeding according to schedule. 

4.2.4.3.2 IPR and Adequacy Review Records.
The Government will act as recorder and record decisions, results, and findings during the IPR and adequacy review evaluation utilizing the Technical Manual Evaluation Record. The Government will provide a copy of all recorded IPR and adequacy reviews to the contractor. 

4.2.4.3.3 Disposition of IPR and Adequacy Review Findings.
The Government and the contractor shall resolve IPR and adequacy review findings that involve problem areas or findings that require further evaluation before final disposition. Discrepancy or deficiency found as the result of the IPR and adequacy review shall be corrected prior to certification and acceptance of the technical manual. 

4.2.4.4 Quality Program Reviews.
The contractor shall support quality program reviews as requested by the Government and provide access to QA records as specified in the TMQA program plan. During the TMQA program review, the contractor shall demonstrate to the Government the operation of the TMQA program. This shall include review of data generated during contractor quality reviews and quality related reports and records. TMQA program reviews chaired by a Government representative will be conducted at the contractor's facility. All quality review results will be documented by the Government. 

4.2.4.5 Quality Reviews.
The contractor's QA organization shall conduct quality reviews to ascertain compliance with the TMQA program plan and provide for corrective action. Quality reviews shall be conducted to evaluate the availability and adequacy of materials, processes, procedures, and intermediate products which constituent technical manual development. Sampling plans shall be as specified in the TMQA program plan. 

4.2.4.5.1 Corrective Action.
The contractor shall initiate a process of corrective action for all recorded and detected deficiencies. The contractor shall implement preventive action programs to counter any apparent deficiency trends. The detection of deficiencies which are recognized and are not cited in the classification of defects (CD) shall be added to the CD in the TMQA program plan. Objective evidence of the effectiveness of the corrective action program for each deficiency shall be maintained. 

4.2.4.5.2 Data Base Control.
The preparing activity shall ensure that the most current source data is available and utilized for TM development. 

4.2.4.5.3 Task Identification Matrix or Equivalent.
The TM content and organization shall be consistent with a task identification matrix or equivalent. The task identification matrix or its equivalent shall ensure that all required levels of maintenance are sufficiently detailed and complete. The task identification matrix or equivalent shall be in agreement with the LSA task analysis data, approved maintenance plan, and approved SM&R codes. The requirements shall be reviewed to determine that all levels are sufficiently detailed and completed. Evaluation shall include a comparison of the tasks identified to the current configuration of hardware. 

4.2.4.5.4 Control of Subcontractors and Vendors.
The contractor shall ensure the quality of technical manuals developed by subcontractors and suppliers. The contractor's quality program shall not be deemed acceptable to the Government unless that contractor requires from his subcontractor a quality control program satisfying the requirements of this document, or equivalent control over the subcontractor. 

4.2.4.5.5 Sampling Plans.
All technical manual products, regardless of percentage of completion, shall be sampled and evaluated as a method of determining the acceptability of product in development. Sampling plans shall be as specified in the quality assurance program plan. 

4.2.4.5.5.1 Validation of Readability.
Narrative text shall be validated for conformance to readability standards specified in 3.3.1.1.2.21. If the OGL (including tolerance) is exceeded, the manual shall be rewritten as required to meet the specified RGL. If a sample GL is exceeded, the entire text surrounding each sample must be rewritten as required. Automated equipment may be used to compute RGL provided the computation meets the requirements of this document. 

4.2.4.5.5.2 Classification of Defects (CD).
The CD table associated with the contractor sampling plans shall be made available during the guidance and quality planning conference. The CD shall be patterned after the CD listed below for product evaluation. The contractor and the Government may jointly classify additional defects applicable to the specific products being acquired. 

a. Major defects (incorrect, incomplete, missing): 

1. Maintenance procedures. 

2. Values and tolerances. 

3. Illustrations, schematics, wiring diagrams. 

4. Part numbers. 

5. References and indices. 

6. Safety - notes, cautions, warnings, dangers. 

7. Technical content (source dates/hardware comparison). 

8. Classified matter (incorrect identification/handling); 

9. Charts and tables. 

10. An excess of any one or combination of the following: unfamiliar words, inconsistent vocabulary, long sentences, long paragraphs, noninformative headings, organization not based on immediate needs of the user, and complex or unclear illustrations. 

b. Minor defects (incorrect, incomplete, missing): 

1. Typographical errors, 

2. Collated pages, 

3. SM&R codes. 

4. Style and format (Guide errors). 

4.2.4.6 Validation.
Validation is a contractor quality assurance responsibility which shall be accomplished for all TMs, changes, and revisions thereto. A TM shall not be considered validated until the following conditions have been fulfilled: 

a. Contractor's engineering technical review has been completed. 

b. Information reflects configuration of the systems/equipment and includes all engineering changes. 

c. Adequacy of data is checked to ensure that it supports the approved maintenance and support plan. 

d. Hardware of the proper configuration is available for the validation effort. 

4.2.4.6.1 Validation Performance.
Theory and principles of operation, system and component description, SM&R codes (when applicable), schematic, and wiring data shall be validated against engineering source data in accordance with the validation plan. Operating and maintenance procedures including checkout, alignment, scheduled removal and replacement instructions, and associated checklists shall be validated against the system and equipment by actual demonstration. Malfunctions shall not be introduced into the system or equipment for the purpose of validation unless specifically required for certification of procedural tasks or system tests. Destructive malfunctions shall not be introduced into the system or equipment for any purpose. 

4.2.4.6.2 Support Equipment.
Available Government approved support equipment shall be utilized in the performance of validation. Simulation or substitution of support equipment shall be approved by the Government. It is the responsibility of the contractor to request Government furnished equipment in order to support the validation effort. 

4.2.4.6.3 Disposition of Validated Data.
Corrections and significant comments resulting from validation shall be incorporated prior to issue of the validation. 

4.2.4.7 Verification.
Verification shall be accomplished under the jurisdiction of the Government and may include contractor support. Verification is a responsibility of the approval authority or authorized representative. The purpose of verification shall be to ensure that the preparing activity's products and services are in conformity with the requirements of this document. 

4.2.4.7.1 Verification Support Requirements.
Contractor support of verification shall consist of the following: 

a. Serves as verification recorder, if required. Record and maintain records of changes associated with performance of verification. 

b. Provide assistance in performing verification tasks, if required. 

4.2.4.7.2 Combined Validation and Verification.
When authorized by the Government, verification shall be performed concurrently with validation. Final acceptance of the technical manual will be made upon receipt of the validation and verification incorporation certifications. 

5.0 PACKAGING.
5.1 TECHNICAL MANUAL SCHEDULE, STATUS AND COSTS REPORTS.
Suggested packaging is commercial in accordance with ASTM D3951. Delivery shall be in accordance with the Contract Data Requirements List. 

5.2 QUALITY ASSURANCE PROVISIONS.
5.2.1 Validation Plan.
Suggested packaging is commercial in accordance with ASTM D3951. Delivery shall be in accordance with the Contract Data Requirements List. 

5.2.2 Validation Certification.
Suggested packaging is commercial in accordance with ASTM D3951. Delivery shall be in accordance with the Contract Data Requirements List. 

5.3 MANUAL, TECHNICAL, STANDARD.
5.3.1 Review Draft Copy (RDC).
Unless otherwise specified, suggested packaging is commercial in accordance with ASTM D3951. 

5.3.2 Final Reproducible Copy (FRC).
Suggested packaging is commercial in accordance with ASTM D3951. 

5.3.2.1 Final Digital Encoding of Technical Publications.
The requirements for packaging shall be in accordance with MIL-STD-1840. 

6.0 GOVERNMENT FURNISHED PROPERTY.
   The following documents are provided as GFP:

      The following documents are available on the INTERNET at

    
    http://navycals.dt.navy.mil/cals/calsstds.html#calsstdslist 

    MIL-PRF-28001C  Markup Requirements and Generic Style 

                    Specification  for  Electronic Printed Output and 

                    Exchange of Text

    MIL-PRF-28002C  Raster Graphics Representation in Binary Format,

                    Requirements for

    MIL-STD-1840C   Military Standard Automated Interchange of 

                    Technical Information

      The following document is available on the INTERNET at

    
    http://navycals.dt.navy.mil/dtdfosi/repository.html

    MIL-STD-38784   Document Type Definitions

7.0 COST AND PRICING.


Not applicable. 

8.0 PRINTING.
8.1 Authorization.
Joint Committee on Printing (JCP), Congress of the United States Authorization 23383 permits procurement of cold-type composition and photolithographic negatives under Government contracts. Accordingly, such authority is invoked in this contract. The printing of final technical manuals shall be accomplished by the Government. 

9.0 NOTES.
The Figure List referenced in this document is by ascending order which is not necessarily the order of appearance. Only those figures referenced by the requirements of this document are included which accounts for the non-sequential listing. The figures are samples only. Size and legibility do not necessarily conform to the requirements set forth herein. 
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	SUBJECT:
	 Follow-on Contract for Digital Modular Radio Communication Set / AN/USC-61(C).




  

	SCOPE: This TMCR contains specific integrated requirements and instructions for the preparation of the subject standard technical manual. The requirements for the preparation of the technical content of the subject technical manual were taken from the applicable specifications and standards for technical content of manuals as specified in NAVSEAINST 4160.3A. 

The requirements of the Data Item Descriptions (DIDs) listed in the Contract Data Requirements List (DD Form 1423), in conjunction with the requirements of the specific contract line items as specified herein, constitute the data to be delivered, the products to be prepared, and the resulting tasks to be performed by the contractor. 






1.0 DELIVERABLES.
The following deliverable items shall be prepared as specified in Section 3 of this document. 



DATA ITEMS. 

1.1 TECHNICAL MANUAL SCHEDULE, STATUS AND COSTS REPORTS.
1.2 QUALITY ASSURANCE PROVISIONS.
1.2.1 Validation Plan.
1.2.2 Validation Certification.
1.3 MANUAL, TECHNICAL, STANDARD.
1.3.1 Review Draft Copy (RDC).
1.3.2 Final Reproducible Copy (FRC).
1.3.2.1 Final Digital Encoding of Technical Publications.
2.0 APPLICABLE DOCUMENTS.
2.1 Specifications.
The following documents were used to establish the requirements of this document. 

   MIL-DTL-24784B(SH)           Manuals, Technical: General 

                                Acquisition and Development 

                                Requirements

   MIL-DTL-24784/20B(SH)        Associated Detail Specification

                                Digital Systems Manual Requirements

   MIL-PRF-28001C               Markup Requirements and Generic 

                                Style Specification for Exchange 

                                of Text and its Presentation.

   MIL-PRF-28002C               Raster Graphics Representation in

                                Binary Format, Requirements for.

   MIL-STD-38784                Standard Practice for Manuals, 

   Appendix C Document          Technical:  General Style and 

   Type Definition (DTD)        Format Requirements

2.2 Standards.
   MIL-STD-1309                 Definition of Terms for Test,

                                Measurement, and Diagnostic

                                Equipment

   MIL-STD-1840C                Military Standard Automated

                                Interchange of Technical

                                Information

   DOD-STD-1686                 Electrostatic Discharge Control

                                Program for Protection of 

                                Electrical and Electronic Parts,

                                Assemblies and Equipment 

                                (Excluding Electrically 

                                Initiated Explosive Devices)

(Copies of standards required by contractors in connection with specific procurement functions should be obtained from the procuring activity or as directed by the contracting officer.) 

2.3 Handbooks and Manuals.
Government Printing Office. 

   United States Government     Style Manual
   Printing Office

2.4 Department of Defense.
   JCS Pub 1                    DOD Dictionary of Military and

                                Associated Terms

Application for copies should be addressed to: 

The Superintendent of Documents, 

U.S. Government Printing Office, 

Washington, DC 20402

2.5 Department of Navy.
   SL160-AA-LST-010/TM-WORDS    Baseline Word Lists for NAVSEA/

             or                 SPAWAR Technical Manuals

   EL160-AA-LST-010/TM-WORDS

   NAVSEA ST000-AG-IDX-010      Test Measurement Diagnostics 

                                Equipment Index

Application for copies should be addressed to: 

The Standardization Documents Order Desk, 

700 Robbins Avenue, Building 4D, 

Philadelphia, PA 19111-5094

2.6 Forms.
   Form NAVSEA 4160/3           Technical Manual Validation

                                Certificate

Copies of forms required by the preparing activity in connection with specific procurement functions should be obtained from: 

The Standardization Documents Order Desk, 

Building 4D, 

700 Robbins Avenue, 

Philadelphia, PA 19111-5094

2.7 NON-GOVERNMENT PUBLICATIONS.
The following document(s) form a part of this document to the extent specified herein. Unless otherwise specified, the issues of the documents which are DOD adopted are those listed in the issue of the DODISS cited in the solicitation. Unless otherwise specified, the issues of documents not listed in the DODISS are the issues of the documents cited in the solicitation. 

    Aerospace Industries           Recommendation for Hazardous

    Association, AIA-TR91-1        Materials Warnings in Technical 

    Publications DOD Liaison       Data                            



(Application for copies should be addressed to the Aerospace Industries Association, 1250 Eye Street NW, Washington, DC 20005.) 


2.7.1 American National Standards Institute, Inc. (ANSI).
The following standards shall apply: 

   ANSI Y14.5                   Dimensioning and Tolerancing

   ANSI Z535.3                  Criteria for Safety Symbols

Application for copies should be addressed to: 

American National Standards Institute, Inc.

1430 Broadway

New York, N.Y. 10018

2.7.2 American Society for Testing and Materials (ASTM).
The following standards shall apply: 

   ASTM D3951                   Standard Practice for Commercial 

                                Packaging

Application for copies should be addressed to: 

American Society for Testing and Materials,

100 Barr Harbor Dr., 

West Conshohocken, PA 19428-2959

2.7.3 Institute of Electrical and Electronics Engineers (IEEE).
The following standards shall apply: 

   IEEE 945-84                  IEEE Recommended Practice for

                                Preferred Metric Units for Use in

                                Electrical and Electronics Science

                                and Technology

Application for copies should be addressed to: 

The Institute of Electrical and Electronics Engineers, Inc., 

P.O. Box 1331 

445 Hoes Lane, 

Piscataway, N.J. 08855-1331

2.7.4 International Standards Organization (ISO).
The following standards shall apply: 

   ISO 6829                     Flowchart Symbols and Their Use 

                                in Micrographics First Edition

Application for copies should be addressed to: 

American National Standards Institute

11 West 42nd Street, 

New York, NY 10036

2.7.5 National Institute of Standards and Technology (NIST).
The following standards shall apply: 

   NIST Special Publication 811   Guide for the Use of the 

                                  International System of Units 

                                  (SI).

Application for copies should be addressed to: 

NIST Metric Program 

Building 820, Room 304, 100 Bureau Drive, Stop 2000 

Gaithersburg, MD 20899-2000

3.0 REQUIREMENTS.
In the event of a conflict between the text of this document and the references cited herein, the text of this document takes precedence. Nothing in this specification, however, supersedes applicable laws and regulations unless a specific exemption has been obtained. 

Advertising. Technical manuals shall contain no advertising unless the contract or SEATASK specifies that the equipment manufacturer shall be identified on the cover. 

Copyrights and proprietary information credit line. Technical manuals shall not contain copyrighted material except as specified in the Federal Acquisition Regulations and Defense Federal Acquisition Regulation Supplement. When copyrighted material is to be included in a technical publication, the developer shall obtain prior written permission from the copyright owner or authorized agent for its use. The signed, written permission shall be delivered together with the final reproducible copy. The written permission shall contain a statement declaring whether or not a copyright credit line is required. When it is necessary to include copyright and proprietary material, it shall be clearly identified and the following warning statement shall be included on the title page: 

"This document contains copyright or proprietary materials.  Infringement of 

copyright or proprietary material may violate existing Federal laws and statutes 

and result in criminal penalties, imprisonment, or removal from office."

Security classification, distribution statement and destruction notice. Security classification, distribution statement and destruction notice shall be in accordance with this document. The overall security classification assigned to a technical manual shall agree with the highest classification assigned to any portion within. The security markings shall be the same as for other title pages. For destruction notice see 3.3.1.1.1.2.6. 

Source Data. The primary source data for technical manuals shall be engineering drawings and, if a requirement, Logistic Support Analysis (LSA) and Logistic Support Analysis Record (LSAR). 

Maintenance coverage. Organizational, intermediate, and depot maintenance levels shall be covered in a combined single manual. 

Distribution Statement. Each technical manual and modification thereto shall be marked, in accordance with DODD 5230.24, to denote its availability for distribution, release, and disclosure without additional approvals and authorizations (see 3.3.1.1.1.2.4). This marking shall be in addition to a security classification marking. Additionally, a determination shall be made in accordance with DODD 5230.25 whether the technical manual contains export controlled technical data. 

3.1 TECHNICAL MANUAL SCHEDULE, STATUS AND COSTS REPORTS.
3.1.1 Schedule and Status Reports.
A technical manual schedule and status report shall be supplied at the frequency determined by the contract or SEATASK. The report shall be in a narrative format and indicate the information necessary to provide a comprehensive management level analysis of all development activities. 

3.1.2 Cost Reports.
Technical manuals shall be acquired in a cost-effective manner. Cost and pricing data shall be obtained for each new, revised or changed manual. A separate analysis shall be provided together with supporting documentation for each manual developed. The cost of technical manuals shall be limited to the effort and material needed to produce the manual from source data. 

3.2 TECHNICAL MANUAL QUALITY ASSURANCE DATA.
3.2.1 Validation Plan.
A validation plan shall be developed and shall be acceptable to the government. It shall reflect compatibility with the overall maintenance and support plan, outline the preparing activity`s recommended validation procedure, and indicate the scope of the validation effort. It shall also include manuals for which requirements have yet to be defined, such as equipment component and support equipment manuals. The plan shall reflect the requirements of this document. The plan shall include recommendations for simultaneous validation or verification as appropriate. The validation plan shall ensure there is a system for inspection, validation, and correction of the manual. Validation shall provide a measure of the overall quality of the manual. When the Government performs an inspection at a preparing activity`s plant, such inspection shall not be used by the preparing activity as evidence of effective control of quality. When revisions or corrections are required after any inspection, validation, or review, there shall be reinspection, revalidation, or re-review by the preparing activity, and if necessary, by the Government of all data affected. The validation plan shall include: 

a. Validation by which the technical manual is tested for technical adequacy and accuracy and compliance with the provisions of this document and other technical contractual requirements. 

b. Detailed review of FRC to ensure that this material is identical to the authorized, validated, verified, corrected, and accepted draft or preliminary manuals and complies with legibility and reproducibility requirements. 

3.2.2 Validation Certification.
The preparing activity shall prepare a validation certification attesting to the technical manual adequacy and accuracy by actual performance or simulation. Individual validation certification reports shall be prepared for each technical manual validation by the preparing activity, using NAVSEA Form 4160/3 from S0005-AA-PRO-010/TMMP as the certification document. 

3.3 MANUAL, TECHNICAL, STANDARD.
3.3.1 Review Draft Copy (RDC).
RDCs shall be developed for review and coordination for technical accuracy and adequacy to evaluate the preparing activity`s progress and assess compliance with this document and terms of the contract or SEATASK. RDCs shall be submitted for acceptance prior to development of the PTM or FRC. 

3.3.1.1 RDC Development.
The RDC shall be developed as follows: 

a. RDC shall be formulated in accordance with the approved outline and represent the configuration of the hardware. 

b. The text shall be computer generated, double spaced, on one side of the paper and shall contain the exact wording and content intended for the reproducible copy. The RDC may be issued initially in single column format and may include voids where information is not available. The production method may be the most economical method at the option of the preparing activity. When the RDC is presented in computer or other form such that the paragraphing or symbols cannot be readily understood, it shall be annotated to make the paragraphing and symbols clear to the reviewer. 

c. All front matter, text, tables, and illustrations shall meet the content, format, page size and image area requirements of this document. 

d. The binding edge shall not be less than 1 inch and the outside edge not less than 1/4 inch. The method of duplication, covering and binding shall provide legible, collated copies. 

e. Unclassified RDCs shall be duplicated and loose leaf bound in pressboard or equivalent binders. 

f. Reproduction of penciled illustrations are acceptable if their technical content, clarity, correctness, and adequacy meet requirements of this document. Illustrations submitted for review shall be legible. 

g. Illustrations, drawings, and tables shall be final size, complete with titles, figures, and table numbers. 

h. Official nomenclature, common names, and equipment abbreviations shall appear in their normal-reading sequence. The nomenclature shall be used consistently in the text, figures, and tables of the text plan. Transposed nomenclature shall be used in illustrated parts breakdowns (IPBs) or indices. 

i. The words "REVIEW DRAFT COPY" shall be placed on the cover and title page above the technical manual identification number. 

j. The RDC shall be complete in all respects with all in-process review comments incorporated. A completed and signed validation certificate shall accompany the RDC submitted for technical review. Following review, the developing activity shall incorporate all required changes. 

k. Shading or color-coding is not required in the RDC but functional boundaries shall be illustrated by dotted lines. Hardware boundaries shall be indicated by dot-dash lines, with the number of dots corresponding to the level of containment (first level, second level, and so forth). 

l. The RDC shall be proofread, technically edited, validated in accordance with the validation plan, and collated in the same manner as the final manual prior to submittal. 

3.3.1.1.1 Arrangement.
Each manual shall be arranged according to a standardized format (as applicable): 

a. Front matter. 

b. Technical content subject matter. 

c. Appendices. 

d. Glossaries. 

e. Indices. 

f. Technical Manual Deficiency/Evaluation Reports (TMDERs). 

3.3.1.1.1.1 Front Matter.
Front matter pages, except change record pages, following the list of effective pages and preceding chapter 1 shall be assigned sequential lower case Roman numerals, i.e., i, ii, iii, etc. Material preceding the first chapter shall consist of the following in the order specified: 

       Cover/Title Page 

       List of Effective Pages         

       Change Record                   

       Table of Contents               

       List of Illustrations           

       List of Tables                  

       Foreword/Preface/Introduction   

       Safety Summary (as applicable)  

3.3.1.1.1.2 Cover and Title Page.
Manuals shall have either a cover or title page, or an abbreviated title. There shall be a cover and title page. The cover/title page shall contain the information indicated by Figure 4. Figure 4 also lists the requirements for abbreviated titles. Abbreviated titles shall be used only when specified. If there is both a cover and title page, the date shall be omitted from the cover page. A manual shall require a backbone for binder or cover. FRC for the backbone or cover of a manual shall be in accordance with Figure 9. The TM identification number will be furnished by the acquiring activity. Certain information such as the supersedure notice, supplement notice, disclosure notice and destruction notice, as applicable, may be placed on the reverse side of the title page if additional space is needed to avoid overcrowding of the title page (that is, small technical manuals such as job guides and work cards). The reverse side of the title page, when used as a continuation of the title page, shall be numbered. Title pages shall be unnumbered; however, the first page of a brief manual that uses an abbreviated title, below which the beginning text is placed, shall be assigned Arabic numeral 1. 

3.3.1.1.1.2.1 Title.
The TM title shall consist of the following, located as shown in Figure 4. 

a. WARNING (if the manual contains unverified data). 

b. Heading "TECHNICAL MANUAL" 

c. Type of Manual 

d. Maintenance Level (if restrictive) 

e. Prime title (type and model) 

f. Subtitle (as applicable) 

g. Manufacturer 

3.3.1.1.1.2.1.1 Type of Manual.
The type of manual shall be placed beneath the "TECHNICAL MANUAL" heading. 

3.3.1.1.1.2.1.2 Maintenance Level(s).
The level(s) of maintenance, as appropriate, shall be placed beneath the manual type. When only one maintenance manual is being acquired to support a weapon, equipment or hardware, no level shall be specified unless restrictive, since it will be the only manual available for repair and maintenance at any designated maintenance level (Organizational, Intermediate or Depot). 

3.3.1.1.1.2.1.3 Prime Title.
The nomenclature of the equipment, type, model, part number or subject (blocks, serial numbers or registration numbers, if appropriate) shall be positioned below the words identifying the manual type or maintenance level, if applicable. When specified, the national stock number and identification of other equipment covered in the manual shall be indicated. 

3.3.1.1.1.2.1.4 Subtitle.
A subtitle shall be used and located immediately below the prime title to indicate the contents of every separately bound volume and part of a Technical Manual. 

3.3.1.1.1.2.1.5 Manufacturer.
The identification of the manufacturer of the equipment shall appear below the equipment nomenclature or subtitle, as applicable. 

3.3.1.1.1.2.2 Contract/SEATASK Number.
The original contract/SEATASK number shall be placed on all new issues and carried forward on all subsequent cover and title pages. If the contract/SEATASK number for a change or revision is different from the original number, the number applicable to the change or revision shall be indicated on the cover and title page in addition to the original number. No more than two contract/SEATASK numbers, the original and the latest, need appear. 

3.3.1.1.1.2.3 Seal.
The Department of the Navy Seal, with command identifier, is placed below the Contract/SEATASK number(s). 

3.3.1.1.1.2.4 Distribution Statement.
All TMs shall have a distribution statement placed on the cover and title page. The appropriate distribution statement, will be provided by the Government. Unless otherwise specified, Distribution Statement C shall be placed on the cover and title page 

3.3.1.1.1.2.5 Export Control Notice.
When required, an Export Control Notice shall be placed on the cover and title page of each manual, manual supplement, revision or change: 

       "WARNING:  This document contains technical data whose export 

       is restricted by the Arms Export Control Act (Title 22, U.S.C. 

       SEC 2751, et seq) or the Export Administration Act of 1979, 

       as amended, Title 50, U.S.C., App 2401 et seq. Violations of 

       these export laws are subject to severe criminal penalties. 

       Disseminate in accordance with provisions of DOD Directive 

       5230.25(D)."

3.3.1.1.1.2.6 Destruction Notice.
All technical documents marked with distribution statements A, B, C, D, E, F or X shall be marked with the destruction notice from DOD 5230.24 on the cover and title page as follows: 

"Destruction Notice: Destroy by any method that will prevent disclosure
of contents or reconstruction of the document." 

3.3.1.1.1.2.7 Authority Notice.
The authority notice will be provided by the Government. Manuals to be jointly used shall show a joint authority notice. 

3.3.1.1.1.2.8 Publication Date.
The publication date of the manual shall be the cutoff date from which no further changes to the manual are permitted without issuing a formal change. This is normally the "approved date", that is, the date the government accepts the manual subject to the inclusion of specified comments. If the acquiring activity does not advise the preparing activity the exact date to use, the publication date shall be the date at which the last material to be included was received (copy freeze date). The day, month, and year shall be given in that sequence. 

