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Inspection Equipment Design

1. This standardization handbook was developed by the Department of Defense in accordance with
established procedure.

2. This p'ublicz_xtion was approved on 16 Atigust 1962 for printing and inclusion in the military stand-
ardization handbook series.

3. This document provides information and guidance to personnel concerned with the design of inspection
equipment. The handbook is 1ot intended to be referenced in purchase specifications except for informa-
tional purposes, nor shall it supersede any specification requireinents.

4 F‘vnr\r affort has hean made to reflect the latest information on InQpechn equlpment deslgn It 15 the
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intent to review this handbook periodically to insure its completeness and currency. Users of this document
are encouraged to report any errors and any recommendations for changes or inclusions to Headquarters,
DSA, Standardization Division, Washington 25, D.C.
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FOREWORD

“1. This handbook is intended as a guide in standardizing and systematizing the design of inspection
equipment used by or for the Department of Defense.

2. The information contained in this handbook is a correlation of standard definitions, -terminology,
tables, illustrations, and design data necessary for the preparation of inspection equipment drawings and
Inspection Equipment Lists.

3. The handbook is to be used by all who are engaged in the design of inspection equipment by or for
the Department of Defense.
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CHAPTER 1. GENERAL PRACTICES FOR INSPECTION
EQUIPMENT DRAWINGS

1.1 INTRODUCTION. This chapter establishes
the basic terminology pertinent to the intent of this
handbook and outlines all the general procedures
applicable to inspection equipment with the ex-
ception of those involving actual design eriteria.
It presents the general approdch to the Inspection
Equipment Lists, the methods of preparing drawings
for inspection equipment and the approach to the
analysis made prior to actual desigh.

1.2 TERMINOLOGY. These paragraphs en-
deavor to provide & corhmon language for those
persons engaged in the désign of acceptance inspec-
tion equipment. For convenience, the terminology
has been grouped into three primary sections:
General Terminology, Dimensional Terminology and
Gage Terminology. Terminology peculiar to screw
threads may be found in H28, Screw Thread Stan-
dards for Federal Services.

1.2.1 GENERAL TERMINOLOGY. These
terms are those which apply to no special category
but are in common usage in relation to inspection
equipment design.

1.2.1.1 Piece. A piece is that portion of a part or
assembly that is not capable of further subdivision
for manufacturing purposes.

1.2.1.2 Part. A part is the finished piece of
assembled piece which is assigned a number and is
the smallest replacement unit in the desigh of an
end item (bracket, resistor, toggle switch).

1.2.1.3 Comiponent. A component is a groip of
connected assemblies and parts which is capablé of
operation independently but may be externally
controlled or derive its power from another source
(computer, transmission, electrical generator). .

1.2.1.4 End Itom. A combination of components,
assemblies, and parts which is ready for its intended
use.

1.2.1.5 Product. Product is the general term for
that which is manufactured or produced in any
fashion. _ _

1.2,18 Inspection Equipment. Any equipment
utilized for examination of a product in order to
determine its conformance to drawings or specifica-
tions. ‘

1.2.1.5 GGage. The term “gage’, as used in this
handbook, shall refer to those devices or mechanisms
designed specifically for the acceptance or rejection
of parts and assembilies so far as dimensional features

TAGO 1011TA—October

are concerned. The term ‘“‘gage” is not intended to
cover test ecquipment (see below) or measuring

1.2.1.6 Test Equipment. Any device, mechanism,
or instrument desighed or required specifically for
the purpose of appraisal or calibration of the func-
tions, electrical aspects, or other phenomena ex-
hibited by the parts or assemblies to be tested.

1.2.1.9 Measuring Equipment. Measuring equip-
ment is defined as those devices which individually,
collectively, or in conjunctioh with related items
provide for a range of dimensional measurements.

1.2.2 DIMENSIONAL TERMINOLOGY. The
terms listed in this section are those which are most
frequently encountered in the proeess of dimension-
ing and tolerancing both products and acceptance
inspection equipment. The subject is further de-
fined in Mil-Std-8, Dimensioning and Tolerancing.

1:2.2.1 Standard Size. Standard size is one of a
series of recognized or accepted sizes.

1.2.2.2 Nominal Size. The nominal size is the
designation which is used for the purpose of general
classification,

1.2.2.3 Control Size. A control size is one which
is established to assist in fabrication of the part and
is not gaged in acceptance inspection.

1.2.2.4 Design Size. The design size of a dimen-
sion is the size in relation to which the himits of
tolerance for that dimension are assigned, (usually
based on computations or empirical data).

1.2.2.5 Basic Size. The basic size of a dimension
is the theoretical size from which limits of size for
that dimension are derived by the application of the
allowance and tolerance.

1.2.2.6 Allowance. An allowance is an intentional
difference in correlated dimensions or mating parts.
It is minimum clearance (positive allowance) or
maximum interference {negative allowance) between
such parts.

1.2.2.7 Tolerance. The tolerance on a dimension
is the total permissible variation from that dimen-
sion. o

1.2.2.7.1 Unilateral Tolerances. Unilateral toler-
ances are those which are applied to the basic or
design size in one direction only.

1.2.2.7.2 Bilateral Tolerances. Bilateral tolerances
are those which are applied to the basic or design
size in both directions. The basic or design size
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may or may not be the mean size since the plus and
minus tolerances do not have to be equal.

1.2.2.7.3 Gage Tolerances. (Gage tolerances are
applied to the gaging dimensions of gages in order
to limit variations in size during their manufacture.

Tl\n f‘l!‘oﬂf!l’\l’\ of +‘1n roago +n|nvannn chall alwave he
It 1 g gage tOeranee Shan aiways o

within the product limits.

1.2.2.8 Clearancé. A clearance is the actuaI
measured difference between mating parts.

1.2.2.9 Limits. Limits are the maximum and

minimum sizes permissible for a spedific dimension. .

1.2.2.10 Fit. The fit between two mating parts
is the relationship existing between them with re-
spect to the amount of clearance or interference

1rhanh nracant whan th rmtlad
wnici 18 Pieotil wien ey are assemoied.

1.2.3 GAGE TERMINOLOGY. The following
terms are the most commonly encountered with
reference to gages alone. Additional definitions
appear in Commercial Standard CS8, Gage Blanks.

1:2.3.1 Government Final Inspection (ages.
Government Final Inspection Gages are those used
by or for the Department of Defense in the accept-
ance inspection of the finished product. These
gages must insure that the pr oduct has been manu-
factured within the limits specified on its drawing
or that the product is functionaily acceptable.

1.2.3.2 Manufacturing Gages. Manufacturing
gages are those used by the contractor in production
and are also known as process or work gages.

1.2.3.3 Gaging Aids. Gaging aids are designed
for items which are not produced in large quantities.
These aids are used in conjunction with measuring
equipmem, i.e. , surface pld.btjb, test indicatm’s, pre-
cision measuring blocks, and require & much higher
degree of skill in their use than gages.

1.2.3.4 Gage Base. A gage base is that portion
of the gage to which gaging members and mechan-
isms are attached for complete assembly.

1.2.3.5 Gage Blank. A gage blank is the stand-
ardized form of the gage prior to heat treatment and
" finishing. The term usually applies to the gage

hlanke chown in (o al Qtondard MR
blanks shown in Commercial Standard CS8.

1.2.3.6 Gage Frame. A gage frame is the body
portion of the gage (usually portable) as distinct
from the gaging pins, gaging buttons, anvils and
adjusting or locking mechanism.

1.2.3.7 Gage Handle. The gage handle is that
portion of a gage which is employed as supporting
means for the gaging member or members.

‘1.2.3.8 Gage Member. The gaging member is

that integral unit .of a gase which 15 accurately
Lk mtegral unit .o a gage which 1s accurately

~ finished to size and is employed for size control of

the work,

1.2.3.9 American Gage Design Standard (AGD).
The caption American Gage Design Standard has
been adopted to designate gages made to the design
specifications promulgated by the American Gage
Design ‘Committee, as contained in Commercial
Standard CS8.

1.2.3.10 Adjustable Gage. An adjustable gage is
one which can be adjusted to any limiting dimension
within a given size range and locked in position.

1.2.3.11 Fized Gage. A fixed gage is one which is
finished to an exact size and cannot be adjusted in
any manner. It may be single or muitiple pilece
construction.

1.2.3.12 Limit Gages. Limit gages represent the
limiting sizes within which the work will be accept-
able.

1.2.3.12.1 Go Gage. A Go gage represents maxi-
mum material conditions of the mating parts. Go
gages control minimum clearance between mating

parts.
1.2.312.2 Not Go Cace. A Not Go eage renre
ddalfe R ddadd LY LI ATV uuyc FE IR R VIV W | ¥ Baéb lbylb'

sents minimum material conditions of the mating
parts. Not Go gages control maximum clearanee
between mating parts.

1.2.3.12.3 Mazimum Gage. A Max gage repre-
sents a maximum component limit such as depth,
length or diameter, ete.

1.2.3.124 Minimum Gage. A Min gage repre-
sents a minimum component limit such as depth,
length or diameter, etc.

1.2.3.13 Funclional Gage. A functional gage is
one which is designed to sizes implied by the func-
tion of the mating parts rather than to the actual
sizes specified on the mating part drawings.

1.2.3.14 Master. A master isa device made to the
highest degree of accuracy attainable and used main-
ly for reference or calibrating purposes,

1.2.3.14.1 Master Gage. A master gage is made
to one of the specified (max or min) produect limits
within a high degree of accuracy as related to the
product tolerance. A master gage is used as a
referee gage to accept or reject products which have
previously peen gaged and found to be borderline
cases.

1.2.3.14.2 Master Check Gage. A master check
gage simulates the product dimensions that are to be

raced The cheek gare 1 made aceurately to within
gaged, 1he check gagre 13 made accurately Lo within

AGO 10117A
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approximately 5% of the part tolerance and usually
is made to either the max or min conditions. Master
check gages are for setting, acceptance or surveil-

lance. .
1.2.3.15 Wear Limit Gage. A gage for deter-
mining when a limit gage or functional gage has

T It U

worn to the maximum size permitted.

1.3 QUALITY ASSURANCE PROVISIONS.
Section 4 of the procurement document (Federal
Spec., Military Spec., or Purchase Description) for
an item is entitled, (Quality Assurance Provisions”
It contains complete and detailed information con-
cerning the inspection requirements, classification,
frequency of sampling, examinations, and the recom-
Auuudcd method of IﬁSpECbIOﬁ or appﬂ(’,ﬁ-ulﬁ test
method necessary to determine conformance of the
item to specified requirements for aceceptability.
In order to facilitate a complete inspection and to
support the inspection requirements, & certain
amount of inspection equipment is needed. This
equipment may be: '

{a) A standard or commercially available item.

(b} Designed specifically for the characteristic

or feature to be inspected.

(c) Selected from existing Government stocks.
Whatever the case, the equipment must be supported
by related documentation in order to achieve the
proper coordination between the item specification
and the inspection equipment. It is recognized
that each activity, due to differences in their needs
and methods of operation, may have different
approaches in effecting this coordination. The
following section presents the general approach to
this problem by one service and as such is presented
only as an example. The practices for preparation
of drawings as governed by MIL-D-70327, Draw-
ings, Engineering and Associated Lists, are now
standardized, thus Section 1.5, Inspection Equip-
ment Drawings, is applicable to all services.

1.4 INSPECTION EQUIPMENT LISTS. The
ingpection equipment lists represent a complete
organized record of all the prescribed inspection
equipment required to support the quality assurance
provisions for a specific item including all major and
minor subassemblies. The lists also provide the
proper coordination between the item or part to be
inspected, the inspection equipment and the item
speeification.

1.41 COMPOSITION OF THE LISTS. De-
pending on the complexity of the end item, the

AGO 10117A
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structure of the lists could consist of the type of
forms shown below:
(a) Principal Index of Inspection Equipment
Lists
{b) Index of Inspection Equipment Lists.
{e) List of Inspection Equipment
(d) List of Inspection Equipment Numbers

14.2 PREPARATION OF THE LISTS. The
IEL forms illustrated are 814 x 11 and are designed
to be prepared on electric typewriters employing 10
horizontal characters per inch and 6 vertical charac-
ters per inch. Examples of the various lists appear
in figures I through 6. A general description of each
list is provided below.

143 PRINCIPAL INDEX OF INSPECTION
EQUIPMENT LISTS. This list lists all major
assemblies, sub-assemblies, or installations which are
required for a complete end item when this end item
is a combination of other end items, or is of a very
complex nature with a large number of sub-assem-
blies or installations. For each assembly, sub-
assembly, or installation listed, the Index to Inspec-.
tion Equipment Lists number is shown together with

the nnhvlfv rnqunS}ble for that pnrflnukar Iuch

1.4.3.1 Responszbtlzty. The principal index is
prepared at the discretion of the activity respon-
sible for the complete end item.

1.4.3.2 Numbering. The principal index carries
the same seven digit part number as the assembly
drawing of the complete end item, See figure 1.

144 INDEX TO INSPECTION EQUIP-
MENT LISTS. This list is a record of all the sub-
agsemblies and individual parts of an average end
item or of an assembly, sub-assembly, or installation
which is a part of an end item of such complexity that
it requires a principal index. This list indicates by
an appropriate symbol in the column preceding each
part number whether or not the part reguires in-
spection equipment. See figure 2,

1.4.4.1 L Defined. When the Letter “L”
appears in the column preceding the part number, it
signifies that there is a List of Inspection Equip-
ment for that part or sub-assembly in the complete
set of Lists and therefore inspection equipment is
required for that part.

1.4.4.2 “NL” Defined. When the letters “NL”
appear in the column preceding the part number, it
signifies that no inspection equipment is required for
that part and consequently no List of Inspection
Equipment for this part will appear in the complete
set of Lists.
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TEL 9073241 T |
e b » |2t
. i Y OR TIGN "INDEX OF z
§§ ASSEMBLY, SUB_ASSEMBLY OR INSTALLATION EOOIPMENT ]gg
e PART NUMBER PART NAME LISTS" NUMBER
F 7046650 MOUNT ASSEMBLY, MACHINE GUN 7075025
F 8385013 INSTALLATION, CONTROLS, BRAKES &
‘ DRIVERS SEAT 8385013
Fo873217 INSTALLATION, SUSPENS|ON 9873217
08385030 INSTALLATION, FUEL LINES NO LIST
F8397133 HULL ASSEMBLY, COMPLETE 8397133
F IRE CONTROL
F 7281904 AIMING CIRCLE M) 6112054
F 7261981 PER1SCOPE MI3 7299520
D 7812141 WRIST WATCH NO LIST
WE APONS
K 7558641 | O5MM HOWITZER 7239886
K 7569221 57MM RIFLE 7282311
‘Rev | REVISION' |Rev] TREVISION ' | mgv | "REVISION PRINCIPAL INDEX OF INSPECTION EQUIPMENT LISTS
;Ta~ DATE || DATE jwvw) DOATE JFOR. yvEHICLE, TRACKED, AMPHIBIOUS MIG|
PREFARED I‘WMD
SUBNITTED
APPROVED By oROER OF THE
* 7 » ) IEL [ 198_(""’#4
l‘ ) sueer | or |
F-]GURE 1. Pr:'m.':ipai indez of inspection equipment.
AGO 10117A
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CIEL 9873217 |
&l I L
gggi PART PART §§§§ PART PART
252%  Numeer NAME £5|3¥|  NumBER NAME
N F9873217 ASSEMBLED SUSPENSION | | °
NL| F9873218 | LIST OF SPARES
L1 €9873219 STOP ASSEMBLY,
' SUSPENSION ARM
NL| 89873220 | BRACKET ASSEMBLY
NL| B9873221 SHAFT
L] 09873222 SHAFT ASSEMBLY
L| €9873223 HUB ASSEMBLY,
REAR WHEEL
NL| A987322) SPACER
NL| F9873225 TRACK ASSY, LEFT
‘ ' (SCE INDEX IEL
9873225)
L] D9873226 | STAND ASSEMBLY
- PINTLE
L| 09873227 STAND, PINTLE
NL| F9873228 | TRACK ASSY, RIGHT
(SEE INDEX 1EL
"9873228)
L| 09873229 STUD, WHEEL HUB
wiv |'"REVISION' * Barvi’ mEviSion’ Paev' [ mevision | INDEX OF 'INSPECTION EQUIPMENT LISTS Fom:’
su| OATE favw| oaTe favw| oaTE INSTALLATION, SUgFEN ON
ORK ' NEXT ASSEMBLY K987324|
Fianis T [REREVE [T rpaNKFORD ARSENAL
SUBMITTED i )
APPROVED #Y ORDER OF THE
' ' ' —— s e | afran,
IEL L i LN |
- sneer | oor |
FiGurg 2. [nder of inspection equipment.
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1El 9873222
e e b §
= 4 > -
EE;- CHARACTERISTIC | EQUIPMENT §§ NUMBER ; 3
".5000-20UNF -2B
PD GO PLUG, THREAD -| 5220-751-4033
PO NOT GO PLUG, THREAD
O~ 16UNF -2A
720 GO RING, THD -| 9220-751-4840
PLUG, THD SET - 2220-121-h2&|
PO NOT GO RING, THD -l 85220-751-5690
PLUG, THD SET -| 5220-751-5691
MAJOR DIA SNAP; ADJ
.7500/.7391 (4) | -| 5220-747-9466
CONC DIA WITH THD &
ADJACENT FACE INDICATOR bl 7297530 A
DiA GO .68 PLUG, PLAIN CYL
(.0057)} - 7430210
DIA NOT GO .6857 PLUG,PLAIN CYL,SPL | Al 7558670
DEPTH OF DISC, MIN LENGTH Al 7278830 A
PFL ANGLE (76*) INDICATOR W/CHK O 7297429 B
WIDTH SEAT INDICATOR o 7297524 A
SET. CHECK Bl 7297525 ﬂ
DAPD #2146 DTD
1F1 QAT2217 SNSPENSION ASSEMAL Y SOAP QATI2PZ DTH
EL 9873217 SUSPENSION ASSEMBLY SQAP 9873222 DTD
THIS LIST APPLIES TO: . AND IS5 COORDINATED WITH:
aev | REVISION DATE mev[ REVISION DATE LIST OF INSPECTION EQUIPMENT Fom:
i LIST | PARY T LIST PART
ORIG : SHAFT ASSEMBLY
A viEwED
SUBMITTED
APPROVED @Y QroER OF THg
I D] 9873222
HEL e v o

FicUre 3. List of inspection equipment.
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1.4.4.2.1 Excessive “NL”'s. Whenever the pro-
portion of “NL”’s to “L” ’s on a particular list
would become excessive (over 509,) of the total
parts, the parts need not be listed. A qualifying
note must be placed on the first sheet of the list as
follows: “Parts Listed on XXXXXXX Which Do
Not Appear On This List Do Not Require Inspec-
tion Equipment”. The number of the product
drawing that lists the drawing numbers of all the
parts of the end item may be used.

1.4.4.3 Numbering.. The Index to Inspection
Equipment Lists generally carries the part number
of the assembly, sub-assembly, or installation draw-

ing for the item for which.it is being prepared. (A

number from a special series for indexes within a

particular service may be used if 1t is desired).
1.4.4.4 Auxziliary Uses. An index may also be

prepared to record spare parts, parts common, and
parts neeuliar from similar maijor items which them-

Haius pllaliisd 210000 G LaLl AAQyol suliias ¥ adiliad il

selves are no longer on active status, but for which
there are continuing spare part or replacement re-
quirements. -

1.4.5 LIST OF INSPECTION EQUIPMENT
This list records all the inspection equipment re-
quired to inspect an individual part. The character-
istic to be inspected, the type of equipment for the
inspéction and its stock number, are the basic infor-

matian frniahad hy +hic liad Additianal infavma
u:m.uuu AU 1D UJ‘ LIILD LIDv. Saduluviviial inaviiiaas

tion may be added in accordance with the needs of
the individual service. See figure 3.

1.4.5.1 Numbering. FEach sheet is numbered by
inserting the number of the applicable part in the
space provided after the standard IEL notation.
The letter size of the part drawing is placed in the
small block between “IEL” and the part number,
In those cases where a letter or letters are used in
Luujunctlun with numbers to 1ueuuuy a part, the
letter(s) will become part of the IEL number (IEL
ALX1532, IEL FC2395, IEL SKFSA2217).

1.4.5.2 Assembly and Sub-Assembly Lists. All
inspection equipment used in the acceptance of a
completed assembly or sub-assembly shall appear
on the List of Inspection Equipment for that as-
sembly or subassembly whether the features in-
spected appear on the assembly drawing or on its
detail drawings. Notes cross-referencing the list
for the assembly drawing shall appear on the lists
of the details in place of the features that are gaged
at assembly. If thére are no features inspected at
the detail stage, a dummy list carrying only the cross-
reference to the assembly drawing lists shall be pre-

AGO 10117A
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pared. The revision area of this list should be
maintained current with the detail drawing in order
to direct attention to the location of inspection equip-
ment, that may require revision.

1.4.5.3 Multiple Application. When an IEL
package is to be prepared for an item which has
common parts with existing items, it is probable
that a substantial portion of the Lists of Inspection
Equipment has already been prepared. Parts

peculiar to new items will require their own new

Inspectmn Equipment Lists.

1.4.6 LIST OF INSPECTION EQUIPMENT
NUMBERS. This form provides an alpha-numeri-
cal listing of all the inspection equipment stock
numbers pertaining to each item for which an Index
to Inspection Equipment Lists was prepared. Two
separate types of Lists of Inspection Equipment
Numbers are provided, a Basic List and a Cross-

RU[UIBHLB Lllbb

1.4.6.1 The Basic List. The Baisc List lists all the
numbers alpha-numerically, segregating the Mil-
Std numbers from the drawing numbers. The
drawing numbers are grouped under each drawing
size “A”, “B”, etc. The Basic List is shown in
figure 4.

1.4.6.2 The Cross-Reference List. For those appli-
cations requiring additional information on the list,
the Cross-Reference List is provided. 1t still pro-
vides for segregation of Standard and Special in-
spection equipment but it also lists for each stock
number the various Lists of Inspection Equipment
upon which it appears. Further, a column is pro-
vided for other desired uses such as indicating
method of supply, availability or similar information.
Bee figures 5 and 6.

1.4.7 REVISION OF INSPECTION EQUIP-
MENT LISTS. All of the lists except the List of
Inspection Equipment are revised generally in ac-
cordance with standard drawing practices.

1.4.7.1 Revision for Lists of Inspeciion Equipment.
The revision system for Lists of Inspection Equip-
ment is based on the following:

(a) Whenever the part drawing is revised
dimensionally regardless of whether the
applicable equ1pment is affected, the
lﬂEES‘D pﬂl‘l’: I'EVlbllUﬂ uate bhall ne H.(I(IE(I EO
the List of Inspection Equipment.

{b) The addition of a part revision date or
number indicates a revision to the List of
Inspection Equipment and, accordingly,
a revision date shall be entered. ~
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5 LB L 30Tt o o e L Sawmos | Teo oy Puus A
A L MIL-STD 114
1297423 7297580 5220-751-4033
7564215 7959920 MIL STD 115
8657371 7959922 5220-751-4247
7558670 7959925 MIL-STD 116
1278830 7959918 5220-75-4840
| 5220-751-4841
MIL STD 11T
5220-4#71-5690
5220-751-5691
MIL STD 118
B_ D 5220-T747-9390
1307621 7298200 (3} 5220-747-9466
7307622 (2) - 8658203 MIL STD 110
8657375 7297530 5220-743-0210
7297525 7297429
7297524
F._ INDEX TO LISTS
8658202 1EL 9873217
' S

RE viSION ey | REVISION
DATE.

. DATE okl

) DATE

ety ] mevision TCIST OF INSPECTION EGUIPMENT NUMBERS FoR
INSTALLATION, SUSPENSION

SUBMITTED

1EL [ L2

Fi muné.:i._ List of tnspection equipment numbers (basic list).

8
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IEL %

THIS LIST CONCERNS WBSPECIAL INSPECTION EQUIPMENT
A COMPLETE SET OF DRAWINGS SHALL INCLUDE ALL DRAWINGS LISTED BELOW PLUS A “LIST OF INSPECTION

EQUIPMENT" FOR EACH NUMBER LABELED "L" ON INDEX I(EL

CJSTANDARD INSPECTION EQUIPMENT

L8[ eourment PARTS | NO B|  EQUPMENT PARTS | O
g'-; STOCK NO. APPLICABLE | REQD =§ STOCK NO. APPLICABLE | REQD
A .
A7297423 A 9873219 |
1a1564215 B 9873223 |
A86 I A 987322 i
o131 98%222
]
B7307621 A  |9873227 i
B7307622 A 9873226 !
B7567375 A 9873229 |
C
7297580 O 9873226 |
C 20 A 222 i
79,599 38%223 [ 4
7959922 A 9873222 2
€7959925 ¢ (9873222 | 1 | @
€7959918 & 9873222 !
D
D7298200 A  [9873226 ! INDEX TO LIST$
TEL 987327 |
D8658203 B 9873223 I
F
F8658202 B  |9873222 | LIST OF NUMBERS
1IEL 9873217
@ WHEN ORDERING SPECIFY $1ZE
rev | REvision [ #ev] REviSION REY | REVISION LIST OF INSPECTION EQUIPMENT NUMBERS rFoR:
ST DATE TR DATE L3 DATE B
ORIG INSTALLATION, SUSPENSION

Pl!’li!ﬂ ]ll’.\fll'ED

SUBMITTED

APPROVED BY ORDER OF THE

HIEL

F19873217

sueer | oF 2

I'1URE 5. Cross reference list (special inspection equipment).
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TEL 981317

THIS LIST CONCERNS OO SPECIAL INSPECTION EQUIPMENT
- a COMPLETE SET OF DRAWINGS SHALL INCLUDE ALL DRAWINGS LISTED BELOW PLUS A "LIST OF INSPECTION
EQUIPMENT" FOR EACH NUMBER LABELED “"L" ON INDEX IEL

WISTANDARD INSPECTION EQUIPMENT

REVISION Blnn REVISION | REV

orisit /175

INSTALLATION, SUSPENSION

» §. EQUIPMENT PARTS NO :g EQUIPMENT PARTS NO
=§ STOCK NO. _j APPLICABLE | REQD "E STOCK NQ. APPLICABLE | REGD

MIL-STO 114

5220-751-4033 | 9873222

MIL-STD 115

5220-751-4247 | 9873222

MIL-STD 116

5220-751-4840 | 9873222

5220-751-484) | 9873222

MIL-STD 117

5220-751-5690 | 9873222

5220-751-569) | 9873222

MIL-STD 148

5220-747-9390 | 9873222

5220-747-9466 | 9873222

9873226 | (2)
B8
5210-790-0234 | 9873226
9873229 | (3)

:5‘.'.- vision [ 7o REvISion [ 7v | REVISW | LIST OF INSPECTION EQUIPMENT NUMBERS FoR:

FREPARED |IEVI!"EO

SUBMITTED

APPROVED a¥ ORDEN OF THE F p
IEL | 987321
suEgr 2 or 2
F1GURE 6. Cross reference list (standard inspection equipment).
AGO 10117A
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This system represents the minitnum procedures for
maintaining Lists of Inspection Equipment current.
However, it is not intended to prohibit the respon-
sible installation from revising the List of Inspection
Equipment for all part changes (material and other
specification changes as well as dimensional revisions)
if desired. It is mandatory, for successful operation,
which once established, the system used must be
maintained consistent without change within the
given installation.

1.5 INSPECTION EQUIPMENT DRAWINGS.
Inspection Equipment Drawings are prepared in
accordance with MIL-D-70327 Engineering Draw-
ings and Lists and its complement of the first 31
Mil-8tds. This handbook restates the basic pro-
cedures set forth in MIL-D-70327 with additional
detail concerning their application. ’

1.5.1 TYPESOF INSPECTION EQUIPMENT
DRAWINGS. Inspection equipment drawings may
be either of two general types, detailed drawings or
specification type drawings.

L5.1.1 Detatled Drawings. Detailed drawings
are those drawings which completely depiet all the
information necessary in the fabrication of an item
of inspection equipment.

1.5.1.2 Specification type drawings. When it is
desired to procure a device purely on the merits of
its performance or upon the manufacturer's specifi-
cations, an envelope drawing is prepared. It depicts
the device in outline or pictorial form only and
specifies the required performance or characteristics.
The manufacturer’s name or model number shall not
be used; only industry standardized model numbers.
When it is necessary to specify the manufacturer's
name and model number, a qualifying note may be
applied or a specification control drawing may be
used. (See Mil-Std-7 and figure 7.)

1.5.2 PREPARATION OF INSPECTION
EQUIPMENT DRAWINGS. Inspection equip-
ment drawings may be prepared as Mono-Detail
drawings, as Detail Assembly drawings or as a
combination of the two.

1.5.2.1 Mono-Delasl Drawings. Mono-Detail
drawings are those drawings which depict only one
detail or part per drawing. See figure 8.

1.5.2.2 Detatl Assembly Drawings. Detail as-
sembly drawings are those assembly drawings which
have some or all of the dimensions placed on the
assembly views in order to eliminate or reduce the
number of separate detail drawings as in Figures 9
and 10,

AGO 10117TA
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1.5.2.3 Selection of Type of Drawing. The choice
of drawing type is determined by several factors.
The number of interchangeable parts, the necessity
for field maintenance and repair, the quantity to be
procured, and the method of manufacture, all play
a part in the decision as to whether mono-detail or
detail assembly drawings shall be used.

1.5.2.3.1 If the equipment is complex and can be
broken down into a large number of individual parts,
some of which are standardized or interchangeable,
and if it is utilized in field serviee operations or is to
be procured in large quantities, the mono-detail
system is preferred. Most test equipment and auto-
matic gaging equipment falls in this category.

1.5.2.3.2 If the equipment is not overly complex,
contains relatively few standard or interchangeable
parts, is procured in small quantities, and is stocked
and issued as an entity, then the detail assembly
approach or a variant is preferable. Most gages fall
in this category.

1.5.3 CLASSIFICATION OF DRAWINGS.
For purposes of standardization, stock control and
identification, inspection equipment and inspection
equipment drawings are divided into two general
categories, Standards and Specials.

1.5.3.1 Standards. Standard inspection equip-
ment is equipment that has a universal application
for a specific function and whase physical charac-
teristics have been standardized at the Department
of Defense level. Equipment standardized and
utilized throughout the Department of Defense is
referred to as Military Standard equipment.

1.5.3.1.1 Cataloging. Catalogs have been pre-
pared for the various types of Military Standard
gages. The gages are listed in order of ascending
size and are numbered in sequence.

1.5.3.1.2 Standard Drawings. Drawings are pre-
pared by the individual services for prototypes of
Military Standard equipment or equipment that is
stmilar in design to Military Standard equipment
but is not included in the dimensional scope of the
Mil-Std catalogs. This equipment is referred to for
convenience as Standard equipment. Drawings are
prepared for this equipment with the aim of ultimate
inclusion in the Mil-Std catalogs. A

1.5.3.2 Special drawings. Special inspection
equipment drawings are those which are primarily
applicable to one particular type of part and are
subject to individual design peculiarities. This does
not preclude the possibility of special equipment
having multiple application, because the identical
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REQUIREMENTS :

A. THE COMPLETE REQUIREHE!TS FOA PROCUREMENT OF GAGE DESCRIBED SHALL CONSIST

OF ALL nzqmnmms SPECIFIED HEREOA.

B. DIAL : 0-20-0, WITH REVOLUTION COUNTER AND
TOLERANCE HANDS,
€. CEADUATIOMS ;0045
D. CAPACITY 1 .670 - .770
E. GAGING LENGTH : 6.0
P. RANGE OF SENSITIVE
CONTACT . .100
MARKING:

A. THE POLLOVING MARXING TO BE ENGRAVED ON BRASS PLA™Y AND FASTENED TO

GAGE HANDLE BY SELF-TAPPING NACHIME SCREW,.
8645156
’ DIA GAGING RANGE
MIN .67 MAX .77
US GOVT INSP

b L Y] ey
ITEM DESCRIPTION (FOR EMGINEZRING REFEREMCE ONLY):

A, ITEM :. INDICATOR GAGE (HOLE)
B. TYPE :  WETRACTING' CONTACTS

f\

THIS ITEM MAY BE PROCURED FROM THE FOLLOWING SOUNCE:

FEDERAL FRODUCTS CORPORATION
FROVIDENCE, R. I.

MODEL 1253P-1 H
REFERENCE PART:

A, POR SEITING RING SEE IEL

SPECIFICATION CONTROL DRAWING

l

Fioure 7. Specification control drawing.
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part features may re-appear on several similar items;
e.g., diameter bourrelet for 105mm shells, multiple

lead threads, diameter of retaining ring grooves, .

etc. Special drawings shall require referencing of
the applicable parts.

1.5.4 INSPECTION EQUIPMENT DRAW-
ING PRACTICES. The methods of presentation,
terminology, dimensioning and tolerancing, shall
be in accordance with MIL-D-70327 Engineering
Drawings and Associated Lists, the latest applicable
Military Standards numbered 1 through 31, and as
prescribed in this handbook.

1.5.4.1 Clarity. An inspection equipment draw-
ing is, in effect, a legal document. Therefore, the
basic for rejections shall be so indicated on the
drawing as to fully protect the Government from
accepting inferior workmanship, especially in the
event of controversies which could result from mis-
interpretation of the drawing. Therefore, it is of
the utmost importance that all drawings be clear in
every respect and free from ambiguity at any point.
To assure that the designer’s intent is clearly des-
eribed, the following should be noted.

1.5.4.1.1 Enlarged Sections. An enlarged section
of the equipment shall be shown where the com-
plexity of the particular detail makes such enlarge-
ment essential.

1.5.4.1.2 Minor Clearances. Both important and
miner angles, radii and chamfers must be toleranced
to prevent the manufacturer from taking excessive
latitude on these features, thus causing the equip-
ment to function improperly.

1.5.4.2 Dimensioning and Tolerancing. The di-
mensioning and tolerancing of inspection equipment
drawings shall conform to the practices set forth
in MIL-STD-8, Dimensioning and Tolerancing,.

1.5.4.2.1 Gaging Dimensions. Gaging dimensions
are those which control the location and accuracy of
precision gaging surfaces and, therefore, are of the
utmost importance.
that these dimensions be carefully applied and

1.5.4.2.2 Detail Dimensions. The detailed parts
or pieces of inspection equipment shall be dimen-
sioned in a manner which will insure correct assem-
bly and economical manufacture. Accordingly, the
following precautions should be taken.

1.5.4.2.2.1 Positional Tolerances. The allowable
eccentricity, misalignment and similar features be-
tween various pieces or parts of equipment shall be

Therefore, it is imperative '

specified, especially when the requirements are of a
higher degree of accuracy than that specified in
MIL-G/10944. If a dimension which is vitally
concerned with the funetion of the equipment is
covered within the limits of accuracy of MIL-G-
10944, it is recommended that a symbol and cross-
reference to a note referencing MIL-G/10044 be
applied.

1.5.4.2.2.2 Dimensioning System. It has been the
practice to specify in decimal form those dimensions
which are critical to the proper functioning or opera-
tion of the equipment or which must be rigidly
checked in the acceptance inspection of the equip-
ment, while those dimensions which are non-
critical are specified in fractional form. Although
this system may be continued for convenience, it 13
no longer mandatory and conversion to the complete
decimal system of dimensioning is recommended.

1.5.4.2.2.3 Application of Dimensions and Toler-
ances. Detail assembly dimensions should always
be carefully cross-checked to eliminate any possible
conflict. The tolerances should be carefully applied
on piece or detailed dimensions to assure that an
accumulation of them will not cause interference
when assembling the part with its mate or mates.
Further, dimensions shall never be duplicated on
separate views or enlarged sections. (If it is ab-
solutely necessary to refer to a dimension in two or
more places on a drawing or set of drawings, that
dimension shall be identified by a symbol which shall
be used as a substitute for the actual dimensions in
all places where it must be repeated.)

1.5.4.2.3 Reference Dimensions. Reference di-
mensions are applied to drawings as an aid in manu-
facture and acceptance inspection, Reference di-
mensions shall be computed with an accuracy which
is in keeping with the degree of aceuracy required
for the final product. For rigidly controled parts,
the rounding of numbers should not be accomplished
until the final result has been computed. Measure-
ments over rolls and wires, for example, are some-
times given as reference figures. (MIL-STD/120
outlines various means for precision measurements
over rolls or wires and gives related formulae for
calculations.) All reference dimensions are hased on
maximum material conditions unless otherwise
labeled; for instance, a dimension based on mean
metal condition should be labeled, “REF MEAX™.
Reference dimensions also should be used on detailed
pieces to indicate critical requirements which must
be controlled at assembly.

AGO 10117A
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1.5.4.3 Delineation of Commercial Items. Draw-
ings for commercial gages, equipment and related
items such as bases, frames, clamps, ete., need only
show the necessary object line at assembly. Dimen-
sions are not required unless the commercial gage or
item requires modification or the designer believes
some difficulty may arise in procurement,.

1.5.4.4 Scale. Designs should be drawn to full
size whenever practical. Small type gages, for
example may be drawn several times size to achieve
the necessary clarity. The scale to which the
majority of views and sections are drawn shall be
entered in the prepared space as provided on the
drawing format, in fractional form such as 1/1, 1/4,
or 2/1. The scale of each view or section drawn
to other than the predominating scale shall be
entered directly below the view or section as
“SCALE 2/1”, In the event that an item is drawn
several times the size, an outline of the assembly,

Al il ola, all OULUIIE ML GRRTLIIVEY

drawn to actual scale, should be provided somewhere
near the oversize assembly.

1.5.4.5 Abbreviations. MIL-STD/12 should be
used as a standard for all abbreviations. In general,
drawing notes and specifications deseribing fits,
alignment and assembly requirements should not
include abbreviations unléss the meaning is un-
questionably clear. On the other hand, the identi-

fieation data shall cantain the mavimum numhbar of

S04 G LVS SIS LLLILGEIL LD IGALGINEIE DWNOTT Ol

abbreviations that may be used without sacrificing
clarity.

1.5.4.6 Idenlification Data. The identification
data to be applied to the equipment shall be as
concise as possible and consistent with the proper
procedures as applied to the various categories of
equipment. Abbreviations shall be used as noted
above. Identification data shall never be applied
on any precision surface, '

1.5.4.7 Cross-Reference. All special inspection
equipment drawings shall carry cross-reference to the
applicable part drawing number in the Application
column. Any other part drawings required to
establish critical dimensions shall be listed as
reference parts.

1.5.4.8 Drawing Titles. The title applied to the
drewing of inspection equipment shall conform to
any accepted nomenclature for that equipment and
shall be phrased in the inverted form as outlined in
MIL-8TD-28. (See also paragraph 3.1.1).

1.5.4.9 Drawing Symbols. Drawing symbols are
a considerable aid in keeping general notes to a
minimuin.
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1.5.4.9.1 Hardness Symbols. A preferred series of
hardness symbols is recommended so that each
appearance of a particular symbol will consistently
indicate the same hardness; e.g., an asterisk (*) will
always mean Rockwell Hardness C63 to C66 or

equivalent. Such a series is shown in Chapter 2.

1.5.4.9.2 Surface Finish Symbols. MIL-STD-
10, Surface Roughness, Waviness and Lay, serves as
a basis for specifying the required surface finish.

1.5.4.9.3 Tolerancing with Symbols. MIL-STD-
8, Dimenstoning and Tolerancing, shall be the
standard for expressing tolerance symbolically.

1.5.4.9.4 Welding Symbols. MIL-STD/19, Weld-
ing Symbols shall be used on drawings to indicate the
application of all welding processes.

1.5.5 REFERENCING OF SPECIFICATIONS
ON DRAWINGS. Those specifications pertaining
to inspection equipment that are necessary to insure
an acceptable piece of equipment shall be referenced
on the drawing of said equipment.

1.5.5.1 Gage Specificalions. MIL~G/10944,
Gages, Dimensional Control, covers the minimum
essential requirements for all types of dimensional
control gages. It also references all specifications
applicable to gages and gage drawings, except the
two noted below. Therefore, only MIL-G/10944
need be listed on the gage drawing unless extreme
clarity is required. There are two other new
specifications;
(a}) MIL-G—45653, Gages, Cylindrical Plug
and Ring, Plain
{b) MIL-G45654, Gages, Plug and Ring,
Thread ‘
which are used in place of MIL-G/10944 on the
drawings for those particular type of gages.
1.5.6 RELATED PUBLICATIONS. The list-

LAy d41 1 B 1) AR S ALY A AV 110 LSy

ing below presents those publications and documents
of major interest to the design of inspection equip-
ment. It is essential that each inspection equipment
design agency maintain these documents current to
the latest available revision.

1.5.6.1 Specifications.
MIL-G-10944—Gages, Dimensional Control

MIL-I-18422—Dial Indicators
M 11 .A.L.d.sﬂﬂ'i’-ﬁ_fn anontinn Rani in

Inspection Equipmen
and Maintenance

MIL-D—45608—Design and Drawings of In-
spection Equipment

MIL-G—45653—Gages, Cylindrical Plug and
Ring, Plain
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MIL-G-45654—Gages, Plug and Ring, Thread

MIL-D-70327—Drawings,

Engineering and

Associated Lists

1.5.6.2 Standards.

General Drawing Practices

MIL-STD-1
MIL-8TD/2 . Drawing Sizes
MIL-STD-7 Types and Definitions of
Engineering Drawings
MIL-STD-8 Dimensioning and Tolerancing
MIL-STD-9  Screw Thread Conventions and
Methods of Specifying
MIL-STD-10 Surface Roughness, Waviness
& Lay
MIL-8TD-12 Abbreviations for use on Draw-
ings
MIL-STD-19 Welding Symbols
MIL-STD-24 Revision of Drawings
MIL-STD-28 Drawing Titles, Approved
- Method for Assignment of
MIL-STD-29 Springs, Mechanical Drawing
Requirements for
MIL-8TD-30 Associated Lists (Data List,
Index List and List of Ma-
: terial)
MIL-8TD-110 Gages, Plug, Plain Cylindri-
\ cal, Go
MIL-STD-111 Gages, Plug, Plain Cylindri-
cal, Not Go
MIL-8TD-112 Gages, Ring, Plain, Go
MIL-8TD-113 Gages, Ring, Plain, Not Go
MIL-8TD-114 Gages, Plig, Thread Go
MIL-STD-115 Gages, Plug, Thread, Not Go
MIL-8TD-116 Gages, Ring Thread, Go
MIL-8TD-117 Gages, Ring, Thread, Not Go
MIL-8TD-118 Gages, Snap, Plain Adjustable
MIL-STD-120 Gage Inspection
MIL-8TD-133 Thread Minor Diameter Go
‘ Plain Plugs
MIL-8TD-134 Thread Minor Diameter Not

MIL-8STD-273

MIL-STD-274

Go Plain Plugs
Gages, Plug, Thread Setting,
Class W, for Go Gages
(Gages, Plug, Thread Setting,
Class W, for Not Go Gages

1.5.6.3 Other Publications.
Commercial Standard CS8, Gage Blanks
Serew Thread Standards for Federal Services,

H28

1.5.5 APPROVAL OF‘ INSPECTION EQUIP-
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MENT DRAWINGS. The approval of inspection
equipment drawings shall rest with the responsible

activity, The procedures for approval set forth by
each activity shall guaraniee compliance with this
handbook and related service documents in all
respects. In cases where design is accomplished by
contract, an adequate design liaison and surveillance
program is essential to educate the commercial
facility as to correct procedures, design specifications,
drafting practice, etc., in order to insure an accept-
able product for the Government.

