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FOREWORD

The design and manufacture of a gear that is no better than the require-
ment for its successful application is an art rather than a science.

Volumes have been written and said in attempts to attain good gears.
Many of them have been rather unsuccessful interpretations of what their
authors opined previous authors meant or failed to say.

Thus, much of the information comes under what I call “gear folklore”
—just about as obsolete as the cogwheel that sired the quality of gearing
we need in modern applications. o

The authors of this “Gear Handbook’ are seasoned and experienced
gear men. They have spent most of their careers in the study of gear
phenomena, in tempering theory in the furnace of practicality and eco-
nomic necessity. Several of them have received the highest honor the
American Gear Manufacturers Association has to bestow on contributors
to the gear art, its “Edward P. Connell” Award.

These dedicated authors set out to give the gear designer and manu-
facturer a true and accurate recording of the present state of the art.

They have eminently succeeded in so doing. Therefore, I personally
and on behalf of AGMA enthusiastically commend this “Gear Handbook”
to all who have a genuine desire and economic need to acquaint them-
selves with the gear art as it is now being practiced by forward-looking,
down-to-earth gear designers and manufacturers.

J. C. Sears, Ezecutive Director
American Gear Manufacturers Association

xi
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'PREFACE

Although a rather surprising amount of material has already been
written on the subject of gears, it has been hard for the average person
to quickly find the detailed gear information that he needs. A wealth of
gear information has already been published in trade standards, magazine
articles, manufacturers’ catalogues, private company reports, and gear
books. The key information to solve the design of a gear, plan tooling
for a gear job, analyze a gear failure, or pick an appropriate manufacturing:-
process may be hidden almost anywhere in current available technical
literature.

The “Gear Handbook” was conceived as a means of solving this prob-
lem. In approximately one thousand pages of moderately fine print all
aspects of the gear art are covered. The questions that the gear designer,
the gear builder, or the gear user may have are all covered. Condensed
information is given on the many types of gears that are now in use.
Specific information is given on the great diversity of manufacturing
processes that may be used. Considering that the field of gearing goes
all the way from the little mass-produced gears for toys, clocks, instru-
ments, and the like, up to the massive main propulsion units used for
major ships or airplanes, it can be appreciated that the manufacturing
techniques will vary widely. o

The people who design and build gears comprise only a small fraction of
the people engaged in manufacturing work. However, the people who
use gears include almost everyone. It has been said quite truthfully
that you can’t tell the time of day without gears, you can’t wash your
clothes without gears, you can’t drive to work without gears, and you
can’t make anything in your shop without gears. The user of gears is
often very interested in things like the performance of gear equipment,
the life expectancy of gearing, or the relative cost of different ways of '
making gears. Subject matter for the “Gear Handbook” has been
selected with the aim of covering the whole wide field of interest in the
gear art.

Chapters 1 through 4 introduce the reader to the basic theory of
gearing, define the types of gear teeth, explain the many possible gear
arrangements, and define the nomenclature and basic geometry of gears.

X111
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xiv PREFACE

All of this is necessary background material to acquaint a person with the
language and definitions peculiar to the gear trade.

Chapters 5 through 15 are the prime engineering-design chapters.
These cover the elements of design, such as tooth proportions, involute
calculations, choice of materials, stress calculations, load rating, toleranc-

ing of gear dimensions, efficiency calculations, and design of lubrication

systems. \

Chapter 14 presents material on how to test gears and how to analyze
the several possible kinds of gear failure.

Chapters 16 through 21 cover the machine tools and methods of gear
manufacture. Gear cutting, gear grinding, die forming of gears, gear
shaving, gear lapping, and gear honing are all covered in these chapters.

Chapter 22 covers tools to make gears, and Chapter 23 covers inspec-
tion tools. Chapter 24 presents many tables of data useful in the gear
trade.

Over three dozen people were direct contributors to the project. These
people were selected because of their knowledge and competence in the
various aspects of gear work. The technical knowledge that this group
of people was able to put together over a four-year working period repre-
sents a depth of technical knowledge in this field that is far beyond that
of any one individual. From my own standpoint it has been a most
rewarding experience to be associated with this project and learn from
experts in all phases of gear work. In many cases, information collected
for the “Gear Handbook’ represents the first time this information has
ever been put in public print.

I am very grateful to the many contributors for their unselfish effort
in getting the required information and laboring through all the trials of
putting it into handbook style. In addition, I feel particularly grate-
ful to certain key individuals who were most helpful in providing technical
guidance for the project and in making the resources of their organiza-
tions available to ferret out key items of information. My special thanks
go to the officers and Headquarters staff of the American Gear Manu-
facturers Association, the “engineering body for the gear industry,” for
their assistance in checking many parts of this work. I also wish to
give special thanks to Wells Coleman of the Gleason Works for his assist-
ance in the bevel-gear field; to Mr. Gerald Brophy of International
Nickel Co. for his advice on gear material developments; to Mr. Fred
E. Birtch, Cone-Drive Division, Michigan Tool Co., for his assistance on
double-enveloping wormgears; to Mr. S. L. Eastman, Cleveland Worm
& Gear Division, Eaton Manufacturing Co., for his help on cylindrical
wormgears, and to Mr. F. Bohle and Mr. W. Nelson, Spiroid Division of
Illinois Tool Works, for their assistance on the Spiroid family of gears.
Mr. Laurence Collins and others in the Genera] Electric Company were
very helpful in encouraging me to carry out this project and in making
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PREFACE XV

available to me extensive test and field data on spur and helical gears.

In spite of the fact that most of the gear technical material was received
from contributors and others associated with this project, I must accept
the responsibility for having made the final decisions that determined
the technical content of this work. I believe this “Gear Handbook”
will represent an important step forward in the development of knowl-
edge in the gear field. It makes this knowledge available for the widest
possible benefit of the great host of people who buy, design, build, or use
geared equipment.

Darue W. DupLEy

Lynnfield, Mass.

ST
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3-14 "GEAR ARRANGEMENTS

The length-to-diameter ratio of helical and spur gears can be fairly large. In most
other gear types the pinion will not have face width more than about one-third the
i pinion pitch diameter. In spur gearing the L/D ratio may be as great as 1 while in
f double-helical gearing it may approach 2. Needless to say, high accuracy is needed

in boring the casings and machining the teeth when a relatively large face width is

used. Low-hardness gearing of about 200 BHN will exhibit some tendency to wear

in and improve contact. As much as 0.001" may be worn off the high ends of the
. teeth to equalize the contact without too serious a result. Medium- to high-hardness
i gears have but slight tendency to wear in. If the contact across the face width is not
E good at full load, the teeth may break before any equalizing wear occurs.
i (See Chap. 13 for data on how to handle misalignment when load-rating gears.)
| Large pinions with an L/D ratio of 1 or more will twist elastically under load an
l appreciable amount. It is necessary to provide helix modification to compensate for
| this on large gears where the material is fairly hard and the horsepower is high.
(Helix modification was necessary on the gears shown in Figs. 3-4 and 3-7.)

Nested pinions tend to suffer from bowing and twisting of the long shaft between
the two pinion halves. Helix compensation is often needed.

In multiple-power-path units, each power path must be able to have the teeth
engage simultaneously when a slight torque is applied. In addition errors in tooth
spacing and runout must be slight enough in the gears so that the flexibility of the
connecting shafts can keep a uniform load on each branch. If the connections are
too stiff or the teeth not precise enough, the load will shift rapidly from one power
path to another as the gear revolves.

In multiple-power-path gearing, the gears will not assemble if there is a random
orientation between the teeth of a gear and a pinion connected by the same shaft.
Either the teeth and coupling. means must be cut so that the orientation is exactly
alike on each like assembly or adjustment must be provided so the proper tooth
“timing’’ is achieved at assembly. Generally the teeth are cut at a random orienta-
tion. Then at assembly the parts are rotated until the pinion and gear by chance
have their teeth in almost the right orientation. Then the final adjustment is made
by some mechanical means like axial shimming (single-helix design), elongating
coupling boltholes, redoweling, or using a stepped key. Incidentally, a shrewd choice
on tooth numbers can make the timing problem work out much more easily.

