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PREFACE

P1. PURPOSE

To establish the conventions to be adhered to by engineering and drafting personnel in the preparation, revision, and
completion of design drawings and their associated lists for the Goddard Space Flight Center (GSFC). The term GSFC, as
used herein, shall refer and apply to the Greenbelt and Wallops facilities. This document is not intended as a manual of
instruction in the basic principles of drafting, but sets forth the minimum requirements acceptable at GSFC.

P2.  APPLICABILITY

The requirements specified in this Center-wide PG are the minimum requirements acceptable at GSFC for the preparation of
GSFC Design Drawings of in-scope hardware as defined by GPR 1280.1, The GSFC Quality Manual. At the discretion of
the program/project Product Design Lead (PDL), these requirements may be used as a reference for out-of-scope projects.
The requirements specified herein are essential to the standardization of practices and to uniform interpretation of drawings.

This document pertains to Design Drawings at both the Greenbelt and Wallops Island facilities.

This document is applicable to all in-scope Programs/Projects as defined by GPR 1280.1 that were established after the
effective date of this document. Programs/Projects with existing GSFC design drawings may continue to use the Revision A
version of this document or the WFF Engineering Drawing Standards, if applicable.

P3. AUTHORITY

The Mechanical Engineering Branch (Code 543), Mechanical Systems Division, is delegated the responsibility for
interpretation, periodic updates, and distribution of the Engineering Drawing Requirements Manual.

Comments or inquires concerning this manual should be directed to the Branch Head of the Mechanical Engineering
Branch, Code 543.

P4. REFERENCES

The following documents form a part of this manual to the extent specified herein. Unless otherwise indicated, the latest
edition shall apply.

ANSI/IEEE 91, Graphic Symbols for Logic Functions

ASME Y14.5M-1994 (R1999), Dimensioning and Tolerancing
ASME Y14.100, Engineering Drawing Practices

IEEE 315, Graphic Symbols for Electrical and Electronic Diagrams
GPR 1280.1, The GSFC Quality Manual

GSFC-CM-001, GSFC Configuration Management Manual
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Numerous standards and other references that define drawing standards are identified in Appendix A. Unless otherwise
indicated, all of these standards and specifications may be found at: http://standards.nasa.gov. NASA only Log-in is

required.

Order of Precedence: In the event of conflict between the text of this manual and the references cited herein, the text of this

manual shall take precedence.

P5. CANCELLATION

500-PG-8700.2.5 Rev B, GSFC Engineering Drawing Standards Manual
500-WI-8700.2.1, WFF Engineering Drawing Standards
GSFC Form #18-71, Engineering Order (EO)

P6. SAFETY
None
pP7. TRAINING

None

P8. RECORDS

Record Title Record Custodian

Retention

Design Drawings, Engineering Orders, and Product Manager (PM)
associated lists (electronic and/or manually
generated) - Programs/projects relating to both
manned and unmanned space flight, aerospace
technology research, and basic or applied
scientific research AND meeting one or more
of the following criteria: are "first of a kind,"
establish precedents, produce major
contributions to scientific or engineering
knowledge, integrate proven technology into
new products, or are/have been subject of
widespread media attention or Congressional
scrutiny.

* NRRS 8/101 - Cut off records at
close of program/project or in 3-
year blocks for long term
programs/projects. Transfer to
records center storage. Transfer to
National Archives 7 years after
cutoff. Special media records will
be transferred in accordance with
36 CFR § 1228.270 (electronic
records),

Design Drawings, Engineering Orders, and Product Manager (PM)
associated lists (electronic and/or manually
generated) - Programs/projects that do not meet
the criteria stated above.

* NRRS 8/107 - Destroy/delete
between 5 and 30 years after
program/project termination.

* NRRS — NASA Records Retention Schedule (NPR 1441.1)

P9. METRICS

None
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P10.

P11.

CAD
CAGE
CCMS
CDD
CM
EMF
EO
GSE
GSFC
IAW
ICD
IGES
L/M
NRRS
PDD
PDL
PL
PM
STEP
STL
WFF

DEFINITIONS

CAGE Code - A five character code listed in Cataloging Handbook H4/H8, Commercial and Government Entity
(CAGE) Code, which is assigned to commercial and government organizations that manufacture or develop items,
or provide services or supplies for the government. When used with a drawing number or part number, the CAGE
Code designates the government, commercial, or nonprofit organization from whose series the drawing or part
number is assigned.

Design Drawings - Those drawings and associated data that communicate the detailed design requirements for the
manufacture of end-product items, as well as their assembly, installation, inspection, and/or test. They serve as a
portion of the permanent record of the hardware/product build.

GSFC Design Drawings - Design drawings prepared by GSFC design personnel or contractors on GSFC drawing
format using GSFC drawing numbers.

Contractor Design Drawings - Drawings that a non-GSFC entity, e. g. another government entity, a contractor, a
vendor, or another organization such as a university, uses to design and deliver a finished product to GSFC in
accordance with the terms of a GSFC contract. These drawings shall bear the company’s name, address, CAGE
Code, and drawing number.

Product Definition Data (PDD) - A collection of one or more computer file(s) that discloses (directly or by
reference), by means of graphic or textual presentations or combinations of both, the physical and functional
requirements of an item.

Product Design Lead (PDL) - The manager or leader who has overall responsibility for managing the design
activity, managing the technical and organizational interfaces identified during design planning, and where required,
forming and leading the Product Design Team. The term refers to flight project managers, mission managers,
instrument managers, subsystem technical managers, integrated product development team leaders, lead engineers,
etc.

ACRONYMS

Computer Aided Design

Commercial and Government Entity
Central Configuration Management System
Critical Dimension Drawing
Configuration Management

Electronic Model File

Engineering Order

Ground Support Equipment

Goddard Space Flight Center

In Accordance With

Interface Control Drawing

Initial Graphics Exchange Specification
List of Material

NASA Records Retention Schedule
Product Definition Data

Product Design Lead

Parts List

Product Manager

Standard for the Exchange of Product model data
Standard Tessellation Language
Wallops Flight Facility

CHECK THE GSFC DIRECTIVES MANAGEMENT SYSTEM AT

http://gdms.qgsfc.nasa.gov/gdmsnew/home.jSp To VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.

(7/06)



http://gdms.gsfc.nasa.gov/gdmsnew/home.jsp

DIRECTIVE NO. 500-PG-8700.2.5C Page 4 of 88
EFFECTIVE DATE: December 22, 2009
EXPIRATION DATE: September 27, 2016

PROCEDURES

The figures in this Manual are intended only as illustrations to aid the user in understanding the practices described in the
text. In some cases, figures show a level of detail as needed for emphasis; in other cases, figures were deliberately left
incomplete to illustrate a concept or facet thereof. The absence of figures has no bearing on the applicability of the stated
requirement or practice.

In this document, a requirement is identified by “shall,” a good practice by “should,” permission by
“may” or “can,” expectation by “will,” and descriptive material by “is.”
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Letter Sheet Width | Sheet Length Margin
Designation (inches) (inches) (inches)
A* 8.5 11 3/8
B 11 17 3/8
C 17 22 1/2
D 22 34 1/2
E 34 44 1/2
F (¢) 28 40 1/2
J (¢) 34 48 to 144 (a) 1/2 (b)

1.0DRAWING FORMAT

1.1 Drawing Size

The following table defines the standard drawing sizes, and their letter designations, to be used for all GSFC Design

Drawings.
Table 1-1

Drawing Size Specifications

*permitted for Electrical Drawings only

Notes:
€)] Lengths for “J” roll size to be in 11-inch increments.
(b) Not inclusive of added protective margins of at least 2 inches on both ends of roll size drawings.

(c) Sizes Fand J are optional, not available in downloadable template versions.

Downloadable templates are available at the GSFC Forms Master List: http://gdms.gsfc.nasa.gov/gdmsnew/home.jsp by
selecting “Forms Master List” under the “Libraries” pull down menu.
For information on available templates see Section 1.5, Drawing Format Template.

1.2 Zoning

Vertical and horizontal zones are used to provide orientation in the field of the drawing. All drawing format sizes shall
include zones. Zoning information shall be used for locating sections, views, and details for all J size drawing formats and
any size drawing formats with remotely located (multisheet) sections, views, and details. Zoning information is also used to
locate drawing changes to which each revision description applies, as shown in Section 8.2.3.2, ZONE Column. Zones shall
be identified by alphabetical (uppercase) and numerical entries in the margin spaces as indicated in Figure 1.2-1.

For examples of the use of zoning, see Figure 4.5.2-3, Identification of Sections Using Zone Blocks and Section 4.5.6,
Locating Sections, Views, and Details.
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1

i
[
™

REVISION NOTES

APPROXIMAIE 2 INCH ADDLTIONAL MARGIN FOR
PROTECTION OF ROLL S1ZE ( J S1ZE) DRAWINGS

TITLE BLOCK

1

APPROXIMAIE 2 INCH ADDLILIONAL MARGLN FOR
PROTECTION OF ROLL S1ZE ( J S1ZE) DRAWINGS

Figure 1.2-1 Format for A, B, C, D, E, F, and J Sized Drawings
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1.3 Multi-sheet Drawings

Multi-sheet drawings are permitted in all sizes.

a. The first sheet of a multisheet drawing shall always contain the complete Title Block, List of Material (if used),
Revision Block, and general notes. All following sheets as a minimum shall contain the Drawing Number, Sheet
Number, Revision Letter, CAGE Code, Drawing Size, and Scale (see Section 1.4.1.3, Continuation Sheets).

b. The Revision Block on the first sheet of a multisheet drawing shall be the only location for recording the revision
history. See Section 8.2.2, Revision of Multisheet Drawings. The continuation sheets of the downloadable
templates do not contain a Revision Block.

c. All sheets of multisheet drawings shall be of the same drawing letter size.

d. All sheets of multisheet drawings shall have the same revision letter. See Section 8.2.1.1, Revision Letter.

e. The sheets of “J” size drawings may be any of the above-noted lengths and may be intermixed in different lengths.
f. Sheet numbering for all sheets shall include the total number of sheets, as “SHEET 1 OF 17, “SHEET 2 OF 6” etc.

1.4 Title Block and Revision Block

Title blocks and revision blocks shall be prepared and completed as follows:

1.4.1 Title Block

1.4.1.1 All Drawings B-Size and Larger

All types of drawings (mechanical, electrical, etc.) shall use the same drawing format for design drawings B-size and larger.
The Title block of single-sheet drawings and first sheets of multisheet drawings B-size and larger shall appear as shown in
Figure 1.4.1.1-1, Title Block, All B-Size and Larger Drawings. The information required in the Title block shall be as
specified or referenced in Section 1.4.1.4, Title Block Entries.
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Figure 1.4.1.1-1
Title Block, All B-Size and Larger Drawings
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14.1.2 A-size Electrical Drawings

A-size drawings shall be used only for electrical drawings. The Title block of single-sheet drawings and first sheets of
multisheet drawings for A-size drawings shall appear as shown in Figure 1.4.1.2 -1, A-Size Electrical Drawing Title Block.
The information required in the Title block shall be as specified or referenced in Section 1.4.1.4, Title Block Entries.

If/when dimensions are used in an electrical drawing, put the English or Metric unit notation within the Notes, not using
abbreviations or symbols (e.g., “All dimensions given are in Metric”).

IVG. No REVISION

1 .

REVISION]
RE V] ZONE DESCRIPTION | DATE | APPROVAL

RS ? / -2 kS

10

o @)@ @
(7)

NATIONAL JAERONAUTICY AND . GREENBELT, MD u
ARDWARE \Q l\VACE XDMI IST%ATjDN Goddard Space FUQNJC CentervALLDPS 15, va Ll A
CLASSIFICATION NA%E / / INIT.|DATE DRAWING INTERP\sETED PER 500-PG-8700.2.5
SOF TWARE: e \ /é e
FILE LOCATION N a \ .
DRAWING FILE: e \!>
MODEL FILE: - | g
wPPROVED -
? ? APPROVED - sz | sie VG N, g REV
36FCI #
P Pl
Ngxﬁ ASSY ugEj ON TiEe o ST i
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Figure 1.4.1.2-1
A-Size Electrical Drawing Title Block
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1.4.1.3 Continuation Sheets

The Title block of all continuation sheets for multisheet design drawings shall contain, as a minimum, the information shown
in Figure 1.4.1.3-1, Continuation Sheet, (Drawing Number, Sheet Number, Revision Letter, CAGE Code, Drawing Size, and
Scale information listed in items 1, 2, 3, 6, 7, and 25 of Section 1.4.1.4, Title Block Entries). Drawing Title (#4) is optional
and if used shall be located as shown in Figure 1.4.1.3-1.

(OPTIONAL)
/Q
@<\ |

ON 9AT

NOISIA3Y

TITLE \

\%E CAGE CODE & [0WGND g REV
36fCl
SCALE: *® ® SHEET: 20F @2
1 GSFC 4-48 (8/07)

&

Figure 1.4.1.3-1
Continuation Sheet
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1414 Title Block Entries
The Title Block entry numbers refer to Figures 1.4.1.1-1 and 1.4.1.2-1.

1 DRAWING NO.: Enter the unique seven-digit drawing number obtained as per Section 6.1, Drawing Numbers.

2 “SHEET __ OF __ ”: Enter sheet number as applicable. Indicate total sheets on all sheets (e.g., “SHEET 1 of 17,
“SHEET 2 of 6”)

3 SCALE: Enter drawing scale. See Section 4.4 for selection of scale.

4 TITLE: Enter Drawing Title. See Section 5.1 for selection and arrangement of drawing title. See Section 4.3.2 for

drawing title size.

5 Intentionally skipped

6 SHEET SIZE: Enter drawing letter size designation. See Section 1.1, Drawing Size. This letter is included in the
downloadable templates.

7 CAGE CODE: The Commercial and Government Entity (CAGE) Code: All GSFC Design Drawings shall use the
CAGE Code 36FC1. This code is included in the downloadable templates. See A.3.1, CAGE Codes.

8 DESIGNED: Enter designer’s printed name. By electronically or manually initialing and dating this block, the
designer confirms their review of this drawing and their verification of it being an accurate representation of the
design.

9 DRAWN: Enter draftsperson’s printed name. By electronically or manually initialing and dating this block, the

draftsperson confirms that the design is in accordance with the approved layout or other adequate design
instructions.

10 CHECKED: Enter checker’s printed name. This shall be performed by a qualified party designated by the PDL
(other than the designer or draftsperson), or an independent engineer or a systems engineer or his designated
delegate, as defined in the applicable Project Configuration Management procedure.

