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Preface

This book is not a treatise from which to learn the operation of gear-cut-
ting machines and equipment. Manufacturers of gear cutting machinery supply
adequate information on operation of their machines, and the time required to
cut, hob, shape, or generate a gear profile is small compared with the total time
for fabrication of a gear or pinion as specified in a blueprint. This book will place
more emphasis on teaching beginners and advanced planners how to process
gears.

Furthermore, the purpose of this book is not to go into details of designing
gears, stress analvsis, or to repeat formulas that define various gears. That
information is given in many excellent publications like Machinery's Handbook
and other specialized books on gears (listed in the appendix). Speeds and feeds
also are given in hundreds of publications like Machining Data Handbook and
manuals distributed by individual machinery manufacturer’s. This book will be
useful for:

1. Entry-level manufacturing and processing engineers in the machine
shop field, who want to either learn or enlarge their knowledge on processing of
gears. It is assumed that the above categories of engineers have at least some
knowledge of the various types of gears, their shape, and machining in general.
A pood machine shop engineer must have some practical experience on the shop
floor.

2. Designers of gears in the USA and all over the world, by providing
them with practical and useful hints about how they can assist in reducing the
cost of fabrication. In today's hectic, competitive, world, where products have to
be introduced in the shortest possible times, designers calculate stresses and lay
out the dimensions of gears, but have no time to devote attention to subjects
such as unnecessarily close tolerances. In these days of computerization, com-
puter-aided design, without much effort, will give dimensions to the third deci-
mal place, even where such accuracy 1s not necessary or required. The cost of
manufacture increases with close tolerances, and with every decimal position.
Many designers are not familiar with methods of heat treatment and their relat-
ed cost. Though heat treatment is a speciality, it is essential for manufacturing
and design engineers to have sufficient knowledge of various heat treatments.
The author will endeavor to describe the subject of heat treatment in simple lan-
guage.

Any manufacturing engineer who wants to process gears should order a
copy of Catalog #2000 from:

Ash Gear & Supply Corporation

42650 Nine Mile Road Novi, Michigan 48375 USA.

Tele. #: (248)374-6155. Fax # (248) 374-6255



Ash Gear & Supply claims to be the world's largest supplier of gear-cutting
tools and it maintains a variety of both new and used tools. Catalog #2000 has the
following technical information:

Selection of tools for gear cutting. Gear nomenclature .Formulas.

Lists of books on gears published in the English language. Computer programs for
gears. Partial directory of gear fabricating companies in the USA.

In the next few chapters, common gear nomenclature is defined and pro-
cessing of six (6) typical gears 1s analyzed, to provide beginners with basic knowl-
edge of various methods of processing. Instead of simply giving processing sheets
for parts, logic and reasoning for every sequence of operation is explained. Based
on this material, the beginners will be able to write processing steps without
assistance from anyone.

Subsequent chapters describe production, selection of materials, heat-treat-
ment, plating, methods of cutting, hobbing, shaping and grinding, in detail. To
save beginners from having to search for information elsewhere, certain useful
tables that the author has used in his career while processing gears, are attached.

In the chapter entitled, "Methods to Cut Gear Teeth," at the end of each
process description, model numbers, capacity, and addresses of gear machinery
manufacturers and suppliers are given. Some of these addresses may have
changed. However, the companies can always be traced.

Where a company does not have sufficient capital to permit purchase of the
latest machinery, Chapter 3 of this book lists model numbers for used equipment
that is available in the used machinery market. It is possible to retrofit and recon-
dition many of these old machines to give nearly equal-to-new quality of the end
product. Retrofitting and reconditioning work must be performed by a skilled,
knowledgeable person or organization. The hists given do not include all the differ-
ent models available in the industry, but Manufacturing Engineers can easily get
that information from the manufacturers. In addition to their expertise concerning
machinery suppliers, Manufacturing Engineers have to apply impartial analysis of
the field. They know the financial limitations of their companies and the nature of
the jobs their company has to do.

Useful tables from commercial catalogs are given at the end of the book .
These tables give cross-references of different US Standards. A table of American
stainless steel materials, with equivalent German, British, French and [talian
materials, 15 also given.



List of Useful Books Related to Gears

This book will enable a Manufacturing Engineer who is familiar with

machine shop practice to be a specialist in the gear-manufacturing field.
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Chapter 1

TYPES OF GEARS AND
PROCESSING OF GEARS

Gears eome in all forms from tuny gears and pimions used in
watches, toys, and airerafl actuators, to those used in heavy earth-mov-
ing machinery and coal-mining machinery.

Gears can be cast, forged, sintered from powdered metal, or
made from solid rolled material. Forms of gears may be classified as
bevel, helical, straight spur, pinion, worm and worm wheel. For some
applications, gears are made from various grades of plastics materials.

The vast majority of gears are cut or ground on a production
scale. Gears used 1n gear boxes of machine tools are generally ground
because of the following two factors:

1. Low ultimate noise levels are required while operating in
gearboxes.

2. Less friction is needed so that power consumption is

reduced.

Gears used in turbine gearboxes are generally ground because
of these same considerations,

Gears used in cranes and other lifting mechanism are general-
ly cut or hobbed.

Gears fall in the following main types of categories:

1. Straight spur

2. Helical

3. Bevels

4. Worm and worm wheel

5. Splines

6. Sprockets



Types of Gears and Processing of Gears

Figures 1-1and 1-2 show photographs of gears used in industry

The teeth on straight and helical gears, on a production scale,
are cut either on a hobbing machine, using a hob (tool), or shaped on a
shaping machine. Fine gears can also be ground from sohd blanks.
However, the majority of ground gears arce first rough-hobbed, or
shaped, and then ground. Straight spur gears can also be cut using a
rack type cutter on a Parkinson or Sunderland type machine.

Figure 1-1 Twpical Gears.



Types of Gears and Processing of Gears

There are many types of bevel gears, and their teeth are cut with
reciprocating cutters or by a milling process. The Gleason Works of the
USA, and Klingelnberg GmbH of Germany are two of the worlds leading
bevel gear machinery manufacturers. Except for the method of cutting,
processing is similar to that for the gears described in Chapter 5. These
two firms will willingly recommend types of machines and cutters for
producing specific bevel gears depending upon production quantity.

Figure 1-2 'ypical spiral gear.



Types of Gears and Processing of Gears

Worms can be cut on a CNC lathe using a single-point form tool
or may be rough-milled in a special thread-milling machine and fimished
by grinding.

Wonm wheels are generally produced by hobbing.

Sphines also are generally hobbed, and blind internal splines
are usually shaped. Unrestricted internal splines on a production scale
are best produced at low cost by broaching, provided that the Rockwell
hardness of the part does not exceed 35°C,

On all the tvpes of gears mentioned above, except sprockets,
gears are specified by diametral pitch in the inch system and by Module
in the metric system.

It is essential to understand the basic terminology of spur gears
and to this end 1t may be worthwhile to understand and remember sim-
ple formulas pertaining to number of teeth (N) and diametral pitch (DP)
for standard spur gears.

Pitch circle diameter = Number of Teeth
Diametral Pitch
= Bl
DP
Outside diameter of gear = N+2
Dp
In metric gears, DP is defined by Module (M), which can be
summarized by the following formula:

M = 254
DP
- 25.4
Diametral Pitch

Another important parameter is known as the pressure angle.
In mvolute teeth, the pressure angle is often described as the angle
between the line of action and the line tangent to the pitch circle. This
angle can be 14-1/2 degrees, 20 degrees, 25 degrees or 30 degrees. The
involute shape is best described in Van Keuren's Handbook #37 and this
definition is reproduced in the next chapter,

Knowledge ol the pressure angle 1s important in selecting the
correct cutting tools for a particular gear. Many of the carlier large-
diameter gears were cut with a rack-type cutter having a corresponding
pressure angle.



Chapter 2

GEAR NOMENCLATURE

The most important parameters for manufacturing engineers Lo
know are:

1. Diametral pitch

2. Pressure angle

3. Measurement over wires for checking gear sizes

4. AGMA Quality Number

(standardized by American Gear Manufacturers® Association).

Measurement over wires and AGMA Quality are explained in
detail in subsequent chapters.

Every gear engineer should also be familiar with gear nomen-
clature symbols and formulas for spur, worm, and helical gears, and
splings. These symbols and formulas are explained in many publica-
tions and in the books listed in the appendix.

Beginners should start with an understanding of the formulas
for external gears. Terminology for helical and bevel gears and splines
1s an extension of spur gear terrmnology. Tooth elements are described
in Table 2- 1.

Most gear tooth profiles use the involute shape of tooth, as
described by Van Keuren in Handbook # 37. An extract from this hand-
book is in Table 2-2. In short terms. the involute curve is generated by
a poimnt at the end of a cord as it is unwound from the surface of a cylin-
der known as the base circle.