3-4. Parallel-axis Epicyclic Gearing. A large family of gear arrangements goes
under the general name of ‘“‘epicyclic” gearing. Generally speaking the epicyeclic
train has a central “sun’’ gear, several “planets’” meshing with the sun and spaced
uniformly around the sun and an “annulus’” or ring gear meshing with the planets.
The sun and planets are externally toothed while the ring is internally toothed.

The name epicyclic comes from the fact that points on the planets trace out
epicycloidal curves in space.

The name “planetary’” gear is sometimes used interchangeably with epicyclic to
denote the whole family of gears. In a more strict sense the planetary is one of the
types of epicyclic gears. )

There are a large number of possible epicyclic arrangements. These may be
divided into three general groups:

. Single epicyclic trains
. Compound epicyclic trains
. Coupled epicyclic trains

1
2
3

Single Epicyclic Trains. The simple epicyclic train consists only of the elements
of sun, planet, and ring gear. This arrangement is often called a “simple’’ epicyclic
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PARALLEL-AXIS EPICYCLIC GEARING 3-15

gear or a “simple’” planetary gear to distinguish it from the more complicated
arrangements.

Figure 3-13 shows schematic arrangements of the three simple epicyclic gears.
These are the planetary, the'star, and the solar arrangements. The figure shows only
three planets. The number of planets will vary quite considerably in actual practice.
With some ratios it has been possible to squeeze in as many as twenty planets. As
few as one is sometimes used for light load applications.

The derivation of ratios for planetary units is somewhat complicated. Several
references!2%* go into the derivation of ratios in considerable detail. Table 3-5
shows the over-all ratio for each of the three single epicyclic trains. If one of these
units were driven backward, the ratio would be less than one and would simply be
the reciprocal of the ratio as a speed-reducing set.

A range of ratios is shown for each kind of epicyclic gear. Note that only the solar
will handle very low ratios. . The ratio range of 1.7:1 to 2:1is a range that is rather
difficult to handle with simple epicyeclic gearmg The star will work in this range, but
it turns out to be rather awkward.

Epicyclic gears will not assemble unless the tooth numbers are properly chosen.
Assuming the planets are equally spaced around the sun—which is the usual case—the
equations given at the bottom of Table 3-5 must be met. The sum of the ring and sun
teeth must be equally divisible by the number of planets. If there were three planets,”
the ring teeth plus sun teeth would have to divide evenly by three.

The tooth load at each planet is balanced between the sun-planet mesh and the
planet-ring mesh. This tangential driving load may be calculated by

126,050 Py

We = nsds No. planets

(3-2)

where n, = rpm of sun
d. = pitch diameter of sun
Py = horsepower transmitted
It should be appreciated that Eq. (3-2) determines the theoretical load only when
there is perfect sharing of load between the planets. There is quite a problem in load
sharing in epicyclic gears plus the possibility of appreciable dynamic overload due to
tooth errors. More will be said on this subject later in this article.

Table 3-5. Simple-epicyclic-gear Data

. Fixed Input | Output Over-all Range of ratios
Kind of arrangement member | member | member | ratio mg normally used
. . . Ne
Planetary.................. Ring Sun Cage ¥ +1 3:1-12:1
S
Star.........coiiei Cage Sun Ring Ve 2:1-11:1
Ng
Solar............... ... Sun Ring Cage & +1 1.2:1-1.7:1
Nr
Ns = number of sun feeth
Np = number of planet teeth
Ng = number of ring (annulus) teeth
To assemble, . o
Ngp =Ng +2Np - (3-3)
Nz + Ns

—= T8 1 i 3-4
No. planets must equal an integer (34)

* Superscript numbers refer to references at the end of the chapter.
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3-16 GEAR ARRANGEMENTS

Planet wheels rotating
about own spindles

Fixed annulus

FRotating planet carrier

' (@) Planetary gear

(a)

Planet wheels rotating
about own spindles

Rotating Rotating sun wheel

annulus

Fixed planef carrier

(6) Stor gear
)]
Fie. 3-13. Simple epicyclic gears. (a) Planetary
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PARALLEL-AXIS EPICYCLIC GEARING 3-17

Compound Epieyelic Trains. The “compound” epicyclic train has two planet
members attached together on a common shaft. Figure 3-15 shows the schematic
arrangement of a compound star gear. Note the large planets (or stars) which mesh
only with the sun and the small planets which mesh only with the ring gear.

Table 3-6. Compound-epicyclic-gear Data

Kind of ment Fixed Input | Output Over-all Range of ratios
ind ol arrangeme member | member | member ratio mg normally used
; NgN
Compound planetary....| Ring Sun Cage R P +1 6:1-25:1 t
N .
Compound star......... Cage ‘Sun Ring NZ}VP‘: 5:1-24:1 . »
. )| NgNp, i
Compound solar........ Sun Ring Cage NiNi; +1 1.05:1-2.2:1 i
1
t
Ns = number of sun teeth .
Np, = number of first-reduction planet teeth
Np, = number of second-reduction planet teeth ,
N = number of ring teeth — 1

To assemble, . .
Dg = Ds + Dp, + Dp, (3-5)
where Dp = ring pitch diameter
Dp = planet pitch diameter

NpNp + NpNg
No. planets

must equal an integer (3-6)

Planet wheels rotating
about own spindle !

FRotating
planet carrier

Rotating annulus

(¢) Solar gear
ter

gear, (b) Star gear. (¢) Solar gear,

ssss——
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INDEX

Abbreviations, recommended list, 4-28
use, 4-24
Abrasive wear, 15-14
Addendum, for balanced strength, §-37
for bevel gears, 5-52, 5-55, 5-63
for face gears, 5-72
for helical gears, §-45
for small tooth numbers, 5-36
(See also Tooth proportions)
Aircraft gear, lubrication, 15-18 to 15-21
quality, 9-20, 9-21
rating, 13-4, 13-27, 13-37
Aircraft unit, 14-56
AISI steels, 10-10, 10-11
Alignment of gears, 14-41
Allcone process, 20-34
Aluminum bronze, 10-27, 10-28
Aluminum gears, die-cast, 10-29, 10-30,
10-34, 10-36
general practice, 10-28, 10-29
Angle of contact, 1-6
Angular pitch, definition, 1-6
formula, 1-8
Apex, definition, 1-4
Arc and chord data, 24-33, 24-34
Arco process, 20-34
Arrangements, articulated gear, 3-6 to 3-10
automatic transmissions, 3-29, 3-31, 3-32
bevel gears, 3-20 to 3-24 ,
contrarotating gears, 3-27
differential gears, 3-23 to 3-27
epicyclic gears, 3-14 to 3-20
(See also Epicyclic gears)
gear-shift, 3-27 to 3-30
high-ratio units, 3-34, 3-43
MD-type gear, 3-6, 3-7, 3-9
MDT-type gear, 3-7, 3-9, 3-10
nested gear, 3-7, 3-10, 3-11
parallel-axis, 3-6 to 3-20
reverse gear units, 3-22, 3-28, 3-32 to 3-34
right-angle gears, 3-20 to 3-23
Spiroid gears, 3-20,3-22
worm gears, 3-20, 3-21
Articulated gear, 3-6 to 3-10
Assembly, bores and shafts, 9-41, 9-42
center distance tolerances, 9-39
dimensioning of center distance, 9-39 to
9-41 B
face width mismatch, 9-41
(See also Center distance)
Autocollimator, 23-31, 23-32
Automatic gaging, 18-15
Automatic honing, 18-26

