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FOREWORD

1. This military handbook is approved for use by the U.S. Army
Tank-Automotive Command, Department of the Army, and is available for use by
all Departments and Agencies of the Department of Defense.

2. Beneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document should be
addressed to U.S. Army Tank-Automotive Command; ATTN: AMSTA-GDS, Warren, MI
48397-5000; by using the self-addressed Standardization Document Improvement
Proposal (DD Form 1426) appearing at the end of this document or by letter.

3. This handbook provides a convenient means for implementing uniform
design practices and calculation methods for master gears used in the final
acceptance of Tank-Automotive component part gears. It also serves as a
textbook for specialized programs of instruction for centralized or local
training, and as a preparedness measure for accelerated training of product
assurance personnel during mobilization.

ii



L

(o2 NN+ 200 B

"

w N

e

~N O o

w W
N =

wN =

=S D OO D W

WK =S

WWWwwwwwWwwwwwwww

Downloaded from http://www.everyspec.com

MIL-HDBK-404

CONTENTS

CHAPTER 1

INTRODUCTION
Purpose . . . . . . . .« .« v« o . .
Scope . .
Application . .
Designer qualific
Supplementary pub

inspe

a
1

Fundamental ct

(S0 10 Lt § R W= N

Inspection . . . . . . . . . o o o 0.
Master gear . . . .« ¢ ¢ ¢ . 4 e e e e e e
Active profile . . . . . . . . o . o o . .
Handbook overview . . . . . . . . . . . . .

Symbols . . . . . . . . . . . 0 0.
Subscripts . . . . . . . 0 0 000 e 0.
Pitchpoint . . . . . . . . . . . . . . ..
Pressure angle . . . . . . . « « .« .« < . .

General . . . . . e e e e e e e e e e
Prime requisite for transmlttal of motion
between two involute gears . . . . . . .
Calculation sheets .
Sets of calculation sheets e e e e e e e .

pore . | T
Collection of data . . . . . . . . . « . .
Determining tooth thickness . . . . . . . .
Helical gear tooth profile . . . . . . . .
Calculations of gear data . . . . . . . . .
Trial pitch radius . . . . . . . . . . . .
Limitations on pitch radiuvs . . . . . . . .
Designing master for internal gear . . . .
Tooth thickness at outside radius . . ..
Face width of master gear e s e s e

Algebraic expression for wire diameter ..
Profile of askew axis helical (spiral) gears
Substitution of trigonometric identities

iii

R S

(S, IS I = SIS S

<2}

OO MWONNNNNoaooa o



PARAGRAPH
4.1
4.2
4.3
4.4
4.5
4.6
4.7
5.1
5.2
5.3
5.3.1
5.3.2
5.3.3
5.3.4
5.4
5.5
5.6
5.6.1
5.6.2
5.6.3
5.6.4
5.6.5
5.6.6
5.6.7
5.6.8
5.7
5.7.1
5.7.2
5.7.3
5.7.4
5.7.5
5.8
5.9
6.1
6.2
6.3
6.4

Downloaded from http://www.everyspec.com

CONTENTS

P T R ot inte)

CHAPTER 4
MASTER GEAR DRAWING

General . . . . . . . < .« .« . .
Interpretation . . . . . . . . .
Master gear drawing . . . . . .

Curve plotting . . . . . . . . .
Bore diameter . . . . . . .
Hol irive chart recorder . .

N g

CHAPTER 5
BEVEL GEAR INSPECTION

General . . . . . . . . . . e .
Inspection procedure . . .
Testing bevel gears e e .
Tooth shapes . . ..

Running test . . . . . . . . . .

Tooth bearing . . . . . . . . . .
Bevel gear testing machines . . .

Testing practice . . . . . . . .
Final test . . . . . . . « . . .
Bevel gear measuring instruments
Composite error test . . e
Trueness errors . .
Spacing errors or tooth defects
Runout . . . . . . e e e e
Tooth spacing tester e e e e
Concentricity tester . . . . .

Special checking fixtures . . . .

Checking of tooth profile

Recognized errors in s

mrad Jemant A hlaAarral ~aare

dali nypoia oovel gceailo . o .
Runout of a bhevel gear . . . . .
Pitch variation . . . . . . . . .
Maximum index error . . . . . . .
Required tooth contact . . . . .

Backlash . . . . . . . . . . .
Bevel gear mounting .

Running test . . . . . . . . . .
VHAPTER 6
INSPECTION OF WORM GEARING
General . . . . . . . . . . . .
Worms . . . e e e e e e e e e
Worm wheels (throated) .. .
Master worm . . . . . .

N S S R
N NN

= )
W NN N

(=

e

[
SRR ad W W W

-

[
~ N



PARAGRAPH

NN NN
[S I~ W PVRN S I

|
“

Downloaded from http://www.everyspec.com

MIL-HDBK-404

CONTENTS

i
RECOMMENDATION ON GEAR
General . . . . . e e e e e e e e e
Functional and analytlcal inspection .
Functional inspection equipment . . . .
Involute profile inspection equipment .
Tooth spacing, runout, and parallelism

inspection equipments . . .
L,ead checkers . . . . N e e e e

(923 L1 0% (S § . . . . s s s = :

Worm and worm gear 1nspect1on equlpment

Multistart worms - inspect index . . .
Optical comparator projector . . . . .
Over and between wire measurement . . .

Root clearance . . . . . e e e e e .
Gear form identification chart e e e .

Determining the arc tooth thickness of a gear

from the dimension over (between) wires .

Path of contact diagram for external gear drive

(spur or helical) . . . . . . . . . . .
Path of contact diagram for
internal gear drive (spur or helical) .

Minimum difference in numbers of teeth to avoi
{inte

E R

tip fouling or trochoidal interference

gear, extermal gear) . . . . . . . . . . .
Path of contact diagram for askew axes helical
(spiral) gear drive . . . . . . . . . . .

Illustration of master gear drawing (spur)

Illustration of master gear drawing (helical)
Relationship between measurement over wire (tooth

thickness) and the outside diameter . .

Form A Design calculation sheets for spur
master gear (BExXt. gear - Ext. mate) . .
Form B Design calculation sheets for spur
master gear (Int. gear - Ext. mate) . .
Form C Design calculation sheets for spur

master gear (Ext. gear - Int. mate) . .

-«

id
Imé

PAGE

18
18
18

-

i

22

N
w

24

25



Downloaded from http://www.everyspec.com

CONTENTS

PAGE

FIGURES

lat

D Design caicu

-

-
Lo |

Q
<3

o™
i

44

-

-

mate)

gear - Ext.

Form F Design caléulation sheets for

helical master gear (Int.

48

gear - Int. mate)

helical master gear (Ext.
Form G Design calculation sheets for

14.

mate

gear - Ext.

helical master gear (Ext.
with askew axes)

52

.

el
un

Nl

~ o~ falalh olall e Ya g Ba

e e ke e R |

| DU



Downloaded from http://www.everyspec.com

MIL-HDBK-404

CHAPTER 1
INTRODUCTION
1.1. Purpose. The purpose of this handbhook is primarily for use as an
e, purpose of this handbook Y

T s
instructional aid to the gage designer who is unfamiliar with both the theory
and design of master gears. It also provides a means of producing
specifications for these master gears which are consistent and reliable.

Eman mmrmmid Eesd emms e o tnn o e e g tae s wn e m o amme

1 ana ror SpecCliLylily LBqulLC“lcllLb UL mascLel gyears
for the functional 1nspection of external and internal, spur and helical,
parallel and askew axis, involute profile gears. Materials pertinent to the
inspection of bevel and worm gears and related inspection equipment are also
covered.

andbook includes the instructions for the design,
tion and

1.3 Application. This handbook is applicable to DOD product assurance

personnel engaged in the preparatlon maintenance and interpretation of final
acceptance inspection eguipment designs of inspection method control sheets
(IMCs) for Tank-Automotive materiel and by gage designers engaged in the
design of master gears.

1.4 Designer qualifications. While this handbook simplifies the task of
developing a master gear for those not familiar with the required geometric
hypotheses, the user must possess certain minimum qualifications. These
qualifications are listed below:

a. Must be a capable gage designer, able to determine suitable body

sayge Jdesddilel < marll

proportions with regard to fabrication and function

b. Must be able to establish both the magnitude and direction of gage

tolerances.

c. Must have knowledge of mathematics that allows interpretation and
performance of algebraic and trigonometric formulae when proper values are
given.

.5 Supplementary publications. The designer must have access to a
e table of natural trigonometric functions. To be suitable, the table

1]
) -
o
~ -
o
[

b. Have tabular divisions no greater than 0.91 degrees.
c. Include tabular values of the involute function.
d. Be arranged for accurate linear interpolation.

e. Have an accuracy of at least seven significant figures in the portion

£ igqur
of the table to be used. See selected bibliography for publications that
meet the stated requirements and are recommended for use.

oy
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1.6 Fundamental inspection concepts.
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Functional Inspection d fference being that the flrst method
determines each manufacturing error individually, while the latter views them
compositely. Functional inspection, which is the primary consideration of
this handbook is performed by engaging the part gear in intimate (metal to

[ o Wto]
o
(1]

gear and master. This produces a distorted 1nd1cation (either positive or
negative) of the actual errors in the gear. It follows that inaccuracies in
fabrication of the master gear can be costly.

1.6.2 Master gear. The master gear, to meet minimum requirements as an
inspection tool, must contact the part gear over its entire active profile.
The gears active profile, as the name implies, is defined as that portion of
the tooth surface which is active during operation with its intended
mate(s). Sometimes this feature is included as part of the gear

specification. Unfortunately the nomenclature used for this feature is not
consistent. The term most often encountered appears to be "contact

diameter”, which simply means that the profile is active from this diamete
to the addendum diameter. Some other synonomus terms are "start of active
profile”, "last point of contact”, "first point of contact”, and,
erronecusly, "form diameter" 1/,

1.6.3 Active profile. When the active profile is not determined by the
gear specification, it must be found by a mathematical interpretation, of
mating characteristics. When the gear operates with more than one mate, the
condition causing the greatest active profile, i.e. smallest contact diameter
for external gears or largest contact diameter for internal gears will be

usea

1.7 Handbook overview. This handbook has been structured and organized

to cover the general elements of design and calculations of master g
description of the handbook contents on a chapter-by-chapter basis follows:

a. Chapter 2 Definitions. This chapter contains the meanings of
basic symbols and subscripts used throughout the handbook. It also includes
s

e e m e wm P, A e

-~ -~
of terms Ubt:u J.ll Had>Lel yedl Uesiyll.

1/ The form diameter for external gears should be less than the contact
diameter by a suitable form clearance, conversely true for internal
gears.
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b. Chapter 3 Calculation sheets for master gear. This chapter
includes the various types of calculation sheets for different types of
gears. It also includes the explanation of how the motion is transmitted
hetween two involute gears.

c. Chapter 4 Master gear drawing. This chapter provides
instructions for the proper arrangement of the master gear specification
drawings.

Mharmdn» € wal

d. Chapter 5 Bevel I 1 r
instructions for inspection and testing of bevel gears. It also 1ncludes the
various types of errors in master gears and instruments to measure those
errors.

e. Chapter 6 Inspection of worm gearing. This chapter contains the
inspection procedures used to check worm gears.

f. Chapter 7 Recommendation on gear inspection equipment. This
chapter includes the information on various inspection equipments used in

checklng gears.

g. Tables and fiqures. The tables and figures are combined and
included at the end of the document.

h. Appendix Listing of qualified gear inspection equipment

o
su i The appendix includes the names of various companies

liers. s
manufacturing different type of gears. The list is included only as a guide.
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CHAPTER 2
DEFINITIONS
2.1 Symbols. The following basic symbols are applicable gear
terminology used in this handbook. When they are not accompanied
subscript they normally relate to the basic pitch cylinder, i.e. N/P.

Meaning
Addendum

| o WS, IR,
veaaenaun
Clearance

Distance, Center

Diameter (not concentric

Measurement
Number of Teeth

Pitch, Circular

Radius

Space Width, Arc

Space Width, Chordal
Tooth Thickness, Arc
Tooth Thickness, Chordal
Pitch point (see 2.3)
Difference, Variation

Angle Roll

to axis of gear)
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ymo
0 Angle, Polar
j\ Angle, Lead
£
4

Angle, Helix

2.2 Subscripts. To restrict a basic symbol to a particular condition or
location, the following subscripts may be applied.

b Base

c Contact
F Form

i Inside
n Normal
N Minimum
o Outside
r Operating
R Root

t Tooth
\ Wire

X Maximum
1 First

2 Second

2.3 Pitch point. The pitch point (y) is the intersection of the line

]Olnlng the centers and the path of contact. The pitch circles (r; and
lhmesn dbhind e mcmemmdacna ad Sl meea Al emmdmmndd omen memad mmemde e Al D el
L?] NAaveé uUneélr Cenceérs at e axeés O roctatlion ana concalin une piLinl
point. The ratioc of the pitch radii is always identical to the ratio of the
number of teeth. Similarly as the center distance is varied, the pitch

circles vary in magnitude but not in definition.

2.4 Pressure angle. The pressure angle (d) is the angle between the
line joining the centers of the gears and the normal to the path of contact.
The pressure angle varies directly as the center distance (C) varies.

