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DRAWING QUALITY PRACTICES
D2

1
General

The requirement that engineering drawings be complete, clear, accurate, conform to standards, and ensure proper functional operation is the responsibility of the designer, checker and/or other specialists assigned to review the drawing prior to release.  Use of the following recommendations and specific considerations when reviewing drawings is advised as a means of promoting the preparation of quality drawings.  The term "drawing" is used throughout this section to represent all types of drawings.

2
Requirements

Knowledge of the design requirements, the manufacturing processes involved, and drafting practices on the part of the designer, checker and/or other reviewers has a definite influence on the accuracy and cost of parts and/or assemblies.  Functional requirements should be carefully studied to assure full understanding of the design.  Ideas for improvements in design or manufacture should be discussed with responsible personnel.  Finished drawings should reflect the objective findings of all responsible reviewers.

3
Review Responsibility

The person who performs the checking function at most Divisions is responsible for only certain aspects of the drawing specifications.  Items such as part strength (stress analysis), material selection, heat treatment requirements, etc, usually are the responsibility of reviewers such as the engineer, metallurgist, stress analyst, etc.  Defining the responsibilities of the checking function and of the other reviewers is a Divisional matter.

4
Review Procedure

Although the review procedure may vary by Division, it is recommended that reference to preliminary concept designs, proven similar designs, and other pertinent design data be used by the reviewers.  Throughout the review it is vital to be constantly on the alert for information that has been omitted or that is incomplete.

4.1

Review Print

A print or electronic mark-up may be used for review purposes.  This provides a record of required alterations.

4.2

Approval Procedure

This section is applicable to drawing title blocks.
4.2.1
Spaces are provided for the names of those persons who create, check, and/or approve drawings.  These names must conform to established Divisional procedures.  Procedures may vary by Division, but all must designate the appropriate persons (by name or job title) and specify a means of obtaining verifiable approvals.  It is essential that the authorized approval can be verified for authenticity regardless of the procedures employed.

4.2.2
Legal signatures of the appropriate persons are satisfactory for manually produced drawings.  However, in the case of computer generated drawing systems where the design product is the electronic CAD file, electronic image or microfilm, this may not be feasible.  In those instances, separate approval forms, or a computerized approval method may be utilized.  If computerized approval is utilized, it must be protected by the data base security system to ensure that only authorized approvals can be obtained.

5
Drawing Revisions

Drawing revisions and their associated revision data should be prepared and reviewed as thoroughly as new drawings.  Careful appraisal should be given to the total effect of the revisions on related items or features such as mating parts, subsequent assemblies, interchangeability, etc.

6
Review Considerations

The following items are typical of those that need to be considered in the preparation and review of drawings as applicable.

6.1

Conformance to Specifications

6.1.1
Applied Surface Finish

Any applied surface finish requirements must be completely defined.

6.1.2
Balance

Items requiring balancing must have a balance control note.

6.1.3
Expansion

Dimensions and tolerances should be considered for adjustment for thermal expansion or contraction during operation.  Differences in expansion coefficients of various materials should be kept in mind.

6.1.4
Grain Flow

A part made from a forging or from sheet metal must have direction of grain flow indicated where it is important to the durability of the part.

6.1.5
Inspection Processes

Inspection process such as magnetic particle, fluorescent penetrate and X-ray, must be noted on the drawing where required.

6.1.6
Interchangeability

Requirements for interchangeability must be considered.

6.1.7
Master Model

The drawing must accurately reflect the requirements of the design as defined by the master math data. The dimensions must agree with the master model.  
6.1.8
Locking Feature

Locking features for the retention of parts such as lockwire holes and tab washer slots should be shown where required.

6.1.9
Lube, Drain, Vent, and Bleed

Holes or other features may be required for any of these or for similar functions.

6.1.10
Material

Proper material and heat treatment must be specified.

6.1.11
Pressure Check

The drawing should specify a pressure check where required.

6.1.12
Procure ability

Where an item is vendor supplied, or includes vendor-controlled features such as material, processes or operational devices, its availability should be considered.

6.1.13
Production Parts

Current Corporation production or service parts should be used where possible to prevent part proliferation.

6.1.14
Protective Finish

Protective finish specifications such as painting or plating should be stated.

6.1.15
Register Marking

Timing marks or some equivalent registration feature may be required.