Automatic shaving, 18-15
Axial plane, definition, 1-4
Axis, instantaneous, 1-4

Backlash, for assembled gears, 7-9
for bevel gears, §-63
check, 23-51
definition, 1-6
design considerations, 5-25, 5-26
for power gears, 5-37
for worm gears, 5-69
Base helix angle, 1-10
Base piteh, 1-9
Base plane, 1-16
Basic member, 1-5
Bearing losses, of ball and roller bearings,
14-17 to 14-20 -
of sleeve bearings, 14-13, 14-14
of thrust bearings, 14-15 to 14-17
Bearings, design recommendations, 12-8,
12-9
load calculations, for bevels, 12-29 to
12-35
for hypoids, 12-29 to 12-35
for Spiroid gears, 12-43 to 12-45
for worm gears, 12-39 to 12-42
reactions on, 12-4, 12-5
separating load chart for bevels, 12-22
thrust reaction chart for bevels, 12-21
Bevel cutters, 20-12, 20-15, 20-19, 20-25.
20-26
Bevel-gear blanks, inspection, 23-61 to
23-63
requirements, 20-7, 20-8
Bevel-gear inspection, backlash, 23-51
blank tolerances, 23-63
of blanks, 23-61 to 23-63
machines for, 23-48, 23-49
procedures for, 23-46, 23-47
tooth thickness, 23-49, 23-51
Bevel-gear mounting, heat-treat a]lowance<
23-52
load deflections, 23-52, 23-53
V and H checks, 23-53 to 23-57
Bevel gears, assembly procedure, 12-28,
12-29
axial thrust chart, 12-21
blank design, 12-26, 12-27
calculation of bearing loads, 12-29 to.
12-35
calculation procedure, 5-50 to 5-63
cutting (see Bevel generating)

Liberty v. U.S. Well

U.S. Well - Exhibit 2001
IPR2025-00105
Page 32 of 43



2

Bevel gears, definition, 1-2, 1-13
. drawing practice, 11-8 to 11-13
efficiency, 14-6 to 14-8
equivalent pitch radii, 1-14
equivalent tooth numbers, 11-14
estimating power capacity, 13-7
face contact ratio, 8-39, 8-40
fundamental tolerances, 9-14
grinding (see Bevel grinding)
lapping, 18-27
layout of profile, 8-21 to 8-29
lubrication, 15-7
manufacturing procedures, 20-9
material recommendations, 20-53, 20-54
ratings for special applications, 13-27,
13-28
scoring criterion, 13-44, 13-45
separating load chart, 12-22
spiral (see Spiral bevel gears)
straight (see Straight bevel gears)
strength rating, 13-35 to 13-37
for special applications, 13-37
surface durability rating, 13-25 to 13-27
undercut, 8-39
workholding devices, 20-10
Bevel generating, blank requiréments, 20-7
to 20-9
capacities of machines, 20-41
cutting methods, 20-29, 20-30
general information, 20-1 to 20-6
planers, 20-20 to 20-24
procedures, 20-9
production rates, 20-13, 20-14, 20-21,
20-22, 20-42
straight bevel machines, 20-11 to 20-22
workholding devices, 20-10, 20-11
{See also Bevel nongenerator)

Bevel grinding, capacities of machines, 20-43

general information, 20-35, 20-36, 20-37
procedures, 20-9

production rates, 20-39, 20-44, 20-45
stock allowance, 20-36

workholding devices, 20-10, 20-11

(See also Bevel nongenerator)

Bevel nongenerator, correlation of machines,

20-40

general information, 20-6, 20-7

machines for, 20-37 to 20-41

processes for, 20-30 to 20-33

production rates, 20-30, 20-33, 20-38,

20-39

Revacycle machine, 20-18 to 20-20
Bevel planers (see Planers)
Beveloid-gear inspection, 23-75
Beveloid gears, 2-9, 2-10
Brass die castings, 10-35, 10-38
Brinell hardness, 24-35, 24-36
Broaches, care and use, 22-51, 22-52

design practice, 22-49 to 22-51

for external gears, 22-49

general information, 22-46 to 22-48

for spiral splines or gears, 22-48, 22-49
Broaching, appraisal of, 16-32, 16-33

eutting speeds, 16-31, 16-32

general information, 16-28 to 16-30

procedure for, 16-30, 16-31

INDEX

Bronze, aluminum, 10-27, 10-28
gear bronzes, 10-25, 10-26
manganese, 10-26 to 10-28
phosphor, 10-26 to 10-28
silicon, 10-27, 10-28
strength, 10-26
trade standards, 10-27, 10-28
Buckingham, Earle, 14-31, 14-32
Buckingham dynamic-load effect, 14-34 to
14-38
Burnishing, correlation of machines and
processes, 20-47
general information, 20-47

Calipers, 9-24, 9-25
Capacity, estimating (see Rating)
Carburizing, case depth, 10-18
case hardness, 10-18
cycles, 10-17
general practice, 10-15 to 10-18
time vs. depth, 10-16
Case hardness, 10-18
Cast iron, ductile, 10-24, 10-25
general properties, 10-2
gray, 10-23, 10-24
Meehanite, 10-24
Center distance, adjustment for backlash,
7-7 to 7-9
backlash control, 6-14, 6-15
definition, 1-1, 1-6
dimensioning, 9-39 to 941
effect of mounting distance, 6-14, 6-15.
general equations, 6-3, 6-4
nonstandard, 5-17
calculations, 6-7, 6-8
equations, 6-5, 6-6
operating, 6-5, 6-6
special cases, 6-2, 6-3
standard, 6-4, 6-5
temperature effects, 6-15, 6-16
tolerance effects, 6-8 to 6-12
Chordal addendum, calculation, 7-17, 7-18
tables, 24-33, 24-34
Chordal thickness, calculation, 7-17, 7-18
tables, 24-33, 24-34
Circular pitch, definition, 1-6
Classes of service, 13-43
Climb hobbing, 16-16, 16-17
Clockwork tooth profiles, 5-29
Coefficient of friction, for ball bearings,
14-17
for cylindrical worm gear rating, 13-40
for Spiroid gears, 14-12
for spur gears, 14-5
for worm gears, 14-10
Cold-drawing (see Extrusion)
Commercial quality, 9-15
Complementary gears, crown, 1-5
rack,1-5
Composite checking, 23-41
Composite tolerances, definition, 9-25
total, 9-26, 9-27
Computer program, for cutter profile, 8-17
for normal section, 8-19, 8-20
for rack trochoid, 8-3

y
i
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Computer program, for tangent and normal
of involute, 8-11
for trochoid at fillet, 8-5, 8-6
use of, 81
Cone-drive gears, sample drawing, 11-14,
11-15
(See also Worm gears)
Coniflex cutters, 20-15
Coniflex grinder, 20-16, 20-17
Coniflex provisions, 20-13 to 20-17
Conjugate action, 5-7
Contact length, 7-2 to 7-4
* Contact normal, 1-2.
Contact patterns for bevel gears, 23-55
Contact point, distance s from pitch point,
1-8
Contact ratio, 7-3, 7-4
“total, 1-4
Continuity of action, 5-5
Contrarotating gears, 3-27
Control gears, 23-58, 23-59
Coplanar gears, definition, 1-4
Copper-base die castings, 10-38
Corrosive wear, 15-14
Crossed-axis helical gears, definition, 1-19
description, 2-11
estimated power capacity, 13-9
Crowned teeth, drawing notes, 11-7
by shaving, 18-12, 18-13
Curvature, relative, 1-3, 1-7
Curve, action limit, 1-3
Cutter profile, axial section, 8-15 to 8-18
from normal section, 8-18
from transverse section, 8-16
Cutter setting, effect on tooth thickness,
7-7, 7-8
Cycloidal tooth profiles, 5-28