5
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CHAPTER 3

MASTER GEAR DESIGI

3.1 General. This chapter covers the various types of calculation
heets and associated preparatinn ihqt ictions required to design master

=

helical, parallel and askew axis, 1nvolute profile gears. A spe01allzed
knowledge of the kinematics of involute profile gearing is not required for
the successful usage of this handbook. However, the following brief treatise
will aid the user in understanding the geometric relationships encountered in
master gear design.

}_‘
[»]
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ot
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gears. The prime requisite for proper transm1tta1 of otion between any two
involute gears of the same type on parallel axes, is that their base pitch
(pb) be equal (see figures 1 & 2). This assumes, that the other gear
features (such as tooth thickness, addendum diameter, etc.), are properly

proportioned. Contact between the teeth occurs on a line tangent to the base

diameters (ad), and is limited to that portion of the line intercepted by the
aAAarmAIm ~1vr~alacs AF +ha ~Manre (e~ Thaoaca Tima coarmmante avra brnAarm ace "rmath
QAUUTIIUWIINE CiLiLATO VL il gccu..a ‘l.l\.r’o 4i1lTOT A LLIT DC\j"lCllbD L= ¥ S = NLIJUWILI QO yﬂl‘ll
of contact"” and "active path of contact" respectively. The ratio of the
active path of contact to the base pitch is referred to as the contact ratio

(m). It can be established that if this ratio is greater than one, overlap
will occur and transmittal of motion will be continuous, if less than one,
transmission of motion will be sporadic.

+
v

- P P, [ T 2 JEEE VAP S, my PP RN TP S, L T, ~ o emammam = emm o oo Al P

S.3 L4alculadtlon SsneeLs. 1ne calculduion sneews ere preparea wiun une
intent of producing a correct master gear regardless of the proportions or
specifications of the part gear. However, it is reasonable to assume that

unusual gear properties may subsequently incur undesirable master gear
specifications. For this reason, the designer is directed to review the
dimensional proportions of the master gear before finalization. The
calculation sheets themselves make the designer aware of the critical areas
When these limitations are exceeded, the

necessary alterations to normal design procedures follow as part of the
instructions for use of the calculation sheets. For root ¢learance dimension
mentioned on calculation sheets refer to tahle I

3.4 Sets of calculation sheets. There are seven individual sets of

calculation sheets intended to include all external or internal, spur or
helical, parallel or askew axes, involute profile gear combinations normally
encountered. The gear form identification chart (table II) identifies to the

[y s o

designer the proper set of calcu1at10n sheets to be used to design a specific
- e L oy
i1 . L

- PR Tt ket o

'S S e PR
Llle 0o uLiucuLliulls

3.5 Collection of data. Having the proper calculation sheets, the
information required under the sub-heading "known data" is obtained from the
product drawings for the gear and its mate(s) 1/. Occasionally, the

: L . . .
1/ When contact radius of the gear is included as part of its specification,
the mating gear(s) data is not required.
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operating center distance (Cr) will not be specifi ed on the gear draw1ngs.

In this event, the mounting distance given on the housi
substituted.

3.5.1 Determining tooth thickness. The tooth thickness dimension of the
part gear is a feature necessary to complete the design of the master gear.
When the tooth thickness is not included in the gear specification, it can be
found from the dimension over (between) wires (see table III). If neither a

wire measurement nor tooth thickness dimension is included on the product
Aemoesd wnar lan deumcecsdeans 224 71T lnn mwmasmmd dacwmand Jafd ud avmd amd am Thamdmanrmarmaa Maamaa
UrLawaiily, LT Uulawllly wilildl T LUIIDlLlUTICcUu uclLivicuLr auu 1 LUIYAlTTL LilY Cliailyco
Proposal (ECP) will be initiated to correct this deficiency.

3.5.2 Helical gear tooth profile. Helical gear tooth profiles are
involutes in a transverse plane 2/ only. For simplicity of presentation, the
geometric relationships required to develop the master gear are conducted in
this plane. If the basic data of the product gear is offered in a normal
plane 3/, it must be converted as indicated on the applicable calculation

chaate
SHCELS.

3.5.3 Calculation of gear data. The formulae under the sub-heading
"calculated gear data" are used to orient the known data of the gear and its
mate(s) to terms directly applicable to subsequent master gear geometry. It
is possible for the expressions which determine the line segment cd to yield
a negative magnitude. If this should occur, the tooth profiles of the part

gear must be undercut to avoid interference with its mate(s). This condition
may be undesirable, and possibly can be avoided. A suitable inquiry should
be directed to the Product Engineering Agency for verification of the intent
of the undercut.

3.6 Trial pitch radius. A suitable trial pitch radius (R*) for the
master gear is now determined by one of the three given expressions. The

el - ld
ailiu a bUll bdb L rLau
he T

base radius.

expre551on determlnes a size suitable to most gear rolling mach
available equipment may preclude the use of this result.

.
K
mamarsmitsma anmala af ad Taaer
FLCDDULC aillylic UL aul dicao

(

3.7 Limitation on the pitch radius. The limitation of four inches
maximum on the pitch radius of the master gear is intended as a guide only
and may be exceeded if conditions warrant. The reverse may also be true
where a gize limitation less than four inches is necessary. In either eve nt,

with almost no exception, the pitch diameter requirement of the master can be
reduced by varying the operating pressure angle. If the master gear is too
large because of its contact pressure angle requirement, increase the
operating pressure angle. If it is too large because of the clearance
requirement between the addendum of the master and root of the gear, reduce

l.ll!: UpELdLLllg pLressuLe Cﬂlgl!:.

2/ Any plane normal to the axis of rotation.
3/ Any plane normal to the helix of the pitch cylinder.

7
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3.8 Designing master for internal gear. When designing a master for an
internal gear, consideration of the possibility of tip fouling or trochoidal
interference is necessary. The graph, figure 3, showing the minimum
difference between the numbers of teeth for a specific pressure angle and

addendum will serve as a guide. The possibility of fouling can also be

s am R T VU R VN R SRR d oam aaamm o am - mmmen odd d mem  wm o wwn
verified by layout. If interference is present, the condition normally can
be alleviated by varying the operating pressure angle.

3.9 Tooth thickness at outside radius. The tooth thickness at the
outside radius of the master gear must be at least five thousandths inches
(.005) to facilitate manufacture. If this limitation is violated by normal
design procedures, there are two means of correction.

h. Decrease

3.10 Face width of master gear. The face width of the master gear as
determined by the calculation sheet is a minimum value only, and not
necessarily a suitable magnitude. The master must also maintain a proper
relationship between its diameter and width. The requirements of the

dmtenn B3 vmman 2am TV Lo wmarr w2l ma domElieammva
intended gear rolling machine may also influence the face width.

3.11 Algebraic expression for wire diameter. Unfortunately, the
(following) exact algebraic expression for determining the theoretical
measuring wire diameter for helical gears is both involved and

transcendental.

)
L—

sec ([Jb
As a substitute, the applicable calculation sheets have been provided with an
approximate solution which has proven to be adequately reliable. The error
in this solution is that it assumes the wire makes contact with the involute
1 in a normal plane, but 1n reality, tne wire contacts the
OL

3.12 Profile of askew axis helical (spiral) gears. When askew axis

helical (spiral) gears operate at a center distance other than standard 5/,
the determination of the active profile of the gear to be inspected usually

4/ Involutometry and trigonometry, by W.F. Vogel, Dr. Eng., Pages 294 thru
296.

5/ Standard center distance, here defined, is equal to the sum of the pitch

radii of generation, which normally are those specified on the product

drawings.

w
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becomes a complex problem. The solution is based on a premise similar to

that of parallel axis gearing; that is, that the path of contact is a common

internal tangent to the base diameters of the gear and its mate(s),
antar dietance. The added consideration is that the path

A AT s s aaal J[INVUGTR LIRSS 22 =265 = atl

; es not lie in a transverse plane of either gear, but rather in a
plane ontainlnq the pitch point (y), and perpendicular to the helices
described on the pitch cylinders of both gears. Again, the pitch cylinders
and the corresponding helix angles (V) vary directly as the center distance
varies. Consequently the shaft angle (¥) varies 6/. See figure 4.

Referring toc FORM G of the calculation sheets, when the operating center
distance (Cr) is not equal to the standard center distance (Cl):
Y+VY2+4XZ
10n¢rl ~os
) el
Where
r..sin@_sinZ
X= [~ 2] “"
sin B,
r. sin@.cos¥ sin @
Y=C, sind, cos @, sin - — —B2__
sin 9, sin @,
Z=C, sing, cos @ cos L
And

( ,
\'  ton¢y /

6/ This discussion is restricted to the most common case - where the sum of
the helix angles of the pitch cylinders equal the shaft angle, and the
direction of the helices is common.
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sas LRl WU

3.13 Substitution of trigonometric identities. When performing the
indicated operations on any of the calculation sheets it may be desirable at
times to substitute trigonometric identities for those functions specified.
For an example, as an angle (@) nears zero degrees (@°), the cot &
approaches infinity, and it is not normally tabulated to the required

-~ ety v ey Tr entmbh am dmodtam~a ha ~at N aohAatt1TAd lha mamTamad bher am ddaméd deee

acvvuracvy. 41I1 8UCn an .Lllal'allbc uu: CUL YU olivuiu U LCPLGCCU MY dQail ducuvaiLvy

more suitable (1/tan & or cos Z/sin @). In addition, some of the acceptable
trigonometric function tables do not include the secant, cosecant and
cotangent functions in their tabulations, necessitating substitution of their
respective co-functions. It is not the intent of this handbook to restrict
the designer where restriction is not required, only to present a means to an
end.

10
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4.1 General. This chapter provides instructions for the proper
arrangement of the master gear specification drawings.

4.2 Interpretation. Lower case letters are used to present the
instructional text. Nomenclature and characteristics required for drawing

2 _ . _ - A oA ® R, _ Kl a 2 e oA oA mams 0 VL e mem me el amem L-.. -
data presentation are depicted in capital letters. Dimensions, other than
body dimensions, will be specified to the nearest ten thousandths of an inch,

4.3 Master gear drawing. The examples in figures 5 and 6 provide
instructions for the proper composition and arrangement of the master gear
specification drawing. The symbols in rectangles on the figures are to be
replaced by their numerical values (represented by these symbols) from the
calculation sheets. The symbols in triangles refer to the tables of
allowable manufacturing errors included near the top of the illustrations.

4.4 Curve plotting. Upon completion of the calculation sheets, the
designer shall plot a curve on the master gear drawing showing the
relationship between the measurement over wires (tooth thickness) and the
outside diameter. This relationship is considered to be a linear function
requiring only two points for definition. The graph shown on figure 7 will

R} P

be used to indicate this relationship, each space representing two ten

Fhaismanddshe AF anm demab 1 OAAAD)
LIIVUDCQIIMLIID VAL Qll 41l |\ . UUUL ] -

Consider the following example where it was found that -

Mw = 3.1743 + .0050
Do = 3.1123
Uox = 3. 1269

The co-ordinates of point A are D, and M., the co-ordinates of point B

are Dox and My + .005. The slope of the line AB will vary as the
operating pressure angle varies.

4.5 Bore diameter. The bore diameter should be established according to

the requ1remem:s of the intended gear rOl.l.lng macnine. In the event that the

machine to be used is not known or selected, a 1.250 inch diameter will
satisfy most equipment, with 2.75@ inch or 1.75@ inch diameters being

------ oL TR apSii PR e 2128 Lialicl.els LEe2id

secondary choices. A bushing can be provided for a master gear having too
large a bore; however, if the bore is too small, it is almost impossible to
machine it larger without reducing the overall accuracy.

art recorder. e

2
n
amamdnd o mrn A AT Araa
LacliUll madiLclilL yca
Io] {
hed 1

h
T T
a se
not applicable or i
to be omitted.

4.7 Plane of data. When the basic data of the helical component gear is
specified in a transverse plane, it is preferred that the diametral pitch and
pressure angle of the master gear also be specified in a transverse plane.
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CHAPTER 5
BEVEL GEAR INSPECTION

ot v-Svve | L1 1] S N e T =] €147 [PPO RURTY Py S e bmera]l - e P W T R BN TS e
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precision gears and those requiring utmost quietness in operation, depends

i

vitally on a most careful inspection procedure. Because of the complex
configurations in bevel gears and the need for conjugate tooth action, it is
necessary that diligent inspection be carried out throughout the whole
manufacturing process.

5.2 Inspection procedure. The inspection procedure involves a
progressive proving process known in the industry as "Testing"”. Testing is
in addition to all basic insoections such as for diameters- thicknesses,

introduced in the manufacturing process 1mmed1ately following cutting the
teeth in the ‘green blank and continues thru all subsequent operations which
1n any way affect the trueness, shape or size of the finished gear.

z
refore is an essential phase of bevel gear inspection.

al

"Testing" the

5.3 Testing Bevel Gears.

5.3.1 Tooth shapes. Smooth, quiet-running bevel gears must have correct
tooth shapes, uniform spacing of the teeth and teeth concentric with the bore
or shank. Inaccuracies in any of these conditions produces noise and rapid
wear on high-speed or heavily-loaded installations, and non-uniform motion in

P |

o a1 sen

~F
i

the case of precision instruments and con 1 equipment. Testing machines
provide a practical method for determining that the gears are right hefore
assembly, and for precisely controlling the quality of the gears during all

the stages of their manufacture.