The diameter of the base circle equals the pitch diameter x cos
of the pressure angle =D x cos 0.

After familiarity is attained with the various methods to cut
gears, 1t is necessary to know how to measure gears., Van Keuren has
standardized the most commonly-used method of measuring over wires.



Gear Nomenclature

Wire size ( is sclected from Table 2-3, which is reproduced from Yan
Keuren’s Handbook #37, Wire size is different for enlarged pinions,
standard external gears, and internal gears.

Tables 2-4 and 2-5 give tooth proportions for various gear sys-
tems such as the inch, module, diametral and circular pitch. Given this
clementary knowledge, we can now go to the next chapter which
describes in detail various gear-cutting methods.



Gear Nomenclature

TOOTH ELEMIENTS

—_—
DEEMDOUM
piIvER
ARUDENDUM
5 NASE -
FITGH

——

——pASE O T

| ACTIVE LENGTH
OF COMTACT
ON LIKE OF ACTION _

WHOLE
OEFTH

LIKE OF —
CERTERS

BASE DIAMETER: The diameier of the haze cmele or
iz circle frony which the mvelute 1eoch prodile b
developed.

PITCH DIAMETER: The dismeter of ilie pich circle.
In thesey 6 is the imeginary caircle thar rells withous
alippage with » pitch circle of o mating gear.
OUTEIDE DIAMETER: The diomeier of the addendum
or oulside circle.

ROOT DIAMETER: The diamerer of the rom comcle or
the circle that is fangent o the hoitoms of the tooih
spaces.

LINE (OF CENTERS: The line whkh connecis ihe cen-
ters of e pisch circles of two mating geers

PITCH POINT: The polal of tangency of mwa pich
cirelez on the line «of cemiers.

LINE OF ACTIOM: The strotght lime possing through
tlie piich point and tangent to fhe base circles. It =
actuslly the pu[l; ol copluct o mming involutes,
BASE PITCH: The fundamental distance between odja-
cemt curves along a coninwan eormal gecl os the line of
acilan

ADDEMDUM: The radial diszance berween the pitch
circle end the outside diameter.

CLEAMANCE |

DRIVEN

FITCN
POINT

DEDENDUM: The radial distance beswesn the pich
pircle and the rood circle.

CLEARAMCE: The amount by whih the dederdumn in
o gear excesds the sddendum of its moting gesr.
PRESEURE AMGLE: Tlie mngle between e line of
action and the ling wengens o the pitch circle w the
picch poine. Since en involube fias no specific pressure
engle unisl bBrowghi inco i-|l:i"|..||__. comiact Wik noiher
invaluwie, the operaling pressure angle is determined hy
the center distence &1 which 8 par of gears operale.
Far umiformizy and ecenomies, standard pressure angles
are established for standerd gear toeoth syshems.
WORKING DEFTH: Tlie depth of eCEnpelt Al of twa
mating gears — in effect the sum of their gpddendums,
WHOLE DEPTH: The toml depth of o o0l space,
cqual 1o addendunm plus dedendum, or ihe working
depth plus the clesrance

FACE WIDTH: The lengeh of the 1eth en 2o exial |:I|.]."|-:.
BACKLASH: The mnounl by which the widtlh of o
tnoih space excesds e thickmess of the engeging Looll
o the pitch circles

For furcher charification |:|f definitives of “(rearomerry”
Elemeniz, see AGMA Sanderd Number 11203 entii-
led “Ciear Womenclature.”

Tahle 2-1

T



Gear Nomenclature

Fre, @, SPMUR GEAR TOHITH PARTS.

The following are four imporant definitions applyving to spur
OOArs - PPRTE

1.

PITCH DIAMETER (D). For purposes of design ghp pitch
diameter of @ gear equals the number of geeth divided by the
diametral pitch.  This is the basic or fundamental diamerer
used for all gear caleulations. Tt should not he san fused with
the operating pitch diameter which i3 the diameter contain-
ing the pitch point.  The pitch point is determined by ¢he
intersection of a Jine tangent to the base greles of hoth gears
with the center line of the gears.

TOOTH THICKNESS AT PITCH DIAMETER (T). On
standard gears with no backlash the tooth thickness eguals
the width of the space at the pitch diameter. On enlarged
pinipns the tooth thickness is greater than the space, and on
reduced gears the teoth thickness is less than the sapace.
DIAMETRAL PITCH (P). The diametral pitch is the
number of teeth per inch of pitch diameter. It identifies the

size of the teeth.

PRESSURE ANGLE (g). The pressure angle is the angle
made by a Jjpe tangent to the gear tooth at the pitch diame-
1J|:|' and a radial line drawn through this point of tangency.
i is also the angle forme ¢ the gide of th af basic
R T R R T
sure angle determines the size of the |J:].F:|:] il qu. wilich
the invalute curve 18 generated.  Gears of -E and pires-
gure angles are in common wsage.  Other pressure angles
such as: 17L4°, 2214°, 25°, 2714° and 30" are used for special
pPUrposes

Table 2-2 Involute Form,
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Gear Nomenclature

Wirs Dismaier

GEAR WIRE SIZES.

Wirs Dismstar Wiire [Flamater

= ﬁ# y Alisraaie Insernal sars

“ﬂmm T 1,447
" Ay T
I.ngﬁ ]gﬂ- I.-;-;
. . 20
[ I
A B
Jis J3
AR 280
24488 J40 .“EE.'En
216 210 180
192 AR R 171]
A7 ) J44
13T 15173 i1
J44 40 N
A1543 120 0286
108 03 090
i3 (G133 R0
: (184 72
o ] .Hﬁjﬁ Lai4s
Ha1TL e ﬂ?ﬁi
054 0518 M3
iy THEAT (40
0412 043 036
036 ik 30
027 03625 01z

4 02333 020

036 02 018
.DI? : A1 g; 015
Hhi 14 EH‘
0133 01312 1125
0RE4 4 o3

GUIDE TO WIRE SELECTION

L's#

{a} En pimions. Wires propect ahove
outsbde dianmeier

i) Extemnal involsie splines.

{¢) Involule sermanions,

(d] Alternste Ge J447 mnd 207 pressae
anghe standard addendum gears.

(n} External scandard sddendum spur and
helical pears. Wires project above the
vartside dinmeier.

(k) Incernal splines above 8 pecih

{a) Suptable for 14% Inlernal gears above
A1 seeth and J)° gemrs above 29 pzeth.
Wines project bedow the mside dinmester.

fep Alernaie fer stundoard sddendum ex-
iernal genrs.

{a} Iniernal  siondard  oddemdum  gears.
Wires make good centact on gear teeth
bt do ned project  below the  meide
dinmeters.

Table 2-3 Wire slzes for checking gears.



Gear Nomenclature

TABLE OF TOOTH PROPORTIONS FOR
VARIOUS GEAR SYSTEMS

The Tablg lists thic el proportions for warjous gour
systems, Tl dismetral sod dreulas picels, modube, dineuler
towdhy tliickness wnd addemdom wre given Cor all systems, The
dedendum snd whole depih are ubuluged for fhe AaGMaA
4% PAL Composite Bysiom, [l AGMA and A%% Staadnrd
Full Depth Systeny, ond thic Full Fillet 5yeiam