Deburring tolerances, 9-37, 9-38
Delrin gears, 10-39, 10-40
Diameter over pins (see Measurement over
wires)
Diametral pitch, definition, 1-6
recommended values, §5-34
Die-cast materials, 10-29 to 10-39
Die casting, design data, 17-19, 17-20
general information, 17-6
production practice, 17-20
Die processes, casting, 17-6
cold-drawing or extrusion, 17-3, 17-4
general information, 17-1 to 17-3
injection molding, 17-4 to 17-6
rolling or forming, 17-6, 17-7
sintering powdered metals, 17-7
stamping gears, 17-3
Differential gears, efficiency, 14-27 to
14-30
fixed differentials, 3-24 to 3-26
free differentials, 3-23, 3-24
hypoid differential, 3-24, 12-28
Double-enveloping worms and worm gears,
cutting practice, 21-23 to 21-26
Double helical gears, 2-5, 2-6
Drafting (see Drawings)

Drawings, approximating involute profile,
11-
bevel and hypoid gears, 11-8 to 11-13

gear sets, 11-5

general practice, 11-1, 11-2

helical gears, 11-7, 11-8

material specifications, 11-2, 11-3

Spiroid gears, 11-15 to 11-17

spur gear practice, 11-3 to 11-7

surface finish, 11-2

tolerances on tooth accuracy, 11-5

tooth profile, 11-5 to 11-7

worms and wormgears, 11-13 to 11-15
Ductile iron, 10-24, 10-25
Dudley, Darle W., internal gear practice,

5-46

m and u coordinates, 8-11, 8-14

total pitch variation, 33-22

where to place oil nozzle, 15-19
Duplex spread-blade method, 20-33
Duplex-type milling cutter, 21-7, 21-8
Durability (see Surface durability)
Duration of contact, 7-2 to 7-6
Dynamic factor K,, 13-30
Dynamic loads, Buckingham method, 14-34

to 14-38

on gear trains, 14-38, 14-39

on spur gears, 14-30 to 14-34 -

when to consider, 14-33, 14-34

Eccentricity measurement, of bevel gears,
23-59, 23-60
general information, 23-35, 23-36
by rolling with master, 23-37, 23-38
by runout over pins, 23-36, 23-37
Edge round, recommended amounts, 5-39
Efficiencies, nominal values for thermal
rating, 13-17
Efficiency, approximate losses, 12-7
arc of approach and recess, §-19, 5-20
of crossed-axis helical gears, 14-10
of differential gears, 14-27 to 14-30
of double-enveloping worm gears, 13-44
general considerations, 14-1
of Helicon gears, 14-11, 14-12
of hypoid gears, 14-12
of internal gears, 14-5, 14-6
of planetary gears, 14-24 to 14-26
of Planoid gears, 14-12, 14-13
of spiral bevel gears, 14-8
of Spiroid gears, 14-10, 14-11
of spur gears, 14-3 to 14-6
of star gears, 14-26, 14-27
of straight bevel gears, 14-6, 14-7
of worm gears, 14-8 to 14-10
of Zerol bevel gears, 14-7, 14-8
Elastic coefficient, 13-19
Environment conditions, 14-42
Epicyclic gears, bevel planetary, 3-21,
3-23
compound epicyeclic trains, 3-17, 3-18
coupled epicyclic trains; 3-19, 3-20
efficiency, 14-24 to 14-27 -
planetary, 3-14 to 3-18 ’
simple epicyclic trains, 3-14 to 3-16
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4 " INDEX

Epicyeclic gears, solar, 3-15, 3-17
star, 8-15 to 3-18
Equivalent pitch radii, spiral bevel gears,
1-16
Equivalent tooth numbers, spiral bevel
gears, 1-16
Error in action, 23-45, 23-46
Euler-Savary equation, 1-7, 1-14
Extrusion, design data, 17-12, 17-13
general information, 17-3, 17-4
production practice, 17-13

Face advance, angle, 1-16
definition, 1-12
Face contact ratio, of bevel gears, 8-39, 8-40
definition, 1-12
mr, 13-46
Face-gear inspection, 23-75
Face gears; description, 2-9, 2-10
design, 5-71 to 5-74
estimating power capacity, 13-8
sample drawings, 11-18, 11-19
Face-mill cutters, 20-24 to 20-29
Factors of safety, general data, 13-15
Failures of gears, general considerations,
14-42, 14-43
by pitting, 14-47, 14-48
by plastic flow, 1447
by spalling, 14-48
by tooth breakage, 14-49 to 14-51
by wear, 14-43 to 14-47
Fatigue stress, 13-31
Fellows 20° stub-tooth system, 5-28
Ferrous gear materials, 10-1, 10-2
(See also Materials)
Field testing, 14-58
Fillet generation, 1-20
Fine pitch, quality classes, 9-19, 9-20
Finish (see Surface finish)
Finish coating build-up, 9-35, 9-36
Finishing gears (see Grinding; Honing; Lap-
ping; Shaving)
Flats, theory of, 1-20
Fly cutting wormgears, 21-20 to 21-23
Forced-feed lubrication, 15-4 to 15-6
Form diameter, calculation, 7-4, 7-5
definition, 5-3
Form grinding, estimating time, 19-3 to 19-5
general information, 19-2, 19-3
internal gears, 19-6
machine capacity, 19-6, 19-7
stock required, 19-5, 19-6
Formate, tooth form, 5-49 .
Formate gear, 20-6, 20-7, 20-31 to 20-33
Formulas, circular pitch, 4-30
for crossed-helical gears, 4-37
diametral pitch, 4-30
for double- envelopmg worm gears, 4-44,
445
for face gears, 4-46, 4-47
for fine-pitch gears, 4-35
general relationships, 4-29, 4-31
for helical gears, 4-33, 4-36 .
for internal gears, 4-33, 4-34
for spiral bevel gears, 440

Formulas, for Spiroid gears, 4-47, 4-48
for spur gears, 4-32
for straight bevel gears, 4-37 to 4-39
for worm gears, 4-42, 4-43
for Zerol bevel gears, 4-41

Fretting corrosion, 14-51

Friction coefficient, of spur gears, 14-5
of worm gears, 14-1

Gear, definition, 4-3
Gear generation, theory ot, 1-19
Gear grinding (see Grinding)
Gear hobbing (see Hobbing)
Gear-milling cutters (see Milling cutters)
Gear shaving (see Shaving)
Gear teeth (see under Tooth)
Gear types, 2-1 to 2-3
Generating bevel gears (see Bevel generat-
ing)
Generating grinding, conical wheel, 19-8 to
1s-10
disk wheel, 19-7, 19-8
production time, 19-11 to 19-13
saucer wheel, 19-10
(See also Bevel grinding)
Generating roll, 1-20
Geometry factor, I, 13-24
J, 13-28, 13-29, 13-32, 13-34 to 13-36
Gray cast iron, 10-23, 10-24
Grease lubrication, 15-8, 15-20, 15-21
Grinding, form, 19-2 to 19-7
general information, 19-1, 19-2
generating methods, 19-7 to 19-13
nital etch, 19-16, 19-17
process control, 19-15 to 19-17
thread, worm, 21-26 to 21-29
threaded-wheel method, 19-13 to 19-15
(See also Bevel grinding)
Grinding wheel, 19-4

Hand of spiral, 12-31
Hardness, effect of carbon content, 10-1
hardenability of steel, 10-12
of steel and iron, 10-3
Hardness scales, 24-35
Hardness-testing data, 24-35, 24-36
Harmonic drive, applications, 3-43
arrangements, 3-35, 3-36
coupling methods, 3-38 to 3-40
performance, 3-40 to 3-43
single-stage unit, 3-40
special properties, 3-37
wave generator, 3-38
Heat-treatment of steels, 10- 3 to 10-7
data, 10-13
glossary, 10-7 to 10-10
Helical gears, bearing rea(,nona 12- 16 to
12-20
broaching, 16-32
calculation procedure, 5- 42 5-44 5-45
definition, 1-11
description, 2-5, 2-6
design practice, 5-41 to 545
drawing practice, 11-7, 11-8
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Helical gears, estimating power capacity,
13-3, 13-4, 13-6
face width, 5-42
forced-feed lubrication, 15-4 to 15-6
generating grinding, 19-7 to 19-13
hobbing, 16-5 to 16-17
honing, 18-21 to 18-26
lapping, 18-27, 18-28
quality classes, 9-14 to 9-21
s scoring criterion, 13-44, 13-45
shaping, 16-17 to 16-23
shaving, 18-1 to 18-21
splash lubrication, 15-1 to 15-5
strength rating, 13-34, 13-35
surface durability rating, 13-22 to 13-25
threaded-wheel grinding, 19-13 to 19-15
tolerances, 9-11

Helical rack, 1-10 .