5.3.2 Running test. In the testing machine, the gears are mounted in
the operating position and run under power and 1ight brake load, simulating

v am P A semam d em e g Lo = PN =

r
UHCLQLLUH under normal running conditions in their final mo ﬁﬁiﬁgg.
Smoothness and quietness of operation, tooth bearing, tooth size, surface
finish, runout, and tooth spacing errors are all checked by the running test.

5.3.3 Tooth bearing. Tooth bearing is an indication of correct tooth
shape both up and down and lengthwise on the tooth profile. It is that

portion of the gear tooth surface which makes contact with its mate and can
readily be observed by painting the teeth with a marking compound and running
the gears for a few seconds.

5.3.4 Bevel gear testing machines. Bevel gear testing machines are
provided with all necessary adjustments to bring the axes of the gears into
such a relationship that optimum tooth bearing is obtained. By means of
these adjustments, it is possible to determine how the gears will operate in
and out of position in their final mountings and to measure directly the
slight adjustments which must be made in the cutting or grinding machine to
locate the tooth hn:r1nn correctlvy, To insure resetting of the tes

veale LUV L Tkl ll LLULLITOULAY aaSlRl T LT OT VL Ay LaiT LT o

machines to duplicate perfectlv the original proven settings for a pa
pair of bevel gears, special set-up gages are employed. The use of set-up
gages is a practical solution to obtain, on repeat orders, the same quality

as produced originally.
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5.4 Testing practice. The routine manufacture of bevel gears consists
of first preparing a "trial or development pair" to be ultimately inspected
and approved for operation in the final mounting. Following approval,
several sets of master control dgears are made which duplicate exactly the
"developed pair". These hardened control gears, tailored to satisfy
requirements at various operations as production progresses, are then used in
the testing machines to control quality at all stages of manufacture.
Production gears are tested to the control pinions and the pinions tested to
. ooth bearing and
e dn o el e rmeml d beee I_-..e G-\

s Suiirh aaara whan na shonld show

. Waras YT QRa o YaaTas e

a. Control gears. Because the successful manufacture of bevel gears
demands control at all stages of manufacture, several types of control gears
are prepared as follows:

Master control agears

only.

c. Inspection control gears. Used for checking finished production
gears only.

A Y an mmmadirvtdd A At raAal Ao Memwad FAv ~ha~nbdirnsay Aanaro tm Hha
A Y \JLCCII MiLUUUL LLIUVII LUIILLUL YyTald. UoTu LUl \.llc\.l\..l.lly ECGLD Ald [ 929 L ey
green or unhardened state.

5.5 Final test. A final test usually is made on each pair after
hardening, or in the case of curved-tooth bevel gears after subsequent
lapping or grinding Where adjustability is provided in the final mounting,
etermining, for each

- Al
I ul

—m g e m e et et 32 _a 4 e mmm e~ Lo 2o
pall OL Jge€did, Lile mounuing uailscalnces dL wIillCll Lney operdre pesc 115

~aca the aears are matched in setes and uenallvy wired togathar T i ~MAMMAN
case, TS gears are mailineg 1n se ang usua.lai wWiregQ Tggetaer. i 18 commen

I
Y t
to mark the measured "mounting distance" and "backlash"” values on the outer
end of the teeth.

5.6 Bevel gear measuring instruments. On certain high precision gear
work, such as for instruments and for aircraft, extremely close tolerances of
tooth spacing and concentricity must be heid. Checking of these values by
sight and sound on a testing machine is not sufficient; they must also be
inspected by direct measurement. Also in the course of manufacturing,
individual elemental inspections must be made to prove setups, cutter action,
machine performance, tooling, etc. For these purposes three inspection
devices are employed; the composite error tester, the tooth spacing tester,

and concentricity tester.

T 4 F o [P VSR L I PRI Ve mi. P S - cmana an de . sude -~ - mmman emaml Ve

J2.0.1 LONPOLUSILLE €LI10OL LEeEdL. 111e COmpousiLe LU LESL 15 4 yeal rLouliiiy
onaration for determining size variatione runout +rmianace arrnrec +nnth
CPeraticon ICr qelemining Slze variatiens, ungucT, Trueness errcers, Tectin
spacing errors, tooth bearing, and backlash.
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5.6.2 Trueness errors. Trueness errors are represented as slight
oscillations in the indicator as each tooth goes in and out of mesh during

rotation, in close engagement without load. These oscillations may or may
not be uniform in magnitude and are caused by the modification in the tocoth
profile shape (necessary to localize the tooth bearings) and by tooth spacing
errors. The oscillation caused by

modification in the tooth profile shape is
referred to as the profile wave. This will be approximately equal to the
average value of all the individual oscillations around the gear.

5.6.3 Spacing errors or tooth defects. The spacing errors or tooth
defects (thick or thin teeth) or presence of dirt or chips are indicated by

udden jumps of the indicator either up or down, on top of or in addition to

T 4 4 Up i WUWi,  ae 422 QLo

t 0

A
e profile wave.

h

5.6.4 Runout. The runout is determined by rolling the gear with a
mating member or "control gear" known to have no appreciable runout. Runout
shows up as a gradual increase in the indicator reading up to a high point

and a gradual decrease in the indicator reading to a low point, which is
generally 1802 around the circumference of the member being tested from the

high point. Since the amount of the profile wave is the same for every
tooth, it has nothing to do with runout. Therefore, it must be subtracted
from the difference between the high and low reading to obtain the actual
runout. Faulty arbors or improper setup may show up as runout in otherwise
good gears.

5.6.5 Tooth spacing tester. This instrument measures the variation in
spacing from tooth to tooth. Two contact points are employed, one a fixed
stop, the other movable to actuate a dial indicator In use, each tooth of

the gear is brought to bear against the fixed stop w1th the movable point
contacting the corresponding flank of the neighboring tooth. the dial
indicator reading is noted and the operation is then repeated for all the
teeth in the gear.

5.6.6 Concentricity tester. Concentricity of the pitch circle with the
center about which the gear turns is measured by the concentricity tester.

The runout is twice the eccentricity. This instrument employs two contact
points 180° apart, one a fixed stop, the other actuating a dial indicator.
The gear to be checked is mounted on a dead center held in the vise, and
indicator readings are taken on diametrically opposite teeth with the
contacts acting on coz

responding sides of these teeth. The contact points
are lifted while the gear is turned from tooth to tooth. the runout is equal
to one-half the difference between the high d low readings, which makes

this method of inspection extremely accurate.

NOTE
Because of the great amount of time required in inspecting
gears by these last two devices, they are used primarily
for periodic and not general production checking.

14
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5.6.7 Special checking fixtures. Testing machines are preferred over
special fixtures because they show how the gears will operate in serv1ce and
they provide adjustments necessary for determining slight chan

Ly pivalitc (TR Wt liel § § T A § Lol 0% ol e £ = 4 Tl iwiaias <5l Liiall 2

the cutting machlne for control of tooth bearing.

5.6.8 Checking of tooth profile. The checking of the tooth profiles is
not carrled out on bevel gears for two principle reasons. First, the shape
gear tooth varies at every position from end to end, instead of
tant e
Y king i ar 0o’ even
checking position from gear to gear will give incorrect results. Second,
even if this check were practical for bevel gears, it would not show the true
contact along the entire length of the tooth, as shown by a running test in a

testing machine.
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ors for which tolerances are recognizEu.
Runout (see 5.7.1).

Pitch Variation (see 5.7.2).
Maximum Index Error (see 5.7.3).
Required Tooth Contact (see 5.7.4).
Backlash (see 5.7.5).

1 Runout of a bevel gear. Runout of a bevel gear is the difference
high and low readings of a dial indicator suitably arranged to denote

the off-center relation of the axis of the tooth profiles with respect to the
journals or the axis about which the gear rotates. It is twice the
eccentricity. It includes and is inseparable from the effect of outside
runout or wobble.

5.7.2 Pitch variation. Pitch variation of bevel and hypoid gears is the
variation in spacing between corresponding sides of adjacent teeth,
measurements preferably being taken near the middle of the tooth height at

the midface.

5.7.3 Maximum index error. Maximum index error of a gear is the
deviation between the theoretical and the actual disp :
as measured near the pitch line.
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5.7.4 Required tooth contact. Required tooth contact determination is

best accomplished by means of a testing machine. Proper contact involves
three factors; namely, position, shape, and area of contact.

5.7.5 Backlash. Backlash in gears is generally the play between mating
teeth. For purposes of measurement and calculation, backlash is the amount
by which a tooth space exceeds the thickness of an engaging tooth. When not
otherwise specified, numerical values of backlash apply on the pitch circles

15
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5.8 Bevel gear mounting. Proper service from a pair of bevel gears
(straight, zerol, spiral, or hypoid) can be obtained only when they are

manufactured accurately and mounted in rigidly designed and carefully
machined gear boxes. At the same time, it is impractical to construct a gear
mounting which is entirely free from deflections under locad. The effect of
these deflections is to concentrate the load at one end or the other of the

teeth with resultant rapid wear and eventual breakage. However, with the aid
of a bevel gear testing machine, allowance for these small deflections can be
made in the manufacture of the gears.

5.9 Running test Since the most conclusive test of bevel gears is
their operation under normal running conditions in their final mountings,
testing machines are signed to provide a running t st of the gears

mounted in the correct operating position and run under power and light brake
load. The smoothness and quietness of operation, the tooth bearing, the
tooth size, the surface finish, and appreciable runout and tooth spacing

“ <y AL

errors are all checked by the running test
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CHAPTER 6
INSPECTION OF WORM GEARING

6.1 General. Conventional worm gearing (single or multiple start worms
and throated worm wheels) can be inspected functionally by rolling with a

master in the same manner as spur and helical gears.

6.2 Worms. Worms are usually inspected for size by the conventional

over wire method. Outside diameter and root diameter are routine micrometer
checks. Lead, pitch, and pressure angle can be inspected on conventional

Illinois, Michigan Tool, and National Broach worm checking machines. A
functional check is performed in a rolling setup, emploving a master spur or

helical gear to engage the worm in the same manner as a rolling check for
helical or spur gears.

6.3 Worm wheels (throated). Worm wheels (throated) can be functionally
inspected in a conventional rolling machine or special rolling fixture. In
many instances the same machine or fixture will serve for both worm and
wheel. Because the tooth contact of the worm with the throated worm wheel is

a curved helical pattern of matching contour, it is important that the master
worm be designed to a corresponding diameter and lead, and be positioned in
the rolling fixture at operating center distance and axis position. In
order, then, to obtain tight mesh contact; to register runout; conjugate
action; etc., the allowed backlash in the worm wheel must be absorbed, not by
closing center distance, but by adding the backlash allowance to the tooth

thickness of the master worm. In this way the same operating center distance

ss © e
and pattern of contact (master worm to wheel) are preserved with the parts
engaged in tight (metal to metal) mesh. Throated worm wheels can be checked
elementally for spacing, helix, etc., but the process is slow and expensive
and requires considerable preparation. The rolling check is simple,
pract1ca1 and d1scloses all the necessary information At the same time

, by
ound rovides evidence of the tooth bearing pattern as
al
=

< -

6.4 Master worm. The master worm should be a near duplicate of the part
worm with respect to outside diameter, pitch, lead, pressure angle, and
number of starts. Outside diameter should be increased to include the
allowable total indicator reading (T.I.R.) runout of the worm. When the worm

wheel is spur or helical gear, a rolling check with a master spur or
helical gear is practical. A selected worm can alsc be used if the operating
backlash does not cause interference when the parts are rolled together in
tight mesh. Other types of worm and worm wheel designs, such as tapered,

dual lead, hourglass, etc., introduce special inspection problems. In such
cases, the manufacturer should be consulted.

17
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CHAPTER 7
RECOMMENDATION ON GEAR INSPECTION EQUIPMENT

7.1 General. Inspection of precision gears regquires not only reliable
measuring equipment but careful training in its use. The modern gear
inspection laboratory is equipped with ingenious and sensitive inspection

machines and devices to prove functional behavior of gears and to measure
their individual incremental errors. Most of today’s gear inspection
equipment is designed to operate in conjunction with automatic recorders to
graphically chart indicator readings formerly done manualily. The recorded
chart reveals the true condition of the inspected surface much more

v than numerical values The recorded nrnnh will reveal hv the

1an numerical values, 443 A CCUUaARTNR Waaa 2 VoQay;, ~f -

contlnuous pattern, the cause of errors, whereas numerals
p esenting indicator readings show only the magnltude of these errors.

Graphic inspection not only supplies a continuous representation of the

surface being checked but removes the element of doubt always present in

manually posted readings. Many limits have become so close that reliable
clues are needed to tell constantly where the errors come frowm. Graphic
inspection charts form a permanent record for future use and hy heing easv to
a3 BCM WA \JrL wiiCAd Lo A \J A 38R «a tl‘-‘.lllu‘l‘qlll— e AN A A e S e VA o VAL N A T “As ANA ~ Lad L ] At 4 Ao d
read and understand greatly facilitate communication between the inspector
and the supplier.