1.58 DISTRIBUTION OF INSPECTION
EQUIPMENT DRAWINGS. The distribution of
inspection equipment drawings shall be in accord-
ance with the procedures established by each respon-
sible activity.

1.5.9 REVISION OF INSPECTION EQUIP-
MENT DRAWINGS. Revision of inspection
equipment drawings shall be accomplished in ac-
cordance with MIL-STD-24, Revision of Engineer-
ing Drawings.

"1.5.10 SECURITY CLASSIFICATION, Nor-
mally, inspection equipment drawings will not carry
a security classification. However, if an equipment
drawing in any way reveals the nature of classified
materiel, the drawing shall have the same security
classification as the item to which it pertains.

1.6 ENGINEERING ORDERS. In accomplish-
ing the distribution or revision of inspection equip-
ment drawings, a formal document must be pre-
pared to direct the attention of the contracting
officer to the engineering action being taken. This
document is referred to by various names but is most
generally known as an Engineering Order. It is the
document which acts as a basic transmittal and cover
sheet to identify and summarize an engineering
release or change action. The Engineering Order
directs procurement and contracting actions into
contracts for procurement and manufacture of
Government materiel which is committed to produc-
tion or is in the process of such commitment.
See figure 11.

1.7 ANALYSIS OF INSPECTION REQUIRE-
MENTS.

1.7.1 OBJECT OF INSPECTION. The object
of inspection is to insure that the part being inspected
conforms with all requirements specified either by
the engineering drawing of the part or by related
specifications.

1.5.2 BASIC CATEGORIES OF INSPEC-
TION. There are three general ecategories of
inspection requiréments: dimensional, performance,
and material.

AGO 10I17A
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OBDNANCE CORPE ENGR ORDER WO,
ENGINEERING ORDER
FOM 65511
{FOR REGULATION PERTAINING TO TUE USE OF THIS FORM SEE ORDM=Y=1 MANUAL
T0; Orénance Division, Army Inspection of Ordnance DATE:
Ordnance Agencies Cencerned 1-27-60
[ FRON#Ngineering Division, sub-Oifice, OTAG cmun SYNBOL

‘ Food Machinery & Chemical Corp.,1105 Coleman St., San Jose
YOU ARE WEREBY KOTIFIED OF THE FOLLOWING ENGINEERING ACTION, TO BE APPLIED TG PROCUREMEN

OR PRODUCTION ONLY UNDER INSTRUCTIONS 1SSUED BY THE CONTRACTING AGENCY.
DESCRIPYIVE DATA

MATERIAL (ORD ITEM) AUTHOR I TY
Carrier, Personnel, Pull Tracked, Armored, M113 ECR FOM 65511

[REASON FOR ENGINEERING ACTION: To overcome an impracticable pro- ACS Identification
du tio cond t.io b el i at ng cold shuts and she arin of OBB Code

EHGlHEEMNG GTIDI‘
Minor

and thus provide ‘for a more sound forging.

This Englneering Order is issued to revise Suspension Support Arm 10875006
and 10875007 by increasing the radius of fillets from 7/32 to 1/2 at
intersection of Arm with Trunmnion and Wheel Hub Bosses,

e ﬂ
"YIB] WO Yas| %0
X_| WGDIFIGATION TO PRIGA PRODUCTION PEABIBLE X_| DANG RECONEIDD
X_] MODIFICATION RECOMNENDED/REQUINED x | Repair Parts
X @agection E yipment

GJ ERIATING OONTRAGTS] OADERD WOW IN PAGCUCTION  [=3 FUTURE CONTRACTE;ONDER® T YIT IN X1STONGE
3 KXIBTING OONTRACTR/OADERS WOT YET IN PRODUSTION
CLASBIFICATION

‘.lfqﬂ'm EXD ITEM R
nmo TORY, CLASS ﬂ(cun 14 11 APFECTS |iw0)
lt:':l OPTIONAL CLATE V T INFORMATIONAL CLASS VI

DISTRICT ACKNOWLEDGMENT
RECEIPT ACKNOWLEDGED BY:

VAFPROVED BY: el o T

e sie: __é
DATE ﬁONTRIGEi;IG OFFII}EE!I" OR Fors Oh
UTH. REP. ORD ' Engineering Division, OTAC
“ m-
CLASS I - PRIOR ITEM {3 UNSUITABLE FOR )S3UE CLASS 1V - IICORNRATIOI PROVLIDES
CLASE I = PRIOR ITEN 18 UNSUITABLE FOR COMBAT USE IMPROVEMENT

CLABS 12X - KON INCORPORATION MAY CREATE DIFFICULTY  CLA3S V=INCAPABLE OF AFFECTING PARY

FiGure 11. Engineering order.
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1.7.2.1 Dimensional inspection requirements re-
im‘p to conditions of ':174: fnrm nnqlhnn or neepmh]v

1.7.2.2 Performance inspection requirements re-

late to the functioning of the end item or any of its

sub-assemblies.

1.7.2.3 Material inspection requirements relate to
the physical properties of the item such as welght
hardness, strength, ete.

1.5.3 RESPONSIBILITIES OF INSPECTION‘
EQUIPMENT ENGINEER.
bility of the inspection equipment design engineer to
thoroughly analyze all pertinent product require-
ments, prescribe the equipment deemed necessary to
effect a creditable mspectlon and des1gn the equip-
ment as required.

1.7.3.1 The inspection equipment design engineer
shall prescribe the necessary inspection equipment to
inspect all defects excepting purer observational

dofante TNafante raminl anmTaMann +amdonda
LA UG, AFCIG UL lCl.lullllls UAFLLL el 1OV bbuuualub

scratch and dig
are not to be regarded as observa-

such as surface finish blocks,
standards, ete.,
tional defects.

1.7.3.2 The equipment design engineer shall con-
duct a thorough analysis of all aspects of the
inspection situation in order to provide the inspec-
tion equipment most consistent with the overall
requirements. This analysis is discussed in the
foliowing paragraphs. _

174 ANALYSIS “OF PRODUCT DRAW-
INGS. As a prelude to the preparation of the
inspection equipment lists and drawings, the inspec-

tion equipment design engineer shall conduct a.

thorough analysis of each part and its position and
function at assmebly to assure that:

(a) The available part print is to the latest
revision.

(b} The dimensions as applied will insure an
acceptable product and necessary inter-
changeability, and are in accordance
with MIL-8TD-8. ;

{¢) The tolerances as applied are to the maxi-
mum practical value which will not
impair the funectioning of the product.

{d) The dimensions and-tolerances as a.pplied

will not sroatos mtarforanscas at mravimom
TP AL WV LLUAQUG IIvuiiIVILY av lllal\llllulll

material conditions {except where de-
sired), and are consistent with identical
features on similar items which have
different model numbers.

It is the responsi--

Downloaded from http://www.everyspec;com

(e) The dimensions conform to recognized
threarda

TRy imias)

for

Q1768
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.gtandard nrnfprrnd

Sutvailad fetbel B vis

drilled holes, splines, ball bearing hous-
ings, bushings, etc.

(f) New drawings are not identical to drawings
for established spare parts or other
standards.

1.7.4.1 Recommended changes based on this
analysis should be submitted to the responsible

Pproduct design activity.

- 1.7.5 ANALYSIS OF QUALITY ASSUR-
ANCE PROVISIONS. When quality assurance
provisions are included in the specifications for the
item, the inspection equipment design engineer shall
check to insure that:

(a) The Inspection Requirements are con-
sistent in all respects with those previ-
ously issued for an identical or similar
item,

(b) Inspection equipment has n
fied for dimensions on the part (lrawmgs
which do not appear in the Inspection
Requirements.
1.7.5.1 In the event that clarification or revision

of the applicable quality assuranee provisions is
believed essential, recommendations should be sub-
mitted to the activity responsible for these specifi-
cations.

1 '72 NOMODAFTAT AmM
A0 O L7 E ILIVIVE FIY 24 )

EQUIPMENT REQUIREME’NTS In the prep-
aration of the equipment lists, the analysis of
specifications and product drawings is of considerable

Eeli

Lo © M
8] ::.pcu—

o~
Huv

_value since this analysis will convey to the inspection

20

équipment design engineer the critical nature of
certain dimensions and functions which should be
inspected to insure interchangeability and proper
functioning of the item. Since the great variety of
xuSp‘c‘;"CuiGﬁ situations makes it vir L-uuu_y ii‘ﬂpﬁSSium 10
establish rigorous rules for governing these require-
ments, paragraphs 1.7.6.1 and 1.7.6.2 are offered for
general guidance,
1.7.6.1 Inspection Equipment is Required:

(s} When specified in the Inspeetion Require-
ments issued by & material branch of the
particular department.

(b) For parts and sub-assemblies which are
auppucd as spares and which 1
interchangeable.

(¢} For parts and sub-assemblies which are not
supplied as spares but which mate with
spares.

[ T
HusbL ue
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{d) Where the dimension is critical with regard
+n tha nranar
DU A Pl\)l) i

(e) For special requirements as specified in the
overall item specifications.

fitnntinning af tha 1fam
ANNCVIONINE O Wit 1vCIh

1.7.6.2 Inspection Equipment is Generally Not

Required

(a) For non-critical sizes having large toler-
ances or which are manufactured by
methods which consistently reproduce
the required size such as die-casting or
stamping.

{b} For dimensions controlling the fit of ane
piece with another which are perma-
nently attached (as by staking, soldering
or welding) prior to acceptance inspec-
tion.

(¢) For most ‘“‘atmospheric fits’ where varia-
tion in size or contour will not cause
interference or disturb the functional
characteristics of the item.

{d) For dimensions not specifically defined on
the part drawing. (Example: Hole shown

on g centerline hut l-\-.unnu- no dimension

220 ARLILNTLISIVIY

or tolerance for its exaect location and
where the location will affect neither
interchangeability nor the functioning of
ihe item.)

(e) For dimensions specified without tolerance
or limits and possessing no functional

rea:l

valye. This includes “reference,’ “ad-
visory,” ‘‘eonstruction,” and ‘‘control”
dimensions.

1.7.6.3 Justification of Extent of Inspeciion Equip-
ment Design. In planning for the design of a
complete set of equipment, the total cost of design

DI‘\(‘ nllhhl!r mia " }\ﬂ (\nc!r‘nrnr]
QLI XY i

cost of manufacture for the complete item of
materiel. As a general rule, the cost should not
exceed 5% to 87 of the total monetary allotment of
the contract.

rn‘n{»'wrn tn tha ntrnro“
1188 02 CONSIQEreq rgiailve 10 Wie OVeras

1.7.86.3.1 Design of Inspeciion Egquipment for
Ezxperimental Items. In designing for experimental
ttems, improvised methods of inspection should be
employed wherever feasible. Existing stock gages
should be salvaged wherever practical to achieve
economical gaging and maximum coverage. This
will effect the greatest saving to the Government,
since only & small percentage of experimental items
are standardized for high production. '

AGO 101174
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1.7.6.3.2 Design of Inspection Eguipment for

Qtandardized Tems Whnn dneln-n 18 ln'lhni‘or‘ for
At AT L LT L L L A pLTrg. ALAWrll

standardized items which will be produced in large
quantities, design units can effect the greatest saving
by providing gages and equipment having automatic
or manual quick-operating features. The high
initial cost of the equipment will be amortized by the
subsequent saving in inspection time.

1.8 SELECTION OF INSPECTION EQUIP-
MENT. The type of inspect,ion equipment to be
employEu in the lllb})chblull of a b[.h:blllb feature is
established when the equipment list is initially pre-
pared. However, in the actual design of the equip-
ment, it may differ from the one first planned. In
selecting the type of equipment, it is economically
advisable to employ standard equipment if possible.
When this is not practical, the design of special
equipment is necessary. The design of expensive
special equipment should be limited to standardized
major items where high rate of production will
amortize the extra cost.

1.8.1 REQUIRED ATTRIBUTES OF IN-
SPECTION EQUIPMENT. Inspection equipment
should possess certain fundamental gualities, name-
Iy: aceuracy, practicality, and economy.

1.8.1.1 Aecuracy. The name, “Inspection Equip-
ment”’ applies to tools of specific types, but the name
in itself does not necessarily imply a high degree of
accuracy. The equipment should be designed to do
its particular job, and the degree of accuracy should
be commensurate with the accuracy required by the
component.

1.8.1.2 Practicality. A design must be practical
from a standpoint of both operation and manufac-
ture. A good design should provide ease of appli-
cation with a minimum loss of time and motion to
the operator. Further, design considerations should
minimize excessive or intricate machining and
fabrication problems. Finally, thought should be
given to the acceptance inspection of the equipment
and, accordingly, to fully protect the Government,
the drawing and applicable specification shall provide
the equipment acceptance inspecuon facility with
definite grounds for acceptance or rejection.

1.8.1.3 Economy. As a piece of inspection equip-
ment is only one of the many tools required to
produce the complete item of materiel, care must be
taken to insure that it is economically satisfactory
from an equipment manufacturing and component
inspection viewpoint. However, precision and dura-
bility shall not be sacrificed to economy.
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CHAPTER 2. ELEMENTS OF INSPECTION EQUIPMENT DESIGN

2.1 INTRODUCTION. This section defines basic
inspection equipment design practices pertaining to
construction and -fabrication, tolerances, material
and general specifications.

2.2 TOLERANCES AND ALLOWANCES

2.2.1 GENERAL. It is not the purpose of this
manusal to deal with all tolerances. Only-general
construction tolerances and tolerances to be applied
to gaging dimensions will be discussed in detail.

222 TOLERANCES FOR GENERAL CON-
STRUCTION DIMENSIONS. The determination
of a suitable tolerance is governed primarily by the
funetional requirement of the dimension and
secondarily by the economy of manufacture of the
part. . Where standard fits are involved, such as with
screw threads and anti-friction bearing mountings,
the tolerances have been standardized and reference
tables are available. In other cases, the deter-
mination of tolerances depends upon experience in
the type of manufacture involved.

2.2.3 GAGE TOLERANCING POLICY. Gage

tolerances and allowances shall always be applied
within the produet limits, i.e., the extreme limits of
the gage must in all cases fall within the acceptable
product limits. The unilateral system shall be used
in applying tolerances to gaging dimensions whick
control the extreme product limits. The bilateral
system is preferred in applying tolerances to gaging
dimensions which are based on mean or intermediate
produet dimensions, such as for location of holes.

2.24 TOLERANCES FOR GAGING DIMEN-
. SIONS. The tolerances applied to the functioning
dimensions of gage designs shall be in accordance
with tables I, II, and III, unless the tolerance
specified imposes an impossible machining problem.
In the case of large or complex gaging dimensions
where the tolerance specified in the tables or com-
puted on the basis of ten percent of the product
tolerance results in impractical tolerances, the
product designer may allow additional tolerance or
a larger percentage of the product tolerance will have
to be eonsumed. To be practical, the gage tolerance
should not be less than fifteen millionths of an inch
per inch. On extremely large gaging dimensions,
this figure will accumulate rapidly and consume the
greater portion of the product tolerance. Care must
be taken to avoid tolerances that cause confusion
between the product and gage due to excessive
encroachment upon part tolerances.

2.2.4.1 Tolerances for Maximum or Mintmum
Limit Gages. Where product dimensions are pre-
scribed as maximum or minimum values without a
given tolerance, the gage tolerance shall be based on
an assumed product tolerance of .01 or the sum of
the tolerances on the dimensions making up the
overall dimension to be gaged, whichever is the
lesser value.

2.2,4.2 Tolerances Applicable to ““After Painting”
Gages. For those specifie gages used to measure
maximum dimensions after painting, apply a gage
tolerance based on 10%, of thickness of paint or the
tolerance specified in the tables for a eomponent
tolerance of .002 whichever is the larger.

225 WEAR ALLOWANCE. Wear allowance
shall be applied on all fixed gage contact surfaces to
provide a small amount of extra metal which
lengthens the useful life of the gage. Excepted from
this rule are all Not Go gages, adjustable snap or
length gages which may be reset, flush pin gages,
height or depth gages on which wear occurs on both
surfaces in the same direction, certain classes of
thread gages, taper gages with greater than 15°
included angle, After Painting gages, and gages
designed to reduce gage encroachment upon product
tolerance through the use of wear-resistant materials
such as tungsten carbide, ete.

2.26 SPECIFIC GEOMETRIC REQUIRE-
MENTS. The tolerances directly specified on gage
drawings for requirements such as concentricity,
parallelism, perpendicularity, centrality, flatness,
etc. shall be to the maximum that will still insure an
accurate gage, but in general shall not exceed 109,
of the part tolerance on that requirement. The
method of specifying tolerance shall be in accordance
with MIL-STD-8.

2.2.7 IMPLIED GEOMETRIC REQUIRE-
MENTS. The general nature of gages requires that
concentricity, parallelism, perpendicularity, central-
ity and flatness and other requirements be main-
tained within general close limits, A section
covering this is included in MIL-G-10944 for the
express purpose of controlling implied geometric
requirements.

226 SURFACE FINISH. The graphic surface
finish symbol as outlined in Figure 12, shall be used
to designate the quality of surface desired. For
application of this symbol see tables IV and V.

2.3 GENERAL CONSTRUCTION PRACTICES.
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THIS TABLE SHALL APPLY TO: .
I. TAPER PLUG AND RING GAGES (INCLUDED ANGLE UP TO AND INCLUDING 15°0"),
FIXED SNAP GAGES, FLAT PLUG GAGES (EXCLUDING FLAT CYLINDRICAL TYPE).
WEAR ALLOWANCE REQUIRED. COLUMNS 1,2, AND 3 ARE APPLICABLE.
2. TAPER PLUG AND RING GAGES (INCLUDED ANGLE GREATER THAN 15°0'). WEAR
ALLOWANCE NOT REQUIRED. COLUMNS 2 AND 3 ARE APPLICGABLE.
3.MAX AND MIN GAGES,E.G.,DEPTH,LENGTH, AND FLUSH PIN TYPES. WEAR
ALLOWANGE NOT REQUIRED. COLUMN 2 APPLICABLE FOR EJTH MAX AND
MIN TOLERANCES
SIZE RANGE c'?g&g COL | jcoL 2] coL 3 ] SIZE RANGE Ic'?En:‘r;o coL! {coL2 {coL3
. WEAR TOLERANGE WEAR TOLERANCE
YO & TO &
ABOVE LER-| A - ABOVE TOLER-| A -
INGLUD'G TAONGE hh%‘g 60 | NOT-6O INGLUD'6| ANCE '5';.2‘: GO |NCT-GO
.0 825 .00004}.00004 .0 1.510 .00040[.00020[.00010C
825 1 1.510 00006 1.510| 2.510 .00040(.00020{,00020
1.510 | 2,510 .0000B[NO“NOT| 2.510] 4.5i0 ,00030(.00030].00030
2.5i0 | 4.510 | gpos ,00010 4.510}| 6.510 .00030 | .00040].00030
4.510 | 6.510 (" .0001 360" GAGE] 6.510| 8.510 | .008 |.00030(.00040]1.00040
6510} 8.510 .00CI15 8.510 [10.510 .00030(,00050|.00040
8.510 |10 510 00017 ugep |10.510 | i2 510 .00020 (.000601. 50
10,510 1] .00020 12,510 | 14.510 .00020/.00070].00050
.0 ,B25 +000107[.00005}.00005] 14.510 up 00020 |.00080{,00060|
8e8 | 1 810 .00010 |.00006{.000067] .0 825 L00040 | 00020 |.000 10
1,510 | 2,510 »00008|.00008 828! 1,510 .00040|.00030},000 10
2.510 | 4.510 | g0, 00010000101 | 510} 2510 .00040/|.00030}.00020
4.510  6.510 -00013 |no "NoT| 2.510{ 6.510 .00040(.00040].00030
6.510 | 8.510 .00018 ico“cacel 6.510 510 | ,009 |.00040[.00050(.00040
8.510 | 10.510 00017 17, cen” } 8,510 10,510 .00030[.00060|,00040
10,510 ue .00020 10,510 | 12.510 00030 .oooro .00050
i) 4,510 L00010 . 00010 [.00010 112,510 | 14.510 .00030 oog .00050
4,510 | 6510 | 0g2 .00020|.00013 | [4.510] P ,00030 1:0009¢ |,00060
6.510 | 8510 .00020(,0001€ 0 .826 ,00040[.00030[.00010
L 8,510 Up 100020 .825| 1.510 .00040|,00030}.00020
.0 .825 .00010 |,000101,0001 1,510 4.510 .00040[.00040(.00030
.825 | 4.510 00010 1.00020 |.00010 | 4.510]| 6.510 ,00040 ],00050 | .00040
1‘2'.2 .2-2.‘2 .003 ;,00010 .22232 .ggggg 6.510| 8.510 |.010 |.00040}.00060 |,00040
P I | i el SUROLU 1, 000D 8.5i0110.5i0 00040 Q0070 (.00050
16,510 | Up 100030 ;00030 15:510 | i2:3i0 100040 |'00080 | :00080
.0 2.5i0 00020 [,000201.00010}12.510|14.510 .000301.00090|. &0
ﬁ.glo 4.510 .ooozg .gggao .ooogg __,__|4g|o IUSPIO -80333 .ggégg -ggggg
4,510 | 8,510 | .004}.00020 |.00030|,000 . . .00040 . .
8.510 [12.510 .00010 |,00040|.00020} 1.510| 4.510 .00040,00070 (,00030
12.510 up ,00010 |'000s0 | oooeol 4.5101 64810 {,012 1,000401,00080(.00040
2 = . 8,510 | 12.810 .00040{,00090 [.000 50
2.510 | 4.510 .00020|,00020(,00020 5 1,510 L6636 1.000601 60680
4.510 | 8.510 | .005{ 00020 |,00030|,00020] ,* . . y .
1.510 | 4.510 .00040/,00080|.00030
8.510 |10,.510 .00020 |.00040 .00020 4,510 | 8,510 | .014 |.00040!.00100].000
10.%10 up .00010 .00050 000301 35510 |[12.510 .00040 .00 120]|.0005
.0 2.510 .00030 |.00020(.,00010112.510 up 100040 1,00140],00080]
2.510 | &.810 00030 | 00020 00o0gol o 2,510 .,o004a0] cogaol 00020
4.510 | 6,510 00020 |.00030 | .00020| 2.510| 6.510 | 4,4 |.00040(.00100].00040
6.5t0 | 8,510 | .006(.00020 |.00030|,00030] 6.510(12.510 |- .00040 |.00120 }.00060
:3'3}8 :g.g:g '83838 '833;3 .0003% 12.510 3rf'_ .08840 .ogn;o .00080
. . . .0 4.510 .00040/,.00100[.00040
i2.510 | uP -00010 |.000601.000404 4,510 6.510 | ., |-00040 |.00100(.00080
.0 1,510 .00040|.00020[/.00010] 651012510 |- .00040 |.00 150 |.00080
|2.gl|g s.g:g '888;"8 '88858 838% 12,510 up : .00040 .00200].00100]
. . . . . .0 4,500 .00040 [.00100|.00080
4510 | 6.510 .00030 {.00030|.00030] 4,510 | 6,510 |.025 |.000401{.00100]|.00100
6.510 | B.510 | .007 [,000301.00040|.00030| 8510 |12.510 | yp |.00040l.00i50|.00i80
8.510 |10.510 00020 |.00050|.00030]12.510 P .000401|.00200 |.00200
10.510 |12.510 .00020},00060!.00040 ™ — —
12.9:0 | 14.810 -00020 |.000701.00040
v, IV vr « VUVIV |, UUYOV | VWDV
FOR COMPONENT TOLERANGE AND/OR SIZE RANGE NOT SHOWN, USE NEXT SMALLER COMPONENT TOL

TaBLE I, Gage tolerances {general).
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THIS TABLE SHALL BE USED FOR ALL
CYLINDRICAL PLUG AND RING GAGES

THIS TABLE SHALL BE USED FOR ALL
ADJUSTABLE SNAP AND LENGTH GAGES

USE FOR ALL GAGES REQUIRING AIR GROOVES

80 _GAGES (TOLERANGES ARE IN TEN-THOUSANDTHS OF AN INGH)
SIZE RANGE |eomponent—oot ! coL 2
ABOVE |roeINCL [TOLERANGE ALL‘t;mce TOLERANGE SIZE RANGE
031 K13 00002 o ~ c o o
825 | 1.510 .00003 °31gsls|lsfelcs] @
1.510| 2.510 00004 -3 . & ~ © - o
2510] 4510 | MASTER L0008 el = - o "
46810)| 6.5310 00006
8,510 9.010 00008 y sl 5]18]¢ b3
9.010 ] 12.010 00010 o . o ° é - o
L031 .828# 00004 - (] o o o ] o
.825 | 1.5v0% .000086. il
1.510]| 2.510% .0008 00008
USE_APPROVED COML
2510412010 MEASURING DEVICE o020 | 4 5 {6 7 (8|8
2510 4.510% ) [ .00010 uP
4510 |12.010 001 USE APPROVED GOML‘
» MEASURING D 5 5 6 7 7 ;
031 | _.826 00010 oooo7 01 4
826 | 1510 .60010 .00009
1,510 | 2,510 ‘ .00008 00012
2.510| 4610 | .002 .00G06 00018 :
4510| 6.510 ‘ .00005 ,00019 012 4 [ 6 [ 6 6
USE APPRDVED GOML
8.610 | 12,010 MEASURING DEVIGE
0311 .8es -00020 L0001 0
828 | 1510 ) .00020 . | 00012 oio | a - o " s o
1,510| 2.5t0 .00020 00016 ure ° ° ° °
2.510| 4510 | o00e 100020 00020
4510 6510 00020 00025 [} w
6.510] 9.010 00010 00032 g
9.010]12.010 00010 00040 = |.009 3 4 5 5 5 [
J25 | 1.510 008 00040 ,00030 o«
1.510| 2510 | ~OC . 00040 -00040 w
2.510| 6.510 op .00030 ,00050 ol
5.810(12.010 00020 .00060 ~ loos| s 4 5 s 5
————NOT GO GAGES —— -
g =
SIZE RANGE \ooMpONENY| WEAR cot3 W
ABOVE |To@ INCL| TOLERANGE| ALLOWANCE | TOLERANGE o loor]| 3 4 5 s | s
031 | 825 ,00004 3
625 | 2.510 | .0005 SNUG FIT ON GO 3
2.510|12.010 | USE COML MEAS DEVIGE oos| 3 . 5 5
L8285 | 1,510 00008 ‘
1.510| 2510 | .001 .00008 - '
2.5i0| 4.510 00010
481012010 USE GOML MEAS DEVICE
asiol 6510 I o .000 13 005) 3 | 4 | 5} 8 2
6510 12,010 | ° USE GOML MEAS DEVIGE ]
esiof s.0i0 [ . .00016 &
9,010 | 12.010 | .00020 oos | 2 2 3 =
1281 " .825 ' 00010 ‘ °
CJHED [ -1 LU01E s
L.510| 2,510 | .006 00018 L
2.810] 4510 & .00020 L
4810} 6510 up 00025 001 |
6,510| 9.010 00032 9
9.010] 12,010 .00040 W
o
[ 4
o
[ Y
o

FOR COMPONENT TQLERANGE AND/OR SIZE RANGE NOT SHOWM, USE MEXT SMALLER COMPONENT TOL
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common Tnethod of fabrication. The length of
engagement should range from 1 to 114 times the
diameter of the serew. Smaller gages such as
built-up snap types and precision locating elements
of fixture gages usually employ a fine pitch screw
while a coarse pitch screw is considered adequate for
securing large fixture gage elements where precision

lnnatinn ig nnt af vital 1mnnv+onnn UHIGDF] soTow

0CavIion 18 nov ¢ vilal LIV v RELIEAGAL

threads shall be specified. Where angularity, align-
ment or other types of precision location must be
maintained within .005 or less, precision dowel pins
or keyways should be used in conjunction with the
screws. For general practices, see figure 13.

2.3.1.2 Fagbrication by Welding. Welding is fre-
quently used in the fabrication of larger equipment.
1t is a rapid, permanent, and economical means of
fabricating, For method of specilying welding by

symbols, see MIL-8TD-19. The main disadvan-

- i - - o -
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tage with welded construections is the an‘HI’H]va of

d:mens;onal change due to the gmduai release of
internal stresses set up during the welding process.
A stress relieving or artificial seasoning treatment of
the welded assembly should always be specified to
minimize this effect. Gaging dimensions of a high
accuracy should never depend on welded assemblies.

2.3.1.3 Fabrication by Brazing, Soldering, elc.
Brazing and soldering are used mainly for applying
carbide inserts, balls, and other wear resistant anvils
or locating surfaces to the equipment.

2.3.1.4 Integral Part vs. Fabricated Type. Manu-
facturing economy and ease of salvage are prime
considerations in determining whether a part should
be made in one piece or fabriacted from several
pieces. Parts should be fabricated, if complex
machining and grinding operations can be elimi-

nnnnn

aAdd4
aqaditional

nnnnnnnn

pLyLlal

cYCLL

operations are required.

nndar thoansh sivenenln
l[ﬂLCu’ uuuusu llllpl‘.'r

RECOMMENDED

MICRO
ACCORDING TO SIZE

G-INCH VALUES
AND TOLERANCES

appLY &/ TO ALL
GAGING TOLERANCES
LYING BETWEEN

ABOVE TO& INCL | THESE VALUES
029 825 00003 00009
.828% (.510 00004 00011

1.510 2.510 00006 00014
Z.5i0 4.5i0 Q00007 000iT
4.510 6.510 L0009 00022
6.510 9.010 00012 00028
S.Ci0 12.010 LQ00I5 L0035

2
APPLY \/To GAGING
TOLERANGCES BEL-
OW THESE VALUES

APPLY\_/ TO GAGING
TOLERANGES ABOVE
THESE VALUES

m

TasLe 1V. Surface finish applications.

AGO 10117A
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ENLARGED DETAIL OF

SURFACE FINISH SYMBOL

Ficure 12. Surface finish symbol.

2.3.2 LOCATION

2.3.2.1 Locafing by Dowels. See figure 14. To
prevent relative movement between precisely located
parts, hardened and ground steel dowel pins are used.
They are often referred to as precision dowel pins,
However, in using dowels, workmanship plays an
important part in the final accuracy since a good fit
is imperative. [t is-advisable to use a dowel pin of
3{ diameter or larger to insure the likelihood of a
precision fit unless space will not permit

precisi unless space will not
possible, the length of engagement in each piece
should be 114 to 2 times the diameter of the dowel.
Where repeated disassembly and assembly s re-
quired, the backing up method is preferred over
dowe! pins. '
2.3.2.2 Soft Plugs. Where two hardened pieces
must be located with respect to each other, or a pin
must be located through a soft piece into a hard

nrasra enft ataal nlaoe drivan intn the hardansd nigreg
ICCT, B0 SWCCI PHUES Ui VOl IV Wi GarQencl piooes
I ’ PLUg 14

are recommended to facilitate machining at assembly

2.3.2.3 Locating by Taper Pins.- Taper pins are
used for the same general purpose as straight dowel
pins. However, they are less susceptible to faulty
workmanship. Taper pins are preferred because of

Wherever

their positive locational repeatability and their
relative ease of removal.

2.3.2.4 Locating by Keyways. Locating by key-
ways is a suitahle method of maintaining locational
aecuracy in one direction. However, the main
disadvantage to this method as compared to dowels
or taper pins is the higher cost entailed in the
machining process. This may be reduced on smaller
pieces by using the entire cross-section as a key.

A Lavwav will nravent chift in anlv ane direetion
A Keyway wli prevent Shlit Ih omy one aireciion

" and, therefore, dowels are usually employed to
overcome shift in the other direction. Keyways are
used where locational accuracy must be maintained
on several interchangeable elements which are
common to one particular piece of equipment. The
use of keyways is highly satisfactory where the
factor of strength must be considered in maintaining
locational aceuracy. See figure 15.

2.3.2.5 Locating by Backing Up Method.
a finished surface to back up a gaging element,
locational accuracy can be maintained. Two fin-
ished surfaces in planes 90° apart will provide
locational stability in two directions. This particu-
lar method of locating provides for repeated dis-

17 PRI
DY using
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GENERAL

l. THE NUMERIGAL VALUES SPEGIFIED IN THESE TABLES REPRESENT THE MAXIMUM
ALLOWABLE ROUGHNESS ON THE DESIGNATED SURFACE.

2.REQUIREMENTS FOR NATURAL FINISHES (CASTINGS, FORGINGS, ETC) SHALL NOT BE
SPEGIFIED ON DRAWINGS,

RECOMMENDED VALUES

MICRO~INCH VALUES

VY Y I ITES

TYPES OF FiITS EQUIVALENT FINISH DESIGNATION
Z_0

SURFACES, ETC. cgr_)%’g_-lg Qfg
5031378 f|F lef |ef
REIE ol 77

COMPONENT CONTAGTING SURFACES
PRESENTING LINE OR POINT CONTACT

GRITICAL SLIDE & BEARING FITS

LESS CRITICAL SLIDE FITS
(FLUSH PINS) ¥

FEELER OR SIGHTING SURFACES

PREGISION LOGATED SNUG, PUSH,DRIVE
OR PRESS FITS #

REFERENGE SURFACES FOR MEASURING
PURPOSES

FREE OR RUNNING FITS

NON PRECISION LOCATED SNUG, PUSH,
DRIVE OR PRESS FITS +

{HAND GAGES)

OVERALL CLEANUP FINISHES (BASES OR
OTHER UNIMPORTANT MAGHINED SURFAGCES)

¥ THE CLASS FIT SHALL BE GONSIDERED WHEN SPECIFYING THE REQUIRED FINISH,
DEVIATIONS FROM THE RECOMMENDED  VALUES ARE PERMITTED IF JUSTIFIED.

TaBLE V. Surface finish applications.
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w A 4 - - w v w w w
Downloaded from http://www.everyspec.com

MIL-HDBK-204

—————————

SCREW HEADS MAY PROTRUDE WHEN
THEY DO NOT INTERFERE WITH USE OF
GAGE {IN THIS CASE THINNESS OF
PLATE PREVENTS COUNTERBORE).

TOP PLATE COUNTERBORED TO BRING
SCREW HEADS FLUSH WITH SURFACE IF
SEALING IS NOT REQUIRED, COQUNTERRBORE
I/32 DEEPER THAN THICKNESS OF

IF SCREW IS UNUSUALLY SCREW HEAD IF SEALING 1S REQUIRED,
LONG, COUNTERBORE MAY

8E EXTRa DEEP YO

SHORTEN SCREW,

IF PROTRUDING SCREWHEADS
CAUSE INTERFERENCE, USE FLAT

"y HEAD SCREWS. DO NOT COUNTER-
SINK FLAT HEAD SCREWS IN
GAGING SURFAGES-

SPOTFAGE ON ROUGH SUR -
FAGES (SUCH AS CASTINGS)
TO INSURE PROPER SEATING
OF SCREWHEADS.

I

i

"/ AN ! .

1 I

”& \
1 . y
THICKNESS 4~ SCREW
© DA MIN

NOMINAL SCREW DIA + THICK SECTION, BLIND HOLE
= MIN THIN SECTION, TAP THROUGH

'METHOD OF DETAILING (EXAMPLE—SCREW"A")

i. LOCATION DIMENSIONS FOR COUNTERBORE SHALL BE SHOWN ON DETAIL OF PART
SCREW ENTERS FIRST OR @ A NOTE SHALL BE SHOWN "FOR —”tx- SCH SCR,
A MULEDS . M

2. THE PART THAT 1S TAPPED_TO RECEIVE THE SCREW SHALL HAVE A NOTE " -§- - X XNF—xB,
X HOLES, LOCATE FROM N

3. ANY INTERMEDIATE PARTS SHALL HAVE A NOTE "FOR l} SCR, X HOLES , LOCATE FROM @"
{PART ENTERED FIRST) .

Ficure 13. Fabrication by screws (general practices).
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MAX DISTANCE BETWEEN D PIN
| EFFECTS GREATEST ACCURACY
A PRECISION
s 1 PUSH FIT
NIIASHN ' HIRNEIN
RN N | ‘ -~ DRIVE FIT

AN

LENGTH OF ENGAGEMENT
t1/2 70 2 TINES DIAMETER
WHERE POSSIBLE

PRECISION DOWEL PINS USED IN
CONJUNCTION WITH SCREWS TO
MAINTAIN ANGULARITY,ALIGN -
MENT,AND DIMENSIONAL

ACCURACY.

TWO TYPES OF KNOCKOUT

HOLES (LOWER PREFERABLE)

- 2

\ [ —

‘ | ¥ [SGNESSSDU & WD S

Z,

MUST BE MADE 1N ONLY ‘ONE WAY,

LOCATE ONE PIN OFF CENTER IF THE ASSEMBLY

Ficure 14. Locating by dowels.
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r ( . j . 4 ] ‘\ \
_§ = ' -
\_ 5 ~ ) \_ @. iy
KEY'WAY MAINTAINS ALIGNMENT OF ROLLERS WHILE PINS
MAINTAIN SPAGING BETWEEN ROLLERS.
Ik 4' — |
\ AN RN\
NN \
N N
-!--—' PREFERRED
2 —_—
IF CROSS—SECTION OF KEYED PART IS SMALL,IT IS PREFERABLE
TO KEY THE ENTIRE GCROSS—-SECTION INTO RASE TO EASE
MAGHINING -
Fieure 15, Locaiing by keyway.
AGO 10LITA
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PREVIOUS METHOD
{LOGATING BY DOWELS)

b
]

—— s

=
S

NOTE THAT ANY SHIFT IN TOP PLATE|S GHANGES ANGLE AND POSITION OF DATUM.

\ :

PREFERRED METHOD ﬂ’}fﬂ

| (LOGATING BY BACK-UP) R PR !:‘ 5
- -‘: ] =“=%lli'- il-"UI-L\

ANGLE

IN THIS METHOD THE ANGLE IS GROUND INTO FLANGES OF BASE PLATE. ANY SHIFT IN TOP PLATES
WILL NOT AFFEGT ANGLE OR POSITION OF DATUM, THEREFORE, DOWEL PINS CAN BE ELIMINATED.

‘ ] Ficure 16. Localing by back-up method.

AGO 10117A 31
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assembly and assembly without loss of dimensional
accuracy. See figure 16.
2.3.3 ADJUSTING DEVICES
2,3.3.1 Screws. The use of serews is a very
common method for providing adjustments. A fine
pitch screw together with a locking nut will usually
suffice for most purposes. Various type special
screws are also used for locating and anti-backlash
" devices.
2.3.3.2 Locators and Special Mechanism. Where
speed is essential in operation, quick acting adjusting
devices should be designed using locating buttons
and spring loaded elements to reduce unit inspection
time.
234 INTERCHANGEABLE AND REPLACE-
" ABLE ELEMENTS,
2.3.4.1 An interchangeable element is one of a
related series which makes a piece of equipment
applicable to several related items.
2.3.4.2 A replaceable element is one that is subject
t0 extreme wear or impact and may require frequent
renewal, These type elements should be designed
on an interchangeable basis.

2.3.4.3 Both replaceable and interchangeable -

elements shall be prepared on separate drawings and
assigned a stock number. On equipment drawings
utilizing these replaceable or interchangeable ele-

ments, they will be shown on the assembly view, be

given a part number and proper reference made in
the standard parts block to their assigned stock
numbers,

23.5 STANDARD PARTS OR MECHA-
NISMS., A standard part or mechanism is one that
is applicable to several similar type pieces of equip-
ment; for example, the bearing supports for shell

concentricity gages. The development and appli-

cation of standard parts is to be encouraged.

2.3.5.1 When a part or mechanism is designed that
can be widely adapted for use on other pieces of
equipment, a separate drawing should be prepared.
The parts should be cataloged or indexed to provide
an easy reference for the designer. The use of
standard parts will generally reduce costs and
delivery time.

23.6 COMMERCIAL PARTS. The use of com-
mereial parts is preferred wherever their application
is practical. In general, procurement time and costs
are less as compared to specially designed parts.

23.7UNIVERSALTYPE EQUIPMENT. Uni-
versal 1ype equipment is one which gages a parficular
function on various sizes of one type of material.

The equipment in itself is designed on an adjustable
basis to include the necessary size range. However,
care should be exercised to insure that the expense
entailed to include a wide size variation will be
amortized in application, It is often better to
provide a series of two, three, or four universal types
to cover a certain size range than to design an
extremely expensive and cumbersome unit to cover
the entire size range. The development of universal
type equipment is to be encouraged, particularly
where it can be applied to a series of experimental
items which do not warrant individual equipment.

The designer should employ as many standard parts,

interchangeable elements and commereial parts as
possible in designing this type equipment.

238 CASTING vs. MACHINED PARTS.
Generally, it is advisable to cast most bases and
frames for large pieces of equipment. Elements
which are difficult to machine or fabricate should be
cast. It is usually a definite economic saving to
supplant complex machined parts and large cumber-
some pieces with castings when designing standard
parts or equipment for standardized items.

239 QUICK OPERATING DEVICES. Com-
plicated fixture gages usually are slow in operation
and, therefore, the use of various quieck operating
devices is recommended to reduce the product

- inspection time.

2.3.10 HELICAL COMPRESSION AND EX-
TENSION SPRINGS. In inspection equipment,
helical springs are used extensively on fixture type
gages. They perform many functions such as: (a)
returning moving parts to their original position,
{b} in conjunction with arms or pressure pads to
hold a component in a predetermined position while
being gaged, (c¢) to retract gaging elements while
component is being positioned, (d) to automatically
seat multiple flush pin type elements where it is
impractical for operator to seat each element
individually.

2.3.10.1 Such springs, while important to the
function of the gage, generally do not require a high
order of accuracy in design or manufacture and it
has been determined there is a need for a simplified
method of calculation for springs of this nature.
Such a method is presented here. For complete
spring design data, consult Mil-Std-29, Springs,
Mechanical Drawing Requirements For.

2.3.10.2 The data in this section, with its accom-
panying load-deflection tables, 15 sufficient for
general design purposes and is not intended for use

AGO 10117A



Downloaded from http://www.everyspec.com

on unusual designs for highly accurate springs. All
tabular values are slide rule caleulations and are, in
general, rounded off but are sufficiently accurate for
common use.

2.3.10.3 Three (3) basic factors are generally
known at the start of any spring design problem.
They are Load, Deflection, and Space and are pre-
determined by the type of action and method of load
application. These basic factors are then used to
determine the secondary design factors: Wire
diameter, Free length, Solld Iength and Number of
active coils,

2.3.10.4 Load (P) is the force built up by com-
pressing or extending the spring to counteract an
‘applied "load in a mechanism, ‘a known factor of
weight in pounds. Loads should be specified at
some definite compressed or extended length, not at
some deflected distance from the free length, as the
free length should be a reference dimension. Toler-
ances should preferably be applied to the loads.

2.3.10.5 Deflection (F) is the movement of a spring
from its free or unloaded length to a prescribed
operating position, which is established by the
mechanism for which the spring has been designed.
Deflection per coil is the total deflection of a spring
under a given load, divided by the number of active

coils,
2.3.10.6 Space is determined by the movement and

Aivaancinne af the nsonsintad narte the enrine hainge
URNCLOIVIID ULl LVIIT 4SoUVIdLCU pal vy, LT SPLILLE Uliug

designed to conform to space limitations.

2.3.10.7 The type of ends should be specified on
the drawing. When an extension spring is required,
the ends shall be depicted and dimensioned.

2.3.10.8 Active coils (n) are those coils which
permit deflection under applied loads. All coils are
active in extension springs. '

2,3.10.9 Wire diameter (d) is dependent upon
load, deflection and working space, and should be
specified in decimals to eliminate any confusion
resulting from the various wire gauge sizes.