10

1 1,141 ] 1.258 11 1.350
TF o LLIF#E ET upm T jﬁl
AGMA 14T FULL FILLET S¥STEM
LMIE ;:hur, 2549 5708 ALL PIESSURE AMGLE | AGHMA & ASA STANDARD |PAE-GEOWND &
P P or e STSIEMS | COMPOSITE SYSTEM | FULL DEPTH 5YSTEM FRE-SHAYED)
GIRCULER
MAMETRAL| CERCULAN ToOT WHOLE WOLE WIOLE
PITEII FITCH | MODULE | TISICHAESS | ADDENDUM | DEDENDUN | DEFTH | DECENOWM | GEFFH | DEDENDUM | DEPTH
25000 | 1.2666 [10.1600 GEB3 A000 As2d | .BA24 D00 8000 S400 5400
TI500 | 10424 | 9.2364 | .Gile 630 208 | 7844 4845 | BIEZ | OWr BE4E
k] 1.0472 | B.ABET 5236 JA333 857 140 Aled 000 A500 a3
31416 |17 BOASL | 6000 | 3183 | SoB3 | Goee | g7 | 7ie2 | 4207 | 7480
31750 | SE3E | B A947 A150 G BTG5 537 087 4257 il T
33510 | 15/16 | 75798 | _46a7 | 2084 | 3453 | B6A%7 | 3750 | 6718 | 4029 | JOI3
3387 | G2i6 | felfe 4638 | 2953 3416 | 6365 | 3691 a4 EFLETS CEEL]
35000 | Ad7e | 7257 4488 | 78&7 3306 ELEZ | 2h71 | 6429 a7 A71d
3RG04 | 7/8 | 70744 | 375 | 2788 | 3223 | 6008 | .34B2 | 6367 | 3760 | 6545
36736 | O&%d | 7 4320 2756 3iB0 | BdE 3445 | Benl | 3720 IR
ABGhG | 13716 | 65091 | 4d0be EELTS .29493 BETY 3033 | BBLS 349] B0
577 | B0 | G172 | 4020 | 2853 | aomi | Geen | 3009 | 57sa | 3455 | 6014
4 785 | £3500 | 3937 2800 2843 G303 3126 | 5625 3375 AETE
#.1BBB | 3/4 | 60638 | 3/50 | .2a87 | =276z | Biag | 2op4 | 5371 | 223 | 5610
47333 | J4rl | 6 371l 2362 2733 EOGS FaEE CER g184 GA51
AEEGE | 11/16 | Sh5a5 [ 3237 2188 FIEH A7 80 2730 CEFE] 9054 | Slés
46182 | 6803 | 5172 3401 2165 2505 4570 2707 AT 2023 I
A7124 | 2/3 | 5000 | 4399 | 2lee | 2455 | AGer | geks | A775 | 2865 | 4087
5 JGEES | 5OBOD | d1a¥ 000 2314 EE 2500 | 4500 ] AT00
—EliZ6k | 5/8 | 50531 | 125 | .1983 | 2301 Azon | .r4n7 | 476 | 2666 2675
BoBOD | GEBG | B 302 988 2e7d AZ46 2461 4425 2e57 4525
E.3074 | .5A75 | 4-d/4 FOEE | .18r0 | 2164 A034 T390 | A0 | 2925 EEL
§5H51 | 9716 | 4.5476 i i 1750 2071 B 2238 A0Z6 el AZ07
| H.G444 | ooe6 | A-172 ZTed | 1772 | =oso | J@es | 2215 | o8 | 2333 | 4l6d
BE76R L B2ET | 4-174 2628 JAE7a F93G 3503 g 3T64 el ] a337
& TEE [ 4FIA3 | FeiE 16a7 {428 | 3595 | 2083 | .3/80 | .2a50 | 3ul7
G832 | 172 | 40025 | 2500 1601 1BAE Erkk] 15ED | J5a0 | 2149 F740
6.3500 | 4947 | 4 2ard | 575 | 1B3F [ 3387 | 1968 | 3543 | Z2lse | 3701
B3| 4636 3344 -] 2313 1478 L1704 31EE 1845 3371 1993 34hA9
7 4339 | 36206 | o8 | .1429 | .1es3 | g042 | 178A 3214 | 1929 | 33
71808 | 7716 | 35372 | .21Bf | 1353 | .1611 3004 1741 3158 | L1680 | 3273
72571 | 4349 | S-178 2led 1378 _154Eq AT 1733 3100 AR | 3738
78154 | 4020 | 3-1/4' | .20i0 1279 _14RD R 1 RES L] 1727 3006
B 3927 | a.1750 | .66 | .iea0 | 1446 P 1ohs | 2813 | 1688 2938
83776 378 3.0319 A875 L1104 C13E1 FETS d409% FEEE 1611 2B0E
BAEE7 | 3711 [ 3 A B55 J181 U367 | Z54E 1477 2658 | 15894 | 2778
Table 2-4



Gear Nomenclature

[ 1157 67 1250 T O e ) AL
L Tl L||| = i I 1] LIJT Hi
AGLTA T @ FULL FILLET SYSTEM
SO Y 1 e 1.5/00 1Ak PRESSUIE RIPRLE | AGRIR B KGR STARNAL [P NE-GHUUKD &
(W} L i frie EYSIEME | LIMPOSITCSYSICR | DL UEFTR SYSTIR [EE-SARYER|
CIRCULAR [ !
BIAMETRAL CIRCULAR ra WiaLE VIIEILE BHLE
FITCH | FITCH | WODULE | TIIGERESS| AIDENDUR) | DCOCHGULE | NEFIN | DEOENGBUS] | BEPEN | DEDEMOUM | OEPTI
- B - ] e e me ff esh s
A 2451 | 222z | iTas | L1110 1286 2397 1389 2500 500 | 2611
91364 3401 | 2354 1701 J082 | JTZR3 335 1353 2435 1482 | F544
O4248] 1/3 | 26950 | 1667 | .IORI | 1228 | 22RO | 1326 | 2387 1432 | 2493
—3JA2 | 28a68 | 15T “Eﬂ%ﬂ— N - O - O - Lo - L
10.0531] 5716 | 25266 1562 | 1161 21406 1244 233a | 134577 2338
Ha Iaod] 32 | 2-1/2 BT e ] 2123 1230 2214 1328 2313
I 2B0D | 23001 | 1428 [ G809 | TT052 | T96L | L1198 | o045 | .dees | 2lab
JTZEE9| | ZLA 130T [—08EE |_ioes 1 JOTT | 1107|1903 | _ 1195 | D082
12 2618 [ 21167 | 1309 | 0833 | 0964 | 1793 | 1042 | 1875 | 1125 | 19587
I25e0d | T7] | 20213 | 1350 | 0796 | 0921 | 1717 R, TR
[Troo0] 3478 | 2 J237 | OVET | OOTT | debe | 0984 | 1771 ] 1083 | .18&0
13 2417 | 1553 | TE0e_[ 0788 [0 | 1659 |—aee_ | .1 ; JHOY
14 2244 | 18143 | 1122 | 0714 | 0827 15417 0893 [ 1607 | 0963 | 1679
14.5143] | 34 082 | 089 | 0787 | 1486 | 08RI | I550 [ 0930 | 1619
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14 1300 | 10583 | pesa | .od 17 - 0520 [ 6937 o883 | lded
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20 PITCH AND FINER — L E':":' +aoz 220 4 oan 20 pr'?EEE'ﬂ?:"F'mm_.Jﬁ. £002 — 002

Table 2-5 Tooth proportions for various systems,

11



Gear Nomenclature

18



Chapter 3

METHODS FOR CUTTING
GEAR TEETH

The most common method of cutting gear teeth is by means of
a hob. Spur, parallel, and crossed axis (helical), spiral, and worm gears
can all be produced by hobbing. Feeding the hob across the face width
of a gear blank will serve to cut all gears except worm gears. To produce
worm gears the hob is fed either tangentially past the blank or radially
into the blank.

Al this stage, it is important to understand what a hob 1s and
how it is held.

What is a Hob?

A hob is a worm thread that has been fluted and each tooth
form relieved. The flutes provide the cutting edges. Each tooth is
rehieved radially to form clearance behind the cutting edge, allowing the
faces of the teeth to be sharpened while retaining the tooth profile. The
Barber-Coleman Company was one of the pioneer hob and hobbing
machine manufacturers in the world, and in Germany, it was the
Plauter Co.

Fig. 3-2, from Barber Coleman’sbook Gear Hobs, 1954 Edition,
shows a typical hob. Tables 3-1 and 3-2, also from the Barber-Coleman
Company, show hob nomenclature and design elements. (Barber-
Coleman no longer markets gear cutting machinery or hobs).

The cutting edges of the teeth on ecach flute of a straight-fluted
hob may be considered to have the form of a rack. In an involute gear
hob, the teeth have essentially straight sides and are equally spaced
according to the pitch. The hob embodies as many of these racks as
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Schematic view of the generating Schematic view af the performance

metiom f @ haoh. of an individoal hol feeth.

Figure 3-1 Generations of involute profile.

SHANK
WORM GEAR HOBS
AX. DP 20" PA

Shank Typsa, Topping
Right Hand

Figure 3-2 Pictorial view of typical hohs.
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Methods for Cutting Gear Teeth

there are flutes. The racks are equally spaced around the periphery of
the hob and each 1s axially displaced from the preceding rack by a fixed
amount depending on the lead angle. As the hob and gear blank are
rotated at a uniform rate, in general relationship to each other, each
rack assumes the correct position relative to the blank to generate the
required involute tooth profile as shown in Fig. 3-1.

Types of Hobs

The range of hob pitches i1s from 1to 180dp, and hobs are made
to the tolerances of one of the standard classes adopted by the Metal
Cutting Tool Institute. These classes include:

Class A Precision Ground
Class B Commercial Ground
Class ¢ Accurate Unground
Class D Commercial Unground

In addition, an ultra-precision hob, called Class AA, is general-
Iy available. Class AA hobs are used for the very finest gears, and are
generally available in 3 dp and finer.

Special Finishing Hobs

The present trend is toward the increased use of special hobs,
and the special features are usually considered to be more important
than whether or not a hob is available from stock.