7.2 Functional and analytical inspection. While functional inspection,
using a master gear and rolling fixture or machine, supplies the best answer
to gear behavior short of actual final assembly, it is not capable of

nA

identifying, specifically and minutely, the full range and magnitude of gear
errors, as would be disclosed by analytical inspection instruments. For

instance, the rolling check may show excessive runout for a particular gear.
Analytical inspection on other machines may show runout to be caused by
errors in tooth spacing, wobble due to faulty arbors, eccentricity due to
oversize bore or eccentricity and oversize of OD of the gear blank. In other
words the rolling check qualifies the gear generally, while analytical
inspection methods identify particular contributory errors and their
magnitude. Both inspection systems are vital in gear manufacture, the
rolling check for fast inspection of the overall characteristics, and the
analytical inspection machines to check individual elements such as size,
spacing, involute, parallelism, runout, etc. Analytical inspection serves to

locate and evaluate errors so that prompt, corrective measures can be taken.

lQ
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.3 runcuional 1nspeculion eguipmenc. wear oiL11ng aevices uiQ nave
free acting slides or pivot arms. Supporting posts for the gear and master
should be stubbvy or close coupled to the slides or arms. High posts tend to

give unreliable readings. Adjustable engagement pressure, master with gear
is essential. An adjusting knob, with numbered graduations, serves as one
means to register variable contact pressure. Direct backlash readings are
desirable for positive identification of backlash, and attachments are
availabie on most instruments for direct readings. Backlash values may be
interpreted from change in center distance. This is fast and widely
practiced method. A graphical chart recorder is a desirable feature for any
rolling fixture. Most manufacturers of gear instruments supply rolling
fixtures and machines following similar lines and of creditable performance,
with and without chart recorders.
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7.4 Involute profile inspection equipment. Involute profile inspection
instruments for both spur and helical gears are availiable with and without
graphical chart recorders. Various mechanical systems are in use to generate
the inveolute action with respect to the contact stylus, but all machines end

up with the same reliable result. Some systems, however, require special
tooling to accommodate the work while others require only a change in
settings. Involute profile inspection instruments are available for coarse
and fine pitch gears.

M E Mantl samaad o sessemmss amA mmsmanTTaTdomm dmmmamtdanm armidmmand o MAntbh

1.9 100tn Spacing, TUnout, 10 parall€LliSimi inSpediion €Juipwencs. 100N
anacing inont narallaliem chackerge for enur and helical aears are also
spacling, unout, paraliellism checxers ICr spur ang hellcal gears are alse
avallable with and without recorders.

7.6 Lead checkers. Lead checkers for helical and herringbone gears and
worms are currently supplied in two types. In one, the lead of the gear is
compared to a master lead groove on a cylinder mounted in the headstock on
the work spindle. Several cylinders of varying standard leads are supplied

t1ith +ha drmnervrimant writh arnasnial Taad ~AvlindAare 5q1-.113h1@ Tande alirhesTer
W4 il LT % A =3 LllDbLulllCllt— wilil opTLeLiAal 4TaAU LyYyldliuTliIo Avada MHCQUY oLdaMdiiLly

different than the standards can be checked by an adiusting means which adds

or subtracts from any standard lead. The other type machine follows the true
sine bar principle which is adjustable directly to any lead angle. Both
machines are reliable and are obtainable with and without recorders.

7.7 Worm and worm gear inspection equipment. Worms and worm gears can
be tested functionally on a rolling machine. A floor type machine,
adjustable to suit a wide range of worm and gear sizes, is available with
chart recorder. This machine is adjustable for worms up to 6" diameter and
worm gears up to 18" diameter. The worm wheel is mounted on a vertical post,
the worm lying in the horizontal or the specified angular plane. Worm axis
position can be raised or lowered to engage the worm wheel at the correct
throat center. Rotation of the worm is manual. The principle of checking is

the same as used in the rolliing fixtures for spur and helical gears, namely,
Fram~atrtiAanal ArrAaroe ara smarmAavread Arn A AL Al mAA At~y me Fha AhanAaa A o ANAmEA»
ALUllC Lliviial TiLLULD alrLc LCIJUJ. “ou vl LiIc ulLaas J.llu.l. acvul ao Liic \,ua.ugc 411 LCliLCuL
distance. 1In this machine mating parts can he matched together or worms and

wheels can be qualified separately by running each against opposite masters
or selected parts. Similar equipment is available for fine pitch gears -
with recorder. Most gear instrument manufacturers offer specially designed
worm and gear rolling fixtures to check composite error and backlash.

7.8 Multistart worms - inspect index. The equipment described under

lead checkers in paragraph 7.6 is equipped to check accurac

7.9 Optical comparator projector. The optical comparator projector,
supplied in both bench and floor pedestal types, is a practical and necessary
instrument for checking root and tip shape on spur gears and worms of coarse

pitch and for checking the entire tooth and root profile on fine pitch
gears. 1t can also check helical gears where helix angle is slight or face
t1i A+h narrAny Trm eoAma inef-ar\ch i fFimatiAnn Anf naarlu EA A 1 ~an ha
wawuei 1AL L JUVY o Add 2 4o LAl T o, ll“-lgllJ.LJ-\-:ulu.LUIl Jd. L e 4 -~ s rS wlals AU
achieved giving a clear indication of the actual contours projected on a

background illustration of the proper magnification.
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7.10 Over and between wires measurement. Highly sensitive and accurate
measuring means are available for determining "over and between wires”

measurement for external and internal gears. Similarly worms and helical
gears can be checked regardless of whether pins or balls are employed. In
instances of internal helicals and certain helical externals, the ball system
requires special holding and handling means because of the aeneral

_____ sSpcloaqs ARl Qi 2R L Al WMEAIo TLalt P

awkwardness of dealing with balls. The Pratt and Whitney Company for one,
supplies a very high precision standard measuring machine for gears, screws,
worms, etc. and the Electrolimit Comparator for both internal and external
gears supplies readings compared to a pre-established gage block setting.
Other companies such as Starret, Sheffield, etc., supply equally versatile
and accurate instruments.

)
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Buckingham, E., "Manual of Gear Design, Section One," The Industrial Press,
New York

Vogel, W.F., Dr. Eng., "Involutometry and Trigonometry,” Excello Corporation,
Troy, Michigan
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TABLE I. Root Clearance

ROOT CLEARANCE (MIN)

P CRr (mln)ii
3 thru 6 004
above 6 thru 12 223
above 12 thru 20 .002
above 20 thru 32 .001

NOTE: Root clearance dimensions are mentioned under "Root clearance" in
i 1 1 \ h
s & -

TABLE II
Gear form identification chart
GEAR TYPE MATES WITH FORM FIGURE
EXT SPUR EXT SPUR A 8
INT SPUR EXT SPUR B 9
EXT SPUR INT SPUR c 10
EXT HELICAL EXT HELICAL D 1/ 11
INT HELICAL EXT HELICAL E 12
EXT HELICAL INT HELICAL F 13
EXT HELICAL EXT HELICAL G 2/ 14

N
N
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TABLE III. Determining the arc tooth thickness of
a gear from the dimension over (between) wires.
SPUR GEAR HELICAL GEAR
EXTERNAL EXTERNAL
M, —d My — dw -
=== — w w { wsbnmen Al ie auvan) sac ﬁ._ = r—~ (When N 1S even)
SeC y \ WHGH v 18 Sveyy i ™
w Db Ub
M, —d : Ry M dw hen N is odd)
sec @ = 5gs  (when N is odd) sec @, = Sos (when N is o
D.‘cos? b "N
d, sin®
/ i » du -\ A—h{=h\1 o o L__¥W -inv M\
1 — — — T= W\ v & " " nv ¥
t= D\mvﬁwﬁ- N "Dy inv Q) \ W' N Dysin@, /
INTERNAL INTERNAL
sec @, = My * dw {when N is even] sec @ M ¥ dw { wi N i )
w D ) w By {when N is even)
M, +dy, 1 My *d
sec ¢..-_—9—c‘ (when N is odd) Lsec Oy = .,:.,. (when N is odd)
Dpcos 5§~ Dy cos - :
b N b N
L=ﬂ/i- ~ . dw .. \ Agh/:—.ﬂL,,n dw8h¢ . — \
T U\IHVWT N Dt_) lnvmw} [ v\llvaN—m_'nvgw)
1/ These eguations are valid only when
dw is spherical (a ball).

Involutometry and trigonometry:
W.F. Vogel, Dr. Eng; p. 296
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FOR CLARITY THE BASE RADI WERE SELECTED TO COINCIDE WITH THE ROOT RADIUS
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DIUS WAS SELECTED TO COINCIDE WITH THE ROOT RADIUS

e

FIGURE 2. Path of contact diagram for internal gear drive (Spur or

helical)
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MINIMUM DIFFERENCE IN NUMBERS OF TEETH (N,~N)

FIGURE 3. Minimum difference in numbers of teeth to avoid tip fouling or
trochoidal interference (Internal gear, external master).
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ntact diagram for askew axes
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FIGURE 4. Path of co
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Tllustration of master gear drawing (spur).
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FIGURE 7.

Relationship between measurement over wires (tooth thickness)

and the outside diameter.
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FORM A Sheet [of 3 |CWO#
| 905 #
DESIGN CALCULATIONS FOR e
SPUR M,C..STER GEAR a LEC
(EXT GEAR - EXT MATE) MATE #
MASTER #
KNOWN DATA
GEZAR T GEAR AND MATE
NUMBER OF TEETH N, DIAMETRAL PITCH P
OUTSIDE RAD (MAX) Toi PRESSURE ANGLE e°
CONTACT RAD? Tl OPSRATING CTR DIST (MIN)? Cr
WHOLE DEPTH (MIN) hy, MATE?
ARC TOOTH THICKNESS (MAX) | NUMBER OF TEETH N,
ARC TOOTH THICKNESS TOL at, OUTSIDE RAD (MAX) o2
FACE WIDTH Fy
CALCULATED GEAR DATA
Pitch Rodius ne= -;—‘P—
Scse Rodius fp,= 7, cos @
Line Segment yb ¥o= Vgt -rp2 — 1, sin @
Standard Center Distoncel C,S-N'-‘,;ﬁiz-
Line Segment cd as Ap;liccble Below
Methoo #1| - When - fi 2., 2
E re; is Known cd=~/r,2 -1 2
® Method # 2 - When — . N, cos @\?
S E ¢ C,sec @
® § Methoc #3 - When sec Br ()
2 C, =C — N, cos B\2
g 2 f ! Cd.Cr Siﬂﬁr— l’ozz-( zap )
CALCULATED MASTER DATA
«_ ybcos5®

= s (0°-5°)

Triol Pitch Redius

(Seiect the Lorgest Volue K=/ ¥b sin & cos @ + 0025
of R™ Obtained by the R*= K +yb sin @+ .005 cos @
Three Given Expressions) sin2 @

R* =1375 +L§7

Number of Teeth
(Round to Next Larger N = 2PR*
tven integer)

1 When rg, is Known, the Mating Geor Dzic, Cp ond
C, ore Not Reguired, ond Conversely

FIGURE 8. Form A Design calculation sheets for spur master dgear
(Ext. gear - Ext. mate).

31




Downloaded from http://www.everyspec.com

MIL-HDBK-404

FORM A DESIGN CALCULATIONS FOR
SPUR MASTER GEAR
(EXT GEAR = EXT MATE)
R= A
Pitch Rocius 2P
- LIMIT (RS 4.0, See porc 3.7)
Base Rodius Rp=Rcos @
Center Distonce C= N+ N,
2P

Ro=+/(Csin B = c3)% + RyZ

41, cot @
2

A~ _
auv =

oot Cleoronce

crR=C+ h"—Ro"f°|"AC
LIMIT (cR& cR min, Table 1)

ALTERNATE MASTER DATA

Root Cleocrance (Min)

Obtain cr min from Toble 1

Factor J J= (1, sinﬁ-é-i)cosﬁ
Foctor H Her ¢ szﬂ-o-cd sin ﬁ-l-h; -t~ -AC-cp min

Triai Ouiside Rodius

2
2
=
S o
0 5 Number of Teeth
-0 {Round o Nexi Lorger | N=2{PRg* =i} N
£ . Even Integer)
E o©
[+ -g R= N
o = | Pitch Rodius 2P P -
Voo LiMIT {R= 4.0, See pora 3.7]
‘; .: | - PPy | - PR LU = PN _Ypepapiy
& o | Dose nodius Rp=RCos ¥
c : u..r at
2 = | Center Diston !
; 2 e ance c.—ZF_
Outside Radius R.xa/lC cin B —cd)2 + Ry
Ro=~/(C sin @ —cd) b
TCCT CAD DAINTER ANNENDOLIM
Tl TWIN TV L MUY WLV
p -
Secont of Pressure Ro
At Outside Radius sec Do= Ry
Inv &g From suitoble Tabie
/n—P1, -
ALrc Tooth Thickness At 1o"ZRo\ N - +iw @ mv%}

Qutside Radius

LIMIT (1o 2.005, See porc 3.9)