2.3.10.10 Free length is the overali length of spring
lﬂ a lﬁ?e or unwa.ueu pOSlmun I‘Or Cﬁﬁ]pfessiﬁﬁ
springs, assume a free length 114 to 2 times the
working length, For unusual working length to
spring diameter I'B.tIOS this ﬁgure may require
adjustment.

2.3.18.11 Spring index is the ratio of the mean
spring diameter to the wire diameter. The best
proportioned springs, from the standpoint of manu-
facture and design, have a spring index of between

AGO 10117A
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7 and 10, although indexes from 6 to 14 are irequently
used.

2.3.10.12 Solid length is the length of a compres-
sion spring when it has been fully compressed and
the coils are touching. Tt equals the diameter of the
wire times the total number of coils.

2.3.10.13 Pitch is the spacing or dimension between
the individual aetive eoils of a spring.

2.3.10.14 Imitial tension is the load in pounds
which opposes the opening of the coils of an extension
spring by an external force. It is wound into the

spring during the coiling operation. The spring will

~ have a uniform rate after the applied load overcomes

the load due to initial tension.
Use of the Load-Deflection T'ables
The values in the Load-Deflection tables represent

the deflection per coil (f) of & spring under a load (P).
The values may be increased or decreased in direct

nramartion fa any dacivad rhanes in lnad (T Qan

plUPUI uiwris v allJ ULOII LR Ul‘“llEG ALl By L\ g, [l vy
Table VL
Example #1. Design a compression spring to

work in a 34" bore and exert a foree of 6 Ibs. at a
working length of 8g”.

Known: O.D.of spring 23 (.359)
Load (P) 6 lbs.
Working Length 24
Free Length 1. {(assumed)
Required: Wire diameter (d)
Solid length

Number of active coils
In the #g 0.D. row of the Load-Deflection tables,

the nearest figure for load (P) to the stipulated load
of 6 lbs. is found to be the number 5.69 lbs. with a
corresponding deflection per coil (f) of .064. Directly
above these figures, at the top of the column, find
the wire diameter which is .038. To find the
deflection per coil {f3) for 6 lbs., divide the value of
(f), .064, by the value for (P), 5.69, and multiply by
the required load (P) of 6 lbs.

g =2 % = 0675
5.69 '

The number of active coils (n) is determined by
dividing the total deflection of the spring (1 — . %4
= 34) by the new deflection per coil {f2).

0675 _
Total number of coils equals 514 active coils plus 2
coils for squaring ends or 734 coils.

= 514 active coils
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The solid length equals the wire diameter (d)

mumpueu Dy me 'DOEB.[ numoer OI CUllS
038 X 715 = 285
Final design values—
Data-—.038 wire diameter
23616, O.D. of coil
6 lb. = .6 Ib load at
54" compressed length
285 solid length (given
&s & max figure if space
is limited)
Ends squared
Reference Data—1). Free length,
. 714 total coils,
514 active
Example #2. Design an extension spring ¥ out-
side diameter, full loop ends, in’ line, to exert a force
of 8 lbs. at a 2. extended length 1n51de loops.

0.D. of spring 7 (.437)

Load (P) 8 [bs,

Working Length 2. inside loops
Required: Wire diameter (d)

Free length, inside loops
Number of eoils

In the )z row of the Load-Deflection tables, the
nearest figure for load (P) to the stipulated load of
R lbs. is found to bhe the number 9.14 lbs. with a
corresponding deflection per coil (f) of .076. Directly
above these figures, at the top of the column, find
the wire diameter, which is .047. To find the
deflection per coil (f;) for 8 lbs., divide the value ‘of
(f) .076, by the value for (P), 9.14, and multlply by

the requu*ed load {P) of 8 Ibs,
.076

f = =
2 914)(8 .066

Piich equals the deflection per coil (f2) pius the wire
diameter.

Known:

P = .066 + .047 = .113
Length of loop = Inside diameter of coil (assumed)
= 437 — (2 X .047) = .343,
Length over extended coils = 2. — (2 X .343) =
1.314 _ ' j
Number of coils equals the length over the extended
coils divided by the pitch.

% = 11.6 coils -

Frée length = 11.6 X .047 = 545
Free length inside loops = .545 + (2 X .343) = 1.23

Final design values—

Ty d . [ N

prrava—. U‘.tl Wilg ululllt}bﬂ[
s 0.D. of coil
8 1b + .8 1b load at 2. extended
length, inside loops
Eull loop ends, in line
Reference data—
1.23 Free length, inside loops
11.6 Total coils
Specify initial tension if required

2.4 MATERIALS ;: SELECTION, HEAT TREAT-
MENT AND APPLICATION.

2.4.1 GENERAL. The selection of a proper steel
in the construction of a gage is one of the most
critical decisions a designer has to make. In an
effort to remove some of the mystery surrounding
steel selection, chemical analysis, tempering, ete., it
is the aim of this section to give the designer a brief
insight into the causes and effects of heat treatment
of steel and the role it plays in the field of dimen-
sional control. A gage drawing, however, accurately
drawn and perfect in detail, remains inadequate so
long as the physical materials from which it is to be
fabricated are not judiciously chosen with respect to
the tasks the gage must accomplish. A page
designer must further be guided in his selection of
material by the degree of production expected, not
only of the part to be inspected, but alsc of the gage.
In other words, a gage for a high production part
may dictate the use of cemented carbide gaging
surfaces instead of tool steel and a particular gage
that is expected to be made in large numbers (or
become a- basic or standard gage) may necessitate
the use of a casting for a large part of the gage rather
than machining the various parts from steel, which
is costly and time-consuming. The designer must
also take into consideration the shape or general
configuration of the pari when selecting steel. Parts
of uniform or nearly uniform section can stand a
more severe heat treatment than parts that have
irregular form or have narrow protrusions. From
the foregoing, which are just a few of the things a
designer must consider when selecting steels, it can
be seen that material selection is of the utmost
importance to the designer.

2.4.1.1 Heat Treatment (deﬁned) It is often
erronecumy assumed thal heat treatment of steel
applies only to the hardening and tempering of steel.
According to the definition accepted by the American
Society of Metals and the Society of Automotive
Engineers, heat treatment is “an operation or combi-

AGO 1011TA



Downloaded from http://www.everyspec.com

MIL-HDBK-204

ghutsds jporjay Lof suorjoalfap poog

TA ATAY ],

.

PR I B Al (A IS A A IS A I A o A S q amv.,mml
T I e E N e Ol I e sl I i i HIE
| 0k e[ | e | o | e | oo | o | | | | B ¢ smn._mm.
] I I I Il I I I I G A R IR I e
NG I J o N B I I I e el IE I P 91 tese)
P B I I el Bt IR IF G I A P A A A RS I weer St
et seb T [ | e [ | ot | wont | et | | e | | we | @ | B | B HICE
e e B e S I S S P el B R R AR
e |l ] | e e | [ | usn®
ol || e |l | g [ g a0 |4 | | | I
BRI I
RN REE BB | s ¥
a7 [l & E S s e FE S &] [f] eg)
| et | et [ s e e e el e e e w] [ enF
HEEREEEEEEE R R B R
w7 | 5t | et | | | ] G| ST B W8 W[5 wend
SRR E RN R EEE IR E )
. R EE R R B E R
Il......“:..u-ru:u o3 Euﬂnounﬁa_ds s=3238]  @°NWU ger 00T £1'g [ or's N6t 66°2 ow..n .mm..a ..v.quﬁ .nw__.” 23” amm” d AQ.T—U%
*NOTTY YR JO ¥S. Uo pew=q sav garael | LOO° 800" 60 otn® " (400 To* ST L10 n20 €20 ian £Eo ™ }
i s e e e e S R S A R A A
R KIS S R RS Y A A H IR
290 | 60 | 160 | 10O | 820 | 980 | ¥£O' | 220 | 020 | 820 | 9207 | #20r | 220 | 020 | 810 | 910 | #10 | 210 | QIO " 9NINdS
) HILIWVIQ THIM 3000

35

AGC 1011TA



Downloaded from http://www.everyspec.com

—

204

1
H

MII.-H DBK

‘panunuon—sburids ey 40f suopalep ppof 1A ATav],

HALIWYIQ FUIM

299 e i0f 02 5°9T €T 59'8 £5*% d 001
VaTt oar* [ me 152° me* mwee g6L" I
3% regn I 062 6t 6C1 56°Q £Ls ; d
i od gst" 61 o0z* weze 592 so€* 69K 3
FI ) EE X X a6t Lo 9274 ngs ) d
€T st oat” SBT* gt e 16z i I
gan | tee Jww [eee | em 2s| . sto : d
ont* T et e acz- e’ ozt” 1
?'08 s€ Tt Ly v Eq 2701 B9 - d
oL ity 651" &I z12- n§z° 962° 3
rzs boee feec | zeee et | mot |  ern d
e £ e fir 961" zeze ne: 9TE" }
tss et | mTse ez }.oast 01 astel 9| 62 d
i T e 051" mr e szt ez e |
EM 2 66 &*9f e T | e 0z*L ET| Tt d
ot 0zt nare 48 991" 941" cez* olz auee - 3
so9 |em Jew | T £gr | ot 0s*L gocs]  gzeg|” 95z ; ’ d
60" so1* ar €T 3T LT me* gnz* e ae | 3
o |t Atoz 77T et gal wsl  ace]  ere|  eeve d
660" ot wr BT o 13 szz° gaiE* 062" 90" }
o | een | g2 2oz | ot se'e| ass| C osse]  tete]  mete]  ser d
40" z60° otr* 521 &TT° 9Lt soz* e wet | og2t | - @z’ . - 13
651 | 562 e | o€t oral  sats|  €ie] ‘ercz] oste] | orz| T oSLTf i ’ d
£ho* s40* € e 09T sere | Tt p€2° w2 | - oz oz 3
g e | ez T sts]  ors|  gee|  trg|  eoce]  wergl  mer| o1t - d (G29° 8 |
nio* gr0* wor° ozt | e 9ot* wre | st g2zt | -tne ™z |, of2" |- : 3 mN k.m
108 o1y §'2 2°S5T A0 €59 ST ga°f] a2 e w61 AS°T " d AT
{65
5907 9Lo0° oéa* Lot 82T ént* Lt g | me | st ez 52” 3| 441 &l
£ €52 "ot €T C&*9 &En g ngzf  me 50°Z 3 IR ¢ : - ld " 9l
650" 600 | “sior | Teme | eev |t et | ar ] e § ser |- sz | wer | aher 13 (295 H_M.
T 9Lt ottz 1 ©out | orrt st 9rnf oee]r mre] este]  eve]  ert] cosnt] ety - dl 1 m.v,Nn
‘ 090° olo* e a0t LT 6T 251 ot fr S6T" s | st2* neze 3 14 il
: ston 0" 42 st |t cemrdf  onts T B R zerzl  veetl o sser| e o K o~
250 oo | €0t ] seor | et | ar| e | e | cestl et | s sere | e w_ {0057 .w.
- . : Toc | zer | za ] R R I S Mt e W Wt i oor 1d N
- 9%0°-| a90° zr* 560" - wRT* €T e 5 91" ure we | ot } (vBY ) Wmm
TIE | AT | 9°2T el ees[ meen] este[ el ave me[ sl e fett d{ iagsycE
20" oo sto* & | sote ot | e HT PR g 2T 51 sLT A3 1% ﬁ_meu..P
o ) e 9°2C Aoz [3{33 R 95°s ot Lt 17°¢] 5572 etez|- et ot - owe |41 " !
T moc | eser | ot | ozeer ] eer | eor | st ] ] wr] em] ese| wr| e we |1 (EGP)
||.... R ‘ 1 o N2z 9°€T LA aL’s 95*1 Rt weE| T2 02°2 i AR e --2ss | d (8et) |
AR : ; e £s0* 590° 9L0° 50" o01* 01 e 2t ur 2z 551° 69T* oot | } 4
02 | SOI' | pBO | 160 | OBO'| 220 | 290 | ¢SO | LbO' | 100 | BR0 | 920 | €O} 20 | 020 | 820 | 920 | 20 | 220.] ONINAS
. 40 @0

AGO 10117A




bownloa&’ed from http://WW\}\}.everyshec.com

nation of operations, involving the heating and
cooling of a metal or alloy in the solid state for the
purpose of obtaining desirable conditions or prop-
erties.” Heat treatment therefore includes harden-
ing, tempering, annealing, or any other process
which employs the use of heat to impart special
properties to a metal. Heating and cooling for the
sole purpose of mechanical working is excluded from
the meaning of this definition.

2.4,1.2 Theory of Heat Treatmend. the
chief hardening element of steel. In a fully annealed
steel, carbon is in & certain form called pearlite and
if the steel is heated uniformly above = certain
temperature {called the critical or upper transforma-
tion point}) a change in the structure accurs and the
pearlite becomes austenite. (It is interesting to note
that the steel becomes non-magnetic at this point
and is one way of determining the correct hardening
temperature.) If the steel is allowed to cool slowly,
the austenite changes back into pearlite at the lower
transformation point which is anywhere from 85° to
215°F. below the upper transformation point. These
critical points have a direet relation to the hardening
of steel. Unless a temperature sufficient to reach
the upper transformation point is obtained, so that
the pearlite may be changed into austenite, no
hardening action can take place and unless the steel
ig'eooled suddenly hefore it reaches the lower trans-
formation point, thus preventing the austenite from
changing back into pearlite, no hardening can take
place. 'When steel is cooled suddenly from the upper
transformation point to above 400°F. or to room
temperature the austenite is transformed into a hard
needle-like structure called martensite. It is this
structure (which takes the place of the pearlite) that
determines the hardness of a steel of stated carbon
content. The lowest rate of cooling which results
in the transformation of austenite into martensite
without production of any pearlite is called the
critical cooling rate; it is largely dependent upon the
carbon content of the steel, being greater for low-
carbon steels than for high-carbon steels.

2.4.1.83 Hardenability. The information in 2.4.1.2
is based on the assumption that the piece of steel
subjected 1o treatment is of such small size that the
change of temperature throughout its mass occurs at
a constant rate. In actual practice, however, in a
plece of steel of practical size, the outside surface
cools more rapidly because it is in direct contact
with the quenching medium while the center cools
more slowly, with corresponding differences in the
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formation of the various microstructures. However
rapid the cooling, therefore, martensite is formed
only as an outside layer, while the structure of the
interior may grade to coarse pearlite at the center.
The depth of the case of martensite depends to a
considerable extent upon the size of the austenite
grains at the start of cooling; the coarser the initial
grain structure, the deeper is the hardening for any
stated rate of cooling. Constitution of the steel is
the other important factor in depth of hardening;
the action of alloying metals has the effect of permit-
ting transformation of the austenite to martensite to
a greater depth than is possible with plain carbon
steel. Althongh alloying metals have a notable
effect upon the hardenability of steel, they have
little effect upon its maximum hardness, which for
any stated heat treatment is determined chiefly by
the carbon content.

2.4.1.4 Annealing and .
may be performed by one of several methods,
depending on the results desired. The purposes of
annealing may be: (1) to soften steel for greater ease
in machining, (2) to relieve stresses and hardness
resulting from cold working, (3) to refine the grain
and reduce brittleness.

{a) Full annealing—The steel is usually placed
in tightly closed hoxes, heated to a
‘temperature about 100°F. above the
critical range, and held at that tempera-
ture for a period of at least one hour for
each inch of maximum section. After
the heating period, the steel is ordinanily
allowed 1o cool very slowly in the furnace.
Cooling may also be acecomplished by
placing it in some insulating material to
prolong the time of cooling as compared
to unrestricted ocooling in air. Fully
annealed steel is soft and ductile and free
of internal stress.

(b)Y Sub-critical annealing—1If a large amount of
metal is removed by machining, con-
siderable internal stresses can be set up
in the steel. These stresses are likely to
cause distortion in hardening, even
though cil-hardening, non-deforming tool

it is therefore desirable to
remove these stresses before the tool is
hardened. Sub-critical annealing or
stress relieving is accomplished by plac-
ing the steel in containers packed with
protective material and heating to just

Pt Py I |
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below the critical range (about 1050°F.
to 1200°F.). The rate of cooling de-
pends on the carbon content, the rate
decreasing with increasing carbon. It is
somewhat more rapid than the rate used
for a full anneal. The resulting product
is less soft than fully annealed steel, but
is practically free of stresses.

{¢) Normalizing—Normalizing is a special case
of annealing and is intended to put the
steel in a uniform, unstressed condition
of proper grain size and refinement so
that it will properly respond to further
heat treatments. Normalizing may or
may not (depending on composition)
leave steel in a sufficiently soft state for
machining. The steel is heated to about
100° above the critical range and held
there just long enocugh for complete
transformation to austenite. It is then
removed from heat and allowed to cool
in still air at room temperature.

(d) Spheroidizing—To soften high carbon steel
sufficiently for machining, it is spheroid-
ized. Steel is heated for extended
periods just above the critical range, then
the temperature is allowed to fall to just
below. the critical range and maintained
for an extended period. Slow cooling is
the final step.

2.4.1.5 H, ardemng and Quenches. Steel is hardened
primarily to increase its wear resistance. This i
accomplished by heating in a furnace to a predeter-
mined temperature and quenching in the proper
medium. The purpose of quenching steel is to fix
in it some of the structural changes or modifications
which have been caused by heating the steel above
the critical range. The more rapidly the steel is
cooled from the hardening temperature, the more
changes will be retained in the steel and the harder
it will be. In view of this, it might be assumed that

the more rapid the quenching the better the results.

This, however, is not always true, because too rapid
quenching sometimes canses internal stresses which
may be harmful. It is therefore advisable to use the
mildest quenching which will eool the steel with
sufficient rapidity to develop the required hardness
and penetration. The rate of cooling, which deter-
mines hardness for any stated.composition of steel,
iz adjusted by choice of quenching method. In
order to obtain the maximum hardness of any steel,
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it must be cooled from the hardening temperature at
a certain minimum cooling rate. This rate is called
the ¢ritical cooling rate and will vary for different
types and analyses of steel. In the case of straight
carbon steels, the rate is very high and as a result,
carbon steels are shallow hardening because the heat
cannot be removed fast enough to secure hardness
except in an area relatively close to the surface. The
addition of alloying elements to steel reduces the
critical cooling rate more or iess in proportion to the
amount and kind of elements used. Steels contain-
ing a relatively large amount of alloying elements
can be hardened very deeply because they will
harden even at a comparatively slow cooling rate.
The most common quenches are water, brine, oil,
and air.

(a) Water—Quenchmg in water at tempera-
" tures below 100°F. provides rapid cooling
and is used frequently for carbon steels
of a wide range of carbon content and for
medium carbon low-alloy steels. For
carbon steels, only water quenching is
sufficiently rapid to give full hardness.
For maximum effect the water may be
agitated violently or applied as a spray.

(b) Brine—When a piece of hot steel is plunged
into water, bubbles of steam form around
it, momentarily insulating the hot steel
from the action of the cooling water.
This may result in soft spots on the
finished article. Quenching in a brine

- consisting of 109, rock salt dissolved in
water, prevents this action. The salt
crystals that crystallize near the surface
of the steel, as water is vaporized, explode
as they come into contact with the hot
steel and agitate the solution sufficiently
to break down the bubbles of steam.

(c) O#—0il is a slower and much milder
quench than water. Because cooling in
oil is less rapid than in water, 0il quench-
ing produces less rapid change of volume
and consequently much less distortion
than does water quenching. The oil is
generally a mineral oil of sufficiently low
viscosity to permit. free circulation
around the piece being quenched. The
quenching property of oil is increased
materially by vigorous agitation.

(d) Aér—If the degree of hardening obtainable
by quenching in air is adequate for the
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purpose for which the steel is"required
that process has the advantage of giving
a product with the absolute minimum of
internal stress and distortion, because the
transformation takes place relatively
uniformly throughout the mass of steel,
With some steels of high alloy content,
the transformation process is so slow that
cooling in still air produces sufficient
hardness to make the steel suitable even
for r-nf‘hna' tnnls

2.4.1.6 Case Hardening.. In order to harden low
carbon {.109, to .259%, approx.) steel it i3 necessary
to inerease the carbon content so that it may respond
to proper heat treatment. This involves two
operations. The first is the carburizing operation
which consists of soaking the piece in a carbon-rich
medium for a specified length of time, depending on
the extent of carburization desired. The carbon will
then be absorbed by any surface that is exposed to
this medium, produeing a thin, high-carbon case
ranging from .8% to 1.29, carbon, The second
operation is that of heat treating the carburized
parts so as to obtain a hard outer case and at the
same time give the low-carbon core the required
physical properties. Generally, the piece may be
heated and quenched in much the same way as a
high-carbon steel or it may be quenched direetly from

™. 3 Aee thada
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for carburizing the low-carbon medium alloy steels
are outlined below:

(a) Pack Cearburizing—The articles to be
catburized are cleaned and packed
loosely in a metal box with carbonaceous
material or commercial carburizing com-
pounds. Carbonaceous materials include
eoal, charcoal, cha.rred bones, bone mea.l
and hide scraps. Bariuim, ammemium

compounds, soda ash, and varlous salts
act as energizers in hastening the reac-
tion. The box is then sealed and placed
in a carburizing oven at a temperature of
about 1700°F. for the desired length of
time. .

«{b) Gas Carburizing—A process in which the
carburizing is earried out in an atmos-
phere of carburizing gases such as earbon
monoxide, or hydrocarbons such as
butane, ethane, methane, or propane.
The process is flexible and more accurate-
ly controllable than pack carburizing; it

AGQ 101174
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can be used to produce almost any
desired hardness, depth, or carbon con-
tent of the case. Portions of the work
which do not require hardening may be
protected by a layer of copper plating.

{¢) Nitriding—Nitriding is a process by which
extremely high surface hardness com-
bied with exceptionally high wear
resistance can be obtained on steel,
Nitrided szteel is resistant to corrosion

and fatimuo
ana iaugue.

finished before nitriding, because prac-
tically no distortion oceurs during the
process and no further heat treatment is
required. Large sections of work can be
hardened successfully by nitriding. The
process consists of heating the steel in an
atmosphere of nitrogen (ammonia gas)
at a temperature of approximately 950°F.

far iha Ancivad lamoth Af #ieea  than
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cooling slowly. Carbon steel, when
nitrided, is too brittle; therefore, special
nitriding steels have been developed.
The principal nitride forming-alloying
elements are Aluminum, Chromium, and
Molybhdenum.
(d) Cyaniding—Cyaniding is, in effect, a com-
bination of carburizing and nitriding. In
DHIS prO(LéSS a MHU case uetweeu GUl u.uu
.015 inch in thickness is produced by
immersing steel in a molten sait bath
containing a2 cyanide, usually sodium
cyanide. This process is followed by
quenching.
2.4.1.7 Tempering. When a piece of steel has been
hardened fully, it is hard, brittle and internally
stressed to such an extent that it may fail in service.
It is necessary, therefore, to apply to a piece of
hardened steel some sort of after treatment 1o make
it less brittle {and therefore tougher) ot to relieve
internal stresses. This is accomplished by reheating
a piece of hardened steel to a relatively low tempera-
ture as compared to the hardening heat and leaving
it soak for a specified time, then quenching in the
proper medium. This process generally causes the
piece to lose some of its hardness. It is this final
hardness ihat is specified on the print. It will be
sufficient for this seetion to merely outline the
different methods of tempering,.
{a) Color Method—This method takes advan-
tage of the fact that as the temperature
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of steel increases, it goes through various
color stages varying from light straw
{380°F. approx) through dark blue (560°
approx). A trained observer can esti-
mate the temperature of a piece of steel
in this way to within about 20° of its true
temperature before quenching.

{b) Austempering—An interrupted quench pro-
cess which consists of quenching the steel
in a bath of molten salt at a temperature
between 450°F, and 900°F., depending
upon microstructure desired, and main-
taining that temperature until trans-
formation of austenite into bainite (an
intermediate structure between marten-
site and pearlite} is complete, The re-
sult is a steel of great toughness and
ductility. :

(c) Martempering—An  interrupted quench
which consists of quenching the steel in

a bath of molten salt at a.temperature
just- above the martensitic formation
point and held there long enough for
temperature equalization throughout the
work, then removed and cooled slowly in
air. The result is a fully martensitic
structure which has high hardness and
low distortion.

24.2 EFFECTS OF ALLOYING ELEMENTS.
An alloy steel is one to which has been added one or
more elements in addition to the carbon and the
small amounts of sulphur, phosphorous, silicon and
manganese that are present in all plain carbon steels,
The effect of these elements is.to impart to steel
certain properties that plain carbon steels do not
possess such as: increased hardenability (earbon
steels harden through only in thin sections), less
danger of cracks and distortion in quenching, greater
toughness and ductility, and increased wear resist-
ance.

(a.) Carbon (C)—Carbon increases the steel’s
capacity to harden till about .90%
carbon is reached when the steel will be-
come file hard upon quenching. Adding
more carbon than this does not increa.sg
the measurable hardness, but it imparts
greater wear resistance. A good average

., carbon content seems to be around 1.05%

This makes a very hard steel with high

wear resistance, yet is not fussy or sensi-

' tive to heat treatment.
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(b) Manganese M(n)—Manganese imparts a

certain amount of strength, toughness,
and elasticity. It is present in all steels
to about .209% and can be present to
about 509, before being regarded as a
special alloy addition. Adding more
manganese increases the hardness pene-
tration. In fact, so powerful is its effect
that the addition of about 1.60%, manga-
nese to a .90, carbon steel would cause
a 2” cube to harden clear through to the
center, whereas without the extra man-
ganese, the depth of hardness would only
be about 3¢”. Furthermore, it causes
steel to harden so rapidly and deeply
that it is no longer safe to quench in

~water but must be quenched in oil; the

steel now becomes an oil-hardening, non-
deforming tool steel. Manganese also
has a favorable effect on stability.

(¢) Silicon (Si)—Silicon, like manganese, is

present in practically all tool steels in
percentages of .10% to .309;. As an
alloy, silicon is almost never used alone,
or simply with carbon. 1t is generally
used in conjunction with some deep
hardening element like manganese or
chromium to impart strength and tough-
ness and help to increase the hardness
penetration. As an alloy it may be
found in amounts of .509, to 2.0%.
When silicon is present in considerable
amounts, it has a tendency to decar-
burize the steel in hardening.

(d) Phosphorous (P) and Sulphur (S8)—Gen-

erally regarded as harmful impurities.
Present in all steels, phosphorous is
thought to have the good effect, however,
in increasing the steel’s machinability
and resistance to atmospheric corrosion.
Sulphur also helps a steel’s machinahility.
Sulphur and Phosphorous are usually

‘kept below a maximum of .03%. In

good quality tool steels, it is not uncom-
mon to find them below .015%,.

(e) Chromium (Cr)—The prime benefits of

chromium are to increase the hardness
penetration and to impart great wear
resisting qualities. The increased wear
resistance is not necessarily accompanied
by greater hardness. In sufficient quan-
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" tities it confers oil hardening qualities to
~ steel, though not as effectively as man-

ganese, The low and medium chromium
steels do not hold size as accurately as
manganese steels, those that are water
hardening changing size even maore than
plain carbon steels. A steel containing
5.0% chromium together with 1.0%
molybdenum is very deep hardening and
suitable for air quenching. Steels of
11% to 149 chromium and 1.5% to
2.29, carbon, commonly ecalled “high
carbon, high-chromium steels’” have rela-
tively high wear resistance, and may be
either oil or air hardened, and their
stability or size holding property is high.

{f) Nickel (Ni9)—The use of nickel in tool

steels adds toughness and greater tensile
strength but has little effect on hard-
enability. Its primary effect is to impart
toughniess and wear resistance when used
in conjunction with some hardening alloy
such as chromium. Nickel tends to
make the steel oil-hardening rather than
water-hardening. ‘

(g) Tungsten (W)—In amounts up to 1.5%

tungsten gives high carbon steel in-
creased wear resistance. In greater
amounts, together with high percentages
of carbon, the steel will acquire such wear
resistance as to be difficult to grind,
When united with carbon, tungsten
forms tungsten-carbide. The carbide is
brittle and must be bonded together with
a tough metal like cobalt, and sintered
{powdered) to form an insert usually
brazed to an alloy steel,

(h) Vanadium (V)—Elasticity is the special

quality imparted by vapadium. Some-
times added in small quantities {about
.15%) to plain earbon steel, it does not
affect hardness or hardness penetration,
but toughens it by keeping its grain size
small.

(i) Molybdenum (Mo)—Molybdenum is more

AGO 10117A

effective than any other common alloying
element in imparting oil-hardening and
air-hardening properties to steel. It has
the greatest hardening effect of any ele-
ment except carbon, but at the same time
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" minimizes enlargement of the grain, with
the result that toughness is retained.
Like tungsten, it increases red-hardness
and wear resistance. Molybdenum, how-
ever, encourages decarburization in heat
treatment. '

2.4.3 STABILIZATION AFTER HARDEN-
ING. When a piece of steel is heated above the
critical point as in hardening, the carbon and any
alloying elements dissolve into a dense, tough strue-
ture called austenite. On quenching, austenite
transiorms only partially into martensite, a larder,
stronger, and larger crystalling structure. This
change to martensite is characterized by an increase
in volume of the steel, creating internal stresses. To
relieve these stresses and to transform more austenite
into martensite, tempering is required. Tempering
has the effect of decomposing some of the retained
austenite. One hundred percent martensite is the
ideal aimed at in tempering but is rarely realized.
The remaining austenite Is one of the chief causes
of dimensional instability since at normal tempera-
tures the retained austerite decomposes into mar-
tensite causing small but measurable dimensional
changes in a plus direction because its produet is
larger in structure. High precision gages need a
stabilization trestment if they are to maintain their
accuracy over a period of time, otherwise the expan-
sion due to decmoposition of retained austenite will
eventually change dimensions outside of the permis-
sible tolerance. These dimensional changes are on
the average (depending on analysis and heat treat-
ment of the steel} of about .0001 to .0002 inch per
inch or smaller. Insignificant or ordinary tooling,
they are important on precision gages, The object
of the stabilization treatment is to transfrom the
retained austenite so that none remains whieh could
transform later on. Sub-zero or cold treatments
transform the retained austenite almost completely
and renders the gage dimensionally stable. Gages
also derive other benefits from cold treatments,
Rockwell “C"” hardness is increased two or three
points, wear life in increased and the probability of
grinding cracks is reduced. Generally the cold
treatment process consists of heating the steel to
tempering temperature and then cooling back to
room temperature. This is followed by sub-zero
chilling to about —120°F. in & refrigerator or dry
ice for a similar amount of time and then allowing
the steel to return to room temperature. It may
be necessary to repeat this process three or four
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times to achieve the proper stablhty The gage is
then finish ground and lapped to size.

244 MACHINE STEEL. Machine steel is a
trade name given to any of the hot or cold fnished,
low-carbon, free-machining steels, It is a relatively
inexpensive, easily obtainable, versatile steel that
finds many applications in the construction of in-

spection equipment.

welded without the use of fluxes, and can be bent or
formed to many shapes. It is exceptionally amenable
to carburizing and attains & high degree of hardness
when case-hardened. For large gaging surfaces that
do not receive intensive wear and the gaging dimen-
tion is not of a high degree of accuracy, case-
hardened, hot-finished machine steel 1s recom-
mended. The hot finished type is the more stable
of the two steels and should be used in preference to
the eold finished type whenever machine steels are
employed to make up or have a direct relation with
any gaging dimension. A drawback of het-rolled
steel is that it has a heavy scale that must be Tre-
moved by Cold finishe atoal

finiched machin
is probably more widely used because it has 8 clean
scale-free surface and is available in a multitude of
reasonably accurate sizes and shapes. In fact, a
large portion of the time, it may be used in the as-
finished condition with a minimum of machining
being required, other than sizing to length and
tapping for screws. Both types of machine steel
have a serious distortion faector, when being heat
‘treated, due to the severe quench required. There-
fore, caution should be exercised when designing
case-hardened, machine-steel parts.
of section and thin protrusions should be avoided.
Generous radii and fillets should be provided to
prevent cracking during the heat freat process.
These limitations, however, should not cause the
designer to shy away from the use of the machine
steel; rather it is the mark of a good designer to
minimize these drawbacks by taking them into
account and designing around them. Case-hardened
steels, in fact, do not enjoy the wide application they
are capable of. With a little thought, the designer
will find that the glass-hard fine finishes and tough
core of case-hardened steels will supplant many of the
expensive tool steels that are specified indiscrimi-
nately today. When a part is to be case-hardened,
carbon steel (carburizing grade) should be specified
in order to be sure of getting a steel with the most
desirable and predictable properties.

2.4.5 TOOL STEELS. “Tool Steel” is a. blanket

I% m achines eagi miv

Adoviinds

ran ha
can he

manshini
luu\.zu_uuu&

Rapid éhanges,

term that is generally applied to medium or high
carbon steels of special quality prepared by the
electric furnance method, held to rigid physical and
chemical standards, and processed with extreme care
from ingot to finished product. The result is a stee!
that hardens more deeply, has more wear resistance,
yvet can be machined with relative ease. Practically
all tool steels are of such a composition that they are
capable of attaining a high degree of hardness when
submitted to suitable heat treatment. Tool steels
may be classified under two headings: Carbon tool
steel and Alloy tool steel.

a. bUTU()n 1 OOD owet ma.y Ue (IH-U iﬂ eu,uer' Water-
hardening or oil-hardening grades. The grade de-
sired shouid be specified on the drawing. The water-
hardening grade may be specified for a large portion
of the precision parts of inspection equipment that
reteive average wear, are of fairly uniform section

"and the desired properties are such that case-
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hardened steel will not suffice.  Again the drawbacks
of water-hardening steels are comparatively high
dlﬂfnrhnn and danger of eracking dnrmg heat, treat-
ing. Three of the main reasons for specifying the
oil-hardened rather than the water-hardening grades
are:
(1)
{2)
{3)

to get more wear resistance

To get a tougher steel

To secure greater safety and hardening
accuracy in heat treating

Tool steel should be viewed with care when selecting
steel for large parts or parts that are to receive in-
tensive wear. In the former case, carbon steel with
the critical areas case-hardened is recommended
while in the latter case, tungsten—carbide inserts or
similar wear-resistant materials are preferred. For

narte under fl\n mwn nf a 3/” o he or laresr than 17
e 1GC UUT Ul 1ei g0 uwiloil 1

in eross section and also pa.rts of any size possessing
abrupt changes of seetion or irregular sections,
carbon tool steel (oil hardening) should be specified.

b. Alloy Tool Steel is a steel that has had various
alloying elements, such as chromium, vanadium,
tungsten, ete., added during the steel-making process.
They are steels that possess wear-resistance equal to
two or more times that of ordinary steel and are
applicable to inspection equipment in the oil and air
hardening grades. Oil-hardening, non-deforming
tool steel comes under the classification of an alloy
tool steel and should be specified for parts that are
of such intricate form that a minimum of distortion,

dnnh hardonine nnl’]
TR Ak L:i4

vflﬂo woar ‘!fn |a Aoy rnhlo
Ara AR LRSI H 13 .

(54 UGGl

Graphitic tool steel has much the same properties
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but the wear..resistance. is.extremely high. .High ..
speed ‘steel is an air hardening steel and is generally
used for parts that ‘have carbide inserts brazed in
place but the’ parts must retain its hardness. - The
decision to utlhze one of these steels should take into
consideration their lack of free machining properties
and higher first cost, with the exception of graphltlc
tool steel which machmes almost as easﬂy as cast
iron. Whenever it is desired to use one of these
steels, the applicable federal specification "shall be
referenced in note form at the top of the drawmg or
below the steel selected. - - = -

¢. Drill Rod iz a high ca.rbon steel which is
obtainable in numerous fractional and decimal sizes
with the outside diameter ground accurately to size.

Gagemakers frequently substitute drill rod for tool -

steel when making cylindrical parts. Being finished
on diameter, it is a very convement material for
pins, phlgs handles buttons, small anvils or short
flush pins. It is a little more difficult to machine
than most tool steels, but it hardens easily. On the
drawing, tool steel should be specified to elimate the
possiblity of low carbon drill rod being used.

2.4.6'CAST STEEL. A good grade of cast steel
with properties similar to that of tool steel is some-:
times used on complex parts to - economize .on-
machining operatlons -where the parts must later be
hardened. Cast steel is stronger than cast iron and
very tough, and for this reason should be used
instead of cast'iron on test equipment and any other
equipment tha.t may be subject to cons:dera.ble
shock or impact: -

2.4.7 CAST IRON. Most large fixture equip-
ment bases are made from fine grain, gray cast iron.
It is also used for odd shaped members which can be
cast mére conveniently than they can be machined
from standard size stoek, fine grained gray cast iron
is suitable for most bases and small parts. .‘

24.8,SEMI-STEEL. The chief application of
semi-stéel is a substitute for cast iron where the
easting: is very complex and added strength is
needed. Various types of seml-steeL offer wear
remstant properties, registance to gram growth and
thus greater-dimensional stability. Semi-steel can
be welded and lends itself to heat treating,

249 SINTERED CARBIDES.. The use of
tungst,en tantalum-or boron carbide'is preferred on
gaging surfaces which-are subject to extreme wear
and where hardened steel parts would require fre-
guent replacement The life of carbide surfaces fa.r_
exceeds the life of ha.rdened tool steel so that wear

44

allowance in.most cases in unnecessary, Carbide
blanks are a powdered metal produet, and are pro-
duced to the desn'ed form by pre-forming, sintering
and shaving. Consequently, any further forming
or resizing can only be aceomplished by grinding.
Therefore, the inserts used for gaging surfaces should
conform to the general forms or shapes commercially
produced.” Where inserts are subject to impact or
shock, the proper grade must be selected. Inserts
should be supported or “backed-up” from as many
directions as possible.

2.4.10 SAPPHIRE. Synthetic sapphire is next
to boron carbide in hardness and wear resistance.
Its use is usually limited to small rings and plugs.
Its non-magnetic and non-sparking properties make

. it excellent for use in equipment for components

containing explosives.

2411 MAGNESIUM AND ALUMINUM.
Magnesium alloy contains 85Y, magnesium, the
remainder being aluminum, manganese and zinc.
This chemical composition produces an alloy rela-

tively strong and tough and at the same time very

light in weight. These characteristics make magne-
sium alloy especially adaptable for frames and

_handles particularly on large pieces of equipment

which must be carried to the job by.the inspector.
The same general characteristics contained in
magnesium alloy are present in aluminum except to
a lesser degree. In addition, this material 1s readily
adapted to test equipment where resistance to

" gorrosion must be maintained in tanks and other

liquid reservoirs.

24.12 BRASS, BRONZE AND C(COPFPER.
These metals and their alloys are generaily used only
for accessories. Copper is especially adaptable for
electrical contacts, etc., on electronic equipment.
Brass can be used for name plates. Phosphor
bronze is an excellent material for special springs.
Bronze is frequently employed for bearings. Brass,
bronze, beryllium copper and other similar non-
ferrous metals are used exclusively for ammunition
inspection equipment when any amount of explosive
powder is exposed because of their non-magnetic and
non-sparking properties. Beryllium copper has a
relatively high strength and hardness value for non-

‘ferrous material and therefore it is excellent for the

body seetions of non-sparking equipment.
2.4.13 PLASTICS. In times of emergency when
materials such as steel, alumioum, brass, etc., are

"-not available, this material is useful for handles,

guides, name plates, and other accessories.

AGO 10117A
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| PARTS SHALL BE DESIGNED WITH
UNIFORMITY OF SECTION
iRREGUL AR

REASONABLY

UNIFORM (AID

TO EVEN

4 COOLING)

e

2.USE AUXILIARY HOLES TO GIVE
[=]

E CAUX!LIARY

L1 A R 1
3. PARTS SHALL BE DESIGNED WITHOUT

SHARP CORNERS OR UNDERCUTS
ADJOINING THIN SECT|ONS

HOLE PROVIDES
UNIFORM SECTION

4. A LIGHT SEGTION SHALL NOT
ABRUPTLY JOIN A HEAVY SECTION

PROBABILITY OF
CRAGKING DURING
QUENGHING

1

5 INTERSECTING HOLES CONGENTRATE
STRAIN AT THEIR JUNCTION

[} et M EC QUM BB
* AULAY JNVWLY §

PLUGGED BY REAT
-TREATER BEFORE

HARDENING
1
S LL BE ELIMINATED
WHENEVER POSSIBLE
DRILL THRU T
TO PREVENT

CRAGKING THRU

THIN SECTION —*!.\H— - -

LARGE RADIUS .
OR FILLET TO
RELIEVE T

STRAIN

| { 7. COMPARISON OF QUENCHING MEDIA
— T FOR STEEL RELATIVE TO GRACKING
| | I WATER-MOST SEVERE HARDENING MEDIUM
'—_7| } 2 OIL-LESS SEVERE
UNDERCUT L& 3.AIR—MILDEST
WEAKENS
JUNCTION FILLET PREFERABLE ce_n.:g's Yy :we?f.fg AN AGVISORY NOTE SHALL BE
: T ADDED ‘TG THE ORAWING SPECIFYING OiL OR AIR
| gt 1 , HARDENING TOOL STEELTO LESSEN THE
- POSSIBILITY OF CRACKING.
Figurt 17. Design precatlions to aid heat lreating. .
ROCKWELL HARDNESS LPREFERRED SYMBOLS
TOOL STEEL UP TO .0625 C30 T0 G855 & THE HARDNESS SHALL BE
TOOL STEEL 0625 TO & INCL 125 c65 T0 c60 | () |BASED ON THE THINNEST
TOOL STEEL [.125TO @ INCL .1878 ce0To Ge3 | I | SCCTION OF THE GAGE
TOOL STEEL ABOVE 1875 césTo ces | ¥
THDS & SERRATED ‘ o
GABES { TOOL STL) €60 MIN =
INTERMEDIATE RANGE PERMIS —
SPRING STEEL, - cas 0088 | § Ciale witAin o4 To cos
3 CASE OR PACK HARDEN .02 WIN
MACHINE STEEL : ISN SOMIN B | SepTH AFTER GRINDING
GRAPHITIC TOOL STEEL] ———— cel 70 ce4 | A\ .

TasrLE VIII. Recommended hardness values and symbols for steel.
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M ethod of Specifying Stee! on Drawing

‘Steel (hot-ﬁmshed)

For soft portions of mspecuon equipment that have a direct
relation with a gaging dimension.

Steel (cold-finished)
For posts, indicator brackets, etc., soft parta that have no
connection with a gaging surface
" Carbon steel (carburizing grade)—case harden
. Large gaging surfaces that are not highly accurate, sliding
members, pins, parts that do not receive intensive wear.
Carbon tool steel (waler-hard)—harden

For precision parta of inspection equipment that are of fairly
uniform section, that receive sverage wear and must be
hardened.

Carbon Lool steel {oil-hard)—harden
Small parts where there ia a danger of eracking or distortion
during bardening. Parts of irregular section that receive
average wear and must be hardened. . .
Tool sleel (non-deform., oil-hard)—harden
Parts of complex design where a minimum of distortion during
hardemng and where uniform properties and a little extra
wear hfe is desired.
Graphic lool steel—harden
Generslly on larger parts of inspection equipment where a
long wear life is desired. Also recommended for thread
plug and ring gages.
High speed ateel—hardm

Precigion parta of inspection equipment where high wear
resistance is desired or parts that must retain hardness
after brazing carbide inserts.