The checker shall not be the same as the draftsperson. By electronically or manually initialing and dating this block,
the checker confirms that the drawing has been checked against the parameters of this drawing manual and, where
possible, to form, fit, function and produceability. The checker should have a thorough understanding of the
methods and practices of geometric tolerancing and be able to specify such practices in accordance with ASME
Standard Y14.5M, Dimensioning and Tolerancing.

11 APPROVED: Enter the printed name or names, if any, of the GSFC personnel assigned to approve the drawing.
Project requirements for drawing approval names vary from program to program, but each name shall be identified
by a descriptor manually added to the APPROVED block. For example, after each “APPROVED?”, note the
following: “ENG” for engineer, “STRESS” for stress engineer, “MATL” for materials engineer, “ELEC” for
electrical engineer, etc. All names in line items 8 through 12 shall be legible. Electronically or manually initialing
and dating this block signifies the official approval of this drawing.

Additional approval blocks may be added when other approvals than those contained in the title block are required.
This block may be added immediately to the left of the existing title block.

12 APPROVED PDL: Enter the printed name of the PDL, which is the minimum approval required for drawing
release. By electronically or manually initialing and dating this block, the Product Design Lead (or his designated
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delegate) signifies that the drawing is complete with respect to design, presentation, and relative to all required
signatures, and is ready for release.

13 USED ON: Enter acronym name of program and acronym name of subsystem or experiment where applicable.

14 NEXT ASSY: Enter seven digit drawing number on which the part is next utilized, modified, or assembled.
Installation drawings should indicate a top assembly drawing number as the next assembly. Enter NONE if
applicable.

15 Intentionally skipped

16 HARDWARE CLASSIFICATION: Enter Hardware Classification A, B, or C.
e CLASS A: Flight, Critical Non-Flight Items, Critical GSE

Flight Hardware, drill templates, inspection fixtures, vibration fixtures, slings and critical alignment fixtures,
handling fixtures, dollies and thermal test fixtures used for flight hardware are all examples of Class A hardware.

e CLASS B: Deliverable Non-Flight, Deliverable Non-Critical Hardware/GSE, Non-Flight IR&D and
R&D, Mock-ups

Assembly tooling and non-critical alignment fixtures, handling fixtures, dollies, and thermal fixtures are examples of

Class B hardware.

e CLASS C: Non-Deliverable Non-Flight, Non-Critical Hardware/GSE
Shop aides and similar non-flight, non-critical proto-type items are examples of Class C hardware.

17 On CAD-produced drawings, enter the appropriate CAD data file information, such as software type, file location,
drawing file name, and model file name, in the provided area.

18 INCH-HYBRID-METRIC: Place an “X” indicating the type of drawing.
This selection also determines Block Tolerances, #27.
Hybrid drawings contain both inch and millimeter dimensions. When inch dimensions are shown on a millimeter-
dimensioned drawing, the abbreviation IN shall follow the inch values. Where some millimeter dimensions are
shown on an inch-dimensioned drawing, the abbreviation MM shall follow the millimeter values. AAAA

19 ITEM NO.: Enter item numbers when more than one type of material or part is required, and coordinate drawing
callouts on the drawing field. Non-reusable bulk items made of the same material, condition, and specification, such
as paint, adhesive, solder, lubricants, etc., shall be assigned only one item number. The quantity for such items in
the List of Material (L/M) shall be entered as “AR” (As Required) in the REQD column. Refer to Figure 5.3.1-1
and Section 6.3, Find or Item Numbering. Do not skip item numbers on new drawings.

20 REQD: Enter quantity required to complete one of the items to which the column applies.
21 PART NO.: Enter identifying part numbers when required (Government, contractor, vendor, or other). On new

drawings, group like items together. See Section 6.2, Part Numbering.

22 DESCRIPTION: Enter material description (plate, etc.) or a part name title if it is another drawing. Enclose
reference information such as fastener sizes in brackets.

23 MATERIAL: Enter the material from which the part is fabricated. Examples: “AL ALY”; “CRES”; “BE CU.”

24 MATERIAL SPEC or CAGE CODE: This is a multi-use column.

Enter the applicable material specifications, number, and final condition. Examples: “AMS-QQ-A-250/11 6061-T6”
for AL ALY plate; “ASTM A582 303 COND A” for CRES bar.

OR
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25

26

27

Enter a CAGE Code in this block for a suggested source of a vendor-supplied part. For all Goddard parts used in
assemblies, the Goddard CAGE Code (36FC1) may be entered in this block.

A CAGE Code number shall have a “CAGE” prefix (e.g., CAGE 36FCl).

NOTE: If neither of these applies, leave this block blank or enter “SEE NOTE XX if applicable.
For examples refer to Figure 5.3.1-1, Several Examples of Different “List of Material”.

REV: Enter latest/current Revision letter, or - ” if original release. See Section 8.2.1.1.
GNBLT-W.I.: Indicate the location of the GSFC facility producing the drawing, Greenbelt or Wallops Island.

BLOCK TOLERANCE DIMENSIONS: When the appropriate type of drawing is selected, INCH or HYBRID or
METRIC, the corresponding tolerances apply to all dimensions and angles specified on the drawing unless
individually toleranced. If the block tolerances on the downloadable templates are insufficient, changes may be
made.

1.4.2 Revision Block

The information required in the revision block shall reflect the revision history of the drawing as described in Section 8.2.3.
The Revision Block entry numbers refer to Figures 1.4.1.1-1 and 1.4.1.2-1.

28

29

30

31

32

REV: Enter revision letter. See Section 8.2.1.1, Revision Letter and Section 8.2.3.1, REV Column.

ZONE: Enter zone where revision was made. See Section 1.2, Zoning and Section 8.2.3.2, ZONE Column.

DESCRIPTION: Enter description of the revision. Refer to Section 8.2.3.3, Description Column.

DATE: Enter date approved by authorized signer(s) in block.

APPROVAL.: Enter initials of authorized person(s) assigned to approve. See Section 8.2.3.4, DATE and
APPROVED Column.
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1.5 Drawing Format Template

The drawing format is composed of the Title Block, the Revision Block, and the Border. The following format templates for
various CAD software packages are available for download from the GSFC Forms Master List:
http://gdms.gsfc.nasa.gov/gdmsnew/home.jsp by selecting “Forms Master List” under the “Libraries” pull down menu.

Table 1.5-1
Drawing Formats

TEMPLATE FORM #
A Size Drawing (Electrical only) GSFC 4-45
B Size Drawing GSFC 4-46
C Size Drawing GSFC 4-47
D Size Drawing GSFC 4-48
E Size Drawing GSFC 4-49
EO (Engineering Order) GSFC 4-50
PL (Parts List) GSFC 4-51

Note: First sheet and continuation sheet are combined in each template form.

2.0 PRODUCT DEFINITION DATA

This section sets forth the general requirements for digital Product Definition Data (PDD) based on ASME Y14.41, Digital
Product Definition Data Practices. The PDD is most often delivered, in digital form, as one or more electronic model files
(EMF), although this is not a requirement. Configuration management requirements for the PDD, whether digital or
otherwise, shall be determined and documented by the applicable project CM procedure.

2.1 Electronic Model File

Electronic model file(s) are the digital PDD generated by a computer aided design (CAD) software package. The EMF can
be the deliverable product or they can be an intermediate step, resulting in an electronic or paper drawing. Section 3 of this
document details the requirements of electronic and paper drawings. For direct manufacturing, where there is either no
drawing or only a critical dimension drawing (CDD), the EMF(s) will be the governing document.

2.2 Electronic Model File Format

The EMF shall be uniquely identifiable and shall be controlled by the project generating it. The format of the EMF will be
controlled by the software that is used to generate it. There is no standard GSFC data format that will be imposed on the
EMEF. If the EMFs are going to be used for direct manufacturing they shall be translatable into at least one of the industry-
standard information exchange files, such as STEP, IGES, Neutral or STL.

2.3 EMF Requirements

All EMFs shall meet the data requirements outlined in ASME Y14.41.
CHECK THE GSFC DIRECTIVES MANAGEMENT SYSTEM AT
http://gdms.gsfc.nasa.gov/gdmsnew/home.jSp To VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.

(7/06)



http://gdms.gsfc.nasa.gov/gdmsnew/home.jsp
http://gdms.gsfc.nasa.gov/gdmsnew/home.jsp

DIRECTIVE NO. 500-PG-8700.2.5C Page 19 of 88
EFFECTIVE DATE: December 22, 2009
EXPIRATION DATE: September 27, 2016

All model values and dimensions shall be obtained from the model. Specifically,

All entities, annotations and attributes shall be in agreement, and the model shall regenerate without errors.
All models shall be generated at full scale.

All features shall be visible when the model is released.

The association between digital elements shall be maintained and shall be electronically accessible.

All models shall contain at least one model coordinate system, labeled and the positive direction shown. Model
coordinate systems shall be right-handed (when observed in the +Z direction with +Y ascending, +X should be on
the right) unless otherwise specified.

f  When supplemental geometry (geometric elements included in product definition data to communicate design
requirements or intent but not intended to represent a portion of the manufactured product.) is used, there shall be a
clear distinction between the supplemental geometry and the design model geometry.

g Asimplified representation of part features such as threads, holes, fillets, rounds, and drafts may be shown using
partial geometry definition, annotations, attributes, or a combination thereof. Definition shall be sufficient (either
through annotations or supplementary drawings) to manufacture the geometry.

T O O T 9

3.0 TYPES OF DRAWINGS

This section covers two major categories of drawings: electrical and mechanical. Within these two major categories, there
are several types of drawings, e.g., schematic, harness, assembly, detail, etc. The examples provided illustrate the most
commonly-used types of drawings at GSFC. Unless otherwise prohibited by this standard, ASME Y14.24, Types and
Applications of Engineering Drawings provides definitions of the many types of design drawings.

3.1 Electrical/Electronic Drawings

Electrical/electronic drawings are prepared to depict schematics or circuit diagrams (see Section 3.1.1), wiring diagrams (see
Section 3.1.2), cable interconnections (see Section 3.1.3.1), and detailed cable assembly drawings (see Section 3.1.3.3). For
all IEEE standards and symbols, refer to the following web site: http://standards.nasa.gov. (Log-in is required.)

Drawing conventions are based on ANSI Y14.15-1966 (R-73) Electrical and Electronic Diagrams (or later revisions); ANSI
Y14.15a-1971, Interconnection Diagrams, subsection 15-11; ANSI Y14.15b-1973, Electrical and Electronics Diagrams,
subsections 15-1 through 15-10, and 15-12.

Symbols shall be in accordance with IEEE 315, Graphic Symbols for Electrical and Electronic Diagrams (or latest revision),
available at http://standards.nasa.gov (log in required).

Electrical drawings should be prepared using one of the downloadable templates available at the GSFC Forms Master List:
http://gdms.gsfc.nasa.gov/gdmsnew/home.jsp by selecting “Forms Master List” under the “Libraries” pull down menu. Note
that the size A (8 %2” x 11) is available for electrical drawings only.
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3.1.1 Electrical Schematics

Electrical schematic diagrams or circuit diagrams portray by means of graphic symbols the connections, components and
functions of a specific electronic circuit scheme. The schematic diagram facilitates tracing the circuit and its functions

without regard to the physical size, shape, or location of the component device or parts. See Figure 3.1.1-1.

Schematic characteristics include:

e Symbolic representation of each element in the scheme as appropriate for electrical and electronic applications;

e Values of part identification;
o Reference designations when applicable.

Note: Line cross-overs should be minimized to improve schematic clarity.
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Figure 3.1.1-1
Example of an Electrical Schematic Drawing
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3.1.2 Wiring Diagram or Connection Diagram

A wiring diagram or connection diagram drawing depicts the general physical arrangement of electrical connections and
wires between circuit elements in an installation or assembly. It shows internal connections, but may include external
connections that have one termination inside and one outside the assembly. It contains the details necessary to make or trace
connections involved. See Figure 3.1.2-1.

Characteristics of a wiring diagram or connection diagram include:

Physical relationship of circuit elements and their connections,

Items identified by reference designations in accordance with ANSI/IEEE 200 and IEEE 315,
Terminal arrangements clearly identified,

Wires numbered for reference,

Wire and termination descriptions.
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Example of a Wiring Diagram
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3.1.3 Cable Drawings

3.1.3.1 Interconnect Drawings

A cable interconnect drawing is a drawing showing the interconnection between subassemblies of a system. The
arrangement is a symmetrical form clearly showing outlines of subassemblies with reference to all connecting mediums
between the subassemblies. The subassemblies are located in positions that clearly show the interconnections but not
necessarily in the positions set up for actual operation. See Figure 3.1.3.1-1.

Characteristics of cable interconnect drawings include:
e Pinouts on top level drawing not shown;
e  Graphical depiction of specific cable routing between subassemblies;
o Identification of all connectors;
o ldentification of all subassemblies.
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Figure 3.1.3.1-1
Example of a Cable Interconnect Drawing
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A wire interconnect drawing can also be used to depict the flow of the conductors emanating from a single connector or
multiple connectors.

Characteristics of wire interconnect drawings include:
e Identification of conductor characteristics (wire size, type, pin assignments, insulation, shielding, grounds, etc.);
o Identification of connectors;
e  Specification of workmanship standards (instructions for fabrication, applicable processes, etc.).

3.1.3.2 Wire List

A Wire List consists of tabular data and instructions necessary to establish wiring connections. A separate wire list or an
integral wire list may be prepared on drawing format or separate from the drawing graphics sheets, similar to parts lists.

Characteristics of a wire list include:
¢ Identification of conductors, wire size, type, pin assignments, insulation, grounds, etc.

3.1.3.3 Detailed Cable Assembly Drawing

A cable assembly drawing (see Assembly Drawings, Section 3.2.2) depicts an electrical cable assembly of defined length and
establishes item identification for that assembly. The assembly consists of conductors (insulated wires, shielding, coaxial
cables, etc.) within a common molded or jacketed covering and has one or more ends terminated in connectors, terminal lugs,
or similar fittings.

Characteristics of wire interconnect drawings include:
o Dimensions and tolerances for overall length and breakout locations. (A simplified, single line diagram is generally
sufficient to define these requirements.)

o Identification of parts, bulk materials, and processes required for fabrication of the cable assembly.
e  Preparation of the cable ends.

e Orientation and offset of connectors.

e Maximum diameter of cable.

e  Minimum bend radii for wiring within the assembly

e  Detailed views of molded areas.

o Identification band or other marking requirements.

e A wiring list, wiring diagram, or schematic diagram defining electrical connections and specifying wire number,
color codes, and termination requirements,

e  Finish, special assembly, and/or storage (e.g., dust covers) instructions.
e  Test requirements.