3.3.1.1.1.3 List of Effective Pages.
A List of Effective Pages shall be prepared in accordance with Figure 1124. The list of effective pages shall back up the title page and be numbered using the letter "A" in the lower left-hand corner. When the list of effective pages begins as a right hand page, the letter "A" shall be in the lower right-hand corner. When additional pages are required, they shall be identified as "B", "C", etc. When the last page is a right hand page, it shall not be backed up and will list the next succeeding page as blank, e.g. "B/(C blank)". The list of effective pages shall be a complete list of all manual pages, including title page, the list of effective pages, table of contents pages, safety summary pages, blank pages, deleted pages, added pages and foldout pages. The list of effective pages shall include a statement of the total number of pages in the manual. The list of effective pages shall be updated for each change or revision. The listing shall be held to a minimum by grouping numbers where applicable. The page numbers for a blank page and the printed side of the sheet shall be listed as separate numbers even though a double number will appear on the printed side of the sheet. Appropriate change numbers shall be placed in the "Change No."column. The words "Deleted" or "Blank" shall be placed alongside the page number of pages so affected. 

3.3.1.1.1.3.1 Acquiring Service Identification.
The abbreviation of the acquiring Service, for example, USN, shall be placed in the lower right corner of the list of effective pages (page "A" only). If a Service acquires a manual for exclusive use of another Service, the symbol in the lower right-hand corner of the page shall still show the abbreviation of the acquiring Service. 

3.3.1.1.1.4 Change Record.
Unless otherwise specified, a change record, when included, shall be prepared in accordance with Figure 21. The change record should not back or be backed up. These pages shall not be numbered. 

3.3.1.1.1.5 Table of Contents.
A table of contents listing parts, chapters, sections and paragraphs in the same order and with the exact titles used in the text, with page number, shall be placed at the beginning of each publication (see Figure 11). In publications containing alphabetical indexes (see 3.3.1.1.2.26.6), only primary and first subordinate paragraphs shall be listed in the table of contents. There shall be no table of contents preceding individual chapters or sections. Layout shall conform to Figure 11 except that a single column format shall be used when the manual is prepared in single column. 

3.3.1.1.1.5.1 Table of Contents for Review Draft Copy.
The page number column for tables of contents may be left blank when working on RDC during the early stages of preparation. The page number column may be filled, if the composition equipment can produce the table of contents automatically. 

3.3.1.1.1.6 List of Illustrations.
Publications containing ten or more illustrations (including charts and graphs assigned figure numbers) shall have a list of illustrations showing the figure number, title, and page number of each figure. This list shall include foldout pages, schematics, and so forth. The security classification, if any, of illustration titles shall be indicated. Layout shall conform to Figure 1131 except that a single column format shall be used when the manual is prepared in single column. 

3.3.1.1.1.7 List of Tables.
Manuals containing ten or more tables (including charts assigned table numbers) shall have a list of tables showing the table number, title, and page number of each table. The security classification, if any, of table titles shall be indicated. Layout shall conform to Figure 1132 except that a single column format shall be used when the manual is prepared in single column. When both are brief, the list of illustrations and list of tables may be included on the same page. 

3.3.1.1.1.8 Foreword, Preface, Introduction.
A foreword, preface or introduction (see figure 1128) shall contain the purpose and scope of the manual plus any other information required by this document. The foreword, preface or introduction shall define abbreviations and nonstandard symbols, including any icons used in the manual if not explained elsewhere. When specified, submittal and routing instructions for technical manual improvement reports shall be included in the foreword, preface or introduction as provided by the Government. The following statement shall be included: "Ships, training activities, supply points, depots, Naval Shipyards and Supervisors of Shipbuilding are requested to arrange for the maximum practical use and evaluation of NAVSEA technical manuals. All errors, omissions, discrepancies, and suggestions for improvement to NAVSEA technical manuals shall be forwarded to: 

            COMMANDER

            CODE 5E30

            NAVSURFWARCENDIV

            4363 MISSILE WAY

            PORT HUENEME CA 93043-4307

on NAVSEA Technical Manual Deficiency/Evaluation Report, form NAVSEA 4160/1. All feedback comments shall be thoroughly investigated and originators will be advised of action resulting therefrom. Three copies of NAVSEA 4160/1 are included at the end of each separately bound technical manual 8-1/2 x 11 inches or larger. Copies of form NAVSEA 4160/1 may be downloaded from: 


http://nsdsa.phdnswc.navy.mil/tmmp/forms/TMDER_BLANK_REV_3-2001.doc 

Users are encouraged to transmit deficiency submittals via the Naval Systems Data Support Activity Web page located at: 


http://nsdsa.phdnswc.navy.mil/tmder/tmder.htm" 

Individual electronic TMs do not contain NAVSEA 4160/1 but are linked to an electronic version on the resident CD-ROM. Therefore, we encourage the user to transmit deficiency submittals via the Naval Systems Data Support Activity Web page located above. 

3.3.1.1.1.9 Safety Summary.
The safety summary shall be located as the last page(s) of the front matter. Figure 1129 is an example of the content and format of safety summaries. 

3.3.1.1.2 Style of Writing.
Writing style shall be in accordance with GPO Style Manual. Style of writing shall ensure: 

a. Technical content shall be presented in language free of vague and ambiguous terms, using the simplest words and phrases which will convey the intended meaning. GPO Style Manual shall be used as a general guide for capitalization, punctuation, compounding of words, numerals in the text and spelling of nontechnical words. All essential information shall be included, either by direct statements or by reference. Sentences shall be short and concise. Punctuation shall be used in a manner which aids in reading and prevents misreading. Sentences shall be rewritten when extensive punctuation is necessary for clarity. Technical words shall be used only when no other wording will convey the intended meaning. 

b. For maximum clarity and usefulness, there shall be consistency in terminology and organization within the same publication or series of publications. Nomenclature shall be consistent within a publication and throughout parts lists, parts breakdowns and other directly related publications. 

c. Quotation marks and underscoring shall not be used for emphasis. 

d. Words which have more than one meaning which will fit the context in which they are used, such as "replace" for "reinstall," shall not be used. 

e. Chapter, section and paragraph headings shall be descriptive of the contents of the division they head; "General" and "Miscellaneous" shall not be used unless no other title will suffice. 

f. Statements which explain applicability for individual items of equipment shall use specific serial number(s), block designation(s), specific model designation(s) or similar identification. Such terms as "on later equipment" and "on early serial numbers" shall not be used. 

g. Technical publications shall make no reference to age, sex, race or national origin. Use sex neutral terms, except avoid use of the word "person" (terms such as "midshipman" and "workman" are considered sex neutral). Terms such as male and female connectors, pins, and so forth, are acceptable. 

3.3.1.1.2.1 Support of User Tasks.
To the extent possible, information shall be presented that: 

a. Directly supports the immediate task of the user. 

b. Minimizes need for reading, studying, and conceptualizing skills. 

c. Minimizes need to refer to other documents or text material. 

3.3.1.1.2.2 Standard English Grammar.
Rules of grammar for standard American English shall be used. Colloquial, substandard, and slang expressions shall not be used. Infinitives may be split and sentences may be ended with prepositions in cases where not doing so sounds awkward or stilted and is likely to distract the user's attention from comprehending the content. 

3.3.1.1.2.3 Grammatical Person and Mood.
The second person imperative mood shall be used for procedures, i.e., "Remove test set from carrying case." Third person indicative mood shall be used for description and discussion. 

3.3.1.1.2.4 First Person Pronouns.
First person pronouns should be used, to avoid indefinite passive construction. 

3.3.1.1.2.5 Positive Form.
Procedural steps shall be in positive form ("Close the container" rather than "Do not leave the container open") unless the meaning demands the negative form. 

3.3.1.1.2.6 Concrete and Specific Language.
Concrete and specific language shall be used to reduce vagueness. 

3.3.1.1.2.7 Use of "Shall", "Will", "Should" and "May".
Use "shall" whenever a manual expresses a provision that is binding. Use "should" and "may" whenever it is necessary to express nonmandatory provisions. "Will" may be used to express a declaration of purpose. It may be necessary to use "will" in cases where simple futurity is required. 

3.3.1.1.2.8 Complex Sentences.
If a sentence has more than one clause and is more than 20 words in length, it shall whenever possible be rewritten as two or more simple sentences. 

3.3.1.1.2.9 Sentences in Procedures.
Sentences directing the actions of the user shall be in the active voice and imperative mode. If more than one person is involved, the directions shall be in the active voice, indicative mode, third person. 

3.3.1.1.2.10 Word Order.
Sentences and clauses shall be written using simple word order (subject, verb, object) to the extent possible. Modifiers, including prepositional phrases, shall be as close as possible to the word modified. These word order requirements shall be relaxed only to the extent necessary to avoid ambiguity or distortion of meaning. Procedural steps shall start with an active verb; lubricate, remove, tighten, and so forth. 

3.3.1.1.2.11 List Form.
If any series of three items or more appears in a sentence, the sentence shall be written so the items will appear in explicit list. 

3.3.1.1.2.12 Simple versus Complex Phrases.
Complicated phrases shall be avoided. 

3.3.1.1.2.13 Synonyms.
Use of synonyms to provide variety in technical writing can lead to confusion. If there are several synonyms for a concept or object, only one shall be selected and used consistently throughout the technical manual. 

3.3.1.1.2.14 Shortened Equipment Names.
In each section supporting a single user task, official terminology shall be used for the first reference to a hardware item. Official terminology shall be used wherever the use of a shortened name might be ambiguous. 

3.3.1.1.2.15 Nomenclature.
Nomenclature associated with systems, equipment, and components shall be introduced by means of illustrations coordinated with descriptive text. 

3.3.1.1.2.16 Consolidation of Material.
To the extent possible, all information required to complete a single task shall be put in one location in the manual. Information and artwork shall be repeated as necessary to fulfill this requirement. The need for the user to refer to other parts of the manual or to other information sources during performance of a task shall be minimized. 

3.3.1.1.2.17 Organization of the Technical Manual.
To ensure comprehensibility (the completeness with which a user in the target audience understands the text or text-graphics combination), technical manuals shall be organized on the basis of the user's need for information. In complex equipment or systems, where hierarchies of functional and physical relationships exist, corresponding technical tasks shall be grouped together in order of importance. An overview of the hierarchical arrangement of tasks by which the manual is organized shall be provided. This overview may be illustrated as a family tree or top-down breakdown of the tasks. The hierarchical arrangement shall be described in the introductory chapter of the technical manual. 

3.3.1.1.2.18 References.
References shall be kept to a minimum and shall be limited to Government approved documents such as military specifications and standards, technical manuals, drawings, engineering change data, and other approved material which will enhance the clarity and support the repair requirements and processes delineated in the manual. When commercial documents are the only suitable reference material available, approval shall be requested of the Government upon request of the manual developing activity. Strong justification must be provided. Referencing shall conform to the following: 

a. Where a small amount of information is needed (fewer than two pages), the applicable material shall be copied verbatim. 

b. Where a large amount of material is required (more than two pages) the applicable material shall be referenced fully, including the publication number and title. Reference to alternative repair procedures and drawings required to refurbish parts is acceptable if that refurbishment information is not routinely required. 

c. Where the reference is to an entire content of another document, the reference shall be only to the title of the publication and the publication identifying number. It is not considered necessary to repeat quality control standards or other approved routine procedures which have been addressed during specialty training. 

3.3.1.1.2.19 References.
The text shall refer to: 

a. Only models or types covered by the manual. To facilitate coverage of modified or additional models or types at a later date, references should be held to a minimum consistent with clarity. 

b. The basic number of Government specifications and standards. When the contractor cannot ascertain the Government specification number, the contractor shall request this information from the acquiring activity, furnishing complete information concerning the material's composition, properties, characteristics, applications, manufacturer's specification number, and so forth. 

c. Temperature readings as calibrated on the equipment. If other than Fahrenheit, the equivalent in Fahrenheit shall follow in parentheses. General temperature references, such as room temperature, shall normally be given in degrees Fahrenheit. 

d. Speed, distance and other instrument readings as calibrated on the equipment. 

e. Switch positions and panel markings exactly as marked on the equipment. However, symbols on panel markings may be spelled out when they cannot be produced by the composing equipment used to prepare the PTM or FRC, such as the symbol for "ohm", "infinity", and so forth. 

f. Measurements in U.S. standard units (ounces, pounds, gallons, inches, feet, knots, miles, and so forth.) except instances in which metric measurements are required. When the metric system is used on the equipment, conversion to U.S. standards shall follow in parentheses. If this document so requires, conversion of U.S. measurements to metric measurements shall be indicated. 

g. Illustrations by figure number, including section letter/number when applicable, and the sheet number for multisheet illustrations, when applicable. References shall be made only to illustrations within the same manual or another volume of the same manual. 

h. Figure numbers first, followed by the index number. However, when multiple references in a paragraph refer to the same figure, only the first reference need indicate the figure number. When the sequence is unbroken for procedures requiring two or more pages, the figure number followed by a dash and the word "Continued" shall be repeated after the first reference on each succeeding page. If two or more figures are involved in the same sequence, the figure with the greater number of items shall be cited as described above. Index callouts for items on remaining figures shall have the index number follow the figure number. In such cases, the paragraph lead-in shall contain a statement similar to the following: "Item numbers below refer to Figure 3-4 unless otherwise indicated." 

i. Parts on diagrams by enough of their reference designation to identify the item. For example: Resistor A6R11. 

j. Tables by table number. Reference shall be made only to tables within the same manual or another volume of the same manual. 

k. Other supporting paragraphs in the same manual or another volume of the same manual, by exact paragraph title (without the paragraph number) in capital letters, followed by the volume/part/chapter/section number in parentheses. 

l. Other subordinate paragraphs of the same primary paragraph as "above" or "below." 

m. Other TM identification numbers including exact paragraph title, when applicable, but omitting dates, page, figure and paragraph numbers. Reference may be made only to publications in the publication system(s) of the Service(s) that will use the publications and are authorized at user level. 

n. Footnotes, when essential for reference, explanation, comments, and so forth. Footnotes shall be numbered. Identical footnotes shall not be repeated within the chapter. Footnotes in the text shall not be used for mandatory requirements. Footnotes to the text shall be placed at the bottom of the page with a one inch horizontal rule placed flush left two spaces below the text and the footnote placed under the rule. 

o. Series of items as follows: 

1. By following the basic number with "-series" when all numbers in the series are included. 

2. By following the basic number with "series" (without dash) when the basic number is immediately followed by a letter or is succeeding a higher number. 

p. When a reference applies only to one sentence, it shall be enclosed in parenthesis. 

q. When a reference applies to the entire paragraph it shall be enclosed in parenthesis. 

3.3.1.1.2.20 Text Reference Placement.
References shall conform to the following: 

a. When a reference applies to one item within a sentence, place the reference parenthetically immediately after the item being referenced. 

b. When a reference applies to an entire sentence, place the reference at the end of the sentence with a period outside the parenthesis or show the reference in a complete sentence. 

c. When reference applies to an entire paragraph or paragraphs, place the reference after the paragraph title. 

d. When reference is made to items in figures by reference designations, the numbers shall be indicated in the following manner: "The ON-OFF switch (158, figure 3-6) on the center console controls the TWT cooling." 

3.3.1.1.2.21 Readability.
Unless otherwise specified, the Reading Grade Level (RGL) shall be nine. Technical manuals shall be written to the capability of the target audience for which they are intended. The method employed to determine readability of narrative material is optional; however, it must meet the quality assurance provisions identified in Section 4 of this document. The overall grade level (OGL), determined in 3.3.1.1.2.21.6.1, shall not exceed the appropriate RGL by more than one grade level. The grade level (GL) of each sample, shall not exceed the appropriate RGL by more than three grade levels. Nonnarrative material, such as procedural steps, is not subject to RGL. 

3.3.1.1.2.21.1 Sample Selection.
Samples of text shall be analyzed for readability. Select samples as follows: 

a. Count the number of pages of text in the publication. The count shall include all full and partial pages that contain text in the form of consecutive sentences. The count shall not include pages containing only illustrations, tables, lists, and so forth. Record the number of text pages. 

b. The basic number of samples is determined by the following: 

c.                                              BASIC NO.

d.          NUMBER OF            DIVISOR       OF SAMPLES

e.          TEXT PAGES        DIVIDED BY "N"   MIN    MAX

f.          90 and above          10            9      30

g.          54 to 89               9            6       9

h.          32 to 53               8            4       6

i.          1 to 31                6            2       4

j. Divide the number of text pages by the appropriate divisor, "N". Round off the quotient to the next lowest whole number. For example: quotients of 17.3 and 17.7 shall both be rounded off to 17. This quotient shall equal the basic number of samples to be analyzed. 

k. For publications that contain fewer than 12 pages, randomly select two samples and mark them for analysis. 

l. For publications that are 12 pages or more, randomly select a number between one and "N". The number selected shall be marked as the first page of text to be analyzed. Starting at the selected page, mark every "Nth" page of text to the end of the publication. The marked pages shall identify starting points for the basic samples to be analyzed. 

m. Check marked pages to verify that at least one sample has been selected for each chapter of the publication. If any chapter has been missed, randomly select one text page from that chapter and add it to the basic samples to be analyzed. 

3.3.1.1.2.21.2 Raw Data Collection.
For each sample marked, raw data must be collected. Data collection will consist of counts of the numbers of words, sentences, and syllables in each sample. The size of each sample is based on the number of words to be analyzed. Samples shall start at the beginning of the first full paragraph of each marked sample page. If a sample falls on a page containing procedural instructions, start sample at beginning of first full sentence on page. Headings, captions, and paragraph titles shall not be counted in the sample. 

3.3.1.1.2.21.3 Word Count.
For each sample, count the number of words as follows: 

a. For each sample, count all words up to the end of the sentence containing the 200th word. If the marked sample page contains fewer than 200 words, the sample can be extended to the next page of text; but, do not extend the sample into a new chapter or text pertaining to a completely new subject. 

b. Count as a word all numbers, letters, symbols, and groups of letters surrounded by white spaces. Hyphenated words and contractions count as one word. For example: each of the following count as one word: couldn't; GFE; that is; 32,008; 19-inch; +250F, left-hand. Thus a sentence like "The left-hand MLG door shouldn't open more than 250." consists of 9 words. 

c. Record the number of words in each sample. 

3.3.1.1.2.21.4 Sentence Count.
For each sample, count the number of sentences as follows: 

a. Count all sentences in sample including the sentence that contains the 200th word. 

b. Count as a sentence each unit of thought that can be considered grammatically independent of another sentence or clause. A period, question mark, exclamation point, and semicolon usually denote independent clauses and thus mark the end of a sentence. 

c. Record the number of sentences in each sample. 

3.3.1.1.2.21.5 Syllable Count.
For each sample, count the number of syllables as follows: 

a. For most words, count syllables the way the word is normally pronounced aloud. For example: "at" is one syllable, "maintain" is two syllables, "area" is three syllables, "panoramic" is four syllables, and "recuperated" is five syllables. 

b. Count all numbers as one syllable. For example: 5.1, 65 and 300 all count as one syllable each. However, if a numeric expression contains several numbers separated by hyphens, count each number as a syllable. For example: the expression 9-1025-240-10 is counted as four syllables. 

c. Acronyms and abbreviations are counted as one syllable unless they actually spell out a word of more than one syllable. For example: Hz and DVM each count as one syllable but TRADOC and ARRCOM each count as two syllables. 

d. Count as one syllable all words that are included in a baseline word list for Navy technical manuals (see SL160-AA-LST-010/TM-WORDS; EL160-AA-LST-010/TM-WORDS) and all expanded versions of those lists that are authorized for technical manual acquisitions. 

e. Record the number of syllables in each sample. 

3.3.1.1.2.21.6 Grade Level Calculations.
3.3.1.1.2.21.6.1 Overall Grade Level.
The Overall Grade Level (OGL) of a publication is calculated as follows: 

a. Add the total number of words (W) from all samples combined. Record total. 

b. Add the total number of sentences (S) from all samples combined. Record total. 

c. Add the total number of syllables (P) from all samples combined. Record total. 

d. Calculate the average sentence length (A). Divide total number of words (W) by total number of sentences (S): (A = W/S). Round off quotient to the nearest one hundredth. Record quotient. 

e. Calculate the average number of syllables per word (B). Divide total number of syllables (P) by total number of words (W): (B = P/W). Round off quotient to the nearest one hundredth. Record quotient. 

f. Calculate the OGL of the manual by the following formula. Round off the OGL to the nearest integer. 

g.                          OGL = 0.39(A) + 11.8(B) - 15.59

h.                SAMPLE COMPUTATIONS TO DEMONSTRATE USE OF FORMULAS:

i.                            TOTAL NO.     TOTAL NO.     TOTAL NO.

j.                 SAMPLE       WORDS       SENTENCES     SYLLABLES

k.                    1         250            30            500

l.                    2         220            35            475

m.                    3         245            28            420

n.                    4         223            22            400

o.                    5         256            32            510

p.                    6         215            27            398

q.                    7         219            26            395

r.                    8         230            30            400

s.                    9         225            29            380

t.                   10         226            28            370

u.          TOTALS:  10    W = 2309      S =  287       P = 4248

v.                    A = W/S    A = 2309/287     A = 8.05

w.                    B = P/W    B = 4248/2309    B = 1.84

x.                    OGL = 0.39(A) + 11.8(B) - 15.59

y.                    OGL = 0.39(8.05) + 11.8(1.84) - 15.59

z.                    OGL = 3.14 + 21.71 - 15.59

aa.                    OGL = 9

3.3.1.1.2.21.6.2 Sample Grade Levels.
Calculate the Grade Level (GL) of each sample as follows: 

a. Calculate the average sentence length (L). Divide the number of words in the sample (V) by the number of sentences in the sample (T): (L = V/T). Round off quotient to the nearest one hundredth. 

b. Calculate the average number of syllables per word (D). Divide the number of syllables (C) in the sample by the number of words (V) in the sample: (D = C/V). Round off quotient to the nearest one hundredth. 

c. Calculate the Grade Level of each sample (GL) by the following formula. Round off each GL to the nearest integer. 

d.                       GL = 0.39(L) + 11.8(D) - 15.59     

3.3.1.1.2.22 Abbreviations and Acronyms.
The use of abbreviations and acronyms shall be such that there is no need for experienced users to consult a glossary of abbreviations and acronyms. Abbreviations and acronyms should be used for those systems, subsystems, equipment, components, organizations, or other items which are ordinarily referred to by their abbreviations or acronyms by experienced personnel. When abbreviations or acronyms are used as markings on the equipment, the same abbreviations and acronyms shall be used in the technical manual. Use of abbreviations and acronyms shall be held to a minimum and each shall be spelled out the first time it appears in each chapter, section, part, job guide, work package or other division where confusion may exist or usability would be enhanced. An excellent rule to follow is; "when in doubt, spell it out." 

Abbreviations and acronyms which are accepted as words (radar, sonar, laser, and so forth) need not be spelled out. When a phrase is being abbreviated or acronymed, the first letter of each word shall be capitalized and elements shall not be separated by periods. Abbreviations and acronyms used shall be in accordance with MIL-STD-12, except that abbreviations may be plural (s) or possessive ('s) after the first use. If a manual is prepared on composing equipment which cannot produce a certain abbreviation or symbol, such as "+/-" for "plus or minus", a substitute symbol, such as "+ or -", or an abbreviation, such as "POM", may be used. New abbreviations and acronyms shall not be created for words or terms that already have abbreviations and acronyms established in MIL-STD-12. All abbreviations and acronyms used in the manual shall be explained in the manual's foreword, preface, or introduction. 

3.3.1.1.2.23 Metric Symbols.
Metric symbols shall be in accordance with NIST Special Publication 811 and IEEE 945. 

3.3.1.1.2.24 Military Terms.
Military terms used shall be in accordance with Joint Chiefs of Staff (JCS) or any dictionary or glossary of military terms of the appropriate Service. 

3.3.1.1.2.25 Automatic Electronic Test and Checkout Terminology.
Terms used for automatic electronic test and checkout shall be in accordance with MIL-STD-1309. 

3.3.1.1.2.26 Divisions.
The hierarchical breakdown of a publication shall be divided into chapters, sections and paragraphs, as appropriate. There shall be at least two of each subdivision used, except paragraphs, that is, where there is a Chapter 1 or Section I, there shall be a Chapter 2 or Section II. All chapters, sections and primary and first subordinate paragraphs shall be titled except procedural steps or those statements which follow a colon. The second and all following subparagraph lines shall begin at the left margin. Breakout shall be planned so as to subordinate that which should be subordinated. 

3.3.1.1.2.26.1 Chapters.
The manual shall be divided into chapters to provide a logical work sequence arrangement. Chapters shall start on a right-hand page and shall be identified by use of an Arabic numeral on the heading page. Arabic numerals shall be used to number chapters consecutively throughout all volumes of the publication. Pages within a chapter are identified by use of a chapter number, hyphen, and successive page numbers. 

3.3.1.1.2.26.2 Sections.
Sections shall be formatted in accordance with this document. When multiple coverage in chapters of manuals for compound items is approved by the Government, a chapter sectioning technique may be employed. In this instance, a section that reflects a separate breakout item or separate allowance parts list (APL) identified unit shall start on a new right-hand page. Roman numerals shall be used to number sections consecutively within each chapter. 

3.3.1.1.2.26.3 Paragraphs.
Text shall be divided into primary paragraphs and subordinate paragraphs. Paragraphs may also be divided into procedural steps. Procedural steps may be further divided if necessary. Decimal paragraph numbering shall be used. 

3.3.1.1.2.26.3.1 Primary Paragraphs.
Primary paragraphs shall be used to divide text within chapters or sections into two or more main portions. There shall be at least two primary paragraphs in each chapter or section, except when a chapter or section of a manual is comparatively brief, the section could consist of one primary paragraph. A primary paragraph begins with a primary sidehead which shall be prepared as follows: 

a. All capitals. 

b. Boldface type. 

c. Stand alone (no text on the line). 

3.3.1.1.2.26.3.2 First Subordinate Paragraphs.
First subordinate paragraphs are used to divide text under primary headings into two or more subjects. There shall be at least two first subordinate paragraphs when a primary subject is subdivided. First subordinate paragraphs begin with first subordinate sideheads which shall be prepared as follows: 

a. All capitals. 

b. Boldface type. 

c. With text being run-in. 

3.3.1.1.2.26.3.3 Second Subordinate Paragraphs.
Second subordinate paragraphs are used to further subdivide material under first subordinate paragraphs. Second subordinate paragraphs normally begin with second subordinate sideheads which shall be prepared as follows: 

a. Upper and lowercase. 

b. Boldface type. 

c. With text being run-in. 

3.3.1.1.2.26.3.4 Third Subordinate Paragraphs.
Third and fourth subordinate paragraphs are used to further subdivide material under second subordinate paragraphs. Third and fourth subordinate paragraphs begin with subordinate sideheads which shall be prepared in the same manner as second subordinate sideheads. 