FINAL MASTER DATA

Pitch Diomeier

Scse Diometer

Fform Diometer
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MIL-HDBK-404
FORM A DESIGN CALCULATIONS FOR 3013
SPUR MASTZR GEAR
(EXT GEAR — EXT MATE)
Arc Tooth Thickness 1=% -t 1
Precsure Angle with S~ 1
Theoretical Meos Wires C=C+¥-D
Ton @,* From suitoble Tcbie
Meos Wire Dia - Theoretical dw*=Dplton @, —ton @)
Meos Wire Dio - Actual gel.eci dw 03 neorest siondord to du
w
Involute of Pressure Angle inv Gu =L 4 ¢+_d_vi__x_
with Actual Meas Wires WED T ETE, TN
Sec By From suitable Toble
Ton @, From suitobie Tabie
Megos over Wires My = Dp sec @, +d,, M,
dw
Contoct Diometer with Dew = Dy [sec orc tan ("’" GW-D—:)]
Meosuring Wire LIMIT (Dp < Dew < Do)
Root Diometer Dp =M, —~2¢,- 010
E)Sbelect th; Smoll_F.st Volue R__v hd Cr
toined by the Two D -
Given Expressions) R™ Do =2hy
Minimum Foce Width F=F.+% (See poro 3.10) F
.~ (r, sin @+yb—cd)P
Contact Retio m= wcos @
LIMIT (m> 1.0)
CALCULATIONS FOR ADJUSTED OUTSIDE DIAMETER
Secant of Maximum Pressure sec Burs Mw +.005 = 0w
Angie with Meos Wire wx Dp
Inv €wx From suitcble Tobie
Involute of Operating ) PL1,+DinvByy-dw sec @) + N, inv 8
Pressure Angle (Mox) inv Grx = N+ N,
Ton Gy From suitable Table
Adjusted Outsige Dio (Max) Doxt-\/;(cces @ ton Gpy - E)z-‘l-Dt,z Cox

FIGURE 8. Form A Design calculation sheets for spur master gear

(Ext. gear - Ext. mate) - Continued.
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----- - = oYY 1] i 1
FORM B Sheet | of 3 [OWO# i
JOB & ,‘
DESIGN CALCULATIONS FOR GEAR #
SPUR MASTER GEAR 8 LEC
(INT GEAR - EXT MATE) MATE &
MASTER #
KNOWN DATA
GEAR GEAR AND MATE
NUMBER OF TEETH N, DIAMETRAL PITCH P
iNSIDE RAD (MiN) i PRESSURE. ANGLE ["Ad
CONTACT RAD? fes OPERATING CTR DIST (MAX)? Cr
WHOLE DEPTH (MiN) iy MATE?
ARC TOOTH THICKNESS {(MAX) |1, NUMBER OF TEETH Ny
ARC TOOTH THICKNESS TOL a1, OUTSiIDE RAD (MAX]) o2
FACE WIDTH Fy
CALCULATED GEAR DATA
Pitch Radius fE
'" 2F
Bose Rodius T, = r,cos @
i ma o = - . A__ [T
Line Segmeni yo yo =i sin w LA
Standord Center Distonce? c‘-ﬂ;sﬁ
Line Segment cgd As Applicable Below
- Method #1 - When ==/ 2_. 2
2 re; is Known Co=yre,® —Tp”
@ MethoC #2 - When 2
§ - ¢, =¢ E';isi!'!g*"' 2—{M\
. 3 v 1 V2" "\~ 2p /
c ©
o 2 Crsec@
= sec B, =
2 e !"ﬂ"f #3 - When G , —
e C, ™®C — N, COs @\«
2w r ! cd = C, sin eg+-\/'mz~ J::—)
o< ve \ 2P 7
CALCULATED MASTER DATA
R Yb cos 5°
sin (@*-5°)
Trial Pitch Rodius —
(Select the Lorgest Value K=~/ 7D sin @ cos @ + 0025
of R* Obtoined by the e« K +VBein@+ 005cos @
Three Given Expressions) R"= sin? @
_= _ -, 1157
R =5+=5—
N:;zber dof' TeNetht . N = 2PR*
- oun. o ,,e\x orger LIMIT (See pora 3.B) N
tven inyeger)
* When r,, is Known, the Mcting Geor Dota, Cr ond
C, ore Not Reguired, onc Conversely

FIGURE 9. Form B Design calculation sheets for spur master gear
(Int. gear - Ext. mate).
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FORM B

DESIGN CALCULATIONS FOR
SPUR MASTER GEAR
(INT GEAR - EXT MATE)

Sheet 2 of 3

_ _ N
Pitch Radius R=7ZP
LIMIT (RS 4.0, See paro 3.7)
Ecse Rodius Rp=Rcos @
Center Distonce C=§'1E§'i

Outside Rodius

Ro =~/ (cE-Csin 8)° + Ry’

Center Distance Vorigtion

AC= at, c:;t 4
4

Root Clearance

-

Root Cieorance {Min)

Obtoin ¢R min from Table 1

Foctor J J=(cd-r, sin @) cos @
3 Foctor H Her; +hy~r cos® @-cd sin @-AC —cR min
3
- 2 2
= Trial Outside Rodius Ro*=f ol
2 > 2H
& 2 | Number of Teeth . -
-8 (Round to Next Lorger N=2(PRo" =1) N
.E s Even Integer) LIMIT {See poro 3.8)

@ N

& 2 | Pitch Rodius R=>F
\t’: ® LIMIT (RS 4.0, See poro 3.7)
G © | Bose Rodius Rp= Reos @
C -
2 Z | Center Distonce c=N=N
za 2P —

- . - .  r-—ese e

Outside Rodius Ro =~/(cd=Csin @) + Ry"

TEST FOR POINTED ADDENDUM
Secont of Pressure Angle sec Qn-:l
AT LVUuTsioe =ROOCIUS hd ﬂb
inv @g From suiigbie Tabie
"-Ph s
Arc Tooth Thickness At ‘o=2Ro( N ”""’ﬁ-‘""%)
Cutside Rodius LIMIT ('a;..OQa. See pore 3.9)
FiNAL MASTER DATA
Outside Diometer Do = 2R Do
Pitch Diometer D=% D
Bose Diometer D,=Dcos @ Dp
D= S O-2E12+D2Z 050

Form Diometer F .\/(Dsmg 2yb) b P Of

LIMIT (D:; Db)

FIGURE 9. Form B Design calculation sheets for spur master gear

{Int. gear - Ext. mate) - Continued.
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FORM B DESIGN CALCULATIONS FOR Sheet 3 of 3
SPUR MASTER GEAR
(INT GEAR - EXT MATE)

— —;7 — —_— — ——
Arc Tooth Thickness t=pg -4 1
Pressure Angle with a ‘:6-1- ot
Theoretical Meos Wires w N D
Ton O,* From suitable Table
Meos Wire Dic - Theoreticol dw=Dplton @ ~tan @)

Meas Wire Dic - Actual seiect dw 08 neorest standord to by
w
involute of Pressure Angle . t . Ow _x
with Actuol Meas Wires thv GW’F+'W¢+ Op N
Sec Oy From suitobie Toble
Ton @,, From suitoble Tabie
Megs over Wires My, = Dp sec By, +d,, My
d

Contoct Diometer with Dew = Dp [“‘ orc ton (mn a"'—_b%)]
Meosuring Wire LIMIT (DF< Dew < DO)
Root Diometer =M, ~ - 010

(osbeleci the Smallest Value Or = M~ 2dw DR

toined by the Two = -

Given Expressions) Or = Do —2hy,

Minimum Foce Width Fx=F,+2 (See poro 310) F
(yb + cd - r, sin §)P
Contact Ratio m= x cos ©
LIMIT (m>1.0)
CALCULATIONS FOR ADJUSTED OUTSIDE DIAMETER

Secont of Moximum Pressure By ™ My +.005 - dw
Angie with Meos Wire s8¢ Pwx b
Inv Bwx From suiioble Tabie
Involute of Operating . P{d, sec@-DinvB,,~1,]J+N,inv @
Pressure Angle (Min) inv Bpy, = N,-N
Tan Gpy From suitoble Table

. . . 2 3
Adjusted Outside Dio (Max) DoxS-\/4[€5-CCOS¢‘°“¢rNJ +Dp Dox

FIGURE 9. Form B Design calculation sheets for spur master gear

(Int. gear - Ext. mate) - Continued.
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MIL-HDBK-404
FORM C Sheet 1ot 3 |DWO# -
Sl ad Fad ATt /AL -~ JOS #
e i eTen meam GZAR #
SPUR MASTER GEAR 8 LEC
(EXT GEAR - INT MATE) MATE #
MASTER -
KNOWN DATA
GEAR GEAR AND MATE
NUMBER OF TEETH N, DIAMETRAL PITCH P
OUTSIDE RAD (MAX) Toi PRESSURE ANGLE 2°
CONTACT RAD? et OPERATING CTR DIST (MAX)® Ce
WHOLE DEPTH (MIN) hy, MATE?
ARC TOOTH THICKNESS (MAX) 4 NUMBER OF TEETH N,
ARC TOOTH THICKNESS TOL b, INSIDE RAD (MIN) Ti2
FACE WIDTH F
CALCULATED GEAR DATA
. _ N,
Pitch 7Rodlus nT 3
Bese Rodius Ty, =, cos @
Line Segment yb ¥o= 1 2= — 1, 5in @
Stondord Center Distoncel c'=‘h-!2§%‘N4
Line Segment cd As Ao;licobleiailw
© Method #1 - When cd=~fr 2 -y, 2
[=} IC1 13 nivwn M 2] Vi
£
® MethoC #2 - When N, cos @
= o lc =C, cd'\/r 2-( 2 — \ =Csin@
o 5 ' : !
c 2
o= Crsec
J =S sec @y = —%
¢ a Meihod #+ 35 - When i y
€< e =g, =/ i Ny cos 012
5 2 cd‘-\/r.'zt..‘ 2.9 ) -Cf sinﬁr
AL ML AT I AL AT I\ATA
CALCULAITED MASI DAIA
L
«_ ybcosS®
T sin(@*-5°%)
Trial Piteh Rodius —
{Seiect the Lorgest Volue K=~/ b sin @ cos B + 0025
of R* Obitcined by the _s_ IK+yD sin@+.005cos @
Three Given Expressions) R™= sin2 @
R*=1375 + LI&T
P
Nomber cf Teeth N
{=ound to Next Lorger N=2PR’ N
Tven inieger)
When r., is Known, the Moting Gear Dota, Cp ond
C, ore Not Reguired, ond Conversely
FIGURE i@. Form C Design calcuiation sheets for spur master gear
{Ext. gear - Int. wmate].
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MIL-HDBK-404
D r M CIAAL AAL AV ATIAMC cAD Choaat 2 ~f =
IR0 (A LESOILVIN CALUULAIIUNO rovn oneel £ O O
cDoiIp MACTED NCAD
& Wi Wiko I LIV VLM
(EXT GFAR — INT MATE)
AR S TA N N b SN LA ] VI
N
Pitch Rodius R=2F
LIMIT (RE 4.0, See pora 3.7)
Bose Radius R.=Rcos @
Center Distonce C= N+ N
2P
Outside Radius Ro™~/(C sin 8 — &3)% + Ry?
_ . L, ~ Ot, cot @
Center Distonce Voriation AC= - 2
cR=C+hy~Ry—15, —8C
Root Cleoronce

LIMIT (cr2 cgr min, Toble 1)

ALTERNATE MASTER DATA

Root Clearance (Min)

Obtain co m

............... btain ¢ m
Factor J J= lr' cin & -
@ Eartne (W rme o fh el
- LIRS 1525 an e LAl llvvl W W
2 2 . 2
= Trial Outside Rodius Ro"=— 2:10
F-1 -
» = | Number of Teeth
c e (Round to Next Lorger N=2(PRy* —1) N
€ 5 Even integer)
« 3 R =%
£ —
o 2 | Pitch Rodius 2P o
‘{: © LIMIT (RS 4.0, See poro 3.7)
¢ T | Bose Radius Ryp= R cos @
[ = - —
2 2 | Center Distonce C=t Ny
= g r4;
Qutcide Raodiue e = Jimrcima_Evean.2
Outside Rodius Ro=~/(C sin@=cd)® +Rp
e R - R = U T
leo!l rUK FUOINIED AUUDECNUUM
Secont of Pressure Angie Ro
At Quiside Rodiug sec Do= Ry
inv O Fram enitahla ahis
Inv @y From suitcble Tobte
I,’;—Pgi . -
Arc Tooth Thickness At o= 2R\ +inv @ —inv G
{side Rodius
ou LIMIT (t_?. .005, See pora 3.9)
FINAL MASTER DATA
Outside Dicmeter 0o =2Rg [
[ Y]
Pitch Diometer o=ip‘- D
Bose Diometer D,=Dcos @ Dy
Dr=~/(D sin 82551 + 0y -2
Form Dicmeter F P Df
LIMIT (Dg £ D)
FIGURE 10. Form C Design calculation sheets for spur waster gear
1 EVasd oAy - Tnt matral - CAantinnad
XL, Yycal il . WMALT ) CUllLaiiut\A .
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FORM C MNECQINN ™Al It B1} ATIAAMD cAD
VLOIVIYN UALULVLULAIIVINO TWVR
CDIIR MACTED ~CAD
i Wi Wisdo 1 LIV il MiN
(EYT GEAR — INT MATF)
\Nba/N } (= YA iyl VIPM G e
. " -
Arc Tooth Thickness tes = 1
Pressure Angie with -
Theoretical Meos Wires Cu"=0 + 5 0.
Ton D,* From suitoble Table
Meas Wire Dio - Theoreticol dw'=Dp(tan @.*-10n 0)
Meas Wire Dio - Actual tSiefiect dw 0s neorest stopdord to du
w
In‘v_t_:lut‘e Aof _Pr‘e‘ssure“enqle inv G...sL-;-mv QH__?_VL Z
with Actuai Meas Wires D Dp N
Sec @y From suitable Table
Ton G, From suitable Table
Meos over Wires w = Dp sec By +dy My
,,,,,, ~ - n r-__ I A.--{A-- ~ =2_\1
Conioci Diomeier with Ocw = Dp | sec orc fon{ian Oy )]
aneciirina Wira b
Viwowdw! ll" LA R LIMIT (DF( Dcw< Do)
R - -
e mollest Valus Dg =My —2dy— 010 _
ine omousst YUIUE DR
Obiomed by the Two De=Da=2h.
Given Expressions) o7
Minimum Foce Width F=F,+-",— (See poro 3.10) F
{r, sin @ +yb—cd)P
. m=
Contact Ratio ncos O
LIMIT (m> 1.0)
T
CA ,CULATIONS FOR ADJUSTED OUTSIDE DlAMETER
Secont of Meximum Pressure , oMy +.005-dy
Angle with Meas Wire se¢ Ouwx b
Inv Bwy From suitabie Table
[P TP S DU RN Pfg +Din \!Q....-d... SQCQ}*N va
Invoiule O1 wperanng =1 A
Pressure Angle (Mox) inv Srx N+N,
Tan Bex From suitabie Table
Adietad Mibeida MNia (Ml ~ o fasa - e 2, a2 D_
AGjusied LVuIsiGe wit \max/ Upgx =/491LCOS © 10N Upy = CAJ T Up ~ox
FIGURE 10. Form C Desian calculation sheets for spur master gear
(Ext. gear ~ Int. mate) - Continued.
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MIL-HDBK~-404