2.5 PROTECTION OF MATERIALS. '

2.5.1 CHROMIUM PLATING.  This is a pro-
cess whereby & thin layer of chromium is deposited
on gages or parts of gages for the purpose of in-
creasing wear life or the salvage or modification of
.gages. Tests reveal that chromium plated surfaces
outwear the finest tool steels by from 2 to 19 times.
When specifying chromium plating, the hardness of
the base metal should be a minimum of Rockwell

low,

46

C60 to prevent chipping of the plate. The base
metal may be a plain carbon steel to keep the cost
A surface finish of 16 mieroinches or better
should be specified on the base metal since chromium
plate foliows with high fidelity any surface irreguiari-
ties produced by machining.

a. Dimensional Chromium Plating—Chromium
may be deposited on a pre-sized gage to the thick-
ness of the wear allowance, generally in amounts of
from .00005 to .0002. A copper sulphate solution
applied to the gage will indicate when the wear
allowance has been expended. The remaining
chromium can then be stripped and the gage re-
plated. Dimensional chrome plating is generally
limited to plain plug and ring gages.

b, Wear Surface Plating—This method is usually
employed on precision parts of inspection equipment.
A minimum thickness of chromium plate after
grinding to size, is specified, usually, .0001 to .0005.

¢. Salvage Ptating——lh salvage or modiﬁcatiqn
work, thicknesses up to .02 may be used. Expensive
inspection equipment may be saved by grinding
worn sreas and building up the surface again with

chromium, then regrinding to size.
2.5.2 PROTECTIVE FINISHES. Bases, frames,

handles, and other non-functioning parts of equip-
ment should be protected by an enamel, a paint, or
other similar commereial finish. Mil-G-10944 sets
forth the minimum requirements for painting and
other protective finishes applicable to gages. Black-
oxide finish may be applied to all non-gaging sur-
faces. It has poor corrosion resistance alone;
however, it will prevent finger marking. When
given a light coat of oil, the corrosion resistance is
greatly increased. It has the advantages of being
inexpensive and resuits in a surface buildup on the
order of .000025 inches. Black-oxide finish is a
surface discoloration and shall be applied to all

optical staging fixtures to prevent glare.

AGO 10117A
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E 18. Ten basic gages. -
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CHAPTER 3 THE DESIGN OF THE BASIC GACES

% 1 IARNTDANTIOMIOAN Mhi. abardon womoaz
Q1L LN LA DVUIFUCIAVLY. 1IN Cliapuil pl.UbUllbb

the design information pertinent to the basic gages
with the exception of thread, spline, and serration
gages which are to be found in the next chapter.

3.1.1 GAGENOMENCLATURE. Current gage
nomenclature 1s a conglomeration of functions,
appearances, and trade names. In an effort to
bring some standardization to this nomenclature,
ten basic gage types have been selected. They are
named according to their physical appearance
rather than the feature inspected or possible trade
name. It is realized that there are always excep-
tions but with a little 1ud1c10u:> use of the names
provided it is felt that nearly all gages can be placed
in one of the following groups:

1. Plug 6. Spanner
2, Ring 7. Comparator
3. Snap - 8. Caliper
4, Template Q. Receiver
5. Fiush Pin 10. Fixture

The definition of each type and some background
discussion is provided in the following paragraphs.
3.1.2 PLUG GAGE. A plug gage is defined as
any gage which simulates a male part or has an
outside measuring surface that tests the size of a
hole.
3.1.3 RING GAGE. A ring gage is defined as

any gage of circular cross-gection that verifies the
size of a single cylindrical or tapered surface. This
definition is somewhat restricted in comparison with
the one for plug gages. This is done to provide a
clear distinction between Ring and Receiver Gages.

314 SNAP GAGE. A snap gage is defined as
any gage whose gaging surfaces are flat, parallel
and opposing, separated by a frame or a spacer.
Strictly speaking, (dictionary-wise) that which the

lnﬂncfrv T‘Dfﬁl‘ﬁ fﬁ ﬂq a anp IIQO'Q IQ ﬂ (191\“9-'[' (‘FQD'P

It was felt, however, that usage of the term Snap is
so common that it was doubtful if Caliper could be
suceessfully applied; so the term Snap was retained
for rigid frame devices with fixed or adjustable jaws
while Caliper was assigned to those gages with one
or more movable arms that actuate an indicating
device (see 3.1.8).°

3.1.5 TEMPLATE GAGE. A template gage is
defined as any gage which is merely a guide to the
form of the work being executed, having either a
profile, a sighting surface, a scribe line or similar
comparison feature. It is proposed in this category
AGO 10117A
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i
to inctude all the former plate type, length, depth,
width, and height gages that were made from a
piece of 14 or 34 steel and presented steps, scribe
lines or profile against which the part was compared.
Pla,te-type shaps were relegated to the Gage Snap,
Fixed category..

3.1.6 FLUSH PIN GAGE. A flush pin gage is
defined as one which utilizes a pin of known length
moving in relation to a reference surface to indicate
acceptability or unacceptability.

3.1.7 SPANNER GAGE. A gage con51stmg of
a holder and precisely located ping or bushings
which verify the relative position of features such as
plain or threaded holes, bosses or slots.

3.1.8 CALIPER GAGE. A caliper gage is any
gage with movable arms (or a combination of fixed
and movable arms) that transfer a .part feature
inserted between or placed over them to an indicat-
ing mechanism.

3.1.9 COMPARATOR GAGE. Any gage which
utilizes an indicating device to directly contact the
work and indicate its departure from a preset size
with & minimum of auxiliary devices. This categaory
1s the weakest of the group but was intended pri-
marily to include those commercial or homegrown
devices with an anvil, column, base and indicating
device, either air, electric or mechanical. It is not
intended to include optical projectors as optical
comparators.

3.1.10 RECEIVER GAGE. Receiver gages are
precisely what the name implies. They receive the
part and verify its dimensions, The name shall be
applied only to gages which consist predominantly
of internal surfaces or portions of surfaces arranged
to verify part dimensions. Gages conststing solely
of external surfaces shall be classed as Gage, Plug,
Multi-Element. See paragraph 3.2.6 for more
discussion of this type gage.

3.1.11 FIXTURE GAGES., Any gage consisting
predominantly of devices arranged to verify the fea-
tures of a part shall be labeled a fixture gage. The
distinction is rather clear, it is believed,—fixtire
gage consists predominantly of devices, a receiver
gage of surfaces.

3.1.12 A list of sample gage titles follows. The
underlined portions are for use where space con-
siderations, on an IEL, for example, preclude use of
the full title. Inverted nomenclature should be
applied to both drawing and IEL equipment listings.
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Plug goges . B B Fizlure ga;;es

Gage, plug, adjustable
Ciage, plug, air :
Gage, 1_:ili_g, flat
Gage, plug, f_iﬁ'f cylindrical

" Gage, plug, multi-element cylindrical
Gage, plug, spline
Gage, plug, spline, taper tooth master
Gage, plug, surveillance check
Gage, plug, taper thread
Gage, plug, taper L—ll-_rea:l-ﬁtting
Gage, plug, thread B
(lage, ]_J_E;, t:_l;_rca;i_:-s“e_tting

Ring gages ’

Gage, ring, a._ii

Gage, ring, plain

Ciage, I_Eg, s__‘p_liﬂc

Gage, ring, taper

Giage, ring, taper thread

CGage, fi_i—g’ E_}_l;;;-é B

Snap gages

Gage, snap, E{m’n adjustablc
Gage, snap, plain adjustable (length)
Gage, shap, k:_i-:feg {built-up) -
Gage, snap, fixed {solid)

Gage, 8nap, i_n_c_iicating (rie_c}_\)
Gage, snap, indicating (elec)
Gage, snap, indicating (air}

(iage, ;_@, @2& -
(iage, snap, spline-roll

Gage, s_rl_b:;_‘_l;, le}eag

Gage, snap, tﬂreuﬂ-ll“

Templale gages

Gage, Template, (profile}

(iaée, Template (length)

Gage, Template (depth)

Gage, Template, (height)

Spanner gages

Gage, spanner

(Gage, spanner, multi-pin
(iage, B—_p_—anr_mz, multi-hole
_ (iage, spanner, indieating
Flush pin gages

Gage, flush pin, external
(1330,_@3{1 [;_j, internal
Gage, tush pin, multiple
Receiver gages

Gage, receiver

Gage, receiver, Ero{ile
Gage, receiver, _Eroiile and g@mcnt

Gage, fli(_turc

Gage, fixture, accessory
Gage, gi_:iture, ﬂﬁl}_ pin
Gage, fixture, indicating

3.2 PLUG GAGES. A plug gage has been de-
fined as any gage which simulates a male part or
has an outside measuring surface that tests the size
of a hole.

3.2.1 PLAIN CYLINDRICAL PLUG GAGES.
The most common form of the plug gage is the plain
cylindrical plug. Tt consists of a single eylindrical
diameter on a plug coupled with a suitable handle,
the best examples of which are the standards set
forth in Commercial Standard C38, Gage Blanks.

3.2.1.1 Military Standards for Plain Cylindrical
Plug Gages. There are four Mil-Std catalogs
containing plain cylindrical plug gages, Mil-Stds 110
and 111 which are a general listing of available Go
and Not Go plug gages and Mil-8Stds 133 and 134
which are a listing of the Go and Not Go plug gages
used in the acceptance of the minor diameter of
internal threads. These gages bear no limiting
identification data s0 may be used for any suitable
plain plug application. Each catalog is discussed
separately below,

3.2.1.1.1 Mil-Sid-110. This catalog is the prime
source of Mil-Std Go plug gages. It covers the
range from 0.31 to 2.510 inches inclusive and is
arranged in increments of .001 inches and .03125
inches.

3.2.1.1.2 Mil-Std-171. This catalog is the prime
source of Mil-std Not Go plug gages. 1t covers the
range from .031 inches to and including 2.510 inches
in tncrements of 001 inches. It also includes gages
in increments of .0005 inches for a part tolerance of
0005 across the range of 031 inches to and including
.8255 inches.

3.2.1.1.3 Mil-Std-133 and 184. These catalogs
are & listing of all the Go and Not Go plain cylindri-
cal plug gages applicable to the inspection of the
minor diameters of standard classes of internal
threads. The gages are not marked with the
particular thread designation but merely with the
gage part number, function and size, i.e., 5220-
7512800, Go .0465 so they may be universally
applied- to their particular hole size and tolerance
combination. Many of the gages listed therein
do not appear in Mil-Stds 110 and 111; therefore,
these catalogs can be considered as a source of plain
cylindrical plug gages.
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3.2.1.2 Special Cylindircal Plug Gages. These
gages are designed using the basic design data
pertaining to standard and Mil-Std plug gages,
but possessing a unique design feature such as a step
or cutout. Special plug gages should be designed
so that they may be modified from American Gage
Design Standard Blanks whenever possible. The
tolerances and wear allowances on gaging dimensions
shall be in accordance with the applicable tables
found in Chapter 2.

3.2.1.2.1 Pilot Plug Gages. This type of gage is
used to gage holes where the combination of size
and part toleranee is such that a pilot is required
to center and start the gage in the hole.

3.2.1.2.2 Cylindrical Step Plug Gages. A cylin-
drical step plug gage is a plain plug which has a
surface ground perpendicular to its axis for use in
gaging a depth. The specifications for the eylindri-
cal gaging features shall be identical to that for a
standard type gage. The following should be con-
sidered when designing gages of this type:

{a) The plug must have a chamfer to clear the
allowable radius in the bottom of the
hole.

{b) The step surface on the gage must be
immediately adjacent to the part surface
and must be accessible for feel purposes
or for use with a straight edge.

(¢) The part tolerance on depth should be .005
or greater since the accuracy of inspec-
tion depends on feel.

(d) Clearance cuts or slots must be incorporated
in the design to clear obstructions.

{e) When the part tolerance exceeds £1g the
use of seribe lines is acceptable in lieu of
a step. See paragraph 3.5.2.1.

A single step is employed for gaging only one critical
limit of a depth, either maximum or minimum. A
single step may also be placed on not go gages used
for hidden surfaces to indicate whether the gage has
entered to or beyond the permissible limit. Two
steps are employed when the gaging of both limits
of a depth is required. In certain cases where the
tolerance on diameter and depth of the hole is very
small and the mating part entering the hole is a
close fit, it becomes necessary to use both a step plug
and a flush pin. The single step on the plug is used
to insure that the hole is the proper diameter to its
minimum depth and will properly receive the mating
part, while the flush pin is used to check the depth
limits of the hole. The tolerance on the single step
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on the plug shall be reversed {minus) to prevent
conflict with the flush pin inspection. | )

3.2.1.2.3 Recessed Type Plug Gages. Some di-
mensional features necessitate the design of plug
gages containing various types of slots, cutouts, and
counterbores which will clear protrusions located
within the hole being gaged. This type plug shall
be modified, where possible, from an American
Gage Design Standard blank and may be designed
to either clear or perform a functional check on the
location of the protrusion within the hole.

3.2.1.24 Functional Plug Gages. Certain part
specifications require that a plug of specific diameter
and length must pass through the part. Care
should be taken to insure that the plug design is
made as light as possible and that a convenient
method of handling is provided.

322 FLAT CYLINDRICAL PLUG GAGES.
This type of gage is essentially the same as a cylin-
drical plug gage insofar as its gaging application is
concerned. When used as a Not Go gage, it pro-
vides a more critical inspection due to the reduced
area of contact as compared to that of a full circum-
ference. The following features should be con-
sidered in design:

(a) An entering chamfer should be used where
the part specifications will permit,

(b} Lightening holes should be used on large
plugs to reduce weight,

{c} Precision centers should be left to facilitate
inspection and reconditioning.

{d) Plugs over 8 inches in diameter may have a
strap handle insulated from the gage to
ease the inspector's use of the gage.

3.2.2.1 The chief application of flat cylindrical
plugs is on large diameter holes where a full cylindri-
cal plug would be impractical due to its weight. -
Another primary application of the flat cylindrical
plug is as a Not (o gage on eritical maximum
dimensions of holes sinee it will pick up out-of-
roundness beyond the maximum limit which would
not be observed using a full cylindrical plug.

3.2.2.2 Depth checking steps may be included in
the design of a flat cylindrical plug gage as outlined
in paragraph 3.2.1.2.2.

3.23 ADJUSTABLE PLUG GAGES. Adjust-
able plug gages are usually applied to low production
items when the internal diameter to be inspected is
large and the part tolerance is greater than .003.
The gage consists of a frame, a set of gaging buttons
and adjusting device. Adjustable plugs are stan-
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dardized in ‘both single and:doublé end types in
size ranges fromi214 to 1214 inches approximately.
Full details of preferred construction may be found
in Commercial Standard CS8, Gage Blanks.

3.24 TAPER PLUG GAGES. Taper plug
gages are used for checking the various dimensional
limits of tapered holes such as diameter, depth and
angle or taper. When gaging tapered holes, the
designer should he extremely cautious to insure that
the design’ will sufficiently control all the part
dimensions. In some instances, it may be neeessary
to uge a taper flush pin M conjunction with a plain
taper plug. , _

3.2.4.1 The control of the diameter of a tapered
hole is usually attained by grinding steps on one
end of the plug gage which indicates the limit of the
distance it may enter the hole. When it is necessary
to measure the max and min limits of the taper or
the angle, two plugs are employed, one plug being
made to the maximum angle, and the other to the
minimum angle. When gaging the part, the maxi-
mum tapered plug must wedge at the top portion
of -the taper, while the minimum plug should clear
at the top portion and wedge at the bottom. The
designer should provide for the removal of a quarter
section of each plug to aid the inspection in checking
whether those conditions prevail.

3.2.4.2 Preference should be given to the datum
diameter system of dimensioning in conjunction
with the use of a basie taper if the length of the taper
is such that the taper is sufficiently contrelled by the
tolerance zone created. When the length of taper is
short, a tolerance on the taper or angle is generally
required. : :

3.2.4.3 Dimensions over rolls may be given in
addition to the actual mandatory size control
dimensions, but such dimengions should be labeled
“Reference” on the drawing. Wear allowance shall
not be applied on taper plug gages for tapers over
15° included angle since there is no problem of
sliding eontact which would cause rapid wear. Also,
it is not necessary to chamfer the front end of the
plug since there.is no problem entering the gage
into the part. . :

- 3.2.5 FLAT PLUG GAGES. This type of gage is
usually utilized in the inspection of the width of a
slot or groove. In some instances, the' Go member
may incorporate the maximum and minimum depth
of a slot along with its basic function. Flat plugs
are also employed in many fixture type designs.

3.25.1 A Go and two Not Go flat plug gages
must be employed for a satisfactory dimensional
check of a rectangular hole.

3.2.5.2 Flat plug pgages should have entering
chamfers except where the shallow depth of a part
will not permit.

3.26 MULTI-ELEMENT PLUG GAGES. This
gage classification includes all male gages composed
of two or more gaging elements on a common axis.
If the gage consists of only cylindrical or taper
elements, it shall be lahbeled as such, i.e, Multi-
element evlindrical plug gage or Multi-element taper
plug gage. If is consists of combinations of these or
other types of elements, it shall be referred to as
simply a Multi-element plug gage.

3.2,6.1 Applications. This type of gage is used
primarily to inspect the relationship of two or more
internal surfaces. 1t may be designed on the basis of
dependent requirements specified on the drawing or
independent requirements on a drawing which may
not be gaged ecomically separately.

3.2.6.2 Design Consideralions. FEach surface of
the gage is designed to the minimum size of its
corresponding female surface less the allowable
misalignment per individual surface. In two ele-
ment gages, the permissible misalignment may be
halved and each half subtracted from the minimum
part size if the surfaces are adjacent and of the same
length, 1f the surfaces are not adjacent or not the
same length one diameter must be held to the
minimum female size and all the misalignment
subtracted from the other diameter to avoid any
errors induced by the angular displacement between
the two diameters. In gages with more than two
elements, it is preferable to reduce each diameter
by its individual misalignment. Individual limit
gages shall be specified to control the sizes of the
various elements of the component.

3.2.6.2.1 On the smaller gages, American Gage
Design Standard plug gage blanks and handles
should be employed, if possible. The drawing,
in any case, should specify that the precision centers
on which the gage was manufactured should be left
to facilitate acceptance inspection and surveillance.

3.3 RING GAGES. Any fixed gage of circular
cross-section that verifies the size of a single male
plain cylindrical or tapered surface shall he classed
as a ring gage.

3.3.1 PLAIN RING GAGES. A plain ring
gage is defined as one which verifies the size of a
single male plain cylindrical surface. There are
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several basie design criteria that apply to all plain

ring gages.
(a) Ring gages sbould seldom be used as Not
Go gages unless deformation of the part
is a factor. '

{b) Since large ring gages are awkward and
expensive, the use of an adjustable snap
gage 1s preferred for gaging large diam-
eters where the tolerance is not critical
or deformation is not a problem.

(c) When the part tolerance is .001 or less, it is

advisable to use indicating type gages

for all sizes.

(d}) Ring gages that are under .075 in diameter
require an acceptance check to facilitate
checking.

(e} When the part tolerance is .004 or less, or
the gage iz used for 1009, inspection
on high production items, or the part

material is different (brass, copper,
sﬂnmmnm ete.) from the gage metal 2

................ ALUELL LU ARl dlivuaa, o

survenllance or wear limit check is re-
quired which is a standard plain cylin-
drical plug gage made to the master
tolerance in table II. In this case, it
may be desirable to fabricate the ring
from a wear resistant material such as
chrome plated tool steel, high speed
steel, carbide, ete.

3.3.1.3 Mﬂ?fﬂr?l Standard Plain  Ring f;‘agoo

bty RN b Ay L

There are two Mll—Std catalogs containing plain
ring gages, Mil-8td-112 contains Go rings and
Mil-8td-113 Not Go rings.

3.3.1.1.1 M1l-Std—112. This catalog contains all
the Military Standard Go rings. It covers the range
from .059 to 2.510 inches inclusive, in increments of
001 and .03125 inches.

3.3.1.1.2 M1l-Std-113. This catalog contains all

the military Standard Not Go ring gages. It

covers the range from .059 to 2.510 inches inciusive
in increments of .001 of an inch and includes rings
in inerements of 0005 for a part toleranee of .0005
covering the range from .059 to .825 of an inch.

3.3.1.2 Special Ring Gages. This category in-
cludes all plain ring gages which are designed using
the general design information pertaining to Mil-S¢d
ring gages, but which possess 2 unique design feature
such as a step or cutout

......... pEyeielt A

In designing special ring

Cliar 11l

gages of any type, consideration shouid be given
to the following:
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{a) The gaging tolerances and allowances shall
be in ‘accordance with the apphcable
values found in table II.

(b) American Gage Design standard blanks
shall be used wherever possible. .

() The thickness of section shall be kept uni-
formto prevent deformation in heat treat-
ing and, further, the depth of cross-
section shall be sufficient to prevent the
gaging dimaeter from going out-of-round
in excess of the tolerance allowed.

3.3.1.2.1 Plain Slen Fing Caoes

3.7 3 wtan ring
Wil daie X L tlatil ANCR  HVeRly Uy,

A
a4 5ep ring
gage is a plain ring which has a surface ground
perpendicular to its axis for use in gaging a length.
The specification for the eylindrical gaging features
shall be identical to that for a standard type gage.
The following should be considered when designing a
gage of this type:

{a) The ring shall have a chamfer to clear the

allowable fillet on the part.

ot v nn oAy cagan chall Lo o
Thc btcp o‘al,li.fﬂabl': Uil hllﬂ BART s1iad De i~

mediately adjacent to the part surface
and shall be accessible for feel purposes
or for use -with'a straight edge.

(c) The part tolerance should be .005 or greater
since the accuracy of inspection depends
on feel.

(d) Clearance cuts or slots shall be incorporated
in the design to clear ohstructions.

(Y
A\

M A DI F»TAT Y Falvasniy

3.3.2 TAPER RING GAGES. Taper ring
gages are used for checking the various dimensional
limits of tapered parts such as diameter, length,
angle, or taper. When gaging tapered parts, the
designer shall take care to sufficiently control all
part dimensions. In some instances, it may be
necessary to use a female taper Aush pin gage in
conjunction with a plain taper ring.

3.3.2.1 Where practical, taper ring gages shall he
dcsigned s0 that American Gage Design standard

blanks may be used.

3.3.2.2 The control of ti.z diameter of the tapered
protrusion on the part is usually a:tained by grinding
steps on one end of the ring which indicate the limits
of the distance the gage may fit on Lo an aecceptable
part. When it is necessary to determine the limits
of the taper or the angle, two (2) taper rings are
employed. One ring is made to the maximum angle

and the other is made to the minimum angle, and

are employed similar to the taper plugs of para.
3.24.1.
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3.3.2.3 Preference shall be given to the datum
diameter system of dimensioning in conjunction
w:th the use of a basic taper, if the length of taper
is such that the ta,per is sufficiently controlled by
the tolerance zone created. When the length of
the taper is short, a tolerance on the taper or angle
is generally required.

3.3.2.4 Taper rings usuaily ave fitted to a Master
taper plug by the blueing transfer method.

3.3.25 Woear allowance shall not be applied on
taper gages for tapers over 15° included angle as
there is a minimum of sliding contact. A chamfer
at the large end of the ring is not necessary since
taper parts are easily inserted into the gage.

3.4 SNAP GAGES. A snap gage consists of
opposing measuring surfaces separated by a spacer
or frame and is used for gaging diameters, lengths,
ahd thicknesses. A snap gage is an excellent Not
Go gage since ovality below the minimum limit can
easily be detected. A snap gage is an adequate Go
gage for many purposes; however, a ring gage is
preferred if assembly is the prime consideration.
There are three general classes of snap gages:
adjustable, fixed, and indicating.

34.1 PLAIN ADJUSTABLE SNAP GAGES.
Plain adjustable snap gages with or without extended
anvils are used for gaging part diameters, thicknesses
and lengths when the part tolerance is .003 or greater.
Gages of this type are classified as Mil-Std gages
and accordingly ne drawings are required. Mil-
Btd-118 gives a listing of stock numbers for unset
plain adjustable snap gages (plain or extended
anvils, square or round button type) for size range
from 0 to 11.625 inches. This Mil-Std catalog also
establishes the method for listing the proper stock
number and setting size on the List of Inspection
Equipment.

3.4.1.1 Adjusiable Snep Goge-Modified Anpils.

Special part features often require that the snap.

gage anvils must be modified to a special form.
Particular attention shall be given to insure that
the upper and lower anvils be held within the proper
alignment to insure carrect functioning of the gage.
1t is also necessary to check the location of the
screws in the lower anvil to insure that no inter-
ference will occur between the required contour of
the anvil and the screws. The proper alignment
notes between the upper and lower anvils shall be
specified as well as the detailed dimensions of the
modified anvils. Mil-5td-118 presents a method

for classifying a modified adjustable snap gage as a
standard gage. This method, however, shall be
used only in the event that the modified anvils may
be used for inspecting & series of similar dimensions.
(Exainple: thickness of wall at mouth on cartridge
cases.) Generally, when a modified anvil is required
the modification is such that the likelihood of further

use on other parts i improbable and therefore a

gage drawing must be prepared depicting the re-
guired modification. The setting size in this case
shall be specified on the gage drawing and not on the
List of Inspection Equipment, The gage drawing
shail then be eclassified as Special.

3.4.1.2 Adjustable Snap Gage-Blade Type Anvil.
This type gage 15 a standard comimercial product.

The gage consists of a C frame on which are mounted
adingtahla hlade anvils  The thickness of standard

adjustable blade anvils, The thickness of standa
anvils is either .130 or .183 inches. These thin
blades are particularly adaptable for gaging recessed
diameters in shafts, the recesses possessing dimen-
sional limits or shapes for which an ordinary ad-
justable snap gage would not funection. Blades of
special thicknesses and forms may be designed to
suit specific requirements. In designing gages of this
type, the proper frame for thegiven part diameter must
be selected and the width and contour of the blade
anvils shall be specified or detailed in the event
that the anvils deviate from the standard type.
This type gage should not be used for part tolerances
of less than .003.

3.42 BUILT-UP SNAP GAGES. Build-up
snap gages are used primarily where a fixed type
gage is desired and the part tolerance is about .003.
Built-up snap gages are also widely used for larger
part tolerances where the part shape is such that a
standard or extended anvil type adjustable snap
cannot be used. The use of buiit-up snaps should
be minimized on low production items.

3.4.2.1 General Consiruction Fealures. A built-up
snap gage usually consists of two hardened steel
anvils separated by a soft steel or cast iron spacer,
the three pieces being fastened together with socket
head screws of a size proportional to the size of the
gage. When the gaging dimension is above ane
ineh, the anvils shall be fastened by screws entering
from each anvil. The length and width specifica-
tions for the anvils shall be governed by the part
sizes. The spacer is made from soft machine steel,
as this is an aid in maintaining dimensional stability.
However, gray cast iron spacers have been recently
introduced and due to the even higher degree of
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dimensional stability, this type of spacer is pre-
ferred.

3.4.2.1.1 Built-up snap gages may be of the single
end, progressive, or double end type design. The
progressive type is considered the most desirable
from a standpoint of rapid inspection. However,
there are certain instances where the part design
is such that a double end type becomes a necessity.

3.4.2.1.2 The Go end of a built-up snap gage shall
be identified by a radius on the anvil and the Not Go
end shall be identified by a chamfer

3.4.2.2 Built-up Snep Gages-Separate Receiver
Type. It is often necessary to design a receiver or
holder for the part which is used in connection with
a built-up snap for gaging length from a datum or a
taper, position of shoulder, etc. The receiver is
usually designed to slide on the bottom anvil and
the limits are established by progressive steps on the
upper anvil.

3.4.2.2.1 Receivers of the female type usually
require a check gage which simulates the eritical
form and dimensions of the part. The cheek gage
shall be depicted on a separate drawing.

3.4.2.3 Built-up Snap Gages-Recessed Anwil Type.
1t is often necessary to provide recesses or cavities in
the anvils of snap gages to clear protrusions on or in
the part gaged. The designer shall take special
care to provide clearance at extreme conditions by
providing the required chamfers, etc. If possible,
sufficient clearance shall be provided so that keys
and dowels are not required to maintain alignment.

3.4.2.3.1 Where alignment of the part is to be
controlled or is a factor in the gaging of another
feature, the upper and lower anvils shall be keyed or
doweled to the spacer. A note st:ii r~ppear on the
drawing specifying the misalignment allowed on the
assembled gage.

3.4.2.4 Buili-up Snap Gages-Relieved Anil Type.
Where the part gaged has a small contact surface, it
is advisable to reduce the width of anvil to a practical
width on which approximately even wear will occur.
It is difficult to pick up a small area of wear ir 3
wide anvil and this leads to errors in gage surveil-
lance since a gage block measurement will be
governed by the high points or unworn surfaces on
the anvils.

3.4.2.5 Carbide inserts may be used on the anvils
of built-up snap gages to minimize the effect of wear.
The use of inserts is recommended particularly on
standardized items where production is high and the
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component design or material is such as to cause
rapid wear on the gage.

34.3 PLATE GAGES OF THE SNAP TYPE.
This type of gage is not easily salvaged and should
be employed only where an adjustable snap or
built-up type is not adaptable to the particular
application. It is made entirely from one piece
of steel which is hardened and finish ground to
size. A chamfer on the outer corner of the anvil
denotes the Not Go gaging side while a radius
similarly placed identifies the Go side on the double
end type. Gages of this type require wear allowance.

3.5 TEMPLATE GAGES. Template gages are
widely used to check profiles, lengths, widths and
depths. Gages of this type are economical to
manufacture due to their simplicity. In the case of
profile gages and certain length types, the gage is
simply a measuring stick, and acceptance of the
part depends upon the accuracy of the inspector’s
visual judgment. When gaging complicated pro-
files, it is suggested that an optical comparator be
used in lieu of a template type, particularly if the
part is used on a standard’item.

3.5.1 GENERAL CONSTRUCTION. Template
gages of the small and medium types are usually
made from hardened tool steel 1§ to 3¢ inches thick,
the gaging surfaces being ground to the proper size.
In some cases, large gages are made from machine
steel, the gaging surfaces being case-hardened and
ground to size. (Generally, gages are designed to
permit the manufacturer to use construction holes
to facilitate gang milling and grinding so that several
may be made in one set-up.)

3.5.2 TEMPLATE GAGES FOR DEPTHS &
LENGTHS. This type of gage usually resembles
the letter T in shape, the gaging surfaces being the
undersides of the cross bar of the T which are ground
parallel and in line, Parallel to these surfaces, two
steps separated by an undercut, are ground on the
base of the T their difference being equal to the part
tolerance. Template gages for depth and length
do not require wear allowance.

3.5.2.1 When a part has a tolerance of .03 or
greater, it i1s sometimes feasible to use scribe lines
to denote the maximum and minimum lengths,
This type gage is usually L shaped and is faster in
operation but less accurate. Scribe lines shall be
.005 maximum wide by .008 maximum deep and
should be placed on both sides of the gage.

353 TEMPLATE GAGES FOR PROFILES.
This type of gage is used to inspeet various profiles
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and contours. It is made of hardened tool steel
ground to the’ proper profile. Generally, the gage is
made to the maximum profile while scribe lines are
positioned to indicate the minimum conditions of
length. The profile or gaging surface should be
chamfered on both sides to produce a thin sighting
surface, the desired thickness of the gaging surface
ranging from Y4 to 1 inch.
" 3.5.3.1 Profile gages may also be designed using a
nominal profile and in this cee an aceeptable
contour is determined simply by vsiual comparison.
This type of design should be used only on parts
where the contour is of minor importance. In
other instances where the contour is relatively
important, maximum and minimum profile gages
should be employed to insure that the contour is
within the desired limit.

3.5.3.1.1 Tolerance on angles should equal 10
pereent of the angular tolerance on the part, applied
minus on max and plus on min.
should equal 10 percent of part tolerance. Where no
tolerance is shown on angles or radii on the part
drawingg, the tolerance on the gage will be dependent
on function of the parts. Where there is no fit,
tolerance on angle will be +0°5" and on radii +£5
percent of radius,
< 3.5.3.2 Profile gages generally require an accept-
tance check gage. The pgage is fitted to the check

and is acceptable when the viewing on a comparator,

shows perfect matching of the profiles. Only one
acceptance check is required for each lot of gages.

3.5.3.3 Bince profile gages rely on the inspector’s
visual accuracy in sighting an acceptable contour,
they should be used sparingly on complieated pro-
files. Om standardized items, preference should be
given to the use of optical projectors in order to
facilitate accurate inspeetion.

3.6 FLUSH PIN GAGES. A flush pin gage is
defined as one which utilizes a pin that protrudes or
is recessed a known length, moving in relation to a
reference surface to indicate acceptability.

3.6.1 APPLICATIONS. Flush Pin gages are

used for checking dlmensmnal features such as the
~ following:

(a) Depth of holes, either straight or tapered.

Tolerance on radii '

" (b) Height of bosses, cither straight ot tapered. _

(¢) Location and position of holes, bosses, etc.
(d) Perpendicularity. ' )
The application of flush pin gages is generally con-
fined to the gaging of dimensions having a tolerance
of .005 or greater. When the part tolerance is

56

under .005, it is preferable to use a dial indicator
type gage rather than to rely on the accuracy of the
inspector’s sense of touch.

3.6.2 GENERAL CONSTRUCTION FEA-
TURES. The common type of flush pin consists
of a body, movable gaging pin and pin-retaining
device. There exists a multiplicity, of body styles
and retaining devices currently in use. In the
interests of standardization, however, the following
construction eriteria are preferred.

3.6.2.1 Barrel Type Filush Pin. 'These gages are
so named because the body is eylindrical in shape.
The basic design criteria are:

{a) A cylindrical body having & minimum wall
thickness of % ineh, knurled and with
two flats, diametrically opposed, pro-
vided for marking purposes.

(b) A ratio of length of body to diameter of
sliding pin of about 3:1 (3:1 plus com-
ponent dimension for internal gages).

{¢) A retaining device consisting of a button-
head socket screw, located 14 inch from
the top face of the body and having the
first 14 inch of its length machined down
to the minor diameter.

3.6.2.2 Bar Type Flush Pin Gages. These gages
consists of & pin sliding in a bar. The pin may be
centered in the bar or placed in any position along
the bar. The bar shouid be basically rectangular in
shape with recesses along the sides for easy gripping.

3.6.2 GENERAL DESIGN CRITERIA. The
following precautions shall be considered when
designing flush pin gages:

{a) The end of the pin or bottom of the hole in
the body shall be chamfered wherever
necessary to clear any chamfer or fillet
on the part feature.

(b) The diameter of the pin for external flush
pins or diameter of the hole in the body
for internal flush pins shall always clear
the worst condition relative to the dia-
meter of the part.

{c} Al feel surfaces must be easily accessible
to the inspector when using the gage.

{d) All feeler edges (both steps on body and
‘top edge of pin) shall be sharp to insure
gaging accuracy. A note to this effect
shall appear on the drawing.

{e) The movement of the flush pin shall be
sufficient to insure that the part can
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always be applied to the gage and easily
withdrawn after gaging.

3.46 EXTERNAL FLUSH PIN GAGES.
This type of flush pin is used to gage the depth of
holes, or similar female dimensions.. It consists
of the body together with a protruding pin that
enters the feature being gaged. The other end of
the pin is correlated with the reference steps on the
body to indicate whether the part dimension .lies
within the desired limits,

3.6.4.1 Flush Pin G’ages Enfering Thread Cavities.
When a flush pin gage is used to measure the depth
of a threaded cavity, the pin must clear the minor
diameter. The pin diameter shall be dimensioned
to either 409, of the difference between the minor
diameter of the part and the mating part, or .002
whichever is the larger. In the event that the
mating part is designed with a pilot extending into
the threaded cavity, the flusy pin shall have a
similar pilot based on the conventional 40%, func-

H 1 1
tional rule.

3.6.4.2 Foush Pin Gages for Depth of Drilled
Holes. The depth of drilled holes is usually dimen-
sioned from the entered surface to the intersection
of the cylindrical surface and the drill angle. Un-
fortunately, drill ‘wear usually creates a varying
radius at this intersection. Therefore, flush pins for
the depth of drilled holes shall be designed to clear

thizs radius and contact the conical surface below
the intersection.

This is done }'nr grindine 2 smallar

& 2245 I allo B raalediie G0 SLLlchiIta

diameter on the end of the ﬂush pin, maintaining
a sharp corner at the bottom. In dimensioning,
an amount equal to the additional length from the
point of the intersection of the part to the point of
contact of the flat bottom flush pin, is added to the
gaging sizes. See figure 19.

3.6.4.2.1 Bince the gage presents only line contact,
it is advisable to use carbide inserts on the bottom
of the pin in order to maintain sharp edges.

3.6.5 INTERNAL FLUSH PIN GAGES. This
type of flush pin is used to gage the height of 2 boss
or other type of protrusion. The gage is designed
a8 above, except. that the length of the body is
three times the pin diameter, plus the part dimen-
gion. For gaging part dimensions up to % inch, a
slot should be cut in the side of the body to permit
viewing the contact between part and pin. Above
% inch, a hole should be drilled through the body
to permit viewing the same. The lower edges of the
receiving hole are chamfered to clear any fillets at the
base of the protrusion.
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3.66 TAPER FLUSH PIN GAGES. This
type of flush pin is generally used to gate the dis-
tance from a surface to a datum diameter in a
tapered hole or on a cylindrical tapered boss. The
design’ features of this type of gage are identical
to those mentioned in paragraphs 3.6.4 and 3.6.5,
except that the sliding pin or the body, as the case
may be, is tapered to suit the taper of the hole or
boss. The gaging dimensions are given from the
base of the body 1o the datum diameter on the pin or
from a datum on the body to the end of the pin.
Wherever practical, the gage taper should be di-
mensioned similar to the part taper and care should
be taken to insure that all component variations
have been considered. The tolerance on the taper
part of the pin or body should be taken in the proper
direction to slightly clear the worst possible condition
of the part. When gaging some types of taper holes,
it is necessary to use a two section taper flush pin in
conjnnc‘r,ion with a pla'm taper plug gage to suffi-

nianmtler qnvidol P §
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3.6.7 SPRING LOADED TYPE FLUSH PIN
GAGES. The use of spring loaded pins eliminates
the need for the inspector to seat the pin before
feeling the steps. Spring loaded types should be
used primarily on those fixture gages where the num-
ber of gaging elements may make it impractical for
the operator to seat each pin before feeling the steps.

3.68 MULTIPLE TYPE FLUSH PIN
GAGES. When a part is designed with a eounter-
bore or a protrusion having two different diameters,
it is sometimes desirable to check the depths or
heights simultaneously. In this instance, 2 multiple
flush pin gage is employed. The design features. of
this type of gage are similar to the ordinary flush pin
except that there is an inner pin sliding within the
outer sliding pin and the botiom of this outer sliding
pin acts as the gaging surface from which the inner
pin measures. 'There are two sets of steps, one set on
the body for the outer pin, and the other set on the
inner pin. See figure 20.

3.6.8.1 On occasion, it is necessary to employ the

" multiple flush pin on tapered holes or protrusions

where all the part variations cannot be gaged using
the ordinary type of taper flush pin or plug.

3.6.8.2 Multiple flush pin gages are relatively
pensive and their use should be confined to stan-
dardized items of high production or employed
only when the-part design precludes the use of

ordinary flush pin gages.
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Figure 19.  Flush pin formula for drilled holes.
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Ficore 20. Muliiple flush pin.

3.6.9 BUILT-UP TYPE FLUSH PIN GAGES.
Some part designs necessitate the use of complex
flush pin gages to measure various lengths, depths,
thicknesses and locations. One or more flush pin
units similar in principle to standard flush pin
gages are mounted on a frame or case along with
positioning and holding deviees to comprise the
complete gage. Designs of this particular type
are difficult to standardize; therefore, their develop-
ment depends upon the part design and the gate
designer’s originality.

3.7 SPANNER GAGES. The term ‘spanner
gages’’ as used in the following paragraphs refers to
gages which are designed to check either the location
of plain or threaded holes or protrusions or the
spacing of slots.

3.7.1 GENERAL DESIGN DATA. The first
step in the design of spanner gages is to determine
the mating part conditions. The survey must ascer-
tain if the extreme part limit conditions permit
proper assembly. The designer must then decide
whether to gage the actual or the implied dimensions,
particularly with the two pin or two hole type.

3.7.2 TWO PIN (HOLE) GAGES. The sim-
plest type of spanner gage involves either two pins or
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two holes or a combination accurately located with
respect to each other. The design data is as

3.7.2.1 The distance between centers of the holes
or pins on the gage shall be equivalent to the mean
of the part hole or pin spacing. The tolerance on
this distance shall be five percent, of the part spacing
tolerance applied bilaterally (:.00%). It shall
not exceed =.0005 or be less than +.0001 in any
case.

3.7.2.2 On a male type gage, the diameter of each
of the pins shall be egual to the minimum diameter
of the part hole minus one-half of the total tolerance
on the part hole spacing. The tolerance on the pin
diameters shall be the “go” tolerance from Table 1I
applied plus. The part tolerance on the holes shall
be used to obtain the required gage tolerance from
the tolerance table. '

3.7.2.3 In the female type gage, the diameters of
the holes shall be equal to the maximum diameter of
the part protrvsions plus one-half of the total
tolerance on the part spacing. The tolerance on
the hole diameters shall be the Go tolerance from
Table II, applied minus. The part tolerance on the
pin shall be used to obtain the required gage toler-
ance from the table.

3.7.24 When a location of a hole or protrusion is
given from a surface, the fotal part spacing tolerance
shall be added to the gage hole or subtracted from
the gaging pin diameter. Tolerance applied same
as above.

3.7.2.5 Generally, where only two holes or pro-
trusion.s are concerned, sufficient information for
gaging is given by the distance between holes and
tolerance on holes being specified. However, if the
tolerance has been omitted or available tolerance is
not sufficient, the gage may be designed usmg im-
plied dimensions.

3.7.3 MULTIPLE PIN OR HOLE" GAGLS
Multiple pin or hole gages are designed utilizing
the same basic data as two pin gages. That is, that
the ideal center of the part pin or hole coincides
with the ideal center of the gage pin or hole and the
gage pin or hole is sltered by the amount of misloca-
tion o allow acceptance of any correct diameter pin
within the area defined by the locational tolerance.

3.7.3.1 However, in dimensioning this type of
gage, difficulties arise. A careful survey of the part
dimensioning and tolerancing and-that of its mating
part must be made. If the part has been dimen-
sioned using the basic location system with a loca-
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tional tolerance according to MIL-8TD-8, it is a
relatively simple matter to gage if the part tolerances

T+ 3 ridad thot anardinato
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location be used despite the increase in accuracy
required of the gage.

€74 BASIC CONSTRUCTION.

3.74.1 Male Spanner ‘Gages. This gage consists
of a holder into which the gaging pins are secured.
The holder is usually of soft machine steel to facili-
‘tate the precision location needed for the pins. The
pins are i;sually driven in the holder and may or may
not be shouldered. The holder will contain knock-
out holes for removing the pins. The pins should
be designed with chamfers to aid in entering the part.
The length of the pins may vary according to the
dictates of the individual part. However, whzn not
otherwise limited by the part, a length cqual to one
and one half times the diameter of the pin is con-
sidered good practice. '

.3.7.4.2 Female Spanner Gages
sists of a. pmtc and the necessary Y bushings 0 gage
the protrusions of the part. The plate is usually
made from soft machine steel:to facilitate the pre-
cision location required for the bushings. The
internal diameter of the bushings is ground con-
centric with the outside diameter.and press fitted
into the plate. The bushings are made from har-
dened tool steel and may either be of the headless
or head type. It is advisable, wherever possible,
to use standard commercial bushings. Their length
will determine the thickness of the plate. The
bushings will be chamfered to clear any part fillet
or radii.

3.8 CALIPER GAGES Ca.hper gages are any
gages with movable arms (or a combination of
fixed and movable arms) that transfer a part feature
inserted between or placed over them to an indicat-
ing mechanism.