3.3.1.1.2.26.3.5 Paragraph Headings.
Paragraph headings (titles) are identified as primary sideheads, first subordinate sideheads, second subordinate sideheads, and so forth (see figure 1130). Each paragraph heading (sidehead) shall describe that paragraph's contents and start with a significant word. Periods shall follow paragraph titles. There shall be two spaces between the paragraph number and the title. 

3.3.1.1.2.26.3.5.1 Informative Headings.
Headings shall be informative and not merely labels. Headings shall serve two purposes. First, they shall make access to information easier by permitting the reader to scan a page to find the information needed. Second, they shall alert the reader to the type of information contained in the text to follow. 

3.3.1.1.2.26.3.5.2 Headings and Relevance.
A paragraph or procedure heading shall uniquely identify the content of the material that it heads. All material under a single heading shall be consistent with the heading. 

3.3.1.1.2.26.3.5.3 Heading Length.
Headings shall be limited to 10 words or less. Only 10 percent of all headings shall be more than 7 words in length. 

3.3.1.1.2.26.3.5.4 Headings Per Page.
To facilitate the user's search for information in the technical contents sections of the manual: 

a. If more than half of a page consists of text, there shall be at least two headings on the page. 

b. If one-fourth to one-half of a page consists of text, there shall be at least one heading on the page. 

3.3.1.1.2.26.3.5.5 Primary Sideheads.
Primary sideheads divide text within chapters or sections into two or more portions. There shall be at least one primary sidehead in each chapter or section. Primary sideheads stand alone (are not run in with text) and shall appear in capital letters. They shall begin at the left margin and shall be underscored. 

3.3.1.1.2.26.3.5.6 Subordinate Paragraphs.
Subordinate paragraphs shall be numbered. First subordinate paragraphs shall have a sidehead. Second and subsequent subordinate paragraphs should, but are not required to, have a sidehead. The first letter of the first word and of each principal word shall be capitalized, and the title shall be underscored. The text shall begin on the same line as the title/paragraph number and be separated by a period (if using a title) and two spaces. Carry over lines for all subordinate paragraphs shall return to the left margin. Breakdowns beyond the third subordinate shall not be used without the approval of the acquiring activity. Figure 7 shows samples of decimal paragraph numbering and decimal paragraph numbering with added material. Single column format shall use the same conventions as double column. 

3.3.1.1.2.26.3.6 Decimal Paragraph Numbering.
Format for the decimal numbering method shall be as outlined below and in Figure 7. Paragraphs shall be numbered consecutively within the chapter. All paragraph numbers shall be preceded by the chapter number and a period. 

a. Primary sideheads shall be numbered consecutively within the chapter. The paragraph number shall be preceded by the chapter number and a period, for example the first primary paragraph of chapter 3 would be 3.1, the second primary paragraph would be 3.2, and so forth. 

b. All subordinate sideheads shall begin two spaces below the preceding paragraph at the left margin. 

c. Procedural steps shall begin two spaces below the preceding text and indented two spaces from the left margin. Substeps shall begin two spaces below the preceding step and indented an additional two spaces. 

3.3.1.1.2.26.3.7 Procedural Steps.
Procedural steps shall be used to provide step-by-step instructions, such as disassembly, assembly and alignment procedures. Steps may be further divided into substeps. Procedural steps and checklist items shall be numbered. The text shall begin on the same line as the step number and be separated by two spaces. Carry over lines shall not return to the left margin but shall start under the first letter of the preceding line (blocked). 

3.3.1.1.2.26.3.8 Procedures.
Step-by-step procedures (see figure 913) for removal, disassembly, repair, and inspection of the repairable items shall be developed only as required. Procedural steps and checklist items shall be numbered. Extensive use of uniform standards and methods is encouraged. Instructions shall be limited to areas where the sequence of operations is not standard shop practice or where special techniques are required for access to a part requiring repair. Instructions on the tagging, labeling, and match-marking of parts shall be included in the procedure. When examinations and inspections must be performed prior to or during disassembly, the procedure shall so specify. 

3.3.1.1.2.26.3.8.1 Procedural Step Content.
A procedural step shall be limited to a single operation or to repetitions of a single operation with the following exceptions: 

a. If simultaneous operations are required, they shall be listed together in the same step. 

b. If the step is a major step in a dual-level presentation, the major step shall express the action with a single verb; for instance, "Turn equipment ON". 

c. If the step represents a detailed procedure, as in (b), but the procedure is so basic that the details should rarely be needed by the intended users, or if the procedure is very frequently repeated, such as turn on, turn off, and calibration procedures, the step shall refer to the procedure with a single verb and cite a reference to the detailed steps. For instance, "Turn equipment ON (see 3-46 for details)." 

d. Verification of the result of an operation may be included in the step. 

3.3.1.1.2.26.3.8.2 Procedure Length.
Each separate procedure shall be limited to a maximum of 10 steps. 

3.3.1.1.2.26.3.8.3 Indentations.
Procedural steps in a paragraph structure shall be indented. Procedural steps in each level of substep shall be indented an additional two spaces. When step numbers require double characters (aa), (10), and so forth), the number shall be indented only one space in order to maintain right justification of the numbers. All lines on warnings, cautions and notes shall be indented five spaces or characters from both left and right margins. When the right margin is unjustified, indentations of five spaces shall be from the maximum allowable width of the typed text. 

3.3.1.1.2.26.3.8.4 Dual-Level Presentation.
If users of a procedure are expected to vary widely in experience and capability, the Government may direct that certain procedures be presented in a dual-level format. In this format, detailed steps appropriate for inexperienced users shall be listed under major steps. The major steps, without reference to the detailed steps, shall be sufficient to support the performance of experienced users (see figure 913). Dual-level, step-by-step procedures shall be provided in any of the following cases: 

a. When accomplishment of the required action would not be obvious to a journeyman mechanic unfamiliar with the peculiar equipment covered by the manual. 

b. When a peculiar or special action is required. 

c. When safety-related or precautionary procedures are required to prevent personnel injury or equipment damage. 

d. When the required action involves an area with a known history of failure due to improper procedures. 

e. When because of complexity of a particular procedure, it is necessary to maintain the continuity of the manual. 

f. When verification of the manual demonstrates the need for a step- by-step procedure to satisfactorily complete the required action. 

3.3.1.1.2.26.3.8.5 Introduction to Procedure.
Prior to the listing of procedural steps, introductory information shall be provided to help the user carry out the procedure without interruption. 

3.3.1.1.2.26.3.8.6 Lead-in.
Procedural steps shall not be prefaced by a lead-in which duplicates the heading. 

3.3.1.1.2.26.3.8.7 Relevance of Procedural Text.
A procedure shall present only that information necessary for completing a task or preventing error. 

3.3.1.1.2.26.4 Appendixes.
Each appendix shall contain a statement delineating its purpose and application. Appendixes shall immediately follow the last chapter of the manual. Appendixes shall begin on a right hand page. Each manual or volume in a set of manuals shall contain its own appendixes. In addition, Volume 1 or the first manual of the set shall contain appendixes for all volumes or manuals in the set. Appendices shall be used to separate relatively bulky information from the body of the manual when such separation will increase the clarity of the overall manual. When used, appendices shall be identified by capital letters. Appendixes shall be identified by capital letters, for example, APPENDIX A, APPENDIX B and so forth. Pages, paragraphs, illustrations and tables for appendixes shall be consecutively numbered in Arabic numerals preceded by the capital letter of the appendix. For example: 

          Number                           Meaning

          A-17                             Appendix A, page 17

          Figure B-17                      Appendix B, figure 17-1

          Table C-17                       Appendix C, table 17

3.3.1.1.2.26.5 Glossaries.
Glossaries shall be used in TMs only when the terms are not adequately defined in the text, in the Navy, DOD or standard dictionary, or contained in the manual foreword, preface, or introduction. If a glossary is required, it shall immediately precede the alphabetical index, if any. Page numbers for a glossary shall be consecutively numbered in Arabic numerals with the word "Glossary" preceding the page number. For example: "Glossary 1." 

3.3.1.1.2.26.6 Index.
Unless otherwise specified, an alphabetical index shall be prepared when the number of titled paragraphs in a publication exceeds 100 (see Figure 29). When specified, an index shall be prepared regardless of the number of paragraphs. It shall list pertinent subjects under every topic for which users are likely to look. "See" and "see also" references may be included to guide the user to other pertinent entries. All applicable paragraph numbers for each item shall be indicated. The alphabetical index shall be so constructed as to enable the user to easily locate any part, information or operation described in the text. Alphabetical indexes shall begin on a right hand page. Page numbers for alphabetical indexes shall be consecutively numbered in Arabic numerals with the word "Index" preceding the page number. For example: "Index 1." The alphabetical index shall be located at the end of the publication but will be located before foldout page(s). 

3.3.1.1.2.27 Margin Data.
Margin data (generally the running heads and feet) shall be placed outside that portion of the page used for either narrative text, full page tabular data or full page illustrations, but within the printing area dimensions of the page. When applicable, margin data also consists of the change number, security classification, page content and equipment identification, figure number and figure title. The margin data shall be mounted on full page illustrations, including those for foldout pages that have been prepared in exact printing size (or in the same size as text pages). Margin data shall not be on an overlay. Text may be separately prepared in single column galleys and then attached to the appropriate layout page. 

3.3.1.1.2.27.1 Running Heads and Feet.
Complete running heads and feet shall be included on all pages except title pages or pages otherwise blank. 

3.3.1.1.2.27.1.1 Running Heads.
3.3.1.1.2.27.1.1.1 TM Identification Number.
The technical manual identification number assigned by the Government shall be located on each page. The technical manual identification number, as assigned for each volume and part, shall be in bold face type at the upper outer edge of each page and outer segment (page unit) of each foldout page. If the publication is jointly used, each Service's number shall be prefixed with the word Navy (NAVSEA) (NAVAIR), (SPAWAR), as applicable. The Government's technical manual identification number shall be placed above the using activity's technical manual identification number. The using activity's numbers shall be in alphanumeric sequence following the Government's number. For example: 

        NAVY (NAVAIR)
AI-F18AA-WRM-070

        NAVY (NAVSEA)
SE211-FA-MMA-010/SPS-10A

        NAVY (SPAWAR)   EE211-FA-MMA-010/SPS-40

3.3.1.1.2.27.1.1.2 Binding Edge.
The binding edge shall indicate the equipment or subject to which the manual applies and relate to the prime title. Appropriate abbreviations may be used. Top-bound manuals shall place this information on the top, left-hand corner. 

3.3.1.1.2.27.1.1.3 Outer Edge.
Significant reference information such as chapter, section or subject titles or paragraph number or figure number shall be used or added. Appropriate abbreviations may be used. Top bound manuals shall have this information placed on the top, right-hand corner. 

3.3.1.1.2.27.1.2 Running Feet.
3.3.1.1.2.27.1.2.1 Page Number.
Page numbers shall be located at the lower outer edge ending at the outside margin and shall be in bold face type. Even numbers, including zero, shall be assigned to left-hand pages and odd numbers to right-hand pages. The page number for a foldout page shall be so placed (lower outer edge ending at the outside margin) that the number will be visible when the printed page is folded. 

3.3.1.1.2.27.1.2.2 Issue Indicator.
When specified, the issue indicator of basic manuals, revisions and the change designator for change pages shall be located at the outer edge of all pages on the same line as, and 1/2 inch to the inside of, the page number. When specified, the word "Original" shall be included on basic pages. 

3.3.1.1.2.28 Numbering of Pages, Tables, and Illustrations.
3.3.1.1.2.28.1 Review Draft Copy.
Page numbering techniques shall approximate that to be used in the final reproducible copy. These page numbers are used only to establish the continuity of the RDC and have no bearing on page numbers which will appear later in the final reproducible copy. 

3.3.1.1.2.28.1.1 Blank Page Number.
A blank page shall be assigned a number but it shall appear on the preceding or following page. For example: if page 10 of Chapter 1 is blank, page 9 shall bear the number 1-9/(1-10 blank); if page 9 of Chapter 1 is blank, page 10 shall bear the number (1-9 blank)/1-10. When applicable, an added page, such as 1-10.1, shall show that 1-10.2 is blank. 

3.3.1.1.2.28.1.2 Pages, Tables and Illustrations.
Pages, tables and illustrations shall be numbered consecutively within each chapter. Manuals divided into chapters and, in turn, into sections, shall contain consecutively numbered pages, tables and illustrations for the entire chapter. Page, table and illustration numbers shall consist of two part Arabic numerals separated by a hyphen. The first part shall be the chapter number with the second part being the order within the chapter. The volume number shall be included with the page number. For example: 

      Number                               Meaning

    2-17                                 Chapter 2, page 17

    3-12-10                              Volume 3, Chapter 12,

                                         page 10

    Table 2-17. (Title)                  Chapter 2, table 17

    Figure 2-17. (Title)                 Chapter 2, figure 17

    Figure 2-17. (Title) (Sheet 1 of 3)  Chapter 2, figure 17 is a

                                         multisheet (3 total)

                                         illustration.  Remaining

                                         sheets shall be numbered

                                         in consecutive order;

                                         (Sheet 2), (Sheet 3) and

                                         so forth.

Note that a manual may contain both a table and a figure 2-17. Only the first sheet of a multiple sheet illustration shall contain the total number of sheets, that is, Sheet 1 of 3. If a chapter is so short that the chapter can be completed on one page, permitting another chapter to start on the same page, both chapter numbers shall be indicated by the page number. For example: `3-1/4- 1`. 

3.3.1.1.2.28.1.2.1 Foldout Figure Number and Title.
The figure number and title for a foldout page shall be so placed (lower outer corner) that the number will be visible when the printed page is folded. 

3.3.1.1.2.29 Emergency Page Markings.
Pages containing emergency information shall have a broken black border in accordance with the requirements of Figure 58. FRC for emergency pages shall be 1/4 inch oversize to ensure proper printing of the bleed borders. Emergency page markings are not considered margin data. 

3.3.1.1.2.30 Danger, Warnings, Cautions and Notes.
Dangers, warnings and cautions shall precede the text but follow paragraph headings to which they apply. Notes may precede or follow applicable text, depending upon the material to be highlighted. Dangers, warnings, cautions and notes shall not contain procedural steps nor shall the headings be numbered. When a danger, warning, caution or note consists of two or more paragraphs the heading DANGER, WARNING, CAUTION, or NOTE shall not be repeated above each paragraph. If it is necessary to precede a paragraph by both a danger and a note, a warning and a note, or a caution and a note, and so forth, dangers shall precede warnings, warnings shall precede cautions, which in turn shall precede notes. 

	DANGER


	WARNING


CAUTION

Dangers, warnings, cautions and notes shall be short, concise and used only to emphasize important or critical data. Dangers, warnings and cautions may be worded positively or negatively and shall state the hazard and result or reason, unless obvious. Paragraphs 3.3.1.1.2.30.1 through 3.3.1.1.2.30.1.4.1 provides additional requirements for inclusion of warnings and cautions. Icons shall be used as described in paragraphs 3.3.1.1.2.30.1 through 3.3.1.1.2.30.1.4.1. 

3.3.1.1.2.30.1 Scope.
This document identifies standard practices for the inclusion of Occupational Safety and Health guidance in the text of technical manuals. The intent is to provide sufficient information to allow a standardized approach to the task, eliminate confusion, and improve the technical manual development process overall. The criteria for safety symbols in technical documents are in conformance with ANSI Z535.3. 

3.3.1.1.2.30.1.1 General Requirements.
3.3.1.1.2.30.1.1.1 Human factors.
Technical manual procedures are subject to being overlooked or circumvented when they are deemed unworkable or impractical. Careful consideration of environmental factors, equipment design or layout, human nature, and other human factors will help ensure the overall integrity of the task procedures. 

3.3.1.1.2.30.1.1.2 When to use Danger, Warning, or Caution statements.
3.3.1.1.2.30.1.1.2.1 Danger.
Danger is used to indicate a location, equipment, or system where imminent hazard exist, capable of producing immediate injury or death to personnel or threatens the primary mission of the ship. 

3.3.1.1.2.30.1.1.2.2 Warning.
Warning is used to indicate a location, equipment, or system where a potential hazard exist, capable of producing injury to personnel, if approved procedures are not followed. 

3.3.1.1.2.30.1.1.2.3 Caution.
Caution is used to indicate where hazard exist, that could severely damage equipment, a system, or the ship, causing loss of mission capability if approved procedures are not followed. 

3.3.1.1.2.30.1.1.3 General.
Operating, maintenance, and safety instructions are used to indicate procedures to be followed in operating and maintaining equipment and complex systems normally tended by trained technicians. These information signs shall be prepared with limited detail and shall cover emergency and safety procedures fully. General safety information provides notice of general safe practice or rules related to health, first aid, sanitation and housekeeping. 

3.3.1.1.2.30.1.1.4 Design criteria.
Danger, warning and caution icons or symbols shall be in accordance with ANSI Z535.3. These signs shall be compatible with precautions in applicable manuals. 

a. As indicated by the definition in this document, DANGER statements are used to indicate imminent hazard to personnel or equipment, WARNING statements are reserved for the protection of personnel and CAUTION statements are reserved for equipment or system protection. Do not use CAUTIONS for health hazards. 

1. WARNINGS and CAUTIONS should be used for those unique conditions, steps or processes that require additional emphasis because of the inherently dangerous nature of the task or the potential for a "surprise" not otherwise readily obvious from the procedure. 

2. A WARNING should be used to advise of injury or occupational illness potential, but only based on the reasonable likelihood that the reader's health or safety will be impacted in such a manner as to cause immediate concern and a disabling injury or occupational illness will result if the task procedure or stated precaution are not closely followed. Injury is defined as a traumatic bodily harm caused by a single or 1-day exposure to an external force, toxic substance (usually associated with accidents and spills in work places where the specific agent is not normally in the environment), or physical agent which will result in restricted duty, lost time, or worse. The occupational illness is defined as any abnormal physical condition or disorder, other than one resulting from an injury (as defined above), caused by repeated exposure to chemical, biological, or physical agents associated with the occupational environment which will result in restricted duty, lost time, or worse. 

3. Specific direction as to which specific procedures require the use of warnings or cautions should be obtained from the LSAR and system safety. The responsible safety office also should be requested to review technical manual procedures for compliance with safety concerns. 

b. Risk assessment - and the related issue of whether or not additional emphasis is required - is somewhat subjective. Decisions concerning these issues should be based on as much information as possible including historical mishap data from related systems, research, and the experience of all those involved in the technical manual development process. Often, the latter is the best indicator of the need for additional comment. Through the acquisition phase of major weapon systems, the decision to include a DANGER, WARNING or CAUTION statement in the text can often be made by consulting the Operating and Support Hazard Analysis or other system safety engineering analysis. 

c. DANGERS, WARNINGS or CAUTIONS are not to be used for environmental protection concerns or security information. 

3.3.1.1.2.30.1.1.5 Wording and Structure of Danger, Warning, and Caution Statements.
a. A DANGER, WARNING or CAUTION statement should consist of four parts: a signal word (Danger, Warning, Caution), a concise statement of the hazard, minimum precautions, and the possible result if the DANGER, WARNING or CAUTION is disregarded, unless obvious. An icon is optional. In cases where hazardous materials are being used and the conditions on 3.3.1.1.2.30.1.1.7e.2 exist, a hazardous material icon(s) shall be used. See paragraph 3.3.1.1.2.30.1.4 for guidance on constructing the icons. 

1. The signal word will always be included using one of the styles, or similar, referenced in this document. Whichever style is used, it must be used consistently. 

2. The remaining parts can be arranged in any way that gets the point across; however, following the format of statement first, precaution second, and result third is often the most clear and concise method. Brevity is important. If the possible result is obvious, it need not be included. 

3. A precaution is a short statement of hazard mitigation that tells the reader to take care, for example "use eye protection", or "keep arms and hands clear". Certain precautions may reference other publications or direct people to consult with another agency (for example, "...consult Bioenvironmental Engineering"). However, guidance of this nature should be considered for inclusion in a safety summary (see 3.3.1.1.2.30.1.1.7). 

b. DANGER, WARNING or CAUTION statements shall never contain procedures critical to the effective and safe completion of the task. For example: 

c.                              "WARNING

d.          Cleaning with compressed air can create airborne 

e.          particles that may enter eyes or penetrate skin. Pressure 

f.          shall not exceed 30 psig. Wear goggles. Do not direct 

g.          compressed air against skin."

h. Negatively worded statements (for example, "Failure to adhere..." or "Do not use ...") are acceptable and sometimes the best way to convey the message. 

i. Multiparagraph or excessively long DANGER, WARNINGS and CAUTIONS are not specifically disallowed by this document but lengthy statements are a good indication that the task procedures are not written with the needed safety steps or procedures included. 

j. Pay strict attention to the definitions of "shall", "will", "should", and "may" in this document. The use of these words must be consistent with exposures or conditions which require comparable DANGER, WARNINGS or CAUTIONS. 

3.3.1.1.2.30.1.1.6 Placement of Danger, Warning, or Caution Statements.
a. This document contains general requirements. 

b. DANGER, WARNINGS or CAUTIONS should be placed in the text immediately prior to the step or procedure to which they apply. The same DANGER, WARNING or CAUTION need not be repeated within a procedure as long as the emphasis and impact of the DANGER, WARNING or CAUTION is not lost because of a break in the procedures. 

c. There is no stated maximum on the number of unrelated DANGER, CAUTIONS or WARNINGS that can be placed on a page. Under no conditions should they be so numerous so as to obscure the procedures. Properly written procedures should eliminate the need for consecutive WARNINGS. Sandwiching short (one line or two line) procedures between WARNINGS and CAUTIONS should be avoided. 

3.3.1.1.2.30.1.1.7 Safety summary sheets or sections.
a. All technical manuals containing dangers, warnings, or cautions shall have a Safety Summary. In conjunction with properly written procedures, the Safety Summary, which can contain general safety precautions, can eliminate the need for many DANGER, WARNINGS or CAUTIONS. 

b. Provide a Safety Summary in accordance with this document in the front of the manual preceding the first text page. The safety summary provided on figure 1129 is only an example of the type, depth, and format of general shop safety information necessary. It is not all inclusive. Only the first two paragraphs (see figure 1129), or similar wording detailing the significance and use of DANGER, WARNING and CAUTION statements, should be considered common to all Safety Summaries. Additional paragraphs can be added depending upon the class of hazard found in the technical manual. 

c. Nearly any topic can be considered for inclusion in a Safety Summary: mechanized material handling equipment; overhead lifting devices; wood or metal working machine use and guarding; and so forth. General precautions related to storage, and so forth, can also be included. 

d. Safety summaries are an excellent place to provide general safety or health instructions, but they must be tailored to the technical manual. 

1. Live circuitry guidance is probably not applicable to a corrosion control technical manual. This does not preclude the possibility, however, of a WARNING in the text of a corrosion control technical manual if the text establishes the likelihood of exposure to injurious current. 

2. The converse is also true. It would be appropriate to include live circuitry guidance in the Safety Summary of a maintenance manual. However, WARNINGS inserted in the text prior to every point of potential current exposure would not be required, as long as the procedures identify the proper controls, for example, "discharge capacitor XXXX," or "...turn off power and tag out (lock out) switch." It is reasonable to assume a trained maintenance technician is fully aware of the hazards of live circuitry; emphasis beyond a Safety Summary would be needed only in the event that the equipment, procedures or work environment presented an unusual situation to the technician. 

e. Inclusion of general guidance in a Safety Summary does not preclude the need for a DANGER, WARNING or CAUTION if the text calls out a nonroutine use or application. 

1. For example: in a parts cleaning technical manual, general guidance in the Safety Summary related to air pressures (30 psig), chip guarding, eye protection, and so forth, would suffice as long as the task procedures include the minimum required controls (pressure regulation, and so forth) as procedural steps. A CAUTION may still be required, however, if the text specifies 15 psig for a delicate piece of equipment that would be damaged if the technician proceeded under the general guidance included in the Safety Summary. 

2. Many industrial hygiene and occupational health concerns can be addressed in the same manner. In technical manuals that frequently call for routine solvent applications, WARNINGS would not be needed throughout the text as long as the minimum required controls are called for in the task procedures. General guidance regarding solvents could be included in the Safety Summary. Additional emphasis would then be required only if a procedure calls for a nonroutine application, such as heating the solvent, or an unusual, potentially more toxic solvent. In that event, a DANGER or WARNING could be used depending on the ability of the process to cause immediate safety or health concerns. This approach can be used for many of the occupational health concerns associated with commonly used substances, for example, hydraulic fluids, oils, fuels, paints, thinners, adhesives, sealants, and so forth. 

f. DANGER, WARNINGS or CAUTIONS should not simply be extracted from the text and inserted verbatim in a Safety Summary. An acceptable approach would be to provide a general summary of guidance, classed by exposure. DANGER, WARNINGS or CAUTIONS must still be placed in the text, however, based on the risk associated with the steps or procedure. 

g. Excessively long Safety Summaries are discouraged. If a technical manual requires extensive safety or health guidance, a safety section or chapter should be considered. 

3.3.1.1.2.30.1.2 Quality Control.
3.3.1.1.2.30.1.2.1 Rewrite.
The Government will recommend rewrite under the following conditions: 

a. When any part of a procedure, DANGER, WARNING, CAUTION, or Safety Summary is not consistent with existing Occupational Safety and Health Administration and Service safety requirements or is detrimental to existing Service safety and health programs. 

b. When WARNING statements are misused for equipment protection or otherwise misused outside of the intent of this document. 

c. When CAUTION statements are misused for personnel protection, or otherwise misused outside of the intent of this document. 

d. When DANGER, WARNING or CAUTION statements contain procedural steps, they should be included in the task description. Minimum protective equipment requirements or minimum precautions are allowable. 

e. When DANGER, WARNING, or CAUTION statements are excessively long. 

f. When DANGER, WARNING, or CAUTION statements are so numerous on a page that necessary task procedural steps are visually obscured. 

g. When Safety Summaries are used to the exclusion of DANGER, WARNINGS and CAUTIONS in the text unless indicated by the nature and class of hazard associated with the text, or when otherwise used outside of the intent of this document (that is, they should provide tailored, general guidance). 

h. When DANGER, WARNINGS or CAUTIONS are extracted from the text verbatim and inserted in the Safety Summary. 

i. When statements detailing the significance and use of DANGER, WARNING and CAUTION statements are not provided in the Safety Summary. 

j. When the wording of DANGER, WARNINGS or CAUTIONS varies throughout the text even though the same or very comparable conditions are being emphasized. 

k. When a DANGER/WARNING does not serve to prevent disabling injury or death, or a DANGER/CAUTION does not serve to prevent damage or destruction of equipment. 

l. When a procedure lacks required emphasis because of its inherently dangerous nature or a step requires additional emphasis because of its critical safety impact. 

m. When WARNINGS or CAUTIONS contain vague precautionary statements such as "avoid all contact", or rely too frequently on references to other technical manuals or outside agencies. In these cases, inclusion in a Safety Summary or input conditions page will be recommended as appropriate. 

n. When WARNING or CAUTION statements contain general safety precautions. 