Helicon gears, description, 2-13, 2-14
design, 5-75, 5-76, 5-84 to 5-86
efficiency, 14-11, 14-12

Helix angle, definition, 1-11
design, 5-42

Helix measurement (see Lead measurement)

Helixform cutter, 20-26

Helixform gear, 20-6, 20-31

Herringbone gears, description, 2-5, 2-6
shaping, 16-19, 22-20, 22-21

Hertz stress (allowable), 13-18, 13-27

Hob approach distance, 16-12, 16-13

Hob mounting, 21-2

Hobbing, appraisal, 16-27
climb, 22-10, 22-12, 22-13

and conventional, 16-16, 16-17
of double-enveloping worm gears, 21-23,
21-24
feeds and speeds, 16-10 to 16-14
general information, 16-5 to 16-7
locating of hob, 16-14, 16-15
machines, 16-7 to 16-10 -
wear of hob, 16-15 .
of worm threads, 21-8 to 21-10
of wormgears, 21-15 to 21-23

Hobs, accuracy, 22-7 to 22-12
feeds and speeds, 22-12 to 22-14
general principles, 22-1 to 22-5
material, 22-15, 22-16
nomenclature, 22-3
selection, 22-3 to 22-5
sharpening, 22-14, 22-15
special features, 22-6, 22-7
standard sizes, 22-5 to 22-7
wear, 16-15

Honing, automatic cycle, 18-26
general information, 18-21 to 18-23
machines, 18-22, 18-23, 18-25
production rates, 18-24
tools, 18-22, 18-23

Hypoid gears, burnishing, 20-47 to 20-49
calculation of bearing loads, 12-35 to

12-39
cone distances, 1-17
description, 2-13
efficiency, 14-12
estimating power capacity, 13-7
four arrangements, 12-30

Hypoid gears, geometry, 1-17
lapping machines and processes, 20-49
layout of profile, 8-29 to 8-39
lubrication, 16-13
manufacturing procedures, 20-9
offset E, 1-17
pitch plane, 1-17
sample drawings, 11-12
sliding velocity, 1-18
surface of action, 1-18

Idler bearing reaction, 12-13, 12-14
Index tolerance, 9-28, 9-29
Index variation, 23-23, 23-27 to 23-32
Induction hardening, depth of case, 10-21
frequencies required, 10-22
general information, 10-19, 10-20
power requirements, 10-22
Infeed hobbing, 21-17, 21-18
Injection molding, design data, 17-14,
17-15
general information, 17-4 to 17-6
production rates, 17-15
Installation (see Assembly)
Interchangeability, design considerations,
5-20
Interchangeable.-gear system, 3-1, 3-2
Interchangeable gears, definition of, 1-5
Interference, calculation, 7-5 to 7-7
description, 1-21
Interference point, 7-6
Internal gears, bearing reactions, 12-12,
12-13
broaching, 16-28 to 16-32
calculation procedure, 5-46 to 5-48
description, 2-6, 2-7
design, 5-46 to 5-48
efficiency, 14-5, 14-6
form grinding, 19-6
measurement over rolls, 7-12 to 7-14
shaping, 16-17 to 16-23
shaving, 18-13 to 18-15
Interval of contact, 7-2 to 7-4
Involute, approximating circle, 8-7
coordinate equations, 8-6, 8-7
definition, 8-6
functions, 7-10, 7-11, 24-24, 24-25
pointed teeth, 5-13 to 5-15
polar coordinates, 8-11, 8-14
rectangular coordinates, 8-14, 8-15
study of tooth development, 5-12
tangent and normal coordinates, 8-7 to
8-13
zone of action, 5-10 to 5-13
Involute charts, 11-6
Involute checking machines (see Profile
measurement)
Involute finger-centering gate, 23-8
Involute function, definition, 1-9
equation, 7-9
polar angle, 7-9
tables, 7-10, 7-11, 24-24, 24-25
Involute helicoid, definition, 1-12
normal curvature, 1-12
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6 INDEX

Involute-profie measurement (see Profile
measurement)

Involute roll angles, 23-3 to 23-5

Involute setting master, 23-17

Jominy end-quench, 10-7
Journal failure, 14-51

K factor, 13-3, 13-4
Keyway, relationship to teeth, 7-18, 7-19

Laminated plastic gears, 17-8
Lapping, of bevel gears, 18-27
machines and processes, 20-48, 20-49
capacity of bevel and hypoid machines,
20-50, 20-51
by crossed-axes method, 18-27
general information, 18-26, 18-27
of helical gears, 18-27, 18-28
hypoid gear production rates, 20-49,
20-50
reciprocating motion, 18-27
of spur and helical gears, 18-27, 18-28
Lapping compounds, 18-27, 20-52
Lay of finish, 9-34
Layout, of bevel gears, 8-21 to 8-29
of hypoid gears, 8-29 to 8-39
Lead mieasurement, by axial-pitch check,
23-34, 23-35
by contact check, 23-35
definitions, 23-32, 23-33
by helix-checking machines, 23-33, 23-34
Length of contact, 7-2
Lewis formula, X-factor layout, 8-28, 8-29
Lexan gears, 10-39
Life factors, general data, 13-14
Limit diameter, definition, 5-3
Limits of accuracy (see Tolerances)
Line of action, 7-2
definition, 1-6
effective, 1-6
in sphere, 1-15
Line of centers, 1-1
Line of contact, definition, 1-2
helical gears, 1-11
Load-distribution factor, Cp, 13-20, 13-21,
13-23, 13-25, 13-26
Km, 13-23, 13-29
Load rating (see Rating)
Localized hardening, 10-15, 10-16
Long addendum design, 5-16, 5-17, 5-35
Low-friction gearing, 5-18 to 5-20
Lubricant functions, 14-41, 14-42
Lubricants, AGMA practice, 15-12, 15-13
aircraft gear oils, 15-19
aircraft greases, 15-20, 15-21
general information, 1§-7, 15-10, 15-11
quanitity required, 16-18
recommendations for rating, 13-15, 13-16
viscosity index, 15-11
Lubrication, AGMA lubricants, 15-12,
15-13
of aircraft gears, 15-18 to 15-21

Lubrication, forced feed, 15-4 to 15-6
of hypoid gears, 15-13
oil coolers, 15-16 to 15-18
oil feed trough, 15-2 to 15-4
oil seals, 15-15, 15-16
by rim spray, 15-7
of Spiroid gears, 15-13
splash system, 15-1 to 15-5
wear failures, 15-13, 15-14
of worm gears, 15-11, 15-13

m and pu, definition, 24-26
tables, 8-14, 24-27 to 24-30
Machinability of steel and iron, 10-3
Magnesium-base die castings, 10-32, 10-37
Master gears, accuracy, 23-43, 23-44
design, 23-42, 23-43
drawing specifications, 11-4, 11-5
size, 23-42
Material factors, Car, 13-46
Materials, for bevel gears, 20-53, 20-54
ferrous, 10-1, 10-2
nonferrous, 10-25, 10-26
(See also Steels; other specific materials)
MD-type gear, 3-6, 3-7, 3-9
MDT-type gear, 3-7, 3-9, 3-10
Measurement of gears, by gear-tooth cali-
pers, 7-17, 7-18
by m and u functions, 7-15, 7-16
over rolls or balls, 7-9, 7-12 to 7-16
by vernier calipers, 7-16, 7-17
Measurement over wires, data, for 1414°
pinions, 24-19
for 20° pinions, 24-18
extra depth allowance, 24-18
for helical gears, 24-20 to 24-22
numerical examples, 24-2 to 24-4
table, for 1414° external gears, 24-9 to
24-12
for 1414° internal gears, 24-15, 24-16
for 20° external gears, 24-5 to 24-8
for 20° internal gears, 24-13, 24-14
for 25° external gears, 24-17
Mechanics of gear reactions (see Reactions)
Meehanite, 10-24
Mesh, region of, 5-11 to 5-13
Meshing possibilities, 3-2
Mil-L-7808D, 15-19
Milling, appraisal, 16-4, 16-5
general information, 16-1, 16-2
machines for, 16-2, 16-3
principles, 16-2, 16-3
rate of cutting, 16-4
thread, wormgear, 21-2 to 21-8; 21-12,
21-13
Milling cutters, design practices, 22-31,
22-32
general information, 22-29, 22-30
standard cutter numbers, 22-30
types used, 22-30 to 22-32
Module, definition of, 4-26, 4-31
Mounting distance, relation to center dis-
tance, 6-14, 6-15
Mountings, of bevel-gear blanks, 12-2€.
12-27
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INDEX 7