Any finishing hob that requires a modification of the standard
form, is a special hob. In addition, hobs that deviate from the standard
sizes or classes, are considered special. Special gear hobs are manufac-
tured in any of the five classes of tolerances, depending upon the accu-
racy required in the gears to be produced.

Semi-topping hobs for cutting a chamfer on the tips of gear
teeth are one type of special gear hob. The primary purpose of a cham-
fer is to reduce the possibility of nicks on the involute profile when large
numbers of gears are being handled. In addition, de-burring operations
are often reduced or eliminated because the burr is turned away from
the involute profile.

15
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The following definitions of hob terms are in agreement with
the Metal Cunting Tool Institute Handbook.

Ouiside diameter is the diameter o the eircle which contains
the woep of the cuting edges of the feeth.

Root diamyeter is the dismeter of the circle which contains the
bottom edges of the teoth form ar the cutting edges. For topping
hobs, this diameter contains the edges which cut the outside diameter
of the part.

Pitch diameter is a reference diameter at which the lead angle
and teoth thickness of the hob are determined.

Lengih of hob is the overall length.

Adctive length of hob is the distance acroess the cutting face.

face of the following twooth along the thread. It can be either straight
or helical.

Axial pitch is the axial distance between corresponding poinis
on adjacent weeth. For single-thread hobs, i is the same as the lead.

Mormal helix is a helix on the pitch eylinder whose angle is equal
o the lead angle.

Lead is the axial advance of a thread for one complete wum.

Lead angle = the angle between a tangent o the thread and the
plane of rotation measured at the pitel lime,

Table 3-1 Hob nomenclature.
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Methods for Cutting Gear Teeth

Mormal circular pitch is the distance between ‘corresponding
poinis on adjecent tecth measured along the normal helix. 1
e il

T ——

Mormal diametral pitch is the ratio of 90 o the nonmal circalar CAM RELIEF " | -

pitch.

Mormal pressure angle is the angle hetween a line tangent to
the tooth profile and the radial line at i pitch point, measured in
the mormal plane section.

Mormal tooth thickness is the distance across the hob tooth face
along a normal helix, usually measured at the pitch diameter.

Hob addendum is the radial distance between the wop of the hohb
tooth and the pitch cirele,

) : PROTUBERANCE
Hob dedendum iz the whole depth of cur minus the hob

addendum.

Whole depth of cut is equal to the whole depth of the gear
tooth.

Cam relief is the relicf behind the cutting edges o provide
clearance and s produced by a constant-drop cam. BAMF

Side clearance is the amount of clearance provided for the sides
of the teeth behind the cuiting edges and is dependent upon the
amount of cam relief and the tooth profile.

Protuberance is a modification of the hob tooth form at the top
corner o produce undercut on the gear teeth.

Top radius is & radius w eliminate a sharp cormer ot the top of
the hob tooth. It can also be a full top radivg to produce a full fillet
at the botiom o the part teoth,

Ling
Lug is an extension of the hob tooth profile bevond the basic A

depth,

Fillet is the blending of the side of the tooth into the bottom of
the form to eliminate a sharp cormer,

Approach is a moedification of the hob teoth ferm near the bottom
of the woth to provide a small amount of tip relief on the gear tooth,

Ramp & a modification near the bottoom of the hob tooth o
provide a chamfer on the part tooth.

Table 3-2 Hob nomenclature continued.
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Methods for Cutting Gear Teeth

The feature on the hob that cuts the chamfer is called a ramp,
and this ramp must be designed for the specific chamfer to be cut.
Therefore, the hob designer must know the number of teeth, the helix
angle, and the size and angle of the chamfer in order to design a gamji-
topping hob accurately.

Topping hobs are re quired if the hob is to cut the outside diam-
eter of the gear to finished size. A topping hob produces an outside diam-
eter that 1s concentric with the pitch diameter. Such a hob is illustrated
in Figure 3-3.

Fige. 3-3 Topping gear hob.

semi-Pinishing Gear Hobs

Semi-finishing hobs are used to cut gears that are later finished
by shaving or glmdll‘lb- The hobs can be either ground or unground in
any of the standard classes, single or multiple-thread, and topping, non-
topping, or semi-topping. Semi-topping hobs are distinguished from
roughing hobs although they both require a secondary operation. A
roughing hob is usually unground and less accurate than a finishing
hob. On the other hand, a semi-finishing hob must be of approximately
the same accuracy as a finishing hob. The semi-finishing hob must leave
a minimum and uniform amount of stock for the finishing tool to
remove. Consequently, many of these hobs are Class A Precision Ground
or Class B Commercial Ground. However, many gear manufacturers
have found that Class C Accurate Unground hobs are sufficiently accu-
rate for semi-finished gears, providing lower tool cost per gear.

The Metal Cutting Tool Institute has recommended tooth forms
and sizes for pre-shave hobs. On these cutters, the hob tooth has greater

18
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Protuboerance hob for semi-Tinkshing.

Figure 3-5
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Figure 3-6

19



Methods for Cutting Gear Teeth

depth and less tooth thickness than on a corresponding finishing hob,
and there is no approach. Greater depth is required to provide sufficient
clearance for the shaving cutter, and a thinner tooth provides for shav-
ing stock on the gear tooth. Data and dimensions pertinent to the stan-
dard 141/2-degree and 20-degree pressure angle, pre-shave hob tooth
forms are shown in Tables 3-5 and 3-6.

Protuberance is another important feature of tooth form found
on many pre-shave hobs. The protuberance generates undercut at the
bottom of the gear tooth to provide clearance for the shaving cutter and
to prevent the formation of an abrupt change in profile with its result-
ing stress concentration. With small numbers of teeth, the tooth form
cut with a hob without protuberance is often undercut enough, but a
protuberance is required for larger numbers of teeth to ehiminate con-
tact between the tip of the shaving cutter and the fillet on the gear
tooth. Ordinarily, the undercut should be from 0.0005 to 0.001 inch more
than the amount of stock left for shaving. As shown in Figure 3-6, the
intersection of the shaved profile with the undercut fillet curve should
always fall below the lowest point of contact with the mating pear.

For a given pitch, tables 3-5 and 3-6 indicate a fixed amount of
protuberance for a range of numbers of teeth. With such a fixed protu-
berance, the amount of undercut will be greater on the smaller numbers
of teeth in the range. When a definite amount of undercut 15 desired, the
hob should be designed for the specific number of teeth in the gear. With
a given protuberance, the point of intersection of the undercut with the
involute form varies with the number of teeth. To insure that this poimnt
of mtersection does not fall outside the true mvolute circle, the true
involute form diameter should always be designated on the gear print.
The restrictions mimposed by the true involute form diameter often
require a special protuberance.

Several different gear-grinding methods are in use, so special
forms of pre-ground hobs are used for each application. The desired hob
profile or the method of grinding should be indicated on the part print.
Compared with the corresponding pre-shave hob form, tooth thickness
is less because the amount of stock left for grinding exceeds the amount
required for shaving, When a protuberance is required, 1t is greater
than on pre-shave hobs.

Another modification of the hob tooth form is required on semi-
finishing hobs if the gear teeth are to be chamfered. The chamfer on the
gear tooth should be cut by the hob, not by the finishing tool. This pro-
cedure requires provision of a ramp on the hob tooth, which will produce
the desired chamfer. This chamfer will change as the number of teeth or

20
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“recommended MCTI* pre-shave

gear hob tooth dimensions
N

Al

o
for " 1412° Pressure Angle

|
1
\

S el

- "

[All readings in thousandths of an inch)

Normal
[Famerrel &l a B C il .4
Fitch
3 -4 25-3 Tr 3348 45 100
4 34 2.5-3 a8 25-38 45 T8
5 25-35 2-25 4.3 20-32 45 55
] 25-35 2-25 a5 17-27 a7 45
7 2-3 2-25 R 14-22 ar 40
a 2-3 2-25 27 13-20 ar 35
9 2-3 1.5-2 27 117 29 35
10 2-3 15-2 23 10-155 29 3o
11 15-25 1.5-2 23 8-14 29 3
12 1.5-2.5 1.5-2 18 g-13 29 25
13 15-25 15-2 149 g-12 Pl 25
14 1.5-2.5 1-1.5 15 T-11 20 20
15 1-2 1-1.5 15 =11 20 20
16 1-2 1-1.5 15 G-8.5 20 20
17 1-2 1-1.5 15 G-89.5 20 20
18 1-2 1-1.5 12 &-49 20 15
14 1-2 1-1.5 12 5-a 20 15
*Menl Caming Tool Ingtiiete
Table 3-5
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recommended MCTI? pre-shéf&
gear hob tooth dimensions

for Pressure Angle

(All readings in thousandths of an inch)

Mnrmeel
Diametral Al A [ B c ¥} R
Piteh
3 34 25-3 To J3-45 31 100
4 3-4 25-3 53 25-39 R Th
5 25-35 2-25 39 20-32 26 55
L] 25-35 2=2.5 32 1727 26 45
T 2-3 2-2.5 28 1422 26 a0
a 2-3 2-2.5 25 13-20 26 a5
) 2-3 1.5-2 25 11-17 20 an
10 2-3 1.5-2 21 10-15.5 20 30
11 1.5-2.5 1.5-2 21 214 20 30
12 1.5-25 1.5-2 18 8-13 20 25
13 1525 1.5-2 18 B-12 20 25
14 1.5-25 1-15 14 711 14 20
15 1-2 1-1.5 14 11 14 20
16 1-2 1-1.5 14 G-5.5 14 20
17 1-2 115 14 685 14 20
18 1-2 1-1.5 11 -4 14 15
18 1-2 1-1.5 11 5-8 14 15
*Metal Curling Toal Instituee
Table 3-6
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Semi-ztopping hob o provide chamfer on gear feath.