Views in a cable assembly drawing need not be to scale.
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Figure 3.1.3.3-1
Example of a Detailed Cable Assembly Drawing
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3.2 Mechanical Drawings

3.2.1 Altered Item Drawing

Altered Item drawings shall be prepared on GSFC format when an existing vendor part cannot be used as is and it is desired
to document and control the alteration of the part. When the drawing is prepared by GSFC, it shall specify the part to be
altered by Vendor’s CAGE Code and part number or alternatively by a note containing vendor’s name, address, and
telephone number, and shall completely delineate the alteration. In addition, the drawing shall specify re-identification of the
part by the GSFC part number. An altered vendor part drawing shall be identified by the words “ALTERED ITEM
DRAWING” immediately above the Title block. See Figure 3.2.1-1.
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Figure 3.2.1-1
Example of an Altered Item Drawing
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3.2.2 Assembly Drawing

An assembly drawing shows two or more separable parts joined to form a stockable item, or a group of assemblies required
to form an assembly of higher order. The PDL shall specify one of the two ways to present assembly drawings: a) a drawing

with a separate parts list or b) a drawing with a List of Material included on the drawing. All parts shall be

identified in

either the Parts List or List of Material. A combination of the two methods on the same drawing is not allowed. Figure

3.2.2-1 shows an assembly drawing when a separate parts list is specified.

When a separate parts list is specified, “SEE SEPARATE PARTS LIST” shall be added directly above the Title Block.

Parts shall be identified on the field of the drawing by showing the Find Number. See Section 7.0, Parts List.

When the parts appear in the List of Material on the drawing, only the item number shall be called out on the field of the

drawing. See Figure 3.2.2-2, Assembly Drawing with List of Material.
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Figure 3.2.2-1
Example of an Assembly Drawing With Separate Parts List
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Figure 3.2.2-2
Example of an Assembly Drawing With List of Material
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3.2.3

Detail Drawing

A detail drawing shows all the information necessary for fabricating an item, including the material from which it is made
and those finishes, protective coatings, and processes required to fabricate the end product. See Figure 3.2.3-1. Detail
drawings for fracture critical parts shall contain notes that specify the appropriate inspections or flaw screening method to be
used. See Section 5.4.4.6 for examples of fracture critical part notes. The words “FRACTURE CRITICAL” shall be placed

immediately above the Title

3.23.1

block.

Monodetail Drawing

Only one item (detail part) shall be presented per drawing. Multi-detail drawings shall not be used. The GSFC requires a
unique drawing number per part so that each part can be individually estimated by fabricators and identified for inspection

and configuration tracking.

In the case of inseparable parts (such as those that are welded, riveted, bonded, or brazed, etc.) which form an integral unit

(part) not capable of being disassembled for replacement, refer to Section 3.2.5, Inseparable Assembly Drawing.
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Figure 3.2.3.1-1
Example of a Detail Drawing
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3.2.3.2

Tabulated Detail Drawing

A tabulated detail drawing depicts similar items with differences in characteristics such as dimensions, material, finish, and
other requirements. These differences are tabulated on the drawing, the fixed characteristics depicted once.

Assign a uniquely identifying assembly dash (-) number to each assembly. Normally, -1 identifies the assembly shown. See

Section 6.2 (f & h), Part Numbering.

Pictorial differences that are not clear should be shown in views or details and should be properly labeled. A tabulated
drawing precludes the preparation of an individual drawing for each item. See Figure 3.2.3.2-1.
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Figure 3.2.3.2-1

Example of a Tabulated Detail Drawing
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3.2.3.3 Critical Dimension Drawing

The Critical Dimension Drawing (CDD) is a detail drawing that specifies critical dimension and text information when using
an EMF for direct manufacture. The CDD specifies critical dimensions, processes, materials or text information that may not
be captured in the EMF. The CDD shall be used in the inspection process to accept the manufactured part.

If an industry or government specification is referenced, providing a copy of the document will facilitate the manufacturing
process. For any discrepancy in the manufacturing process between the critical dimension drawing and the EMF, the EMF

shall take precedence.
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Figure 3.2.3.3-1
Example of a Critical Dimension Drawing
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3.2.3.3.1 CDD Format

The CDD shall be a GSFC Design Drawing. Block tolerances shall apply unless otherwise specified on the CDD. The title
block shall be as specified in Section 1.4.1, Title Block. The words “CRITICAL DIMENSION DRAWING” shall be placed
immediately above the Title block.

3.2.3.3.2 Materials

a) For metals: Specify alloy, temper, stock thickness, and any special requirements for castings, grain and grain direction,
etc.

b) For composites: Specify manufacturing techniques. These may include fiber/weave orientation, resin mix, curing, or
other process requirements.

c) For Plastics: Specify type, temperature constraints, cutting fluids, stock thicknesses, and any special requirements for
molding, strand orientation, etc.

3.2.3.3.3  Special handling requirements
Specify / Identify any:

Hazardous materials

Hazardous processes

Applicable material safety data sheets (MSDS)

3.2.3.3.4  Finishes

Specify / Identify any:
Surface finish
Plating requirements

3.2.3.3.5  Processes
Specify / Identify any:
Heat Treatment
Ink Stamping
Bagging
Any other process unique to the part or assembly

3.24 Drawing Tree

A drawing tree can be used to control the development of drawings and their place in the overall scheme of the project.
Although this drawing type is not a requirement for each project, when used properly and kept up to date, it can be a valuable
management aid. See Figure 3.2.4-1.
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Spring, Detent

C 2458272

3.25 Inseparable Assembly Drawing

Example of a Drawing Tree
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An inseparable assembly drawing is a variation of an assembly drawing and delineates items (pieces) which are separately
fabricated and are permanently joined together (e.g., welded, brazed, riveted, nailed, bonded, etc.) to form an integral unit
(part) not capable of being readily disassembled. Pieces of the inseparable assembly may be detailed either on separate detail
drawings or on the inseparable assembly drawing itself. An inseparable assembly drawing may be prepared in lieu of
individual detail drawings for inseparable assemblies intended to be procured and/or replaced as a unit. In the case of
weldments, all parts shall be detailed on the same drawing, multi-sheet if necessary except in cases where extensive

machining might be necessary.

See Figure 3.2.5-1. This figure reflects an Inseparable Assembly Drawing with the List of Material included on the drawing.
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Figure 3.2.5-1

Example of an Inseparable Assembly Drawing

3.2.6 Installation Drawing

An installation drawing is a variation of an assembly drawing that shows where and how parts and/or assemblies are installed
relative to supporting structure or associated items. It shows locating dimensions, tolerancing, specifies attaching parts (such
as rivets, bolts, or screws) and specific adjustments, assembly instructions, and processes required for completing and

CHECK THE GSFC DIRECTIVES MANAGEMENT SYSTEM AT

http://gdms.qgsfc.nasa.gov/gdmsnew/home.jSp To VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.

(7/06)



http://gdms.gsfc.nasa.gov/gdmsnew/home.jsp

DIRECTIVE NO. 500-PG-8700.2.5C Page
EFFECTIVE DATE: December 22, 2009
EXPIRATION DATE: September 27, 2016

34 of 88

inspecting the installation. Figure 3.2.6-1 shows an example of an installation assembly drawing with the List of Material

included on the drawing.

a. That portion of the structure into which the installation is being installed shall be shown in phantom and identified
by its part number. Such identifications shall be indicated as reference information by enclosure of the part number

in parentheses or by use of the symbol “REF.”

b. Applicable datum points or planes, such as center lines of structure, plane of symmetry, station planes, etc., shall be

shown and identified.
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Figure 3.2.6-1
Example of an Installation Drawing

3.2.7 Interface Control Drawing

An interface control drawing (ICD) defines a point, area, or volume, where a relationship exists between two or more

parts,

systems, programs, or procedures wherein physical or functional compatibility is required. The drawing shall communicate
design criteria such as dimensions, hole and/or bolt sizes, hardware, and ultimate changes relative to co-functioning systems.

“INTERFACE CONTROL DRAWING” shall be added directly above the Title block. It does not establish item

identification. No List of Material shall be on this type of drawing, and it shall not to be used to manufacture parts. See

Figure 3.2.7-1, below.
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Figure 3.2.7-1
Example of an Interface Control Drawing
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3.2.8 Matched Set Drawing

A matched-set drawing functions as an assembly drawing depicting parts that are machine-matched or otherwise mated and
for which replacement as a matched set or pair is essential. The operating or mating characteristics of the matched parts (set)
shall be indicated. A unique identifier shall be assigned to each of the parts and the matched set. See also Section 6.2i, Part
Numbering. The matched set shall be marked with a unique identification.

“MAINTAIN AND FURNISH ONLY AS A MATCHED SET” shall be added directly above the Title Block or List of
Material. See Figure 3.2.8-1 for an example of a Matched Set Drawing.

A 5
——
— [
4
/)
LAP 00008 TO .00015
DIAMETRAL CLEARANCE

SEE SEPARATE PARTS LIST
MAINTAIN AND FURNISH ONLY AS A MATCHED SET
[

[ T-T - [ [
P 0 I I oo [ o I AT PG o o e
N V 2 Y
et st Goddard Space Flight Center N
WWWWWWWWWWWWW o e [T [ oate IRAVING INTERFRETED PR S00-76-70025
— o[ e
METRIC | 32 e
SOF TWARE: 08 ULt ey
FILE LOCATION: — e = =
IRAWING FILE: REV 36FC1
MoDEL FiLE REV NEXT_ASSY USED I SCALE: SHEETL 107 1
¢ 3 ? a2 T T wieaw =

Figure 3.2.8-1
Example of a Matched Set Drawing
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3.2.9 Modification Drawing

Modification drawings delineate changes to delivered items, stockable items (e.g., Standard Part Drawing of honeycomb
panel blanks), assemblies, installations, or systems. Drawings are prepared to add, remove, or rework items, equipment
installations, or systems to satisfy the using activity's requirements. They also incorporate mandatory changes (e.g., safety,
reliability, or application extension) in delivered equipment. A modification drawing shall be identified by the words
“Modification Drawing” immediately above the Title block. This type of drawing has also been known or referred to as a
“Make From Drawing.”

3.2.10 Tooling Drawing

Tooling fixtures and templates are production aids. The templates are not intended as engineering documentation of the final
end item configuration.

The design drawing for which a Tooling Drawing is being produced shall carry the following note:

THESE FEATURES ARE TO BE INSTALLED USING TOOLING TEMPLATE XXXXXXX ONLY. THE ACTUAL
TOLERANCES ON THE FEATURES LOCATIONS ARE CONTROLLED BY THE TEMPLATE.

When affected by tooling, dimensions and their tolerances shall be flagged on the design drawing to the above note and
enclosed in parentheses to indicate reference information only.

The following note shall be added to the tooling drawing:
THIS TOOLING IS USED TO FABRICATE PIECE PART XXXXXXX.

The tooling drawing shall be dimensioned the same way as the design drawing.
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3.2.11 Exploded Pictorial Assembly Drawings

An exploded pictorial assembly drawing shows the parts of an assembly separated but in proper position and alignment for
reassembly. Exploded views are used extensively in service manuals and as aids in assembling or erecting structures. See
Figure 3.2.11-1.
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Figure 3.2.11-1
Example of an Exploded Pictorial Assembly Drawing
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3.2.12 Composite Material Drawing

A composite material drawing is an engineering representation of two or more materials in combination (reinforcing fibers
and resin binder). The composite constituents may differ in form or composition, and are tailored to meet specific
engineering properties. The drawing shall specify the multi-ply laminate configuration that defines the number of plies, the
stacking sequence, the ply angle orientation, the prepreg fiber-resin materials, and the physical dimensions.

For the following requirements, refer to Figure 3.2.12-1 as an example of a composite material drawing.

a. A coordinate reference and angle direction shall be shown for both the part and the stacked detail.
b. Each ply shall be identified by Item No., angle, and thickness, as shown in Table 1 of Figure 3.2.12-1. If
the plies vary by angle only, a material note indicating stacking sequence (See d) is sufficient.
c. Dash numbers may be used to show variations, such as length and material, as shown in Table 2 of Figure
3.2.12-1.
d. Stacking sequence code (+30/0/-30/90),s, as shown in Table 1 in Figure 3.2.12-1 defines the following
features:
Ply 1 +30-degree orientation
Ply 2 0-degree orientation
Ply 3 -30-degree orientation
Ply 4 +90-degree orientation
Subscript “” indicates repeat sequence (plies 1-4) two times, for build up of plies 5-8.
E§ubgcript “g” indicates symmetry, i.e., plies 1-8 repeated in reverse order for buildup of plies
—-16.

The code is read (+30/0/-30/90/+30/0/-30/90/90/-30/0/+30/90/-30/0/+30).

Examples of other variations to the code are (03/90./45/-453)s. This code is read (0/0/0/90/90/+45/-45/-45/-
45/-45/-45/-45/+45/90/90/0/0/0).

In the same example, the subscript “T” can be used in lieu of “S” to designate the total laminate. For
example, (03/90,/45/-456¢/45/90,/03)1. However, in this example, using the “S” to denote symmetry is the
preferred method. “T” is generally reserved for laminates where symmetry is not specified, as in

(0/30/60/90)r.

e. Required inspections should be addressed in a note. If the NDE requires a tag end coupon, the drawing
shall indicate where it will come from on the part.

f. Critical processes shall be indicated in the notes, i.e., cure requirements, secondary processes (i.e., edge
fill), etc.
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Figure 3.2.12-1
Example of a Composite Material Drawing
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4.0 DRAFTING CONVENTIONS
4.1 General

These drafting conventions are to be employed in the preparation of GSFC Design Drawings to achieve commonality
throughout and result in legible reproductions.

Drawings shall be complete and unambiguous in interpretation. Complete drawings contain or make reference to all data
necessary for part fabrication, part installation, and, when applicable, the necessary test requirements, procurement
requirements, and source.

Third-angle orthographic projection shall be used for mechanical design drawings. Certain diagrams, schematics, etc., are
exempt. Although other types of projection, such as isometric, perspective, etc., are not prohibited, their use should be
confined to an auxiliary view on a drawing of a complex part when such a view can aid in visualizing the part.

Drawings need not have three views, (i.e., one or two views is permissible for objects that can be completely defined).
Complementary notes or dimensions are acceptable in place of the additional views. Only those views shall be drawn that
are necessary to convey the required characteristics of the part. Views, dimensions, etc., shall not extend into the margins of
the drawing.

4.2 Lines

Acceptable quality of reproductions is dependent on the density and uniformity of line work and lettering. Two widths of
lines, i.e., thin and thick, with their widths in the proportions of 1:2, shall be used. The actual width of each type of line shall
be governed by the size and style of the drawing. The relative widths of the lines shall approximate those shown in Figure
4.2-1.
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Figure 4.2-1
Line Types and Conventions

4.2.1 Types of Lines
4.21.1 Center Lines

Center lines shall be composed of long and short dashes, alternately and evenly spaced, with a long dash at each end. Center
lines shall cross without voids. See Figures 4.2.1.1-1.