3.81 DESIGN CONSIDERATIONS. The
major considerations in the design of caliper gages
are the rigidity of the arms, the alignment of the
‘calipering points with each other and with the sur-
face to be gaged, the accuracy of the pivot and

This gage con-

rnan
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gaging arms and those of the indicating arms.
3.9 COMPARATOR GAGES. A comparator
- gage has been defined as any gage which utilizes an
indicating device to directly contact the work and
indicate its departure from a preset size with a
minimum of auxiliary devices. '

3.9.1 CONSTRUCTION. As illustrated, most
comparators consist of a sturdy base and column,
h—\gnﬂ'\nr with an arm rlrilng on the column ﬁnrr}nng
the indicating device or its sensing element. Either
the top surface of the base is finished square with the
indicating device or an anvil with a lapped upper
surface is provided. The anvil is usually scrrated
to reduce the amount of surface to be lapped and
resistance to sliding motion of the part. The
indicating device used on the comparators may be
air, electric, mechanical, or optical. An optical
projector 15 not classed as a comparator. See
figure 21.

3.106 RECEIVER GAGES. Receiver gages are
precisely what the name implies. They receive
the part and verify its dimensions. The name shall
be applied only to gages which consist predominantly
of internal surfaces or portions of surfaces arranged
to verify part dimensions. Gages consisting of ex-
clusively external surfaces are dealt with under
paragraph 3.2.6, Multi-Element Plug Gages.

3.10.1 APPLICATION. This type of page is
used primarily to inspect the interrelationship of
two or more external surfaces. It may be designed
on the basis of either dependent requirements speci-
fied on the part drawing or independent require-
ments which cannot be gaged economically by
direct indication.

- 3.10.2 DESIGN CONSIDERATIONS. Each
surface of the gage is designed using the maximum
size of its corresponding part surface plus the
allowable misalignment per individual surface. In
gages with only two gaging surfaces which are also
adjacent, half of the allowable misalignment may he
added to each maximum part dimensions. If there
are more than two gaging surfaces of if the surfaces
are not adjacent, then one surface is held to the
maximum size of its corresponding part surface and
all the allowable misalignment added to the maxi-
mum size of the other surface. When thus designed,
the gage will insure that the parts are within the
specified limits of alignment when the individual
part sizes are maximum. (Max metal condition)
23.10.3 GENERAL CONSTRUCTION. (Gages

‘containing only two shallow gaging diameters should

utilize American Gage Design Standard solid ring
gage blanks, if possible. Gages with more than two
surfaces or long gaging surfaces may be manufac-
tured in one piece if they are not too large, but pref-
erably should be constructed in sections that are
precisely fitted into a holder unit. Sectional con-
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Ficure 21. Comparator gages.
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struction facilitates manufacture, inspection, sur-
veillance, and repair or modification. Caution must
be exercised to maintain reasonable uniformity of
section throughout the design of both solid and
sectional type receiver gages to prevent distortion
during heat treating.

3.104 CHECK GAGES. The problem of ac-
ceptance and subsequent surveillance inspection of
receiver type gages must be considered. A check
plug shold be designed for all gages which cannot
be conveniently set up for measurement.

3.10.4.1 The check plug shall be shown on a
separate drawing. The gage shall be marked “AC.
CEPTANCE CHECK FOR 7XXXXXX2"”. The
required gage sizes will be shown on the elements of
the check plug. The ring can be accepted as being
dimensionsally correct if it fits the check when in-
spected with the Prussian Blue transfer process.

3.10.4.2 In some instances, smaller receiver gages
can be designed to eliminate the use of a check plug
gage. This is accomplished by finish grinding the
outside diameter and then finishing the inside
diameters concentric with it. Using the outside
diameter as a reference surface on which the gage
may be rotated, the gage checker can measure the
inside diameters and verify their concent,ncity by
use of a dial indiestor.

3.11 FIXTURE GAGES. Any gage consisting
predominantly of devices arranged to verify the
features of a part shall be labeled a fixture gage.

3.11.1 GENERAL CONSTRUCTION. Fixture
gages vary in type and method of construction
depending upon the nature of the part, the function
or functions being checked, and the gage designer’s
originality. Generally, fixture gages usually con-
sist of the following parts or elements: {a) a base, (b)
locating pins, blocks, clamps, (¢) indicating devices,
flush pins or dial indicators, (d) necessary part hand-
ling aids for the mspector such as pos:tmnmg or
ejecting. devices.

3.11.1.1 Some types of fixture gages requu-e the
use of masters for setting of the gage prior to check-
ing a group of parts This setting master usually
simulates the _pari but is not necessamy an exact

duplicate of the part.

3.11.1.2 Gages should be designed to hold the

part or locate it in & manner ag similar to its func-
tional loeation or funetion as possible. In addition,
fixture gages should be designed to check the part in
accordance with the dimensional specifications rather
than to the particular method of manufacture, Care

¥
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should be taken in analyzing the parts to be gaged so
that the correct locating and bedding points will be
chosen.

3.11.1.3 Where close dimensional limits must be
maintained, welded construction should be used with
caution. .

3.11.2 ECONOMY IN MANUFACTURE. A
fixture gage Is a speciglized type of gage which
usually is applied to only one part. Its size and
dimensional accuracy is such that the cost of the
gage is usually rather expensive. Therefore, the

‘following points should be considered to effect the

greatest economy.

3.11.2.1 The part bemg gaged should be a stan-
dardized item warranting the design of a eomplicated
fixture gage.

3.11.2.2 An investigation should be made to
assure that a commercial gage 1s not available which
could be modified to suit the given part at a reason-
able cost.

3.11.2.3 When a fixture gage is designed, the cost
of the gage should be amortized in a saving of in-
spection time. Therefore, the designer must design
a gage-that is easy to operate incorporating quick
operating and positive gaging features.

3.11.2.4 When a fixture gage is needed to gate an
experimental item, the designer should, if possible,
provide an improvised method of inspection using
standard measuring equipment with oue or two
specially made adapters to facilitate positioning or
locating, if necessary.

3.11.3 OPERATING MFCHANISMS The
gage designer may minimize the part inspection time
by employing any of the following basic mechanisms:

{a) Quick acting cams for locating or locking.

‘(b) Spring loaded pins and plungers.

(¢} Multiple lead screws.

(d) Levers

(e) Hydraulic or air cylinders for lifting or
moving the part into position.

3.11.4 REPLACEMENT ELMENTS. In de-
signing fixtiure gages, an analysis must be made of the
different gaging elements to ascertain which parti-
cular parts are subject to wear and will eventually
need replacement. The gage must be designed so
that these parts can be easily replaced, involving a
minimum amount of time and expense without de-
stroying the required aceuracy of the gage. Thread
plugs and thread rings used on fixture gages are
excellent examples and provisions must be made for
their replacement. In some isolated cases, one
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fixture gage may be designed to suit two or more
similar parts by the use of replaceable or inter-
changeable elements. (See paragraph 2.34.)

-+ 3.12 INDICATING TYPE GAGES.

3.12.1 APPLICATION. Most types of basic
gages such as snaps, flush pins, length gages, etc.,
can be designed using indicators instead of fixed
anvils or profiles. This conversion in design is
preferred under the following conditions:

(a) When the part tolerance is relatively small
(under .005) and the specific type gage
utilizes feel or sight, an indicator can
often be substituted to improve accuracy.

(b) On low production or experimental items,
indicating type gages may be used to in-
spect several parts having similar di-
mensions which fall within the range of
the indicator, thereby eliminating the
need for several fixed gages.

3122 TYPES OF INDICATORS. There are
various indicating type gages available commercially.
The most common are mechanical dial indicators
and air-pressure activated indicators.

3.12.2.1 Mechanical Dial Indicators. Mechani-
cal dial indicators have been standardized with re-
spect to range, accuracy and mounting dimensions.
The pertinent information may be found in MIL-I-
18422,

3.12.2.1.1 The range of the indicator shall ex-
ceed the component tolerance and also be suffi-
ciently large to enable easy entry and removal of
components from the gage.

3.12.2.1.2 The graduations on the dial shall be
such that ample circumferential spacing exists be-
tween the maximum and minimum limits. A good
empirical rule is that the range of the indieator be
approximately eight (8) times the component
tolerance.

3.12.2.1.3 The proper type of indicator back shall
be selected to facilitate simple and economical
mounting of the indicator and provide the desired
adjustment in positioning. “Back” type mountings
are preferred to “stem” mountings, since improper
clamping may bind the spindle,

3.12.2.1.4 When applying indicators to heavy or
cumbersome components, it is advisable to apply
some intermediate gaging device to act as a shock
absorber. Guards around the indicator to prevent
damage are also advisable.

3.12.2.1.5 When designing gages utilizing mechan-
ical dial indicators, it shall be kept in mind that
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there are considerable variations in various commer-
¢ial indicators that nevertheless meet all AGD
specifications. If the specific application will only
accept a certain indicator, it shall be so specified
on the drawing. This condition shall be avoided as
much as possible.

3.12.2.2° Air Pressure Indicators. There are two
general types of air pressure indicators, differing
primarily in the method of indication. Both use
the flow characteristics of air through orifices.
However, one method uses a float suspended in a
tapered tube to indicate the relative velocity and
thus the comparative size, while the other uses a
differential bellows, bourdon tupe or other mechani-
cal sensing device to indicate on a dial similar to that
of a mechanical dial indicator. The float and
differential types appear of equal merit. The flow
{or tube) utilizes two masters (not necessarily the
part limits), one to set the zero set, the other to
establish the magnification. The differential type
has a fixed magnification and may be set with a
single master, See figure 22.

3.12.2 Selting Masters. Setting masters for simple
dimensions may be plugs, rings or set master disks
as shown in Commercial Standard CS8, Gage Blanks.
The form of the setting master should approximate

Ficure 22. Dial and column lype air pressure indicalors.
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the form of the piece being inspected. It is pref-
erable that both a maximum and minimum master
be used for each application. The indicator is set
to one limit and the other limit checked to prove
out the magnification. Inaccuracies of magnifiea-
tion can be compensated for by ruling new lines on
the dial face.

3.12.3.1 Except for very tight tolerances or an
extremely critical limit, it is not necessary to specify
masters for the exact tolerance limits, the nearest
thousandth generally bemg satisfactory. Further,
the tolerancmg of such set masters should be

[RTLI
R

<

ha

bilateral, so they may be used for a limit in either

direction, high or low. The tolerance.should be
half the Master tolerance from Table II applied
bilaterally. Furthermore, since masters generally
have their exact sizes recorded in acceptance or

calibration, the indicator can be set to this size,
thae pivine a hich ardar of aceuracy regardless of the

thus giving a high order of accuracy regardless of th
direction of tolerance or its magnitude.

3.12.3.2 In cases of a liberal tolerance or a Max
or Min limit, & single master may be used to set the
desired limit at zero and the accuracy of the indicator
mechanism is used to establish the limits of tolerance.
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CHAPTER 4.

4.1 INTRODUCTION. This section contains the
pertinent design data for interrupted diameters such
as threads, serrations and splines.

4.1.1 GENERAL. Broadly speakmg, gages for

interruped diameters are gages to insure inter-
changeability. Usually, a multi-element “Go”’ gage
that simulates the mating part determines if the part
being inspected will assemble with any acceptable
mating part, and one or more single element “Not
Go'' gages check critical dimensions {(such as pitch
diameter) to insure that they are within acceptable
limits.

4.2 UNIFIED AND AMERICAN NATIONAL
THREADS. .

4.2.1 GENERAL. 'The two most common thread
forms are the 60° Unified form that has been de-
veloped as an international standard and the
American National form.

4.2.1.1 Standardization. Due to the wide applica-
tion of the bagic thread form the gages have reached
a high degree of standardization. The specific
series—UNC, UNF, UNEF, 8UN, 12UN, and 16UN
have been cataloged as Military Standards. The
design data for gages for threads of special diameters,
pitches and lengths of engagement has also been
standardized and is presented in Handbook HZ28.
A discussion of the gaging approach and policy is
contained in this section,

422 GAGES FOR INTERNAL THREADS.

4.2.2.1 Go Thread Plug Gages. A Go thread plug
is designed to check the minimum pitch diameter,
the clearance at the major diameter, the lead, and
the flank angle all simultaneously.” When a Go gage
enters the part, assembly of the inspected thread
with any acceptable external thread is assured with
only the minor diameter of the part requiring further
inspection. )

4.2.2.1.1 Go Thread Plug Gages for thread sizes
.150 or below shall have the male precision centers
left on the gaging members. On all Go thread plugs
with a nominal thread size above .150, a slot called
a chip groove shall be cut through the first three or
four threads at the entering end of the plug. Other
type chip grooves’in accordance with commercial
practice such as the longitudinal groove extending

the complete length of the gaging member will be -

considered as acceptable. This shali apply to all

male threaded gages inchiding those used to gage
concentricity, alighment, and 'similar functions. -
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The slot shall be cut parallel to the axis of the thread
and shall in all cases extend below the root of the
thread. The preferred dimensions for the width,
depth, ete., will be found in MIL-STD 114. One
chip groove is required at the front end of the gaging
mumber, unless the gaging member is reversible
whieh requires a chip groove at each end.

This slot is to serve as a reservoir for collecting
foreign matter that might damage the thread flanks.
It is definitely not intended to function as a tap for
cleaning out burred threads.

4.2.2.1.2 On gages w1thout ‘a chip groove the
partial thread at the front end of the gaging member
shall be removed to a blunt start to avoid feather
edges. On gages with a chip groove, the partial
thread preceding the chip groove shall be completely
removed to a depth at.least equal to the minor
diameter of the thréad. Not more than one com-
plete turn of the thread shall be removed to the
point where the full-thread form is obtained. On
gages of 28 threads per inch and finer, a 60° chamfer
from the axis of the gage is permitted in lieu of re-
moval of the partial thread. Gages that have male
precision centers left on the gaging members perform
the same function as the 60° chamfer.

4.2.22 Not Go Thread Plug. A Not Go thread
plug is designed to check only one element of the
thread, the piteh diameter. The thread form on
the gage is truncated at the crest and cleared at the
root so that the flank makes contact on a limited
area of the part thread flank. This is to determine
if the pitch diameter has exceeded the maximum
fimit,

4.2.2.3 The conventional method of inspecting the
limits of the minor diameter of an internal thread
utilizes plain plug gages. A Go plug gage insures
against undersize minor diameters and the Not Go
plug insures that there is sufficient depth of thread.

4.2.2.4 Depth Requirements. A large percentage
of part tapped hole specifications include a require-
ment for minimum length or depth of full form
thread. Occasionally, a maximum length of full
form thread is confused with the specification’ for
depth of tap drill or bore diameter. The depth shall
be considered to be to the centerline of a full form
thread space on the part internal thread unless other-
wise specified. .

4.2.2.4.1 The conventional method of gaging this
depth is with & step or flat added to the Go thread
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plug gage. On applications where more than twenty-

five percent of the circumference is removed, other
meathnde - uhnnlr‘ l’\n
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salvageability of the thread plug is always desired.
One possibility is the use of hardened lock nuts with
their faces ground square with the axis of the thread.

4,2.2.4.2 When the step or flat method is applied,
it is cut on the threaded cylinder at 90° with the
axis and to a depth sufficient to provide for com-
parison of the part with the gage by either feeling
with a fingernail or by the use of a straightedge.
The step shall be placed eircumferentially so that at
least one half of the full form of the tread remains
at the center of the flat. Unless the depth require-
ment is an exact multiple of the pitch, the thread
start at the full form will not fall on the centerline
of the step. If both a max and a min step are
desired, they should he placed 90° apart.

4.2.2.4.3 When a Go thread plug gage is designed
to include a depth requirement, the gage shall be
classified as Special. If the gage is a Unified or
American National Btandard thread, the design data
for the major diameter, pitch -diameter, and: root
clearance, ete., shall to taken from the appropriate
Mil-Std. :

- 4.2.2.5 Handles. All thread plug designs are to
be single end and the handle should be in accord-
ance with American Gage Design Commercial
Standard CS8. Aluminum handles shall be used
for all'thread plugs. AGD standard thread blanks
should be specified wherever possible.

4.2.2.5.1 The Not Go. tri-lock blank shall be
specified for Go thread plugs in sizes above 1.510
and with pitches finer than 16 threads per inch
unless a special requirement necessitates the use of
the longer Ge blank.

4.2.2.5.2 The Not Go taper lock blank shall be

enanifind far Na throad nlhe vaves whinh hovae danth

DPULILITU 1V AU MGl IR RORLS LIl A YU Ul

sinee
sinee

steps whenever the blank has sufficient length to
a.]loyv for grinding a flat on the back face of the plug.

 4.2.2.6 Segment Type Thread Plugs. The opera-
tion of screwing solid thread plug gages in and out

of the part i1s a time-consuming and monotonous -

operation. Several types of retractable segment
thread plugs have been developed to eliminate this
operation and reduce inspection time. The segment
type gage is constructed so that the expanded posi-
tion of the spring loaded segments is indicated by a

dial indicator.

4.2.2.6.1 The expanding type gage is not satis-
factory for inspecting both the maximum metal (go)
and minimnm metal {not nl'nl limits simultaneously.

GilfL AAA1A222%a03% AALRRL AW ARR2LNT SAaAARRlLRAITOSRS

This is due to the fact that standa.rd gaging practice
requires a smaller truncation on the major diameter
of the Go member than on the Not Go member to
insure thorough inspection. Therefore, segment
type gages must be supplied in pairs for a complete
inspection, i.e., one gage for each limit. The gage
truncations and root clearance should follow standard
thread plug gage practice.

aana

4.2.2.6.2 A solid type thread ring gage is recom-
mended for setting segment type plug gages. A
thread check plug is required for the manufacturing
and acceptance inspection of the setting ring gage.
A separate drawing shall be prepared for each unit,

4.2.2.6.3 The initial cost of a complete set of
segment type plug gages for an internal thread is
relatively high and, therefore, this type of gaging
should be employed only on standardized high
production types of materiel so that the cost can be
readily amc tized by subsequent savings in inspec-
tion.

4.2.2.7 Roll Thread Plug, Bar Type. This type
of gage utilizes two thread rolis of small diameter
which are mounted on the spring loaded telescoping
center bar which serves to expand and set the rolls
firmly in the part being inspected. A gaging button
is mounted on each member of the telescoping center
bar. Acceptability of the part is determined by
trying either & Go or Not Go feeler plug or both be-
tween the buttons depending on the design of the
rolls. The same general principles as outlined in

. | g ) I R P

4.2.2.6.1 apply to roll thread plug gages,

4.2.2.7.1 The bar type roll thread gage may be
specified for gaging threaded holes 7” in diameter or
larger. Gaging rolls can be made to check 60° form,
Whitworth, Aeme. Buttress and other special forms,

TR ALy SRLEANR, DRVARGS SIS WAL sptasLas

The thread form on the thread roll is ground as a
cylinder rather than on the true helix and, therefore,
cannot be suceessfully applied to threads having a
large helix angle (7° or greater) or to multiple
threads.

4.2.2.7.2 This type of gage will afford sufficient
accuracy for most large diameter applications if the
gage is used carefully Since the cost of the gage is
relatively low, it is especially applicable to low
production items. The gages can be salvaged easily

since the rolls are replaceable.

AGO 10117A
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4.2.3 GAGES FOR EXTERNAL THREADS.
Thread ring gages are the most conventional means
of checking external threads such as those found on
4 SCrew.

4.2.3.1 Go Thread Ring. A Go thread ring is
designed to check the maximum pitch diameter, the
clearance at the minor diameter, the lead and the
flank angle simultaneously. When an external
thread on a part enters a Go ring gage completely,
assembly with the mating internal thread is assured
with only the major diameter of the part requiring
further inspection.

4.2.3.1.1 Chip Grooves. Chip grooves are not
applied on thread ring gages. The design of the
American Gage Design Standard adJustabie type
blank includes three (3) slots which serve as chip

grooves.

4.2.3.2 Not Go Thread Ring. A Not Go thread
ring is designed to check only one element, the piteh
diameter, to insure that it is not below the minimum
limit. For this reason, the thread form on the ring
gage is truncated at the minor diameter and cleared
at the root so that the gage only makes contact upon
the central portion of the part thread flanks., The
clearance at the root may be omitied on thread ring
gages for 28 pitch and finer since it is impractical to
provide clearance on fine pitches.

4.2.3.3 Thread Ring Gages, Types. Thread ring
gages can be successfully produced in either the solid
or American Gage Design Standard adjustable types.
The term “adjustable” must be considered with
caution. The gage may be adjusted up to .0005.
However, this adjustment is used only insofar as it is
necessary to obtain a proper feel on the setting plug.

4.2.3.3.1 (age Blanks. American Gage Design
Standard thread ring blanks should be specified
wherever possible.

4.2.3.4 Thread Setting Plug Gages. Thread setting
plug gages are required for the manufacture, accept-
ance inspection, and subsequent surveillance of solid
and adjustable type thread rings, roll thread snap,

i i .. " 1=y
segment type snaps, and other indicating type gages.

4.2.3.4.1 All thread setting plugs including those
used for thread ring elements on fixture gages shall
be designed having both a full form and a truncated
major diameter, except when a setting plug is re-
quired for & blind thread ring element on a fixture
gage, in which case a full form major diameter set-
ting plug shall be designed.

AGO 10117A
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4.2.3.5 Thread Ring Minor Digmeter Acceptance
Plugs. Thread ring gages having nominal diameters
under .375 generally cannot be measured in all
laboratories due to limitations of the measuring
equipment. Therefore, it is necessary to inspect the
minor diameter after the thread ring has been
properly set to the thread setting plug. Two plain
plug gages are required for adequate inspection.

4.2.3.5.1 A separate drawing shall be prepared
for each gaging element provided the desired size
is not listed in MIL-STDS 116 and 117. The gage
shall be known as an Acceptance Check. Note that
the gagemaker's tolerance is in a minus direction
on the Go element and in a plus direction on the
Not Go element, the reverse of conventional gaging
practice.

4.2.3.6 Major Diameter Adjustable Snaps. - The
most conventional method of inspecting the limits
of the major diameter of external threads is by the
use of adjustable snap gages. The Go portion insures
against oversize major diameters and the Not Go
portion insures that there is sufficient depth of
thread.

4.2.3.6.1 MIL-STD-118 lists the various stock
numbers for unset plain adjustable snap gages. It
is preferred that the square button type (Models
MC or C) be used for gaging the major diameter.
The method shown in the Standard for specifying
the proper stock number, setting size, etec., shall be
followed.

4.2.3.7 Length Requirement. Occassionally, an ex-
ternal thread specification will include a requirement
for minimum length of full form thread. The length
shall be considered to be to the center line of a full
form thread space on the component external thread,
unless otherwise specified.

4.2.3.7.1 The rear face of the Go thread ring
blank may be ground square with the axis if the
length inspected closely approximates the length of
either a thick or thin blank. If the length specified
is considerably less than the thickness of a standard
blank, the gage may be counterbored from one side
and the opposite face ground square with the thread
axis to provide a surface for comparison of the part
to the gage by feel with the fingernail or by use of a
straight edge. The leading thread on the thread
ring must be convoluted (removed) to a {ull thread
form.
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4.2.3.7.2 Care must be exercxsed to insure .that
the cross-section of the finished ring gage is not so
irregular that dlstortlon wﬂl oceur when hardenmg

4.2.3.7.3 When a thread ring gage is designed to
_include " a length requirement, the gage shall be
classified as Special. If the gage is a Unified or
American National Standard thread, the design
data for the major diameter, pitch diameter, minor
diameter and root, clearance, etc., shall be taken
from the approprla.te Mil-Std.

“4.2.38 Thread ng Gage, Segment Type. The
operation of screwing thread ring gages on and off a
part is time-consuming and manotonous. Several
types of segment thread rings have been developed
~.to eliminate this operation and reduce inspection

time. The segment type ring gage is constructed

so that contact is obtained on approximately 75%

of the thread circumference and approximates thread

ring gaging action. The segments are mounted on

pivots to allow fast, one pass gaging of the full length
- of thread. :

4.2.3.8.1 The segment type gage is more expen-
‘sive than standard ring gages but the cost ¢an usually
be amortized from the savings in inspection time.

4.2.3.9 Roll Thread Snep Gages. This type of
gage utilizes two thread rolls of small diameter
mounted on opposite sides of a “C” frame. Where
both the Go and Not Go limits are to be inspected,
a set of rolls is mounted for each function. The
thread form on the rolls must be truncated and
effectively cleared in accordance with normal ring
gage practice.

4.2.3.9.1 Gaging rolls can be made to chieck not
only the 60° Form, but Whitworth, Acme, Buttress,
and other special forms. The thread form is ground
as a eylinder rather than on a true helix and, there-
fore, cannot be successfully applied to threads having
a large helix angle (7° or grea{ér) or to fnul’biple
threads.

4.2.3.9.2 This type of gage w1ll a.fford sufﬁcnent
accuracy for a large percentage of applications but
must-be speclﬁed with caution. -

4.2.3.9.3 When roll thread snap gages are speclﬁed
for high production 1tems, it is good practice to also
supply & thread ring gage for use in spot checking,.

424 TOLERANC‘ES AND 1LLOWANCES

4.2.4.1 Tolerances for both Umﬁed and Amerlcan
National forms are in accords,nce with H28, Screw
Thread Standards for Federal Serivices. ‘

4.2.4.2 Standard tolerances for thread plug and
ring gages are of three classes:

(1) “W" tolerances which represent the highest
commercial grade of accuracy and are
applicable to the lead and flank angle of

_all setting plugs regardless of class. “W”
‘tolerances may also be applied to pitch
- diameters if the class of fit warrantsit,

(2) “X tolerances are larger than “W" toler-
ances and are an economical compromise
among such factors as gage cost, amount of
part tolerance consumed by gage tolerance,
ete. “X’’ tolerances are generally appli-
cable to all inspection gages and to pitch
diameters of setting plugs.

(3) “Y" tolerances include a wear allowance
and are applicable on thread plug and ring
gages where a little extra gage life is de-
sired.

4.24.3 Tolerances on lead are specified as an
allowable variation between any two threads not
farther apart than the length of a standard gage
omitting one full turn at each end. In the case of
setting plugs, the length shall be that of the thread
in the mating thread ring. On truncated setting
plugs, any lead error shall be the same on the full
form portion as on the truncated portion and shall
be uniform within .0001 over any portion equivalent
in length to that of the mating thread ring.

4.2.4.4 Tolerances are specified on the flank angle
rather than the included angle to insure that the
thread form is perpendicular to the axis of the thread.

4.2.4.5 Tolerances on lead, flank angle, and pitch
diameter are not cumulative; that is, the tolerance
on any one element may not be exceeded even
though the errors in the other two elements are

.smaller than the respective tolerances.

4.2.4.6 Thread gages for UNC, UNF, UNEF,
8UN, 12UN, and 16UN threads are classified as
Military Standards. In the event that the part

specifications for an NS thread are such that a

Mil-Std gage element can be used, the applicable
Mil-Std stock number shall be referenced on the
supply list and an appropriate note added as an
aid to inspection personnel. (Mil-Std XXXXXXX
is applicable to Go P.D. for XXX-XXNS-X
Thread.)

4.2.5 IDENTIFICATION -DATA

4.2.5.1 The identification data block for thread
gages shall include complete thread designation as

AGO 10117A
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to nominal size, threads per inch, thread series,
class of fit, and product piteh diameter size. In
specifying the nominal thread size, pitch diameter,
efe., the decimal form shall be used.

When a thread gege is designed to inspect an
additional dimensional feature such as depth, out-of-
squareness, etc., this information-shall be inchided

CHToo, O watin LLAILRINIRLIOIL- AL D8 ICIuGed

in the xdentxﬁcatmn data block together with the
complete thread designation as outlined ahove.

4.2.5.2 The data on Not Go gages for UNS and
NS threads shall also include the length of engage-
ment (LE) to which gage applies; for example:
1.5000-32N8-2

NOT GO PD 1.4851
LE L5

This is necessary as a result of the varying tolerances
applied to the different ranges of length of engage-
ment. Since the tolerances for Unified threads
are besed on a particular number of pitches and
applied to all lengths of engagement up to 114
diameters, it will not be necessary to indicate the
particular range in the thread designation.

4.2.5.3 When the thread data given on the part

drawing is nat in accordance with the tables in

H28, the following will apply:

(1) When a product has a non-standard (not
in accordance with H28) major or minor
diameter, the Go and Not Go pitch dia-
meter thread gages will be designed ac-
cording to standard thread data providing
the major or minor diameters eclear the
part.

(2) When the produet thread data dictates
that a non-standard major or minor diam-
eter on the gage is necessary to provide
clearance, or the pitch diameter of the
product is a non-standard size, then the
gage for the element and limit that is not
standard should be marked NON STD in
place of the usual elass of thread. As an
example, the correct upper limit of the
pteh diameter of a 1.50~32NS-2B product
thread is 1.4849. For reasons of design, a
pitch diameter tolerance of .0083 is usid
making the upper limit 1.488, The Not
Go plug gage for this element and limit
should be marked: /

1.50-32NS-NON ST !
NOT GO PIy 1.488

AGO 101174 -
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4.2.6 GAGES FOR MULTIPLE THREADS.
A multiple thread is defined as one that has a lead
which is an integral multiple of the pitch.

4.2.6.1 In designing gages for multiple threads, the
desxgner is cautioned to make a thorough investiga-.
tion of all features of the thread before proceeding
with the design. In general, the design data for the
major, pitch, and minor diameters, root clearance,
chip grooves, and tolerance on half angle is identical
with single pitch threads. In addition, the pitch and
lead of the thread must also be specified. Multiple
lead threads will be classified Special, since it is
highly desirable to maintain a reference to the
applicable component parts.

4.2.6.2 The thread starts at both ends of the gage
should have the thread removed to a full form.
Note that this will not require the removal of a full
turn as is the case for a single pitch thread gage.
A thread having a lead which is twice the pitch will
have the thread convoluted for a half turn and will
require two chip grooves (go thread phlug} instesd
of one,

4.2.6.3 In designing not go thread gage elements
for multiple threads, it is desirable to design gages
which have only a singlethread start but with the
proper lead, in order to faeilitate the inspection of
each thread start individually. The length of
thread should be such as to provide 1} turns if
bractical as to an aid in measurement. This
method of design facilitates an economical and
securate inspection.

4.2.6.4 The data block shall contain the compl
L A
1l k.

ad R
thread designation as specified in paragraph

and shal! also include the lead and pitch.

4.2.6.5 The label “MULTIPLE THREAD” shalt
be placed in a conspicuous position on the drawing
in 14”7 high letters.

4.3 OTHER THREAD FORMS

4.3.1 PIPE THREADS. American Standard
pipe threads are 60° threads designed on the same |
order as the Unified and American National Threads
previously described. Some are different only in
the truncation while others differ in both the trunea-
tion and the fact that they are cut upon a cone

rather than a cylinder.

4.3.1.1 Taper Pipe Threads. Taper pipe threads
are 60° form threads cut on a eylinder with a taper
of 1 in 16, or .75 inch per foot, measured on the

ete
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diameter and along the axis. There are two basic
pipe thread series differing primarily in the degree
of truncation of the thread.

4.3.1.1.1 NPT Pipe Threads. The American
Standard taper pipe thread,. designated as NPT, is

designed for low pressure application and requires
the use of a sealine compound to criva

e uge 01 g geall g WURRpAAARLS W a leak

joint. In eonsequence, the gaging approach Is
rather simple. A taper thread plug gage for the

a8 leak-proof

internal threads and a taper thread ring gage for .

the external threads are sufficient. A taper thread
plug and plain taper plug are also required for the
manufacture and aceeptance inspection of the taper
thread ring, Steps are cut in the thread plug and
ring gages to indicate the limits that the gages may
enter into or updn fhe part threads.

43.1.1.2 NPTF Pzpe Threads. NPTF or Dry
- Seal taper pipe threads are designed for use without
a sealer. The threads are so designed that when
mated hand tight the crests and roots of the threads
are just touching. When wrench-tight, the crests
and roots are crushed together giving a metal to
metal seal. To provide this series of actions, close
control of the taper of the threads and of the trunca-

£ f tha o + 3 ra
tion of the crests is .-mpea ative.

4.3.1.1.2.1 Gaging Internal Threads. Internal
threads are gaged utilizing two taper thread plugs
and one plain taper step plug. The two taper
thread plug’s lengths and diameters are so related
that one checks primarily the lower end of the taper
on the component and the other checks the upper
end, thus giving a more accurate check of the taper

than s single plug. Steps are provided on the plugs

to aid in evaluating the component condition.
These steps are provided at the basic condition and
a turn and a half either side of basic. The two
gages must enter the part to or near the correspond-
ing steps in order to have an acceptable part, The
plain taper step plug also has steps which corres-
pond to those on the taper thread plugs so that all
three gages must enter previously determined
amounts for an acceptable part.” The approach to
gaging external taper pipe threads is the same as
that outlined for internal threads except that two
taper thread rings and a plain taper step ring are
employed. Further, it is necessary to provide a
plain taper plug and taper thread plug for each
thread ring and a plain taper plug for the plain
taper step ring for purposes of manufacture, accep-
tance and surveillance.

4.3.2 Aeme Threads. The design data for regular
and Stub Aeme thread gages is available in Hand-
book H28, Screw Thread Standards for Federal
Services. Condensation of the design data for
Stub Acme gages has not been accomplished;
therefore, H28 shall be used. Design data for the
General Purpose thread and the Ceutralizing thread
has been condensed and is presented here. The
three classes of general purpose threads have clear-
ances on all diameters for free movement and may
be used in assemblies where the serew is contained
in & bearing or bearings and the nut is rigidly fixed.
The five classes of centralizing threads have a limited
clearance at major diameter of screw and nut so
that bearing at major diameter maintains approxi-
mate alignment of the thread axis, For any com-
bination of these five classes of screws and nuts, some
backlash or end play will be obtained. If thisisobjec-
tionable, one of threepracticeshasbeen used asfollows:

{1} The nut is split parallel with the axis and
lapped to fit the screw.

(2) The nut is tapped first and the screw is
machined to fit the nut.

(3) The nut is split perpendicu]a.rly to the axis

. }:MJU Lllﬂ bWU p&l L3 ale uu,mbbeu to l)(:,‘dd 011
the opposite flanks of the screw.

The gage design data for these eight classifications
of Acme threads follow. Unless otherwise noted,
all design values will be extracted from table X.

4.4 INVOLUTE SPLINES AND SERRATIONS.
Involute splines and serrations are multiple keys in
the general form of internal and external involute
gear teeth, as used to prevent relative rotation of
cylindrically fitted machine parts. The form of
the tooth is made an involute primarily because it is
self-locating in finding a full side bearing under load,
and can be manufactured by the same machine
used to generate involute gears. For purposes of
gaging, the terms Spline and Serration can be used
interchangeably. Therefore, wherever the term
spline is used, 1t also pertains to serrations.

AAd1 TNMUATTIITLD Qo7F TRE O ALITFATY Tha
Retkek LAY ¥ UL LBy DL L DIV I AFarLivig, 1 1ic

two main objectives in the inspection of involute
sphnes and serrations are: {a) the assurance of inter-
cheangeable assembly by control of effective fit,
achieved by use of composite gages; and (b) the
dimensional control of parts, obtained by checking
the space width or tooth thickness, major and minor
diameter. :

AGO 10117A
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- . ' Amount pitch
. T ) L. - B : dia of ''go"
Nominal Major o Length of ring shall be
~ Diameter of Screw "go'" ring gage less than max
{max) pitch dia of
‘ screw
| - Above J 10 and Incl 1 2
Inches " Inches ' Inch
0 1 2 diameters ,
1 11/8 2 inches 0.0012
i1/8 - 1 1/4 2 inches .0012
11/4 13/8 2 inches .0015
13/8 " 11/2 2 inches .0015
i 172 1 3/4 2 inches | .0015
1 374, 2 2 inches .0019
2 2 1/4 2 1/2 inches .0019 5
2 1/4 21/2 2 1/2 inches .0019 -
2 1/2 . 2 3/4 2 1/2 inches .0019
2 3/4:"; 3 - 3 inches .0019
3 4 3 inches .0027
4 5 3 inches .0039
NOTE: - The above compensation is based on a length of engagement of two
diameters and on a lead error in the product not exceeding the following
values (in ilaches)
0G.0003 ia length of 1/2 inch or less
.0004 in length over 1/2 to 1 1/2 inches
.0005 in length over .1l 1/2 te 3 inches
" ,0007 in length over 3 to'6 inches
©.-.0010 in length over 6 to 10 inches
The lengéhs no‘ted .in col. 1 are a compromise for reasons of economy o-
timitations of manuvfacture. To insure positive interchangeability gage
tengths "should approximate the product length of enjagement.

TasLg X1, Pilch digmeter compensation for adjusted lengths of Go Thread Ring Gages for centralizing and
C _ general purpose threads.
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PITCH DIAMETYR ALLOWANCES ON EXTYRNAL
NOMINAL SIZE RANGE THREADS, GENFRAL PURPCSE AND CENTRALIZING.
Emssprs' 26,20, |SLASSES 3G, 3C |CLASSES 4G, 4C
C 008 —/F (% 006 | 004 —/T
Above To and Incl. 1 2 3
0 3/16 .0024 .0018 -0012
3/16 5/16 .0040 .0030 .0020
5/16 7/16 .0049 .0037 .0024
7/16 9/16 .0057 .0042 - 0028
9/16 11/16 .0063 0047 .0032
11/16 13/16 .0069 .0052 .0035
13/16 15/16 .0075 .0056 .0037
15/16 11/16 .0080 0060 .0040
1 1/16 1 3/16 .0085 .0064 .0042
1 3/16 15/16 .0089 .0067 .0045
1 5/16 17/16 0094 .0070 .0047
1 7/16 1 9/16 .0098 .0073 .0049
19/16 17/8 .0105 .0079 .0052
1 7/8 21/8 L0113 .0085 .0057
2 1/8 2 3/8 .0120 .0090 .0060
2 3/8 2 5/8 .0126 .0095 -00623
2 5/8 27/8 .0133" .0099 .0066
27/8 31/4 L0140 .0105 .0070
31/4 3 3/4 .0150 0112 L0075
3 3/4 4 1/4 .0160 _-0120 .0080
4 1/ 4 34 .0170 L0127 .0085
4 3/4 5 1/2 .0181 .0136 .0091
1An increase of 10 percent in the allowance is recommended for each inch,
or fraction thereof, that the length of engagement exceeds 2 diameters. The
values in columns 1, 2 and 3 are to be used for any size within the nominal
size range. These values are calculated from the mean of the nominal size
range,
L
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. Width Crest Flat

. Minor Diameter 1
. Length

. Tolerance oi) Hzi_lf Angle
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. Minor Diameter
. Root Clearance (Optlonal)
. Length

. Tolerance on Half Angle
. Variation in Lead

. Major Diameter

Pitch Diameter

. Minor Diameter
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“@0" Thread Plug Gages

A, CENTRALIZING ACME THREADS

is. AN & ANihiixdiniN “,... -.Ju

= Minimum Major Dia. of Nut

Tolerance—Figure in col. 15, 16, 17, 18, 19, 20, or 21 (apply plus}

= Figure in Col 6 (both corners at the crest shall be chamfered equally at an angle of 45° with

axis of thread} )
Tolerance—Figure in ¢ol 7 {apply minus)
NOTE: Crest Flat “Must be Central”

= Minimum Pitch Dia. Nut

Tolerance—Figure in Col 11 or 12 (apply plus)

Minimum Minor Dia. Nut (—) minus .010 (MUST CLEAR)

Approximately the length of engagement, but not exceedmg twice the nominal \/la]or
unless otherwise specified.

= Figure in Col 13 (apply plus & minus)

= Figure in Col 22, 23, 24 or 25

-B. GENERAL PURPOSE ACME THREADS

= Minimum Major Nut {(—) minus figure in Col 14

o

Tolerance = Figure in Col 10 {apply plus)

Minimum Pitch Dia. Nut

Tolerance = Figure in Col 11 or {2 (apply plus)

Minitmum Minor Dia. Nut {(—) minus .010 (MUST CLEAR)

Approximately the length of engagement but not exceeding twice the nominal Major Dia.
unless otherwise specified )

Figure in Col 13 (apply plus & minus)

Figure in Col 22, 23, 24, 26 R

“Not Go” Major Dia. Thd Plug Gages for Centralizing Acme T'hread
= Maximum Major Dia. Nut

Tolerance—Figure in"Col 15, 16, 17, 18, 19, 20, or 21 (apply minus)

Maximum Pitch Dia. of the Class 4c serew (for Classes Ze, 3¢ and 4¢) or maximum pitch
diameter of the Class fe screw (for Classes 5¢ and 6¢c) -

Tolerance—Twice the figure in col 12 {apply minus)

= Figure in Col 5 (both corners at the crest shall be chamfered equally at an angle of 45° with
axis of thread)

Tolerance—Figure in Col 7 (apply minus)

NOTE: Crest Flat “Must be Central’

Minimum Minor Dia. Nut (—) minus .01 (MUST CLEAR)

3P min Round off to nearest 1g"*

4P max

Figure in Col 13 {(apply plus and minus)

= Figure in Col 22, 23, 24, 25 )
“Not Qo™ Pitch Diameter Thd Plug Gages for General Pyrpose & Centralizing Acme Thds

1

il

]

= Maximum Major Dia. Screw—Minus figure in Col 2
Tolerance—Figure in.Col 10 (apply mmus)

= Maximum Piteh Dia. Nut

Tolerance—Figure in Col 11 (apply minus)

= Minimum Minor Dia. Nut ( } minus <010 (MUST CLEAR)
Figure in Col 4 Max. .

3P Min Round off to nearest ‘,ﬁ”*

4P Max .

Figure in Col 13 (apply plus & minus)

Figure in Coi 22, 23, 24, 25

“@¢” Thread Ring or Snap Gage Centralizing Acme Threads

Maximum Major Dia. screw (+) plus .010 must clear

Fit, to ggtf‘!pu nhln'

Minimum Mmor Dlameter of the Nut {~) minus: Classes 2¢ & 5¢ = Col 1, Table XII
Classes 3¢ & 6c = Col 2, Table XII
Class 4¢ = Col 3, Table XII

Tolerance—Figure in Col 10 (apply minus)

*When o multiple thread ia involved, the not go thread plug shall be of such a length as to provide at least 1 full turn of thread.
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4. Length = Approximately the length of engagement but not exceeding Col 1, Table XI
5. Tolerance on Half Angle = Figure in Col 13 (apply plus & Minus) '
6. Variation in Lead = Figure in Col 22, 23, 24,25 :
“Go” Thread Setting Plug
Centralizing Acme Threads
. 1. Major Diameter—Full = Maximum Major diameter screw
Tolerance—Figure in Col 10 (apply plus)
Trune = Maximum major diameter screw (—) minus Figure in Col 3.
Tolerance—Figure in Col 10 (apply minus)
2. Pitch Diameter = If the length of engagement exceeds the length of the ring gage, the pitch dxameter shall be
less than Mazimum pitch diameter of the screw by the amount shown in Col 2, Table XI.
Tolerance—Figure in Col 11 or 12 (apply minus)
3. Minor Diameter = Bhall clear Minimum minor dia. of go thread ring or snap
4. Length = Shall be approximately twice the length of the go th':ead ring of thread snap -
5. Tolerance on Half Angle = Figure in Col 13 (apply plus & minus)
6. Variation in Lead = Figure in Col 22, 23, 24, 25

“Go” Thread Ring or Snap Gage
General Purpose Acme Threads

1. Major Diameter Maximum Major Dia. screw (+) plus .01 (MUST CLEAR)

I

2. Pitch Diameter = Fit to setting plus
3. Minor Diameter = Maximum Minor Dia. serew {4) plus figure in Col 14
Tolerance—Fi igure in col 10 (apply mmus) '
4. Length = Appmxlmately the length of engagement, but not exceeding the length specified in Col I,

Table X1
Figure in Col 13 {(apply plus & minus)
Figure in Col 22, 23, 24, 25

5. Tolerance on Half Angle -
6. Variation in Lead

"'Go" Thread Setting Plugs
General Purpose Acme Threads

1. Major Diameter—Full = Maximum Major Dis. screw

Tolerance—PFigure in Col 10 (apply plus)

Trunc = Maximum Major Dia. screw (~} figure in Col 3.