Figure 3-7

the helix angle vary. The hob designer must know the number of teeth,
the helix angle, and the size and angle of the chamfer, 1n order to design
the semi-topping hob accurately. One of the primary reasons for adding
chamfer to gear teeth is to protect the tips against nicks when large
quantities of gears are handled. Since so many semi-finished gears are
made on a mass production basis, the use of a protective chamfer is
often desirable. The chamfer also reduces the size of the burr and the
cffect of this burr.

Stub-Tooth Gear Hobs

Several systems of tooth forms are shorter than the full-depth
system. All these forms produce a stubbier and stronger gear tooth than
the standard full-depth tooth. Gears from these systems are used when
tfull-depth tooth forms will not provide the required strength.

OF the several systems of stub-tooth forms, the adopted stan-
dard i1s the ASA stub-tooth system. This system has a standard 20-
degree pressure angle. Both the addendum and dedendum are shorter
than for a full-depth tooth. For pitches coarser than 20DP, the adden-
dum is 0.8/DP and the dedendum is 1/DP. The whole depth is 1.8/DP.
Basic dimensions for a 1-DP hob tooth are shown in Figure 3-8,

Tables 3-7 and 3-8 show the tooth parts for the standard ASA
stub-tooth system. Hobs can be made to fit any of these specifications.
The sides of the hob teeth are straight with no approach unless other-
wise specified. These hobs can be made to any of the standard gear hob
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L1416

Fig. 3-8 Tooth proportions for standard 1 DF 20 stub-tooth hob,

tolerances. Hob manufacturers will design and make special hobs to fit
any special requirements,

Hobs for the Fellows Combination-Pitch system are different
from those for the ASA system. In the Fellows system, the characteris-
tics of two pitches are combined in a single gear. For example, on a 3-4
DP gear, the pitch diameter, circular pitch, tooth thickness, and number
of teeth are determined as for a standard 3-DP gear. The addendum and
dedendum are calculated as for a 4-DP gear, making the tooth shorter
than a standard 3-dp gear tooth but the same width at the pitch hine. In
pitches coarser than 20 DP, the addendum is 1/DP and the dedendum is
1.26/DP, where the DP is the second one indicated in the combination
pitch. The pressure angle of this system is 20 degrees.

Hob Selection
Correct hob selection depends upon the following factors:
1.DP
2. Hardness of material
3. Final fimish on the part.

Geears of coarse DP are best cut with a roughing hob, and fin-
1shed with a fimshing hob, provided the material to be hobbed is either
soft or of hardness preferably not exceeding 40 Rockweall C..Finer DP
gears and pinions of the above hardness category can be cut with a fin-
ishing hob. The number of passes will again depend on hardness and
specific dp. If a drawing calls for ground teeth, a pre-grind standard or
full fillet pre-grind hob is recommended.
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tooth proportions for
standard ASA 20° stub-depth
involute system

4= U_EEE addendum
a4 hy, =600 working depth

[ P ]
L= %ﬂ_ﬂ_ dedendum

1.8000"
hy=—= whole depth
d.2po0= F.
B ——— clearance :
Murmzl M ormal Cireular Ny 4

o iral | Circul Tuuth Addendym | Dedend " aat 'ﬂl'll'likl:ng 'i'rr.mk-
et | Cigzlar | Togth | Addendun | Dedendm | Teszacos | "Gin | B
b 2832 J3.141a 1. &000 20000 AT 32000 J.6000

3% | 4.IRER | 2.0044 | 1.0667 | 1.3333 | 2667 | 2.1333 | 2.4000
I 31416 | 1.5708 EBOO0 | LO0DD | 2000 | 16000 | 1.2000
14 .| 2.5133 | 1.2566 G400 B0D0 | 1600 | 1.2800 | 1.4400
1 | 2.0944 [.0472 8333 BEET | 1333 | 1.oea7 | 1.2000
1% | 1.79352 84976 ART] BT14 | 1143 8143 | 1.0286
2 1.570% .TE54 4000 5000 | L1000 8000 8000
214 1.3963 GEE 1 JIBRG 4444 | 0888 J111 8000
2lx | 12566 6283 | .3200 | 4000 | .0800 | .5400 | .7200
2% L. 1424 a7l2 2508 o636 | 0727 5818 B545
= 1.0472 5236 L2567 3333 | 0667 5333 G000
1P BOTE 4488 2285 2857 | 05871 A571 Bl143

4 TE54 S92T L2000 2500 | 0800 000 A500
3 6283 142 L B0 2000 | 0400 pcrln 3600
& 5236 2618 1333 1667 | 0333 L2667 3000
7 A4B8 2ad4 1143 1428 | 0286 2286 2571
B 3027 1963 L1000 1250 | .0250 2000 2250
9 3491 1745 LIBEG 111 | 0222 1778 2000
1y 5142 AB21 JOBGO A000 | 0200 1600 L1800
11 2B56 1428 L0727 0808 | OlB2 1455 1636
12 2618 1305 JLOBGT 0833 | 0167 1333 JE00
13 2417 1206 JOB15 L7658 | 0154 1231 1365
14 2244 L1122 L0571 0714 | 0143 1143 1266
15 2094 JA047 A533 DEET | 0133 1067 1200
16 863 L0982 L0800 0625 | 0128 1000 125
17 B4R 0524 0471 L0588 | 118 0541 1058
18 1745 L0873 0444 0856 | 0111 LBBG 1000
19 JABR3 0827 D421 0526 1 0108 LOB4Z 0847
Tahle 3-7
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recommended tooth

proportions for pre-shave

involute system

a= ﬂ[ﬁﬂ addendum
: 20000 -
N h,= T working depth
b= 1‘:3;“; dedendum !
2.4500"
| === whole depth
o= O clanrance ’ Pu I
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i "r":m'l hl‘l:';:n:lulr M Hljl\.\li .II 0 2T (113 d P ITTiNY learance ',:I. mlﬂll '|.|| ko It
]]Ilt:liltj'llllul L l;u.-::-.‘. : hl|; L||Iq_-:_;s Addenda Dedend Cl Depeh Drepth
14 62832 200000 27000 | 7000 | 40000 4. 7000
£ 4. IRBR 1.3333 L0000 | 4EET 2 6667 3.1333
1 31416 L0000 | 1.3500 | 3500 |[2.0000 | 2.3500
1% |2.5133 A000 | 10800 | 2800 | LE0DG0 | 1.RR00
I 20944 EGET B0oh | 2335 1.3333 | 5667
1% 1.7952 E714 2714 | 2000 1.1429 1.3429
2 | 5708 S000 B750 | 1780 | LOODD | 11750
24 1.3963 Addd 6000 | 1556 BERE | 1.0444
25 1. 2566 BGALE L0000 S400 | 1400 B0 2400
234 1.1424 5747 636 4809 273 T2T3 545
3 10472 5271 3333 A500 | 1167 GE8T L1833
3 B976 | 4823 2857 SB57 | 1000 5714 E6714
4 18584 [ (30962 2800 3375 | (0B7S 5000 SBT5
5 G283 | 3172 2000 2200 | 0700 000 4700
i 5236 | 2648 1667 2280 | .08B3 2333 3817
7 A4BE | 2288 1429 1828 | 0800 2B5T 3357
S ag2T J9ER 250 588 | 0438 2500 L2038
o 3401 AT d111 A800 | 038D 2222 2611
L 2142 556 U000 350 | 0350 2000 2350
L1 JBER 448 Jogng U227 | O3LE JB1E 2136
12 2616 | 1329 LB33 1125 | 0262 1667 16588
13 2417 it LTeD d038 | 028 1538 807
14 22dad | 1142 L7114 L0864 | 0280 14209 JA679
15 Loed | 1062 LB6T 0800 | 0233 1333 1667
16 A863 | 0097 L6285 D844 | 0219 L1250 1468
17 JB4E D838 0588 0784 | 0206 A1TE 1382
I8 748 LBBB LBEE JTE0 | D104 J111 1306
I9 1683 ALB42 D526 O711 1 D14 1083 A237
Table 3-8

26



Methods for Cutting Gear Teeth

Hobs are of many different kinde. Standard stock hobs off the
shelf are less expensivethan special ones. They can be classified as follows:

1. Roughing, singlethread non-topping, right- or left- handed.

2. Topping finishing, single thread, right-hand, non-chamfer
ing (unground and ground).The root of the hob will form the
outside diameter of the part.