Very short center lines may be unbroken if there is no confusion with other lines. Center lines shall also be used to indicate
the travel of a center. See Figure 4.2.1.1-2.

EXTENSION LINE

PHANTOM LINE CENTER LINE DIMENSION LINE
\_‘ LEADER LINE
= SECTIONING

- A LINE
G-
- A‘J SECTION A—A

BREAK LINE
OUTLINE HIDDEN LINE

CUTTING PLANE LINE

Figure 4.2.1.1-1 Line Conventions
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Figure 4.2.1.1-2
Alternate Position

4.2.1.2 Dimension Lines

Dimension lines shall terminate in arrowheads at each end. They shall be unbroken except where space is required for the
dimension. The proper method of showing dimensions and tolerances is explained in ASME Y14.5M, Dimensioning and
Tolerancing.

4.2.1.3 Leaders

Leaders shall be used to indicate a part or portion to which a number, note, or other reference applies and shall be an
unbroken line terminating in an arrowhead, dot, or wavy line. Arrowheads should always terminate at a line; dots should be
within the outline of an object.

4214 Break Lines

Short breaks shall be indicated by solid zigzag lines. For long breaks, full ruled lines with freehand zigzags shall be used.
Shafts, rods, tubes, etc., which have a portion of their length broken out, shall have the ends of the break drawn as indicated

in Figure 4.2.1.4-1.
METAL ROD - - - %— - -
ZAN

METAL TUBE - - - - - -

METAL BAR § (

wOOD

Figure 4.2.1.4-1
Break Lines

4215 Phantom Lines

Phantom lines shall be used to indicate the alternate position of parts of the item delineated, repeated detail, or the relative
position of an absent part and shall be composed of alternating one long and two short dashes, evenly spaced, with a long
dash at each end. See Figure 4.2.1.1-1, Figure 4.2.1.1-2, and Figure 4.2.1.5-1, below.
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Figure 4.2.1.5-1
Repeated Detail

4.2.1.6 Sectioning Lines

Sectioning lines shall be used to indicate the exposed surfaces of an object in a sectional view. They are generally thin full
lines. See Figure 4.2.1.1-1.

Sectioning lines should be drawn at an angle of 45 degrees within the main outlines of the view. On adjacent parts, the
section lines should be drawn in the opposite direction. For additional adjacent parts, any suitable angle may be used to make
each part stand out separately and clearly. See Figure 4.5.2-2, Cross Hatching Conventions for Materials.

4.2.1.7 Extension Lines

Extension lines are used to indicate the extension of a surface or to point to a location outside the part outline. They start
with a short, visible gap from the outline of the part and are usually perpendicular to their associated dimension lines. Where
extension lines must cross other extension lines, dimension lines, or lines depicting features, they are not broken. Where
extension lines cross arrowheads or dimension lines close to arrowheads, a break in the extension line is permissible. See

Figure 4.2-1.

4.2.1.8 Hidden Lines

Hidden lines shall consist of short dashes, evenly spaced. These lines are used to show the hidden features of a part. They
shall always begin with a dash in contact with the line from which they begin, except when such a dash would form a
continuation of a full line. Dashes shall touch at corners, and arcs shall begin with dashes on the tangent points. See Figure
4.2-1 and Figure 4.2.1.1-1.

4219 Stitch Lines

Stitch lines shall be used to indicate the stitching or sewing lines on an article and shall consist of a series of very short
dashes, approximately half the length of dash or hidden lines, evenly spaced. Long lines of stitching may be indicated by a
series of stitch lines connected by phantom lines. See Figure 4.2-1.

4.2.1.10 Outlines or Visible Lines

The outline or visible line shall be used for all lines on the drawing representing visible lines on the object. See Figure 4.2-1.
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42.1.11 Datum Lines

Datum lines shall be used to indicate the position of a datum plane and shall consist of one long dash and two short evenly
spaced dashes. See Figure 4.2-1.

4.2.1.12 Cutting-Plane/Viewing-Plane Lines

The cutting-plane lines shall be used to indicate a plane or planes in which a section is taken. The viewing-plane lines shall
be used to indicate the plane or planes from which a surface or surfaces are viewed. On simple views, the cutting planes shall
be indicated as shown in Figure 4.2.1.12-1 below. View shall be shown in back of the cutting plane (3rd angle).

On complex views, or when the cutting planes are bent or offset, the cutting planes shall be indicated as shown in Figure
4.2.1.12-2 below

A J A «J SECTION A—A

Figure 4.2.1.12-1
Full Sectional View

SECTION B—B

Figure 4.2.1.12-2
Offset Sections
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4.3 Lettering and Numerals

All lettering shall be uppercase (capital letters). Numbers shall be Arabic numerals. The lettering and numerals shall always
be placed in a horizontal reading position as far as practicable. Other than this, lettering shall be in a horizontal reading
position when the drawing is rotated 90° clockwise. Legible lettering is essential for reproductions. Letters and/or numerals
shall not run together.

431  Style

One font shall be used throughout the drawing and placed in a horizontal reading position. The font selected shall be legible,
reproducible, and fit within the text blocks. The font style and font size are pre-set in the downloadable templates.

4.3.2 Heights

Recommended lettering heights:

Drawing Feature: Lettering
height in
inches
Drawing number in identification blocks .25
Drawing title and description of drawing type above L/M .25
Drawing subtitle, border, letters, and numerals .19
Section, detail, view, and tabulation letters .25
Description titles of section, detail, view, notes, and tabulations .19
Dimensions, tolerances, limits, notes, subtitles, tables, revision, and .16
zone letters on the field of the drawing
List of Material information, name blocks, used on, and next assy 14

4.4 Scale

When the main views of large parts are drawn to a reduced scale, the detail views used to clarify detail should be made to full
scale whenever possible. When the part has been drawn to an enlarged scale for clarity, it is not necessary to make an actual-
size view.

a. The scales preferred for design drawings are full size 1/1, reduced 1/2, 1/4, 1/10, 1/20, and enlarged 2/1,
4/1, 10/1, 20/1. The computer database for the format size shall be 1/1 at all times.

EXCEPTION: Diagrams, pictorials, electrical schematics, cable assemblies, and tabulated drawings, by
their very nature, cannot be drawn to a specific scale. The scale designation for these cases is “NONE.”

b. The scale, or the word “NONE?”, shall be entered in the Title block. Do not use the word “SIZE” following
the ratio. The notations “1/4 & NOTED” or “1/2 & NOTED,” etc., apply to those drawings on which the
main views are to a reduced scale and auxiliary views are to some other scale.

c. To maintain consistency with Title block callout for scale, detail views shall be noted thus:

DETAIL A
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SCALE 1/1

Note: The scale of the view shall be stated only when it differs from that noted in the Title block, which
represents the majority of views and sections.

d. The geometry of Computer Aided Design (CAD)-produced drawings shall be entered into the electronic
database at one-to-one (full) scale.

4.5 Positioning the Part on the Drawing

Installations are usually positioned on the drawing as they would be seen when viewed from the left side or top side of the
equipment with its forward end pointing to the left.

If clarity can be greatly improved by a position that results in fewer hidden lines and foreshortened projections, then that
position should be used. Such instances would be a door or door jamb which installs on the right side being drawn with the
forward portion to the right, or a number of items installed on the forward side of a panel being drawn looking at the forward
side.

Parts and minor assemblies are not necessarily drawn in the position they assume in the equipment. They may be drawn with
some surface, side, or reference line parallel or perpendicular to the lower border of the drawing. Lathe-turned parts are
usually drawn with the larger diameters to the left.

In the case of electrical drawings, line cross-over should be minimized to improve schematic clarity.

45.1 Picturization

Unnecessary detail should be omitted from all views and sections if clarity is not sacrificed and if drafting time is reduced.
See Figure 4.5.1-1.
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- ,,,,7

CORRECT

Figure 4.5.1-1

Details of Auxiliary View

INCORRECT
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45.2 Sections

Sections are used to clarify interior construction that cannot be clearly described by hidden lines in exterior views.
Preferences in depicting sections are shown in Figure 4.5.2-1, Section Drawing Preferences.

| Preferred

ROTATED 45° CW

Acceptable
Section rotated and
rotation noted

| | |
Lo d

| | |
Lo d

secrion A-A
A
|
Acceptable A
View not in line NOT Acceptable
of projection. | View not in line of projection
A e Wrong side of cutting plane
secrion A-A =
Figure 4.5.2-1
Section Drawing Preferences
a. A sectional view of another sectional view shall not be used.
b. A cutting plane with reference letters and arrowheads showing the direction in which the section is viewed, indicates
the location of a section. See Figure 4.2.1.12-1, Full Sectional View and Figure 4.2.1.12-2, Offset Sections.
c. Sectional views shall not project directly ahead of the cutting-plane arrowheads and should be located as near as
practicable to the drawing portions that they clarify.
d. The axes of sectional views should not be rotated; however, the cutting plane may vary in direction. If views must
be rotated, the angle and direction of rotation shall be noted.
e. Visible and invisible outlines beyond the cutting plane should not be shown unless necessary for clarification.
f. Shafts, bolts, nuts, etc., which are in a cutting plane should not be cross-hatched.
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g. Recommended cross-hatching convention is shown in Figure 4.5.2-2 below.

GENERAL USE
FOR ALL MATERIALS

Figure 4.5.2-2
Cross-Hatching Conventions for Material

When sections are remotely located (multisheet), zone information shall be added to both locations (i.e., from where the
section is taken and to the location where the section is shown). See Figure 4.5.2-3 below and Section 4.5.6 Locating
Sections, Views, and Details.

+4¥

A5

1 + +44

e
>

SH3

e

A SECTION  A-A
SCALE 2/1

(TITLE BLOCK

NOT SHOWN)

Figure 4.5.2-3
Identification of Sections Using Zone Blocks
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453 Views

A view is used to enlarge or clarify a portion of the drawing. See Figure 4.5.3-1.

D |
] \
—+
\
\
\
\
- A }
\
\
\
AS ] J‘E
\
SH3 ]
A VIEwW A—A
SCALE 2/1
(TITLE BLOCK D1
NOT SHOWN)
1
Figure 4.5.3-1

Clarification of a Portion of a Drawing

a. Projected views which are shown along common center lines to their origin need not be identified. Views located

directly ahead of viewing plane arrowheads are prohibited.

b. A view of another view shall not be used, unless necessary for clarification.

c. “Transported” views or sections are those which are not direct projections. They shall be identified where shown,

by letters, and at their origin by the cutting plane lines and letters.

d. If views are rotated for a legitimate reason, the angle and direction of rotation shall be noted.
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45.4 Details

A detail is a partial view which shows a portion of another view in the same plane and will usually depict greater detail.
Details should not be rotated. See Figure 4.5.4-1.

%
7
1 S
U/
annl
]
] DETAIL A
SCALE 4/1
T
15
SEE DETAIL A
Figure 4.5.4-1

Identification of Details
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455 Identification of Sections, Views, and Detalils

a. Identifying letters for sections, views, and details are assigned in alphabetical sequence as follows: For sections and
views, such as “A-A” in Figure 4.5.3-1, use hyphenated letters. After “W-W”, begin: “AA-AA”, “AB-AB”, etc.

b. For encircled details such as detail “A” in Figure 4.5.4-A above, use single letters. After “W”, begin: “AA”, “AB”,
etc.
c. The letters “1”, “O”, “Q”, “S”, “X”, and “Z” either as a single letter or as double-letter entries, shall not be used. A

designated letter or combination of letters on a released drawing shall not be used for another section, view, or detail
on the same drawing.

4.5.6 Locating Sections, Views, and Details

A view, section, or detail and the portion of the drawing it clarifies shall be cross-referenced using zoning as shown in Figure
4.5.3-1 and Figure 4.5.6-1 below. Zoning shall be used for locating sections, views, and details for all J size drawing formats
and any size drawing formats with remotely located (multisheet) sections, views, and details. See Section 1.2, Zoning.

Reference on Original Sheet Reference at View on Clarifying Sheet
To View on Clarifying Sheet To Original Sheet
A5 D1
Located adjacent
to viewing plane for VIEW A-A
VIEW A-A SH3 Scale 4/1 SH1

Note: Suggested zone block size 1s I7Z-inch square.

Figure 4.5.6-1
Identification of Views Using Zone Blocks
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5.0 DRAWING TEXT
5.1 Drawing Title

General information for the selection or development of a drawing title is as follows:
a. The title should be as brief as possible but should contain sufficient information to categorize the part properly and
to distinguish it from other similar parts. Uppercase letters shall be used.

b. No two titles shall be exactly the same. If parts have the same basic concept and same function, additional modifiers
should be used showing location, or other identifying differences:

Example: “FRAME ASSEMBLY, FUSELAGE, STA 111.6”
C. The drawing title shall consist of the following: See also Figure 5.1-1, Drawing Title.

1. Identifying noun or noun phrase, followed by -
2. The most significant modifier or modifying phrase, followed by —
3. The type designator or the next most significant modifier or modifying phrase, if applicable.

ITEM NAME ADDITIONAL MODIFIERS
(First Part) (Second Part)

GUIDE, SHAFT, BUTTERFLY VALVE - 0.10 INCH OVERSIZE, LOWER

Noun Name

Modifying Phrase

Modifier __| Modifier

Modifying Phrase

Figure 5.1-1
Drawing Title

The noun or noun phrase establishes a basic concept of an item. The modifiers describe the part sufficiently to
distinguish it from similar parts. A modifier is separated from the noun or noun phrase by a comma and from any
preceding modifier by a comma. The type designator and/or any additional modifiers required to further identify an
item are separated from the first part of the title by a dash. EXAMPLES:

“Beam, Hoisting, Guided Missile”
“Cover, Protective, Rocket Motor—Forward Section”

“Cabinet, Electrical Equipment—CY-147”
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d. When using the word “Assembly”, “Subassembly”, “Installation” in a basic name, it appears as the last word in the
noun phrase and may be abbreviated if space is a problem. EXAMPLES:

ENG INSTL or ENGINE INSTALLATION
ROCKET CHAMBER SUBASSY or ROCKET CHAMBER SUBASSEMBLY
e. The first part of the item name shall not contain the method of manufacturing such as Casting, Forging, Machined,

etc. The second part may contain the word Casting, Forging, etc., only when there is a machining drawing as well
as a casting or forging, etc., drawing.

f. The following types of drawings shall include the drawing type as the second part of the drawing title:
ARRANGEMENT DRAWING SYSTEM DIAGRAM
BLOCK DIAGRAM WIRING DIAGRAM
INTERCONNECTING DIAGRAM INSTALLATION DRAWING

SCHEMATIC DIAGRAM

g. Abbreviations are not used for any portion of the item name (first part of title). Exceptions are the words
ASSEMBLY (ASSY), SUBASSEMBLY (SUBASSY) and INSTALLATION (INSTL).

h. When one drawing supersedes another, the new drawing, when practical, has the same title.
i Parentheses are not used to enclose any portion of the drawing title.

j. Program names (or abbreviations) should be added to the “Used On” block and not the Title block; exceptions are
on the final or top assembly drawing.