3.3.1.1.2.30.1.3 Points of Contact.
3.3.1.1.2.30.1.3.1 Coordination.
All those involved in the technical manual development process must remember that the OSH guidance included in technical manuals is not the only line of defense against serious mishaps, but it is sometimes the last. The effective inclusion of OSH guidance can almost never be accomplished by a single individual with a distinct background. It must be a coordinated effort among system experts, safety professionals, technical writers, and the potential user. Questions arising from this process should be referred to the appropriate Safety Office and the Government acquiring activity. Do not ignore existing contractual or Command requirements. 

3.3.1.1.2.30.1.4 Construction of Health Hazard Icons/Safety Symbols.
3.3.1.1.2.30.1.4.1 Hazard Icons.
Icons/safety symbols may be used to save space in the manuals while still conveying a clear message of the hazard to the technician using the manual. Since the icon presents a visual image of the hazard rather than a more abstract message, recognition should be much faster than with a worded warning. ANSI Z535.3 provides general criteria for the design evaluation and use of safety symbols to identify and warn against specific hazards and provide information to avoid personnel injury and damage to equipment. 

3.3.1.1.2.30.2 Health Hazards.
Procedures prescribed for the operation of equipment shall be consistent with the safety standards established by the Occupational Safety and Health Act (OSHA) Public Law 91-596 and Executive Order 12196. When exposure to hazardous chemicals or other adverse health factors or use of equipment cannot be eliminated, guidance pertaining to the exposure shall be included in the Safety Summary or a Warning. 

3.3.1.1.2.30.3 Energy Efficiency Requirements.
Technical manuals covering products that directly consume energy in normal operations, and that commonly have a method of expressing energy efficiency, shall include their energy efficiency. 

3.3.1.1.2.30.4 Environmental Protection.
All technical manuals that require the use, transportation, handling, storage or disposal of fuels, toxic and hazardous substances, chemicals, ordnance and munitions, and so forth, shall meet the requirements of the Federal Environmental Protection Standards. 

3.3.1.1.2.31 Nuclear Hardness.
If equipment to be operated, maintained or overhauled has nuclear survivability requirements (that is, over pressure and burst, thermal radiation, electromagnetic pulse or transient radiation effects on electronics), applicable cautions shall be incorporated into technical publications to ensure that hardness of equipment is not degraded during operation and maintenance. 

a. Nuclear Hardness Symbol. Unless otherwise specified, all Hardness Critical Processes (HCP) shall be marked with the symbol: 

	HCP


b. When approved by the acquiring activity, the symbol **HCP** may be used in lieu of the boxed HCP symbol. The symbol shall be prepared in the same style and size as the applicable paragraph sidehead. The symbol shall not be included in the paragraph title in the table of contents. Use of the symbol is as follows: 

1. When the entire procedure and all subordinate paragraph and steps relate to establishing nuclear hardness, the symbol shall be inserted immediately following the paragraph number: 

	for example:  "1.2
	HCP

	LRU REPAIR."


2. When all subordinate paragraphs and steps do not contribute to establishing nuclear hardness, only those which do contribute will be annotated with the symbol. 

3. Maintenance actions which could degrade hardness, but which are not directly involved in establishing nuclear hardness, will not be annotated with the symbol, but will be preceded by a caution. 

c. Nuclear Hardness Symbol Explanation. When applicable, the foreword, preface, introduction shall include the symbol and an explanation of the HCP symbol and other pertinent information as necessary to emphasize the uniqueness of hardness features. This shall include an explanation that all paragraphs, procedures and steps identified by the symbol must be followed as written to ensure nuclear hardness is not degraded. This explanation shall be preceded by a CAUTION heading. 

3.3.1.1.2.32 Electrostatic Discharge Sensitive (ESDS) Parts.
If equipment to be handled or maintained contains ESDS parts, components or circuits, applicable cautions and symbols shall be incorporated into technical publications to ensure ESDS parts are not damaged or degraded during handling or maintenance. 

a. ESDS Symbol. Unless otherwise specified, all paragraphs which address handling or maintenance which could damage ESDS parts shall be identified by the following symbol indicating a sensitive electronic device. 
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When approved by the Government, the symbol **ESD** may be used in lieu of the ESDS symbol. The symbol shall be prepared in the same style and size as the applicable paragraph sidehead. The symbol shall not be included in the paragraph title in the table of contents. Use of the symbol is as follows: 

1. When the entire procedure and all subordinate paragraphs and steps describe handling or maintenance which could damage ESDS parts, the ESDS symbol shall be inserted immediately following the paragraph number: 

	for example: "1.2 **ESDS**
	**ESDS**

	LRU REPAIR."


2. When all subordinate paragraph and steps are not related to handling or maintenance which could damage ESDS parts, only those related will be annotated. 

3. Maintenance actions which could damage ESDS parts, but which are not directly related to handling or maintenance of ESDS parts, will not be annotated with the ESDS symbol, but will be preceded by a caution. 

4. Illustrations, drawings and schematics shall be marked with the ESDS symbol. 

b. ESDS Symbol Explanation. When applicable, the foreword, preface, or introduction shall include the ESDS symbol and an explanation of the ESDS symbol. Other pertinent information shall be included as necessary to emphasize the uniqueness of ESDS parts. This will include an explanation that the ESDS symbol requires that all ESDS parts be handled according to ESDS device handling procedures. This explanation shall be preceded by a CAUTION heading. 

3.3.1.1.2.33 Type Style And Size.
Type style and sizes shall be comparable to those shown in this document, except for the following: 


TABLE I. Text size and style. (note 1)

	USE 
	SIZE AND STYLE 

	Art callouts (pictorials, and so forth) 
	8 point 

	Art lettering 
	7 point 

	Circled keying numbers on FBD art 
	8 point 

	Circled keying numbers on pictorials 
	10 point 

	Art drawing sheet numbers, title blocks, main drawing number blocks, hardware boundary titles, and functional boundary titles 
	8 point 

	Running heads 
	10 point bold 

	Dangers (heading) 
	14 point bold 

	Warnings (heading) 
	14 point bold caps, boxed 

	Cautions (heading) 
	14 point bold caps, underlined 

	Notes (heading) 
	10 point caps 

	Rules 
	1 point 




1 Text for notes, dangers, cautions, and warnings shall be short-measured; 
that is indented from LEFT and right margins of overall text area. 

3.3.1.1.2.34 Tabular, Chart, or Graph Form.
3.3.1.1.2.34.1 Tables, Charts and Graphs.
Reference data (other than illustrations, drawings, diagrams) shall be presented in tabular, chart or graph form. Any other type of data which lends itself to tabular, chart or graph form may also be so presented. Tables, charts and graphs shall be so designed that they are easily understood. Charts shall be presented as tables or illustrations, whichever is most appropriate. Graphs shall be considered illustrations, and be assigned figure numbers. Figure 1125 provides an example of a typical table. Tables shall include the following: 

a. Center the word "Table", the applicable number, and the title above the head rule. 

b. Capitalize the word "Table" and each principal word in the title. 

c. Capitalize each principal word in column heads. 

d. Single space entries within the table. 

e. Align related entries in different columns. 

f. Align entries within columns as follows: 

1. For decimal data, decimal points shall be aligned. 

2. For mathematical notation, multiplication signs shall be aligned. 

3. All other numeric data shall be aligned flush right. 

4. Alphabetic or alphanumeric data shall be aligned flush left. 

g. Indent carryover lines two spaces. 

h. Specify units of measurement in row or column headings. 

i. Arrange row entries in tables in groups of up to five rows. Groups shall be separated with white space if no entries are blank, and with light horizontal lines if any entries are blank. At least 25 percent of the area within tables and between columns and groups of rows shall be white space. 

3.3.1.1.2.34.2 Tabular Material.
When a small amount of tabular information is to be inserted, and will not require referencing from adjacent text, it may be included within a paragraph of text without identifying it as a table. 

3.3.1.1.2.34.3 Line Graphs.
Line graphs shall conform to the following: 

a. The number of ideas conveyed per graph shall be minimized. Line graphs shall have a maximum of four lines (that is, lines that show the relationship of variables). Such lines shall be coded for easy identification. 

b. If there is a natural orientation for the axes (for example, altitude on vertical axis), the axes shall be so oriented. 

c. Grid lines shall support the intended use (that is, more grid lines shall be provided where accurate interpretation is required). Grid lines shall be no less than 0.1 inch apart when reduced to final size and shall be lighter than the graph line. 

d. Graph scales shall be linear unless they must be nonlinear for proper comprehension and use. They shall include the zero value of the variables. One line break may be used per scale in order to include the zero value if this saves space without jeopardizing clarity. 

e. For complex graphs, instructions shall be provided for use and interpretation. 

3.3.1.1.2.34.4 Table Cutline.
For RDC, the point at which a table or (when appropriate) chart is to be placed shall be indicated by a break in the text and the insertion of the table number and title. Cutlines shall be placed at the end of the first paragraph or subparagraph to which they pertain. The table number shall begin at the left margin and there shall be a double space above and below the cutline. For the PTM or FRC, the table is mounted in place and the cutline becomes the table title. 

3.3.1.1.2.34.5 Table Titles.
Tables shall be assigned table titles. The title shall follow two spaces after the table number and shall be centered above the applicable table. The first letter of the first word and of each principal word shall be capitalized. Full page tables, placed sideways on a page, shall be turned 90 degrees counterclockwise. The table number and title for a turned table shall also be turned 90 degrees counterclockwise to stay centered above the table. Table titles should begin with an identifying name. For example: 

          "Table 3-1.  Guidance System Test Points"

The title shall be short and describe the contents or purpose of the table. Tables applicable to one Service, in a manual that will be used by more than one Service, shall be identified. For example: 

    "Table 2-3.  (Army Only)  Fuel Indicator Correction Factors."

3.3.1.1.2.34.6 Continued Table Material.
When a table is continued on a following page, the number and title shall be repeated at the head of the columns on all following pages of the table, followed by a dash and the word "Continued." Boxhead titles shall also be repeated. The above information shall not be repeated on a following page when the page is a foot page of a head to foot tabular arrangement. When a table entry is continued, the entry or its identifying number or letter from the first column shall be repeated in the first column followed by a dash and the word "Continued." The abbreviation "Cont" may be used when table columns are too narrow for "Continued" to be spelled out. 

3.3.1.1.2.34.7 Footnotes.
Numbering of footnotes to tables shall be independent of that of footnotes to the text. Consecutive superior numbers beginning with "1" shall be used (in tables, superior lowercase letters, asterisks or other designation may be used where numbers would cause confusion). Footnote numbers and text shall be separated by two spaces. The numbering system shall be per chapter or table as applicable. Footnotes to the text shall be placed at the bottom of the page on which they appear. The footnotes, which shall be kept to the minimum consistent with clarity, shall be placed immediately below the table in which they are referenced. If a table is continued onto other pages, all footnotes shall be placed at the bottom of the page on which they are referenced or at the end of the table and the directory note "See footnotes at end of table" shall be placed at the bottom of pages containing footnote references. For footnotes coming before the end of the table, and for a directory note, a one inch horizontal rule shall be placed flush left below the table and the footnote or directory note placed under the rule. Footnotes at the end of the table shall be started on the second line below the closing rule. All table notes and footnotes shall be indented five spaces from the left margin of the table and carry over lines shall return to the left margin of the table. 

3.3.1.1.2.34.8 Boxhead Titles and Rules.
The first letter of the first word and of each principal word of boxhead titles shall be capitalized; the remaining letters shall be lowercase. Tables shall be so designed that related entries in different columns are aligned (see figure 1126). Carry over lines shall be indented two spaces unless adequately spaced between entries. Tables shall be vertically ruled as required for clarity. A horizontal rule shall be placed at the beginning (head) and at the end (foot) of a table and following column heads (boxhead titles). The closing rule is omitted at the foot of a continued table; the opening rule is omitted at the head of the continuation of the table. For preprogrammed tables, with columns ruled for continued tables, the opening rule may be included at the head of the continuation of the table. 

3.3.1.1.3 General Illustration Information.
3.3.1.1.3.1 Illustrations.
Style and techniques shall be of a quality which will produce artwork that will clearly, adequately, and economically portray the information to be illustrated. Illustrative material shall be used to: describe an item or idea if this can be done more efficiently and effectively by graphic methods; clarify text; present phases difficult to describe by text alone; call attention to details; and furnish graphic identification of parts and tools. Multiple sheet, or sequence number illustrations, in addition to step-by-step operational type, may be used for depicting disassembly, assembly, removal, installation, and so forth. Illustrations, other than foldouts, shall be located as near as possible to the point at which they are first referenced, except where this would require unnecessary duplication of illustrations. 

a. Illustration use. Liberal use of illustrations is encouraged to ensure clarity of descriptive text and procedural steps. Exploded views shall be used to the greatest extent possible. Redundant drawings shall not be included. When only a part of an existing drawing is required, only that section of the drawing shall be provided. 

b. Illustration placement. Each illustration shall be included as part of a paragraph or follow as closely as possible to its first reference in the narrative text. Use of fold-out illustrations is discouraged. However, when an illustration does require a foldout sheet, such as for a large schematic diagram, it shall be located at the end of its relative discussion in the text and shall be printed with an apron. Foldup-foldout (map fold) illustrations are strictly prohibited. 

c. Illustration titles. Illustrations shall be assigned figure titles. The title shall follow two spaces after the figure number and shall be centered below the applicable illustration (except for foldout figures). The first letter of the first word and of each principal word will be capitalized. Full page illustrations, placed sideways on a page, shall be turned 90 degrees counterclockwise. The figure number and title for a turned illustration shall be placed at the bottom of the page with the manual in its normal position. When the majority of illustrations are turned, the figure number and title shall also be turned to appear below the illustration. Figure titles should begin with an identifying name. For example: 

d.           "Figure 3-1.  Guidance System Gyroscope Assembly."

The title shall be short and describe the contents or purpose of the illustration. Illustrations applicable to one Service, in a manual that will be used by more than one Service, shall be identified. For example: 

          "Figure 2-3 (Navy only).  Fuel Indicator."

e. Material or parts list. A material or parts list shall be included with each drawing. Only those parts referenced in the text shall be identified on the drawing. When specifying disassembly in accordance with disassembly sequence numbers, all parts shall be listed. Text and illustrations shall complement each other to communicate the required information. Nomenclature shall be consistent throughout the manual. 

f. Acceptability of drawings and illustrations. Engineering drawings and illustrations that are not prepared primarily for illustration purposes are acceptable if the copy print is legible, reproducible, and readable when reduced to manual size. All irrelevant material shall be removed. 

g. Callouts. Illustrations shall identify key part locations with callouts neatly placed around the drawing. Care shall be taken not to introduce clutter and distractions. The associated operator's manual identification numbers should be included as a cross-reference indicator to aid the user. Cite the method used to present data as a note in the drawing. 

h. Drawing reduction. Drawings which are to scale but not dimensioned shall be reduced for inclusion in the manual. A line approximately three to six inches long, indicating the actual scale of the subject drawing, shall be added to the drawing before reduction. The scale shall then be reduced in the same proportion as the drawing. 

i. Drawing identification. Drawings and sketches reproduced or modified from an existing approved blueprint or drawing shall contain information identifying the drawing. 

3.3.1.1.3.2 Illustration Selection Criteria.
Exploded view isometric drawings shall be used whenever necessary to show the proportionate size of machinery parts, proper relation to other parts, and assembly or disassembly sequence. It is preferable that all parts be exploded in isometric projection of their line of assembly axis. Sectional views or item location drawings should be used to indicate where critical measurements shall be taken or when the information presented is easier to understand when depicted as a cross-sectional view. Parts should be numbered in disassembly order sequence, with a parts list including part name, quantity, and number on each figure. As a rule, sectional drawings are not needed when isometric drawings are available. For general drawing requirements see 3.3.1.1.3.1. 

3.3.1.1.3.3 Illustration Details.
3.3.1.1.3.3.1 Zoning on Diagrams.
Diagrams containing the symbols for more than 100 parts shall be zoned. Diagrams shall be divided into equally spaced horizontal zones (ordinates) designated A, B, etc., from bottom to top along the outside left and right borders. Diagrams shall be divided into equally spaced vertical zones (abscissa) designated 1, 2, 3, and so forth, from right to left along the outside top and bottom borders. The zone size shall be as needed to clearly locate referenced points. The location of all circuit elements by zones shall be included in a table located on the apron. 

3.3.1.1.3.3.2 Reference to Zones.
In reference to zones, the numeral shall be listed first to avoid possible confusion with reference designations, for example: use "3C" instead of "C3." 

3.3.1.1.3.3.3 Scale.
Illustrations shall be prepared to as small a scale as possible consistent with effective use of space, with all essential detail legible; be same size as areas they will occupy in the manual page, or be of such oversize as to permit uniform reduction to this size. 

3.3.1.1.3.3.4 Letter Size.
The scale shall be such as to provide for a minimum final letter size, when printed, as required by Figure 5. 

3.3.1.1.3.3.5 Notes on Diagrams.
Notes on diagrams shall be confined to clear spaces of the image area. Notes for foldout diagrams, with the exception of installation control drawings, shall be placed on the apron. Notes shall be identified with the legends GENERAL NOTES and SPECIFIC NOTES, as applicable. General notes shall precede specific notes and shall be identified by capital letters (A, B, and so forth). Specific notes shall be identified by arabic numerals (1, 2, and so forth). 

3.3.1.1.3.3.5.1 General Notes.
General notes shall apply to the entire diagram and shall appear only on the first sheet of multisheet diagrams. No reference shall be made to general notes from the diagram or from specific notes. Examples of general notes are: a warning that high voltage exists throughout the entire equipment, the general instructions for positioning switches, and a list of the test equipment needed to take measurements. 

3.3.1.1.3.3.5.2 Specific Notes.
Specific notes shall apply only to a specific item on the diagram. Specific notes shall be repeated on each sheet of a multiple sheet diagram to which they apply and it shall not be required to refer to a specific note on another sheet of a diagram. 

3.3.1.1.3.3.5.3 Apron Notes.
Apron notes for foldout diagrams should be placed in a final size image area of 7 by 10 inches with a minimum letter height of 0.060 inch. Notes shall be arranged to make best use of the available space. When notes for a given diagram foldout sheet require more than the 7- by 10-inch apron, the notes shall be extended with additional columns on the diagram image area if the space permits. If the space does not permit, single pages shall precede and shall contain the additional notes. When additional note sheets are required, the notes shall start on the first additional sheet and be printed as a right-hand page; note pages may be printed on both sides. Foldout sheets shall not be used for running text. Each sheet of the diagram, including the note sheets, shall contain the figure number, title, and sheet number. 

3.3.1.1.3.3.5.4 Multiple Page Notes.
For multiple page note pages, applicable to illustrations, each note page if used, shall be consecutively numbered front and back. Multiple note pages shall not be delineated as being part of (or sheet XX of XX) an overall notes page, but illustrations shall be delineated as being sheet of an overall illustration, as applicable. Notes shall precede the illustration or appear on the illustration apron, as applicable. Notes pages shall be of the single sheet type. 

3.3.1.1.3.3.6 Photographs and Line Drawings.
Line drawings shall be used in lieu of photographs (halftones), when practicable. The use of a photograph instead of a line drawing shall be determined by the practical considerations of the purpose and suitability of the illustration in the publication. Existing illustrations and engineering drawings shall be used where they meet the requirements of this document. In the early development of equipment, a line drawing may be prepared from the source data if the equipment is not available for photographing. Rendered drawings, either airbrush or wet-wash, are acceptable only if such preparation is the most efficient method available. Line tracings of photographs are also acceptable. The resulting line drawings shall be of high reproduction quality. A suitable material capable of maintaining consistent and permanent high density reproducible values shall be used for preparing the line drawings. 

3.3.1.1.3.3.7 Photographic Details.
When specified for use, photographs shall be detailed and sharp, free of heavy shadows, distorted objects, cluttered foregrounds or backgrounds, and give good contrast from white, middle tones, and black. 

3.3.1.1.3.3.7.1 Retouching.
Photographic retouching shall be held to a minimum. Retouching shall be used only to emphasize detail, exclude unwanted detail, correct slight photographic defects and eliminate undesirable shadow for that portion of the photograph related to the text only. Quality of retouched photographs shall be such that tonal values are held when reproduced. 

3.3.1.1.3.3.7.2 Prescreened Photographs.
When approved by the acquiring activity, prescreened photographs are acceptable as reproducible copy provided they will not be rescreened and are of proper quality, size, and mounted on the reproducible copy of the text page or margin data. When prescreened photographs are used, artwork will be clearly marked to indicate prescreening. Unscreened continuous tone photographs and original artwork shall be supplied, with reproducible copy, as specified by the contract or SEATASK. 

3.3.1.1.3.3.8 Continuous Tone Artwork.
When specified for use, such artwork, whether photograph or drawing, shall be clear in detail, sharp in contrast of tones and with light and shadow in proper relation to a consistent light source. The background shall be an intense white. It shall extend the full width and depth of the artwork. 

3.3.1.1.3.3.9 Combination Artwork.
When specified for use, presentation of a subject by combining photographs or continuous tone artwork with line drawings, shall be limited to where this presents the subject more accurately or more clearly. 

3.3.1.1.3.3.10 Engineering Drawings, Diagrams, and Wire Run Lists.
Engineering drawings, diagrams, and wire run lists, shall be arranged functionally and are acceptable only if they meet the content, arrangement, legibility and format requirements of the contract or SEATASK, and the style, format and production requirements contained in this document. They must have all unnecessary data removed that would reduce the comprehension or clarity of the illustration and must be reduced or redrawn to meet foldout restrictions. When wiring diagrams are included in a manual, wire run lists shall not be included. 

3.3.1.1.3.3.11 Equipment Illustration.
For installations consisting of more than one unit or assembly, a pictorial illustration representing the equipment, or all units comprising the equipment shall be included and shall be designated figure 1-1. If two units of the equipment differ between models, the alternate units shall be shown side by side (if clarity is not sacrificed) and designated by applicable model numbers. If more than two units differ, two frontispieces should be furnished and designated as figures 1-1 and 1-1A. The illustration shall show the major units of the equipment, relative size of each unit, basic interconnections between units, and their relationship with other equipment. The illustration shall be a left-hand full page or foldout (never backed up) and shall be assigned the folio (blank/1-0). 

3.3.1.1.3.3.12 Functional Block Diagrams (FBDs).
A system of FBDs shall be used to depict the functional divisions of the system. (A functional division is defined as a function or a portion of a function that performs a particular task in relationship to the entire system.) The diagrams shall depict the system in an integrated manner; that is, a master FBD shall show each function of the system; primary FBDs shall show the functional divisions of the system; and third-level or lower-level FBDs shall show further functional subdivisions of complex subfunctions. The lowest level of FBD shall be directly linked to functional circuit diagrams (FCDs) (contained in Chapter 5) or to the hardware where the function is performed. This reference shall be by the hardware reference designator. The FBD/FCD structure and relationship is shown on figure 1085. 

a. Master FBD. The master FBD depicts the system functions and major signal paths within the system. 

1. Each major block on the master FBD shall represent a major functional element and shall be identified by functional and hardware boundary lines and descriptive names. These functional elements shall be connected by signal path and control lines, also identified with descriptive names. 

2. Functional boundaries shall be depicted with thin, solid lines; and hardware boundaries shall be depicted with thin, short-dash and long-dash lines. Signal and control lines shall be depicted with thin, solid lines; while data lines shall be depicted with thick, solid lines (see figure 1086). 

3. Each block on the master FBD shall contain a circled number. The circled number corresponds to a brief paragraph (referred to as "keyed text") that describes the purpose and function of that block. The circled numbers shall start with the circle 1 in the first block at the top left of the FBD and progress in a logical manner (either by data flow, or top to bottom and left to right) on the FBD until all blocks are numbered. This "keyed text" paragraph will be located on a page facing the FBD to which it applies. In addition to the circled number, each block on the master FBD shall contain a reference to a primary FBD and the paragraph number of the paragraph that describes the block (not the keyed text paragraph). 

b. Primary FBD. Primary FBDs shall contain system function and subfunction information. The primary FBD shall illustrate the interconnection of subfunctional elements in order to describe how the functions work within the system. They shall provide a reference to secondary diagrams and the paragraph number of the paragraph that describes the block (not the keyed text paragraph). The secondary diagrams may be FBDs or FCDs. If there are no secondary diagrams for reference, the reference shall be made directly to the hardware by reference designation. 

1. The primary FFBD shall consist of the major functional divisions enclosed by the proper boundary lines (see figure 1088). Each functional block shall be identified by a descriptive name and referenced to a keyed text paragraph on the facing page. The functional divisions shall be interconnected by signal path and control lines, each identified with a descriptive name and proper line weight (line weights shall be in accordance with 3.3.1.1.3.3.12.3). Primary FBDs may show equipment boundaries if appropriate to the function being shown. A direct relationship shall be maintained in regard to the number and nomenclature of interface lines between a primary FBD and other interfacing primary FBDs. 

c. Secondary FBD. When the functional divisions represented on the primary FBD are sufficiently large, subfunctionalization is sometimes necessary. The secondary FBD provides the transition between the major functional elements on the primary FBD and the FCDs (see 3.3.1.1.3.3.14), or to actual hardware by reference designator where the function depicted is performed. The subfunctional segments illustrated on the secondary FBD must often be further subdivided to effectively depict equipment operation. In this case, the secondary FBD provides the transition between the primary FBD and lower levels of FBDs (see figure 1088). 

1. The secondary and lower-level FBDs are generated by dividing the functional elements into discrete segment (subfunction) blocks. Each block shall be identified by a descriptive name and referenced to a keyed text paragraph on the facing page. The blocks shall also reference the paragraph number of the paragraph that describes the block (not the keyed text paragraph). These segments shall be interconnected in the same manner as the major blocks on the primary FBD; that is, with signal path and control lines identified by names and having the proper line weights. Each subfunctional block shall be identified by a descriptive name. A direct relationship shall be maintained in regard to the number and nomenclature of interface lines between a secondary FBD and other interfacing secondary FBDs. The lowest-level FBD block shall contain a reference to an FCD, or to the hardware reference designator where the function depicted is performed (see figure 1089). 