3. Pre-shave protuberance, single-thread, right-hand, non-
chamfering (Available in classes A, B, C, and D).

4. Finishing-standard, single-thread, right-hand, non-topping.
{Available in classes A, B, C. D and AA).

5. Full fillet finishing, right-hand, non-topping, (Available in
classes A, B, C and D).

6. Combmation-pitch fimshing, non-topping {Available in
classes A, B, C and D).

7. Full fillet pre-shave.

8. Pre-grind standard.

9. Full fillet pre-grind.

All the above hobs are listed in the Ash Gear & Supply
Company's catalog. Manufacturing engineers can select the correct hob
from the above catalog or from catalogs of other hob manufacturers and
suppliers.

Hobs can be as small as 15/16 inch outside diameter, and, in
some fine series, as low as 5/8 inch and 1/2 inch diameter. Heavier hobs
generally are as large as 101/2 inches in diameter. Standard bore sizes
are 1/2, 3/4, 1-1/4, 1-1/2 and 2-1/2 inches in inch-system hobs. In small
hobs, the bore sizeis 8 or 10mm, In metric countries, bore sizes are gen-
erally 12, 15, 30, 40 and 50 mm.

Method of Mounting Gears on Hobbing Machine

If the part is 1n the form of a shaft that has center holes, the
best accuracy is obtained by hobbing between centers, using a drive to
rotate the part. If heavier cuts are involved, one side of the part should
be held in a collet. Hobbing machine collets are generally more accurate
than ordinary commercial collets. For an ultra-precision part it 1s better
to pre-grind the holding collet diameter, because ground diameters are
more concentric than turned ones. The second side obviously is sup-
ported on the machine center.

For making ring gears, parts are generally held in ground,
accurate, concentric bushes, located on the bore and clamped down with
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nuts. Hobbing machine manufacturers provide standard arbors for each
machine.

When extremely large ring gears are to be hobbed, 1t is impor-
tant that the gear blank internal or external diameter be concentric
with the tooth face. In large ring-type gears, the blank is clamped with
a special ring that is tightened to the machine arbor with a heavy-duty
nut. Before finally tightening, it is absolutely essential to test the
turned outside diameter with an indicator,

Hobbing Machines

Herman Plauter of Germany invented the first hobbing
machine in 1897, The Barber-Coleman Co. was one of the first US com-
panies to start manufacture of hobs, in 1908.. Hobbing machines today
are manufactured for hobbing miniature-sized gears for use in watches
and clocks, and a range of gears from small to large gears up to 181t in
diameter.

For the convenience of manufacturing engineers, the following
is a list of model numbers of hobbing-machine manufacturers through-
out the world (except those from USSR). Manufacturing engineers can
select suitable new or used machines to suit any specific requirement.
Many of the older models hsted below are not now being manufactured.
With the advent of CNC machines, manufacturers are reducing the
number of designs. CNC machines tend to be far more costly than man-
ual machines. For a jobbing shop, a CNC machine is more versatile and
more efficient than a manual machine. However, for long-running pro-
duction jobs, cheaper manual machines may work out to be a better buy.
Many of the manually-operated machines are no longer being manufac-
tured, so it may be worthwhile to select used machines and get them
reconditioned by skilled repairmen.

After selecting a particular brand and model of machine it is
advisable to send prints to the fabricator of the machine that will pro-
duce the types of parts needed, to take advantage of the manufacturer’s
experience. It is not necessary to purchase all the accessories that the
machine supplier recommends. The manufacturing engineer should
decide which accessories to acquire, depending upon financial and other
considerations. Obviously, some accessories are essential for a particu-
lar machine and should be purchased along with the machine.
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Hobbing Machines for Small Gears and Pinions

1. Barber Coleman. number 1({1-inch diameter). numbers

1-1/2, 2, 2-1/2, 3, 3-1/2, and 4

These machines are not now in production, but used
machines are available.

Mikron of Switzerland numbers 120, 122-01, and 131, semi-
and fully-automated types.

Marketed in the U.S A, by Richlin Co.,, 77 Florida Street,
Farmingdale, N.Y. 11735

Wahli Model number 80 (3.93-inch maximum diameter);
number 90 (1-inch diameter)

Marketed by Alina Corp.. 175 Sunnyside Boulevard,
Plamnview, Long Island, NY. 11803

Morat Model B 90a (without magazine) 1-9/16-inch
diameter maximum, and 3/4-inch with magazine

Marketed by Eric R. Backmann Co., 25-09 38th Ave, Long
Island, N.Y. 11101

Koepfer Universal fully automatic #172, 173(4-3/4-inch
without magazine and 2-inch with magazine); Number 140
(2-3/4-inch maximum); number 143

Marketed in U.S.A. by Koepfer America Inc,, South Elgin
linoms

Hamai Model #40 for watch, camera, shutter instruments,
and gas meters

Maximum diameter 30 mm (1-1/8-inch)

Marketed by Hamai Co., Lid., 5-5-15 Nishi-Gotanda,
Shingawa-ku, Tokyo, Japan

. Daido (Japanese) model D-112AA maximum 70-mm (2.75-

inch diameter) Marketed by Daido Seiki, Sosavyo 1, 30
Chome, Kuwazu Cho, Higashisumiy Oshi-Ku, Osaka, Japan

Medium and Large Hobbing Machines

1.

Stachely High Speed Model: SH 180 (7-inch), SH 02 (11-
inch), SH 510 (20-inch), SHU 400 (15.7-inch), SH 651 (25.5-
inch), SH 850 (33-inch)

Marketed by Wolf Machine Co., 500 West Washington St.,
Montecello, CA 90640
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6.

10.

11.

12.
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Drummond Maxicut number2A (7-inch), number 2B (8-
inch), number 2C (5-inch)

Drummond 12 HQ Hoblique for automobile industry - 4 DP
max. 12 feet. OD

Marketed by Staveley Machine Tools Inc., Box 3011
Hampton Station, Milwaukee, W1 33218

Mitsubishi types: GH 200 (7.8-inch), GA-250 NC (10-inch),
GA 40-CNC (16-inch)

Marketed by Mitsubishi Heavy Industries Ltd., 5-1
Marunchouchi 2-Chome, Chivoda ku, Tokyo, Japan.
Liebherr (German) Models: L 100({4.7-inch), L 401 (17 4-
inch), LC 152 (6-inch)

Marketed by W.H. Jones Co, P.O. Box 277, Wallingford, PA
19086

. Nachi Models: HB-8H 180 (7-inch), HB-200H (11.8-

inch), HB-400H (15-inch), HB-600H (23-inch) SHS00 (35-
inch), H1280 (50-inch)

Marketed by Fujikoshi Ltd., World Trade Center, 2-4-

| Hamamatau-cho, Shiba, Minato-ku, Tokyo, Jlapan
Koepfer Universal pumbers1560, 153 (max. dia. 5-3/4-inch)
Koepfer fully automatic numbers!72 and 173. 4-inch with
out magazine, 2-inch with magazine

Morat type B110 (5.9-inch with magazine; (6.7-inch with
out magazine)

. Hitachi 600H-C1 (23.6-inch), 900H-C2 (36.4-inch), 15600H-

C2 (59-inch)
Marketed by Maruben-11 DA, 5-50 39th §t,, Long Island,
NY. 11104

. Toshiba type HHC-150C (59-inch)

Marketed by Toshiba Machine Co., 7328 Niles Center Rd.,
Skokie, ILL 60076

Luigi Castiglioni type 5.3D-1500 mm (59-inch), 5.2D-1000
mm {39.3-inch)

Marketed by Via Castelmorrine 45, 21052 Busto Arsizio,
ltaly

Lees-Bradner (USA) Model Nos. 7A, TV, 12V (Used ones
available)

Lorenz (German) type FL315 (12.4-inch), L8200 (7.8-inch),

LS400 (15.6-inch)
Marketed by Machinenfabrik Lorenz AG, 7505 Enlington,

Lorenzstrasse 2, P.O. Box 166, West Germany

30



Methods for Cutting Gear Teeth

13. Pfauter PE 150 CNC (6-inch diameter maximum), Plauter
PA 320 NC
Marketed by Gleason-Pfauter Maschinenfabrik GmbH,
Ludwigsburg, Germany

14. Gleason G-Tech CNC 777 (6-inch diameter); 782 (10-inch
diameter)

15. Kashifuji type: KS 14 (14.17-inch) K8 600 (23.6-inch), KR
1000{40-inch), KH-150 (NC), KH-150 HD Carbide Hobber.
Marketed by COSA Corp,

16, Pfauter P3000/5000
Marketed by Gleason-Plauter Maschinenfabrik GmbH.
Ludwigsburg, Germany

Gear Milling

Spur gears, helical gears, and worms can also be cut on a
milling machine using form cutiers rather than by a generating process.
These form cutters obviously have form relief. Milling requires approx-
imation unless the milling cutter is specially tailored for the exact num-
ber of teeth required. The production rate is naturally lower than with
hobbing, but the method has the advantage that the user is in a position
to manufacture limited numbers ol gears without the need for special
gear cutting machine tools. A conventional milling machine equipped
with a dividing head can be used to mill gear teeth.