FORM D Sheet | of 4 [DWO #
c JOB #
DESIGN CALCULATIONS FOR —
HELICAL MASTER GEAR 8 LEC
(EXT GFAR -~ EYT MATE) MATE
\mdd T i\ N IV e
MASTER #
IOWN DATA
IAIAASALRAJ | kB )
GEAR GEAR AND MATE
NUMBER OF TEETH N, NORM. DIAMETRAL PITCH Pn
OUTSIDE RAD (MAX) for NORM. PRESSURE ANGLE |@f
CONTACT RAD! fer OPERATING CTR DIST (MIN)® | C,
WHOLE DEPTH {MIN) hyy MATE *
NORM. ARC TOOTH THK {MAX) | tp, NUMBER OF TEETH N,
NORM. ARC TOOTH THK TOL |Atn OUTSIDE RAD (MAX) o2
HELIX ANGLE AND HAND o Secy = Ton @n =
FACE WIiDTH F, Tone = Sin @n
CONVERSION TO TRANSVERSE PLANE
Diomeiral Pitch Pe D
DECW W
Pressure Angie @*:arc ton (ton @, seca )
Sin@ From suitable Table
Cos ¢ From suitoble Table
Cot @ From suitable Table
Inv @ From suitable Table
Arc Tooth Thickness (Mox) t,=t,, seCO
Arc Tooth Thickness Tol at, = Ot seco
AL AL ATERN NETAD NATA
WVALLVUVLAICUY VLA UMM
. . Ny
Pitch Radius n*3E
Bose Rodius fp, =T, COS @
Line Seament vh vheals 2 2. 2 s ein B
S k J _l—' VIO: Ib.‘h --l.'“.llc -
i Ny N
Standord Center Distonce C: 5P
Line Segment cd As Appiicable Below
- Method # | — When Brafr 2 =2
3 fe; 1S Known Vi T
= M #2~-Wh >
s . CGTOd 2 o cd =C, siﬁ¢=—/f z_(Np cos@)2
— 5 |CGr=C Vo2 "\ 2p /
c ©
c = , Cr
= & |Method #3 - When sec O * o @
E . |GG e sin@ [, _(Nacos@\2
53 cd=Crsnlr—Vre*"\"2p )
1 When fer is Known, the Mating Geor Daota, Cf ond
- - C, ore Not Requnred ond Conversely
FIGURE 11. Form D Design calculation sheets for helical master gear
(Bxt. gear - Ext. mate).
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MIL-HDBK-404

FORM D DESIGN CALCULATIONS FOR Sheet 2 of 4
HELICAL MASTER GEAR
(EXT GEAR — EXT MATE)
CALCULATED MASTER DATA
* :Y- cos 5°
sin{@°-5%)
Trial Pitch Rodius —_
(Select the Largest Volue K “\./yb sin @ cos 0 +.0025
of R™ Obtained by the «_ K+ yb sin @ +.005 cos @
Three Given Expressions) R"= 2
sin° @
R*= 1375 + LI3T
P
Number of Teeth
(Round o Next Lorger N=2PR* N
Even Integer)
= N_
Pitch Rodius "T2P
LIMIT (R$4.0, See poro 3.7)
Bose Radius Rp=R cos &
N+N,
Center Distance C=1F—'
Outside Rodius Ro=VI(Csin@-G3)2+R2
Center Distonce Variation ACs= ﬁl_c#
R 1t Ci CR'C*"\”"R:_\-Q';!-AC
oot Llearonce LIMIT (cR 2 cR min, Toble 1)
ALTERNATE MASTER DATA
Root Clecronce (Min) Obtoin cg min from Table 1
Factor J J=(r, sin@-cd)cos @
Factor H H=r,cos2@+cd sin @ + hy; — To; — BC—cR min
2. 02
Triol Outside Rodius Ror=Ht
2H
Number of Teeth
{Round to Next Lorger N=2(PRg*—1) N

When ¢R <cr min, Substilute

(-4
©
o
: A-'\
e Even Integer)
g N
Z | Pitch Rodius R=2p
ssstem 1€ 4 S o TP
o LIMIT {(R= 4.0, See porc o.1 )
© -~ e D oD asnea A
E Bose RKRoadius Rp=niosvw
2 . N+N
< | Center Distonce C=—

Secont of Pressure Angie
At Qutside Rodius

Qutside adius Ba /{C ein O = ‘z+ ha
LuUisi [ateled} R Ty 1w 8if 2 =8, o)
- e o e =-\4~...--—-n el Y
eSSt FUNR FUINIED AUVDENU
R
sec %g =0

Inv @
>0

FIGURE 11.

Form D Design calculation sheets for helical master gear

(Ext. gear - Ext. mate) - Continued.
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MIL-HDBK-404

FORM D DESIGN CALCULATIONS FOR Sheet 3 of 4
HELICAL. MASTER GEAR
(EXT GEAR - EXT MATE)
re Tooth Thicknass Al t-BZR-{”— h-&-inv@-imﬂ.\
1A% ’IUUIII MwNIIGID MMy (¥} U\ Vl
Outside Radius LIMIT (tg2.005, See porg 3.9)
FINAL MASTER DATA
[ Outside Diameter - Do =2Rg - Do
Pitch Diameter oa-%- D
Base Diaometer Dp=0Dcos @ Dp
. 0:8‘\/(0 sin @—a;l::)z-l- Qn.z .O.:)O
Form Diameter ’ v P D¢
LIMIT (Dg2 Dy)
Arc Tooth Thickness t-%—t,
Angle B (Degrees) o {2 )i8e
ngie = s
9 eqrees A Nsec 4’) ®
Qin R onm enitnhia Tahia
VY & NJeD SWUIIYWIS Wi
Ao I @ o DON - CLta_ . we_Ll_
WU \wn TP rrom  3ulITaDl 1apl
. L . +«_DsinBsece
Meas Wire Dia - Theoretical dw = = Cos 0%, +5°)
Meas Wire Dia - Actual f l:ct d,, 0s nearest siandard io d,,
Uw'
Involute of Pressure Angle dwsin@ ¢+ . ox
with Actual Meas Wires inv Gw Op sinGn D +inv @
Sec Oy from suiigbie Tabie
Ton Oy From suitabie Tobie
Meas over Wires M, = Op sec O, + Oy My
Contact Diameter with D... = D. rggg arec tan (tgn Qm—g'-‘—s-',n—g_ﬂ
............. D-w b \ *~ Dpsin 0/l
Measuring Wire N TP R
- Livini \UF\UCW\ Uol
ftoor Dicmeter M - -
(Selec: the Smallest Value Og =M, -2d, - .0I0 0
Obtamed by the Two Do = 0. - 2h R
Qivén Cxpressions) R < t
Minimum Face Width F=F,+—i— {See pora 2.10) F
(F, tan ¢ cos @+, sin @ +yb—cd)P
Contact Ratio m= xcos @
LIMIT (m>1.0)
Leod of Helix =20 L
tany
Direction of Helix Opposite Hand of Gear H

FIGURE 11.

Form D Design calculation sheets for helical master gear

(Ext. gear - Ext. mate) - Continued.
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MIL-HDBK-404

FORM D DESIGN CALCULATIONS FOR Sheet 4 of 4

HELICAL MASTER GEAR

(EXT GEAR = EXT MATE)

CALCULATIONS FOR ADJUSTED OUTSIDE DIAMETER
Carmnnt Af Macvieniiom Doacc..oo Mm‘f’igﬂs—d-
SeLuUI Wi Xiindim Fressure sec G = . J ——
Angle with Meos Wires wx Dp
iInv Gy From suitoble Toble
s gw [N .
involute of Operoting ~ P(1,+Dinv¢“-m)+N,mv¢
Pressure Angle (Max) inv Bpy= —L
N +N,

Tan G From suitable Tabie
Adjusted Outside Dio (Max) Dai=-\/4(cvgs @ ton @y - ik +gbz Dgx

.oyl a A Akl

L T B

P e e L i
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MIL-HDBK-494

FORM E Sheet | of 4 |DWO #
DES!GN CALCULATIONS FOR 290 &
= GEAR #
HELICAL MASTER GEAR & LEC
(INT GEAR - EXT MATE) MATE #
MASTER # _
KNOWN DATA
GEAR GEAR AND MATE
NUMBER OF TEETH N, NORM. DIAMETRAL PITCH Pn
INSIDE RAD (MIN) i NORM. PRESSURE ANGLE e
CONTACT RAD1! re OPERATING CTR DIST (MAX)! |C,
WHOLE DEPTH (MIN) hyy MATE$
NORM. ARC TOOTH THK (MAX) | tn, NUMBER OF TEETH N,
NORM. ARC TOOTH THK TOL |Atm OUTSIDE RAD (MAX) - To2
HELIX ANGLE AND HAND o Seco = Ton Bn =
FACE WIDTH F, Ton ¢ = Sinfp =
CONVERSION TO TRANSVERSE PLANE
Diometral Pitch P’seco
Pressure Angle °zarc tan (ton Gn secs )
Sin@ From suitoble Table
Cos & From suitable Table
Cot 9 From suitoble Table
Inv @ From suitable Table
Arc Tooth Thickness (Max) 1,® 1n, S8CH
Arc Tooth Thickness Tol A1, = Ot,, sec o
—
_ CALCULATQEEL—WATA o
. . - N,
Pitch Radius N t3p
Bose Radius o :q cos @
Line Segment yb yb=r, sin@ -1/ 'i:z "btz
. Ny=N
' 1 JNi= N2
Standord Center Distance c, ~5F
Line Segment cd As Applicabie Below
Method #1| - When cd = -
° e is Known ¢ cd=\fre? =rpd
L
> Method # 2~ When — Ny cosQ)z
13 H 2
f% c, =C, cd C,su"Q5+-\/f°z ( >p
=}
S 2 g = St
® 5 Method #3 — When sec ¥r © C,cos @
S Cr#C, C. sin@ot _[ N, cos¢
s 2 cd r Sin Oy &

1 When r,, is Known, the Mating Gear Data, C, ond
C, ore Not Requnred ond Conversely

FIGURE 12. Form E Design calculation sheets for helical master gear
(Int. gear - Ext. mate)
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MIL-HDBK-404

FORM E DESIGN CALCULATIONS FOR Sheet 2 of 4

CALCULATED MASTER DATA
. 76 cos 5°
~ sin(@°-5°)
Triol Pitch Rodius = o
{Select the Laorgest Voiue K=+/yb sin @ cos @ +.0025
of R* Obtained by the IK + yb sin @ +.005 cos @
Three Given Expressions) R*= ~
Sin v
- 1 187
R¥= 5+ up
N?;::;doon?v'ee’:i Lorger N = 2PR* N
Even Integer) ¢ LIMIT (See paro 3.8)
N
Pitch Rodius R=2F _ .
LIMIT (R=24.0, See poro 3.7)
Bose Rodius Rp=R cos O
Center Distonce c= N,l.-_N
2P
Ouiside Rodius Ro=<V(cd - C sin @12 +Ry®
Center Distance Varigtion AC= M
- 2
Root Cleoronce fﬁ:ﬁ'?n";u-%—f‘:‘ 11
LiIMIT (CRx CR min, igoie 1)
ALTERNATE MASTER DATA
Root Ciearance (Min) Obtain cg min from Tobie 1
Foctor J J=(cd~r, sin @) cos @
= Foctor H H=r;,+hy =r, cos2 @ ~cd sin B~AC-cR min
= 2, 2
k] Trial Outside Rodius R,‘gm
S o — 2H
» T | Number of Teeth .
ce Round to Next Lorger N=2(PRg' -1} N
E & | Even Integer) LIMIT (See poro 3.8)
x 3 B
o 5 Ditah Dadine Rl'.g.'
v ciiln ROGIUS or
= LIMIT (RS 4.0, See pora 3.7)
© g Bose Rodius Rp=Rcos 0
“; ; Cantar Nictanna ~_ N'-N
g q wwiilGl WISIWIILE L; zP
Outside Rodius Ro=~/(E8~C sin 8)° +Ry?
TEST FOR POINTED ADDENDUM
Secont of Pressure Angle s - Ro
At Outside Rodius sec %= Rp
inv @4 From suitoble Table
FIGURE 12. Form B Design calculation sheets for helical master gear
(Int. gear - Ext. mate) - Continued.
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MIL-HDBK-404