6.1.16
Seizure

Material and surface treatments of contacting parts subject to "seizing", galvanic action, or similar effects, should normally be avoided.

6.1.17
Service

Accessibility must be provided for servicing, inspection and adjustment.

6.1.18
Special Requirements

Special inspection and functional requirements should be stated where applicable.

6.1.19
Standard Parts

Standard parts should be used wherever applicable.

6.1.20
Standard Practices

Standards pertaining to design, materials, processes, etc., should be utilized.

6.1.21
Strength

Design must adequately meet all stress requirements such as thermal, dynamic and fatigue stresses.  Deterioration (embrittlement, corrosion, and wear) must be considered.

6.1.22
Surface Texture (Roughness)

Surface texture values must be indicated for all surfaces requiring control.  The values shown would be compatible with over all design requirements.

6.1.23 Tolerances




Tolerances may be shown on a drawing or embedded in a math model, or a combination of both. When tolerances are specified in a math model, a general note on the drawing must so indicate. The tolerances indicated by any means must ensure the proper function of the parts.  Tolerances should be as liberal as the design and manufacturing processes will permit.

6.2

DRAFTING

6.2.1
Abbreviations

Abbreviations should conform to Section D of the Delphi Design Standards.
6.2.2
Comparison

The drawing should be drawn in conformity to approved practices for similar products.

6.2.3
Conformance To Drawing Standards

Drawing should conform to Delphi and Divisional drafting standards in regard to size of sheet, format, zone marking, microfilm alignment marks, arrangement of views, line characteristics, scale, letter and dimension heights, notes, and general appearance.

6.2.4
Dimensions                   

The item must be fully dimensioned. Dimensions may be shown on a drawing or be defined by a math model, or a combination of both. Dimensions must be clearly positioned.  Geometric Dimensioning and Tolerancing should be utilized based on design requirements.  Dimensions should not be repeated on the drawing in a manner that constitutes double dimensioning.  Dimensions should not result in objectionable tolerance accumulation.  Dimensions should emphasize function of design in preference to production operations or processes. Developed length and stock size should be specified as applicable.

6.2.5
Draft Angles and Radii

Proper draft angles, fillets and corner radii should be specified.

6.2.6
Drawing Numbers

The drawing number must be shown in the title block.  Necessary reference numbers should be shown.

6.2.7
Finish Marks

Finish marks may appear on applicable views.

6.2.8
Geometric Characteristics

All requirements covering necessary geometric characteristics such as straightness, runout, perpendicularity and parallelism, must be shown.

6.2.9
Identification

Part numbers and other identification markings should be provided where necessary.

6.2.10
Part Name

The part name should correctly identify the part and should conform to Section C2 of the Delphi Design Standards and Divisional Standards.

6.2.11
Part Number Callout

Each item of an assembly or subassembly of an assembly may be identified with a part number callout.

6.2.12
Revisions

All revisions must be properly recorded.  All related drawings should be revised to conform.

6.2.13
Scale

The drawing should be to scale and the scale should be identified.  Where drawings are to no scale, they should be so identified.

6.2.14
Security Classification

Unless customer requirements prohibit, the standard Delphi proprietary note must be placed on the drawing. Where applicable, the Confidential or Secret classification should be properly marked on the drawing.

6.2.15
Spelling

All words must be correctly spelled or abbreviated.

6.2.16
Symbols

Symbols used should agree with applicable Delphi and Divisional standards.  Where special symbols are used, they must be explained by a note on the drawing or by a referenced specification.

6.2.17
Symmetrically Opposite Parts

A "shown and opposite part" note with proper identification numbers must be shown for all such parts, unless a separate drawing is made for each hand.  Views of the part should be consistent on both component and assembly drawings.

6.2.18
Title Block

The title block must be filled in completely and correctly, as specified in Delphi Design Standards Section C.

6.2.19
 Views

Sufficient full and sectional views must be shown and must be in proper relation to each other.  Where used, cross section lining must agree with approved Delphi standards.  Directional arrows on cutting planes should be properly shown.  Whenever possible, section views should be placed behind the cutting plane arrows. Direction and/or location notes should be shown where sectional views are not properly located with respect to cutting plane.  Sections and views must be identified by letters used in proper sequence in conformance with approved Delphi Standards.

6.2.20
Part Properties

Where used, the mass, surface area, volume, and density, of the part or assembly should appear in the standard note available in the Design Support Library (DSL).
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