3.3.1.1.3.3.12.1 Power And Grounding Circuits.
The following paragraphs describe the preparation of power and grounding circuit FBDs. 

a. System power FBD. The system power FBD shall show the distribution of primary power from the power source to the various units comprising the system. The FBD shall be a part of the master FBD of the technical manual and shall reference the associated unit power and grounding FBDs and FCDs. Power conversion and distribution within the system units shall be shown by a separate power FBD for each unit unless the power circuits within the unit do not warrant a separate FBD because of their simplicity. 

b. Unit power FBD. This FBD shall show the distribution of primary power and control power from the primary power source and associated interface units to the power elements within each unit. The FBD shall represent the power elements as functional blocks and shall show power conversion, power control monitoring and indicating between the unit power elements. The diagram shall be laid out in a logical left-to-right sequence to clearly define the power operations within the unit. Each functional block shall contain a reference to an FCD. This FBD shall be the last sheet(s) of the FBDs (see figure 1090). 

3.3.1.1.3.3.12.2 Requirements For Preparing FBDs.
A clear and complete referencing system is required for use on FBDs because of the interrelationship between FBDs and FCDs, and the interconnection between sheets of FBDs. The referencing system shall include all or a portion of the following reference information. 

a. Signal names. 

1. Signal names on FBDs shall be descriptive names. The Automated Interface Listing (AIL) (the wire lists for the system cabling), or their equivalent, shall be used as the source of signal names between units. Engineering schematics and cabling wire lists shall be used as the source of signal names internal to a unit. 

2. Power-on reset signals on the data FBDs shall be shown entering from external to the function. No function block for power reset shall be shown on the data FBDs. The generation of the power-on reset shall be shown on the power and grounding FBDs. 

3. All signal lines between functional blocks on the FBDs shall be identified by descriptive signal names. Signal lines that interface from one FBD sheet to another FBD sheet shall have the identical signal name on each sheet. Signal lines that are identified on different level FBDs (a signal level shown both on the primary FBD and on the secondary FBD) shall be identified by the same signal name. 

4. Reference designations shall not be used as signal names except in cases where no other name exists. 

5. The FBD number, sheet and zone shall be used to identify signal origins and destinations when referencing from one FBD to another. 

b. Signal referencing for FBDs. 

1. Signal referencing on the same sheet. An on- sheet reference to show a continuous line between two points shall be shown by a circle enclosing double capital letters with a lead arrow indicating direction. Zone reference shall not be used. (Letters to start with AA, then AB, AC, and so forth) see figure 1091. 

A. Signal lines shall show signal name on flow line before the reference symbol. See figure 1091. 

B. An inverted triangle symbol shall not be used except for an A or B (primarily found on the power FCDs) to indicate grounds. 

2. Signal referencing between two or more functional parts. To show a continuous line between two points on different sheets of a functional breakdown (a function broken into Parts 1 of 2, 2 of 2, and so forth), an irregular pentagon shall be used. Double capital letters starting with BA then BB, BC, and so forth, shall be enclosed within this symbol. Zone references shall be indicated. See figure 1092. 

3. Signal referencing between functions. Referencing between units shown on the diagram shall be accomplished at equivalent levels (that is, primary levels shall interface, second levels shall interface; however, a primary level shall not interface with a second level). See figure 1093. 

4. Grouping of signals. Brackets may be used when all of a group of signals come from or go to the same zone on destination. See figure 1090. 

c. Diagram type. The diagram type (FBD or FCD) shall be included above the title block of the drawing or on sheet 1 only. The title block shall appear only on sheet 1. Sheets 2 and on shall not contain the diagram type block or the title block. 

d. Equipment names. Equipment name or reference designation shalll be used to identify hardwar boundaries on the FBDs. 

e. Function names. Each functional area of each unit shall be identified by a descriptive name. These functional areas shall then be further broken into subfunctions, each being assigned a descriptive name. Once a function name has been assigned, the identical name shall always appear whether it appears on an FBD or on an FCD to identify the functional boundary. No two functional areas may be assigned the same name. 

f. Diagram (drawing) numbers. In systems with fully implemented unit numbers, all FBDs shall be numbered FBDXXXX, where XXXX is equal to the unit number (that is: 1001, 1002, 1107, and so forth), except for the master FBD or FCD. The master FBD or FCD shall be numbered FBD0000 or FCD0000. For those cases where one FBD (or FCD) is used for multiple and identical units, the lowest unit number shall be used (that is, units 1071 and 1072 shall be FBD1071). In other systems, FBDs shall be numbered chronologically. 

g. Sheet numbers. FBDs or FCDs having multiple sheets shall be assigned sheet numbers starting with one (1). The drawing sheet number and zone number shall be used to identify signal interconnections between sheets of the same FBD or FCD. 

h. Zone numbers. 

1. The zone number and sheet number shall be used to identify signal interconnections between sheets of an FBD and when referencing between FBDs or from FBDs to FCDs and vice versa. Sheet and zone numbers shall be as shown on figure 1094. 

2. Zone number references shall call out the drawing coordinates of the referenced detailed signal name rather than call out the drawing coordinates of the symbol itself. Brackets may be used when all of a group of signals come from or go to the same place. 

i. Reference designations. Reference designations shall be used to correlate circuit symbols to actual hardware locations. All hardware boundaries, logic symbols, electrical symbols, and analog symbols shall be identified by the reference designations assigned to the hardware being depicted. 

3.3.1.1.3.3.12.3 Diagram Drafting Requirements.
This subsection defines the requirements for line weights, methods of depicting interconnecting lines, symbol sizes, lettering size, and notes in the preparation of FBDs. 

a. Line weights. Hardware or functional boundaries and boundary titles shall be prepared as described in the following paragraphs. 

1. Hardware Boundary. A hardware boundary shall be a long-dash, short-dash light (0.005 inch) line. The length of the long-dash in relation to the length of the short-dash should be drawn so that the long-dash does not give the impression of a solid line. The hardware boundary title shall be positioned as illustrated on figure 1095. 

2. Functional Boundary. A functional boundary shall be a solid medium (0.01 inch) line. The functional boundary title shall be positioned as illustrated on figure 1096. 

b. Interconnecting lines. Interconnecting (data, signal and control) lines shall be prepared in the following manner: 

1. Line bends shall be 90 degrees, unless a particular junction requires a different bend. Bend corners shall not be rounded. 

2. Line spacing shall be 0.125 inch minimum on a 9 by 15.75-inch master. 

3. Data lines shall be single, solid heavy (0.02 inch) lines (see figure 1097). 

4. Signal and control lines shall be single, solid medium (0.01 inch) lines (see figure 1096). 

5. Signal lines that contain closely related information may be grouped into one line. However, care must be exercised to not group signal lines indiscriminately. Grouping of signal lines into one line is called a highway. 

6. Highways shall be solid medium (0.01 inch) for signal and control lines, and heavy (0.02 inch) lines for data (see figure 1097). 

A. Any changes in the flow direction of the basic highway shall be indicated by square corners [see figure 1097, (a)(1))]. 

B. Any input or output of a highway shall be indicated by a 45-degree connecting line. The direction of the angle implies flow direction [(see figure 1097, (a)(2))]. 

C. The end points (a highway may have several) of a highway are indicated by square corners [see figure 1097, (a)(3)]. 

D. A highway does not necessarily contain a uniform number of signals over its entire length. Therefore, when a highway is identified by a name, that name applies to its entire length. 

E. Each individual signal contained within a highway shall be identified with a detailed signal name. 

F. The signal names used as inputs to a highway may be different from the highway signal name; for example, BIT 5 and BIT 4 may be individual inputs to a highway having a signal name of INTERFACE REG SET OUTPUT. There shall be a logical relationship between the input and highway signal names [see figure 1097, (b)]. 

G. The signal names used as outputs to a highway may be different from the highway signal name; for example, BIT 9 and BIT 8 may be individual outputs to a highway having a signal name of ADDRESS. There shall be a logical relationship between the highway signal name and the output [see figure 1097, (c)]. 

H. Highway inputs and outputs to logic symbols are illustrated on figure 1097, (d). The input shall contain the input signal name and input pin number; the output shall contain the output pin number and signal name. 

I. Highway fan-outs and fan-ins shall have the highway signal name indicated above the signal line and the highway output or input signal names with its appropriate sheet and zone reference below the signal line [see figure 1097, (e)]. 

c. Symbols. Symbols shall be prepared in the following manner: 

1. FBD rectangular blocks shall be drawn as medium (0.01 inch) lines and, insofar as possible, conform to a 2-to-1 aspect ratio. Minimum block size shall be 0.05 inch by 1 inch. Insofar as possible, the block nomenclature shall be positioned as illustrated on figure 1098, for ease of reading. 

2. On-page and off-page connectors and miscellaneous symbols shall be drawn as medium (0.01 inch) lines and in accordance with the dimensions depicted on figure 1099. 

d. Lettering. Lettering shall be accomplished in the following manner: 

1. All lettering on the diagrams shall be Letter Gothic. Letter style shall be vertical, uppercase Gothic (sans-serif) as illustrated by figure 1100. 

2. Lowercase lettering shall not be used for general lettering on a diagram. Lowercase letters shall be indicated as an underscored uppercase letter but may be used when: 

A. Lower case lettering appears on the physical part (such as connector pins). 

B. Symbols requiring lowercase letters are used on drawings. 

C. Signal names contain lowercase letters such as an abbreviation like "Db". 

3. All lettering shall be placed on the diagrams in a position readable from either the bottom or right-hand side of the diagram. 

4. Letter size, line spacing, and line weight shall be as follows: 

A. 8-point for drawing sheet number, title block, main drawing number block, circled keyed text reference number, hardware boundary titles, and functional boundary titles. Line spacing for 8-point type shall be 2 points (.028 inches) minimum. 

B. 7-point for all other format block areas and the field of the drawing. Line spacing for 7-point shall be 2 points (.028 inches) minimum. 

e. Notes. Notes shall be included on the diagrams as appropriate. The notes shall be identified by Arabic numerals in consecutive numeric sequence starting with the number 1. 

3.3.1.1.3.3.13 Flowchart Development.
The flowchart shall be developed using the following procedure and symbology. 

a. General flow. The general flow of the flowchart shall be top-to-bottom and left-to-right. A portion of the flow may be contrary to the general flow if no intermediate blocks are involved (see figure 1103). 

b. Terminal blocks (See figure 1104). These blocks are used to show the starting and ending points of a flow. START blocks shall have a vertical exiting line. EXIT and COMPLETE blocks shall have vertical or horizontal entry lines. The EXIT block shall be accompanied by text explaining the reason for the EXIT. 

c. Annotation or comment block. These blocks are used to provide additional descriptive clarification, comments, or explanatory notes (see figure 1105). The dashed line is connected to the dashed outline of the symbol corresponding to the data contained inside. This block is inserted with the dashed line intersecting flowchart flow at the point appropriate to the content of the block. 

d. Process blocks. These blocks define an operation to be performed (see figure 1106). These blocks shall have only one entry line and one exiting line. Entry lines and exiting lines shall be vertical or horizontal; however, entry lines shall never enter the bottom of a process block and exiting lines shall never leave the top of a process block. Process blocks shall never be used in place of decision blocks. 

e. Decision blocks. These blocks are used to provide two or more paths resulting from specific condition related decisions (see figure 1107). Decision blocks where the exiting line choice is dependent on a "yes" or "no" decision shall normally have only two exiting lines. These blocks may have more than two exiting lines if each path is clearly defined by the decision required to select that path. There shall be only one entry line (either from the top or at the side) to a decision block. Entry and exiting lines shall not occupy the same side of a decision block. Exiting lines shall not occupy the top of a decision block. Exiting lines shall be labeled by decision criteria. Do not include question marks in decision blocks. 

f. On-Page connectors. These connectors shall be used to join two ends of a line when it is inconvenient to draw a single continuous line between two points on a single sheet (see figure 1108). These connectors shall be shown by a circle enclosing a capital letter. The letter used in the on-page connectors shall start with "A" and proceed alphabetically on each page. The same letter shall be used in the starting and ending connectors at both ends of an implied line of communication. The same letter shall be used in multiple starting connectors when their respective ending connectors are the same point. Connectors shall have exiting or entry lines consisting of vectored arrows which indicate that the connector is used as a starting or ending connector. A single arrowhead with multiple entry lines may be used when required to ensure clarity (see figure 1109). The exiting from a starting connector and the entry line to an ending connector shall show the direction of the corresponding connector and path of the implied line between. 

g. Off-Page connectors. These connectors shall be used to show flow continuity between sheets of the same figure or of different figures. These connectors shall be shown by an irregular pentagon enclosing a number and a capital letter (see figure 1110). The number contained by the off-page connector shall indicate the destination sheet (for the output connector) and the origin sheet (for the input connector). The letters used in off-page connectors shall start with "A" and proceed alphabetically in each figure, using the same letter in the output and input connectors at each end of an implied line continuation. The same letter shall be used in multiple output connectors when their respective input connectors are the same point. The entry line to an output off-page connector shall enter the side of the connector opposite the point. The exiting line from an input off-page connector shall leave from the point of the connector. When off-page connectors are used to show flow continuity between figures, the figure number of the corresponding connector location shall be shown outside each off-page connector symbol (see figure 1111). If more than one of the output connectors is located on another figure, two or more input connectors shall be placed at the entry point so that figure numbers of all output connectors are shown (see figure 1111). 

h. Arrowheads. Arrowheads shall be used to indicate the direction of flow. All block or connector entry lines shall have arrowheads. Arrowheads shall be used at all line intersections to clearly show direction of flow (see figure 1112). 

i. Line intersections. Lines shall not cross except when an intersection is intended. On-page connectors shall be employed to prevent line crossings where intersections are not intended (see figure 1112). 

3.3.1.1.3.3.14 FCDs.
An FCD shows in symbolic form the interrelationship of the circuits required to perform a function. The FCD consists of symbols representing circuit modules and electrical parts complete with physical location and interconnection information. FCDs shall be prepared for control and indicator circuits, analog logic, and power and grounding circuits. See figure 1101 for an example of an analog logic FCD. An explanation of power and grounding FCDs is given in paragraph f.(1) below. If FCDs are required for a unit having all three types of the above circuits, all circuits shall be shown on the same drawing numbered FCD. 

a. Schematics are not required for unit wiring or similar interconnecting hardware devices because complete interconnecting information appears on the FCDs. Components such as switches, relays, terminating resistors, and so forth, mounted directly on the cabinet shall be shown in schematic form on the FCD using the rules for detailed FCDs (refer to paragraph e below). 

b. Layout techniques. An FCD shall be prepared for each function defined on the lowest level of FBD where it is necessary to show circuits that are not located on pluggable modules and for the power and grounding circuits. Layout of the symbols on the FCD shall provide a left-to-right functional flow. Circuit symbols shall be functionally divided by thin lines in direct relationship to a functional block on a related FBD, and the functional division on the FCD shall be identified by the same function name. If the equipment is sufficiently complex, an FCD may consist of multiple sheets; then, functional flow shall be left-to-right from sheet to sheet. All inputs and outputs of the function depicted on the FCD shall be identified by signal names. Inputs shall be referenced to the source FCD and outputs shall be referenced to the destination FCD. For smaller systems or equipments, an FCD sheet may contain more than one function and possibly the entire equipment. 

c. Analog functionalization. In analog functions, the FCD details the operating elements (emitter followers, amplifiers, and so forth) within the function using special block symbols or schematic symbols. The special block symbols shall be used to detail replaceable circuit elements or modules that are used as building blocks in the analog equipment. 

d. Schematic symbols shall be used to detail circuits of assemblies or modules having replaceable parts. The resulting FCD may have both symbolic and electrical schematic characteristics with functional grouping techniques applied. Schematic representations on the FCD shall be formed using the rules set forth for detailed FCDs. 

e. Detailed FCDs. Detailed FCD drawing techniques shall be used, where necessary, to show cabinet-mounted components such as switches, relays, termination resistors, and so forth, and for detailing circuits of assemblies or modules having replaceable parts. Separate detailed FCDs are required for the unique repairable circuits used as building blocks for analog equipment; one detailed FCD is required for each type of building block. 

1. Layout techniques. Detailed FCDs present all circuit information, including component values, test points, and sensors (see figure 1102). Circuit parts shall be grouped functionally and arranged to make signal flow obvious from left-to-right and top-to-bottom. Emphasis should be placed on arranging the circuit parts to enhance functional understanding. One technique which simplifies the circuit presentation is to completely separate each power and ground connection. Common ground or return points should not be tied together merely to conserve symbols. 

f. Power and grounding circuits. The following paragraphs describe the preparation of power and grounding circuit FCDs. 

1. Unit power and grounding FCD. Unit power and grounding FCDs shall show the generation and distribution of power to all assemblies within the unit. All cable, connector, and pin numbers shall be shown except those listed on sheet 1 as unused. Cabinet-mounted parts shall be shown in schematic form. All power supplies and regulators that are packaged as complete assemblies shall be shown in symbolic form. Lowest level replaceable assemblies shall not be further detailed in detailed FCD form. Since a power and grounding FCD is a schematic diagram rather than a wiring diagram, it does not show routing of wires, but it must show the continuities that exist. Several types of circuit returns may exist in the system: (1) ground, (2) chassis or frame connection, and (3) common connections. Each of these grounds shall be shown by using symbols where it will simplify the FCD (see figure 1113). 

A. Prime power inputs shall be shown on the left of the FCD and signal flow shall be left-to-right. Grounds shall be shown by using the symbols illustrated in IEEE 315. The layout of circuit parts shall follow a logical arrangement and be consistent with other unit- oriented power and grounding diagrams; for example, primary AC distribution, power control and indication, interlocks, gate monitoring and gate distribution. Also, unnecessary long lines shall be shortened to conserve space. The hardware boundaries can be distorted where necessary, to preserve smooth signal flow. Crossed lines and "doglegs" shall be kept to a minimum. 

B. Each relay and switch element or contact set shall be identified. If the switch is a front panel control, and it is accessible during normal equipment operation, the nomenclature of the switch exactly as it appears on the front panel shall be placed adjacent to the switch symbol. When multisection switches or relays have more than one element or contact set, the sets or elements shall be identified individually but with some alphanumeric relationship. It is desirable to align the contact sets if possible, but not at the expense of disturbing functional flow. Relays and switches shall not necessarily have their contact sets in the same functional area; often they will function in different circuits. When this occurs, the various sets of contacts and actuating elements shall be connected by a dashed line (if on different FCD sheets, sheet and zone references shall be used to connect the dashed line) to illustrate mechanical linkage. Spare contact sets of switches and relays shall not be shown on the body of the diagram. 

3.3.1.1.3.3.14.1 Requirements For Preparing FCDs.
A clear and complete referencing system is required for use on FCDs because of the interrelationship between FBDs and FCDs, and the interconnection between sheets of FCDs. The referencing system shall include all or a portion of the following reference information. 

a. Signal names. 

1. Major or important signal paths on an FCD shall be identified by descriptive signal names. All signal lines that interface between FCD sheets shall be identified by descriptive signal names. The signal name shall be identical on all FCD sheets. No signal name shall be used for more than one signal path. 

2. Reference designations shall not be used as signal names except in cases where no other name exists (primarily on power FCDs). 

3. The FBD or FCD number, sheet, and zone shall be used to identify signal origins and destinations when referencing from one FCD to another or from an FCD to an FBD. 

b. Signal referencing for FCDs shall be in accordance with 3.3.1.1.3.3.12.2. 

c. General format items. The following shall, at a minimum, be located on the FCD first sheet. 

1. Notes that apply specifically to that FCD. 

2. Special abbreviations (that is, P/O). 

3. A note to explain the position (energized/de-energized, on/off) of any relays or switches shown on the FCD. 

4. All assemblies shall reference an internal schematic when necessary for troubleshooting and maintenance. 

5. Power and logic FCDs shall carry specific signal names on the flow lines. If signal names are not readily available, then the signal name may indicate a hardware destination point (that is, K3-82). 

d. Diagram type, equipment names, and function names shall be in accordance with 3.3.1.1.3.3.12.2. 

e. Key codes. In certain applications, both digital and analog modules shall be assigned key codes. Most key codes consist of three letters (KDM, KDN, and so forth). The logic or analog symbol on the FCD shall contain the key code for the circuit module (or portion of the circuit module) depicted. These key codes permit the users to locate a text description of circuit operations located in the technical manual. 

f. Diagram (drawing) numbers, sheet numbers, and zone numbers shall be in accordance with 3.3.1.1.3.3.12.2. 

g. Reference designations shall be in accordance with 3.3.1.3.5.3.2. 

h. Test points. All monitored and nonmonitored test points shall be incorporated in all FCDs. These test points shall be shown as part of the circuitry they are testing and shall indicate the following information and parameters: 

1. Test point number. 

2. Test point operational connector pin (if applicable). 

3. Circuitry associated with test point (for example, divider network). 

4. Test point symbology per IEEE 315. 

3.3.1.1.3.3.14.2 Diagram Drafting Requirements.
This subsection defines the requirements for line weights, methods of depicting interconnecting lines, symbol sizes, lettering size, and notes in the preparation of FCDs (see 3.3.1.1.3.3.12.3 and the following). 

a. FCD logic symbols shall be drawn as medium (0.01 inch) lines. Other symbols depicting assemblies shall be drawn rectangular and to the minimum size which will allow inputs and outputs to be depicted and include all reference data within the symbol. All like symbols shall be drawn to the same size. FCD logic symbol nomenclature shall be positioned as illustrated on figure 1098 to ease reading. 

b. FCD electrical and electronic graphic symbols shall be drawn as medium (0.01 inch) lines. Graphic symbol nomenclature shall be positioned to achieve the best clarity. 

c. On-page and off-page connectors and miscellaneous symbols shall be drawn as medium (0.01 inch) lines and in accordance with the dimensions depicted on figure 1099. 

3.3.1.1.3.3.15 Multisection Illustrations.
Each section of a multisection illustration shall be identified by a capital letter. Sections may or may not be captioned, but if one section is captioned, all shall be captioned. Each caption, with the identifying letter as its first character, shall be centered with respect to the section to which it applies. Where captions are not used, the identifying letters shall be centered. Identifying letters and captions shall be larger and bolder than any other lettering on the illustration. Sections shall be separated by lines. Separation by shading shall not be used. 

3.3.1.1.3.3.16 Cartoons.
The use of animated drawings and other visual techniques are permitted. Animated drawings shall not include copyrighted cartoon characters. Such presentations must serve a functional purpose. 

3.3.1.1.3.3.17 Other Types of Illustrations.
Depending on the type of information to be shown, a manual may contain illustrations such as frontispiece (assembled view), exploded, operational, procedural, functional, location view, lubrication, waveform, and so forth. 

3.3.1.1.3.3.18 Border Rules.
Border rules shall not be used for single illustrations, but shall be used to separate multisection illustrations on the same page. 

3.3.1.1.3.3.19 Use of the Human Figure.
Where it is necessary to illustrate an operation, procedure, or installation, illustrations may include a human figure or parts of the body. Jewelry shall not appear in any illustration. The human figure shall not be permitted to obscure details of the equipment necessary for a complete understanding of its operation. The human figure shall be clothed as designated by the acquiring activity. A cross section of races and sexes shall be used. 

3.3.1.1.3.3.20 Credit Lines.
The artist's name shall not appear on any artwork; neither shall a manufacturer's name, symbol, or trademark appear on artwork for the purpose of identifying the illustration. A contractor's identification number may be used. When used, such numbers shall be in approximately 4 to 6-point type and placed in the lower right-hand corner of the illustration sufficiently removed to avoid being confused as part of the illustration or margin data. 

3.3.1.1.3.3.21 Callouts.
Index numbers, reference designations, nomenclature, leader lines, legends, procedures,and so forth, shall be used, when necessary, to identify significant features. Callouts shall be prepared by a mechanical or electronic method, rather than freehand lettering, except that engineering drawings prepared as stated in 3.3.1.1.3.3.10 are acceptable. Unless otherwise specified, type size shall be no smaller than 8-point and no larger than 10-point. Lettering shall be in uppercase. Nomenclatures shall appear on illustrations only if it can be done without crowding or reducing type size so as to make reading difficult (diagram callouts shall be no smaller than 8-point). Callouts shall be placed in the background areas of illustrations when practical. Care shall be taken not to introduce clutter and distractions. 

3.3.1.1.3.3.21.1 Index Numbers.
Index numbers for each separate figure shall start with Arabic numeral 1 and continue consecutively. All multisheet illustrations shall be considered one figure. Sequence on exploded views used to show assembly/disassembly shall be in disassembly order. Otherwise, sequence shall be from top to bottom or clockwise, when possible. New callouts inserted between items when an illustration is changed shall be the same as the preceding index number with an added decimal number, for example, 22.1, 22.2, and so forth. When it is necessary to add a callout between items which have already been added by the preceding method, an alpha character shall be used (for example a callout added between 22.1 and 22.2 would be 22.1A). This system shall also be used in basic publications when errors are discovered so late in preparation that renumbering of all following index numbers would delay submittal. Suffixed index numbers need not be eliminated for a revision unless the illustration must be reaccomplished. All functional items shown on exploded views shall be identified except for exploded views used for disassembly/assembly. 

3.3.1.1.3.3.21.2 Nomenclature.
Nomenclature of more than one line shall have the left margin justified. All lines of copy shall parallel the horizontal edges of the figure, whenever possible. A cross reference shall list the official nomenclature and its corresponding acronym or general usage nomenclature. 

3.3.1.1.3.3.21.3 Leader Lines and Arrowheads.
Leader lines and arrowheads may end close to the callout and object, or may touch the objects to which they apply. Lines shall be uniform, short and straight as possible; however, dog leg shaped lines are permitted. Lines and arrowheads shall not cross or come in contact with other callout lines or arrowheads nor shall they obscure essential details. A line should be highlighted or changed from black to white to make the line easier to follow. Arrowheads may be added for clarity. Arrowheads shall be uniform in shape and size when multiple arrowheads are used on a page. 

3.3.1.1.3.3.22 Legends.
Unless the legend is contained as part of the figure, legends shall be placed four spaces above the cutline (RDC) or illustration (PTM and FRC) and shall be headed by the word "Legend" followed by the number of the figure to which it is applicable. The entire legend shall be indented 5 spaces. If the legend is continued, the figure number and title shall be repeated, followed by a dash and the word "Continued". Only that information which is necessary to clearly identify the items shall be included in the legend. Where methods such as the tabular presentation technique (as in an Illustrated Parts Breakdown) are used, no legends are required. When index numbers are used, a legend consisting of their numerical listing and their identification shall be included on, adjacent to (same page) or facing, the artwork. 

3.3.1.1.3.3.23 Steps.
Essential illustrations depicting mechanical operations shall be included as necessary. Operational or procedural illustrations shall have one or more text steps with each illustrated step. It is not necessary to illustrate each step of a maintenance procedure, such as the removal of screws with an ordinary screw driver, lifting off a cover after the screws have been removed, and so forth. Procedural illustrations should supplement the text by clarifying procedures which are of a special nature or are not obvious. The text step shall be as close to the illustrated step as possible. Steps shall be identified in the order in which they are to be accomplished. Alternate types of operational and procedural step illustrations are acceptable. 

3.3.1.1.3.3.24 Reference Designations.
Reference designations shall be included. Reference designations marked on equipment take precedence. 