" Tolerance—Figure in Col 10 (apply mmus)

2. Pitch Diameter - = Maximum Pitch Dia. screw
: Tolerance—Figure in Col 11 or 12 (apply mmuq) '

3. Minor Diameter =, Clear minimum minor diameter of “‘go” thread ring or.snap N
4. Length = hApproximately twice the length of the go thread ring or snap
5. Tolerance on Half Angle = Figure in Col 13 (apply plus & minus)}
6. Variation in Lead = Figure in Col 22, 23, 24, 25

“Not Go” Thread Ring or Snap
General Purpose & Centralizing Thread

1. Major Diameter = Maximum major dia. screw (+) plus .01 (MUST CLEAR)

2. Pitch Diameter = Fit to setting plug
3. Minor Diameter = Min.-minor dia. of nut {+) plus figure in Col 2

Tolerance~—Figure in Col 10 (apply plus) .
4. Length = 3P Min Round off to nearest 1"

4P Max

5. Root Clearance (Optional) = Figure in' Col 4 maximum
.-Tolerance on Half Angle = Figure in.Col 12 {apply plus & mmus) . K
. Variation in Lead = Figure in Col 22, 23, 24, 25 . :

=3 gn

v “Not Go" Thread Setling Plug
. General Purpose & Centralizing Thread
. Major Diameter = Maximum major dia. screw —_—
, Tolerance—-Figure in Col 10 (a2pply plus)
’ Trune = Maximum major dia. screw (—) minus Figure in Col 3
Tolerance—Figure in Co! 10 (apply minus)
2. P’itch Diameter = Minimum Pitch Diameter xcrew 2
.- Tolerance—Figure in Col 11 or 12 (apply plus) - ' '

—
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3. Minor Diameter = Shall ¢lear minimum minor dia, of the not go thd ring gage

4. Length = Shall be approximately twice the length of the not go thd ring or thread snap gage.
5. Tolerance on Half Angle = Figure in Col 13 {(apply plus & minus)

6 = Figure in Col 22, 23, 24, 25

. Variation in Lead’

“Qo' and. "Not Go" Plam Plyug Gages
Minor Dia. General Purpoges & Centralizing Nul

1. Go Diameter = Minimum Minor Dia. Nut

2. Not Go Diameter = Maximum Minor Dia, Nut

Tolerance—Figure in Col 15, 16, 17, 18, 19, 20, or 21 (apply plus)

Tolerance-—Figure in Col 15, 16, 17, 18, 19, 20, or 21 (apply minus)

“Go"” and “Not Go” Snaps
 Magor Dia. General Purpoae Acme Screw

1. Go Diameter

= Maximum Major Dis. screw

Tolerance—Figure in Col 10 (apply minus)

2. Not Go Diameter = Minimum Major Disa. screw

Tolerance—Figure in Col 10 {(apply plus)

" “Go” and “Not Go”” Snaps
Magjor Dia. Centralizing Acme Serew

1. Go Diameter

= Maximum Major Dia. screw

Tolerance—Figure in Col 15, 16, 17, 18, 19 20, or 21 (apply minus)

2. Not Go Diameter = Minimum Major Dia. screw

Tolerance—Figure in Col 15, 16, 17, 18, }9 20, or 21 (apply plus)

4.4.2 DEFINITION OF TERMS. The follow-
ing definitions are given for the more importa.nt
terms pertaining to involute splines and spline
gages. They are the same, wherever possible, as
those in the latest A.8.A. B5.15 Involute Splmes
Serrations and Inspection.

4.4.2.1 Effective Space Width. The effective spa.ce
width of an internal spline is equal to the circular
tooth thickness on the pitch circle of an imaginary
perfect external spline which would fit the mternal
spline without looseness or interference.” =~ °

4.4.2.2 Effective Tooth Thickness. The effective
tooth thickness of an external spline is equal to the
circular space width on the piteh circle of an im-
aginary perfeet internal spline which would fit the
external spline without looseness or interference.

4.4.2.3 Effective Clearance (Positive or negative).

between two splined parts is equal to the effective
space width of the internal spline minus the effective
tooth thickness of the mating external spline.
Positive effective clearance indicates rotary motion,
while negative effective clearance indicates an inter-
ference or press fit condition.

4.4.2.4 Effective Fits. The fit between two matmg
splined members depends on the effective space

width of the internal spline and the effective tooth -

thickness of the external spline. If these two

effective dimensions are equal, a metal-to-metal |

fit at two or more spots could exist. If the effective

space width is greater than the effective tooth
thickness, then there will be clearance between
mating splines. If the effective space width is
smaller than the effective tooth thickness, this
condition could result in interference or a press fit

between mating splines.

4.4.2.5 Allowable Errors. The following allow-
able errors are unavoidable errors produced by
machine and cutting tool inaccuracies during the
machining operation. Distortion from heat treat-
ment may cause additional errors.

4.4.2.5.1. Total Index Error is the greatest differ-.
ence in any two teeth (adjacent or otherwise)
between the actual and the perfect tooth spacing
on the same circle. Measurements are taken from
one point selected as a reference, to the correspond-

* ing points on the same circle on all other teeth, and

will be affected by involute error and out-of-round-
ness.

4.4.2,5.2 Profile Error. Profile error is the devia-
tion from the specified tooth profile. It is positive
in the direction of maximum material and negative
in the direction of minimum material.

4.4.2.5.3 Parallelvsm Error. Parallelism error is
the deviation from a specified direction of the spline
teeth on the pitch cylinder. It is usually measured
by traversing a dial indicator along the tooth face,
normal to the pitch line, and parallel to the axis of
the spline. This error should be specified on the
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product drawing. However, since it is usually
controiied within ciose tolerance, it should be disre-
garded in determining the error allowance.

4.4.2.5.4 OUT-OF-ROUNDNESS is the deviation
of the spline from a true circular configuration.

4.4.2.5.5 Effective Error. The eflective error is
the accumulated effect of the spline errors on the
fit with the mating part.

4.4.2.6 Error Allowance. Error allowance is the
permisible effective error. Experience has shown
that the effect of individual spline errors on the fit
{effective error} is less than their total. Therefore,
instead of using the total of all the errors, the error
allowance is 60 percent of the sum of twice the posi-
tive profile error, the total index error and the
parallelism error for the length of engagement.

4.4.2.6.1 Machining Tolerance. M&chining toler-
ance is the permissible variation in actual space
width or actual tooth thickness.

4.4.2.6.2 Tolal Tolerance. Total Tolerance is the
machining tolerance plus the error allowance.

4.4.2.7 Actual Space Width is the cireular width
on the pitch circle of any single space. It iz de-
termined by measurement between pins, paddle
plug or any other method which measures the
actual distance across the space, directly or in-
directly. Since there are errors present in the
internal spline, the actual space width must be made
larger than the effective space width by the effect
of these errors. In short, the actual space width
is equal to the effective space w1dth plus the error
allowance.

4.4.2.8 Actual Tooth Thickness is the circular
thickness on the pitch circle of any single tooth.
It is determined by measuring over pins, calipers,
snap gage, or any other method which measures the
actual distance across the tooth, dlrectly or in-
directly. Since errors are present in the external
spiine, the actual tooth thickness must be made
less than the effective tooth thickness by the amount
of the effect of these errors. In short, the actual
tooth thickness is equal to the effective tooth thick-
ness minus the error allowance.

4.4.2.9 Nominal Clearance between two splined
members 1s equal to the actual space width of the
internal spline minus the actual tooth thickness of
the external spline. It does not define the fit be-
tween mating members, because of the eﬂ‘ect of
errors.

4.4.3 COMPLETE PRODUCT SPECIFICA-
TIONS. In order to'design gages properly, proper

AGO 10117A
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product specifications must be recognized to de-
termine if they are adequate or correct. The spline
gage designer is cautioned to cheek whether the
tables in A.S.A B5.15 Involute Splines, Serrations,
and Inspection have been used to design the product.
4.4.3.1 Complete Product Specifications for an
Internal Spline. The following items are considered
to be the proper specifications for the Internal
Spline: -
Type of Fit
Number of teeth
Diametral Pitch
Pressure Angle
Base Circle Dia. Ref
Total Index Error Max (Any two teeth)
Involute Profite Error T.I.R.
Out~of-Roundness
* Max Parallelism Error '
X.XXXX Max. Meas. Between XXXX Dia
Pins Ref
X XXXX+.XXXX Minor Dai.
X XXXX+ XXXX Major Dai."
X.XXXX Ref. Pitch Dia,
X.XXXX Form Dia.
" Max. Actual Circular Space Width
Min. Effective Circular Space Width
Length of Engagement ’
4.4.3.2 Complele Product Specifications for an
External Spline.  The following items are considered
to be the proper speelﬁcatlons for the External
Spline:
Type of Fit
Number of Teeth
Diametral Pitch
Pressure Angle
Base Circle Dia. Ref
' Total Index Error Max (Any two teeth)
Involute Profile Error T.I.R.
Out-of-Roundness
Max Parallelism Error
X XXXX—XXXX Minor Dia.
X XXXX— XXXX Major Dia.
X.XXXX Ref. Pitch Dia.
X.XXXX Form Dia. o
Min. Actual Circular Tooth Thickness !
‘Max. Effective Circular Tooth Thickness
Length of Engagement,
4.4.3.3 Standard Products. If the dimensions of
the spline product were taken from standards, the
spline product is considered to be standard and
gages ean be designed as outlined in the text.
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4.4.3.4 Non-Standard Components. 1f the dimen-

sions of the spline comnonent were not taken frnm

SalPils ol ARG Spiailas VOLIpAAITAN T 120% LRRTIL

standards, but are dimensioned in accordance‘ with

the concept of the standard, ie.; effective size,

dlmensmnal size and allowable errors shown, the
procedure foliowed in designing the gages in the
same as for standard products. However, ' care
must, be taken .in making appropriate changes
wherever necessary.

4.4.4 INCOMPLETELY

Dpnnrme

taken from standards and show only the pin measure-
ments with no reference to effective size or actual
gize, then the determination of gaging should be
based on the following procedure. -

4.4.4.1 Incompletely Dimensioned Internal Prod-
ucl. In dealing with an internal spline having
given the maximum and minimum measurement
between pins, corresponding space widths should be
calculated.
the maximum and minimum actual space widths.
If no allowable errors are tabulated on the product
drawing, error allowances should be tentatively
applied and submitted to Product. Engineering for
coordination and approval. Upon approval, the
error allowances are subtracted from the minimum
actual space width. This becomes. the minimum

effective space width. -
)‘ A I‘ S Tnpoamnlotel namwmnn o sxlerna f Plr{\n’.
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. When the external product has shown a
maximum and minimum messurement over pins,
the corresponding tooth thickness should be cal-
culated. The spread or tolerance on this tooth
thickness should be interpreted as the machining
tolerance for the external tooth. Interpret the
maximum tooth thickness as determined from the
maximum effective tooth thickness. If no allow-

able arrors are tabulated on the nroduet drnunnu‘

WAL TEIVAL BRI WL VAL il pivialivy R1ai iin)

error allowances should be t.ent.atwely applied and
submitted to Product Engineering for coordination
and approval. Upon approval, subtract the error
allowance from the maximum effective tooth thick-
pess to determine the maximum actual tooth thick-
ness. Subtract the machining . tolerance from the
maximum actual tooth thickness to establish the

minimum actual tooth ‘thickness. The old measure--

ment, over pins is discarded and a

ment computed correspondmg to the actusl sizes.
444, 3 Engineering Coordmatmn It is assumed

that the Engineering in des1gnmg the spline has

prov1ded for & certam type “of fit; h0wever, the

new measure-

probability exists that if no .error allowance was
given, the effective fit concept was not considered.
Therefore, any change that is made to use the
effective fit must be thoroughly coordinated with
the: Product Engineer in order that reconsideration
of the spline fit can be made. This is particularly
necessary when changes alter the fit from the original
dimensional clearance fit to an effective interference
fit.

4.4.5 NOMENCLATURE. The nomenclature

followed is the same wherever possible as that in the

21V 23 LALLD oGALT WANLITLVEL DPoalul0 4 LIS LiE

latest A.S.A. B5-15 Involute Splmes, Serrations and
Inspection.

4.4.6 GAGES FOR INTERNAL INVOLUTE
SPLINES. To effectively gage an internal spline
to assure proper fit and interchangeability, a set of
three gages is required, Go Composite Plug, Go
Paddle Plug and Not Go Paddle Plug. Paddle

Plugs are also known as Sector Plugs

AART Mo Ooamnacitsa Pliasy laca Aogignad tn
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check the minimum effective space width of the
internal spline. The gage has a full complement
of teeth and checks as much proﬁle as will be re-
quired by the mate. This gage is recommended
without exception.

4.4.6.2 Go Paddle Plug Gage is designed to check
the minimum actual space width. The gage has all
of its teeth removed except two pais located dia-

The major diamster

matrinally annneita annh athoar
meVICany Upposiie CAll Gullr.

is truncated, and the outside form of the teeth re-
lieved to minimize the effect of the allowable errors.
This gage is recommended as a final inspection gage
to be used only for the evaluation or rejection by Go
Composite Plug Gage. It is seldom needed for
broached splines having a rather fixed tooth thick-
ness, except to evalyate the rejections of the Go
Composite Plug due to fillet interference. Frequent-

l\r it, iz used as g machining gave or for control of
1L 18 useq & machinin g gage or 1or control ol

ma.chme settings.

4.4.6.3 Not Go Paddle Plug Gage is designed to
check the maximum actual space width. This gage
is recommended without exception.

4.4.7 GAGES FOR EXTERNAL INVOLUTE
SPLINES. To effectively gage an external spline
to assure proper fit and interchangeability, a set of
five gages is required: A Go Composite Ring, a
Tanered Tooth Master phm- a Go anp, a Not Go

aopioitla 2R LS T ig AL OIS

Snap and a Setting Master.

4.4.7.1 Go Composite Ring Gage is designed to
check the maximum effective tooth thickness of the
external spline. The gage has a full complement

AGO 10117A
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of teeth and checks as much ﬁroﬁle as witl be re-
quired by the mate. This gage is recommended
without exception. o

4.4.7.2 Tapered Tooth Master. This gage is never
used to check the product. However, it is useful in
the manufacture of the Go Composite Ring Gage.
This gage 1s of the plug type with a full complement
of teeth. One side of each tooth is tapered shghtly
to vary the tooth thickness. “The opposite sides are
non-tapered providing a full length contact with the
ring gage. This provides a fit range and discard
limit on the gage. These masters are for new ring
gage acceptance and for determining when the ring
is worn to the high limit of the part. The ring is
fitted as a section on the master which incorporates
a wear allowance on the ring. The ring gage is
checked periodically for wear with the tapered
tooth master, and when the ring passes over the
discard limit on the large end of the master, it should
be replaced with a new ring. The major diameter
of the master is not tapered. Tapered tooth masters
are recommended wherever a ring gage is used, to
assure the correct effective relation between the
ring gage and the plug gage used for the mating
part and to assure replacement of ring gages of a
like effective size.

4.4.7.3 Snap (Gages. A snap gage is a gage
arranged with opposing measuring surfaces separated
by a spacer or frame. It is designed to check the
actual tooth thickness of an external spline. The
Go Snap Gage checks maximum actual tooth thick-
ness. This gage is recommended as a final inspec-
tion gage to be used for evaluation of rejection by
Go Composite Ring Gages. It is also used fre-
quently as a machining gage or for control of machine
settings. The Not Go Snap Gage checks minimumn
actual tooth thickness. This gage is recommended
without exception,

4.4.7.3.1 Roller Type Snap Gages. The roller
tyre snap gage is preferred wherever possible be-
cause of the many advantages over the other types
of snap gages. The rollers are easily manufactured
and do not have to be held to close tolerance since
they are set to a setting master and adjusted
quickly by a sensitive eccentric. Slight changes in
tolerances on the product can be easily accommo-
dated by adjusting the eccentric to a new setting
master. The gaging surfaces of the rollers are
straight sided and do not require specizl machines
to manufacture. The wear life of the gage is greatly
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increased due to the increased gaging surface on the
flank of the roller, since wear is distributed over the
roller- circumference. The disadvantage of this
type of gage, is'that it cannot be used wherever the
spline is close to a shoulder of flange which would
prevent the roller from checkmg a sufficient length
of spline.

4.4.7.3.2 Built-Up and Solid Type Snap Gages.
The built up or solid type snap gage is used wherever
it is necessary to gage close to a shoulder or flange,’
Disadvantages of these types of gages are that
they must be ground to extremely close limits during
manufacture, and the wear life is greatly reduced
because of its small gaging surfaces.

4.4.7.3.2.1 Built-Up Type Snap Gages are used if
the major diameter of the component is less than
1.500 inches. The built-up type, as distinguished
from the solid type, is split in the center and held
together with screws and a key. .

4.4.7.3.2.2 Solid Type Snap Gages are used on
products whose major diameter is greater than
1.500 inches. The measuring “surfaces of -these
gages are integral with the frame.

4.4.7.4 Seiting Master for Go and Not' Go Snap
Gages. This gage is never used to check the com-
ponent. Setting masters are used exclusively to
set the Go and Not Go Roller Snap Gages. The
gage is of the plug type having two sets of teeth, one
for setting the Go Snap and the other for setting
the Not Go Snap. For splines having ten teeth or
less, setting masters become special problems and
must be dealt with as such. The gage is required
for setting the snap gages and detecting wear on
them. This gage is recommended, without excep-
tion, whenever roller snap gages are used.

4.4.8 GAGE BLANKS.

4.4.8.} Standard Gage Blanks. Standard gage
blanks are to be used wherever possible. Standard
designs for certain types of spline gage blanks are
available in the report of the American Gage Design
Committee, U.S. Department of Commerce Com-
mercial Standard CS-8-61, “Gage Blanks”. In
some instances, rather than design special gages,
the standard design is modified to suit the particular
gaging problem. '

4.4.8.2 Special Gage Blanks. Special gage blanks
are designed for gages for which no standard existed
or where it is impossible to modify any existing
design.
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449 MACHINING TOLERANCE AND AL-
LOWABLE ERRORS FOR GAGES.

4.4.9.1 Machining Tolerance. The machining tol-
erance for gages is the allowable variation in tooth
thickness or space width permitted in the manu-
facture of the gages. Since the Go Composite
Ring Gage is fitted to the Tapered Tooth Master
Plug no tolerance is required on the measurement
between pins. The tolerance on measurement over
pins should never be less than .0002 except for
serrations having a diametral pitch finer than 48,96,
when closer tolerances must be used. The sign of
the tolerance is always plus for the Go Composite
Plugs plus and minus for the Go Paddle Plugs and
minus for the Not Go Paddle Plugs. The Tapered
Tooth Master toleranee is plus on the large end and
minus’ on the small end. The Setting Master
Tolerance is plus and minus for the Go set of teeth
and plus for the Not Go set of teeh. '

4.4.9.2 Allowable Errors for Gages. The allow-
able errors encountered in manufacturing the com-
ponent will also be encountered in manufacturing
the gage. These errors must be specified on the gage
drawing. They are kept as small as is feasible to
control the accuracy of the gage and yet not make
the cost of the gage prohibitive.

80
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4410 MEASURING PINS

4.4.10.1 Determining . Proper Measuring Pins.
Since the measuring pins used for gages are not the
same as the measuring pin used on the component,
the gage designer must compute the pin diameter to
have contact occur as close to the pitch diameter as
possible. For standard splines constants have been
established which when divided by the diametral
pitch determine the pin diameter required for the
gage. If the spline is non-standard, the gage
de_signér must compute the pin diameter from various
formulas available so that contact will occur at a
diameter near but outside the pitch diameter on
the plug gage and near but inside the pitch diameter
on the ring gage.
the tooth thickness or space width corresponding
to the diameter at which contact is to occur in
determining the measuring pin diameter for non-
standard splines,

4.4.10.2 Selection of Measuring Pin. The selec-
tion of the measuring pin is made from the Table of
Recommended Standard Measuring Pins. It is
recommended to always select the next larger pin
to the computed diameter, In all cases, it is in-
advisable to use flattened pins as they are awkward
to use and wear more readily.

The designer iz cautioned to use

AGO 10117A
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CHAPTER 5. OPTICS IN INSPECTION

5.1 INTRODUCTION. Light is a most.versatile
tool in inspection. It may be employed as auxiliary
illumination in visual inspection or run through the

illumination in visual inspection or run t.hrough the -

optlca.l system of a microscope or. prOJector to pro-
vide'a magnified image of the part.

waves interfering with each other may be uséd as an

ultra precise measuring tool through mterferomgatry v
Finally the ultimate standard in our system “of
is ‘defined in"

dimensional measurement, the inch,
terms of a precise number of wavelengths- of a
particular color type of light.

5.1.1 GENERAL NATURE OF LIG'HT nght -

is a type of electromagnetic vibration and as such
_ appears to travel in waves. Further, light is just

nme emall sasmont af tho ontira aslootwamaonatin

I OEAAGUAL  DURAIIEIU U AL LALlVALY avuwul Ulllausl.lc Vi
spectrum which ranges from powerline frequencies
through radio waves, infra red, then light followed
by x-rays and Gamma Rays. Visible light is that
series of wavelengths: from 0000157 to .0000275
inches. This series is arbitrarily divided into six
broad areas—viloet, blue, green, yellow, orange,
and red. Since the colors blend continuously, this

can only be approximate. Figure 23 represents the
visible snectrum and the wavelenoth far each oolar

SOANAL DpULULRRIR QAR ST CECALE Uad AL Tl UULUL,

5.1.2 GENERAL LAWS OF GEOMETRICAL
OPTICS. Light obeys certain fundamental laws
which the equipment and processes outlined on the
following pages employ to the best advantage

(a) Law of Rectilinear Propagation.

line in a.medium of constant dens1ty
(b) Law of Reflection. In passing from a

adi ~f Tncoar dangibis 4n nrn nf e don

MeGIuln O 1e88er densivy 10 ONe O1. greaer

density, light is deviated toward the

normal. In passing from a medium of
greater density to one of lesser density,
light is deviated away from the normal.
(c) Law of Reflection. The angle of reflection
. is equal to the angle of incidence and
lies on the opposite side of the normal;
the angle of incidence being the angle

formad hotwoan tha mave otmilbrine tha
ANTL SAMIVE AL UTYUCLL LT L aJ = D“l ]Llll& [ 8 Lwy

surface and thé normatl.
5.2 MIRRORS. The simplest form of optical
system is the plane mirror which provides a reversed
image that appears to be as far behind the mirror

Parallel (or :
collimated) rays of light may be used to establish

reference lines and planes while the patters, from -
"‘and spherical aberration; i.e., except over a narrow

nght o
travels at a constant speed in a stra.lght‘

as the object is in front of it. See Figure 24.
Mirrors are used in inspection to view inaccessible
areas and in autocollimation.

5.3 THE SIMPLE MAGNIFIER. Referring to

- Figure 26, it is shown that the simple mangifier pro-
_duees an image that is magnified and on the same
“side of the lens as the object; also, it is unreversed.

The single mangifier is subject to both chromatic

range the colors and shape of the image are dis-

storted. However, within its limits, it is an excellent

ii)roducti()n and inspection aid in that it can be used

. FIgurk 24, [Inspeclion mirrors.

Ficure 25,

Bench magnifier.

AGO 10117A
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to view visual defects more clearly, to aid in scale
reading and to facilitate handling of small parts. A
typical application is shown in figure 25, a bench

magnifier.
54 THE MICROSCOPE. Whenever high
maenifiration iz dogirad f]‘\n miocrnsanne is nucxd !_t

FHE S A D0 VR R TES T e )

consists of two converging lens (in practice, lens

AU LI UOU Y AT wad

systems), an objective lens of very short focal length -

and an eyepiece of moderate focal length. The'

objective lens forms within the tube of the instric: .
ment a somwhat magnified real image of the object.

This image is magnified by the eyepiece which
serves here as a simple magnifier,

greatly magnified. By placing a graduated reticle
at the site of the real image, it is examined by the
eye piece along with the real image, so a direct

measurement of distance, angle or form may be

made. See figure 27.

are of two general types—work shop and toolmakers’
which vary primarily in the degree of acecuracy
available, with the toolmakers’ being more accurate.

The work shon mieroscons rrnnnv-nnv wonld have a
shop micrgscope generall would hav

magnification of 10X while the tooImaI\ers would
range from 10X to 100X in addition to having a
table which moves on coordinate slides with microm-
eter adjustment. Some toolmakers’' miscroscopes

can be fitted with a projection head in the 16werl
powers so that the image may be wewed at eye'

level on a sereen. See figure 28.

5.5 TELESCOPES. A refracting telebcope ‘pro- .

Ra_

maonifis mara nf a dictant ahiset”

vidae o 1 d 3
uu.n&uuu_,u liliavgy i LD UUJ\.:UU

ViGes &

ferring to Figure .29, two basie lenses are ubeé,‘an h

objective lens and an eyelens. A distant object 0"

Thus, the final -
image, seen by the eye, is virtual, inverted and

5.4.1 MICROSCOPES cmployed in mspectlon',

s AT B

‘range of from eighteen (I8) inches to infinity.
-object less than eighteen (18) inches from the objec-

sends rays of light through the objective 0.

These rays are focused at “f”” and then after passing

through the eyepiece ‘'L’ emerge in'a parallel beam, ' ’

enabling the eye “E” of an observer to see*an in-
verted image of “Q”.,

il as Bl VU uilD TUUVRL Raagp e

objective divided by the focal length of’ the eyelens -

5.8.1 BASIC OPTICAL CHARACTERISTICS
OF A TELESCOPE. There are four optical
characteristics of a telescope which should be defined
here.

5.5.1.1 Power. The magnifying power of a tele-
scope is the ratio of the apparent size of the object
as seen by the unaided eye to the apparent size of
the image seen in the evepiece of the instrument

i =] ekl o bl

The two:lenses are spaced a .
distance equal to the sum of their’focal lengths and |

the mqgnlﬁnqhnn 1g nqun] to the foeal ]pho"l‘h nf f}\ﬂ‘

* with cross-lines etched into it.

86

when both are at infinity. As mentioned previously,
it is also equal to the dividend of the focal lengths.
If the ratio of image sizes is 30.1, the telescope is
said to have a magnification of 30 which is written
as 30X or spoken of as 30 power. (Occasionally, it
may be referred to as 30 diameters.)

5.5.1.2 Range. The range of a telescope is that

distance within which an object can he clearly

-, defined 6rfocused. For example, the average align-

“ment type telescope can be sharply focused over a
An

t:ve lens ¢annot be sharply focused.
" 5.5.1. 3 Resolution. The ability of a telescope to

__dlSt]DgUISh betvy_een two adjacent points is termed

its resolving power. It is generally expressed in
terms of the minimum angle at which the two points
can be independently identified {or resolved). The

- average - .telescope used for alignment purposes is
_rated at 314 seconds.

If"two points on an object
are being viewed which make a smaller angle than

., the angle of resolution, the image in the telescope
- will only show one point.

: q I A F']ﬂ’l’; nf V’fﬂ'}"

WetFemex & vl Uy

or’visible space the viewer can see th
cope when it is stationary. It is the maximum
angle subtended by any two objects which can be
vne“ ‘ed simultaneously. It is generally expressed as
“so many yards at 1000 yards”, but for optical

: measurement it is more likely to be expressed in
.degrees between

rays. An average alignment
telescope would have a one degree angle between
Asg the mﬁﬂ'nrﬁnﬂhnn of the

rnye at thirtv power.

B otwy vadilluy

eyepiece increases, the true field of view goes down,

" everything else being held' equal.

5.5.2 TELESCOPE CONSTRUCTION. The

" ‘major parts of telescopes used in inspection are the
- objective, the eyepiece, the focusing lens, and the

reticle (which together form the lens system);
the mount, the eyepiece mountmg and the focusing
mechamsm

r\'":?'l The Lens S’S..
ob]ectwe gathers and focuses the hght from the
object.” At the focal point is placed a glass disc
The eye lens views
this reticle and object image and provides an en-
larged image for the observer. If then appears that
the cross-lines are superimposed upon the object.

5.5.2.2 The Mount. The mount is a sturdy tube
which holds the lens system and related mechanisms
in proper alignment.

In the lens system, the

AGO 10117A
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5.5.2.3 The Eyepiece Mounting. It holds the
eye lens in the proper reiation to the rest of the
system and provides an adjustment to be used to
compensate for variations in human eyesight, for
close focusing on the cross-lines of the reticle. In
an instrument with a reticle, either the objective
lens or both eyepiece and reticle must be adjusted
to maintain focus on nearby objects.
5.6 COLLIMATION

5.6.1 GENERAL. The basic collimator is an
optical instrument that is derived from the telescope.
Light from a distant object enters the telescope
objective lens in the form of parallel rays of light.
These rays are then converged to a point on a reticle
placed at the principal focus of the objective lens. A
reverse process is performed in the collimator dia-
grammed in Figure 30. A light source illuminates the

reticle placed in the principal focus of the objective |

lens. Light rays from the reticle are collimated
(rendered paraliel) by the objective lens. The image

of the reticle appears at infinity. The collimator is _

used as an instrument in the inspection of opties and
as a target in optical tooling, some phases of which
are discussed in par. 5.7,

5.6.2 AUTO—COLLIMATION. By combining
a ielescope and a collimator into one instrument,
auto-collimation is possible. Auto-collimation is
achieved by sighting the instrument into a plane
mirror that reflects the rays coming out of the
objective lens baek through the instrument. The
perpendicularity of the mirror with respect to the
axis of the auto-collimator may be ascertained by
viewing together the reticle of the auto-collimator
and the reflected image superimposed thereon. The
eyepiece of the instrument is used to examine
accurately the degree of superposition.

5.6.3 CONSTRUCTION OF THE AUTO-
COLLIMATOR. With reference to Figure 31, a
simple auto-collimator is compnsed of:

A. Reticle

B. Objective Lens
C. Semi-Reflector
D. Eye lens

E. Field Lens

F.

Light Source ’

5.6.3.1 The reticle “A” is usually made of optical
giass with finely etched cross-lines. Sometimes
additional graduations may be included to indicate
the amount of deviation, as shown in Figure 32.

5.6.3.2 The Objective “B” renders the image of

thao watinla A wo nf Lioht Whan o

inta nonallal en
e Ielicie el Tays UL ifgiL, ¥y liCil @

INLo paraiie
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reflecting surface is placed at any posit.ion perpen-
dicular to these rays, they will be reflected back

-

through the objective lens and refocused on the

reticle surface.
5.6.3.3 Semi-Reflector “C” is a partially-coated

plane plate glass mirror that reflects the light from .

the bulb of the light source into the lens system.

5.6.3.4 The Eye Lens ‘D’ magnifies the reticle -
pattern and the real image formed by the reflected -

rays seen on the Reticle “A”.
56.3.5
from a 6 volt bulb built into the instrument to a high

The iliuminating Source “F”' may vary

powered separate external source concentrated on

the reflector “'C’..
5.64 THEQRY OF THE A

TOR.
strikes the reflecting surface equals the angle it leaves

AUTO-COLLIM A-

In any reflected ray of light, the. angle it

the surface. Therefore, referring to Figure 31 again, -

the angle formed between the projected rays and the
reflected rays will be twice the angle # which the
reflecting surface is tilted from the vertical.
position of the returned image on the reticle with

respect to the graduations themselves will be an
amount soual to the tangent of 28 times the focal

TEAlISMAAIY Lagadin W il uGiy Av R &y LilldB WAD aULGE

length ({f) of the objective lens. Therefore, by
graduating the reticle as in figure 32, the angle 6 of
the reflecting surface can be determined.

5.6.4.1 Determination of Accuracy. Since, as
explained above, the distance X is (f) (tan 28), if the
desired accuracy is one minute of are, and assuming

an objective B’ focal length of 10” the spacing of -
* the graduations would be 10X tangent of 2 minutes

Oor mﬂﬂ ﬂ'\n"\an

objectwe lenses, the lmear spacing of the graduations
may be increased thus permitting the measurement
of smaller angles than 1 minute of are. However,

a lnnoar faral lanoth of
using & longer Iocal lengun o1

“1' nLIna

The -

the length of the tube must not become unwieldy. .
Increasing the power of the eyepiece also increases .

accuracy and sensitivity but reduces the field of view
thus limiting the range of the graduated scale.

Vi-

bration of the instrument also tends to limit the

anosnraery of nhesrvation in the emallar aneles

WULUA LY Wi URASUL ¥ eV VAL LD VIAT SLIRVEITL CViARATAT: R dinaw

TInder -

the best laboratory conditions, accuracies of .1

second of arc are possible; under.average working
conditions, one-half minute is more practical.
5.6.4.2 Advantages of Parallel Light. In using the

auto-collimator, the parallelism of the projected rays
of light means that the instrument can be used at

any distance from a reftecting surface without

refocusing or may be rotated about its axis. The
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the instrument would come from loss of clarity due
to entrance of stray light or the falling out of light
intensity as the square of the distance.

5.6.5 REFINEMENTS OF DESIGN. The
basic auto-collimator, as discussed above, is the

most versatile and easily adapiable version.
ever, there are variations of design which may
provide greater accuracy at a sacrifice of mobility,
as discussed below. :

5.6.5.1 Micrometer Eyepiece. In figure 33(a} is
an instrument similar to the basic instrument, except
that a micrometer eyepiece is used to view the
images. Instead of reading the displacement directly
on the reticle, it 1s measured by the eyepiece. The
eyepiece has a fixed cross-line together with a
movable cross-line actuated by & micrometer screw.
In setting up, the fixed cross-line of the eyepiece is
set on the cross-line in the reticle. The mierometer
dial is then turned until the movable cross-line
coincides with the reflected image. The amount of
displacerent is then read on the micrometer dgrum
which can be so graduated as to read small incre-
ments of angle directly. The range of displacement
is limited by the field of view of the micrometer
which will be¢ quite less than the regular eyepiece.
Micrometer eyepieces for standard auto-collimators
are easily obtainable commercial items.

5.6.5.2 fece. To achieve still
greater accuracies, a microscope may be used as an
eyepiece. The field of view is now so limited that
nearly zll displacements would be outside of it.
Therefore, the complete microscope is mounted on a
micrometer actuated cross slide. A fine cross hair in
the microscope is lined up with the collimator reticle
eross-line and then the micrometer drum is rotated
antil the cross hair is lined up with the reflected

TT ey
TLUW™—

angle of deviation. Again the micrometer drum may
be graduated in very small increments of angle.
Further, the microscope allows more precise align-
ment of the eyepiece ¢ross hair and reticle cross-line,
See figure 33(h)

5.6.5.3 Of-Axis Pinhole Type. Figure 33(c)
illustrates a refinement in the transmitted image.
The light source is now injected into the system
through a partially reflecting mirror but is off the
axis of the telescope. Light is concenirated on an
extremely small hele (about .015 diameter) or fine
slit located from the objective lens a distance equal
10 the focal length of that lens. The reticle is still
graduated similar to figure 32. For best optical

AGO 11LTA
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performance, the displacement of slit and reticle “D"
should be as small as practicable. Due to_the
distance “D”, the light rays must travel through
angle X. When the reflecting surface is perpendicu-
lar to the bisector of angle X, the returning light

o hala ar olit will fn " Imaon
AL WUl DLl Dt o

rave Af th rm o in tha
rays of the h t will form an i in the
center of the graduated reticle. This system has a
distinet advantage in that the returning image is a
simple, sharply defined, spot or line of light. This
eliminates reading the displacement of two complex
patterns since the line or spot can easily be viewed

against the basic reticle pattern.

5.6.5.4 Fixture Type Collimator. Using the pre-
vious principle together with a greatly increased
focal length objective the fixture type collimator is
evolved. To keep the instrument compact, three
mirrors are used to fold the long light path into the
frame casting. An adjustable table can be provided
to increase the versatility of the instrument. It is
very useful for checking parailelism of glass surfaces
{surface of optical flats) since the light is reflected
from the top and bottom surfaces simultaneously and
the displacement of the two reflected images can be
obtained directly. By the provision of holding
devices for the table, angularity of geometrical
figures may be easily checked. See figure 33(d).

5.6.6 APPLICATION JF THE AUTO-COL-
¥ rTarAmnNnn L 1) MR G | PR DRty -} | PO N
FPY ¥/ s WLV E TR LI lUllUWlIlg palugra,pllb Hiusura e
some typed and basic appheations of the auto-col-
limator to general measurement.

5.6.6.1 Angle Conparison. Figure 34 shows the
auto-collimator being used to compare an angle with
the corresponding angle of a master. Ninety degrees
is illustrated but practically any angle could be so
checked. The axis of the auto-collimator is made
perpendicular to the surface of the master angle by
adjusting its position until:the reflected image of the
reticle is lined up with the reticle itself, as seen
through the eyepiece. The master angle is then
removed and replaced by the angle being tested. An
error in the angle of the test piec. will thus displace
the reflected image. If the master and test piece can
hoth be contained within the field of view of the
instrument, it is weil to leave the master in position
to serve as a constant check. For average work a
good surface plate will do as a work holder, but for a
high degree of accuracy, both pieces should be wrung
to an optically flat surface.

5.6.6.2 Direct Angle Check. An angle may be
tested by viewing the reflections from one of the
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faces and from an optical flat with which the other
face is in contact. Figure 35 shows the arrangement,
for right angles. Two images are formed in the
instrument, one by light rays that strike the flat
first and the other by rays that strike the face of the

test piece firsi. If the angle is precisely 90° the two

sets of rays are parallel and the images coincide.
With an angular error of 8, the two sets of rays form
an -angle equal to 44, the images showing a cor-
responding separation. This method is very con-
venient, since the instruments may be pointed down
at any convenient angle and the holding plate
adjusted till both images are in the field of view.
This method can be used to measure any simple
submultiple of 180 degrees. For even portions of 90°
(45° and 22.5°) the same freedom of elevation of the
telescope is present as for the 90°; however, for other
angles such as 30°, 60°, 75°, the axis of the instrument
must be parallel to the biseetor of the test angle or
the beams will not return into the telescope.

5.6.6.3 Indirect Angle Checks. Checking un-
polished surfaces presents a problem. One method
of doing this is illustrated in Figure 36. A plane
mirror is laid on the inclined surface to be measured
and the base is set on a polished flat. Two images
will be produced as in the method of par. 5.6.6.2 but
the rays which strike the flat first are reflected from
the mirror back to the flat, then to the mirror, and
back to the instrument so that they are deflected
four times the error in the test plane. The same
holds true for the rays which strike the mirror
surface first so that the two images in the instrument
wilt show a separation corresponding to 8 times the
error in angle of the test surface.

)

AUTO
COLLIMATOR

—~ ORPTICAL
FLANE

Fieure 34. Angle comparizon for 09°,
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FIGURE 36. [Fndirect angle check.

5.6.6.4 Checking with a Sine-Bar. A sine bar may
be used to extend the application o: the auto-collima-
tor. In figure 37, the telescope is first adjusted
perpendicular to the base plate then the upper sur-
face of the sine bar is set to the complement of the
angle to be verified. Deviations from this basic
angle are recorded on the auto-collimator’s scale.
Duplicate pieces can be checked rapidly by this
method. Another method is to set the sine bar to the
basic angle in question, place it on a surface plate
and adjust the auto-collimator normal to the inclined
surface of the sine bar. It is moved aside and the
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Figune 38. Oplical lever.

pieces to be checked are placed on the surface plate
for comparison. This method also lends itself to
production checking.

5.6.6.5 The Oplical Lever. The method in figure
38 can be used for either of two purposes. It can be
used to check unpolished surfaces or it can be used to
gain magnification. In production inspection, a
cradle with 2 movable mirror to contact the surface
in question should be used.

5.6.6.6 Straightness or Flatness Checks. Straight-
ness of planes (or fiatness) may be checked by using
a vertical reflecting surface mounted on a movable
saddle, as in figure 39. The deviation from a true

e mav be read from the auto-

1 iy L L4 AL udlh

24

urface in any pla
collimator scale. Saddle plates may be designed for
almost any type of surface, such as Vee ways, surface
plates, straight edges, ete.

5.6.6.7 Paralielism. To check parallelism, the
parts are placed one upon the other and the reflected
images from the surfaces to be compared are viewed
in the auto-collimater. It is often more convenient
to have the instrument in a horizontal plane, espe-
cially if the parts in question must be set vertically,
so the set-up in figure 40 is employed. Here, the use
of parallel light permits viewing two images traveling
over distances which differ by twice the length of the
top piece, yet they both are in focus,

5.6.6.8 Azial Sguareness. To check the square-
ness of an end face with the longitudinal axix of a
cylindrical piece, rotate the piece in Vee blocks as
shown in figure 41, noting the amount of deviation
of the reflected reticled. To check a rectangular
piece, turn on each side and note the amount and
direction of each deviation.

5.6.7 APPLICATION OF THE INSTRU-
MENT TO THE INSPECTION OF OPTICS.
All exterior and interior surfaces of optical prisms,
wedges, windows and mirrors can be conveniently
checked by all the methods indicated for metal
parts. The prime advantage of using an auto-
collimator rests in the fact that internal reflecting
surfaces may be checked. For example, the 90°
angle of a right angle prism may be checked by the
method shown in figure 42. The auto-collimator
would be directed at the hypotenuse face. An
optical flat is not needed here as in the case where
metal parts are checked and therefore contact error
ig eliminated. For an error of # in a 90° angle, an
angle of 4N# will be returned to the instrument,
where N =index of refraction of glass. Care must
be exercised relative to the reticles used by various
manufacturers of auto-collimators, inasmuch as
some are compensated to allow for the double error
and others must e compensated for by the operator.

5.6 OPTICAL TOOLING. The use of telescopes,
collimators, auto-collimators and varipus accessories
in a combined approach to dimensional inspection
is referred to as optical tooling. It could also be
referred to as the art of applying the principlec of
surveying and optics to dimensional inspection.
While generally employed in the inspection of large
products, - it is flexible enough to be applied to
almost any type of precision measurement job. For
the purpose of this handbook, optical tooling may

AGO 10117A
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Ficure 42. [Inspection of a 90° prism.

Ficure 43.

Alignment telescope with micrometers,

vary from a simple aligmﬁeﬁt telescope and target
to a ‘massive layout involving several telescopes,
tooling bars and stands targets, etc., covering a
considerable area.,

5.71 TYPES OF EQUIPMENT. A varied
selection of optical devices and accessories are
available. The more common will be listed here.

5.7.1.1 The Alignment Telescope. The alignment
telescope (see figure 43) is one of the most basic
instruments that is used in optical tooling: Its
main_purpose is to establish a precise reference line
of sight However, with the use of various acces-
sories listed under 5.7.2, -1t may perform many
other functions such as measurements auto-
collimation; projection; etc. :

5.7.1.1.1 Descmptwn. The telescope mount (tube
which holds the lens system) is made of hardened
stabilized tool steel with a hard chrome surface.
The outside diameter is ground to a standard
2.2498 inches and is concentric with the optical
axis of the instrument. Most alignment telescopes

contain built-in micrometers for measurement of
vertical and horizontal displacement. The microm-
eters are direct reading to .00l in., numbered
every .010 in. and have a range of from .0 to +.050

- in. The reticle may be glass with a crossline pattern

or simply cross-wires. An eyepiece is provided to
compensate for variations in human eyesight and
for keeping the reticle in focus when the main focus
of the instrument is changed. A built-in auto-
reflection target is usually provided on the rear
face of the objective lens.