5.2 Abbreviations

When used, abbreviations and acronyms shall be in accordance with ASME Y14.38 (Abbreviations and Acronyms).
a. Uppercase letters shall be used.

b. Abbreviations for word combinations (e.g., MMC—Maximum Material Condition) shall be used as such and shall
not be separated for use individually. Single abbreviations may be combined when necessary.

c. The same abbreviation shall be used for all tenses, the possessive case and the singular and plural forms of a given
word.

d. Abbreviations should be used only to save space or time, but never at the expense of clarity.

e. Periods shall be used with abbreviations that spell entire words to provide clarity and to avoid misinterpretation

(e.g., Figure — FIG.).
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5.3 List of Material

53.1 Requirements on the Body of the Drawing

Each part listed in the List of Material (Parts List) shall be identified at least once by an Item (Find) Number in a bubble on
the body of the drawing (except single item drawings and shown-and-opposite item drawings). See Figure 5.3.1-1 for
different examples of List of Material.

Note:

Parts shall be bracketed, indicating reference, when they are identified by number and are not noted in the List of Material.
Such parts are shown in phantom. Repeated item numbers shall be indicated as reference either within brackets or by the
word “REF.”

L/M for DETAIL DRAWING |

— | —|— WIRE | BE CU |AMS-QQ-C-530, COND 1/2 HT

|TEM |REQD|REQD PART NO. DESCRIPTION ‘ MATERIAL |MATERIAL SPEC OR CAGE CODE
NO. LIST OF MATERIAL

L/M for DETAIL SHOWN & OPPOSITE DRAWING

— | —|— -2 | BAR OPPOSITE AL ALY | AMS-QQ-A-225/8 6061-T6

— | —|— -1 | BAR SHOWN AL ALY | AMS-QQ-A-225/8 6061-T6

|TEM [REQD|REQD PART NO. DESCRIPTION MATERIAL | MATERIAL SPEC OR CAGE CODE
NO. LIST OF MATERIAL

L/M for INSEPARABLE ASSEMBLY DRAWING
3] —|2 99010A185 | DOWEL PIN, @.250 X .75 LG, .001 OVERSIZE CRES CAGE 2V507
2| —| 3 MS21209C0415 |INSERT, .112-40 UNC X .168 See Note 1
1 | —|AR - | PLATE AL ALY | AMS-QQ-A-250/11 6061-T6
— | — PLATE ASSY

|TEM |[REQD|REQD PART NO. DESCRIPTION MATERIAL | MATERIAL SPEC OR CAGE CODE
NO. LIST OF MATERIAL

L/M for ASSEMBLY DRAWING
4 3|3 MS51957-12 |SCREW, .112-40 UNC X .187 LG CRES
3122 1003451 |BLOCK CAGE 36FC1
2 |1 1003467-2 |PLATE CAGE 36FC1
1 1 1003467-1 |PLATE CAGE 36FC1
— 2] — 1002500-2 |PADDLE ASSEMBLY OPPOSITE CAGE 36FC1
— | — -1 1002500-1 [PADDLE ASSEMBLY SHOWN CAGE 36FC1
ITEM |[REQD|REQD PART NO. DESCRIPTION MATERIAL | MATERIAL SPEC OR CAGE CODE
NO. LIST OF MATERIAL

Figure 5.3.1-1

Several Examples of Different “List of Material”
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532 Requirements in the List of Material
a. The List of Material is a list of all parts and materials called out on the drawing. All parts shall be identified in
either the Parts List or List of Material. A combination of the two methods on the same drawing is not allowed. See

Figure 5.3.1-1.

b. The quantity of parts noted in the List of Material shall be the number required to complete the noted assembly.

c. All parts in the List of Material should be grouped as to type, such as dash number (for shown and opposite
assemblies), GSFC drawings (for detailed parts), MS parts, NAS parts, commercial parts, bulk items, etc. See
Figure 5.3.1-1.

d. Quantities of Bulk Items should be entered as “AR” (As Required). Refer to Figure 5.3.1-1.

e. On multi-sheet drawings, the List of Material shall start on Sheet 1 and continue on as many sheets as necessary.

5.4 Notes on Drawings

Information other than pictorial views and dimensions necessary for completing a drawing is classified as “notes.” The three
types of note forms are General Notes, Local Character Notes, and Dimension Tolerancing Notes. Notes on a drawing take
precedence over specification requirements; hence, notes conflicting with referenced specifications shall not be placed on a
drawing unless they are necessary for deviations from certain provisions of the specification.

54.1 General Notes

General notes are those which apply to the drawing in total and would, if placed on the drawing at each point of application,
become repetitive and time-consuming to apply.

5411 Location

The preferred location of General Notes that do not require leaders to indicate where they apply is adjacent to the upper left
border and to the left of all views.

54.1.72 Numbering

General notes are to be listed in numerical order, designated with ascending numerals.

Flagnote symbols, such as a square or triangle or octagon, are place around a note number when the note is referenced in the
field of the drawing. The flagnote symbol is used at the general note location and in the field of the drawing, or in the List of
Material (Material Specification column), whichever location is more appropriate. See Figure 5.4.1.2-1 and Fig 3.2.5-1. The
same flagnote symbol shall be used throughout the drawing. Suggested size is approximately %5” on a side.

22

Figure 5.4.1.2-1
Note Number
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54.2 Local Character Notes

Local notes are those which apply to a particular portion, surface, or dimension on a drawing. Local notes indicate local or
specific characteristics of a part, assembly, or diagram.

Notes of local character, such as drill notes, thread notes, etc., that require leaders to indicate the features to which they apply,

shall be located in the field of the drawing in positions adjacent to such features. Each note shall state the number of features
to which it applies unless a leader is drawn to each feature. See Fig 3.2.3.1-1.

54.3 Dimension Tolerancing Notes

The tolerances entered in the Title block shall control all dimensions applied to the drawing, except:
o those specifically labeled “Max,” “Min,” “Ref,” “Datum,” or “Basic”,
o dimensions having tolerances applied directly thereto, or

e dimensions controlled by notes or documents invoked on the drawing.

These tolerances may be changed to the prevalent tolerances that are required by the drawing type.

544 Note Examples
The notes provided in the following subsections are examples and should be used on Design Drawings when applicable.

Significant information is to be inserted where blank(s) are indicated and, for most cases, the notations in parentheses are for
information only. (When not applicable, do not use in note).

Before using the referenced specifications, check at http://standards.nasa.gov (NASA only Log-in is required) to ensure that
the specification has not been cancelled or superseded.

Use either of the following statements as main heading for notes: “Except as noted” or “Unless otherwise specified.”

Note: IAW = In Accordance With
544.1 Dimension Notes

ALL DIMENSIONS APPLY AFTER SURFACE TREATMENT.

DIMENSIONAL LIMITS AND SURFACE ROUGHNESS DESIGNATIONS APPLY (state “BEFORE” or
“AFTER”) PLATING.
(For other coatings, substitute the appropriate expression for “plating.”)

DIMENSIONS TO APPLY AFTER STRESS RELIEF.

GEAR TOLERANCES TO BE IN ACCORDANCE WITH AGMA STANDARD QUALITY (insert number).

TOOLING-CONTROLLED DIMENSION PER DRILL TEMPLATE (or “TOOL”) NUMBER XXXXXXX. THE
ACTUAL TOLERANCES ON THE FEATURE'S LOCATIONS ARE CONTROLLED BY THE TEMPLATE
(Note to be flagged to tooling-affected dimensions and tolerances, which are then enclosed in parentheses to indicate
a reference; template drawings shall carry a note stating the drawing number of the part they are used to fabricate.)

CHECK THE GSFC DIRECTIVES MANAGEMENT SYSTEM AT
http://gdms.qgsfc.nasa.gov/gdmsnew/home.jSp To VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.

(7/06)



http://gdms.gsfc.nasa.gov/gdmsnew/home.jsp
http://standards.nasa.gov/

DIRECTIVE NO. 500-PG-8700.2.5C Page 62 of 88
EFFECTIVE DATE: December 22, 2009
EXPIRATION DATE: September 27, 2016

TORQUE LIMITS FOR THREADED FASTENERS SHALL BE IN ACCORDANCE WITH PROJECT
APPROVED SPECIFICATION NUMBER.

5.4.4.2 Heat Treating Notes

Note for beryllium copper:
HEAT TREAT IAW SAE-AMS-H-7199 TO (Brinell)

Note for steel:
HEAT TREAT IAW SAE-AMS-H-6875 TO XXX. (XXX = “Rockwell,” “Brinell,” or Vickers™).

Notes for aluminum:
HEAT TREAT IAW SAE-AMS-2772 TO (Brinell)

5443 Joining Method Notes (welding, brazing, etc.)

WELD IAW MIL-STD-2219 (OR NASA-SPEC-5004 FOR GSE ONLY), PROCESS TO BE DETERMINED BY A
QUALIFIED WELDER IAW ANSI/AWS-D17.1, CLASS _ (A, B, or C)

A-SPECIAL NDE, MANNED FLIGHT, NOT CONTAINED

B-STANDARD NDE

C-FOR GSE, NO NDE REQUIRED)

USING____ (MATL) WELD FILLER____ (TYPE)

IAW AWS___ (SPECIFICATION).

(Joint dimension and design should be specified on the drawing.)

ELECTRON BEAM WELDING IAW:
SAE-AMS-2680 FOR FATIGUE CRITICAL APPLICATIONS.
SAE-AMS-2681 FOR PROCEDURES NOT COVERED BY SAE-AMS-2680

SOLDER IN ACCORDANCE WITH NHB 5300.4(3A-1), USING SOLDER MATERIAL, IAW ANSI J-STD-004,
005 OR 006

BRAZING:

BRAZE IAW ANSI/AWS C3.4 (FOR TORCH BRAZING)
BRAZE IAW ANSI/AWS C3.5 (FOR INDUCTION BRAZING)
BRAZE IAW ANSI/AWS C3.6 (FOR FURNACE BRAZING)
BRAZE IAW ANSI/AWS C3.7 (FOR AL ALY BRAZING)

INSTALL RIVET (Blind) IAW NASM47195.
INSTALL RIVET (Buck) IAW NASM47196.

544.4 Plating and Coating Notes
CADMIUM PLATE IAW SAE-AMS-QQ-P-416, TYPE CLASS.

HARD CHROME PLATE (max/min tolerance) THICK IAW SAE-AMS-QQ-C-320, TYPE
CLASS ; DIMENSIONS SHOWN APPLY AFTER PLATING.

ELECTROLESS NICKEL PLATE IAW MIL-DTL-321109.

ELECTROPLATE TIN/LEAD IAW SAE-AMS-P-81728.
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COPPER PLATE IAW SAE-AMS-2418.

SILVER PLATE IAW ASTM B700, TYPE __ ,GRADE _____.

GOLD PLATE IAW SAE-AMS-2422.

GOLD PLATE IAW SAE-AMS-2425 FOR THERMAL CONTROL.

PAINT IAW MIL-STD-171, TABLE __ ;FINISHNO.___ COLOR___ IAW FED-STD-595.

Notes for aluminum:
ANODIZE IAW MIL-A-8625, TYPE Ill, CLASS 2, DYED COLOR BLACK.

ANODIZE IAW MIL-A-8625, TYPE Il, CLASS 1, CLEAR.
CHEMICAL FILM IAW MIL-DTL-5541, CLASS (1A OR 3).

Notes for CRES:
PASSIVATE IAW SAE-AMS-2700, TYPE .

PASSIVATE IAW ASTM A967, NITRIC (1-4).

Note for iron and steel:
APPLY PROTECTIVE PHOSPHATE COATING IAW MIL-DTL-16232, TYPE .

Note for titanium:
SURFACE FINISH TO BE IAW SAE-AMS-2488, TYPE

54.45 Surface Preparation Notes

SURFACE TO BE CLEANED AND POLISHED FOR VACUUM USE. DO NOT USE ROUGE COMPOUNDS
OR CHEMICALS DURING BUFFING OR POLISHING ON ITEMS REQUIRING TANK-TYPE LEAK TESTS.

32
EXTERNAL SURFACE TO BE BUFFED TO \/
BEFORE ELECTROPOLISHING, MASK ALL SURFACES MARKED

54.4.6 Testing and Inspection Notes

THIS PART SHALL HAVE A LEAK RATE OF NOT MORE THAN (1 x 107 CC/SEC OF HELIUM) WHEN
MEASURED BY A CALIBRATED MASS SPECTROMETER HAVING A SENSITIVITY OF (1 x 109 CC/SEC
WITH GREATER THAN 90% HELIUM) AT A DIFFERENTIAL OF (ONE) ATMOSPHERE OR EQUIVALENT
TEST.
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RADIOGRAPHIC INSPECTION OF ALL WELDS IAW ASTM E1742.

ULTRASONIC INSPECTION IAW SAE AMS-STD-2154, TYPE (Insert “I” or “II’), CLASS .
(I = Immersion Method, Il = Contact Method.)

TEST HARDNESS PER ASTM E-18, LOCATION OPTIONAL.
TEST HARDNESS PER ASTM E-18, WHERE INDICATED ON FIELD OF DRAWING BY ©®.

One of the following notes should be used for parts requiring etching and/or liquid penetrant inspection:

FRACTURE CRITICAL PART - ETCH AND PENETRANT INSPECT PER GSFC S-313-009, CODE .
(Usually used for machined parts.)

This document is available under Code 541 in the CCMS (Central Configuration Management System).

Log-in at http://gdms.gsfc.nasa.gov/gdms/pls/frontdoor

Select “Central Configuration Management System”

Select “Document Library” under Documents

Select Code 500

Select Code 541

Scroll to 541-SPEC-0009 or Alt Number S-313-009

FRACTURE CRITICAL PART - DO NOT ETCH PART. PENETRANT INSPECT PER GSFC S-313-009, CODE
. (Usually used for rolled parts.)

If areas of a part are to be etched and inspected prior to finish machining, a separate drawing note should call out
this requirement.

5.4.4.7 Threaded Inserts — Cleaning and Installation Notes

INSTALLATION OF THREADED INSERTS:

(For ENGLISH Hardware):
INSTALL INSERT IAW NASM 33537, AFTER FINISH, REMOVE DRIVING TANG.

(For METRIC Hardware):

INSTALL HELICAL THREADED INSERT, METRIC SERIES, IAW SAE MA1567B, AFTER ALL SURFACE
TREATMENTS. BREAK AND REMOVE TANG.