Mountings, of bevel gears, 12-20 to 12-25
of gears on shaft, 12-9
general recommendations, 12-7, 12-8
general types, 12-6, 12-7
housing design, 12-10
overhung, 12-24, 12-25
straddle, 12-23 to 12-25
of worm gears, 12-42, 12-43

Nested gear unit, 3-7, 3-10, 3-11
Niemann, G., 14-31, 14-32
Nital etch, 19-16, 18-17
Nitralloy (see Nitriding)
Nitriding. case depth, 10-20
general practice, 10-19
materials for, 10-20
process data, 10-20
time vs. depth, 10-19
Nodular iron, 10-24
Noise, tolerance considerations, 9-38
Nomenclature, angular dimensions, 4-16 to
419
boundary surfaces, 4-5 to 4-8
cutter calculations, 22-43
clements of teeth, 4-9 to 4-12 ’
general information, 4-1, 4-3
kinds of gears, 4-2 to 4-5
linear and circular dimensions, 4-12 to
4-16
metallurgy, 10-7 to 10-10
miscellaneous terms, 4-20 to 4-22
numbers and ratios, 4-18, 4-20
pitch surfaces, 4-5, 4-6, 4-8
principal directions, 4-7, 4-8
principal planes, 4-7, 48
tooth calculations, 7-1, 7-2
(See also Symbols) -
Nonferrous gear materials, 10-25, 10-26
Normal plane, spiral bevel gears, 1-16
Normal section, calculation of, 8-18 to
8-20
Number of teeth, for bevel gears, 5-51
for face gears, 5-71, 5-72
pinion, to avoid undercut, 5-33
general data, 5-32
for power gears, 5-34
for worm gears, 5-68
Nylon gears, material, 10-37 to 10-40
molding practice, 17-4 to 17-6, 17-20

Offset, definition of, 1-1

Oil coolers, 15-16 to 15-18

Oil feed trough, 15-2 to 15-4

Oil flinger, 15-7, 15-10

0Oil scavenging, 14-22, 14-23

0Oil systems, amount required, 15-18
check valve arrangement, 15-6
coolers, 15-16 to 15-18 '
schematic diagram, 15-5
summary of methods, 15-7

Outside diameter, effective, 5-24

Overhung mounting, 12-24, 12-25

Overload factors, 13-19, 13-20

Performance of gears, 14-39, 14-40
Phenolic laminates, 10-39, 10-40
Phosphor bronze, 10-26 to 10-28
Pin measurement, 11-3, 11-4
Pin size, 24-1, 24-2
Pinion, definition, 4-3
Pitch, definition, 1-5
relationships, tables, 24-31 to 24-34
Pitch angle, definition, 1-4
kinematic, 1-2
Pitch curves, definition, 1-5
Pitch diameter, operating, 5-9
standard, 5-9
Pitch element, 1-4
Pitch measurement, 23-22 to 23-26
Pitch plane, definition, 1-5
Pitch surfaces, 1-4
Pitting, 12-47, 14-48
Planers, production capacity, 20-21, 20-22
for straight bevels, 20-20 to 20-24
for Zerol, spiral, and hypoid gears, 20-22
to 20-24
Planetary gears, arrangements, 3-14 to 3-18
bearing reactions, 12-15, 12-16
bevel, 3-21, 3-23
efficiency, 14-24 to 14-26
(See also Epicyclic gears)
Planocentric gear, 3-34, 3-35
Planoid gears, description, 2-13
efficiency, 14-12, 1413
sample drawings, 11-17, 11-18
Plastic flow, 14-47
Pointed teeth, 5-13 to §-15
calculation, 7-20
diameter, 5-25
Points of contact, 1-2 |
Poisson’s ration, 13-19
Powdered metal gears (see Sintered gears)
Power, maximum gear capacity, 3-4
(See also Rating)
Power drives, 5-18
Power formula, 13-29
Power loss, 14-40
Precision quality, 9-15 -
Preshave cutting, 18-19, 19-20
Profile contact ratio, mp, 7-2 to 7-4
Profile layout for bevel gears, 8-21 to 8-29
Profile measurement, by base-diameter
disk, 23-6 to 23-9 N
by dividing head, 23-1, 23-2
by master base-circle disk, 23-9 to 23-14
by master involute cam, 23-14 to 23-17
by pins, 23-21, 23-22
by portable machines, 23-17 to 23-21
by projection, 23-21
Profile modification, design recommenda~
tions, 5-22 o 5-24 i
Proportions (see Tooth proportions)

Quality classes, AGMA classification,
9-16 to 9-20
AGMA fine pitch, 9-19, 9-20
aircraft gear, 9-20, 9-21
levels of quality, 9-15
Quantity of oil, 15-18
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8 INDEX

Rack, definition, 1-5, 4-3
helical, 1-10
trochoid, 8-2 to 8-4
Radioactive gear test, 14-57, 14-58
Radius of curvature, profile, 1-7, 1-8
Rake angles, 22-17
Rating, application data required, 13-1 to
13-3
bevel gears, 13-25 to 13-27
strength, 13-35 to 13-37
cylindrical worm gearing, 13-37 to
13-40
effect of hardness, 13-14
estimating capacity (tables), crossed-
helical gear, 13-9
cylindrical wormgear, 13-10, 13-11
double-enveloping wormgear, 13-11
high-speed helical gear, 13-6
hypoid gear, 13-7
K-factor method, 13-3, 13-4
spiral bevel gear, 13-8
large, 13-7
Spiroid gear, 13-12
spur gear, 13-5
straight and Zerol bevel gear, 13-7
straight-face gear, 13-8
general information, 13-1
helical gears, 13-22 to 13-25
strength, 13-34, 13-35
industrial bevel practice, 13-45, 13-46
life factors, 13-14
lubricants required, 13-15, 13-16
spur gears, durability, 13-21, 13-22
strength, 13-33, 13-34
thermal capacity, 13-17
Ratio, definition, 1-8
formula, 1-8
how to obtain, 3-3
Reactions, basic bearing, 12-4, 12-5
bevel gear bearings, 12-29 to 12-35
helical gears, 12-16 to 12-20
hypoid gear bearings, 12-35 to 12-39
internal gear bearings, 12-12, 12-13
mechanics of, 12-1 to 12-3
planetary gears, 12-15, 12-16
Spiroid gears, 12-43 to 12-45
spur gear bearings, 12-10 to 12-12
trains of gears, 12-13 to 12-15
worms and wormgears, 12-39 to 12-42
Reference planes, 1-16
Region of mesh, 1-6
Registering surfaces, 9-30, 9-31
Removal of material, 21-1
Revacycle cutter, 20-19
Revacycle machine, 20-18 to 20-20
Revacycle production, 20-20
Reverse gear units, 3-22, 3-28, 3-32 to 3-34
Ridging, 14-47
Rim spray, 15-7
Rockwell hardness, 24-35, 24-36
Roll angle, ¢, calculation, 7-3 to 7-5
definition, 1-9
Roll size, 24-1, 24-2
Rolling, design data, 17-20 to 17-22
general information, 17-6, 17-7
production practice, 17-22