5.7.1.1.2 Magnifying Power and Range. Basic-
ally, it is a variable power telescope with a resolution
of about 3 seconds and a magnification of approxi-
mately 4X to 6X at minimum focusing range and
from 30X to 60X (depending on manufacturer) at
infinity. Focusing ranges vary with the manu-
facturer. Most instruments have a focusing range
of about 18 inches to infinity, with at least one type
capable of focusing all the way from infinity down to
actual contact with the end of the telescope.

5.7.1.2 The Alignment Collimator. The align-
ment collimator as used in optical tooling is a target

* instrument for setting up a precise reference line

~ ments.

- concentric with the optical axis.

96

of sight, as opposed to a viewing instrument, i.e.,
it does not possess an eyepiece. It is also used for
checking and adjusting other optical tooling instru-
See figure 45.

5.7.1.2.1 Deseription. The alighment collimator
consists of a hardened stabilized tool steel tube
ground to a standard outside diameter of 2.2498 in.,
A displacement or
alignment reticle pattern is centered on the rear sur-
face of the collimator objective lens. An infinity
or titlt reticlé is placed at the principal focus of the
objective lens, generally 10 inches, see figure 46.
The tilt reticle is usually graduated every 30 seconds
in four directions from zero as in figure 47. The
centers of the tilt and displacement reticles are on
the optical axis of the instrument. The tilt reticle
isilluminated by a low voltage, removable lamp unit.

5.7.1.2.2 Operation. In operation, the tilt reticle
18 iliuminated and the rays of light from this reticie
emerge in-a parallel beam. If an alighment tele-
scope is focused at infinity and placed in this beam,
the tilt reticle of the collimator can be made to
appear in the telescope. The graduations on the
tilt reticle allow a direct reading of the angle that
the optical axes of the collimator and the telescope
make with each other. By superimposing the tilt
reticle of the collimator onto the telescope reticle,

AGO 1011TA
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Ficure 45. Alignment collimaior.

collimation is accomplished; that is, the optical
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may be displaced by an unknown amount.
5.7.1.2.3 Collineation. If the telescope is now
focused on the collimator displacement reticle, the

amount of displacement can be read directly and .

the two instruments can be brought into collineation

{common optical axes) thereby establishing a

straight reference line of sight between the two
instruments from which other lines of sight or
measurements may be itaken. See diagram, figure
48.
5.7.1.3 The Jig Transii and Optical Transit Square.
The jig transit in Figure 49 and optical transit
square are two somewhat similar instruments de-
signed to do practically the same thing, which is:
(a} To establish a precise right angle plane
-with the optical reference line of sight
.determined by the alignment telescope.
{b) To take accuraie measuremenis of linear
dimensions when used with & tooling bar
and other accessories. These two in-
struments do have different features
and will be discussed separately.

5.7.1.3.1 The Jig Transil.
basically an alignment telescope in a yoke. The
yoke is constructed so that the telescope may be
rotated 360° in a vertical and horizontal plane. In
some makes the yoke has a holiow vertical axis
through which the telescape may view a scale placed
on the tooling bar (see par. 5.7.1.6.1), in others,
the readings are taken from a vernier scale attached
to the carriage mount. Provision is made for
mounting an optically flat front-surface mirror on
the horizontal axle of the telescope, exactly parallel
to the telescope’s line of sight. This permits the

use of auto-collimation or auto-reflection (see par.

N 1.

5.7.2.2) from it i0 establish a precise right angie

line of sight. The telescope has a focusing range
from 8 inches to infinity. Magnification varies from
20X at 8 inches to 30X at infinity, - The field of view
at infinity focus is 1°10”.

5.6.1.3.2 The Optical Transit Square. The transit
square is also basically an alignment telescope in &
yoke. The vertical axis in this case is solid; measure-
ments are taken from a vernier and scale attached

to the tooling bar and carriage. The horizontal

‘axle of the telescope is hollow and sealed at each

end with windows; one window is clear, and the

‘other is optically flat and partially coated on the

inside surface to make it a semi-reflecting mirror.
The mirror, as in the ig transit, is exactly parallel
to the telescope’s line of sight. Auto-collimation
and auto-reflection are performed in the same
manner as with the jig transit to establish a right

angle line of sight. Cne advantage of the optical

- transit square is that the hollow axle design permits

a series of instruments to be used on the same optical
reference line.

5.7.1.4 The Tilting Level. The tilting level is an

" extremely accurate instrument for precise leveling

in optical tooling. Basically, it is a 30X telescope
with a resolving power of 4 seconds, The focusing
range is from 6 feet to infinity. It provides an
erect image, which is a time-saver in that the opera-
tor is not subject to mistakes in direction. A 214X
coincidence type split bubble level is mounted
exactly parallel to the line of sight. A tilt of one
second of arc (approximately .0015 in. at 25 feet)
is plainly visible in the level window. A tilting
wheel under the eyepiece is used to set the telescope
level. The tilting level should be equipped with an
optical micrometer so that accurate readings may
be taken with respect to the leveling points. See

. figure 50.
The jig transit is -

5.7.1.5 Targets. There is a wide variety of com-
mercial targets available, ranging from simple

- grogs-lines to elaborate etched grids from which

displacement can be read directly. Five types will

5.7.0.5.1 Alignment Targets. Alignment. targets
give a point of reference and usually consist of paired
black lines of different thicknesses and spacing. It
has been found that an observer can center a tele-
scope reticle in the white space between two black
lines much more accurately than he can place the
reticle on a single black line. The observer chooses
the set of lines with the smallest spacing that will
still ciearly show white spaces on either side of
center.

5.7.1.5.2 Displacement Targets. The displace-
ment target gives a point of reference and also has
horizontal and vertical scales to measure displace-

AGO 10117A
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COLLIMATOR TILT RETICLE
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1

INSTRUMENTS COLLIMATED (PARALLEL)

COLLIMATOR TILT RETICLE
SUPERIMPOSED O TELE-
SCOPE RETILLE= E

DISPLACED BUT STILL COLLIMATED

¢ #

)

TELESCOPE RETICLE '
CENTERED IN DISPLACEMENT COLLINEATED(OPTICAL AXES CONCIDE)
TARGET v .

. Fiaure 48, Diagram of collimator and telescope.
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Fiaure 50. Tilling level.

ments from the line of sight up to .300 inch.
usually mounted in a hardened steel ring.
5.7.1.5.3 Auto-Reflection Targets. The auto-re-
flection targets are used on the front of sighting
telescopes to give a reference point on the line of
sight for auto-reflection. The paired-line principle

is used, but the pattern is based on somewhat wider
spaces than the ﬂ.]m'nmﬂ'nf fnrmlf .

5.7.1.5.4 Mirror Targets The mirror. target con-
sists of an alignment target pa.ttern cut in the silver-
ing of a front surface mirror, It i is used to give a
point of reference and also, by auto-reflection and
auto-collimation, to control the tilt of the object on
which it is mounted. The pattern is modified
because it is illuminated from the back and therefore

presents lines of light color against a dark back-
grnn'nrf

iaaina.

. 5.7.1.5.5 Double Line Targets. Targets are of the
paired line principle and are engraved on white
plastic plaques and filled with black. The white
spating can be from .005 to 100 inch. By choosing
target line spacing on the basis of the range at which
they will be used, targets at key points indicate
proper tolerance. Distance and line spacing are

predetermined so that equal white areas on either
side of centerline will show that measurements are

within tolerance.

AGO. 10117A

It is

5.7.1.5.8 If it is desired, a-special purpose target
may be designed giving himits of displacement for
quick inspection or ‘reading various f{unctions
quickly. Cost can increase quickly as the markings
become more compléx or highly dccurate, so pru-
dence is indicated. On short production runs or

those of lesser aceuracy, improvised targets may be
emnlaved. .

5.7.1.6 Tooling Bars and Instrument Stands.

5.7.1.6.1 Horizontal Tooling Bar. A horizontal
tooling bar basically consists of an aluminum track
of box-like cross-section upon which is fastened a
full length steel index bar having precision drill
bushings spaced every 10 inches. A carriage, on
which an instrument (such as a :jig transit) is
mounted, traverses the length of the bar on machined
ways and is capable of being locked in place. A ten
inch scale with a precision ground plug fits into the
drill bushings of the index bar, which in conjunction
with a vernier on the carriage or a sight through the
mount, permits horizontal linear measurements to
001 inch accuracy. The height of the tooling bar
can be regulated by adjustable mobile stands.
Tooling bars come in various lengths, from 10 feet’
to ahout, ‘20 fnnf and mdlmdna] gections can be con-

nected to give any desired length. See figure 52.
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ing bar in Figure: 53 makes it possible to measure
linear distances in the vertical dimension to an
accuracy of .001 inch. The construction is almost
the same as the horizontal bar, except that the
carriage is counter-balanced for ease of movement
and is also spring-loaded to assure continual contact
with the ways. The bar is supported by three radial
arms, each of which contains casters and leveling

serews, Two h:vnlﬂ mounted at 90° to one another,

indicate when the toolmg bar is vertlca.l Measure-
ments are taken in the same manner as on the hori-
zontal toolmg bar, S .

5.7.1.6.3 Instrument Stands Instrument stands
are used to provide a rigid, mobile support for almost
any type of optical instrument. The height is
adjustable from about 44 inches to 72 inches by
means of & capstan wheel with rack and pinion. ‘A

nlnmn |nn|rn ﬂ\a +Din§l"ﬂ!'“hﬂ' n\r]lhr'ﬂnn‘ column at
AT L 6 J BAAILAR AV AVAALRLE WY

bl
Tanlina Rar  Tha vertiral tanl.
2o00ng oar.  A0C Veriita: ot
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c. Auto-reflection target.

d. Mirror target. e. Double-line target.

Targets.

the 4

acirnd airht
LT Bubalcla ciglv.

on top of the center column to permit a limited
lateral adjustment (2}4 in. to 434 in. depending on
manufacturer). The crossslide is fully rotatable
through 360°. The stand is supported by three
radial arms, each of which contains casters and
leveling screws. See figure 54,

5.7.2 ACCESSORIES.

5. 721 Optical M z'crometer

ntan oo 44 b +hot L
C!JUI a0 J.l.l. uEuu:; UU, I.ﬁ &11 u\,uuhxuucuu Las Llluy oe

used on Tilting Levels, Jig Transits and Optical
Transit Squares for very precise measurements,
alignment, or leveling. It works on the principle
of refraction of light rays. When a light ray enters
a disc of optical glass with flat parallel faces, at any
angle other than perpendicular, it is refracted or
bent a predictable amount according to the law of
refraction. When the ray leaves the glass, it is

A arnoc_ohida mosr b
4 CTOBS-BilGe MAY O

An optical microm-

main refracted 80 that it nranscds at itz nrieinal
ubnxlx Ireiracicd wilAl 1L Profeeas at s origina:
AGO 101174
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Ficure 52. Horizontal tooling bor.

angle, but displaced a certain amount. The optical
mircometer takes advantage of this property of light
by controlling the amount of tilt of disc of optical
glass with a graduated drum. When the drum is
turned a precise amount, the line of sight is moved
parallel to itself a proportionate amount as in figure
56. The micrometer drum is graduated directly
to .001 in,, numbered every .010 in. and has a
range of from .0 to £.100 in. The micrometer may
be positioned to measure either horizontal or vertical
displacement.

5.7.2.2 Auto-Collimation Unit. By illuminating
the reticles of alignment telescopes, alignment
collimators, and transits, auto-collimation and auto-
reflection is made possible, thereby increasing the
usefulness of these instruments. The various manu-
facturers achieve this result in different ways. In
some instruments, the unit is built in but the light

ACO 101174
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Ficure 583. Vertical tooling bar.

source is removable. In others, figure 57, the unit
is complete with an eyepiece that is interchangeable
with the eyepiece of the instrument. Most of the
units have a rheostat for controlling the amount of
light to the reticle.

5.7.2.2.1 Auto-Reflection. Auto-reflection is used
to position & plane or surface perpendicular to a
reference light of sight. An instrument with an
auto-reflection target on the end (mounted on the
barrel or on the inside surface of the objective lens)
and an auto-collimation unit or other means of
illuminating the reticle, is needed. The instrument,
with its reticle illuminated, is sighted into a mirror
placed at some convenient distance and focused on
the reflected target image. If there is an error in the
perpendicularity of the mirror to the line of sight,
the target image will be displaced with respect to
the instrument’s reticle. By manipulation of the
mirror, the target image may be moved until it is
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Ficure 55. Optical micrometer.

centered on the reticle. The line of sight is now
reflected back on itself, proving perpendicularity
between the mirror and the line of sight. The
principle of auto-reflection is iHustrated in figure 58.

5.7.2.2.2 Auto-Collimation. Auto-collimation is
similar to auto-reflection but more accurate.. In
auto-reflection, the instrument is focused at a finite
distance, i.e., twice the distance from the target to
the mirror, therefore any observational error in
centering the target image on the reticle is equivalent

Downloaded from 'htt;;://WWW.everyspec.com
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FléURE 56. Principle of the optical micromeler.

FiGure 57.  Auwio-collimation unit.

to a perpendicularity error of the mirror and is a
function of the distance from the instrument to the
mirror. In auto-collimation is in auto-reflection,
the instrument’s reticle is illuminated and the mirror
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is placed at some convenient distance but the in-
strument is focused at infinity which makes it an
auto-collimator, bringing the instrument’s reticle
into focus. Sighting into the reflection of the
instrument’s reticle is the same as sighting into
another collimator and the distance to the mirror
is no Jonger a factor as explained previously in par.
5.6.4,

5.7.2.3 Protection Eyepiece. .The projection unit

(shown in figure 59) is used in place of the standard

eyepiece of transits and telescopes so that the
reticle pattern may be projected. into the object
being worked on. It is generally desirable to use a
projection reticle that has been specially designed
for projection. This reticle has fine lines for close
work and heavier lines for-longer shots., Reticle
patterns can be projected 25 feet or more. Some
types of projection units have a device which per-

Downloaded from http://www. everyspec com

mits projection and norma.l vision through the .

instrument. . -
5.7.2.4 Right Angle Eyepiece The right angle,

or elbow eyepiece, is interchangeable with the

eyepieces of most optical tooling instruments. “This
eyepiece is used for very low sét-ups or working close
to walls, columns, or other obstructions. It also
makes it poss:ble to use the transit to conveniently
take s:ghts at any high angle, mcludmg directly
overhead. The right angle eyepiece is fully rotat-
able through 360° for sighting from any perpendi-
cular angle. It is also available as a combination
auto~collimation projection and right angle eyepiece.

5.7.2.5 Levels. Levels are used to establish
horizontal planes or lines of sight in conjunction with
telescopes and other mstruments There are three
basic types:

5.7.25.1 Bull's eye or circular level. Used to
rough level an instrument base or fixture in two
pilanes at one time, ‘

5.7.2.5.2 Tubular level. Used to semi-precision

chips on the barrel of an alignment colli-
mator or alignment telescope for preci-
sion leveling. It also contains a bull’s
eye level for rough leveling and a rotating
viewing mirror.

Eroswy RO Pratsarlinn siominrs
ot foiv] L TUjeleion eyepiele

level an instrument base, an instrument, or a fixture '

in one plane at a time.
5.7.2.5.3 Coincidence level. The halves of each end
of a split bubble, figure 60, are attached (as viewed
through a prismatic system).
{a) Used to precision level an instrument or a
fixture in one plane at a time,
(b) Accurate to within I or Z seconds of are.
(¢) Level setting is indicated when ends of
bubble are in coincidence as in 3 of
figure 60. A striding level, as pictured
in Figure 61, is a coincidence level that

108

Ficure 60. Coincidence level.

F1GURE 61. Strid:'ng‘ level.
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5.7.2.6 Optical Sguare. The optical square is an
instrument which, when used in conjunction with an
alignment telescope, will establish a plane perpendi-
cular to the telescope’s line of sight without the need

for auto—collimation or auto-reflection. It consists

em {2 nents nrism hgq the nhlhhr to
P\l L) ylll—?u. “ P\I y

turn a line of sight exactly 90° even though it is not
accurately aligned itself) mounted in a spherical
housing. The square has a unique feature in that
it has both a front and a side aperture, permitting
the observer’s line of sight (by manipulation of
aperture covers) to be turned through the 90° angle
or to pass undeviated through the instrument. This
feature allows the basic line of sight to be checked
while the optical square is in place. The spherical
housing, when seated n & special cup mount, per-
mits the line of sight to be fully rotatable in the
vertical plane for 360°. See figure 62.

5.7.2.7 Mirrors. Mirrors play an important part
in optical tooling. 'Their main use is in auto-collima-
tion and auto-reflection to establish a plane perpen-
dicular to a line of sight. They may also be used to
check the perpendicularity of a surface to a line of
sight or to establish the axis of rotation of shafts,
spindles, ete., so that other parts may be aligned with
them. )

5.7.2. 71 Axle Mirrar An axle mirror is a front

20y TP

BU(‘I&LU lulll o1 D.H.?.I;b Ib Upblbull‘)‘ uz:w Wlbhlll /4. Wave-
length of hight (.0000058 in.) and can be screwd on
either end of the telescope axle of a jig transit.
It is adjustable to make it paralle]l to the telescope’s
line of sight.

5.7.2.7.2 Magnet Black Mirror. A circular front
surface mirror from 2 to 4 inches in diameter whose
reflecting surface is optically flat within 14 wave-
length of light. One to three magnetic feet are
cemented to the back of the mirror. Their contact
surfaces are ground parallel to the mirror surface.

of & penta nrt

Ficune 62. Optical square
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When the mirror is not in actual use, an iron or steel
keeper should be placed over the magnets to retain
their magnetism.

5.7.2.8 Tooling Tapes. An important problem

‘in optical tooling is the difficulty of making precision

meagurements over nn'nmr]nmh]n rimfnnnnn (').() ff

to several hundred ft.). Optical Tooling Tapes
fulfill this requirement. They are made of steel,
34 inch wide and about .008 inch thick, The gradua-
tions are .006 inch wide, spaced at 10 inch intervals
and are clearly visible under the magnification of a
jig transit. Inch numbers are printed beside each
graduation. Tooling tapes are available in 20 ft,
50 ft, and 100 ft. lengths and can be made in any
desired length up to 300 feet.

5.7.2.8.1 A certificate is furnished giving the ten-
sion at which the overall length will be correct at
62°F. Tapes 100 ft. long or less require about
10 lbs. tension and these over 100 ft. long require
about 20 lbs. When the correct tension is applied,
no graduation will vary more than .005 from its
true position and no 10 inch length will vary more
than .003.

5.7.2.8.2 A temperature correction need not be
applied when the tape is used on a machine tool,
steel jig or other structure, since the tape will assume
the same temperature as the structure. But if the
tape is used to determine an exact uisi.ance, the
following correstions must be applied:

" Change in length = (L,) (C.) (T.)
Where L, is the original length in inches, C, is the

A ainnt ~AF lin { ADNNNRAR  in ner
lellblcllll U-l ull‘:ﬂl UAPH;II.B].UI.I \ SULAPUULURTO ARE. pAA-

degree F.) for steel and T, is the temperature change
in degrees from 68°F.

5.7.2.8.3 The temperature correction noted above
is applicable to all dimensional inspection equip-
ment any time there is a temperature differential
between the object being gaged and the inspection
equipment. The only variable possibly being the
coefficient of linear expansion which varies slightly
with the different types of steel. The difference is

‘usually negligible however and may be safely taken

8s the figure used above.
" 5.8 OPTICAL PROJECTION

5.8.1 PRINCIPLES OF OPTICAL PROJEC-
TION. Optical projection consists of the projec-
tion of a sharply outlined and magnified shadow
silhouette of the part being inspected upon a trans-
lucent screen. This is accomplished by placing the
part within an optical system consisting of a light
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source, condensing lens, objective lens and screen,
as in figure 63.

5.8.2 GENERAL REQUIREMENTS FOR OP-
TICAL PROJECTION. The optical system of a
projector requires careful design and construction.
The more important requirements are:

{a) The image must be sharp on the screen

and there must be no focusing errors.

(b} There must be no distortion of straight lines

into curves.

(¢) There must be no astigmatism, that is, no
unequal definition of the image caused
by horizontal lines being out of focus
with the vertical lines.

There must be no color fringes.

(e} The magnification should be capable of
variation.

{(f} The image on the screen should not be
reversed or upside down.

(2) The light source should give sufficient
illumination to establish.a high degree of
contrast between the field and the part

sithouette.
Q9 DPHFFTDPRIFAT’FQ mnp ﬁD TATANTAT Y
wreiTeld LU VU‘.{LU&VLU(VIU AL A IY LLIY AT

MAXIMUM IMAGE SHARPNESS.
5.8.3.1 Positioning of the part. A sharply de-
fined image can be obtained if the distance from the

part to the objective lens is equal to the foecal

length of the lens. A small increment of adjust-
ment, say i inch added to the focal length, shall
be allowed to overcome any minute variations thus
producing maximum sharpness of the projected

T s e]

imﬁgﬁ In ubtu.uuus INAX T ahcm priess of the pro-
jected image of a comparatively thick object, the
point of focus should be a point at the edge of the part
nearest to the objective lens. (Gaging of thick parts
by direct projection should be avoided wherever
possible.

5.8.3.2 Necessity for Parallel Light. The projec-
tion of a parallel beam of light emanating from the
condenser is of major importance in obtaining a

charnly Adafinad imaoca 1f nn_naralla ht wave
Sl pFLy Genneda image. sl uuu—yala.u\sx Lléuu rays

are emitted from the condensing lens, the sharpness
of the image on the screen will decrease as the thick-
ness of the part increases. The majority of com-
mercially manufactured projectors or eomparators
have condensing systems that emit light rays which
for all practical purposes approach true parallelism.

5.8.3.3 Selection of Proper Maognification. The
magmﬁca.tmn of the projector is the ratio of the

inaaraiza nf the jmnon tathe Yinanr giza nf tha n
ASHE BlZv Ul Ui HIIGET to the linear size of wiic O
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The common commercial magnifications are 10X,
20X, 314X, 50X, 6234X, and 100X. It is not
always possible or desirable to completely fill the
screen for a given magnification. The line of
demarcation of the image should be sharply differen-
tiated from the surrounding field. If the sharpness
is not of the desired intensity, the magnification may
be high. Therefore, the lowest magnification consis-
tent with the size of the component and the magni-
tude of the tolerance should be used.

5.8.4 OPTICAL PROJECTORS.

5.8.4.1 General Features. An optical projector
may be used for comparison or for measurement.
If used for a comparison, the image is compared with
an outline drawn on the screen. When used for
measurement, the projector incorporates the use of
2 lateral table travel or a cross-slide table which
can be moved in a horizontal or vertical direetjon or
both and at right angles to the beam of light. For
linear distances up to one inch, micrometer heads are
provided. For mesasurements over one inch, pro-
visions are made in the table for the use of gage
blocks

49 ’]"unan Praiastare pan ho-aleccitfind 1nta
I’ ul“x-u s lu‘puvvlﬂ Ty AL WRCDALLITGIA ‘lll}\.’

two types by usage; gagmg and measuring projectors.
A gaging projector is used to project an image for
comparison purposes against an outline laid out on
a screen chart and is intended for production gaging.
No actual measurements are performed, but a deter-
mination is made as to whether the part lies within
specified limits. The measuring projector finds its
use mainly in the metrology lahoratory, the tool

ran nd in nradistinn rnntral il 4 at oonarally
rogm, and in proguction Contre:, and 1s nol generany

adapted to the final inspection of parts in guantity.
See figure 64 and 65.

5.8.5 STAGING FIXTURES.

5.8.5.1 General Design Features. The holding or
staging of a component determines the degree of
accuracy obtained from optieal projection. The
function of the staging fixture is to hold the compon-
ent at a ﬁxed distance from the objective lens with
the {ocal pm-ut: of u'ﬁt: component ympcudlbu}al o
the center line of the lens system. The component
must be positioned in the horizontal and vertical
directions in order that the desired outline will
always fail in the same position with relation to the
screen. The design principles of gaging and staging
fixtures are similar. However, it is not necessary
to maintain the high dimensional accuracy common
to gages in designing sta.ging fixtures. The aceuracy

rariiirad ahisradd tha nirany nf +tha
reguirec 1:3 acaievea u_y Liig agcuracy Ol une séreen
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Figure 64. Measuring projector.
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F1eure 66—Continued.

layout and the method of setting the staging fixture
with reference to the screen. A simple setting check
may be provided to aid in setting up the staging
fixture.
5.8.5.2 Types of Staging Fixtures. Staging fix-

tures may be classified into three distinet categories:

Compensating Type

Permanent Aligned Type

Position Locking Type

5.8.5.2.1 Compensating Type. The compensating
type of fixture is used with optical comparators
which have no adjustments for either focus or
positioning of the component on the screen. In
this type of fixture, all the necessary adjustments are
incorporated into the fixture. See figure 66(a).
5.8.5.2.2 Permanent Aligned Type. The per-
manent aligned type of fixture is clamped to the
table of the comparator and is positioned with
- reference to the low lens system by means of slots
FicURE 66. Staging fiztures. or other locating points. See figure 66(b).

a. Compensating type.
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5.8.5.2.3 Position Locking Type. The position
locking type of fixture is used with optical compara-
tors having adjustments for focus and positioning
of the part silhouette on the screen. - Usually 2
series of part dimensional features are checked with
this type of staging fixture. The part is first
positioned in a movable element of the fixture and
then, in order to view another portion of the part on
the screen, repositioned by moving the element with
respect to the base of the fixture. In another type
of multiple positioning fixture, the part is actually
moved with respective to the fixture. See figure
66(c).

5.8.5.3 Indirect Observation.” In a fixture having
provisions for indireet observation, an element of
the holding fixture which is either fixed or movable
is stopped against the surface of the part that is to
be gaged which will be out of focus with the screen.
An extension of this element which is located in such
-a manner that it is in focus, then shows the relative
position of the gaging surface on the screen.

5.8.5.4 Awuxiliary Gaging. Auxiliary gaging may
be incorporated into the staging fixture by use of
flush pins or dial indicators to take care of additional
dimensions which cannot be gaged by optical
projection,

5.8.6 SPECIFIC DESIGN INSTRUCTIONS.
The following procedure should be followed in the
design of a staging fixture.

1. Determine the part dimensional features to be
gaged by optical projection methods.

2. Determine whether optical projection is prac-
tical and will obtain the desired results.

3. Determine how part is to be held in the stagmg
fixture.

4, Determ.ne focal point

5. Select the proper ma.gmﬁca.tlon keeping in
mind the part tolerance and size of image relative to
screen.

6. Plan the actual design. ‘

7. If a compensating type of fixture is being
designed, check that sufficient adjustments are pro-
vided in the fixture. In the position locking type of
fixture, cheek to insure that the optical comparator
has sufficient adjustment to line up the fixture with
t.he sereen,

. Check focal cle&rance
9. Check complete design for proper functioning.
10. Design a setting check.

oar ‘ﬂ'l"l
H
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5.8.7 SCREEN CHARTS.

5.8.7.1 General Features. The screen chart shows
the magnified image of the part and the tolerance
lines in which the image shall fall. The screen chart
may be prepared on translucent Engineer's glass,
plastic, or paper. Permanent master layouts are
prepared on Engineer’s ground glass. On screen
charts requiring greater accuracy, the layout is
scribed on scribing glass.

5.8.7.2 Different Types of Screens. In ordreing
sereens, it should be noted that there are two types
of screens:
Overscreen {or Screen Chart)
Replacement Screen
5.8.7.2.1 Overscreen. The Overscreen type of
sereen has the layout on the side of the glass away
from the inspector, This type is made of either plain
or ground glass, and is placed over the regular
ground glass screen furnigshed with the comparator.

5.8.7.2.2 Replacement Screen. The replacement
type of sereen has the layout on the side of the glass
facing the inspector. This type of screen is furnished
in ground glass and is used in place of the original
which must be removed from the comparator.

5.8.7.3 Accuracy. Actual tests have shown that
with reasonable care charts can be laid out by draft-
ing room methods with an average error of .005. The
actual error is computed thus:

Actual Error = Deviation from basic size on
- Chart divided by magnification.

5.8.7.4 Methods of Sereen Layout and Checking.
Layouts should first be pencilled and then traced
using full strength ink. Care should be taken in
maintaining uniform thickness of line and in blending
of radii and corners. The following suggestions may
aid in producing satisfactory layouts:

(a) When broken lines are required, it is sug-
gested that the line be ruled in completely
and then parts of the line erased. This will
insure a straight and uniform line.

(b) In drawing circles and radii, a good non-
slipping center for divider or compass points
is made by attaching two or more small

- pieces of scotch cellulose or draftsman’s
tape, one upon the other to the surface of
the layout.

(c) For greater accuracy, fit a set of points to
the jaws of a vernier caliper or special gage
bloek accessory for the purpose of measure-
ment,
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" (d) In the lower magnifications, many of the
commercially manufactured optical com-
parators project reversed and inverted
images on the screen. This should be taken
inte consideration before preparing the
screen layout.

5.9 INTERFEROMETRY. As mentioned in
paragraph 5.1.1, light appears to travel in waves and
therefore produces certain effects that are quite
predictable. Referring to figure 67, the top figure
represents an idealized light wave. One wavelength
is measured from where it begins to where it starts
to repeat itself. In the middle figure, if two waves
of the same wavelength coincide, they produce a new
wave which is equal to their sum. In the bottom
figure, if two lightwaves of the same wave-

length are out of phase by 14 of a wavelength, they

| WAVELENGTH |

KX --

FIGURE 67. Properiies of light waves.

" worKx UNDER
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Fi1oURE 68. Production of inlerference bands,
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will cancel themselves out and darkness results. The
problem here is to accurately displace the two waves
one half wavelength, when this is a distance of
0000108 on the average. In interferometry, the
very accuracy of the pieces being measured sets up
this phenomenon.

5.9.1 PRODUCTION OF INTERFERENCE
BANDS. When an optical flat is placed upon a
precision finished reflecting surface, it is almost
impossible to place it in absolute contact since 5 thin
wedge-shaped air film will always be present. The
spacing between the two is in millionths (assuming
that the precision surface is not perfectly flat) so this
spacing lies in or near the range of the wavelengths
of light. Therefore, if light is passed through the
flat and reflected partially from the lower surface of -
the flat and partially from the precision surface, the
tilt or displacement between the two can produce the
phase shift necessary to cause interference. Refer-
ring to figure 68, the dark bands are produced
whereever the flat-reflected portions of waves are
correctly out of phase with the inspected surface-
waves. This occurs whenever the distance between
the reflecting surfaces is one-half a wavelength or its
multiples. Using sunlight or an ordinary incan-
descent bulb, the fringes will be colored like small
spectra and be rather wide., Therefore, a mono-
chromatic light is generally used. It is a source that
produces light of nearly one particular wavelength
that is obtained by exciting the gas of a particular
element with an electric current (somewhat similarly
to an ordinary neon sign light). Helium is used most
generally for its combination of low price, purity, and
availability. It produces a wavelength of 23.1323
microinches and has a greenish yeilow color with
good sharpness of the bands. Krypton, Sodium,
Cadmium and Mereury are also used as monochro-
matic sources.

5.9.2 INTERPRETATION OF INTER-
FERENCE BANDS. When the flat is placed in
contact with the work, bands immediately appear.
They may assume many varied patterns, depending
upon the surface properties of the work. If the work
is nearly flat, the bands will be straight and parallel.
If the work surface is uneven, the bands will show it
by assuming the role of contour lines just like those
on maps. First, the reference point or point of
eontact between flat and work must be established.
This is done by pressing down on the flat at a point
directly above an edge that runs parallel to the
general direction of the bands. If they remain the
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same distance apart, this edge contacts the fiat, If
they tend to spread apart, the opposite edge is in
contact. If they appear to be spaced irregularly,
then the point of contact lies within the surface
somewhere. Since each band represents 14 wave-
length of light, and if helium light is used, each band
then represents 11.6 millionths of an inch distance
of the flat from the work, so that 3 bands equal 35
millionths and so on. ‘
59.3 DETERMINATION
The bands and their relative arrangement can be
used to assess the flatness of a surface. Since each
band is representative of a fixed distance from the
optical flat to the test surface, if the surface is not
flat the lines will tend to outline its irregularities in
the manner of contour lines on a map. For example,
if a surface is faintly spherieal, the bands would be a
series of concentric circles around-the point of contact
with each successive circle a little closer to the one
inside it. If the surface was faintly cylindrical, a
series of arcs would appear. If a true eylinder, the
arcs would be equally spaced, but if it were uneven,
the ares would be spaced unevenly. Finally, a
warped surface would give an effect such as figure 69.

Downloaded from http://www.everyspec.com

OF FLATNESS.:

To utilize this effect, the point of contact is first

located as mentioned in 5.9.2. Now, remembering
that the optical flat is flat within one or two mil-
lionths across its diameter and the foregoing dis-
cussion of contours, the accuracy of the test surface
may be assessed. It is most easily done by visualiz-
ing-an imaginary scale on the image of the bands
with the zero point at the point of contact between

flat and work. The secale should consist of equally -

spaced divisions which in nearly all cases should be
equal to the distance from the point of contact to the
first band. Ifitis difficult to visualize, a small layout
can be made to place on the flat as an aid in estimat-
ing spacing. If the scale divisions are fairly wide,
they should be mentally sub-divided into tenths for
convenience. If the surface was flat, the bands and
scale divisions would coincide and also there would
be relatively few bands. If the surface is irregular,
there will be many more bands irregularly spaced.
The bands will be close together on slopes and
further apart on level or nearly level spots or at
points of contact. See figure 70. If it is difficult to
pick out the actual deviation (too many lines),
transferring the point of contact to the adjacent side
of the piece will give a different pattern to be
evaluated. It may have fewer lines and thus.be
more easily interpreted.
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594 MEASUREMENT OF HEIGHT.
Height may be measured by interferometry in two
ways, either by comparison with a known height, or
by direct measurement.

5.9.4.1 Measurement Height by Comparison. In
this method, a precision height standard of known
size such as a gage block, which is very close to the
size of the height to be determined, is compared with
the piece te be measured by placing an optical flat
on both surfaces. The tilt or angle assumed by the
flat due to the height difference can be measured by
counting the bands on the lower block.

5.94.2 Absolute Interferometry. Absolute inter-
ferometry is a method of measuring the length of
gage blocks directly using wavelengths of mono-
chromatic light as natural and invariable units of
length. This is accomplished in two ways. The
first and original method is to produce bands on the
inspected surface, then faise the platen until it is at
the same level, and count the bands in between.

OPTICAL

LIN‘E OF
CONTACT

Ficure 6Y. Delermination of flainess.

!
i

BAND PATTERN

OFT'CAL FLAT

Fiaure 70. Band spacing.
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This can be accomplished visually or automatically ™

by an electric eye scanning device in the so-called
fringe-count interferometer. The second method
utilizes a dispersion prism to resolve the light from a
cadmium discharge tube into monochromatic radia-
tions of several different colors (usually red, green,
and blue), the wavelength of each being precisely
known. Two groups of fringes from each- color in
turn are seen when the rays are directed at the gage
bloek and the base plate to which the gage block is
wrung. The length of the gage block is equal to a

AGOD 10117A
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specific number of half ‘wavelengths plus the frac-
tional displacement between the two groups of
fringes. The amount of displacement is read from
internally located optical micrometers. This is
repeated for each color, and from the measurement
of these fractional displacements it is possible, by a
method known as coincidence, to determine the
error of the gage block from its nominal length. A
special slide rule is used to assist in this computation.
Finally, corrections must be made for temperature,
humidity, and barometric pressure.
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CHAP!;TER 6. NON-DESTRUCTIVE TESTING

6.1 INTRODUCTION. Non-destructive testing
is an important part of the Acceptance Inspection
Equipment Program. Even though a part may be
dimensionally acceptable, it may have surface cracks
that are invisible to the naked eye or sub-surface
defects such as blow-holes or segregations. These
flaws, whether surface or sub-surface, may cause the
part to fail in service when placed under a normal
operating load. It is the object of non-destructive
testing to discover these flaws in the most economical
manner without damage to the part in any way.
Non-destructive tests are specific. Genersally, they
reveal only the specific kinds of defects and condi-
tions for whose detection they were designed.
Consequently, they must be selected in accordance
with the specific material conditions and the job to
be done.

6.1.1

PROBING MEDIUMS.

S L LY i AL 0N

Most non-de-

structive tests depend upon a probing medium for
the detection and transmission of information about
the object under test. This medium is supplied by
an external source such as x-ray tube, magnetizing
eoil, or ultrasonic transducer. The probing medium
may be distributed throughout the test object (broad
x-ray beam), or it may be concentrated into a narrow
beam (ultrasonic testing). The depth of penetration
of probes varies greatly. X-rays may pass through
several inches of steel, while ultrasonic waves have
detected discontinuities through as much as 50 feet
of steel or 300 feet of concrete.

6.2 LIQUID PENETRANTS. Liquid penetrants
is one of the oldest methods of non-destructive
testing. Because the method relies on a penetrant
seeping into a discontinuity, it is obvious that it is
applicable only to surface defects or subsurface

dafante with auirfane aneninre

Tt ta annlinahla to all
GEIelLs Wikll BUNAce Qpenlings.

It is applicable to all
materials, magnetic and non-magnetic, ferrous and
non-ferrous, except those materials that are of a
porous nature,

6.2.1 BASIC PROCESS. Basically, it is a very
simple process. First, a liquid dye penetrant is
applied to the surface of a part. It is then permitted
to remain on the surface for a period of time, during
which it penetrates into any defects open to the
surface. After the penetrating period, the excess
penetrant is removed. Then a developer is applied
to the surface, which acts as a blotter and draws out
a portion of the penetrant from the defects, causing
indications to be formed which are much wider than

the defects with which they are associated. The

_inspector then views the part and looks for these

colored indications against the background of the
developer. See figure 71.

6.2.2 VARIATIONS. There are several varia-
tions to this basie process:

(a) The dye penetrant may be applied to the
“ part by dipping, spraying or brushing.

(b) The penetrant may be a brilliant, fluores-
scent dye. If this type of dye is used, the
part is inspected in a darkened area under
“black” or ultraviolet light. Any eracks or
defects show up as a brilliant yellow-green
fluorescence.

{(c) The penetrant may be water-washable, ex-
cess penetrant being removed by a coarse
water spray, or the penetrant may be post-
emulsifiable, in which case an emulsifier is
applied to the part after the penetrating
period. After a short time, the penetrant
may be removed by a water spray. The
post-emulsification process is more sensitive
in detecting very fine cracks.

(d) The developer, which is a light-colored,
powdered material, may be applied dry by
dusting or blowing it on the part, or it may
be applied as a solution by dipping, brushing
Or spraying.

{e) Inspection of the part is accomplished by
viewing the part for color-contrasting indi-
cations against the background surface if a
vigible dye penetrant is used, or by viewing
the part under “black” or ultraviolet light
in a darkened area, if a fluorescent dye
penetrant is used. When using ‘‘black”
light, the inspector should become accus-
tomed to the darkened area before looking
for indications and should aveid going from
dark to light and back without allowing
time for his eyes to become dark-adapted.
Sometimes an inspector experiences a
cloudiness of vision; this is caused by the
liquid in the eyeball fluorescing under the
“black’ light. It isannoying, but harmless.

6.23 PORTABILITY. Dye penetrant inspec-
tion facilities are available in portable kit form for
on-the-spot or field inspection in both visible and
fluorescent dye types.
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Ficure 71. Liguid penetrant flaw detection.
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6.3 MAGNETIC PARTICLE TESTING. Mag-
netic Particle Testing is used extensively for the
detection of surface discontinuities of ferro-magnetic
materials and, under certain conditions, those which
lie under but close to the surface.

6.3.1 BASIC PRINCIPLE. The process is based
upon the difference in the ability to conduct magnetic
lines of force (magnetic permeability), between a
sound piece of steel and one with a discontinuity.
When magnetic lines of force are present in a
ferro-magnetic material, any cracks, flaws, or other

areas of low permeability set up a resistance to their’

passage. The force lines spread out in order to
detour this area. Immediately after passing this
area, the distorted lines of force tend to resume their
normal flow. When this low permeability area is on
or near the surface and the flux density is sufficient,
many of the distorted lines of force will leave the
material and enter the surrounding atmosphere in

AGO 10117A
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order to “bridge’” the area. Where these force lines
leave and re-enter the material, external magnetic
poles are produced on the surface which will attract
and hold finely powdered magnetic particles. The
particles will generally conform to the shape of the
discontinuity, thereby creating a visible indication.
A crack at right angles to the lines of force, interrupts
the most force lines, giving an indication of maximum
size.

6.3.2 MAGNETIZATION. Electric currents
are used to induce magnetic fields in the material.
The method of application of these currents will
determine the direction of the lines of force so that
they are at right angles to the anticipated discon-
tinuities. Current passing through an object
longitudinally will create circular lines of force,
revealing any longitudinal cracks, When an object
is placed in a current-carrying coil, longitudinal lines
of force are created, revealing any transverse cracks.
Alternating or direct currént may be used in these
tests. See figure 72.

6.3.3 METHOD OF APPLICATION. There

are two methods of applying the magnetic particles
to a properly magnetized part, a “wet” and a “dry”
method. In the wet method, the particles are
suspended in a liquid such as kerosene or a light clear
oil, and flowed or sprayed on the surface to be
inspected. In this method, the particles are in
contact with the entire surface of the part and it is
recommended only for machined surfaces. In the
“dry"” method, the particles are applied by spray

bulh or shalker into the still air nrlmm:mf o the part

ent to the pa
and allowing them to settle evenly on the surface.
This method may be used on machined and un-
machined surfaces. Particles for both the “wet’ and
“dry” method are available in black or red for good
color contrast with the part being inspected. They
are also available as fluorescent particles for viewing
under a ‘“Black” or ultraviolet light for maximum
vigibility. The “wet” fluorescent particle method is
generally the faster and more sensitive method.

el LllY 120l

634 CONTINUOUS AND RESIDUAL
METHOD. When the particles are applied to the
part while the magnetizing current is flowing, the
technique is known as the “continuous” method.
When the residual field left in the part is high, such
as in hardened steel parts, the particles may be
applied after the current has stopped. This is known
as the “residual” method and is not as sensitive as
the “continuous’” method.
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6.3.5 PORTABILITY. Magnetic particle test-
ing units are available in portable kit form for
in-service or field testing in both visible and fluores-
cent types with a variety of magnetizing sources such
as prods, cables, yokes, etc. See figures 73 and 74.

6.4 PENETRATING RADIATION TESTS.
The ability of x-rays and gamma rays to penetrate
solid substances and convey information concerning
their internal structure is utilized in non-destructive
testing of materials. :

6.4.1 FILM RADIOGRAPHY. Film" radmg-
raphy is a process in which the passage of x-rays or
gamma rays through a test object’ produces a
photographic record on film.

6.4.1.1 Basic Principle. The rays emanate in
straight lines from the source, which may be an
x-ray tube or a radioactive isotope, to the test object.
The test object will absorb some of these raysand
transmit some. The amount of absorption fora
given material is dependent upon the type of material
and its thickness in the direction of travel of the rays,
and can be precisely calculated.

6.4.1.2 Film Interpretation. For example, if the
object is a steel casting having 4 void formed by a
gas bubble, a higher percentage of rays will pass
through the section containing the void. The void
represents a reduction in the total thickness of the
steel to be penetrated; therefore, a dark spot cor-

-responding to the projected area of the void will
appear on the developed film, resulting in a kind of
shadow picture. The darker regions on the film
represent the more penetrable parts of the casting
and the lighter regions the more opaque. See figure
75. .