3.3.1.1.3.3.25 Review of Illustrations.
Illustrations shall not be furnished separately for review. If a publication is reviewed, illustrations forming a part of the publication shall be included in the review. Each illustration copy shall be approximately the same size as a page of text, except for those of foldout size which shall not exceed maximum foldout dimensions. 

3.3.1.1.3.3.26 Line Drawing Details.
3.3.1.1.3.3.26.1 Darkness and Sharpness of Lines.
The darkness and sharpness of lines shall be sufficient to reproduce clearly at required reproduction size without additional treatment. Parallel lines on wiring and schematic diagrams shall in no case be less than 1/16-inch apart when reduced to printed size. Secondary lines, such as those used to indicate extensions or measurements, shall be lighter but strong enough to reproduce clearly at reproduction size. Shading may be used to give substance and form to the item depicted, to sharpen the contrast between the subject and its background or to increase effectiveness. Shadows shall be used only when necessary to provide a clear understanding of form, shape or depth. Shading effects shall not be used for decorative purposes. Accented lines may be used to emphasize detail. Lines, cross-hatching, or mechanical patterns used for coding shall remain clearly defined when reduced to reproduction size. 

3.3.1.1.3.3.26.2 Designations, Diagrams, and Symbols.
Designations, diagrams, graphic symbols and letter symbols shall be consistent and the source or reference for these items shall be identified. 

3.3.1.1.3.3.27 Foldout Page and Multisheet Illustration Limitations.
3.3.1.1.3.3.27.1 Foldout Pages.
Foldout pages shall be prepared only when approved by the acquiring activity. Multisheet illustrations should be used where possible, in lieu of foldouts, when usability will not be affected. Foldout-foldup pages are not permitted. If approved by the acquiring activity, foldout pages may be prepared for 8 1/2 by 11 inch manuals. Foldouts shall meet the following requirements: 

a. All foldout pages shall be prepared for printing on one side only. 

b. Full blank aprons shall be used. 

c. Foldout pages shall not be spliced. 

d. Foldout pages shall fall at the end of the manual. When specified, foldout pages shall fall at the end of chapters or be interspersed within text pages. When foldout pages fall at the end of the manual, such pages shall follow the last chapter, appendix or index, whichever forms the last portion. 

e. Maximum foldout page sizes and maximum printable area for foldout pages shall be as follows: 

                   Foldout maximum page size    Foldout Maximum

 Manual Size       (including blank apron)      printable area

 8 1/2 by 11                26 by 11                16 by 10    *

*  Minimum  margins: 1/2 inch top and bottom, 1/4 inch side opposite

binding edge.

3.3.1.1.3.3.27.2 Multisheet Illustrations.
Whenever possible, to reduce the number of foldouts to the essential minimum, illustrations shall be divided between facing pages and identified "Figure sheet 1" and "Figure sheet 2" respectively. When more than two pages are required, and except for such illustrations as schematic, wiring and logic diagrams where the use of the diagram would be adversely effected, additional sheets may be continued on immediately succeeding pages and similarly identified. Sheet 3, Sheet 4, and so forth, can be planned for succeeding pages when required and if this treatment will not effect the usefulness of the manual. 

3.3.1.1.3.3.27.3 Foldout Figure Numbers.
The figure numbers for foldouts which fall at the end of the manual shall be "FO-1", "FO-2", etc., and shall be placed preceding the figure title under the illustration. The figure numbers for foldouts which fall at the end of a chapter or are interspersed with the text shall follow normal figure numbering sequencing. When a foldout consists of several sheets, the sheets shall be numbered in consecutive order following the figure title. 

3.3.1.1.3.3.27.4 Foldout Page Numbers.
The page numbers for foldout pages which fall at the end of the manual shall be FP-1/(FP-2 blank), FP-3/(FP-4 blank), and so forth. The page numbers for foldout pages which fall at the end of a chapter or are interspersed with the text shall follow normal page numbering sequence. 

3.3.1.1.3.3.27.5 Footnotes.
Numbering of footnotes to tables shall be independent of that of footnotes to the text. Consecutive superior numbers beginning with "1" shall be used (in tables, superior lowercase letters, asterisks or other designation may be used where numbers would cause confusion). Footnote numbers and text shall be separated by two spaces. The numbering system shall be per chapter or table, as applicable. Footnotes to the text shall be placed at the bottom of the page on which they appear. 

3.3.1.1.3.4 Page Size and Reproduction Area for Final Reproducible Copy.
Text and artwork shall not exceed the following dimensions for the indicated size manual. Manuals shall be prepared in 8 1/2 by 11 inch size. When specified, manuals shall be produced in accordance with the dimensions below. 

   Paper Size

   of Printed                                      Depth (Including

   Manuals     Width - Text/Art  Depth - Text/Art  Marginal Copy)

   (Inches)    (Inches) (Picas)  (Inches) (Picas)  (Inches) (Picas)

   8 1/2 by 11   *7 1/4    44       9        54      10        60

   *  Double column, each column shall be approximately 3 1/2 inches 

   wide with an approximately 1/4 inch gutter between. Single column 

   shall be 7 1/4 inches wide.

3.3.1.1.3.4.1 Oversize Reproducible Copy.
Final reproducible copy shall be supplied final size. Reproducible copy may be prepared oversize not to exceed 50 percent larger than the prescribed image area for each printed manual page size. Type shall be of such size that after final reduction the text shall be no smaller than that prescribed in Figure 4 and Figure 5. When oversize final reproducible copy is specified, reduction shall be positive to positive (without using film). 

3.3.1.2 Technical Contents For Digital Systems Manuals.
3.3.1.3 Specific Requirements.
The manuals shall provide systemand subsystem oriented instructions for operation, maintenance, installation, and testing. Detailed equipment data should be provided by reference to the equipment manuals. However, for this manual, the technical data shall be developed at the digital equipment level and be included for all digital equipment system and subsystem and interface components not covered by an equipment technical manual. The contents shall be arranged in chapters according to the following: 

a. Chapter 1 - General information and safety precautions. 

b. Chapter 2 - Scheduled maintenance. 

c. Chapter 3 - Functional description. 

d. Chapter 4 - Operation. 

e. Chapter 5 - Fault-isolation. 

f. Chapter 6 - Alignment procedures. 

g. Chapter 7 - System cabling. 

h. Chapter 8 - Unit level maintenance procedures. 

3.3.1.3.1 Chapter 1, General Information and Safety Precautions.
All safety precautions necessary for the protection of personnel and the ship shall be included and cross-referenced as the initial paragraphs ahead of the introduction. These precautions shall be prepared as specified in this document. The remaining content of this chapter shall be so that command level, supervisory personnel, and other users having a general interest in the equipment can easily and rapidly determine the purpose, physical and functional characteristics, and the operational capabilities of the digital system. 

3.3.1.3.1.1 Safety Precautions.
This section shall describe the hazards associated with system operation and maintenance. 

3.3.1.3.1.1.1 Introduction.
This description shall orient system supervisory personnel, and shall include the following: 

a. Purpose, scope, and organization of the system safety instructions. 

b. Basic safety concepts. 

c. Basic responsibilities for safety. 

3.3.1.3.1.1.2 System Hazards and Precautions.
Descriptions of system hazards and precautions shall be included, addressed to system personnel and referenced to particular system equipments. The descriptions shall be organized to be consistent with the operation of the system. The descriptions shall supplement and extend equipment safety instructions to the system level, by warning of potential hazards that can be caused during operation or maintenance. 

3.3.1.3.1.1.2.1 Operational Safety Summary.
A summary shall be included which emphasizes the proper use of equipment controls, describes the hazards to operators, or as applicable, the hazards to persons in areas remote from the operation, and recommends precautions. An emergency operational routine shall be included which emphasizes the controls that permit immediate braking or de-energizing of the system. 

3.3.1.3.1.1.2.2 Maintenance Safety Summary.
A maintenance safety summary shall emphasize the proper use of controls, describe the hazards to maintenance personnel, potential damage to the equipment, and recommend precautions. 

3.3.1.3.1.1.2.3 Hazardous Components.
Identify and briefly describe the hazardous components including radioactive devices and elements used with the system and summarize the general handling precautions for such components. The description of a hazardous component shall include brief statements as to the purpose, manner of functioning, nature of built-in safety devices, and nature of the hazardous element; it shall also indicate the relative sensitivity of the component to mechanical shock, vibration, electromagnetic and radioactive radiation, and electrostatic charges. 

3.3.1.3.1.1.3 Introduction.
The introduction shall define the system and its relationship with other systems. The mission of the system shall be stated. The text shall be supported by a diagram showing the interrelationships of the system equipments (see figure 1114). The major functional relationship and inputs and outputs to related systems shall be indicated. 

3.3.1.3.1.1.4 Physical Arrangement.
System areas and compartments shall be described and the system equipment and units contained in the areas shall be listed. The physical arrangement description shall be supported by the following illustrations: 

a. An inboard profile drawing of the ship or stations showing compartment locations and identifying topside equipment and equipment units comprising the system (see figure 39). 

b. Separate illustrations of each compartment and area, identifying the listed system equipment (see figure 137). Other equipment, which is installed in the subject system compartments and areas, need not be listed in the text or called out in the illustrations if they do not directly affect the operation or maintenance of the subject system. 

3.3.1.3.1.1.5 System Equipment Description.
Each of the equipments comprising the system shall be identified and described. Descriptions of operator-attended equipment shall include general statements as to the nature and purpose of units and indicators. The text shall be supported by illustrations. All equipment shall be shown, whenever possible, in relative- scale proportion. An equipment may be separately illustrated with significant features called out, if such details are necessary for proper support of the text. 

3.3.1.3.1.1.6 Associated System Equipment.
When required, descriptions and illustrations of associated system equipment shall be limited to the major units thereof. The descriptions shall be more condensed than those of subject system equipment; otherwise, the same requirements are applicable. In the descriptions, emphasis shall be placed on those associated systems equipments that constitute operational or functional interfaces with the subject system. Such units shall be included in the system illustrations. 

3.3.1.3.1.1.7 Equipment Illustrations.
Equipment illustrations shall be in accordance with paragraph 3.3.1.1.3.3.11. 

3.3.1.3.1.1.8 Reference Data.
Reference data, equivalent to the following, shall be included in tabular form: 

a. Descriptive (identification plate data) which identifies manufacturer, type, model, part or identifying number (PIN), Joint Electronic Type Designation (when applicable), repairable identification code (RIC) and allowance parts list (APL), as applicable. 

b. Functional characteristics, such as: power requirements, horsepower, pressure, capacity, modes of operation, power output, frequency, pulse characteristics, sensitivity, selectivity, including tolerances, where applicable. 

c. Capabilities and limitations, such as: pounds of thrust, knots, turning radius, minimum and maximum ranges, degree of coverage, resolution, accuracy. 

d. Rated outputs, such as: wattages, voltages, horsepower, gallons per minute. 

e. Environmental characteristics, such as: ambient temperatures, heat dissipation per unit, humidity limits. 

3.3.1.3.1.1.9 Equipment, Accessories, and Documents Supplied.
A tabular listing of all equipment and documents supplied shall be included. List the equipment, its units, and its accessories (special tools, test equipment, miscellaneous parts, and Government- furnished items) which form a part of, or are supplied with, the equipment. The table shall include the following: 

a. Column 1, Quantity. This column shall contain the quantity of each unit and accessories supplied with the equipment. 

b. Column 2, Item name or nomenclature. This column shall contain the official name (for example, pump, winch) or nomenclature (name and designation) of each component, unit or accessory. 

c. Column 3, PIN number, RIC number, or unit number. This column shall contain the PIN, RIC, or unit number of each equipment unit or accessory. 

d. Column 4, Overall dimensions. This column shall contain the crated (if available) and uncrated height, width, and depth in inches (or inches and centimeters) of each unit or accessory. 

e. Column 5, Weight and volume. This column shall contain the crated (if available) and uncrated weight and volume in cubic feet of each unit and accessory. 

3.3.1.3.1.1.10 Equipment and Publications Required But Not Supplied.
A tabular listing of all test equipment and publications required but not supplied with the equipment or system shall be included. If a measurement requirement is established which cannot be satisfied by the subcategory (SCAT) codes listed in this guide, or alternate test procedures cannot be developed utilizing the listed SCAT request for assistance should be directed to: 

                         Commander

                         Naval Sea Systems Command

                         Arlington, VA  22242-5160

                         ATTN:  SEA 0415

The listing shall contain: 

a. Column 1, SCAT code. When applicable, this column shall contain the four digit group of numbers, which is included in NAVSEA ST000-AG-IDX-010 Rev. 02 or the web site http://tmde.phdnswc.navy.mil , used to identify a measurement requirement. 

b. Column 2, Test equipment category. This column shall contain the item name of each item of equipment required. 

c. Column 3, Representative test equipment model number. This column shall contain the model number of the standard or Substitute Standard General Purpose Electronic Test Equipment, listed in NAVSEA ST000-AG-IDX-010 Rev. 02 or the web site http://tmde.phdnswc.navy.mil , which can be used to satisfy the measurement parameters. 

d. Column 4, Equipment test parameters. This column shall specify the range of test parameters which must be satisfied by this test equipment item (it shall not define the ranges of the test equipment model). 

e. Column 5, Application. This column shall indicate the intended use of the test equipment (for example, scheduled maintenance, troubleshooting, corrective maintenance, or installation). 

3.3.1.3.1.1.11 Field and Factory Changes.
System and equipment changes (for example field changes, factory changes, engineering changes or notices, modifications, and so forth) shall be identified and included in separate tables. Field and factory changes shall be included as follows: 

a. Column 1, Change number. This column shall list the change number for each field and factory change considered and included in the preparation of the manual. 

b. Column 2, Nomenclature. This column shall list the equipment nomenclature and Government serial numbers of equipment affected by the change. 

c. Column 3, Description. This column shall contain a brief statement identifying the change and its purpose. 

3.3.1.3.1.1.12 Description of Technical Manual.
A brief description of the technical manual and an introduction to the use of the data contained within shall be included. 

3.3.1.3.2 Chapter 2, Scheduled Maintenance.
Chapter 2 shall contain all system schedule test procedures, together with necessary explanations and illustrations. It is intended that the engineering effort required to develop preventive maintenance data be expended only once and that the data, where applicable be used both in this chapter and in Logistic Support Analysis (LSA) or Maintenance Requirements Cards (MRC) where one or more of the latter three data items are required by the contract. When the approved LSA, or MRC data is available, it shall be referenced in the manual. When included in the manual, such LSA, or MRC data shall be integrated with other technical data required by this specification to be in this chapter. Chapter 2 shall comprise the following: 

a. Introduction. 

b. Scheduled maintenance action index. 

c. Scheduled test procedures. 

When a separate depot-level manual is required, it shall include the information required by electronics/IC or ordnance equipment, as applicable. 

3.3.1.3.2.1 Introduction.
The introduction shall be an explanation of the purpose, scope, and arrangement of the scheduled maintenance material. When a preventive maintenance procedure is critical to the operation of the system and the schedule for servicing is absolute (not recommended), this information shall be conspicuously written as a CAUTION. The following statement shall be included: 

    "The scheduled maintenance instructions in this manual are

    intended to duplicate those furnished in the Planned Maintenance

    System (PMS).  In case of conflicts, the PMS documentation takes

    precedence.  Such conflicts should be reported immediately on

    the user comment sheet in accordance with the maintenance

    procedures for this manual."

3.3.1.3.2.2 Scheduled Maintenance Action Index.
This index shall include all scheduled performance procedures. The index shall be tests and preventive maintenance tabulated as follows: 

a. Column 1, Periodicity. This column shall contain an alphanumeric list of all maintenance actions contained in the chapter. The following periodicity symbols, as appropriate, shall be used in the order of increasing periodicity as listed below: 

b.             INTERVAL                          SYMBOLS

c.             Daily                                D

d.             Weekly                               W

e.             Monthly                              M

f.             Quarterly (3 months)                 Q

g.             Semiannually (6 months)              S

h.             Annually                             A

i.             Overhaul cycle                       C

j.             As specified (explain circumstances) R1/

k.         1/ An R periodicity shall be preceded by a recommended

l.          calendar periodicity (for example, DR, WR, MR, and so forth).

m. Column 2, Maintenance action. This column shall list the maintenance action which corresponds to the periodicity number in column 1. 

n. Column 3, Reference. This column shall state the paragraph number that contains the procedure listed in column 2. 

3.3.1.3.2.3 Scheduled Test Procedures.
Include the detailed procedures for setting up and performing complete system tests. Each procedure shall be numbered and titled to clearly define the test action and the output to be tested. 

3.3.1.3.2.3.1 Scheduled Performance Tests.
These tests shall contain step-by-step procedures necessary to verify that the equipment is operating within standards in all modes of operation and shall contain the following: 

a. Safety precautions. 

b. A list of tools and test equipment identified by type, manufacturer, and model number. 

c. The title of the test to be performed. 

d. The minimum rating of the technician expected to perform the task. 

e. Preliminary setup data required to perform the test. 

f. Detailed procedures for accomplishing the test. Procedures requiring lengthy and identical setup data may be presented in detail in one procedure and referenced in succeeding procedures. 

g. Values or conditions, with tolerances, indicative of normal operation. 

h. References to troubleshooting or corrective actions to be used if the test values are not within tolerances. 

i. Illustrations to support the test. 

3.3.1.3.3 Chapter 3, Functional Description.
Chapter 3 shall describe how the components or equipments comprising the system jointly perform major operations and functions, and how associated systems contribute to the performance of these major functions. Equipment or associated system interfaces shall be described only as necessary to identify the sources or destinations of system inputs and outputs (see figure 150). Descriptions shall not repeat the functional description provided in the equipment manuals or Chapter 8. 

3.3.1.3.3.1 Method of Presentation.
The presentation shall first define how the system major functions meet the purpose of the system as described in 3.3.1.3.1. Each major function shall then be discussed separately at progressively increasing levels of detail. The description of the entire system shall be supported by a basic block diagram of the system (see figure 1115). Where information can be presented better pictorially than by text, additional diagrams and other illustrations shall be used. Reference may be made to diagrams appearing in Chapter 5. 

3.3.1.3.3.2 Introduction.
The introduction shall describe the general approach that is used in the functional description. The introduction shall also describe briefly the interrelationship between the system and associated systems. 

3.3.1.3.3.3 System Function Directory.
A system function directory shall tabulate operation control functions and the signal data described in the detailed level of functional analysis (see 3.3.1.3.3.4). The tabulation shall include the following information, as applicable: 

a. Official name of the function, colloquial name, and symbol. 

b. Type of control or signal (ac frequency and voltage, dc polarity and voltage, hydraulic pressure, mechanical motion, synchro, and so forth). 

c. The origin and termination of the control or signal. 

d. Identify equipments (relay transmitters, coordinate converters, distribution boxes, switches, and the like) between the origin and termination of the output control or signal. 

e. Figure numbers of illustrations on which the function is illustrated, including the fault-isolation diagrams in Chapter 5. 

3.3.1.3.3.4 Functional Description Level.
3.3.1.3.3.4.1 First Level of Functional Description.
The first level of the description shall be confined to data, such as, origin of the function at an equipment control or sensor; transmission of the signal via intermediate equipment such as switchboards, relay transmitters, coordinate converters, and distribution boxes; and presentation of the function at terminal equipment. Control functions essential to the development of a signal shall be introduced and briefly described in their relationship to the signal. The description shall be supported by an FBD (see 3.3.1.1.3.3.12). Functions involving computations may be explained in mathematical terms, but at a level no higher than high school mathematics. The second level of analysis shall be supported by one or more diagrams. 

3.3.1.3.3.4.2 Detailed (Second) Level Of Functional Description.
The detailed level description shall explain the system functions in terms directly related to the diagrams in Chapter 5. Data and control functions shall be described down to the level of an equipment or an equipment group. 

3.3.1.3.3.5 Preparation of FBD Associated Keyed Text.
This subsection describes the requirements and method of presentation of the keyed text associated with each FBD. 

a. Keyed text presents brief descriptions of each block on the FBD. The short (generally one to three sentences) paragraph is "keyed" to the FBD by a circled number. The first text paragraph shall describe the total FBD sheet. Each subsequent paragraph (circle one, circle two, circle three, and so forth) shall describe what that block does within the operation of the system. 

b. The keyed text shall discuss, at an overview level, the purpose of each block (why it exists, and what it does). The keyed text shall not discuss circuit implementation, or how it works. When the same block appears on many levels of the FBD, the keyed text relating to the block shall be identical at all levels. See figure 1116, figure 1117, figure 1118. 

3.3.1.3.4 Chapter 4, Operations.
Chapter 4 shall describe system operating situations, modes, and procedures. The descriptions shall be detailed to the level required for an understanding of the operational interfaces of the system equipments and associated systems. Illustrations shall be included when necessary for clarity (see figure 1119). The various operating modes shall first be described to acquaint the operator with all equipment combinations that can be employed to effect a given mode of operation. 

3.3.1.3.4.1 Preoperational Conditions and Setup.
Specific preoperational conditions presumed to be in effect prior to system operation shall be established. A system readiness checkoff list of significant switch positions and indicator status shall be tabulated. For indicators such as dials, where a band of readings are possible, upper and lower limits shall be delineated. The initial conditions of associated system equipment that directly affect system operation shall be treated in a similar manner. 

3.3.1.3.4.1.1 Operating Modes.
The primary operating mode shall be discussed in detail, and alternate modes shall be treated as modifications of the primary mode. Operating procedures common to all modes shall be detailed under the primary mode and referred to under the alternate modes, with such modifications of procedure as may be necessary. Each mode shall be described in the logical sequence of major phases, events, options, supervisory commands and responsive actions, and the following: 

a. Only those equipment operational controls and indicators having system significance shall be explained in the description. When controls must be actuated and indicators observed in a sequence to achieve system operation, the descriptions will cite each control and indicator with a number to indicate the position in the sequence. 

b. Emphasis shall be placed, by the use of warnings on the safe operation of controls, which, if operated improperly, could result in hazards to personnel or damage to the equipment. Each control shall be followed by a brief description of its effects (equipment actuation or display indication, or both) at the operator station and at remote stations. The primary mode description shall be supported by both general and detailed illustrations. 

c. Operational phases which involve operator judgement shall be illustrated by operational logic diagrams. The diagrams shall indicate the conditions that must be favorable prior to an operator action, or if unfavorable, indicate the alternate action. Illustrations showing dials, gauges, status lights, and so forth, which indicate the favorable or unfavorable conditions shall be included. Special procedures to be followed when an equipment failure may be bypassed (as separate from emergency procedures) shall also be described. 

3.3.1.3.4.1.2 Normal Operation.
The duties of system operators shall be described in terms of general responsibility and specific step-by-step procedures for operating the system in all of the primary modes. Descriptive words (such as switch, button, dial, or indicator) may be added to clarify the type of control involved, for example: "Press ACCESS button and observe channel spot." All system controls and indicators provided for the use of operators shall be covered. Controls and indicators provided only for maintenance and nonsystem application shall not be called out. 

3.3.1.3.4.1.3 Emergency Operation.
Step-by-step procedures shall be provided for emergency operation of the system. If specially designated controls have been provided for emergencies, a short statement shall be included describing how they modify or otherwise affect normal system operation. Emergency procedures shall be supported by illustrations. 

3.3.1.3.4.1.4 Special Operation.
Special operations such as test checkout, training, or evaluation exercises shall be described. Illustration support shall include block diagrams and pictorial diagrams. 

3.3.1.3.5 Chapter 5, Fault-isolation.
Chapter 5 shall provide a high level overview of troubleshooting methods, techniques, and procedures as well as detailed procedures, illustrations, and an explanation of the use of the information presented for the identification, isolation and correction of all system level and system interface related problems and casualties. The major objective of the system fault-isolation procedures shall be described. In addition, a brief description of each type of maintenance diagram shall be provided. This chapter shall also provide procedures for the identification of system level casualties caused by and which must be repaired at an individual equipment level and shall isolate these casualties to the applicable portion of Chapter 8 or other equipment level manual for troubleshooting. Chapter 5 shall provide an index of system diagnostic callout fault groups. Chapter 5 shall provide system related maintenance data, including tools and test equipment descriptions, and safety precautions associated with maintenance. The material in Chapter 5 shall be presented in seven separate sections as described by the following: 

a. Introduction 

b. Tools and Test Equipment 

c. Diagnostic Descriptions 

d. Diagnostic Operating Procedures 

e. System Troubleshooting 

f. Fault Group Index 

g. System FCDs 

3.3.1.3.5.1 Safety Precautions.
A reference to the safety precaution data contained in Chapter 1 shall be included as the initial paragraph ahead of the introduction. 

3.3.1.3.5.2 Introduction.
The introduction shall provide an explanation of the purpose, scope, supersedure data, and application of Chapter 5, including the models, serial numbers, and configurations covered. The interface relationship of the technical manual to other referenced publications and the relationship of the equipment to referenced systems or other equipment shall also be included. Warranty and guarantee information shall be included, as applicable. 

3.3.1.3.5.3 Tools and Test Equipment.
This section shall consist of data associated with the system which has been found to be useful as reference data for maintenance purposes. General data presented shall include, but not be limited to: identification and description of general and special purpose tools and test equipment; and any other special system requirement which modifies general electronic system maintenance practices. 

3.3.1.3.5.3.1 Tools and Test Equipment Listing.
Separate listings shall be provided as required to describe the system complement of general purpose tools and tool kits, consumable items, general purpose test equipment, special purpose tools and tool kits, and special purpose test equipments. Tools supplied as parts of hardware assemblies, such as cabinet wrenches, shall be included in the tool lists. Requirements for description will be dependent upon the determination that a listed item is categorized as general purpose type or special purpose type. Special tools and equipment are defined as those not listed in the Federal Supply Catalog. Notes explaining use of the tables and Stock Code Number column numbering system shall precede the first table for which a particular note is applicable. 

a. General purpose tools shall be listed in tabular form with numbered items listed alphabetically by their official name or nomenclature. Descriptive text explaining the use of the table and the Stock Code Number column numbering system shall precede the first table. Separate tables shall be provided which list the items comprising tool kits or groups which may be acquired as a kit or set. Tables describing the contents of tool kits or sets shall include identification data for the acquisition of the kit or set in the title of the table. For each listed item, the table shall include: 

1. Item number reflecting the position of the item on the tables. 

2. Item name consisting of the official name or nomenclature of the listed item. 

3. Part number consisting of the manufacturer or contracting activity assigned number as it appears on the item. 

4. Quantity of the items required for maintenance of the system. 

5. National Stock Number (NSN) of the item as it appears in the Federal Supply Catalog. 

6. Contractor and Government Entity (CAGE) code consisting of the assigned CAGE code of the manufacturer or contracting activity of the listed item. 