In addition to sizes to match the dp and the hole size of the cut-
ter, for a specific dp there are eight numbers of cutters. Each specific
cutter number is suitable for a specific range of numbers of teeth. For
1 dp, the cutter diameter is approx. 8-1/2-inch and for a 64-dp the gut-

Mo, of Culler Range

Fy38t0a rack | 21 1 25 teeln

5540 134 feaih 173 20 lesih

i 35 lo 54 {eelh 7 14 to 16 leelll
4 26 lo 34 leelh B {260 13 leelij

Table 3-9 Milling Cutters
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ter diameter is 1-3/4 mnch. The exact number of cutter can be selected
from Table 3-9, for any dp.

Shaping Gear Teeth with a Rack Cutter

Teeth on spur and helical external gears can be shaped with a
rack cutter or shaper. The generating action of a rack shaper is more
like that of a hob, but it is not as expensive as a hob. Maag and
Parkinson Litd. (Sunderland) are two manufacturers of machines lor

The Shaping Process

The principle of shaping is very clearly deseribed in Table 3-10,
which is reproduced here with the permission of Mr. Carl S, Rice, retired
engineer, Fellows Corporation. In the gear-shaping process, a cutter
conjugating to the desired gear form is reciprocated parallel to the work
piece and fed in as the ool and gear blank are rotated in opposite direc-
tions. The involute profile ground on the cutting teeth 1s subsequently
reproduced in the work. The cutter spindle backs away from the work
during the non-cutting return stroke to avoid tool drag.

The same generating process is also applied to produce internal
spur gears, with the cutter and work rotating in the same direction.
Gear shaping is one of the most economical methods of cutting internal
cears ranging from small 1-inch to 200-inch pitch diameter and larger.

Helical teeth are produced with the aid of a special guide in
which the tool reciprocates, the cutter or tool having the same lead as
the guide. The guide imparts a twisting motion to the cutter as it recip-
rocates and rotates. Both internal and external helical gears can thus be
made on the gear shaper.

Shaping tools are either disc or shank type as illustrated 1n
Figure 3- 10, Accessories for gear shapers include adapters, hollow spin-
dle extensions, bore reduction rings, and button adapters. These acces-
sories are listed in the Ash Gear & Supply Corporation's catalog, and
can also be procured from shaping machine manufacturers.

Fizure 3-9 RHack type cutter.
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shaping gears using rack type cutters. Machines are made 1o cut com-
ponents of up to 20-inch maximum width. Figure 3-9 shows an example
of a rack type cutter.

In their instruction manuals, manufacturers of shapers list
standard tooling and will supply any special tooling needed for a specif-
ic job. For high-volume requirements, it is advisable to seek a manufac-
turer's recommendations for the entire tooling needed to produce a part.

e Hum nu_4.r
FACE |
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L ._
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s [N N7
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ANGLE PITCH DIA.
OUTSIDE
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with adaptors, especally when the actual Size reguired ies
somewhere befwean a disc and & igppr shank cifdber,

OUTEIDE FACE WIDTH
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n"f - P
e 5 e Ll [
; AT T
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o
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Figure 3-10 Shaping Tools.
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There are considerable differences in the prices for one and
multiple cutters, so it is always advisable to order sufficient cutters at
one time. Dull and worn out cutters can then be sharpened while the
machine is running, which will keep the machine idle time to a mimi-
mum. Thus, it is better to order a minimum of two or three cullers.
Before taking delivery of the machine, tooling and cutters it may be
advisable to get samples of gears cut in the supplier's factory. This
approach also offers an opportunity for the buyer's skilled operator to be
present at the supplier's factory so that in-depth knowledge can be
derived from the supplier's staff.

Where no catalogs are available for used machines, reference
should be made to the original manufacturers who will be glad to send
manuals and specifications at nominal prices.

Gear Shaping Machines

1. Fellows 3-2 (3-inch external) for small gears. 4 AGS (6-
inch), 4A (10-inch maximumy), 18-5 (18-inch maximum), 8
AGS (B-inch maximum), 36-6 (40-inch maximumj}, 7125(7.
mnch maximum)
Marketed by Fellows Corporation, Springfield, Vermont
05156, USA

2. Lorenz Shaper, LS 154 CNC 150 mm (6-inch), LS 154K
CNC 150 mm (6-inch), L8200 R, LS-180 MP Tronic CNC,
{7-inch diameter), LS-154 ¥ CNC 150 mm (6-inch)
Marketed by Maschinefabrik Lorenz, Hertzstrasse 9-15,
[-7505 Ettingen, P.O. Box 0551, West Germany

3. Liebherr Shaper. WS-1 (10.4-inch).
Marketed by W. H. Jones Co,, Inc. PO. Box 277,
Wallingford, PA 18974

4. MNachi Gear Shaper Model NSH-18M
Marketed by Fujikosh Lid., World Trade Center, Tokyo,
Japan

5. 'l'uiyu Kikai Model GS 1855, 8-26-24 Shiba, Minalto-ku,
Tokvo, Japan

6. Karatsu GSM-25, COSA Corp., 17 Philips Pkwy., Montvale,
NI 07645

7. Drummond Maxicut 3A (18-inch diameter), TP.C. Inc.. P.O.
Box 626, Endicott, NY 13760

8. Yutaka Seimits Kogyo Shaper Model GPB-35 (9-inch Max.)

9. Lorenz, MCS 40 400 mm. LS 304 CNC 300 mm., LS 304
R CNC 300 mm., LS 424 CNC 420 mm., LS 424 § CNC 420
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mm., LS 632 CNC 630mm., LS 1002 CNC 1000 mm.. LS
1252 CNC 1250 mm.

Gear Shaping and Shapers

The first shaping machine was developed and built in 1896by E.
R. Fellows in the USA. The Fellows Corporation was a pioneer in the
shaping process, and they still supply standard and special shaping cut-
ters. Lorenz of Germany is another reputable manufacturer.

Shaving of Gear Teeth

Shaving is a finishing operation that follows after shaping and
hobbing. It is widely used for automobile gears, but with advances in the
design of shaping machines and shaping tools for precision aircraft and
missile gears, pear shaving is hardly used today for non-automobile
gears. Compared with grinding, shaving is a faster operation. Shaving
should preferable by done at a hardness of 32 Rockwell C maximum,
though gears can be shaved even at 47 Rockwell C. At higher hardness,
tool wear is very rapid.

Shaving is a corrective process. It does not make a bad gear good,
but 1t will make a good gear better. Shaving improves surface finish and
reduces gear run-oul, profile accuracy, and tooth-to-tooth spacing.

Figure 3-11 Typical shaving cutter.
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National Broach & Machine Co., a division of Lear Siegler Inc.
of Michigan, is an Amernican gear shaving machine manufacturer and
builds machines capable of shaving spur gears up to 180 inches in diam-
eter. Gleason also markets shaving machines. (referto end of chapter)..

The shaving process is further explained in detail in Ash Gear
& Supply Company's technical sheet (see Table 3-11). A typical shaving
cutter is shown in Figure 3-11.

Gear Grinding and Gear Grinding Machines

As pointed out elsewhere in this book, turbine gears and most
of the gears used in machine tools are ground. Grinding 1s adopted to
reduce the noise level and improve driving efficiency. With ground
gears, maximum and mimimum backlash between a set of gears is min-
mized, Sometimes, grinding becomes necessary because, on certain
ranges of hardness, finishing of gears can be done only by grinding. I
all gears were to be made from softer materials of lower hardness, the
gear box size would be large. Designers therefore use hardened and
ground gears to limit the size of the gear box and to limit backlash
which is very critical, especially when it applies to gears used 1n aircraft
and missiles.