INSTALL INSERT IAW MS51835, AFTER FINISH. (KEENSERT).

INSTALL CLINCH NUTS IAW NASM45938/1.

TAP ALL HOLES PRIOR TO COATING; INSTALL THREADED INSERT AFTER COATING.

5.44.8 Miscellaneous Notes

PLACE IN BAG AFTER FINAL ELECTROPOLISHING. BAG SHALL CONFORM TO MIL-STD-2073-1,
METHOD 10 AND TAG WITH PART NUMBER “ ”.
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ALTERED PART SOURCE INFORMATION:
PART NO.:

VENDOR:

ADDRESS:

CAGE CODE:

MAINTAIN AS MATCHED SET AFTER MACHINING.

RUBBER STAMP (size) HHIGH CHARACTER AS SHOWN, USING (insert “INK” or “PAINT”) IN
ACCORDANCE WITH (specification *).

(* Include manufacturer's part number and address or CAGE Code Number.)

BAG PART IAW MIL-STD-2073-1, METHOD 10, AND TAG WITH PART NUMBER ”

BAG AND TAG WITH PART NUMBER

32
ALTERED SURFACES TO HAVE \/

o/
FINISH ALL OVER.

SURFACE ROUGHNESS AS FABRICATED.

32
MACHINE SURFACES \/

INSIDE CORNERS R MAXIMUM.
UNIT TO BE STRAIGHTENED AND STRESS-RELIEVED AFTER WELDING.
WELDED OR BRAZED FILLETS TO BE CONFINED TO INSIDE SURFACE.

A MANUFACTURER'S CERTIFICATION OF MATERIAL SPECIFICATION COMPLIANCE MUST BE
SUPPLIED WITH PART (insert number).

MAGNETIC SPECIFICATION--PERMEABILITY OF LESS THAN (specify units) .

This Note for NON-flight parts ONLY:
+.
STEEL STAMP, ETCH, OR ENGRAVE (size) HIGH CHARACTER AS SHOWN, X .010 _ 888 DEEP.
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5.5 Specification Callouts

Normally, only the basic document number of a specification should be shown on the drawing, in which case, the latest issue
in effect at the time of invitation to bid shall be imposed in all procurement actions. Changes to the specification occurring
subsequent to the time of invitation to bid shall not be imposed in current procurement actions unless the drawing is revised
to show the new issue by basic document number, revisions, amendment, and/or date and current procurement actions
amended to specify the new drawing revision or Engineering Order (EO).

If the basic document number, revision, amendment, and/or date of a specification are shown on a drawing, only that
particular issue shall be imposed in all procurement actions. Changes to the specification occurring subsequent to the time of
invitation to bid shall not be imposed in either current or future procurement actions unless the drawing is revised to show the
new issue by basic document number, revision, amendment, and/or date and current procurement actions amended to specify
the new drawing revision or EO.

Regardless of whether a specification is shown on the drawing by basic document number only or by a particular issue,
superseding specifications (new number) shall not be imposed in either current or future procurement actions unless the
drawing is revised to show the new basic document number and, if applicable, issue. The current procurement actions must
also be amended to specify the new drawing revision or EO.

6.0 NUMBERING

This section describes drawing numbers, part numbers, and find or item numbers.

6.1 Drawing Numbers

The process of obtaining drawing numbers and associated responsibilities is described in Section 4.0 of GSFC-CM-001,
GSFC Configuration Management Manual found at the Code 400 CM web page http://fpd.gsfc.nasa.gov/cm.html. Drawing
numbers are issued via the intranet web site http://gdms.gsfc.nasa.gov/gdms/pls/frontdoor (log in required) specified by
GSFC-CM-001. Some project CM Offices require requests for drawing numbers pass through their office.

The GSFC numbering system for identifying design drawings and associated lists is based on the “unit number” principle,
whereby the same basic number assigned to an assembly drawing shall be applied to index, usage, data, and parts lists.

a. Drawing numbers shall consist of assigned basic seven-digit numbers.

b. To obtain blocks of drawing numbers, go to the web site specified by GSFC-CM-001 or to the appropriate CM
Office.

c. The management of drawing numbers becomes the responsibility of the engineering design group to whom they are

assigned. Reassignment of the numbers to group subsections or individuals, other contractors or subcontractors, or
other programs or projects shall be controlled, recorded, and maintained in accordance with the organization’s CM
procedures.

d. When it is necessary to identify a drawing as a sketch, the number shall be assigned by the originator and preceded
by the prefix “SK”. The sketch shall be maintained by the originator. Sketches shall not be prepared in place of
design drawings for procurement of flight hardware and associated equipment.
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6.2 Part Numbering

Each detail part, subassembly, etc., shall be identified by a part number as follows:

a. An item covered by an approved standard and used without alteration or selection shall be identified by the proper
standard number (such as MS number for military standard), which shall include any dash number or code necessary
for complete identity.

b. Each nonstandard item shall be identified by a part number that shall be, or shall include, the drawing number.

C. A detail drawing depicts a single detail part, and the part shall be designated by the drawing number. See Section
3.2.3 “Detail Drawing”.

d. Vendor-designed and manufactured parts or assemblies shall be identified by the vendor's part number.

e. Altered vendor parts shall be identified as required. See “Altered Item Drawing,” Section 3.2.1.

f. Symmetrically opposite parts shall be designated by -1 (shown) and -2 (opposite) carrying the odd/even relationship
to higher numbers as necessary. The part shown shall always be an odd number, and its opposite, the next higher
number.

g. An inseparable assembly drawing depicts parts permanently fastened together, and the assembly shall be designated

by the drawing number. The individual parts shall be designated by part number as described per “Inseparable
Assembly Drawing”, Section 3.2.5.

h. Each of the parts shown on a tabulated drawing shall be identified by the drawing number suffixed with a dash
number. The basic drawing number alone shall not be used to identify a part. See Figure 3.2.3.2-1 “Tabulated

Detail Drawing”.

i Parts that mate, and for which replacement as a matched set or pair is required, shall be assigned a single number to
designate each matched set or pair. Component parts shown in matched-set drawings instead of separate detail
drawings shall be identified by the identifying part number and find number. See Figure 3.2.8-1 “Matched-Set

Drawing”.

6.3 Find or Item Numbering

Under the item numbering system, a number is assigned to a part or detail assembly for the purpose of locating it in the field
of the assembly drawing. They are not used for other identification purposes. The find or item number is also shown in the
Engineering Parts List for an assembly drawing, cross-referenced to the part number used for procurement purposes.

The “find number” is usually associated with a separate Parts List (PL), and the “item number” is usually associated with the
List of Material on drawings, but both are used for locating parts. Parts and subassemblies are identified by other numbers
for purposes of procurement and marking. These identifying numbers are cross-referenced to the find or item numbers in the
PL or in a L/M on the assembly drawing.

The find or item number system provides a quick means of locating parts on a relatively small area of a drawing having a
high density of parts. It is preferred that the conventional method of identification (item numbers) be used on drawings of
simple assemblies.
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6.3.1 Use Requirements

a. When used in the field of the drawing, find or item numbers are enclosed in 1/2-inch-diameter circular-
shaped balloons. A leader line points to the applicable part.

b. The item number system of identification shall also be used to locate pieces on drawings of inseparable
assemblies when material specifications or material tempers differ from one another.

c. For drawings of electronic chassis assemblies, if the outlines of resistors or capacitors are shown, the
reference designations shall be placed within those outlines when practical. The corresponding find
numbers shall be omitted from the views. In such cases, a table shall be provided on the drawing to show
the find number assigned to each item that is identified by a reference designation on the views. The same
find number shall be used for any group of reference designations assigned to items of identical
characteristics.

d. The item or find numbers on any drawing shall be assigned independently of those on any other drawing.
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7.0 PARTSLIST
7.1 Description

This section establishes minimum requirements for the generation of a Parts List (PL) used with design drawings. A Parts
List (PL) is a tabulation of all items necessary for fabricating or assembling the end item(s) to which the list applies, and is
initially released concurrently with its associated design drawing. . The PL is a document prepared separately from the
design drawing to which it is associated and may be revised independently of the drawing either by direct revision or by EO.
All parts shall be identified in either the Parts List or List of Material. A combination of the two methods on the same
drawing is not allowed.

An optional Parts List template (Goddard Form # GSFC 4-51) is available for use when the particular drawing software
package in use does not include a specific parts list function. This template is downloadable at the GSFC Forms Master List:
http://gdms.gsfc.nasa.gov/gdmsnew/home.jsp by selecting “Forms Master List” under the “Libraries” pull down menu. This
Parts List may be customized by additional columns or blocks necessary to meet the requirements of a specific Project.

7.2 Minimum Requirements

a. Parts List Number: the seven-digit drawing number of the associated drawing prefixed with “PL”.

b. Sheet Number: numbering of all sheets.

c. Approval: signature and date as specified by the appropriate project CM procedure.

d. Revision Level: the latest revision letter of the Parts List. See Section 8.2.1.1.

e. Revision Description: complete and concise description of the revision that applies to the PL or reference to the
applicable EO.

f. Revision Date: Date of revision approval.

g. Drawing Title

Content: information required for each individual part

Find No.: Numbers shall match find numbers on drawing. See Section 6.3, Find or Item Numbering .
Part No.: See Section 6.2.

Quantity: The quantity of parts required for each assembly.

Description: The drawing title or the part description.

CAGE Code: See Appendix A, Section A.3.1.

agrwnE

7.3 Parts List Cover Sheet

The Cover Sheet is the first sheet for the PL and includes a record of the approvals and revisions.

7.3.1 Format

The Cover Sheet is the first page of the downloadable Form # GSFC 4-51. Refer to Figure 7.3.1-1 below.
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7.3.2

PARTS LIST

Cover Sheet
GODDARD SPACE FLIGHT CENTER
GREENBELT, MARYLAND
WALLOPS ISLAND, VIRGINIA

LIST NO. REV
PL 2077047 @ @

SHEET 1 OF 2 [ 3 )

TITLE N4

PCB ASSEMBLY, C&DH S-COMM SDN

CAGE CODE @ @
PREPARED ( 6 ) PARTS APPROVAI ( 5 APPROVED ( 9 > APPROVED ( 9
DATE CODE DATE CODE DATE CODE™ DATE coD
CHECKED APPROVED APPROVED PDL APPROVAL
7 9 9 10
DATE CODE™ DATE CODE DATE cob—" DATE CcoD
LTR DESCRIPTION DATE APP LTR DESCRIPTION DATE | APP

INITIAL RELEASE

10/20/2005

()

()

() |

Entries

Figure 7.3.1-1
Parts List Cover Sheet

GSFC 4-51 (8/07)
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Entries are made in the blocks and columns of the Cover Sheet as directed:

1 CAGE CODE: The Commercial and Government Entity (CAGE) Code: All GSFC Design Drawings and Lists shall
use the CAGE Code 36FC1. This code is included in the downloadable templates. See A.3.1, CAGE Codes.

2 LIST NO.: Enter the seven-digit drawing number of the associated drawing prefixed with “PL”.

3 SHEET 1 OF__ : Enter the total number of sheets used.

4 REV: Enter latest/current PL Revision letter, or “ - ” if original release. See Section 8.2.1.1. All sheets, cover and

continuation, shall carry the same Revision letter. Revisions to any sheet(s) shall be recorded in the revision
description block on the Cover Sheet, and reference shall be made to sheet(s) affected. Level of revision shall be
changed on each PL sheet whether or not that particular sheet is affected.

5 TITLE: Enter the same drawing title that appears in the Title block of the assembly drawing for which the PL is
being prepared.

6 PREPARED: Electronically or manually enter Signature, Date, and GSFC code for person preparing list. This
signature indicates that the list is in accordance with the approved layout or other adequate design instructions.

7 CHECKED: Electronically or manually enter Signature, Date, and GSFC code for person designated by the PDL
(other than the designer or draftsperson) for verifying accuracy and completeness of the PL.

8 PARTS APPROVAL.: Electronically or manually enter Signature, Date, and GSFC code for Parts Engineer
(optional).

9 APPROVED: Electronically or manually enter Signature, Date, and GSFC code for the personnel assigned to

approve the PL. Project requirements for PL approval names vary from program to program and are specified in the
applicable organization or Project CM procedure.

Electronically or manually signing and dating this block signifies the official approval of this EO

10 PDL APPROVAL.: Electronically or manually enter Signature, Date, and GSFC code for the PDL Engineer, or their
designated delegate. This signature signifies that the parts list is complete with respect to design, presentation, and
relative to all required signatures, and is ready for release.

11 LTR: Enter revision letter of current revision, or “ - if original release.
12 DESCRIPTION: Enter a complete and concise description of the change or reference to an EO.
13 DATE: Enter date of revision, or original release.

14 APP (Approval): Electronically or manually enter Initials and Date for the personnel assigned to approve the PL
revision.
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7.4 Parts List Continuation Sheet

The PL continuation sheet is the second sheet of the downloadable PL template and is prepared as indicated below. Circled
numbers have been assigned to each column or block for identification only. The PL shall contain a cover sheet and as many
PL continuation sheets as necessary to completely list all the information.

7.4.1 Format
The PL Continuation Sheet is the second page of the downloadable Form # GSFC 4-51. Refer to Figure 7.4.1-1 below.

7.4.2 Entries

Entries are made in the blocks and columns as directed below:

1 PARTS LIST NO.: Enter the associated drawing seven-digit drawing number prefixed with “PL”.

2 REV: Enter latest/current PL Revision letter, or “ - ” if original release. See Section 8.2.1.1. All sheets, cover and
continuation, shall carry the same Revision letter. Revisions to any sheet(s) shall be recorded in the revision
description block on the Cover Sheet, and reference shall be made to sheet(s) affected. Level of revision shall be
changed on each PL sheet whether or not that particular sheet is affected.

3 SHEET NO.: On each sheet, enter the appropriate sheet number.

4 ITEM FIND NO.: Enter find number taken from assembly drawing.

5 ENGINEERING PART # OR DOCUMENT #: Enter the part number or other identifying number of each item in
the list.

6 QTY REQD PER ASSY.: Enter the quantity required for each assembly.

7 MANUEF or CAGE: Enter Manufacturer’s name or appropriate Commercial and Government Entity (CAGE) Code.

See A.3.1, CAGE Codes. When a government or industry standard part or specification number appears in Item 5,
no entry shall be made in Item 7. When the CAGE Code for an item is identical to that entered in Block 1 of the
Cover Sheet, do not repeat the number in Item 7 of the PL continuation sheet.

8 DRAWING TITLE OR ITEM DESCRIPTION: Enter the noun or noun phrase describing the item whose part or
identifying number appears on assembly drawing.