6.4.1.3 Advaniages. Film radiography provides a
permanent visible record of a metal product, thus
permitting its soundness to be further evaluated.

6.4.1.4 Portability. Radiographic units are avail-
able as permanent installations in a shop or as
portable tank units for field work. .

6.4.1.5 Penetrameters. Asan aidin evaluating the
sensitivity of the radiographic picture, it is cus-
tomary to place a standard test piece, called a
penetrameter, on the source side of the test object.

The usiial penetrameter consists of a plaque of metal,

radiographically similar to the test object, havmg
holes and a thickness some percentage of the test
object (usually 29;). Sensitivity is determined by
the visibility of the penetra.meter on the finished
radiograph.
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6.4.2 FLUQROSCOPY. Fluoroscopy is the pro-
cess of examining an object by direct observation
of the fluorescence of a screen caused by radiation
transmitted through the object.

6.4.2.1 Comparison with Fiim RKadiography. The
basic difference between fluoroscopy and radiography
is that a fluoroscopic image is a positive picture on a
sereen and the radiograph is a negative transparency.
The voids in the material under observation appear

oo ]urhfnr aroaqc r\n f]‘\ﬂ ‘Hnnrnnnnnln Qeroan Thﬂ
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additional quantities of x-rays passing through a
void will activate the fluorescent erystals of the
screen to a higher degree of brightness.

ELECTRON

BLEAM Wﬁcer
CATHODE —,

COPPER
ANOCDE

FLAW
EE"'/J'/‘—TEST PIECE
3 X-RAY FiLM
Figure 75. Film radiography—principle of operation.

6.4.2.2 Position of Test Object. The most direct
image is obtained when the test object is placed in
the x-ray beam between the source and the back side
of the fluorescent screen. The image appears on ihe
front side of the screen.

6.4.2.3 Barriers. A transparent barrier, opaque
to x-rays, is placed in front of the screen to protect
the observer. The image is viewed through this
transparent barrier, thus permitting observations at
close range. Thisis only one of several arrangements
available.

6.4.2.4 Motion Observation. One of the greatest
advantages of fluoroscopy is the fact that it permits
viewing of objects in motion. This allows the
observation of the action of switches, the arming of
fuzes, etc.

6.4.2.5 Instellation. Fluoroscopic installations
are generally fixed-type installations because of the
need for a darkened area to view the screen.

6.43 RADIOISOTOPES. Gamma rays, emit-
ted from a radioactive souree such as radium, can be
utilized as a means of measuring the wall thickness
of piping, vessels, ete. For the purposes of this
discussion on non-destructive testing, wall thickness
measurements shail be restrained to those measure-
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ments which are taken in an effort to discover unsafe
conditions in equipment where the interior is inac-
cessible.

6.4.3.1 Basic Principle. A radioactive source is
placed in the vicinity of the part whose wall thickness
is to be measured. Penetrating gamma rays, emerg-
ing from this source, impinge on the wall and
penetrate into it. A portion of the rays pass through
the wall; these are disregarded. Another portion is
scattered in all directions by the electrons of the
atoms which make up the wall. Some of these
scattered rays emerge on the same side from which
they entered. It is this portion of the radiation,
called “back-scattering”, which is utilized for meas-
uring wall thickness.

6.4.3.2 Delection. The “back-scattered” radia-
tion is picked up by means of a detector and sets off
current discharges or pulses which are amplified and
registered on a microammeter. The rate at which
these pulses are generated is proportional to the
intensity of the radiation entering the detector,
which in turn is a function of the wall thickness.
For a wall of any given composition, the intensity of
the back-scattered radiation increases as a direct
function of the wall thickness; therefore, the readings
obtained on the microammeter are directly indicative
of the wall thickness and may be graduated in inches
after calibrating on specimens of tubing and plates
having known wall thicknesses.

6.5 ULTRASONICS

6.5.1 GENERAL. Sound waves, above and
beyond those which we hear, are utilized for the
detection of internal flaws in a large variety of
metals. With ultrasonic inspection it is possible to
find flaws in metal parts which cannot be detected by
other non-destructive means and to determine the
actual flaw geometry, size, and position.

6.5.1.1 Reflection. A characteristic of ultrasonic
sound vibrations is their ability to be directed in a
beam through an object and upon striking the oppos-
ing outer wall, are bounced or reflected back as a
light beam is reflected from a mirror. This charac-
teristic is known as reflection.

6.5.1.2 Alenuation. A second characteristic of
sound is its decrease of vibrational intensity as it
passes through a conducting medium. The difference
in the amount of energy conveyed into the body at
one surface and the amount received from it at the
opposing surface is the quantity of sound energy
absorbed by the body. This decreasing or falling
away of energy is known as attenuation,
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.6.5.1.3 Harmonics. A third characteristic of
sound, in addition to the “Basic Period”, (and under
certain conditions) is the occurrence of harmonics,
existing as multiples or sub-multiples of the orlgmal

period which causes the part to vibrate,

8RE2 SBRARCH UNITS. Sou nd vikratinng ara
L0 SV T 2 e B A A SOUNQ VIOTEUI0NSs are

transmitted into a body by a transducer housed in a
suitable holder (search unit). A transducer is a
quartz crystal that has the unique faculty of trans-
forming high-frequency, alternating current into
high-frequency, mechanical wibrations. This phe-
nomenon is reversible since a varying mechanical
pressure will generate a pulsating current whose
frequency is directly related to the rate of vibration
There are three g gener al types of
search units that are employed in the majority of
flaw detection.

6.5.2.1 Siraight Beam Search Units. This type of
search unit projects a beam of ultrasonic vibrations
perpendicular to the test surface. - It can be used for
either the reflection’ (par. 6.5.1.1) or the through
transmission (par. 6.5.5) technique. See figure 76.

6.5.2.2 Angle Beam Search Unit, This unit is

11and far tocting nlota omd chant wndamal ntma o
useh

af tha +ranadn
v l.-u.t: Ul a.uauuu:x

fUI. tcnulus plaut: uud ahr:t:u u.l.a.\:t:lla.l, plpU, ﬂ-lld
for locating flaws which, due to their orientation,
cannot be located by the straight beam method.
The crystal is mounted on a plastic wedge so that
the ultrasonic beam will enter the test material at a
specific angle. See figure 77(a), (b}, and (c).
6.5.2.2 Surface Wave Search Unit. Surface waves
are used to scan the surface and a thin layer immedi-
ately below the surface. The crystal is mounted

ola W i+ +ho [
similar t¢ the angle beam unit in that it uses &

plastlc wedge but the wedge angle is such that the

ultrasonic beam is refracted at a 90° angle. Figure

78 shows the wave traveling on the surface to a

defect, where it is then refiected back to the search

unit.

6.5.3 CONTACT PULSE REFLECTION.

- Contact Pulse Reflection utilizes the first charae-
teristic of sound; reflection. The transducer, in

dn-anf contact unfh the tost nlﬁ\ect throunln 8 csuphng

medium (thin coat of light oil), direects a pulsing
ultrasonic beam from 25 kilocycles to 10 megacycles
per second into the object. These transmitted
pulses are timed so that the crystal is energized for
an extremely short period, the resulting small groups
of waves being sent out at regular intervals. The
crystal is at rest for a ‘comparatively long time
between pulses, during which time the crystal acts as
a receiver for the reflected wave trains from the

- v - - A
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opposite face or a defect or flaw in between. These
reflected waves are then converted into an electrieal
impulse by the reverse effect of the crystal. The
electrical impulse is fed into an amplifier and thence
to the plates of a cathode-ray oscilloscope. A line

mameacanting tha troval Af tha worvrag 10 dmanonacad Am
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the screen of the oscilloscope. When a defect or flaw
is present, the wave is reflected from the flaw and
consequently returns in a shorter {ime causing a
hump or variation- in the tube trace. A distance
marker in the form of square waves can be imposed
on the sereen, permitting the inspector to note the
depth of the defect. The inspector merely moves the
crystal over the surface of the test object and watches

the oscilloscope for any indications. See figure 79.

6.54 IMMERSION PULSE REFLECTION.
This process differs from the contact method in that
the test object and the search unit are immersed in
a tank containing water or other suitable liquid
couplant. The erystal is affixed to the end of a
scanning tube that is attached to a movable carriage.
The carriage has a longitudinal and transverse move-
ment to permit complete scanning of the test object
and may be motorized ¢r manual. This method
enjoys certain a.dva.ntages over the contact method
in that objects of irregular shape may be thoroughly
tested. See figure 80.

6.5.4.1 Coupling. The surfaces do not require
any preparation as is sometimes necessary in contact
testing to insure good coupling. Another advantage
is, that due to the lack of intimate contact between
the test objeet and crystal, the problem of crystal
wear is removed. A thinner crystal may be em-
ployed, permitting higher frequencies (up to 25
megacycles per second) which will pick up flaws
much closer to the surface than the lower frequencies.

6.55 THROUGH TRANSMISSION. In the
Through Transmission method of ultrasonie testing,
as shown in figure 81, two transducers are employed,
one to transmit and the other to act as a receiver.
The process utilizes the second characteristic of
sound, that of attenuation. The immersion tech-
nique may also be employed in the Through Trans-
mission method.

6.5.5.1 Flaw Detection. A continuous, rather than
pulsed, ultrasonic beam is sent through the test
object by one transducer and is picked up by the
receiving transducer as a constant signal registration,
except when a flaw is encountered. The energy
muolified
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sufficiently to operate a trigger relay tied into any of
several indicating, recording, or rejecting devices.

6.5.5.2 Disadvaniages. The Through Transmis-
sion process is not in widespread use, the big dis-
advantage being that access to both sides of the test
object is required. :

6.5.6 RESONANCE. |Ultrasonic Resonance
testing utilizes the.third characteristic of sound,
resonant frequency and harmonics. Continuous,
compressional, ultrasonic waves are transmitted by
a transducer in direct contact (through a coupling
medium) with one face of a test object. The fre-
quency (and therefore the wavelength) of these
waves are varied manually or automatically by an
oscillator to bring the output to the correct fre-
quency to cause the part to vibrate in resonance. At
this frequency, the particles of the material vibrate
at their natural period or a harmonic of it and
considerably more energy is required than normal to
maintain this resonant state of vibration. Because
of this characteristic when the resonant period is
reached, the output meter shows a marked change
in the power required. This point is very sharp and
if the oscillator is detuned as little as 19 the
indicated amplitude is greatly reduced. See figure 82
for idealized example of resonance.

6.5.6.1 Flaw Detection with Oscilloscope. In some
systems, & cathode-ray oscilloscope has been in-
corporated. The osciilating eircuit contains a motor:
driven capacitor which is synchronized with the
horizont.l sweep of the trace across the cathode-ray
tube. Each rotation of the capacitor produces a -
varing frequency range which is represented on the
cathode-ray tube as the horizontal axis, If this
frequency range contains resonant frequencies, the
trace line will be deflected vertically, producing an
indication to the inspeetor. ]

6.5.6.2 Coupling. While the transducer and part
can be immersed, the transducer must always be
relatively close to the surface of the test object. It
is not practical to couple the energy through a long
liquid column, since the instruments would detect
and indicate resonant frequencies for the liquid
column. .

6.5.6.3 Portability. ~Ultrasonic resorance equip-
ment is widely used for non-destructive thickness
gaging of in-service equipment subject to corrosion
and for the detection of laminar discontinuities.
Inherent aceuracy, small size, and battery operation
have made this equipment particularly suitable for
field inspection.
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Fioure 81. Through transmission.

6.6 ELECTRO-MAGNETIC TESTS.

6.6.1 DIRECT CURRENT CONDUCTION.
There are two techniques that employ the passage of
a direct current through the test object:

g J—— ol

a. The direct current test method can be used for
wall thickness measurements from one side only, but
its greatest field of application is for depth measure-

ment of cracks that are previously delineated by -

visual observation, magnetic partlcle or dye pene-
trant techniques. In this process, four pointed,

spring-loaded, hardened steel electrodes mounted in_

an insulating head, are placed in contact with a
metal object to be tested. If an electric current, up

to 10 amperes, is caused to flow between two of the

electrodes, a potential (volts) will be produced in the -

other two electrodes. In a fixed electrode arrange-
ment and with like materials, a change in 'the
resistivity of the material (such as that caused by a
crack or variation in wall thickness) will cause a
change in the proportions of current and potential
and will be registered on a moving coil galvanometer,
these proportions having previously been set up by a
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calibration specimen.
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needs only adequate preparation to insure good
electrical contact.

b. In the other method, a heavy current of low
voltage is passed through an object to be tested.
This sets up magnetic lines of force that are perpen-
dicular to and concentric with the test object. Any
defect or flaw in the test object will reduce the
cross-sectional area by an amount that is equal to the
transverse area of that defect. The current flow

will be deflected by the flaw, thereby causing a

- proportionate deflection of the magnetic lines of

force; see figures 83 and. 84. If a coil is moved
through this magnetic field at a constant speed,
parzllel to the axis of the test object, a voltage will be
induced in the coil where it cuts a decreasing number
of lines of force. This will occur at the depressed
magnetic field surrounding the defect. This voltage
may be noted on a meter or it may be amplified to
actuate a marking mechanism.

6.6.2 EDDY CURRENTS. In an eddy current
(or electro-magnetic induetion) test, the metal test
object 1s inserted in the varying magnetic field of a
coil, earrying an alternating current. The test object
constitutes the core of this eoil and is the recipient of
eddy currents induced by the AC magnetic field of
the coil. These eddy currents, in turn, produce an
additional AC magnetic field in the vicinity of the
test object, which is superimposed on the original
magnetic field of the coil, causing a variation or

- modification of the original magnetic field of the coil.

6.6.2.1 Flaw Indications. The coil is part of a
tuned circuit and these variations produce power
losses in the circuit which are measurable and are
used in various ways to give indications on a cathode-
ray tube. Indications are obtained without electrical
contact in as short a time as 1/1000 second, thereby
permitting the establishment of high speed, auto-
matic inspection procedures. Eddy current methods
of non-destructive testing are among the fastest tests
available.

6.6.2.2 Coil Shapes. Coil shapes include: Solenoid
or feed-through coils, inside coils, hand-probe coils,
fork-shaped coils, and specially shaped coils for
specific test objects.

6.6.2.3 Applications. Eddy current tests may be

" used on a variety of ferrous and non-ferrous parts of

It is one of the most versatile of the
non-destructive tests. Some of the physical prop-
erties tested by this method include: Electrical
conductivity, Cracks, Hardness, Depth of case,

Ilﬂ.blllg hll]bhllt}-‘ab, Ul&lllel&:l leb

many forms.
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Ficure 83. Magnetic lines of force around a sound test piece.
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Comparator Gage {(Def.), 3.1.10
Comparator Gage, Construetion, 3.9.1
Component (Def.), 1.2.1.3
Construction Practices, General
Adjusting Devices, 2.3.3
Castings Vs. Machined Parts, 2.3.8
Commercial Parts, 2.3.6
AGO 10117A
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Fabrication, 2,3.1

Helical r'nmm-mamn and Extensgion Sporings, 2.3 10
ieilear Lom press Lengon SPrings, £.:.

Interchangeable and Replaceable Elements, 2, 3 4

Location, 2.3.2

Quick Operating Devices, 2.3.9

Standard Parts or Mechanisms, 2.3.5

Universal Type Equipment, 2.3.7
Control Bize (Def.), 1.2.2.3
Convoluting (Blunt Start), 4.2.2.1.1
Cylindrical Plug Gages, Plain

Go Plugs, 3.2.1.1.1

Minor Diameter Plugs, 3.2.1.1.3

Not Go Plugs, 3.2.1.1.2

Sources of, 3.2.1.1

b

Deflection (Def.), 2.3.105 °

Design of Inspection F‘.nn-nmnnf
sign inspecilion uipmer

For Experimental Items 1.7.6.3.1
For Standardized Items, 1.7.6.3.2
Design Size (Def.), 1.2.2.4
Detail Assembly Drawing, Selection of, 1.5.2.3.2

Determining Proper Measuring Pins for Splines, 4.4.10.1

Dial Indicators, Mechanical
AGD Specifications, 3.12.2.1.5
Graduations, 3.12.2.1.2
Indicator Guards, 3.12.2.1.4
Range, 3.12.2.1.1
Type of Mounting, 3.12.2.1.3
Dimensional Chrome Plating, 2.5.1
Dimensioning and Tolerancing

Application of Dimensions and Tolersnces, 1.5.4.223

Detail Dimensions, 1.5.4.2,2
Dimensioning System, 1.5.4.2.2.2
Geging Dimensions, 1.5.4.2.1
Positional Tolerances, 1.5.4.2.2.1
Displacement Targets, 5.7.1.5.2
Double Line Targets, 5.:.1.5.5
Dowels, Locating by, 2.3.2.1
Drawing Practices, Inspection Equlpment.
Abbreviations, 1.5.4.5
Clarity, 1.5.4.1 C
Cross Reference, 1.5.4.7

Delineation of Commercial Items, 1.54.3
------ d Tala 1EAD

Dllll‘ilmlulllua 3l 1 Cher ﬂlll\‘llls, Lenh T

Drawing Symbols; 1.5.4.9
Drawing Titles, 1.54.8
Identification Data, 1.5.4.6
Reference Dimensions, 1.5.4.2.3
Replaceable and Interchangeable Elements, 2.3.4.3
Scale, 1.5.4.4
Standard Parts or Mechanisms, 2.3.5.1
Drawings, Inspection Equipment, Types of
Detailed Drawings, 1.5.1.1
Specification Type, 1.5.1.2

IR CITER - WK P SR b

irill Rod, 2.4.5

E

Economy of Design, 1.8.1.3
Eddy Current Testing
Annhr-nhnrm 68623

AL, UV
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Coil Shapes, 6.6.2.2
Flaw Indications, 6.6.2.1
Effective Clearance (Def.), 4.4.2.3
Effective Errer (Def.), 4.4.2.5.5
Effective Fit {Def.), 4.4.2.4
Effective Space Width (Def.), 4.4.2.1
Effective Tooth Thickness (Def.}, 4.4.2.2
Electro-Magnetic Testing
Direct Current Conduction, 6.6.1
Eddy Current, 6.6.2
End Item (Def.), 1.2.1.4
Engineering Coordination, Splines, 4.4.4.3
Engineering Orders, 1.6
Enlarged Sections, 1.5.4.1.1
Error Allowance (Def.), 4.4.2.6

Experimental Items, Inspection Equipment for, 1. 7 6.3.1

External Flush Pin, 3.6.4
F

Fabrication, Inspection Equipment
By Brazing, Soldering, etc., 2.3.1.3
By Screws, 2.3.1.1
By Welding, 2.3.1.2
Integral Part Va. Fabricated Part, 2.3.1.4

Film Radiography
Advantages, 6.4.1.3
Basic Principle, 6.4.1.1.

Film Interpretation, 6.4.1.2
Penetrameters, 6.4.1.5
Portability, 6.4.1.4

Final Inspection Gages, Govemment (Def.), 1.2.3.1

Fit. (Def.), 1.2.2.10
Fixed Gage (Def.), 1.2.3.11
Fixture r‘am: fne[.\ 3.1.12
Fixture Ga.geﬂ
Economy in Manufacture, 3.11.2 thru 3.11.2.4
General Construction, 3.11.1
Operating Mechanisms, 3.11.3
Part Location, 3.11.1.2
Replacement Elements, 3.11.4
Use of Masters, 3.11,1.1
Welded Construction, 3.11.1.3
Flat Cylindrical Plug, Applieations, 3.2.2.1
Depth Checking Steps, 3.2.2.2
Fluoroscopy
Barriers, 6.4.2.3
Comparison with Film Radiography, 6.4.2.1
Installation, 6.4.2.5
Motion Observation, 6.4.2.4
Position of Test Object, 6.4.2.2
Flush Pin Gage (Def.), 3.1.7
Flush Pin Gages
Applications, 3.6.1
Barrel Type, 3.6.2.1
Bar Type, 3.6.2.2
Built-Up Type, 3.6.9.
Carbide Inseris, 3.6.4.2.1_
External Type, 3.6.4
For Depth of Drilled Holes, 3.6.4.2
For Depth of Thread Cavity, 3.6.4.1

Ceneral Conatruction Features, 3.6.2
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General Design Criteria, 3.6.3
Internal Type, 3.6.5
Multiple Type, 3.6.8, 3.6.8.1, 3.6.8.2
Spring Loaded Type, 3.6.7

. Taper Type, 3.6.6

Frame, Gage (Def.), 1.2.3.6

Free Length (Def.), 2.3.10.10

Full Annesling, 2.4.1.4

Functional Gage (Def.), 1.2.3.13

G

Gage (Def.), 1.2.1.7
Gage Nomenclature, 3.1.2
Gage Nomenclature, Involute Splines and Serrations, 4.4.5
External, 4.4.7
Internal, 4.4.6
Gage Specifications, 1.5.5.1
Gage Titles, Sample, 3.1.13
Gage Tolerance {Def.}, 1.2.2.7.3
Gage Tolerancing Policy, 2.2.3
Gaging Aids (Def.), 1.2.3.3 ’
General Construction, Fixture Gages, 3.11.1
General Construction, Receiver Gages, 3.10.3
General Laws of Geometrical Optics, 5.1.2
Genersl Laws of Light, 5.1.1
Go Gage (Def.), 1.2.3.12.1

H
Handle, Gage (Def.), 1.2.3.7

Hardenabiiity, Steei, 2.4.1.3

Hardening and Quenches, 2.4.1.5

Harmonics, 6.5.1.3

Heat Treatment (Def.), 2.4,1.1

Heat Treatment, Theory of, 2.4.1.2

Helical Compression and Extension Springs, 2.3.10
Horizontal Tooling Bar, 5.7.1.6.1

I

Indentification Data, Thread Gages
Non-Standard Threads, 4.2.5.3

ATEY AL AneEn

JNO'[: \_IO Uﬂgé NS L ﬂl'eﬂ-(l, 3.8.0.4
Standard Threads, 4.2.5.1

Immersion Pulse Reflection, 6.5.4
Coupling, 6.5.4.1

Implied Geometric Requirements, 2.2.7

Index to Inspection Equipment Lists
Auxiliary Uses, 1.4.4.4
Excessive “NL's", 1.4.4.2.1
«1 (Def.), 1.4. 41
“NL” (Def.), 1.414.2
Numbering, 1.4.4.

Inapection Equipment Lists '
Composition of an IEL Package, 14.1
Index, 1.4.4
List of Inspection Equipment, 1.4.5
List of Inspection Equipment Numbers, 1.4.6 .
Preparation of the Lists, 1.4.2 ‘
Principal Index, 1.4.3
Revigion of Lists, 1.4.7

Inspection Equipment, When
Required, 1.7.6.1

~ Not Required, 1.7.6.2

Instrument Stands, 5.7.1.6.3
Interchangeable Element, 2.3.4.1
Interferometry
Absolute Interferometry, 5.9.4.2
Determination of Flatness, 5.9.3
Interpretation of Interference Bands, 5.9.2
Production of Interference Bands, 5.9.1
Measurement of Height, 5.9.4
Measurement of Height by Comparison, 5.9.4.1
Involute Splines and Serrations
Complete Product Specifications, 4.4.3
Definition of Terms, 4.4.2
Gage Blanks, 4.4.8
Gagea for External Splines, 4.4.7
Gages for Internal Splines, 4.4.6
Gaging, 4.4.1
Incompletely Dimensioned Products, 4.4.4
Machining Tolerance and allowable errors for Gages, 4.4.9
Measuring Pins, 4.4.10
Nomenclature, 4.4.5

J

Jig Transit, 5.7.1.3.1
Justification of Extent of Inspection Equipment Design,
1.7.6.3

K
Keyways, Locating by, 2.3.2.4

L

Light, General Nature of, 5.1.1
Limit Gages (Def.), 1.2.3.12
Limits (Def.), 1.2.2.9
Liquid Penetrant Testing
Baaic Process, 6.2.1
Portability, 6.2.3
Veriations, 6.2.2
List of Inspection Equipment Numbers
The Basic List, 1.4.6.1
The Cross Reference List, 1.4,6.2
Liat of Inspection Equipment
Assembly and Sub-Assembly Lists, 1.4.5.2
Multiple Application, 1.4.5.3
Numbering, 1.4.5.1
Revision of, 1.4.7.1
Load (Def)), 2.3.10.4
Load-Deflection Tables, Accuracy of, 2.3.10.2
Load-Deflection Tables, Use of, Page 48
Locators and Special Mechanisms, 2.3.3.2

M

Machining Tolerance (Def.), 4.4,.2.6.1
Machining Tolerance for Spline Gages, 4.4.9.1
Magnet Back Mirror, 5.7.2.7.2
Magnetic Particle Testing
Basic Principle, 6.3.1
Continuous and Residual Method, 6.3.4
Magnetization, 6.3.2
Method of Application, 6.3.3
Portability, 6.3.5
Manufacturing Gages (Def.), 1.2.3.2
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Master (Def.}, 1.2.3.14
Master Check Gage (Def.), 1.23.14.2
Master Gage {Def.), 1.2.3.14.1
Masters, Setting, 3.12.3
Materials; Selection, Heat Treatment, and Application
Annealing and Stress Relieving, 2.4.1.4
Brass, Bronze, and Copper, 2.4.1.2
Case Hardening, 2.4.1.6
Cast Iron, 2.4.7
Caat Steel, 2.4.6
Effects of Alloying Elements, 2.4.2
General, 2.4.1
Hardenability, 24.1.3
Hardening and Quenches, 2.4.1.5
Heat Treatment (Def.), 2.4.1.1
Machine Steel, 2.4.4
Magnesium and Aluminum, 2.4.i1
Plaatics, 2.4.13
Sapphire, 2.4.10
Semi-Steel, 2.4.8
Sintered Carbides, 2.4.9
Stabilization, 2.4.3
Tempering, 2.4.1.7
Theory of Heat Treatment, 2.4.1 2
Tool Steel, 2.4.5
Maximum Gage (Def.), 1.2.3.12.3
Measuring Equipment (Def.}; 1.2.1.9
Member, Gage (Def.), 1.2.3.8

Microscopes, Types of, 54.1
Minimum Gage (Def.), 1.2.3.12.4
Mirror Targets, 5.7.1.5.4
Mono-Detail Drawing, Selection of, 1.5.2.3.1
Multi-Element Plug Gages
Applications, 3.2.6.1
Design Considerations, 3.2.6.2, 3.2.6.2.1
Multiple Threads, Gages for
Identification Data, 4.2.6.4, 4.2.6.5
Design Considerations, 4.2.6.1
Not Go Gages, 1.2.6.3

Thread Starts, 4.2.6.2
N

. Nominal Clearance, 4.4.2.9
Nominal Size (Def.), 1.2.2.2
Normalizing, 2.4.1.4 .
Not Go Gage (Def.), 1.2.3.12.2

O

Object of Inspection, 1.7.1
Operating Mechanisms, for Fixture Gages, 3.11.3

nnfl(-ni pmlnﬂflnn

General Requirementa for, 5.8.2
Optical Projectors, 5.8.4
Principles of, 5.8.1

Requirements for Obtamlng Ma.xunum Image Sharpnesa,

583,
Sereen Charts, 5.8.7
Specific Design Instructions, 5.8.6
Btaging Fixtures, 5.8.5-
Optical Projectors
Auxiliary Gaging, 5.8.5.4

Thomieon Tocdemeadlio - EOQ
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General Design Features, 5.8.5.1

Genera! Features, 5.84.1

Indirect Observation, 5.8.5.3
Types of, 5.8.4.2
Types of Staging Fixtures, 5.8.5.2
Optical Micrometer, 5.7.2.1
Optical Square, 5.7.2.6
Optical Tooling
Accessories, 5.7.2
Alignment Collimator, 5.7.1.2
Alignment Telescope, 5.7.1.1
Jig Transit and Optical Transit Square, 5.7.1.3
Levels, 5.7.2.5
Mirrors, 5.7.2.7
Targets, 5.7.1.5
Tilting Level, 5.7.1.4
Tooling Bars and Instrument Stands, 5.7.1.6
'T'nn]mn- ’T‘nnpq 5728

Types 0{ Eqmpment 571
Optical Transit Square, 5.7.1.3.2
Optics, Geometrical, General Laws of, 5.1.2
Out-of-Roundness (Def.), 4.4.2.5.4

F

Parallelism Error (Def.), 4.4.2.5. 3

Part (Def.), 1.2.1.2

Penetrating Radiation Testing
Wil Radiaoranhe

Film Radisggraphy, §4.1
Fluoroscopy, 6.4.2
Radiosotopes, 6.4.3
Piece (Def.}, 1.2.1.1
Pipe Threads, 4.3.1
Gaging NPTF Pipe Threads, 4.3.1.1.2.1-
NPT 4.3.1.1.1
NPTF 43.1.1.2
Taper 4.3.1.1
Pitch, Spring (Def.), 2.3.10.13
Plain Ring Gages
Go Rings, 3.3.1.1.1
Not Go Rings, 3.3.1.1.2
Sources of, 3.3.1.1
Plastics, Use of, 2.4.13
Plug Gage (Def.), 3.1.3
rmg Gages '
Adjustable Plugs, 3.2.3
Cylindrical Step Plugs, 3.2.1.2.2
Flat Cylindrical Plugs, 3.2.2
Flat Plugs, 3.2.5
Functional Piugs, 3.2.1.2.4
Multi-Element Plugs, 3.2.6 -
Pilot Plugs, 3.2.1.2.1
Plain Cylindrical Plugs, 3.2.1
Recessed Type Plugs, 3.2.1.2.3 .
Special Cylindrical Plugs, 3.2.1.2 . .
Taper Plugs, 3.2.4
Practicality of Design, 1.8.1.2
Preparation of Inspection Equlpment Drawings
Detail Assembly, 1.5.2.2
Mono-Detail, 1.5.2.1
Selection of, 1.5.2.3
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Principal Index of Inspection Equipment Lists
Numbering, 1.4.3.2
Responsibility, 1.4.3.1 :
Probing Mediume, Non-Destructive Testmg, 6.1.1 -
Product (Def.), 1.2.1.5
Profile Error (Def.), 4.4.2.5.2

- Profiles, Template Gages for

Acceptance Check 3 53.2,3.5.3.3
Application, 3.5.3.1
General Tolerancing of, 3.5.3.1.1
Projection Eyepiece, 5.7.4.3
Projection of Materiala
Chromium Plate, 2:5.1
Protective Finishes, 2.5.2 -
Publications
Mil-Standards, 1.5.6.2 T
Specifications, 1.5.6.1 - o
ns, 1.

b Dl ol -3
UI.AI.ICI L ULICHR LIULEDY, S

Q

Quality Assurance
" Quality Reguirements Engmeenng, 1.3.3.1
Inspection Equipment Engineering, 1.3.3.2

Inspection Equipment Supply, 1.3.3.3
Quality System Evaluation, 1.3.3.4 |

" Quality Assurance Provisions, Analysis of, 1.7.5, 1.7. 5. lv

Quick Operating Devices, 2.3.9 ' =

R

Radioisotopes

Basie Principle, 6.4.3.1 :

Detection, 6.4.3.2 !
Receiver Gage (Def.), 3.1.11 '
Receiver Gages

Applications, 3.10.1

Check Gages, 3.10.4, 3.10.4.1, 3.10.4.2

Design Considerations, 3.10.2

General Construction, 3.10.3
Recessed Plug Gage, 3.2.1.2.3
Reference Dimensions, 1.5.4.2.3
Reflection, Ultrasonic, 6.5.1.1

@

.

Replaceable Element, 2.3.4.2 - ' K

Replacement Elements for Fixture Gages, 3.11. 4 ‘

Requirements, Inspection Equipment, Ddt.ermmatlon of 1.7.6
Resonance Testing o : e

Coupling, 6.5.6.2
Flaw Detection with Oscllloscope, 6561
Portability, 6.5.6.3 P

Responsibilities, Inspection bqulpment. bnglneer 1.7.3

Revisions

Drawings, 1.5.9

Lists, 1.4.7 . .
Right Angle Eyepiece, 5.7.2.4 LY i
Ring Gage (Def.), 3.1.4 W
Ring Gates

Plain Rings, 3.3:1

Plain Step Rings, 3.3.1.2.1

Special Rings, 3.3.1.2

Taper Rings, 3.3.2

’ Downlog\ded from http://www.everyépec.com

Roll Thread Plug, Bar Type
Accuracy, 4.2.2.7.2
Application, 4.2.2.7.1

Roll Thread Snap
Accuracy, 4.2.3.9.2
Application, 4.2.3.9.1
Supplementary Gaging, 4.2.3.9.3

i o it bbbl o o

8

Salvage Plating, 2.5.1
Sapphire, Use of, 2.4.10
Screen Charts
Accuracy, 5.8.7.3
General Features, 5.8.7.1
Methods of Sereen Layout and checking, 5.8.7.4
Overacreen Chart, 5.8.7.2.1
'T'vnpﬁ of Screens, 58.7.2

Search Units
Angle Beam Unit, 6.5.2.2
Straight Beam unit, 6.5.2.1
‘Burface Wave Unit, 6.5.2.3
Begment Type Thread Plugs
Application, 4.2.2.6.1
Cost Consideration, 4,2.2.6.3
Setting and Acceptance Plugs, 4.2.2.6.2
Selection of Inspection Equipment,
Degree of Accuracy, 1.8.1.1

Tognomy 12172
MUUIIUIlI‘Y' AiTe b awd

Practicality, 1.8.1.2
Required Attributes, 1.8.1
Semi-Steel, Uses of, 2.4.8
Setting Masters, 3.12.3
Sintered Carbide, Use of, 2.4.9
Snap Gage (Def.), 3.1.5
Snap Gages
Adjustable Snap, Blade Type Anvils, 3.4.1.2
Adjustable Snap, Modified Anvils, 3.4.1.1
Builb—up Snaps, 3.4.2

s - LS
Carbide Inserts, Use of, 3.4.2.5

Plain Adjustable Snaps, 3.4.1
Plate Gages, Snap Type, 3.4.3
Recessed Anvil Type, 3.4.2.3
Relieved Anvils, 3.4.2.4 -
Separate Receiver Type, 3.4.2.2
Soft Plugs, Use of, 2.3.2.2
Solid Length (Def.), 2.3.10.12
Space, Spring (Def.), 2.3.10.6
Spanner Gage (Def.), 3.1.8
Spanner Gages
Basic Construction, 3.7.4, 3.7.4.1, 3.7.4.2
General Design Data, 3.7.1
Multiple Pin (Hole) Gages, 3.7.3, 3.7.3.1
Two Pin (Hole) Gages, 3.7.2

Bpecific Geometric Requirements, 2.2:6

Spheroidizing, 2.4.1.4

Splines and Serrations, External
Complete Product Specifications for, 4.4.3.2
Gages for, 4.4.7
.Go Composite Ring, 4.4.7.1 :
Setting Masters for Go and Not Go Snans 1.4.7.4

...... E Dvid
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Snap Gages, 4.4.7.3
Tapered Tooth Masters, 4.4.7.2
Splines and Serrations, Internal
Complete Produet Specifications for, 4.4.3.1
Gages For, 4.4.6
Go Composite Plug, 4.4.6.1
Go Paddle Piug, 4.4.6.2
Not Go Paddle Plug, 4.4.6.3
Spring Index (Def.), 2.3.10.11
Stabilization of Steel, 2.4.3
Staging Fixtures
Auxiliary Gaging, 5.8.5.4
Compensating Type, 5.8.5.2.1
Design Ingtructions, 5.8.6
General Design Features, 5.8.5.1
Indirect Observation, 5.8.5.3
Permanent Aligned Type, 5.8.5.2.2
Position Locking Type, 5.8.5.2.3
Standardization of Thread Gages, 4.2.1.1
Standard Size (Def.}, 1.2.2.1
Steel, Maching, Description and uses of, 2.4.4
Sub-Critical Annealing, 2.4.1.4
Bymbols, Inspection Equipment Drawing
Hardness Symbols, 1.5.4.9.1
Surface Finish, 1.5.4.9.2
Tolerance, 1.5.4.9.3
Welding, 1.5.4.9.4

1‘

Taper Pins, Locating by, 2.3.2.3
Taper Plugs, Use of, 3.2.4.1
Dimensioning of, 3.2.4.2
General Design of, 3.2.4.3
Taper Rings, Use of, 3.3.2.2
Dimensioning of, 3.3.2.3
General Design of, 3.3.2.4, 3.3.25
Technical Data Package '
Content of the Quality Assurance Area, 1.3.3
The Produet Area, 1.3.1
The Quality Assurance Area, 1.3.2
Telescopes
Basic Optical Characteristics of, 5.5.1
Construction, 5.5.2
Field of View, 5.5.1.4
Lens System, 5.5.2.1
Magnifying Power, 5.5.1.1
Range, 5.5.1.2
The Eye Piece Mounting, 5.5.2.3
The Mount, 5.5.2.2
Tempering Steel, 2.4.1.7
Template Gages (Def.), 3.1.6
Template Gages
Application, 3.5.3.1
Gages for Depths and Lengths, 3.5.2
Gages for Profiles, 3.5.3
General Construction, 3.5.1
Use of Scribed Lines, 3.5.2.1
TFerminclogy
Dimensional, 1.2.2

AGO 10117A
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Gage, 1.2.3
General, 1.2.1
Test Equipment (Def.}, 1.2.1.8
Thread Gages, Externzl
Go Thread Ring, 4.2.3.1, 4.3.3.1.1
Length Requirement, 4.2.3.7, 4.2.3.7.1, 42372, 42373
Major Diameter Adjustable Snap, 4.2.3.6, 4.2.3.6.1
Not Go Thread Ring, 4.2.3.2
Roll Thread Snap, 4.2.3.9
Segment Type Thread Ring, 4.2.3.8, 4.2.3.8.1
Thread Setting Plug, 4.2.3.4, 4.2.3.4.1
Types, 4.2.3.3
Thread Gages, Internal
Depth Requirement, 4.2.2.4, 42.2.4.1, 4.2.2.4.2, 42243
Go Thread Plugs, 4.2.2,1
Handles, 4.2.2.5
Minor Diameter Plugs, 4.2.2.3
Not Go Taperlock Blank, 4.2.2.5.2
Not Go Thread Plugs, 4.2.2.2
No Go Trilock Blank, 4.2.2.5.1
Roll Thread Plug, Bar Type, 4.2.2.7
Segment Type Thread Plugs, 4.2.2.6
Through Transmission Testing
Disadvantages, 6.5.5.2
Flaw Detection, 6.5.5.1

Tilting Level, the, 5.7.1.4
Tolerance (Def.), 1.2.2.7

Taolerances and Allowances
Gage Tolerancing Policy, 2.2.3
General, 2.2,1
Implied Geometric Regquirements, 2.2.7
Specific Geometric Requirements, 2.2.6
Burface Finish, 2.2.8
Tolerances for *After Painting”’ Gages, 2.2.4.2
Tolerances for Gaging Dimensions, 2.2.4
Tolerances for General Construction 1Jimensions, 2.2.2
Tolerances for Maximum or Minimum Gages, 2.2.4.1
Wear Allowance, 2.2.5
Tolerances and Allowances Thread Gages
Classification, 4.2.4.6
Distribution, 4.2.4.5
Flank Angle Tolerances, 4.2.4.4
Gages, 4.2.4.1
Lead Tolerances, 4.2.4.3
Standard Tolerances, 4.2.4.2
Tool Steel, Deseription and Uses of, 2.4.5
Tooling Tapes
Application of Temperature Correction, 5.7.2.8.3
Temperature Correction, 5.7.2.8.2 .
Tensgion Certificate, 5.7.2.8.1
Total Index Error (Def.), 4.4.2.5.1
Total Tolerance (Def.), 4.4.2.6.2
Tubular Level, 5.7.2.5.2
Two Pin (Hole) Gage
Diameter of Holes (Female Gage), 3.7.2.3
Diameter of Pins {Male Gage), 3.7.2.2
Distance between Centers, 3.7.2.1
Inplied Dimensions, 3.7.2.5
Location from a Surface, 3.7.2.4
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U
Ultragonics
Contact Pulse Reflection, 6.5.3
General, 6.5.1
Immersion Pulse Reflection, 6.5.4 . .
Resonance, 6.5.6 ’
Search Units, 6.5.2
Through Transmission, 6.5.5
Unified and American National Thread, Standardization,
42.1.1 -
Unilateral Tolerance (Def), 1.2.2.7.1
Universal Equipment, 2.3.7
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v

Vertical Tooling Bar, 5.7.1.6.2

W

Wear Allowance, 2.2.5

Wear Limit Gage (Def.), 1.2.3.15
Wear Surface Plating, 2.5.1
Welding Symbols, 1.5.4.9.4

Wire Diameter, Specifying, 2.3.10.9

134

AGO 1011TA



Downloadeq om http://www.everyspec.com

‘INSTRUCTIONS: lp a continuing effort to make our stnndardlzation documents better, tho DoD provides thi’ form for use in
smibmitting commenta and suggestions for improvements. All users of military standardization-documents are invited to provide
suggestions. This form may be detached, folded along the lines indicated,. taped along the loose edge (DO NOT STAPLE}, and
mailed. In bloek 5, be as specific as possible about particular problem areas such as wording which required interpretation, wes
too nigid, resmcuveﬂl‘qon ambiguous, or was incompatible, and give proposed wording changes which would qllﬂhh the
problems. Enter in b“ocl: & any remarks not reiated to a specific paragraph of the document. If block 7 is filled out, an

acknowledgement will be puiled to you within 30 days to let you know that your comments were received and are being
conaidered.

NOTE: This form my not be used to request copies of documents, nor to request waivers, deviations, or dariﬂclthn of
specification I'oqmumenu on current contracts. Comments submitted on this form do not constitute or imply authorizstion
ta waive any portion of the referenced document(s) or Lo amend contractual requirements.

(Fold along this lins)

(Fold along this line)

DEPARTMENT OF THE ARMY

I " l I NO POSTAQE
. NECESSARY
1E MAILED
CIN THE
UNITED BTATES

S e wers [ BUSINESS REPLY MAIL

CLASS FEAMIT NO. 12062 WASHINGTON D. C.
POSTAGE WILL BE PAID BY THE DEPARTMENT OF THE ARMY

Commander

US Army Armement Research and Development Command
. ATTN: DRDAR-TST-S

Dover, NJ 07801

b
a3




y - - T ' A
" ¥ Downloaded from http: //wvvw everyspec.com

STANDARDIZATION DOCUMENT IMPROVEMENT PROPOSAL
’ " {See Instructions — Efversé Side )

1. DOCUMENT NJMBER ’ © 12. DOCUMENT TITLE

T

3a, NAME COF SUBMITTING ORGANIZATION

D VENDOR
[ wen

B ‘|4 TYPE OF ORGANIZATION (Mark one) H

b ADDHES&(SMO! City, State, ZIF Code}

™M MANUFACTURER
J :

e e

D OTHER (Specify): .

5. Recommended Wordlnu

5. PROBLEM AREAS
a. Parsgreph Numbaer and Wording:

c. Reason/Rationale for Recommendation:

i
\-‘-l

6. REMARKS

ye

7a. NAME OF.SUBMITTER (Last, First, MI} — Optional

b. WORK TELEPHONE NUMBER (Include Arec _,
Code) - Optional

<. MAIL!NG ADDF\ESS {Street, C“y State, ZIP Code) — Optlonﬂ

B. GATE OF BUBMISSION (YVMMDD)

DD aa;o':trn ]425 PREVIOUS EDITION IS OBSOLETE.