Root fillet, design recommendations, 5-24
finish, 9-34
Run-in of worm gears, 12-43

Scoring, criterion for, 13-44, 13-45
general information, 13-44, 13-45
industrial bevel practice, 13-45 to 13-48

Seals, face-contact, 15-15, 15-16
labyrinth type, 15-15, 15-16
radial type, 18-15, 15-16

Service factors, classes of service, 13-43
for electric motor drives, 13-13
for worm gears, 13-41

Shaft angle, definition, 1-1

Shallow-hardening, 10-22, 10-23

Shaper cutters, clearance groove, 22-21
common types, 22-19
general principles, 22-16 to 22-20
for helical gears, 22-20, 22-21
sharpening practice, 22-24 to 22-26
special calculations, 22-26 to 22-29
special features, 22-22, 22-23

Shaping, appraisal, 16-23
clearance groove required, 22-21
cutting speeds, 16-21 to 16-23
general information, 16-17 to 16-20
machines for, 16-18 to 16-20
of worm threads, 21-13 to 21-15

Shaving, angular traverse, 18-11, 18-12
automation, 18-15
axial traverse, 18-9, 18-10
contact area, 18-7.to 18-9
crossed-axes method, 18-2 to 18-8
crown method, 18-12
cutting vs. guiding action, 18-8, 18-9
diagonal, 22-35
general information, 18-1, 18-2
of internal gears, 18-13 to 18-15
multistroke angular-traverse, 18-12
preshave form, 18-19
production practice, 18-15 to 18-18
production rates, 18-17
protuberance for, 18-19, 18-20
rack method, 18-18, 18-19
right-angle traverse, 18-10
rotary crossed-axes, 18-2 to 18-18
stock allowance, 18-20, 18-21, 18-39
transverse, 22-34
undercut, 18-19
underpass, 22-35, 22-36

Shaving cutters, direction of feed, 22-3¥
general information, 18-4
general principles, 22-32 to 22-34
pivot point, 22-36

preshave gear, 22-39
sharpening, 22-40, 22-41
special calculations, 22-41 to 22-46
tool geometry, 22-38
Shear cutting, appraisal, 16-28
general information, 16-23 to 16-25
machines for, 16-24 to 16-27
typical production rates, 16-27
Shock loading, kinds of, 13-2
Silicon bronze, 10-27, 10-28
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INDEX 9

Sintered gears, design data, 17-17 to 17-19
general information, 17-7
production rates, 17-19
Sintered irons, 17-18, 17-19
Size, gear, relative, 3-5
tolerance control, 9-24 to 9-27
(See also Rating)
Size factor K,, 13-36
Sliding velocity, of bevel gears, 14-2, 14-3
» of crossed-axes helical gears, 14-3
definition, 1-2, 1-7
formulas, 1-8
of hypoid gears, 14-3
of spur gears, 14-2
of wormgears, 14-3
Solar gears, 3-15, 3-17
(See also Epicyclic gears)
Spacing measurement, definitions, 23-22,
23-23.

Spacing variation, analysis of index check,
23-31, 23-32 .
analysis of pitch check, 23-27
of bevel gears, 23-59 to 23-61
index checking, 23-27 to 23-31 B
pitch checking machines, 23-23 to 23-26
portable spacing checker, 23-26
Spalling, 14-48
Span measurement, 7-16, 7-17
Speed-increasing drives, 5-17
Spiral angle, definition, 1-15
of hypoid gears, 1-18
Spiral bevel gears, burnishing, 20-47 to
20-49

definition, 1-15
deseription, 2-9
estimating power capacity, 13-7, 13-8
sample drawings, 11-10, 11-11

Spiroid gear inspection, contact pattern,

23-70, 23-71°

mounting distance, 23-69, 23-70, 23-73
pinion checks, 23-71, 23-72
tolerances, 23-74

Spiroid gears, arrangement, 3-20, 3-21
calculation of bearing loads, 12-43 to

12-45

description, 2-13, 2-14
design, 5-74 to 5-83
drafting practice, 11-15 to 11-17
efficiency, 14-10, 14-11
estimating power capacity, 13-12
lubrication, 15-13
proportions, 4-47, 5-78 to 5-81

Splash lubrication, 15-1 to 15-5

Spline failure, 14-51, 14-52

Spur gears, bearing reactions, 12-10 to 12-12
broaching, 16-28 to 16-33
composite tolerances, 9-26, 9-27
definitions, 1-2, 1-4
description, 2-4, 2-5
drawing practice, 11-3 to 11-7
efficiency, 14-3 to 14-6
estimating power capacity, 13-3 to 13-5
form grinding, 19-1 to 19-7
generating grinding, 19-7 to 19-13
hobbing, 16-5 to 16-17
houning, 18-21 to 18-26

Spur gears, lapping, 18-27 :
made by die processes, 17-1 to 17-9
milling, 16-1 to 16-5
quality classes, 9-14 to 9-21
scoring criterion, 13-44, 13-45
shaping, 16-17 to 16-23
shaving, 18-1 to 18-21
shear cutting, 16-23 to 16-28
strength rating, 13-33, 13-34
surface durability rating, 13-21, 13-22
threaded wheel grinding, 19-13 to 19-15
tolerances, 9-10, 9-11

examples, 9-6, 9-7
trochoidal fillet, 8-2 to 8-4

Spur rack, 2-4, 2-5

Stamping, design data, 17-9, 17-10
general information, 17-3
production rates, 17-11, 17-12

Standard system, for bevel gears, 5-48 to 5-50
for face gears, 5-71
general considerations, 5-26, 5-27
for helical gears, 5-41 to 5-45
for Helicon gears, 5-74
for internal gears, 5-46
for Spiroid gears, 5-74 .
for spur gears, 5-27, 5-28, 5-31
for worm gears, 5-64

Star gears, 3-15 to 3-18
(See also Epicyclic gears)

Steels, alloy type, 10-10 to 10-12
carbon type, 10-10 to 10-12
carburizing, 10-16, 10-18
choice of, 10-12, 10-13
composition, 10-11
general properties, 10-2
hardenability, 10-12
heat-treatment, 10-3 to 10-7
induction hardening, 10-19 to 10-22
localized hardening, 10-15
nitriding, 10-19
physical properties, 10-4 to 10-7
processing, 10-14
shallow hardening, 10-22, 10-23

Straddle mounting, 12-23 to 12-25

Straight bevel gears, definition of, 1-15
description of, 2-7, 2-8
manufacturing practice, 20-11 to 20-22

Strength of steel gears, 10-16

Strength rating, allowable fatigue stress,

13-28, 13-31
bevel gears, 13-35 to 13-37
general formula, 13-28
helical gears, 13-34, 13-35
spur gears, 13-33, 13-34
Surface of action, 1-3
Surface durability, allowable contact stress,
13-18, 13-27
bevel gears, 13-25 to 13-27
cylindrical wormgears, 13-37 to 13-40
general formula, 13-18
helical gears, 13-22 to 13-25
spur gears, 13-21, 13-22

Surface finish, definition of, 9-31
vs. dimensional tolerances, 9-32 to 9-34
of profile, 9-34
standard values, 9-32
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10 INDEX

Symbols, allocation of letters, 4-22, 4-23
Greek letters, 4-23
special, list of, 4-25 to 4-27
subscripts, 4-23, 4-24
typography style, 4-24
(See also Abbreviations; Nomenclature)

Tangent plane, 1-16

Tangential hobbing, 21-18 to 21-22

Teeth (see under Tooth)