7. Stock Code Number consisting of an assigned number which indicates the procurement status of the listed item as follows: 

A. Item is supplied with the equipment. 

B. Item is supplied by the Navy Supply System. 

C. Item is available through the Navy Supply System. 

D. A note explaining this coding system shall precede the first table where used.

8. Remarks and Descriptions consisting of the name or number of the unit for which the item is to be used, SCAT code number, equivalency data, description of use, and so forth, applicable to the listed item. 

b. Consumable items shall be listed in tabular form with numbered items listed alphabetically by their official name or nomenclature. For each listed item, the table shall include data as described by paragraph (a) above. 

c. General purpose test equipment shall be listed in tabular form with numbered items listed alphabetically by their official name or nomenclature. For each listed item, the table shall include data as described by paragraph (a) above. 

d. Special purpose tools shall be presented in tabular form. Items included in the tables will be listed alphabetically by their official name or nomenclature. Separate tables shall be provided which list the items comprising tool kits or groups which may be acquired as a kit or set. Notes explaining the use of the tables and Stock Code Number lettering system shall precede the first table for which a particular note is applicable. Tables describing the contents of tool kits or sets shall contain identification data (the manufacturer's or other identification to be used in acquisition of the kit or set) in the title of the table. Special purpose items listed as parts of general purpose tool kits shall be included in the special purpose tools table; its inclusion as part of the kit or set shall be properly annotated. For each listed item, the table shall include: 

1. Item number reflecting the position of the item on the table. 

2. Item name consisting of the official name or nomenclature of the listed item. 

3. Illustration number consisting of the number of illustration describing the item and its general use. 

4. Quantity of the items required for maintenance of the system. 

5. Manufacturer's part number consisting of the manufacturer's or the contracting activity's assigned part number as it appears on the item. 

6. CAGE code consisting of the assigned CAGE code of the manufacturer or contracting activity of the listed item. 

7. Stock code number consisting of an assigned number which indicates the acquisition status of the listed item as follows: 

A. Item is supplied with the equipment. 

B. Item is supplied by the manufacturer. 

C. Item is available from the manufacturer. 

D. A note explaining this coding system shall precede the first table where used.

8. Remarks and description consisting of the name or number of the unit for which the item is to be used, SCAT code number, equivalency data, description of use, reference to procedures requiring usage, and so forth, applicable to the listed item. 

e. Special purpose test equipment shall be presented in tabular form with accompanying illustrations. Items included in the table will be listed alphabetically by their official name or nomenclature. For each listed item, the table shall include data as described by paragraph (a) above. 

3.3.1.3.5.3.2 Reference Data.
This section shall consist entirely of data associated with the system which has been found to be useful as reference data for maintenance purposes. Technical and informative data which enhances maintenance and repair of the system shall be included. This section shall be presented by tabular format with introductory text and illustrations. Use of text and illustration shall be kept to the minimum required to ensure understanding of the material in the tables. This section shall contain, but not be limited to, the following sections. 

a. A list of redundant (identical) pluggable electronic components shall be provided to facilitate the interchange of parts in use within the system. The list of components shall appear in tabular form with items grouped by part number and arranged in alphanumeric part number order. The list shall include reference designators for each part number listed. Reference designators shall be arranged in ascending order with the least critical component appearing first. A maximum of ten reference designators shall be listed for any component used more than ten times within the system. Nonpluggable items and items having minor degrading impact on the system shall not be listed (Example: indicator lamps and light bulbs). This table shall be titled "Component Interchangeability." 

b. A list of Maintenance Assistance Modules (MAMs) shall provide a tabular listing of the system MAMs. This table shall be titled "Special Purpose Test Equipment - MAMs." 

3.3.1.3.5.4 Diagnostic Descriptions.
This section shall identify and describe all performance monitoring (PM) and fault localization tests supporting the system. 

3.3.1.3.5.5 Diagnostic Operating Procedures.
Step-by-step procedures shall be provided for operating all system diagnostic operating procedures. 

3.3.1.3.5.6 System Troubleshooting Procedures.
This section shall provide specific troubleshooting methods and procedures to direct fault identification and location, fault-isolation, and fault repair or correction at the system level. The procedures shall provide for the analysis of switching combinations and observable indications (dials, gauge lamps, and meters). The use of any required test equipment shall be described. The procedures shall support the fault logic diagrams (FLDs), FCDs, and sequenced switching diagrams (SSDs). The supporting diagrams shall be referenced by figure number. Prerequisite control settings, conditions, and tools and test equipment shall precede each procedure. 

3.3.1.3.5.6.1 Maintenance Concept.
The beginning of the system troubleshooting section shall describe the maintenance concept for system fault detection, fault localization, and fault- isolation and repair. The section shall contain a flowchart to aid the maintainer by illustrating the philosophy behind the method used to troubleshoot casualties. 

3.3.1.3.5.6.2 Maintenance Concept Flowchart.
The flowchart shall illustrate the basic methodology of troubleshooting casualties. The philosophy or concept behind the troubleshooting method shall be shown by depicting generalized maintenance actions rather than specific tasks performed. Overall format of the flowchart shall be divided into Operational, Detection, Localization, and Isolation and Repair sections by use of labeled dashed lines. Each block of the flowchart shall contain a circled number that corresponds to a paragraph number of an accompanying narrative text that describes the content of that block. Block numbers shall be assigned sequentially and shall follow the top-to-bottom, left-to-right flow pattern used by the flowchart. The flowchart shall illustrate typical operations performed during the troubleshooting process in the sequence that they were performed. The flowchart shall represent sufficient examples of the hardware and software used with the system to illustrate the underlying troubleshooting philosophy. All inherent or built-in troubleshooting aids shall be illustrated. However, to minimize complexity, the flowchart shall not attempt to show all of the possible troubleshooting operations for every hardware and software combination. (See 3.3.1.1.3.3.13). 

3.3.1.3.5.6.3 Maintenance Concept Flowchart Definitions.
This section shall describe each of the blocks of the maintenance concept flowchart and their content by use of narrative text presented in tabular form. The table shall consist of paragraphs referenced to the numbered block of the flowchart that is described. The table I shall contain a separate sequentially numbered description for each block appearing on the maintenance concept flowchart. 

3.3.1.3.5.6.4 FLDs.
The FLDs shall be prepared in accordance with this document. 

3.3.1.3.5.6.5 SSDs.
SSDs may be used to step the technician through a sequence of events to support troubleshooting. SSDs are generally used when normal monitoring of events will miss symptoms that are significant to the troubleshooting process. This can be due to the speed that the events take place, the need for controlling operator actions or other circumstances that make a step-by-step monitoring of events useful to the troubleshooting process. SSDs are often used to monitor weapon control functions, ensuring that the technician zeros in on the correct symptom rather than a symptom indirectly resulting from the actual problem. 

3.3.1.3.5.7 Fault Group Index.
The fault group index shall provide a list of suspected faulty assemblies and parts for a fault group number callout resulting from the performance of specific diagnostic fault detection routines performed at the system level. Use of this section shall enable maintainers to swap or replace suspected faulty parts identified by troubleshooting routines with the use of MAMs, replacements from the supply system, or redundant parts available within the system. The fault group index is used for repair of a failure. The fault group index shall consist of a list of callouts or typeouts which list the reference designator of suspected faulty part(s) causing the callout; and which references the entry point on the correct diagram for further troubleshooting of casualty. This section shall also contain references to available lists of swappable components and MAMs, supply data, and instructions for replacement or swapping of suspected faulty parts. This section shall consist of a tabular listing of data related to system troubleshooting routine callouts. The fault group index may be an automated printout if format and legibility are retained and reproduced copy is clear and useable. The fault group index shall contain an introduction describing the use of the table in narrative text. The fault group index shall contain the following parts: 

a. Fault group number. This shall consist of a column of callouts or typeouts listed alphanumerically by unit number of the diagnostic test performed, and shall contain all callouts applicable to unit casualties. Entries shall be spaced to facilitate inclusion of all corresponding data in the other columns of the table. 

b. Test. This column shall identify the diagnostic test number of the test that produced the fault group callout. 

c. Unit. This column shall identify the unit that was tested. 

d. Card type. This column shall identify the part number of the suspected faulty card. 

e. Reference designator. This shall consist of a column of all suspected faulty components applicable to the corresponding fault group number. Entries shall be spaced one to a line of type and shall be ranked by highest-to-lowest probability of causing the fault group number callout, and pluggable components shall be listed preceding hard-wired components. The reference designator shall describe unit number, cabinet or section number, subassembly number, and component number. 

f. Functional circuit diagram. This column shall identify the figure number of the FCD associated with the suspected faulty card. 

g. Circuit tested. This column shall identify the circuit that was tested. 

h. Notes or remarks. This shall consist of notes, remarks, comments or amplifying data related to repair of the casualty. (Examples of notes and data: Identification of Electrostatic Discharge (ESD) sensitive parts; reference to applicable Fault Group Replacement Instructions; and so forth). 

3.3.1.3.5.7.1 Fault Group Replacement Instructions.
This section shall describe by procedural text, the approved instructions for replacement or swapping of components identified by the fault group index, including equipment lineups and restrictions and all applicable safety instructions. This section shall also contain narrative references to technical manual sections describing the availability, location, and use of MAMs and redundant swappable components in use within the system. 

3.3.1.3.5.8 System FCDs.
FCDs shall be the most detailed part of the system of diagrams used to depict the functional divisions of the system. The FCDs shall be directly linked to the lowest level of FBDs contained in Chapter 3. This reference shall be by the hardware reference designator. More information about the FBD and FCD structure and relationship is discussed in 3.3.1.1.3.3.12 and 3.3.1.1.3.3.14 and shown on figure 1085. 

3.3.1.3.6 Chapter 6, Alignment Procedures.
Chapter 6 shall present the corrective adjustment procedures and support information necessary to restore electrical and mechanical alignment between the various system equipments. All values and tolerances shall be included. The alignment shall be cross-referenced to respective fault-isolation procedures and diagrams in Chapter 5. Alignment procedures shall include references to equipment publications where further procedures are required at the equipment level. The alignment procedures shall be presented in step-by-step form. 

3.3.1.3.7 Chapter 7, System Cabling.
This chapter shall provide system cabling diagrams, listings and description tables which will support troubleshooting of the system and the interfaces to associated systems. Chapter 7 shall be structured to provide coverage for every class of ship for which the system configuration being covered by this manual is applicable. 

3.3.1.3.7.1 System Cabling Diagram.
The system cabling diagram shall illustrate the electrical interfaces between the system units and the interfaces between the system and other associated systems. 

3.3.1.3.7.2 System Interface Listing.
The system interface listing shall list all the system cables, by cable number, and provide a cross-reference to a cable description table which describes the cable. The listing shall also correlate the cable number with the cable drawing number and show which ship class(es) the cable is applicable to. 

3.3.1.3.7.3 Cable Description Table.
The cable description table shall define the electrical interfaces between units of the system and between the system and associated systems. A separate table shall be provided for each cable. The cable description table shall be in accordance with the following. 

3.3.1.3.7.3.1 Header Data.
The first line of header data (the table title) contains the table number and system cable number. The second line (USABLE ON CODE) shall list a code which can be correlated with the class(es) of ship the cable is installed on. The third and fourth lines list the names of the units connected by the cable and correlate by physical position with the TO and FROM columns. 

3.3.1.3.7.3.2 WXP1, EXP2, From and To Columns.
The headings of these columns shall show the cable plug reference designators and their physical position shall correlate with the unit number's physical position. The entries within these columns refer to the pin numbers on the connectors and the signal flow. 

3.3.1.3.7.3.3 Signal Name Column.
This column shall give the name of the signal associated with a wire. The term "NOT USED" shall indicate an unwired connector pin. The term "SPARE" shall indicate a wire that can be used in the future (or in an emergency). The term "UNUSABLE SPARE" shall indicate a signal line not presently used but that cannot be used as a spare. 

3.3.1.3.7.3.4 Signal Characteristics Column.
This column shall describe the electrical characteristics of power and supply signals listed in the "SIGNAL NAME" column. 

3.3.1.3.7.3.5 Comments Column.
This column shall contain grounding notes and other pertinent information. The comments column shall also contain general remarks such as revision dates for table entries and references to footnotes. 

3.3.1.3.7.3.6 General Table Data.
The general table data block at the bottom of each sheet shall contain information which applies to the entire table. This block shall show the manufacturer's code, the cable drawing number, the revision level, and the sheet number. 

3.3.1.3.8 Chapter 8, Unit Level Maintenance Procedures.
Chapter 8 shall be prepared as Unit Level Maintenance manuals for each unit. The technical manual shall therefore contain a separate part of Chapter 8 for each (or like) units. Each Part of Chapter 8 will contain Sections 1-5. When a Chapter 8 part requires 2 or more physical binders, the section(s) contained in each binder shall be clearly listed on the cover and title page of that binder. Procedures shall be included for troubleshooting to the lowest replaceable unit designated as organizational level by the equipment maintenance plan of the unit described. Troubleshooting procedures shall be included for corrective action where the automatic diagnostic program recommendations fail to solve the problem and for any circuits not tested by an automatic diagnostic program. Applicable tools for performing each removal, replacement, or maintenance action shall be listed before each procedure. 

3.3.1.3.8.1 Section 1, General Information and Safety Precautions.
All safety precautions necessary for the protection of personnel and the ship shall be included as part of the introduction, in accordance with 3.3.1.3.5.1. 

3.3.1.3.8.1.1 Introduction.
The introduction shall provide an explanation of the purpose, scope, supersedure data, and applicability of the technical manual, including the models, serial numbers, and configurations covered. The interface relationship of the technical manual to other referenced publications and the relationship of the equipment to referenced systems or other equipment shall also be included, warranty and guarantee information shall be included, as applicable. 

3.3.1.3.8.2 Section 2, Functional Description.
Section 2 shall include a detailed analysis of the principles of operations of the overall equipment and its functions. The required inputs and development of the equipment outputs in every mode of operation shall be described. The descriptions shall be presented in successive levels of increasing detail as follows: 

a. Overall level (Level 1). The first level of description shall explain the equipment functions in terms directly related to the equipment primary FBD (see 3.3.1.1.3.3.12b). The primary FBD and associated keyed text (see 3.3.1.3.3.5) are located in section 2. 

b. Detailed level (Level 2). The detailed level description shall explain the equipment functions in terms directly related to the secondary and lower level FBDs and FCDs (see 3.3.1.1.3.3.12b). The FBDs and associated keyed text (see 3.3.1.3.3.5) aare located in section 2. The FCDs are located in section 3 (see 3.3.1.3.8.3). 

3.3.1.3.8.3 Section 3, Troubleshooting.
Troubleshooting procedures and data shall contain all information necessary for a technician to locate a malfunction in the equipment. Troubleshooting shall be presented based on locating faults in a unit, assembly, subassembly, module, or piece part, depending on the maintenance concept for the level of maintenance being performed. When the troubleshooting concept limits the location of a fault to a repairable item (such as the unit, assembly, subassembly, or module) for organizational level maintenance, troubleshooting procedures and data shall also be presented that will permit a repair of the item at the intermediate level maintenance facility. When more than one level of maintenance must be provided for, organizational- and intermediate-level troubleshooting procedures shall be separated such that the organizational-level troubleshooting procedures are identified as "Organizational-Level Troubleshooting Procedures" and are presented first. Intermediate-level troubleshooting procedures shall follow organizational-level procedures and shall be identified "Intermediate Level Procedures." Immediately following this title the following statement shall be included: "These procedures are authorized for Intermediate-Level (or higher) activities (tender, shore facility or depot)." 

3.3.1.3.8.3.1 Trouble Isolation and Testing.
This subsection shall contain all instructions and information necessary to locate troubles and conduct tests on each component, assembly, or subassembly of the equipment as follows: 

a. Troubleshooting guides providing step-by-step procedures for logical isolation of faults. This information shall direct the technician to observe meters, fuses, circuit breakers, valves, and other available indicators which would indicate the presence of trouble. 

b. Complete instructions on signal tracing for electrical circuit including the use of special test instruments and unusual servicing techniques. 

c. Where appropriate because of equipment complexity, troubleshooting diagrams including schematics giving details of mechanical and electrical assemblies and relationship specified under the following paragraphs. 

3.3.1.3.8.3.2 Malfunctions.
This subsection shall contain all the information required to enable the technician to locate malfunctions in the equipment. 

3.3.1.3.8.3.3 Introduction.
The introduction shall explain the approach and logic of the troubleshooting principles presented in the manual. The section shall describe the troubleshooting data in Chapter 8 and show how it relates to the data in Chapter 5. 

3.3.1.3.8.3.4 Troubleshooting Index.
The troubleshooting index shall be presented in tabular form. The index shall list all equipment, major and supporting functions in alphabetical order, provide references to the technician to the appropriate procedures and diagrams that are to be used to troubleshoot a specific function. 

3.3.1.3.8.3.5 Relay and Lamp Indices.
These indices shall be prepared in tabular form for all relay coils and indicator lamps. The relay and lamp indexes shall include the item reference designation, the functional name, energizing voltage, and a reference to the troubleshooting diagram(s). Any components which are part of a circuit card assembly that is a lowest replaceable unit shall not be listed on the component indices. 

3.3.1.3.8.3.6 Protective Device Index.
This index shall list all protective devices, such as fuses, circuit breakers, and so forth. The index shall include the item reference designation, front panel marking of the device, trip-out value of the circuit breaker and rating of fuses, name of the circuit protected and a reference to troubleshooting diagram(s). 

3.3.1.3.8.3.7 Maintenance Turn-on Procedure.
Include a maintenance turn-on procedure to energize the equipment from the fully de-energized condition to full operation (see figure 1120). This procedure shall enable the technician to determine which major function or supporting function is malfunctioning. Each step of the procedure shall include the action to be taken (STEP), the observation to be made (OBSERVE), and shall presume that normal conditions have been observed in previous steps. Reference shall be made to the procedure for troubleshooting or corrective action to be used (REFERENCE) if the observation is out of tolerance. Built-in monitors, such as meters, dials, lamps, and so forth, shall be used when possible for making observations, as opposed to the use of external test equipment. The procedure is complete when the equipment is fully energized and all switches and controls are positioned for proper operation. 

3.3.1.3.8.3.8 Troubleshooting Procedures.
Specific troubleshooting methods and procedures shall be presented to direct fault identification, fault-isolation, and fault repair or correction, at the equipment level. The procedures shall provide for the analysis of switching combinations and observable indications (dials, gauge lamps, and meters). The use of any required test equipment shall be described. The procedures shall support the troubleshooting diagrams (see 3.3.1.3.8.3.9). The supporting diagrams shall be referenced by figure number. Prerequisite control settings, conditions, tools and test equipment, shall precede each procedure. 

3.3.1.3.8.3.8.1 Fault Group Index.
The fault group index shall provide a list of suspected faulty assemblies and parts for a fault group number callout resulting from the performance of specific diagnostic fault detection routines performed at the system level. Use of this section shall enable maintainers to swap or replace suspected faulty parts identified by troubleshooting routines with the use of MAMs, replacements from the supply system, or redundant parts available within the system. The fault group index is used for repair of a failure. The fault group index shall consist of a list of callouts or typeouts which list the reference designator of suspected faulty part(s) causing the callout; and which references the entry point on the correct diagram for further troubleshooting of casualty. This section shall also contain references to available lists of swappable components and MAMs, supply data, and instructions for replacement or swapping of suspected faulty parts. This section shall consist of a tabular listing of data related to system troubleshooting routine callouts. The fault group index may be an automated printout if format and legibility are retained and reproduced copy is clear and useable. The fault group index shall contain an introduction describing the use of the table in narrative text. The fault group index shall contain the following parts: 

a. Fault group number. This shall consist of a column of callouts or typeouts listed alphanumerically by unit number of the diagnostic test performed, and shall contain all callouts applicable to unit casualties. Entries shall be spaced to facilitate inclusion of all corresponding data in the other columns of the table. 

b. Test. This column shall identify the diagnostic test number of the test that produced the fault group callout. 

c. Unit. This column shall identify the unit that was tested. 

d. Card type. This column shall identify the part number of the suspected faulty card. 

e. Reference designator. This shall consist of a column of all suspected faulty components applicable to the corresponding fault group number. Entries shall be spaced one to a line of type and shall be ranked by highest-to-lowest probability of causing the fault group number callout, and pluggable components shall be listed preceding hard-wired components. The reference designator shall describe unit number, cabinet or section number, subassembly number, and component number. 

f. Functional circuit diagram. This column shall identify the figure number of the FCD associated with the suspected faulty card. 

g. Circuit tested. This column shall identify the circuit that was tested. 

h. Notes and remarks. This shall consist of notes, remarks, comments or amplifying data related to repair of the casualty. (Examples of notes and data: Identification of ESD sensitive parts; reference to applicable Fault Group Replacement Instructions; and so forth). 

3.3.1.3.8.3.8.2 Fault Group Replacement Instructions.
This section shall describe by procedural text, the approved instructions for replacement or swapping of components identified by the fault group index, including equipment lineups and restrictions and all applicable safety instructions. This section shall also contain narrative references to technical manual sections describing the availability, location, and use of MAMs and redundant swappable components in use within the system. 

3.3.1.3.8.3.9 Troubleshooting Diagrams.
Troubleshooting diagrams shall consist of FLDs, secondary FBDs, FCDs, and so forth, as required to support the system maintenance concept. All diagram notes (general, apron, multiple page, and so forth), except for FBDs and FCDs, shall be developed in accordance with this document. 

3.3.1.3.8.3.10 Secondary FBD, Lowest-level FBD, and FCDs.
Refer to Chapter 5 for a discussion of these diagrams. 

3.3.1.3.8.3.11 Flow Charts.
Flow charts for digital devices shall be provided to support the explanation of machine instructions and test programs, and shall be in accordance with 3.3.1.1.3.3.13, ISO 6829, and this document. 

3.3.1.3.8.3.12 Coding Instruction Sheets.
Coding instruction sheets shall be provided for all programs. The listing shall contain all coding and address data as well as an adequate notes section to ensure understanding (see figure 1121). 

3.3.1.3.8.3.13 Test Programs.
Test programs with coding instruction sheets shall be developed and included on support troubleshooting procedures. 

3.3.1.3.8.3.14 Troubleshooting Dependency Diagrams.
FLDs (see 3.3.1.3.5.6.2) shall be provided to augment the troubleshooting procedures. Supporting information required to explain the use of the diagrams shall be provided in the text or general note. 

3.3.1.3.8.4 Section 4, Corrective Maintenance.
This section shall contain instructions required to adjust and align the equipment; remove, repair, reinstall, and align all repairable parts, modules, subassemblies, and assemblies. The instructions shall identify the action to be accomplished; safety precautions to be observed; tools, parts, materials, and test equipment required; preliminary control settings; test equipment setup instructions; and step-by-step instructions, with supporting illustrations, to accomplish the maintenance task. Corrective maintenance instructions shall be provided for all items designated repairable irrespective of the maintenance concept unless this information is included in another technical manual and can be referenced. 

3.3.1.3.8.4.1 Introduction.
The introduction shall contain an explanation of the purpose, scope, and arrangement of the corrective maintenance data. 

3.3.1.3.8.4.2 Adjustments and Alignments.
This subsection shall contain all information and procedures required to perform all necessary adjustments and alignments as follows: 

a. Nonoperator type adjustments. 

b. Alignments requiring external jigs, test equipment, or bench setups. 

c. Alignments that are accomplished after a repair or replacement of a part or module. 

d. Test equipment setup and other illustrations necessary to support the procedures. 

3.3.1.3.8.4.3 Repair.
The repair subsection shall contain all procedures required in the repair of assemblies and repairable parts. Repair procedures shall include but not be limited to the following: 

a. Removal, disassembly, and inspection. 

b. Repair or replacement of piece parts. 

c. Cleaning, reassembly, adjustment, installation, calibration, and checkout. 

d. Exploded views, sectional views, wiring diagrams, and photographs necessary to support the procedures. 

e. Obvious repair actions such as soldering, use of multimeters, hand tools, and so forth, shall not be included except where these actions involve hazards to personnel or equipment. 

3.3.1.3.8.4.4 Supporting Illustrations and Data.
The use of clear, sharp illustrations to supplement description and maintenance coverage is required. Exploded views are required for parts location illustration. As a minimum, illustrations or sketches of the following shall, when applicable, be included: 

a. Typical bearings for rotating or moving equipment. 

b. Method of taking clearance measurements where required. 

c. Typical mechanism for absorbing thrust where applicable. 

d. Locking devices when applicable. 

e. Typical seal assembly (pressure and vacuum seals or controlled leakage between rotor and casing). 

f. Typical assembly of blading to rotor, with lock devices, where applicable. 

g. Typical assembly of field poles, laminated core iron, electrical windings, commutator, slip rings, and brush rigging where applicable. 

h. Equipment assembly with upper casing partially removed. 

i. Series of illustrations showing installation of supervisory instruments (such as RTEs in bearings). 

3.3.1.3.8.5 Section 5, Parts List.
The parts list shall list and identify and shall reference or include an illustration that will show the location of all repair parts, including the attaching hardware required to support the maintenance concept. All mechanical parts subject to replacement, although not provisioned as a spare part, such as handles, slides, plates, covers, and so forth included in the Provisioning Documentation shall be included in the parts list and identified in the respective parts-location diagram. This chapter shall include: 

a. Introduction. 

b. Parts list. (Including attaching hardware) 

c. List of manufacturers. 

d. Parts location illustrations. 

3.3.1.3.8.5.1 Introduction.
The introduction shall contain an explanation of the scope and arrangement of the parts list. The following type of information shall be included: 

a. Models of equipments and, where all equipment of a specific model do not have interchangeable parts, serial number of equipments covered. 

b. Explanation of any special notes. 

c. Explanation and instructions for using the list of common item descriptions. 

d. Explanation and instructions for using the list of attaching hardware. 

e. Explanation and instructions for using the parts list. 

f. Explanation and use of the list of manufacturers. 