FORM E MNOCIAN AR AL ATIALS EAD Snhest 32 of
TR = veotoiN CALCULAITIUND run =neer =2 o
Lt 1 1/SAL AAACTED ~oaAD
nolLliVAL WiAOSILCNR VAN
(INT GEAR - EXT MATE)
_777 —. A — e {”-Pt tl\
Arc Tooth Thickness At 1= 2R \—— Tinv 0 —inv g
Outside Ragius LIMIT (152 .005, See pora 3.9)
FINAL MA_STER DATA
Outside Diometer Dy =2Ra Do
Pitch Diomeier a:-%'- [»)
Bose Diameter Dp=Dcos @ Dp
=_/..,,.-_a-t‘2 ~ 2 -050
Form Diometer YFTVIUSInv=Tcypl v Up T T De
LIMIT (DF?: Db) ‘
Arce Tooth Thickness t= -1.:— —1;
Angle 8 (Degrees) (’t——r;‘— %Q:
viNsecT 9/ T
Sin B From suitable Table
Cos (@p° + g°) From suitable Tabie
\Mane Wira DNin = Thanratiral d. % D sin 5 SCCZd
Megs Wirs Dio eoretico! v = s (B +p%)
Meos Wire Dia - Actual Select d,, ©s neorest stondord to dy,
dyw™
Involute of Pressure Angle o s o Gwsin® _.__t_-“m,ﬁ__’;
with Actua! Megs Wires Y Pw s Dy sin @ N
Sec Bw From suitable Table
Tan Gw From suitable Table
Megs over Wires My = Dp sec B, +dy My
d sin ¢n
S‘:Tf?f. 9io‘s\:.ter with Dew = Dp | sec ore ton (wn g“'-D;s_inQ)}
Megsuring Wire LIMIT (Dg < Dcw < Do)
Rtlagt“l?i.c‘m:it_erep_"n‘ Afmt.. o DR = MW °2dw- .010
Obtained by the Two Og
Given Expressions) OR =0 = 2hy,
Minimum Foce Width F= F,-+L (See pors 3.10) F
(F, tan ¢ cos @ +r, sin ﬁ-’-? ~cd)P
Contact Ratio m= ncos @
LIMIT (m>1.0)
Leod of Heiix =20 L
fgn¢
Direction .of Helix Opposite Hond of Geor H

TTOoOr
L

B 19 Farm
ANT AN . & NS & BN

B Dacgian
4 Desidgan

calculation sheets for

helical master gear

(Int. gear -

Ext. mate) - Continued.
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MIL-HDBK-404

FORM E

DESIG

CALCULATIONS FOR ADJUSTED OUTSIDE DIAMET

)
Z

CALCUL ATIONS FOR

T N W W am ST I d LA

HELICAL MASTER GEA
(INT GEAR - EXT MATE)

ER

Sheet

4 of 4

— e ——

Secant of Moximum Pressure
Angle with Meos Wires

S+ -d
sec Qw‘sﬁ%

inv zwx

From suitable Tabie

Involuts of Oneratinag

s s

Pressure Angle (Min)

Cw —Dinv@,, -q\+u inv®

’—_
' \cot Dsin B,

inv @ = N,—N

From suitable Table

D =Za/alei—Crne B tan B
“ox ST ™ w C0 %

FIGURE 12.

Form E Design calculation sheets for helical master gear

(Int. gear - Ext. mate)

- Continued.
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MIL-HDBK-404

cCcADAW B . . o [TV T
rFURM F Sheet | of 4 [DWO =
JOB #
DESIGN CALCULATIONS FOR )
CRANR ¥
HELICAL MASTER GEAR 8 LEC
([EVYT ATAD _ INT wIATEY MATE i
\enNl VAN Ui mAIL) Wismi L ¥
MASTER #
KNOWN_DATA
GEAR GEAR AND MATE
NUMBER OF TEETH N, NORM. DIAMETRAL PITCH Pn
OUTSIDE RAD (MAX) Tor NORM. PRESSURE ANGLE @n
CONTACT RAD! el OPERATING CTR DIST (MAX) |C,
WHOLE DEPTH {MIN) hy, MATE +
NORM. ARC TOOTH THK (MAX) | tp, NUMBER OF TEETH Ny
NORM. ARC TOOTH THK TOL |Atn INSIDE RAD {MIN) fiz
HELIX ANGLE AND HAND ¢ Seco = Tan @p =
FACE WIDTH F, Tang = Sin @p, =
CONVERSION TO TRANSVERSE PLANE
Diametral Pitch P:Ep,.
Pressure Angle @ ®=arc tan (tan @n, secs )
Sin® From suitable Tabie
Cos @ From suitable Table
Cot @ From suitable Table
lnv § From suitable Table
Arc Tooth Thickness (Max) 1% t,, seco
Arc Tooth Thickness Tol At = Aly, seco
CALCULATED GEAR DATA
o ~ N,
Pitch Rodius f 'EF
Bose Rodius o =T, cos § -
Line Segment yb Yo 2= 2 —¢ sin @
‘ vy ol Dt Sy T T
Standard Center Distonce® c, ,NLZ-P_N_‘
Line Segment ?d. As A;pllCOb‘Q Beiow
5 Method # | ~ When /1.2 =12
o ter 19 NiUWa v Gl 1>
&
® Method # 2-When N, cosP\2
= — 2 2 - - .
- = |Cr=Cy cd=‘%iz ( 5P ) Cisin®@
~ O
£ o
© = sec @, = _L_
s 5 Method #3 — When f~Cicos @
© - |IC,%®C
° r 1
sz cd= -\/nz _(szo) ~ C, sin &,

1 When fe; is Known, the Mating Gear Dota, C, ond
Cy are Not Required, and Converseiy

FIGURE 13. Form F Design calculation sheets for helical master gear
(Ext. gear - Int. mate).
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MIL-HDBK-404

NANe

FORM F DESIGN CALCUL ATIONS FOR Sheet 2 of &
i " AL LM I IV I NN
HELICAL MASTER GEAR
(EXT GEAR — INT MATE)
_ CALCULATED MASTER DATA H
o _ Tb cos 5°
sin{0®~5°)
Triol Piten Rodius /=
PN i N Lt cabm aim MR mmn M 2 AMNALE
(Seiect the Lorgest Vaiue K=/ ¥0 St v C08 w TUVUo
af R* Ohtninad hu tha I 2 Th i 2 AAE e A
L1 I a1 -7-----—— vy e ._ AN T YO 3N W T UVUWY LW W
Three Given Expressions) R"= . 2
sn- v
" 1 IRY?
R = | 375 4 d==
Number of Teeth )
(Round to Next Larger N=2PR" N
Even Integer)
N
Pitch Rodius R=3F .
LIMIT (R=24.0, See poro 3.7)
Bose Rodius Rp=Rcos ©
Center Distance g:m
ey
Outside Rodius Ro®-V(C sin @ —cd)2 + Ry
Center Distance Variotion LC = M'—??_
C —-Rp=rg —OC
Root Clearonce .C.R:.E ':"b_n)io o Taria 1)
tmii \CR'-W min, gvie 1/
ALTERNATE MASTER DATA
Root Cleoronce (Min) Obtgin cp min from Tabie 1
Foctor J J=(r, sin @~cd)cos &
-g Foctor H H=r, cos?@+cd sin @ +hy, ~ ro, —AC—cR min
= 2, 42
Z Trial Outside Rodius R *=H b
) hd
0 T | Number of Teeth
£° {Round to Next Larger N=2(PRg*—1) N
E & | Even Integer)
s 5 Disnkh Dadice R“g#
v Filell NUWIUD ar
e LIMIT (RS 4.0, See poro 3.7)
° g Bose Rodius Rp=Rcos @
E ; Famétas MNictamaa ~ N,+N|
; < WBINEI  WIdIUNILE =
Outside Rodius Ry =~/(C sin @ - €812+ Rp?
TEST FOR POINTED ADDENDUM
Secont of Pressure Angie = _Ro
At Outside Rodius sec Oo= Ry
nv @, From suitcble Toble
B P R ot AN - Lo TR 2 2 - —d e $ Emen AT MaaTl macockar ~Maar
FIOUKK 13. 3 101 j5iciildal wmadici Yoaxr

AR ArmAa At A T YyAm

rNna rarcaaocal

TIET W rK

T YD 1 OYWNS
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MIL-HDBK-4904

FORM F DESIGN CALCULATIONS FOR Sheet 3 of 4
HELICAL MASTER GEAR
(EXT GEAR - INT MATE)

n—Pt, . inv @
Arc Tooth Thickness At tc::"ZRO( N +inv@—inv o)
Ouiside ROdiUS 1IMIT (¢ D NNE Caa nara 2 Q)
ifvit } \log MWWy P PHIV W
FINAL MASTER DATA
—_— =
Outside Diometer Do=2Ro Do
Pitch Diometer ‘D‘-hFL D
Bose Diomeier Dp=Dcos @ Op
- o ——z_*_’Dz_.()s(-J
Form Diometer OF -\/(D sin @ -2yb) b P De
LIMIT {Dg 2 Dp)
Arc Tooth Thickness t= i;- -1,
=Pt yigo®
Angle (Degrees '=(-T)_
gle £ v ) A Nsec“o/ *
Sin B From suitable Table
Cos (Bg° + 8°) From suitoble Table
. . «_Dsin b seco
Meas Wire Dio - Theoretical dw = Cos (0%, +6°)
Select d,, os neorest stondard to ;
Meos Wire Dio - Actual . v Sw
Sw
involute of Pressure Angle |ma=5ﬁm9+l+m¢"_
with Actual Meas Wires “ Dpsin@n D N
Sec By From suitable Table
Ton @&,, From suitable Table
Meos over Wires M, = Op sec B4+ %w My
- , A ein A _\n
(¢ QU R
Contoct Diometer with Dew = Dp Lscc arc ton ("00 ﬁw""g'!;siTQ"J
Megsuring Wire LIMIT (Df < Dew < Do)
Root Diometer Dp=M, ~2d8. - 0I0
(Select the Smallest Volue R "w v - D
Obicined by ine Two - “R
Given Expressions) DR = 0o = 2hy,
Minimum Foce Width F=F+— (See poro 3.10) F
(F, ton ¢ cos @ +r, sin @ +yb—cd)P
Coniaci Ratio m= xcos O
LIMIT (m>1.0)
Leod of Helix L=-22 L
wune
Direction of Helix Opposite Hand of Geor H

FIGURE 13. Form F Design calculation sheets for helical master gear
(Ext. gear - Int. mate) - Continued.
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MIL-HDBK-404

FORM F DESIGN CALCULATIONS FOR Sheet 4 of 4
HELICAL MASTER GEAR
(EXT GEAR - INT MATE)

—_— ——  ————————— .~ ———r——

CALCULATIONS FOR ADJUSTED OUTSIDE DIAMETER

Secont of Moximum Pressure sec @ ,MOM_
Angle with Meas Wires wx Dy
Inv Byx From suitoble Table
. dw .
Involute of Operoting ) P('a"'o'""ﬁwx‘m)‘”‘l'“"“
Pressure Angle (Maox) inv @ex=
N +N,
Ton Gex From suitable Toble
Adjusted Outside Dio (Mox) D, =-\/4(Ccos "/ 2 : O
ox ton @, = cd)° + Dy ox

FIGURE 13. Form F Design calculation sheets for helical master gear
(Ext. gear - Int. mate) - Continued.
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MIL-HDBK-404

FORM G Sheet | of 4 |DWO #
DESIGN CALCULATIONS FOR JOB #
HELICAL MASTER GEAR GEAR ##
(EXT GEAR — EXT MATE & LEC
WITH ASKEW AXES) MATE
MASTER #
KNOWN DATA
GEAR GEAR AND MATE
NUMBER OF TEETH N, NORM. DIAMETRAL PITCH Pa
OUTSIDE RAD (MAX) Tor NORM. PRESSURE ANGLE g
CONTACT RAD? o SHAFT ANGLE I
WHOLE DEPTH (MIN) hy; OPERATING CTR DIST (MIN}® | C,
NORM. ARC TOOTH THK (MaX) |1 MATE*
NORM. ARC TOOTH THK TOL At NUMBER OF TEETH N,
HELIX ANGLE AND HAND ®, OUTSIDE RAD (MAX) foz
FACE WIDTH F HELIX ANGLE AND HAND L
Sec ¢, Tan 2y Sec ¢,
Tan &, Sin &y
e e e
CCHVVEJ(SKJNH ] ITRANSVEROSE FLANES
Diametral Piteh Pe—t—
Pressure Angle (Gear) o° cx?o.se(’en @, sec 4,)
Sin @ From suitable Toble
Cos @ From suitable Table
Cot © From suitable Table
inv® ] From suitable Table
Arc Tooth Thickness {Max) 1,=1,, sec ¢,
Arc Tooth Thickness Tol At =0ty sec ¢
Pressure Angle (Mate) @.,°=arc 1on (ton Gy, sec &,) -
Sin 8, B From suitable Table
Cos @, - From suitable Tabie
g CALCULATED GEAR DATA _
Pitch Rodius {Gear} r.a%’,—
Bose Rodius (Gear) o1 r.TosO
Pitch Rodius (Mate) Npsecéds
2Pn

Base Rodius (Mate) fha =Ty €08 e,
Line Seqmgnﬁtﬁz yb=afro2 =1 % =1, sin @
Stondord Center Distonce? Ci=r,+r,