9 REMARKS: Enter other information that could be useful [i.e., specification, control drawings, designations (e.g.,
R10, J14, etc.), vendor's items, etc.].
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PARTS LIST PL 2077047 |REV -
GODDARD SPACE FLIGHT CENTER
GREENBELT, MARYLAND SHEET NO.
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F,\I|,(\;D OR DOCUMENT # PER CAGE DRAWING TITLE or ITEM DESCRIPTION S
) ASSY
Microcircuit,Digital,Radiation Tolerant,
1 |A54SX32A-1PQ208 2 Actel FPGA. 32,000 Gates, UMC Die AU58, AU61
AU3, AU4, AU5, AU6, AU7, AUS,
. Microcircuit,Linear,Radiation Hardened,Single 16- |AU9, AU10, AU11, AU12, AU13,
2 [HS9-1840ARH/PROTO 2 Intersil | cannel Analog Mux/Demux with OV Protection | AUL4, AUS2, AU53, AU54, AUSS,
AU56, AU57
. Microcircuit,Digital,Radiation Hardened,Quad,Line |AU35, AU36, AU37, AU38, AU41,
8 |HSS-26C3IRH/PROTO ! INtersil | Driver Differential,RS422,CMOS AU44, AU4T
Microcircuit,Digital,Radiation
4 |HS9-26C32RH/PROTO 4 Intersil  [Hardened,Quad,Receiver, AU30, AU31, AU32, AU34
Differential RS422,CMOS
Microcircuit,Digital,3.3V,Bus Transceiver,16Bit, |AU16, AU17, AU19, AU20, AU51,
5 |UT54ACS164245SUPC 8 Aeroflex Cold Sparing AUS0, U36, U71
Microcircuit,Digital, Memory, Radiation AU23, AU25, AU26, AU27, AU29,
6 |same ! BAE | Hardened, FIFO 4Kx9 AU59, AU62
7 [HF52A 1 Ics (1dianay/ Microcircuit,Digital, Reed Solomon Encoder AU22
Aeroflex
AC1, AC179, AC180, AC181, AC182,
c itor Tantalum Solid.Chi AC183, AC184, AC185, AC186,
8 |same 34 Kemet | 2pactior, fantalum, Solid,LAip, AC187, AC188, AC189, AC190,

AC191, AC192, AC193, AC194,
AC195, AC196, AC197, C14, C16,

()

@

()
N

(o)
N

Figure 7.4.2-1

Parts List Continuation Sheet

GSFC 4-51 (8/07)
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8.0 METHODS OF CHANGING A DRAWING

Any change to a drawing after release requires the revision level to be advanced and shall be recorded in the Revision Block.
For examples see figures in _Section 8.2.3, Recording Revisions.

8.1 Engineering Order (EO)

An EO is a document recognized as the authority for making a change to a drawing or associated documentation.

8.1.1 General Requirements

The use of an EO for the purpose of revising released drawings or Parts Lists is the preferred method of changing drawings or
lists, although the method of direct revision (see Section 8.2) to the drawing may be chosen by the PDL.

If the EO method is elected, maintaining the documentation system and assigning EO numbering shall be per the specific
organization or project CM procedures.

The approved EO shall be considered an official part of the original drawing and shall always be available to others, even
after incorporation. With this system, reference to an EO in the revision block of drawings shall be permitted in place of the
usual detailed listing of changes.

8.1.2 Format Sample

The following describes the block entries on an EO form (GSFC 4-50), available as a downloadable template available at the
GSFC Forms Master List: http://gdms.gsfc.nasa.gov/gdmsnew/home.jsp by selecting “Forms Master List” under the
“Libraries” pull down menu. The first sheet and continuation sheet are included together in one template. See Figure 8.1.2-1
below. See the appropriate project CM Procedure for project unique instructions.

1 TITLE: Title of the drawing to be revised.

2 REASON: Reason why the change is necessary (not description of the change).

3 GNBLT-W.1.: Indicate the location of the GSFC facility producing the EO, Greenbelt or Wallops Island.

4 CCR NUMBER: Where required by project procedures, the Configuration Change Request (CCR) number that

brought about this EO is entered here.

5 DRAWING & REV LEVEL.: The seven digit number of the drawing to be changed and the revision level affected.
Where the change is exactly the same on more than one drawing add an asterisk to the drawing and revision level
block; then add the drawing numbers, revisions, along with the next applicable EO number to the asterisk table on
the field of change on EO page 1. If more than one EO page is required, the additional EO pages shall also note that
those pages affect the list of drawings the EO is written against.

6 EO NO: To be assigned by the applicable Configuration Management Office (CMO) or the designated
representative for the program for which the EO is being written. EO numbers shall be issued in numerical
sequence (without repetition) against a particular drawing regardless of the number of revisions made to that
particular drawing.
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SHEET
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1. DRAWING TITLE: *

2. REASOI*

3. CCR NUMBER

4. ISSUED BY CMO

)
N
10
GSFC CODE DATE
5. TYPE OF EO\ 6. PROGRAM: 7. EFFECTIVE: A/
[0 ADVANCED NOTICE OF CHANGE [0 DEVIATION [0 CLASS1EO USED ON: SERIAL
Drawing will not be revised / [0 CLASS2EO NEXT ASSY: \ DATE

Drawing will be revised

8. DESCRIPTION

.

12

APPROVED - PDL:

9. DISPOSITION USE NO INITIATED BY: CHECKED BY: APPROVED BY: APPROVED BY: APPROVED BY:

AS RWK | SCRAP PARTS

IS MADE
RAW MATERIAL A k K . ’
PART IN PROCESS DATE CODE DATE CODE DATE CBDE DATE CODE DAE CODE DATE ODE
PARTS MADE \

(19 (19 20
Figure 8.1.2-1
Engineering Order Form
7 INC (incorporation) REV: The revision letter to be provided by the Configuration Manager (CM) at the time of

drawing change incorporation. More than one outstanding EO may be incorporated under one revision letter. It is
suggested that no more than five EOs be incorporated at the same time. A revision shall incorporate all current

outstanding EOs.
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8 “SHEET 1 OF ”: Indicate the total number of EO sheets. On remaining sheets, enter the number of that
particular sheet of the EO only.
9 ISSUED BY:: Signature, date, and GSFC code of appropriate CM official.
10 TYPE OF EO: Select the EO type from the choices below:
Advance Notice of Change: A change to the drawing that shall take place at some future date. Several EOs may be
incorporated under the same revision letter. It is suggested that no more than five EOs be incorporated at the same
time.
Deviation: A record of a change to a manufactured part with a discrepancy. The change documents the necessary
correction to accept a discrepant part. The EO shall be assigned a back slash (\) instead of an EO revision letter and,
when recorded in the drawing revision block, identified as a “Deviation for serial number . No physical
change to the field of the drawing shall occur. A deviation EO is not incorporated; if the part is remade it will be
remade to the original drawing.
11 CLASS 1/ CLASS 2: Select the appropriate EO classification.
CLASS 1 EO: A change where one or more of the following items is affected:
a) Baseline documentation (except for typographical errors or clarification).
b) Technical requirements of the product (form, fit, or function).
c) Contract end items/requirements (cost or schedule).
CLASS 2 EO: A change that does not fall within the definition of a Class | change as given above. Examples of
Class Il changes are:
a) A change in documentation only (for example, correction of errors, addition or clarifying notes or views).
b) A minor change in hardware (for example, substitution with an approved alternative material) which does
not affect any item listed under Class | changes.
c) Drawing changes that do not affect a baseline, interface, cross subsystem boundaries, etc.
12 PROGRAM: Name of program.
13 USED ON: Enter the acronym name of subsystem or experiment where applicable.
14 NEXT ASSEMBLY': Next higher assembly drawing number of the drawing affected by the change.
15 EFFECTIVE SERIAL.: If the change affects only a limited number of a series of like parts, fill in the serial
number(s) or the part fabrication date, if applicable, after which the change is effective.
F THE CHANGE
16 DESCRIPTION: Description of the change to be made shall be shown using the words “Was” and “Now” or
“Remove” and “Add.” The words “Delete,” “Cancelled” or “Superseded” may also be used. In the situation of
superseding a previous EO, a “Was” and “Now” current condition shall also be shown, just as if the previous EO
had been incorporated.
17 DISPOSITION: Actions to be taken as a result of the change.
18 INITIATED BY: Electronically or manually enter Signature, Date, and GSFC code of initiator.
19 CHECKED: Electronically or manually enter Signature, Date, and GSFC code for person designated by the PDL
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20 APPROVED BY: Enter the Signature, Date, and GSFC code of the GSFC personnel assigned to approve the EO.
Project requirements for EO approval names vary from program to program and are specified in the applicable
organization or Project CM procedure.

Electronically or manually signing and dating this block signifies the official approval of this EO.

Additional approval blocks may be added when other approvals than those contained on the form are required.
These blocks may be added immediately above the existing approval blocks.

21 APPROVED PDL.: Electronically or manually enter Signature, Date, and GSFC code for the PDL Engineer, or their
designated delegate. This signature signifies that the EO is complete with respect to design, presentation, and
relative to all required signatures, and is ready for release. The PDL approval is the minimum approval required for
EO release.

8.1.3 EO Continuation Sheet

The EO Continuation Sheet is the second sheet of the downloadable Form # GSFC 4-50.

If the current EO format (sheet one) is insufficient in size, a continuation sheet or more may be added (see Figure 8.1.2-2,
below). If a larger page is required, a supplemental sheet shall be prepared on a regular drawing format and shall state “THIS

SUPPLEMENTAL SHEET IS PAGE OF EO NUMBER OF DRAWING NUMBER .7 directly above the
Title Block. Enter in the description area of page 1 of the EO “See supplemental sheet page of this EO.”
ENGINEERING ORDER EO DRAWING & REV LEVEL EONO INC REV
GODDARD SPACE FLIGHT CENTER
SHEET
GSFC 4-50 (8/07)
Figure 8.1.2-2

Engineering Order Form — Continuation Sheet
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8.2 Drawing Revisions

Revisions are changes made to an original drawing or associated document after authorized release which require the revision
level to be advanced. A direct revision incorporates drawing changes without other authorizing documents. All drawing
changes shall be identified by revision symbols on the drawing field, and abbreviated descriptions of the changes must be
recorded in the revision block. As a general rule of thumb, a description that exceeds five lines of text indicates a need to
document the changes through the EO system.

8.2.1 Identifying Revisions on Drawings

8.2.1.1 Revision Letter

The revision letter is the identification of the revision level of the drawing or associated document. The identity of the EO or
an itemized description of change(s) is included in the Revision History block as part of the revision.

Revision letters shall be upper case letters used in alphabetical order beginning with A, and shall not contain the letters I, O,
Q, S, X, or Z. Following letter Y, use AA, AB, etc.; after AY, use BA, BB, etc.

Revision letters shall be entered in the revision block (see Figures 8.2.3-1, 8.2.3-2, and 8.2.3-3).

8.2.1.2 Identifying Revision Locations

When incorporating a change, a revision location shall be identified by one or more of the following methods:

(a) Revision symbol in the field of the drawing;

(b) Description in the Revision block (when EO is not used);

(c) Zone locations in the ZONE column of the Revision block;

(d) EO identified in the DESCRIPTION column of the Revision block.

8.2.1.3 Multiple changes

All changes authorized by a single EO shall be incorporated into the drawing at the same time.
All changes to a drawing incorporated at one time shall be identified by the same revision letter.
A revision shall incorporate all current outstanding EOs.

The changes may be numbered sequentially to permit ready identification of a specific change (see Figure 8.2.3-1). In this
case the appropriate sequence number will appear as a suffix to the revision letter in the field of the drawing.

Where a revision involves two or more individual changes on a drawing, each change may be identified by a sequence
number enclosed in parentheses preceding the description of the change (see Figure 8.2.3-1). Use a continuous unbroken
sequence for the entire set of changes under each revision or a continuous unbroken sequence to each affected sheet through
the entire set of changes under each revision. When revision symbols are used, the sequence number may be included in the
symbol as a suffix to the revision letter.

8.2.1.4 Revision Symbol

When a revision symbol is used, the revision letter, and the sequence number when used, shall be enclosed in a circle to form
a revision symbol. A leader may be added to the circle to indicate a specific location.

The revision symbol may be used to identify an item or area of change on the drawing. The symbol should be placed at or
near the location affected by the change.
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Where many individual changes required by the EO would create an overly crowded condition, a single revision symbol may
be used.

On drawings where use of revision symbol(s) may conflict with other symbols used on the drawing creating a possible
misinterpretation, the revision description will be adequate.

8.2.2 Revision of Multisheet Drawings

There shall be only one acceptable method of recording changes to multisheet drawings.

Revisions to any sheet(s) shall be recorded in the revision description block on sheet 1, and reference shall be made to
sheet(s) affected. Level of revision shall be changed on each drawing sheet whether or not that particular sheet is affected.
The revision description block, if shown, on all sheets other than sheet 1 shall state “SEE SHEET 1 FOR REVISIONS.”

8.2.3 Recording Revisions

Changes to drawings shall be recorded in the Revision block.

8.2.3.1 REV Column

The revision letter assigned to a particular revision shall be the only character allowed to be entered in the REV column.

8.2.3.2 ZONE Column

When a drawing is zoned and the locations of changes to the drawing are recorded using the drawing zone method, the zone
to which each revision description applies shall be entered in the ZONE column. When a single change is made to several
zones, the zone entries may be made in the DESCRIPTION column immediately after the description of change. See Fig.
8.2.3-1 (c). Zone listings for multisheet changes may be accomplished by one of the methods defined in Fig. 8.2.3-1 (a) or

(b).

REVISION
REV | ZONE DESCRIPTION DATE APPROVAL
C SHEET 1 1-2-06 (SIGNATURE)
BL | (1).......
A6 | (2).......
SHEET 2
B3 | (3).......
A2 | (4.
@
REVISION
REV | ZONE DESCRIPTION DATE APPROVAL
C 1-2-06 (SIGNATURE)
B1-1 | (1).......
AB-1 | (2).......
B32 | (3).......
A2-2 | (4).......
(b)
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REVISION
REV | ZONE DESCRIPTION DATE APPROVAL
C (1) oo 1-2-06 (SIGNATURE)
ZONES A2, C1, B3, B4, A5
©
Figure 8.2.3-1

Sample Revision Block

8.2.3.3 DESCRIPTION Column
Record changes made to a drawing in the DESCRIPTION column.

Description of the change to be made shall be shown using the words “Was” and “Now” or “Remove” and “Add.” The
words “Delete,” “Cancelled” or “Superseded” may also be used.

When changes are made to a drawing through a direct incorporation, abbreviated descriptions of the changes shall be
recorded in the revision block.

For multiple changes, appropriate sequence numbers shall precede each entry in the column. See Figure 8.2.3-2.