Temperature, effect on center distance,
6-15, 6-16

Temperature factor, Kr, 13-31

Tensile strength of steel, 10-4 to 10-6

Terminology, of bevel gears, 2-8

of internal gears, 2-7
of spur gears, 2-5
(See also Nomenclature)
" Testing, of accessory boxes, 14-53, 14-54
for efficiency, 14-54 to 14-57
by four-square torque loop, 14-53
of lubricants, 14-57, 14-58
by power absorbtion, 14-53

Thermal rating, 13-17

Thickness of teeth (see Tooth thickness)

Thread generating, 21-13 to 21-15

Thread grinding, worms, 21-26 to 21-28
production rates, 21-28, 21-29

(See also Grinding)

Thread hobbing, worms, 21-8 to 21-10
procedure, 21-10 to 21-12
production time, 21-13

(See also Hobbing)

Thread milling, worms, cutters used, 21-7,
general information, 21-2, 21-3
on hobber, 21-5 to 21-7
procedure, 21-3 to 21-5
production time, 21-12, 21-13

(See also Milling)

Thread rolling (see Rolling)

Threaded-wheel grinding, general prin-
ciples, 19-13, 19-14

production time, 19-14, 19-15

Tip round, recommended amounts, 5-39

Tolerances, AGMA quality classes, 9-14 to
9-21

allowance vs., 9-4
by application, 9-22
for bevel gears, 9-14
on center distance, 9-40
choice of, 9-8, 9-9
composite, 9-25 to 9-27
critical geometric shapes, 9-36
on deburring, 9-37, 9-38
definition, 9-3
effect of surface coating, 9-35, 9-36
effects of, 9-5
error vs. deviation, 9-4
by fabrication method, 9-23, 9-24
for helical gears, 9-11
by materials, 9-23
by rank, 9-34, 9-35
mounting effects, 9-29, 9-30
by pitch-line speed, 9-22

Tolerances, position of tooth, 9-28, 9-29
by quality classes, 9-14 to 9-21
size control, 9-24 to 9-27
for spur gears, 9-10, 9-11
terminology, 9-1 to 9-3
types, 9-5 to 9-8
for wormgears, 9-13, 9-14
for worms, 9-11, 9-12
(See also Quality classes)
Tooth breakage, 14-49 to 14-51
Tooth numbers (see Number of teeth)
Tooth proportions, 24-31
basic considerations, 5-4, 5-5
for bevel gears, 5-50
definition of elements, 5-2 to 5-4
for face gears, 5-71
for helical gears, 5-43, 5-44
for Helicon gears, 5-84, 5-85
for internal gears, 5-47
low-friction drives, 5-18
obsolete systems, 5-40
power drives, 5-18
speed-increasing drives, 5-17, 5-18
for Spiroid gears, 4-47, 5-78 to 5-81
for spur gears, 5-29 to 540
standard data, 5-38
for worm gears, 5-65 to 5-67
(See also Standard systems)
Tooth thickness, angular, 1-6
chordal (see Chordal thickness)
circular, 1-6
design considerations, 5-20 to 5-22
measurement, at any diameter, 7-19,
7-20
at any radius, 7-15
by dimension over pins, 23-39
with master, 23-39, 23-40
over rolls or balls, 7-9, 7-12 to 7-16
by span method, 23-40, 23-41
tables of dimensions over wires, 24-8
to 24-17
by tooth calipers, 7-17, 7-18, 23-38,
"23-39, 23-49, 23-51
by vernier calipers, 7-16, 7-17, 23-51
for small numbers of teeth, 5-39
thinning allowance, 9-27
variation with cutter setting, 7-19
Top angles, 22-17 .
Top land, width, 5-25
Toprem feature, 20-29
Total contact ratio, definition, 1-12
Transmissions, automatic, 3-29, 3-31, 3-32
gear-shift, 3-27 tq 3-31
reverse gear units, 3-32 to 3-34
Transverse plane, definition, 1-5 -
Transverse shaving, 22-34
Traverse motion in generation, 1-20
Trigonometric functions, 24-23
Trochoid, definition, 81
fillet, 84 to 8-6
of rack, 8-2 to 8-4
Tuplin, 14-31, 14-32

Ultraprecision quality, 9-15
Undercut, of bevel gears, 8-39
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Undercut, contact ratio with, 7-7

definition, 1-3

description of, 1-21

design table, 5-33

general discussion, 5-15, 5-16

in spiral bevel gears, 5-61

in straight bevel gears, 5-60
Undercutting, 7-5 to 7-7
Underpass shaving, 22-35, 22-36
Unitool method, 20-33

V and H check, 23-54 to 23-57

V-drive unit, 3-21, 3-22

Velocity ratio, definition, 1-6

Versacut process, 20-34

Vibration of gears, 14-40, 14-41

Viscosity, of AGMA lubricants, 15-12
of aircraft gear oils, 15-19

Viscosity index, 15-11

Waviness designation, 9-34

Wear, 14-43 to 14-47 ,
from inadequate lubrication, 15-13, 15-14

Weight of gears, relative, 3-5

Windage losses, 14-20, 14-21

Wire size, selection, 24-1
table, 24-2

Workholding devices, 20-10, 20-11

Worm gears, arrangement, 3-20, 3-21
blank proportions, 12-43
calculation of bearingloads, 12-39 to 12-42
calculation procedure, 5-64 to 5-70
cutter diameter, 5-69
cutting, double-enveloping, 21-23 to 21-26
cylindrical, design, 5-64 to 5-70
definition, 1-19 '
description, 2-11, 2-12
drafting practice, 11-13 to 11-15
efficiency, 14-8 to 14-10

Worm gears, estimating power capacity,

13-10, 13-11

hobbing, 21-15 to 21-23
general information, 21-15 to 21-17
infeed method, 21-17, 21-18
production time, 21-22, 21-23, 21-26
tangential method, 21-18 to 21-22

inspection, contact check, 23-65, 23-66
of double-enveloping gears, 23-67, 23-68
worm checking, 23-66, 23-67

lead angle, 5-68

lubrication, 15-11, 15-13

normal pitches, 5-68

pitch diameters, 5-70

rating, 13-37 to 13-44

tolerances, 9-13, 9-14

tooth forms, 5-64 )

Worms, calculation of profile, 8-18 to 8-20

cutter for, 8-15 to 8-18

cutting throated worm, 21-23 to 21-26

definition, 4-3

generating (shaping) threads, 21-13 to

21-15

grinding threads, 21-26 to 21-29

hobbing threads, 21-8 to 21-10

inspection of, 23-66, 23-67

milling threads, 21-3 to 21-7

normal section, 8-18 to 8-20

rolled threads, 17-20 to 17-22

sample drawing, 11-13

tolerances, 9-11, 9-12

X-factor layout, 8-28, 8-29

Zeman, J., 14-31, 14-32°

Zerol bevel gears, description, 2-8, 2-9
lapping machines and processes, 20-48

Zinc-base die castings, 10-33

Zinc die castings, 10-30, 10-32, 10-33
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DARLE W. DUDLEY . ..

« + . is currently Chief of Gear Technology, SOLAR, Division of Inter-
national Harvester Company, and was Manager, Mechanical Transmissions,
at Mechanical Technology, Inc., Latham, New York. Previously he was
Manager, Advance Unit of the Gear Engineering Subsection, Medium Steam
Tutbine, Generator and Gear Department, General Electric Company,
Lynn, Massachusetts. From 1953 to 1957 he was Section Head of the latter
company’s Development Section of the Gear Engineering Division where
he was responsible for gear development and testing, and for the design
and development of special tools and machinery for the manufacture of
gears. In this capacity, he was also responsible for the design of special
product gearing which included gearing for aircraft gas turbine engines,
gun control, and other special military applications.

In 1958, Mr. Dudley received the Edward P. Connell award in recognition
of his outstanding accomplishment in gear work. He has since been regarded
as one of the outstanding gear experts in the United States and abroad.

The author of many technical articles, Darle Dudley is a Registered Pro-
fessional Engineer in the ‘state of Massachusetts, and is a member of the
American Society of Mechanical Engineers and the American Gear Manu-
facturers’ Association. o
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