1 When 1., is Known the Mating Geor Dota C, and

BDamciiea P! Camunceal,
nequired,

a
W Luniversery

1

ical master gear

sheets for he

axesj.
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MIL-HDBK-404

FORM G

DESIGN CALCULATIONS FOR
HELICAL MASTER GEAR
(EXT GEAR — EXT MATE)

Sheet

2 of 4

Line Segment cd

As Applicabie Beiow

Meihod #i — When — —
E Ty i Known cd =-\‘/ red =fpd
=
f 3 | Method #2 - When .,—“( fot—pg? —p Sin ¢2) sin @,
O: § CrE cl : sin g
e g cd=r, sin & —yc
S < | Method #3 — When
g < | CG=C, See para 3.12

Trial Pitch Radius
(Select the Largest Value
oi R™ Obicined by ihe

Thrae Givan Evnrace
«Tee Twen oXpr!

inme )
oS 7

e

CALCULATED MASTER DATA

ok yb cos 5°
T = sin(@°-5°)

K=/ YD sin @ cos @ +.0025
R*= JK + yb sin _ﬁ +.005 cos @
sin® @

R*= 1375 +l"7r,5—7

timhar af Taath
INUITIwer! Ui iSSVi

Round to Next Lorger N=2PR* N

Even Integer)
L p=
Pitch Radius 2P

UMIT (R$4.0, See pore 3.7)
Bgose Rodius Rp=Rcos &
N+N

Center Distance ca._,.a_'
Musbomida Dadiiie D = -
WUIDIUE NUWIUD (\o - =

Center Distance Voriction

Root Clegrance

hia 11
wese L/

ALTERNATE MASTER DATA

® Root Clearance (Min) Obtain cr min from Table ]
gg Factor J J=(r, sin @—cd)cos @
;é—’ Factor H H=r cos’@+cd sin @ +hy, — ro; —AC—cR min
O N O peee———— —
- 2
V_2 2| Trial Outside Radius ‘=-"—"f—+—i-
gs° T
S % = | Number of Teeth
é'% 2 {(Round to Next Larger N=2(PRo*=1) N
@ Even Integer)
FIGURE 14. Form G Design calculation sheets for helical master gear

(Ext. gear - Ext. mate with askew axes)

53

- Continued.
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MIL-HDBK-404

FORM G

54

DESIGN CALCULATIONS FOR Sheet 3 of 4
HELICAL MASTER GEAR
(EXT GEAR — EXT MATE)
:3 R=AL
€ 2 |Pitch Radius 2P
ié’ LIMIT (R£ 4.0, See para 3.7)
.‘.’q 2 Base Rodius R.=Rcos @
Vv o O %]
€s° . N+ N,
QEE Ceniter Distance C= 5P
£83
;ég Qutside Rodius R =q/lr‘ sin ﬁ-gg)zqr-ﬂg
TEST FOR POINTED ADDENDUM -
nt of Pr A R
Secomt of Fressure Angle sec Po= =2
AT UUISIUE RUuUiu - nb
inv @ From suitabie Tabie
2.
Arc Tooth Thickness At 'e=2Re( N ""‘""Q"""@o)
t Radiu
Outside : LIMIT (102,005, See pora 3.9)
7 ~— FINAL MASTER DATA
Outside Diameter Do=2Ro Do
Pitch Diameter Ds—g- )
Bose Diometer Op=Dcos @ Dy
De=-\v/\g sin Q-Z-v-[z))z‘l-ghz .O§O
Form Dicmeter y b P D¢
LIMIT (Dg 2 Dy)
Arc Tooth Thickness t= % -t t
e [ ®—Pt \180°
Angle B (Degrees) B =(-m) -
T e w b i
Sin 8 From suiigbie Table
Cos (@n° + 8°) From suitable Tabie
Meos Wire Dia - Theoretical du‘:"_‘DSl—n_é's.e—f.‘:
¥ T cos{@% +8%)
: t standard to
Meas Wire Dia - Actual §elfc1 dw 08 neares dy
d,*
involute of Pressure Angle inv Bu = Gwsin® 1t oiwg-X
with Actual Meas Wires T Dpsin¥n U N
Sec Ow From suitable Tobie
TJon @ From suitoble Table
Meos over Wires w = Dp sec @, +dy My,
Contoct Diameier = D r--- M\n{'n . _M
Loniacty uaumerer with Uew o) L:c\. luu\ W Db sin o /J
Megsuring Wire
b LIMIT (Df < Dew < Dol
FIGURE 14. Form G Design caiculation sheets for heiical master dear
(Ext. gear - Ext. mate with askew axes) - Continued.
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FORM G DESIGN CALCULATIONS FOR Sheet 4 of 4
HELICAL MASTER GEAR
(EXT GEAR — EXT MATE)

Root Diometer = - -
(Seleét the Smaliest Value DR =My, — 2dy =.010 D
Obtoined by the Two Dg = Do — 2h R
Given Expressions) R 4
Minimum Faoce Width F=F,+"‘— {See poro 3.10) F
(F, ton ¢ cos @+, sin @+yb-cd )P
Contact Ratio m= ncos @
LIMIT (m>1.0)
Lead of Helix L=-20_ L
tong¢
Direction of Helix Opposite Hand of Geor H
CALCULATIONS FOR ADJUSTED OUTSIDE DIAMETER
Secont of Moximum Pressure sec Bu, = Mw+.005-dy
Angle with Meas Wires wx Dp
Inv Byx From suitoble Table
d
involute of Operating P(t.'*D'ﬂVﬁm-;m)'*N'iW“
Pressure Angile (Max) inv@px=
N +N,
Ton Brx From suitable Table
Adi . . -— 2 2 D
justed Outside Dio (Mox) Dox =~/ 4(Ccos @ tan @,, —cd)” + Dy ox

FIGURE 14. Form G Design calculation sheets for helical master gear
(Ext. gear - Ext. mate with askew axes) - Continued.
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APPENDIX

PARTIAL LISTING OF
GEAR INSPECTION EQUIPMENT SUPPLIERS

10. Scane .
10. one
information contain

appendix i

s s
ed herein is in tended for guidance only.

10.1 Disclaimer. This appendix is a partial listing of suppliers of
gear inspection equipment or instruments and it is not to be interpreted as a
recommendation or endorsement by the Government nor construed as a listing of
the Ull].y qucl.u.x.u:u sources, but rather as a guide in the p annin
adequate gear inspection facility.

4 PRSPy
111§ LOr an

10.2 Spur and Helical gears. For spur and Helical gears, coarse and
fine pitch, either external or internal.

10.2.1 Fellows Gear Shaper Company - Springfield, Vermont

a Gear ro AT 1dmer
Ao p—1="F% AVLL ALY

* (-4
driven of variahle center digtance

tar ari zes capac
20" pitch diameters, with or without electrical charti ng recorders,
adjustable pressures and backlash measuring devices.

m
n
-
a4
[t
V']

b. Involute measuring machines, two sizes for checking gears up to
24" pitch diameter from master cam without special base rolls. Supplied with
or with ut electrical charting recorders with dual ratio device for
repregenting 1/2@ or 32 of involute roll increments on chart.

=== L2 LE iS22 <t 2L Lllal L.

c¢. Lead measuring instruments for checking leads of gears up to 24"
pitch diameter - sine bar or continuous-originating type, not a comparator.
Furnished with electrical recorder only.

e. Single convolution worm attachment for use on #4 Red Liner for
checking tooth thickness, space width and runout of gears.

f. Variable center distance checking devices for use in automated
lines.

12.2.2 Tllinois Tool Works

a. Hand rolling checkers - coarse and fine pitch, stud and column
types, in all sizes, with chart recorder attachment.

b. Machine type rolliing checkers with chart recorders.

c. Involute checkers - coarse and fine pitch - with chart recorder.

56

At WLIINIA .1 1WA L ANVaAY




Downloaded from http://www.everyspec.com

MIL-HDBK-404

d. Analytical checkers, lead, involute spacing - with chart
recorder coarse and fine pitch. Automatic tooth space comparator - with
chart reccrder ccarse and fine pitch.

e. Helical lead measuring machines in several sizes for coarse
pitch with chart recorder.

f. Base pitch and space measuring machine to check spacing - both
circular and base pitch on spur and helical gears.

1 2 2 M
i LoD

e

a. Gear rolling fixtures - bench type.

b. Gear speeders - four sizes - machine type (coarse pitch) to
check rolling action under power and high speed and to determine tooth
contact pattern under load.

~ Trwalitta ~shaslrare fodma har medem~dm]a mmasmma A Fdma it
e 41IVUALULT LVCIITUNATLO \ D111 val PLLIILLPL ] cuaLoT UL A lLlIT y.l.l.l-ll
"
two models 14 sizes @ to 36" diameter gears.

d. Lead checker - spur - helical and worm gears one model in four
sizes 24" to 66" between centers - with chart recorder.

e. Angular index table - two models 12" diameter plate - ultra
precise for checking teeth spacing.

10

a. Analytical gear checkers, general purpose for spur and helical
gears. Adjustable internal and external models. Check pitch diameter, size,
tooth spacing, eccentricity and lead of helical gears; pitch diameter, size,
tooth spacing, eccentricity and parallelism of spur gears. Electronic
recorder optional.

h M--% o rn'l 1 i neo F* vHiirae ﬂﬂhﬂ":\] MmMIrmAaca I.'I‘ ‘.'h ﬂ:l":l‘ 1 n1 avase
L] W CAS A A il kLD y YVSUGLQAL Ui pUoS Wik Wil pHPALALLGL QAATOD .
Adjustable internal and external models. Electronic recorder optional.

c. Gear rolling fixtures, general purpose with crossed axes (zero
to 990 degrees). Adjustable internal and external models. Electronic
recorder optional.

A famen mmeama ol wm o momom mamm T aae s amen o - AddiemdmbiaT o < omdeconen ] - e o]

U. UEdl OdSprreucls, ycliielidadl pulLpose. AU judLavle 1liLEinal allu
external models. Used to check gears operating at any of four standard test
speeds under modified load conditions.

e. Automatic gear gages, single purpose for high-production
application. Check pitch diameter, size and lead of helical gears; pitch
diameter, size and parallelism of spur gears. Electronic recorder optional.
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f. Automatic gear speeders, single purpose for high-production

application. Uses electronic sound discrimination principle. Used to check
gears operating at prescribed test speed under modified load conditions.
Electronic recorder optiocnal.

10.2.% Vinco Corporation

a. Optical Master Inspection Dividing Head for precision inspection
of tooth spacing, increment inspection and verification of helix and gear
tooth profiles, calibration of master involutes. Direct readings in degrees,
minutes and seconds. Available in 12", 24" and 30" sizes - standard and
heavy duty, either vertical or horizontal axes. Accuracy: two seconds of
arc, total variation (+ one second), spindle runout .000925 TIR max; No

recorder.

¢. Involute checker - Sine bar principle, for coarse and fine pitch
gears, capacity 24" diameter 552 and 1102 roll angle. Accuracy: .0001,
furnished with calibrated master involute; Recorder optional.

d, Gear rolling fix

-—ca

ixture
crossed axes, Recorder and Po

- All types and sizes, parallel and

el LYpree K8 22402, pPeiaiata L=214

tures
ower Drive optional.

10.3 Bevel gears.

3 o

19.3.1 Fellows Gear Shaper Company, Springfieid, Vermont

a. Red liners are used for checking conjugate action on any shaft
angle by the use of special attachments.

10.3.2 Gleason Works, Rochester, New York

a. Universal Gear Testing Machines.

8

a Ca o
“u

b. Hypoi
c. Angular Hypoid Gear Testers (coarse pitch).
d. Angular Hypoid Gear Testers (fine pitch).
e. Tooth Spacing Tester.

tv Tectar
1 9 ae€ste

A e

Ul
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a. A Bevel Gear Rolling Machine to check conjugate action of bevel
gears, any shaft angle, coarse and fine pitch.

b. Bevel and Hypoid Gear Checker with chart recorder (for coarse
and medium fine pitch bevel gears).

12 A LA ewmes e Ll anT =
dU .2 PULIID Allu_ ULl mlIce 1o,

10.4.1 Fellows Gear Shaper Companv. Sprinafield. Vermont

a. Red liners are used for checking center distance variations by
the use of special attachments.

b. Fellows 3-M hourglass red liner charts amount of clearance
between worm and mating sector or roller (for hourglass worms).

10.4.2 Illinois Tool Works

a. Worm lead measuring machine in several sizes to check lead index
ingle and multiple thread worms, with chart recorder (coarse and fine

h. Worm and gear rolling fixtur
manual or motor drive.

10.4.3 Michigan Tool Company

a. Worm lead checker (sine bar principle) one size - 8" diameter
work - 14" between centers. Will check up to 7.2 inch lead also checks index

($))
0
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STANDARDIZATION DOCUMENT IMPROVEMENT PROPOSAL

INSTRUCTIONS: This form is provided to solicit beneficial comments which may improve this document and
enhance its use. DoD contractors, government activities, manufacturers, vendors, or other prospective users of
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response will be provided to the submitter, when name and address is provided, within 30 days indicating that
the 1428 was received and when any appropriate action on it will be completed.

NOTE: This form shall not be used to submit requests for waivers, deviations or clarification of specification
requirements on current contracts. Comments submitted on this form do not constitute or imply authorization
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