3.3.1.3.8.5.2 Parts List Requirements.
The parts list shall be in tabular form in accordance with this document. The parts list shall be divided by major units. Each unit shall be arranged in numerical sequence (for example, unit 1 with its parts, and so forth, will precede unit 2 with its parts). All parts attached to the unit shall be listed first in alphanumerical order, followed by unit assemblies with parts and then subassemblies with parts, also listed in alphanumerical order. The list shall be arranged as follows: 

         Unit                  1

          (Cabinet parts)      1AT1

                               1B1

                               1C1

                               1CR1

                               1R1

                               and so forth

         Assembly              1A1

          (Assembly parts)     1A1AT1

                               1A1B1

                               1A1C1

                               1A1CR1

                               1A1R1

                               and so forth

         Subassembly           1A1A1

          (Subassembly parts)  1A1A1AT1

                               1A1A1B1

                               1A1A1C1

                               1A1A1CR1

                               1A1A1R1

                               and so forth

         Unit                  2

                               and so forth

3.3.1.3.8.5.3 Parts List Format.
All parts listings shall be prepared in tabular form with columns headed as follows. 

a. Column 1, Reference designation. This column shall contain the reference designations of all parts listed in sequential order. Unit numbering method of assigning reference designations, in accordance with IEEE 200 shall be used to identify units, assemblies, subassemblies, and parts. Mechanical part numbers shall be assigned to mechanical parts subject to replacement, such as handles, slides, and so forth, that are included in the APL but not assigned mechanical part numbers in the engineering drawings. With the exceptions of screws, nuts, bolts, and other attaching hardware, every functioning part in the equipment shall have a reference designator. When reference designations have been canceled for more than two consecutive items, only the first and last of the designations are to be listed, separated by the word "through". For example: 3A1R69 through A1R100 not used. 

b. Column 2, Part name. This column shall contain the name of the part. 

c. Column 3, Part number. This column shall contain the part number. 

d. Column 4, CAGE code. This column shall contain the Contractor and Government Entity (CAGE) code of the manufacturer. 

e. Column 5, figure reference. This column shall reference the parts location illustration in Section 4. 

f. Column 6, Notes. This column shall contain equipment reference information such as serial number, model number, configuration data, and so forth. 

3.3.1.3.8.5.4 List of Common Item Descriptions.
This list shall include the description of all identical parts that are used more than five times in the equipment. The description of each common item shall totally identify the item including manufacturing CAGE code and part number or military standard number. Like parts should be grouped and arranged in alphanumeric order. Item numbers shall be assigned consecutively, for example: 

Item   Description

Number

1      CAPACITOR, FIXED,CERAMIC: DIELECTRIC 3PF, 500 VDCW; MIL type CCZ1UJ030C

2      CAPACITOR, FIXED GLASS: DIELECTRIC 5100 PF, + 1% 300 VDCW, mfr 86969,

       dwg 231B743H15.

3      RESISTOR, FIXED, COMPOSITION: 3000 ohms + 5% 1/2w; mfr 42384 dwg 4469D69

4      RESISTOR, FIXED, COMPOSITION: 4000 ohms + 5% 1/2w; MIL type RC20GF402J.

3.3.1.3.8.5.5 List of Attaching Hardware.
A list shall be included that shows items of attaching hardware. Attaching hardware shall be listed alphanumerically and identified by an assigned letter. For example: 

     Letter code            Name and description

        A              CAPSCREW, 1/4-28, UNF-2A, 1 in. lg, HEX HEAD, 

                       DRILLED HEAD, CRES  MS51100-8,.

        B              WASHER, FLAT, 0.750 in. ID, 0.312 in. OD, 

                       0.066 in. thickness, STEEL, ROUND., 


Items used fewer than five times need not be included in the list of attaching hardware providing the item is completely identified in the parts list, following the part identification that is being attached. 

3.3.1.3.8.5.6 List of Manufacturers.
The list of manufacturers shall contain the names, addresses, and CAGE number of all manufacturers supplying items for the equipment as referenced in the parts list. The list shall be presented in numerical sequence by CAGE number. CAGE numbers shall be in accordance with cataloging handbook H4/H8. 

3.3.1.3.8.5.7 Parts Location Illustrations.
Illustrations shall be included to provide positive and rapid location of parts. Types of parts location illustrations include exploded views, when approved by the Government, engineering drawings and sectional views, printed-circuit boards, as applicable. (Suitable parts location illustrations located in other chapters of the manual may be referenced). 

3.3.1.3.8.5.8 Criteria for Illustrations.
Items shall be called out by reference designator. Standard attaching hardware items (such as nuts, bolts, washers, screws) need not be called-out or illustrated, except when they are referenced in a procedure. Exploded views shall be supplied when required to support maintenance procedures in Section 4. 

3.3.1.3.8.5.9 Exploded Views.
Exploded views for parts lists shall be prepared in accordance with this document. 

3.3.1.3.8.5.10 Line Drawings, Engineering Drawings, and Photographs.
Line drawings shall be used in lieu of photographs. 

3.3.1.3.8.5.11 Printed Circuit Board.
Printed-circuit board illustrations shall be prepared in accordance with this document. 

3.3.1.4 Final Reproducible Copy (FRC).
A final document shall be developed ready for reproduction and publication as an authenticated technical manual including all necessary changes made as a result of validation or verification procedures and Government conditions of acceptance or approval. The delivery media shall include, but will not be limited to, reproducible camera-ready copy, direct image copies, digital text and graphic files, disks, tapes, and so forth. 

3.3.1.4.1 FRC Development.
The FRC shall be developed as follows: 

a. The FRC shall incorporate all comments resulting from the technical and format compliance reviews, approved changes resulting from verification, and any comments resulting from interim use of a PTM. 

b. Text shall be prepared using a word processor or document publishing system. A master copy suitable for reproduction shall be printed. 

c. The FRC shall include all text (including tabular data and emergency page markings when applicable), and reproducible artwork suitable for reproduction. 

d. Type styles and sizes (fonts) shall be comparable to those shown on figure 5. Minimum type size for text shall be 10-point elite type. Nomenclature callouts, tabular material, and symbols on illustrations shall be uppercase with 7-point (0.10 inch) minimum size. Spacing and lettering shall conserve space without lessening usability or clarity of material. Letters, lines, and symbols shall be of a uniform contrast throughout the text material and shall not touch. 

e. The FRC shall have the following minimum acceptable features: 

1. Single spacing. 

2. Justified right margins. 

3.3.1.4.2 Digital Encoding of Technical Publications.
3.3.1.4.2.1 Source File Development Requirements.
3.3.1.4.2.1.1 General Requirements.
Manuals developed in general accordance with this document shall conform to a document type definition in accordance with MIL-STD-38784. Technical manual and artwork shall meet the requirements of this document, including the requirements specified for FRC printed form and style. All corrections required due to verification and review of the preliminary manuals shall be incorporated. Technical manual in digital form shall conform to the requirements specified in MIL-STD-1840, MIL-PRF-28001, MIL-PRF-28002, FIPS PUB 194, and the requirements set forth in this document. 

3.3.1.4.2.1.2 Textual Source File Requirements.
Textual material marked in accordance with MIL-PRF-28001 is referred to as a text source file. A complete SGML-tagged source file(s) of all text data (SGML Instance) is a mandatory part of each final technical manual product. 

3.3.1.4.2.1.3 Graphic Source File Requirements.
Illustrations artwork, photographs and other graphic material shall be developed in accordance with MIL-PRF-28002 and FIPS PUB 194. This data is referred to as a graphic source file. Raster illustration or graphic source files for all figures and illustrations shall be a mandatory part of each final technical manual product. 

3.3.1.4.2.1.4 Source File Interchange Format.
The format of all digital source files shall be in accordance with MIL-STD-1840. It is the source files to which all subsequent changes and updates must be made to maintain the technical publication throughout its operational life. When corrections are made to a working, intermediate, or output file, corrections must be incorporated in the source file which is the primary final product. 

3.3.1.4.2.1.5 Inspections.
The Government reserves the right to perform any of the inspections set forth in MIL-PRF-28001 to ensure that supplies and services conform to prescribed requirements. 

3.3.1.4.2.2 Digital File Requirements.
3.3.1.4.2.2.1 Files And File Formats, General.
The following specific digital source files and products are required for the final issue of each technical manual. Technical publication information consists of text and associated illustrations in digital form. This information shall be organized into file sets. Each requisite file of a set shall be encoded in a format in accordance with MIL-STD-1840, and be accompanied by the applicable data file header records in accordance with MIL-STD-1840. 

3.3.1.4.2.2.2 Declaration File Format.
The declaration file shall be in 7-bit ASCII and shall uniquely identify the delivery document. The declaration file shall be developed in accordance with the requirements of Section 5 of MIL-STD-1840. There shall be one declaration file provided with each final manual delivered in digital form. (Declaration files may also contain the characters permitted by ANSI X3.4.) 

3.3.1.4.2.2.3 SGML Conforming Text Source File Format.
The file set of a technical manual containing SGML conforming files shall consist of SGML coded text source files with at least one text source file per document, mandatory. Each file shall be accompanied by identifying data file header records. The text source files shall be ASCII, SGML coded text files tagged in accordance with MIL-PRF-28001 as specified by the document type definition of MIL-PRF-28001 and the following: 

a. Text files shall be provided on 9-track magnetic tape at 6250 characters per inch or 1600 if so specified in the contract or SEATASK in data format conforming to MIL-STD-1840. Media other than magnetic tape (for example, magnetic diskettes, optical disks, and so forth) shall be provided when specified in the contract or SEATASK. 

b. The appropriate document declaration set shall be referenced in the SGML text using the following public identifier: 

c.  <!DOCTYPE doc PUBLIC "-//USA-DOD//DTD MIL-STD-38784C 900102//EN" >

d. Document numbers for the following items must be physically present in the text stream using the appropriate attribute as defined in MIL-PRF-28001: chapter, section, paragraph, figure, table, footnote, appendix, steps, and list items. 

e. All internal (cross) references shall be tagged as defined by the document type definition in Appendix B of MIL-STD-38784. For internal references, a reference identifier (ID) shall be provided which specifies the unique ID of that part of the manual which is being referenced. Accordingly, an ID value shall be provided for the appropriate reference within the manual. For external references, the referenced document number shall be provided. 

f. Information in the following table shall be tagged as defined by the document type definition (DTD). 

g.                      Information to be tagged.

h.          Cross reference                National stock number

i.          Technical manual               Part description

j.           identification                Part number

k.           number (Doc No)               Start and end of change

l.          Equipment model number         Start and end of emergency

m.          Equipment serial number         information

n.          Footnote                       Start and end of emphasis 

o.          Graphic                         (note 1) 

p.          Index flag                     Test equipment

q.            Note 1. For use only when format document cannot

r.                    provide desired emphasis

s. Hyphenation and spell checking. The processing system that produces the text digital products required by this paragraph must electronically spell check the document text. Line ending machine generated hyphens are not permitted. 

t. Page integrity. Page integrity is the maintenance of physical or logical page boundaries at specific places in a publication. The processing system that prepares the digital products must provide page break indicators in the tagged text files for use in maintaining page integrity during future updates to the technical manual. The page break indicator as defined by the document type definition of MIL-STD-38784 and associated page number shall be used. 

3.3.1.4.2.2.4 Document Type Definition (DTD) Data File Format.
A document type definition shall be used to define the organization and logical structure of elements, entities, and attributes allowed in a particular document. It shall also be used to control automated processing functions (such as parsing) that support quality assurance requirements. The document type definition data file shall be in accordance with the document type definition in Appendix B of MIL-STD-38784 and shall define the structure and content of the technical manual. A standard DTD shall be cited. It can be provided on diskette, if the contractor desires, and requests it. The standard Navy/NAVSEA DTD (NAVSEA Class 2 DTD) is readily available on INTERNET. It can be viewed on-line at: 

      
http://navycals.dt.navy.mil/dtdfosi/repository.html

3.3.1.4.2.2.5 Output Specification and Formatting Output Specification Instance (FOSI).
The Government will provide a FOSI for use by the preparing activity. The FOSI provides a set of formatting characteristic values used to rigorously describe composition processing functions to be performed on the elements of a text document to provide the required format and style. The FOSI shall be expanded by the preparing activity to contain values for characteristics for every context in which a tag has a unique formatting requirement. Each unique tag shall be accompanied with a description of its attributes if it effects the formatting. Technical manuals conforming to this document and encoded in accordance with MIL-STD-38784 shall be accompanied by a FOSI which incorporates any preparing activity unique attributes for output format and style stated in this document. 

3.3.1.4.2.2.6 Illustration Data Source File Format.
Each set of text source files for a technical publication shall be supported with an illustration data source file for each illustration in the technical publication. 

a. Raster illustration data files shall be in accordance with the requirements of MIL-PRF-28002 and FIPS PUB 194. 

b. Each illustration data file shall be accompanied by identifying header records (see Section 5 of MIL-STD-1840). 

c. A printout of all raster file header records will accompany all digital raster illustration files. 

d. Where there are multiple instances of the same illustration in different locations of the technical publication, a single illustration file may be used to satisfy all of the illustration instances. 

e. All digital raster illustrations shall be cropped and sized to fit the designated window for printing with no further manipulation. 

f. The use of color and photographs is prohibited. 

g. The fixed-length blocks of the raster files are to be padded using ASCII Decimal 32 (space) to the appropriate size. 

h. For TMs conforming to this document, 8 1/2 inch by 11 inch or smaller illustrations are to be MIL-PRF-28002 type I files. All larger sizes are to be in accordance with FIPS PUB 194. 

3.3.1.4.2.2.7 Page Description Language (PDL) Data Files.
The PDL shall be as follows. Output page description language files shall be provided as allowed by MIL-PRF-28001. The page description language shall be postscript or a postscript compatible language. The file format shall be written with 256 byte ANSI type F fixed-length records with block length of 2048 bytes. All data header records shall be as defined in Section 5 of MIL-STD-1840. The data header record shall be written in the first physical block of the file, with the block padded using ASCII Decimal 32 (space) to the appropriate size. There shall be only one postscript or postscript compatible file for the final issue of each technical manual. 

3.3.1.4.2.2.8 Hardcopy Print From PDL Files.
A hardcopy printout of the PDL files shall accompany each final technical manual deliverable. 

3.3.1.4.2.2.9 Special Word Data File Format.
Any special word data files and their format (see MIL-STD-1840) shall be as specified. 

4.0 QUALITY ASSURANCE PROVISIONS.
4.1 Responsibility for Inspection.
The contractor is responsible for the performance of all inspection requirements as specified herein. Except as otherwise specified in the contract, the contractor may use his own or any other facilities suitable for the performance of the inspection requirements specified herein unless disapproved by the Government. The Government reserves the right to perform any of the inspections set forth in this document where such inspections are deemed necessary to assure supplies and services conform to prescribed requirements. 

4.2 Responsibility for Compliance.
All items shall meet all requirements of this document. The inspection set forth in this document shall become a part of the contractor's overall inspection system or quality program. The absence of any inspection requirements in the document shall not relieve the procuring activity of the responsibility of ensuring that all products or supplies submitted to the Government for acceptance comply with all requirements of the contract or SEATASK. Sampling in quality conformance does not authorize submission of known defective material, either indicated or actual, nor does it commit the Government to accept defective material. 

4.2.1 Government Inspection.
Material furnished in accordance with this document shall be subject to inspection, verification and approval or disapproval by the Government as specified by the terms of the contract. Inspection and verification will be performed by the Government prior to acceptance. The Government reserves the right to conduct a guidance and quality planning conference and quality program reviews throughout the term of the contract to ensure compliance with the quality assurance program plan, this document, the contract, and the production of a quality product. 

4.2.1.1 Government Inspection at Subcontractor Facilities.
Government inspection, verification and acceptance of a preliminary material at a subcontractor facility shall not constitute Government acceptance of the manual. Such Government actions shall not in any way relieve the prime contractor of his responsibilities for inspection and validation or of his responsibility to furnish an acceptable manual. When the Government requires inspection or verification at the subcontractor location, the prime contractor shall include in the purchasing document a statement equivalent to the following: 

	"Government inspection and verification is required prior to shipment from your plant. Upon receipt of this order, promptly notify and provide a copy of this order to the Government representative servicing your plant so that Government inspection and verification may be planned. If the Government representative cannot be identified, the prime contractor shall be notified immediately." 



The prime contractor shall report to his Government representative any nonconformance of subcontractor's manuals and shall require the subcontractor to coordinate corrective action with the appropriate Government representative. 

4.2.2 TMQA Program.
The contractor shall establish a TMQA program to ensure the development of technically accurate and complete technical manuals. The Quality Assurance program shall be in accordance with the ASQC Q9003 or other documented quality assurance procedures submitted by the contractor and approved by the procuring activity. Review requirements for the quality assurance program developed by the contractor will be specified by the acquisition documents. The contractor's quality assurance program shall encompass the accountability for and development of quality control functions required for the management of the following technical manual program elements: 

a. Source data collection. 

b. Intermediate product. 

c. Graphics and illustrations. 

d. Validation. 

e. Internal coordination. 

f. Records. 

g. Verification support. 

h. Final product. 

4.2.3 QA Program Organization.
The contractor's quality assurance program organization shall have well defined responsibility, authority, and the organizational freedom to identify and evaluate quality assurance problems and to recommend and initiate solutions. 

4.2.4 Quality Assurance Program Functions.
All TM elements and processes shall be evaluated by the preparing and Government Quality Assurance personnel at various stages of development, by any or all of the following Quality Assurance program functions: 

a. Guidance and quality planning conferences. 

b. Adequacy reviews. 

c. In-process reviews. 

d. Quality program reviews. 

e. Quality reviews. 

f. Validation. 

g. Verification. 

4.2.4.1 Guidance and Quality Planning Conference.
The Guidance and Quality Planning Conference is conducted to ensure the contractor's understanding of applicable specifications, this document, formal instructions, established policies, and program requirements. Such conferences may be requested by either the contractor or Government. 

4.2.4.2 Adequacy Reviews.
Adequacy reviews will be authorized and convened by the procuring activity to monitor the preparation of documentation in support of the planned maintenance system (PMS) and may be conducted on maintenance manuals to determine adequacy prior to verification. PMS documentation will be reviewed to ensure it is ready for Fleet evaluation. 

4.2.4.3 In-Process Reviews (IPRs).
IPRs will be authorized and convened as deemed necessary by the Government. The contractor shall support IPRs and provide access to TM materials, intermediate, and final products. As a minimum, IPRs will include evaluation of source data, TM plans/outlines, presentation methods, modes of preparation, TMCR compliance (if applicable), completed text and artwork, and readability. 

4.2.4.3.1 IPR and Adequacy Review Location.
IPRs and adequacy reviews will be held at the contractor's facility but can be held at a designated Government facility. IPR and adequacy reviews intended for locations other than the contractor's facility must be approved by the Government. The contractor may request IPR and adequacy reviews at any time during the term of the contract when assistance or clarification is desired. The Government will request additional IPR and adequacy reviews when it appears the program is not proceeding according to schedule. 

4.2.4.3.2 IPR and Adequacy Review Records.
The Government will act as recorder and record decisions, results, and findings during the IPR and adequacy review evaluation utilizing the Technical Manual Evaluation Record. The Government will provide a copy of all recorded IPR and adequacy reviews to the contractor. 

4.2.4.3.3 Disposition of IPR and Adequacy Review Findings.
The Government and the contractor shall resolve IPR and adequacy review findings that involve problem areas or findings that require further evaluation before final disposition. Discrepancy or deficiency found as the result of the IPR and adequacy review shall be corrected prior to certification and acceptance of the technical manual. 

4.2.4.4 Quality Program Reviews.
The contractor shall support quality program reviews as requested by the Government and provide access to QA records as specified in the TMQA program plan. During the TMQA program review, the contractor shall demonstrate to the Government the operation of the TMQA program. This shall include review of data generated during contractor quality reviews and quality related reports and records. TMQA program reviews chaired by a Government representative will be conducted at the contractor's facility. All quality review results will be documented by the Government. 

4.2.4.5 Quality Reviews.
The contractor's QA organization shall conduct quality reviews to ascertain compliance with the TMQA program plan and provide for corrective action. Quality reviews shall be conducted to evaluate the availability and adequacy of materials, processes, procedures, and intermediate products which constituent technical manual development. Sampling plans shall be as specified in the TMQA program plan. 

4.2.4.5.1 Corrective Action.
The contractor shall initiate a process of corrective action for all recorded and detected deficiencies. The contractor shall implement preventive action programs to counter any apparent deficiency trends. The detection of deficiencies which are recognized and are not cited in the classification of defects (CD) shall be added to the CD in the TMQA program plan. Objective evidence of the effectiveness of the corrective action program for each deficiency shall be maintained. 

4.2.4.5.2 Data Base Control.
The preparing activity shall ensure that the most current source data is available and utilized for TM development. 

4.2.4.5.3 Task Identification Matrix or Equivalent.
The TM content and organization shall be consistent with a task identification matrix or equivalent. The task identification matrix or its equivalent shall ensure that all required levels of maintenance are sufficiently detailed and complete. The task identification matrix or equivalent shall be in agreement with the LSA task analysis data, approved maintenance plan, and approved SM&R codes. The requirements shall be reviewed to determine that all levels are sufficiently detailed and completed. Evaluation shall include a comparison of the tasks identified to the current configuration of hardware. 

4.2.4.5.4 Control of Subcontractors and Vendors.
The contractor shall ensure the quality of technical manuals developed by subcontractors and suppliers. The contractor's quality program shall not be deemed acceptable to the Government unless that contractor requires from his subcontractor a quality control program satisfying the requirements of this document, or equivalent control over the subcontractor. 

4.2.4.5.5 Sampling Plans.
All technical manual products, regardless of percentage of completion, shall be sampled and evaluated as a method of determining the acceptability of product in development. Sampling plans shall be as specified in the quality assurance program plan. 

4.2.4.5.5.1 Validation of Readability.
Narrative text shall be validated for conformance to readability standards specified in 3.3.1.1.2.21. If the OGL (including tolerance) is exceeded, the manual shall be rewritten as required to meet the specified RGL. If a sample GL is exceeded, the entire text surrounding each sample must be rewritten as required. Automated equipment may be used to compute RGL provided the computation meets the requirements of this document. 

4.2.4.5.5.2 Classification of Defects (CD).
The CD table associated with the contractor sampling plans shall be made available during the guidance and quality planning conference. The CD shall be patterned after the CD listed below for product evaluation. The contractor and the Government may jointly classify additional defects applicable to the specific products being acquired. 

a. Major defects (incorrect, incomplete, missing): 

1. Maintenance procedures. 

2. Values and tolerances. 

3. Illustrations, schematics, wiring diagrams. 

4. Part numbers. 

5. References and indices. 

6. Safety - notes, cautions, warnings, dangers. 

7. Technical content (source dates/hardware comparison). 

8. Classified matter (incorrect identification/handling); 

9. Charts and tables. 

10. An excess of any one or combination of the following: unfamiliar words, inconsistent vocabulary, long sentences, long paragraphs, noninformative headings, organization not based on immediate needs of the user, and complex or unclear illustrations. 

b. Minor defects (incorrect, incomplete, missing): 

1. Typographical errors, 

2. Collated pages, 

3. SM&R codes. 

4. Style and format (Guide errors). 

4.2.4.6 Validation.
Validation is a contractor quality assurance responsibility which shall be accomplished for all TMs, changes, and revisions thereto. A TM shall not be considered validated until the following conditions have been fulfilled: 

a. Contractor's engineering technical review has been completed. 

b. Information reflects configuration of the systems/equipment and includes all engineering changes. 

c. Adequacy of data is checked to ensure that it supports the approved maintenance and support plan. 

d. Hardware of the proper configuration is available for the validation effort. 

4.2.4.6.1 Validation Performance.
Theory and principles of operation, system and component description, SM&R codes (when applicable), schematic, and wiring data shall be validated against engineering source data in accordance with the validation plan. Operating and maintenance procedures including checkout, alignment, scheduled removal and replacement instructions, and associated checklists shall be validated against the system and equipment by actual demonstration. Malfunctions shall not be introduced into the system or equipment for the purpose of validation unless specifically required for certification of procedural tasks or system tests. Destructive malfunctions shall not be introduced into the system or equipment for any purpose. 

4.2.4.6.2 Support Equipment.
Available Government approved support equipment shall be utilized in the performance of validation. Simulation or substitution of support equipment shall be approved by the Government. It is the responsibility of the contractor to request Government furnished equipment in order to support the validation effort. 

4.2.4.6.3 Disposition of Validated Data.
Corrections and significant comments resulting from validation shall be incorporated prior to issue of the validation. 

4.2.4.7 Verification.
Verification shall be accomplished under the jurisdiction of the Government and may include contractor support. Verification is a responsibility of the approval authority or authorized representative. The purpose of verification shall be to ensure that the preparing activity's products and services are in conformity with the requirements of this document. 

4.2.4.7.1 Verification Support Requirements.
Contractor support of verification shall consist of the following: 

a. Serves as verification recorder, if required. Record and maintain records of changes associated with performance of verification. 

b. Provide assistance in performing verification tasks, if required. 

4.2.4.7.2 Combined Validation and Verification.
When authorized by the Government, verification shall be performed concurrently with validation. Final acceptance of the technical manual will be made upon receipt of the validation and verification incorporation certifications. 

5.0 PACKAGING.
5.1 TECHNICAL MANUAL SCHEDULE, STATUS AND COSTS REPORTS.
Suggested packaging is commercial in accordance with ASTM D3951. Delivery shall be in accordance with the Contract Data Requirements List. 

5.2 QUALITY ASSURANCE PROVISIONS.
5.2.1 Validation Plan.
Suggested packaging is commercial in accordance with ASTM D3951. Delivery shall be in accordance with the Contract Data Requirements List. 

5.2.2 Validation Certification.
Suggested packaging is commercial in accordance with ASTM D3951. Delivery shall be in accordance with the Contract Data Requirements List. 

5.3 MANUAL, TECHNICAL, STANDARD.
5.3.1 Review Draft Copy (RDC).
Unless otherwise specified, suggested packaging is commercial in accordance with ASTM D3951. 

5.3.2 Final Reproducible Copy (FRC).
Suggested packaging is commercial in accordance with ASTM D3951. 

5.3.2.1 Final Digital Encoding of Technical Publications.
The requirements for packaging shall be in accordance with MIL-STD-1840. 

6.0 GOVERNMENT FURNISHED PROPERTY.
   The following documents are provided as GFP:

      The following documents are available on the INTERNET at

    
    http://navycals.dt.navy.mil/cals/calsstds.html#calsstdslist 

    MIL-PRF-28001C  Markup Requirements and Generic Style 

                    Specification  for  Electronic Printed Output and 

                    Exchange of Text

    MIL-PRF-28002C  Raster Graphics Representation in Binary Format,

                    Requirements for

    MIL-STD-1840C   Military Standard Automated Interchange of 

                    Technical Information

      The following document is available on the INTERNET at

    
    http://navycals.dt.navy.mil/dtdfosi/repository.html

    MIL-STD-38784   Document Type Definitions

7.0 COST AND PRICING.


Not applicable. 

8.0 PRINTING.
8.1 Authorization.
Joint Committee on Printing (JCP), Congress of the United States Authorization 23383 permits procurement of cold-type composition and photolithographic negatives under Government contracts. Accordingly, such authority is invoked in this contract. The printing of final technical manuals shall be accomplished by the Government. 

9.0 NOTES.
The Figure List referenced in this document is by ascending order which is not necessarily the order of appearance. Only those figures referenced by the requirements of this document are included which accounts for the non-sequential listing. The figures are samples only. Size and legibility do not necessarily conform to the requirements set forth herein. 