As a general rule of thumb, a description that exceeds five lines of text indicates a need to document the changes through the
EO system. See Section 8.1, Engineering Order.

When changes are made to a drawing through an EO system, the Revision block shall state “INCORPORATE EO NUMBER
” or “REVISED PER EO NUMBER ___ ”, provided the EO describes the specific drawing changes. See Figure 8.2.3-
3.

REVISION

REV DESCRIPTION DATE APPROVAL

A (1) NOW R.188 WAS R.250 1-2-06 (SIGNATURE)
(2) ADD .500, 1.500 AND 2.000 DIMS
(3) DELETE .750 and 7.000 DIMS
B (1) NOW 1.625 WAS 1.500 2-3-06 (SIGNATURE)
(2) NOW .500 WAS .635
(3) NOW 1.000 + .005 WAS 1.125 + .005
(4) ADD NOTE 4

Note: Zone column not required on C-size drawings and smaller.

Figure 8.2.3-2
Sample Revision Block

REVISION
REV | ZONE DESCRIPTION DATE APPROVAL
C B4 (1) REVISED PER EO NUMBER 06 1-2-06 (SIGNATURE)

Note: Ifno “EO” system is used or the EO does not describe the specific drawing changes, the
changes would be spelled out, similar to Figure 8.2.3-2 above.

Figure 8.2.3-3
Sample Revision Block
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8.2.34 DATE and APPROVED Column

Authorized signature and date shall be entered electronically or manually to indicate approval of the change(s) made to the
drawing.

The person incorporating the revision, the person assigned to check the incorporation, and the PDL all shall date and sign the
revision block in the approved column.

8.3 Redlining

The preferred process for revising released drawings is the Engineering Order (EO) change system. Under certain conditions
such as severe time/schedule constraints, the “redlining” of released drawings until the official documentation is completed
and formally released shall be acceptable. Redlines are only temporary.

“Redlining” may include various methods of information transmission where preliminary information of the pending changes
is exchanged. Typical methods of “redlining” include: marked-up shop drawings, unapproved EOs or revised drawings, hand
sketches, email, etc.

Whichever medium is chosen, the “redline” changes shall be clear and unambiguous.
“Redlines” shall be approved by the lead engineer (PDL), or their designee, before use.
In addition, a formally released EO or revised drawing shall be produced, before the next process step that requires QA

approval is encountered. This will ensure that the hardware is inspected to configuration-controlled documentation.
Otherwise, a PR (Problem Report) shall be generated at inspection.
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APPENDIX A: DESIGN REFERENCES, STANDARDS, AND
SPECIFICATIONS

A.1 Dimensioning and Tolerancing

A.1.1  Dimensioning and Tolerancing Specification

The dimensioning and tolerancing for all types of mechanical drawings shall be in accordance with ASME Y14.5M-1994
(R1999).

A.1.2  Dimensioning Preferences
a. Dimensions shall be chosen and placed on drawings based on the parts interrelationships with mating parts, not to
insignificant theoretical center lines.

b. Primary, secondary, and tertiary, etc., datum features shall be labeled in corresponding alphabetical order when
creating a new drawing.

C. Drawings of parts requiring templates in the fabrication process and their template drawings shall be dimensioned
alike. Refer to tooling required notes in “Dimension Notes,” paragraph 5.4.4.1.

d. Use a minimum of reference dimensions on drawings.
e. When using true position dimensioning*, the dimension from the feature to other edges and its perpendicularity
relationship to a surface shall be identified with datum letters. Implied datums (when no datum letter(s) are

specified) are no longer acceptable.

*basic, or theoretically exact dimensions; example:

X XXX

A.1.3  Metric Dimensioning

NPD 8010.2, Use of the Metric System of Measurement in NASA Programs, establishes policy and requirements for use of
the metric measurement system (also known as the International System of Units, or SI) in NASA programs and the
conditions under which both English and metric measurements may be used. When metric dimensioning is to be used, the
documents IEEE/ASTM-SI 10 Standard for Use of International System of Units (SI): The Modern Metric System, and
NAS10000, NA Documents Preparation and Maintenance in SI (Metric) Units, give specific information and conversion
factors.

A.2 Outgassing of Spacecraft Materials

NASA Reference Publication, RP-1124, Outgassing Data for Selecting Spacecraft Materials, covers a wide range of
materials, including adhesives, compounds, coatings, insulation, and various other materials. As presented, the data represent
the “total mass loss” (TML) and the “Collected Volatile Condensable Materials” (CVCM), as derived from tests at 398 K
(125 C) for 24 hours in vacuum per ASTM E595.
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The publication can be purchased as document number RP-1124 from:

NASA Center for AeroSpace Information
CAGE Code ER936

800 Elkridge Landing Road

Linthicum Heights, MD 21090

(301) 621-0390

The publication is also available online at:  http://outgassing.nasa.gov/

A.3 Standards and Specifications Index

This is a list of specifications and standards commonly used at GSFC. Refer to the NASA Standards web site (

http://standards.nasa.gov. NASA only Log-in is required) for the latest version or replacements as well as directions on how

to reference the specification.

A.3.1 CAGE Codes
Commercial and Government Entity (CAGE) Publication H4/H8 (formerly FSCM H4 and FSCNM H8).
Section A: Name to CAGE Code.
Section B: CAGE Code to Name.

Defense Logistics Information Service (CAGE Search Site) http://www.dlis.dla.mil/cage_welcome.asp

A.3.2 Coatings

ASTM A967 Chemical Passivation Treatments for Stainless Steel Parts.
ASTM B 700, Silver Plating (Electrodeposited), General Requirements for.
FED-STD-595, Colors.

MIL-A-8625, Anodic Coatings, for Aluminum and Aluminum Alloys.
MIL-DTL-5541, Chemical Conversion Coatings on Aluminum and Aluminum Alloys.
MIL-C-26074, Nickel Plating (Electroless)

MIL-DTL-13924, Coating, Oxide, Black, for Ferrous Metals.
MIL-DTL-16232, Phosphate Coating, Heavy, Manganese or Zinc Based.
MIL-STD-171, Finishes of Metal and Wood Surfaces. (Painting)
SAE-AMS-QQ-P-416, Cadmium Plating (Electrodeposited).
SAE-AMS-2418, Copper Plating.

SAE-AMS-2422, Gold Plating.

SAE-AMS-2425, Gold Plating for Thermal Control.

SAE-AMS-2488, Anodic Treatment of Titanium and Titanium Alloys.
SAE-AMS-P-81728, Tin/Lead Plating (Electrodeposited).
SAE-AMS-QQ-C-320, Chromium Plating (Electrodeposited).
SAE-AMS-2700, Passivation of Corrosion-Resistant Steel
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A3.3

A3.4

A.35

Drafting & Design

ASME B4.2, Preferred Metric Limits and Fits.

ASME B4.3, General Tolerances for Metric Dimensioned Products.

ASME B46.1, Surface Texture (Surface Roughness, Waviness, and Lay).
ASME Y14.100, Engineering Drawing Practices.

ASME Y14.2M, Line Conventions and Lettering.

ASME Y14.24, Types and Applications of Engineering Drawings

ASME Y14.26M, Digital Representation for Communication of Product Definition Data.
ASME Y14.3M, Multi-View and Sectional View Drawing.

ASME Y14.36M, Surface Texture Symbols.

ASME Y14.38, Abbreviations and Acronyms.

ASME Y14.5M, Dimensioning and Tolerancing.

NAS10000, NA Documents Preparation and Maintenance in Sl (Metric) Units.

Electrical

IEEE SI-10, Standard for Use of the International System of Units (The Modern Metric System).

ANSI/IEEE 315, Graphic Symbols for Electrical and Electronics Diagrams.

ANSI/IEEE Y32.9, Graphic Symbols for Electrical Wiring and Layout Diagrams Used in Architecture and Building
Construction.

NASA-STD-8739.4, Crimping, Interconnecting Cables, Harnesses, And Wiring

Hardware Prep & Installation

AGMA 2000-A-88, Gear Classification and Inspection Handbook Tolerances and Measuring Methods for
Unassembled Spur and Helical Gears (Including Metric Equivalents).

MIL-1-45932/1, Insert, Screw Thread - Thin Wall, Locked in.

MIL-PRF-46010, Lubricant, Solid Film, Heat Cured, Corrosion Inhibiting.

MIL-PRF-13830, Optical Components for Fire Control Instruments; General Specification Governing the
Manufacturing, Assembly, and Inspection of.

MIL-T-713, Twine, Fibrous; Impregnated, Lacing and Tying.

MS51835, Inserts and Studs, Locked In-Key Locked, Hole Dimensions for and Assembly of.

NASM33537, Insert, Screw Thread, Helical Coil, Coarse and Fine Thread, Standard Dimensions.

NASM45938/1, Nut, Plain, Clinch (Self-Clinching, Round).

SAE-MA-1567, Insert, Screw Thread, Helical Coil, Metric MS33537, Insert, Screw Thread.
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A.3.6 Heat Treatment

SAE-AMS-2772, Heat Treatment of Aluminum Alloys.
SAE-AMS-H-6875, Heat Treatment of Steel, Raw Materials.
SAE-AMS-H-7199, Heat Treatment of Wrought Copper-Beryllium Alloys, Process for.

A.3.7  Inspection & ldentification

ASTM E1742, Radiographic Inspection.

SAE-AMS-STD-2154, Ultrasonic Inspection.

GSFC S-313-009, Fluorescent Penetrant Test Method Requirements and Guidelines.
541-PG-8072.1.2, GSFC Fastener Integrity Requirements

A.3.8 Outgassing

ASTM D4126, Vapor Degreasing.

ASTM E595, Standard Test Method for Total Mass Loss and Environment Collected Volatile Condensable
Materials From Outgassing in a Vacuum.

NASA Reference Publication RP-1124, Outgassing Data for Selecting Spacecraft Materials
(https://outgassing.nasa.gov) .

A.3.9 Threads

ASME B1.13M, Metric Screw Threads M Profile.

ASME B1.21M, Metric Screw Threads MJ Profile.

ASME B1.3M, Screw Thread Gaging Systems for Dimensional Acceptability.

ASME Y14.6, Screw Thread Representation.

FED-STD-H28/1, Nomenclature, Definitions, and Letter Symbols for Screw Threads.
FED-STD-H28/2, Unified Thread Form and Thread Series for Bolts.

FED-STD-H28/2B, Unified Threads of Special Diameter, Pitches, and Lengths of Engagement.
FED-STD-H28/4, Controlled Radius Root Screw Threads, UNJ Symbol.

FED-STD-H28/5, Unified Miniature Screw Threads.

FED-STD-H28/6, Gages and Gaging for Unified Screw Threads.

FED-STD-H28/7, American Standard Pipe Threads (except Dryseal and Hose Coupling Types).
FED-STD-H28/8, Dryseal American Standard Pipe Threads.

FED-STD-H28/9, Gas Cylinder Valve Outlet and Inlet Threads.
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FED-STD-H28/10, American National Hose Coupling and Fire-Hose.

FED-STD-H28/11, Hose Connections for Welding and Cutting Equipment.

FED-STD-H28/12, Acme Threads.

FED-STD-H28/13, Stub Acme Threads.

FED-STD-H28/14, National Buttress Threads.

FED-STD-H28/15, American Standard Rolled Threads for Screw Shells for Electric Lamp Holders & Unassembled
Lamp Bases.

FED-STD-H28/16, Microscope Objective and Nosepiece Threads.

FED-STD-H28/17, Surveying Instrument Mounting Threads.

FED-STD-H28/18, Photographic Equipment Threads.

FED-STD-H28/19, Miscellaneous Threads.

FED-STD-H28/20, Inspection Methods for Acceptability of UN, UNR, UNJ, M, and MJ Screw-Threads.

FED-STD-H28/21, Metric Screw-Thread Standards.

FED-STD-H28/22, Metric Screw-Thread Gages.

SAE AS71051, Pipe Threads, Taper, Aeronautical National Form, Symbol ANPT, General Requirement for.

A.3.10 Welding & Riveting

ANSI J-STD-004, 005 & 006, Solder, Tin Alloy, Tin-Lead Alloy, and Lead Alloy.

AWS A2.4, Standard Symbols for Welding, Brazing and Nondestructive Examination.

NASA-SPEC-5004, Welding of Aerospace Ground Support Equipment and Related Nonconventional Facilities
(http://www-lib.ksc.nasa.gov/lib/gp364.title.html).

NASM47195, Preparation for and Installation of Blind, Self-Plugging Rivets.

NASM47196, Preparation for and Installation of Buck Type Rivets.

NASA-STD-8739.3, Requirements for Soldered Electrical Connections (http://workmanship.nasa.gov).

QQ-B-654, Brazing Alloys, Silver.

ANSI/AWS-D17.1, Fusion Welding for Aerospace Applications.

SAE-AMS-2680, Fatigue Critical Applications, Electronic Beam Welding.

SAE-AMS-2681, Standard Applications, Electronic Beam Welding.
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CHANGE HISTORY LOG

Revision Effective Date Description of Changes
Baseline 06/07/1999 Initial Release
Changed drawing standards references for WFF from
A 06/27/2001 Wallops Engineering Drawing Standards Manual (November
1994) to WFF Engineering Drawing Standards Manual (500-
WI-8700.2.1).
Under Section 3. Scope, added the words “in-scope” in two
locations.
Updated format.
B 09/27/2007 e Expanded scope to include all of Goddard Space Flight Center facilities
(Greenbelt and Wallops Island).
e Put document in directive format.
e Sections 2 and 4 (Nomenclature and Types of Drawings) were switched.
e Nomenclature section title changed to Drawing Text.
e Sections 6 and 7 (Engineering Order and Drawing Revisions) were
combined, and placed after Section 8 (Parts List).
e Index List was removed from Section 8.
e Section 10 (Design References, Standards, and Specifications) was moved
to Appendix A.
e  Appendix A — Design Review Do’s and Don’ts — was eliminated.
e  Added section on Electronic Model Files and Critical Dimension Drawings
(elaborated on CAD-produced drawings).
e  Facilitated document’s electronic use via links within the document and to
external sources for templates and formats.
e Index was eliminated.
C 12/22/2009 e  Administrative Revision
e  “Approved By” changed to Orlando Figueroa, 500 Director; was James
Ryan, 543 Branch Head.
e  Document Title changed to “Engineering Drawing Requirements Manual,”
was “Engineering Drawing Standards Manual.”
08/13/2012 This document has been administratively extended for a period of one year.
07/30/2013 This document has been administratively extended for a period of one year.
Also added an administrative change in P2 — Applicability. The word manual
was changed to “Center-wide PG” and in the template block.
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09/09/2014

Administratively extended for one year.

08/28/2015

Administratively extended for one year.
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