There are two basic methods of grinding gear and spline teeth:

1. Form grinding method. Refer to Figures 3-12 and 13.
2. Generatingmethod. Refer Figs. to 3-15, 16, 3-17 and 3-18.

National Broach Co., Liebherr, Kapp and Gleason manufacture
form gear-grinding machines. These machines are capable of grinding
both external and internal spur and helical gears up to 36 inches in
diameter and even bigger to special order. In some of these machinesthe
grinding wheel is dressed by templates with sufficient accuracy to pro-
duce a profile tolerance band of 0.0002 inch. Gears are indexed by accu-
rately-ground, hardened index plates with numbers of gashes corre-
sponding to the numbers of teeth in the gear to be ground.

Maag manufactures generating method gear grinding
machines in horizontal and vertical configurations. These machines
employ two saucer-shaped grinding wheels shown in Figure 3-15. The
capacity of the machines is up to 187 inches and dp from 25 to 0.63 dp.

Threaded-wheel gear grinding machines are manufactured by
Reishaver & Okamoto. These machines are designed for rapid produc-
tion and they employ a thread grinding wheel of approximately 13-inch
diameter, The threaded wheel section is an involute rack.

38



Methods for Cutting Gear Teeth

Profile Grinding
vs. Generating Grinding

Profile Generating
Grinding Grinding
1
e et et -+

Generati r+g motion

]
I
I
|
!
!
!
!
!
I
|
i
]
|
|
|
!
!

|
|
|
|
i
1
1
|
|
|
|
|
|

oot grinding &~ - . T "==-= J
possible

Courtesy Of Gleason Corporation

Figqure 3-12
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Figure 3-14 Sauncer Shaped Wheel Gear Grinding Method
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MAAG VERTICAL GEAR GRINDER MAX. DIA. CaP. 187"

Figure 3-16
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Figure 3-17
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Gear drawings generally specify AGMA or DIN numbers as a
part of the gear specifications. The chart on Table 7-15 in Chapter 7 indi-
cates the accuracy that can be achieved by grinding.

Figure 3-18% shows how a special hob with protuberance must be
used to ensure that the gear 18 hobbed to the required contour before heat
treatment. Figure 3-19 shows how full-depth carburization can be
retained in the fillet.

List of Grinding Machine Manufacturers

1. Hoefler Gear Grinding Machines. H500 {20-1nch)

H630 (30-inch)

Marketed by Dr. Ing. Hoefler Corporation, 65 Route 22,

Clinton, N1 08809

Reishauer number 12 {12-inch Max. Dia.), RZ 3015&ZB770

Okamoto Gear Grinding Machine Model SHG-1. Okamoto

Machine Tools Works Ltd., 1000 Minowa-Cho, Kohoku-ku,

Yokohama, Kanagawa, Japan

American Pfauter Grinding Machine Max. 200 inch

MNational Broach & Machine 36 inch Max.

Starcut Sales 12-inch Max.

C.0. Hoffacker 36-inch Max.

Klingelnberg Worm Grinding Machine Model HSS 33B

Maag, HS5-30A (11 .8-inch outside diameter) HS85-30

Double Wheel Dresser HS5-60 (24-inch)

R.O. Deadrick Co. Inc. P.O. Box 2526, Orlando, FL 32802

10. Reishauer 92inch Diameter, Reishauer Corp. Elgin lllinois
60123

11.Kapp YAS 431 and 481 CBN Form Grinder

s b

O oo O\ b

Advanced Machines by Gleason

Special attention 18 drawn to machines marketed by The
Gileason Works and its affiliates (sometimes collectively referred to here-
in as “Gleason™, Pfauter Hurth Worldwide Sales who market the grind-
ing machines shown in Table 3-13. The following tables contain details of
these machines.

Table 3-12 Typical Automotive Gear Finishing Processes
Table 3-14 Features of P400G Grinding Machine
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Spheric Horning

What are Typical Automotive Gear Finishing Processes?

& SHAVING - Transmission Gears (Spur and Helical)
* GRINDING - Transmission {Spur and Helical) and Axle
(Hypoid-Bewvel) Gears
* HONING = Transmission Gears (Spur and Helical)
* [APPING =Axle Gears (Hypoid Bevel)
® HARD HOBBING - Engine Timing Gears
OR SKIVING
Table 3-12

Gleason-Pfauter Grinder Models

» P200G » P2000G

» P300G 9 P2400G

> P400G 9 P2000/3000G
> P600G S P3001G

S P800G S P4001G

9 P800/1200G S P300HG
29P1200G S P500HG
<P1600G

2P1600/1800G

Courtesy OF Gleason Corparation
Table 3-13
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Gieason-Flauler ;
P 400 G Profile Grinding Machine Courtesy OF Gleason Corparation

P 400 G Features...

+ Zan grind using plated CBM whaels andfor dressable vilrified
wheels

¢+ Integrated CNC controllad dresser
= Aufomatic stock alignment system

+ Auftomalic gear measurament and evaluation systam

«  Externalfiintemal gear grinding capability

Table 3-14

Salection of Gaar Finishing Procasses
When to Grind versus Shave ar Hana

« GRINDING IF

= Large amounts of stock to be removad (=65 pm)
= Large module or very large face widths {Module =6)
=Wary high pressure angles

-Wary high prafile and lead accuracy reguired
(DN 5 and battar)

= On-going profile and lead correclions
= Mizad volumes and frequent changeovers

= High variation of heat treatment distortions

Courlesy OF Gleasan Corporation

Table 3-15
Table 3-15 Information on Grinding versus Shaving and
Homng
Table 3-16 Specifications of a Typical Grinding Wheel
Fig 3-20 CBN-plated wheels
Fig 3-21 Typical External and Internal Grinding with

CBN-plated Wheels
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The Tool: Type Dressable wheel

Abrasive Sintered Corundum

(20 % SG) g
Spec. 85A 80 H15 V g
Grid size 80 (Mesh) §
Make Winterthur, g.

Swizerland 3
o.d. 300 mm

Courtesy Of Gleason Corporation
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Gleason-Pfauter
P 400 G Profile Grinding Machine
lated Grinding Wheels

Courtesy Of Gleason Corporation
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Profile Grinding
External & Internal Grinding
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Different surface structures on gear flanks
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Gleason-Pfauter
P 400 G Profile Grinding Machine

CBN Crystals and Plating

CBN Plating
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Selection of Gear Finishing Processes
When to Shave versus Grind or Hone

« SHAVING IF
= Minimal heat treatment distortions expected

- Less profile and lead accuracy required after
heat treatment

= High volumes of small gears (Module < 1,5)
when plunge shaving is applicable (Pinions of
automatic transmissions)

- Mixed volumes and frequent changeovers

- Noise reduction requirements not very high

Courtesy Of Gleason Corporation
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Different surface structures on gear flanks
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Stock allowance for gear shaving

a) size of hobbed gear

b) size of shaved gear

c) amount of stock/flank
d) amount of stock/flank
at low infeed rates
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Chip removal by gear shaving i i
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Comparison of shaving strategies

1€ #[qul

a = Workplece

b = Ehaving Cutter

€ = Advance

0 = Crossad axos point
g = Crossed axes angle

& = Diagonal angla i

shaving methods Uncherpaass) Tangential il Pluinigye
diagonal angla o0 B0 = W i
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max, width -~ mm

Courtesy Of Gleason Corporation

yree| Joag) Buimn o) spoyrey



Comparison of shaving strategies
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¢ = crossed axes angle
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Shaving methods parallal diagonal travorsa
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Hurth Power Shaving Machine ZS 130 T

Machine design

Fig. 5-28
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Hurth Power Shaving "™Machine zS 130 T

Working situation and loading
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Hurth ZSE 150 T CNC

Gear Shaving Machine @ —

Integrated deburring unit
from single station deburring

machine
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7S 240 - Machine Axes

Universal
Shaving Machine with five
CNC axes

EE \Working axes

Z - infeed motion
X -traverse motion ke
S|
et —

w - cross motion R _
y - taper/crowning motion st §f
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== Setting motion
U - cross-axis angle setting
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Hurth ZS 240 Gear Shaving Machine
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For shaft type parts

For disc type parts
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Methods for Cutting Gear Teeth

Automotive Gear Finishing Processes
High-quality automotive gears have to be produced at low

cost, so leading gear machinery manufacturers like Gleason, Gleason-
Plauter and Gleason-Hurth have evolved special machines for produc-
ing automotive gears. Practical information on shaving, honing, and
grinding operations on machines built by these companies is given in
the following tables.

Table 3-17 Describes when shaving is preferred to honing and

grinding.
Fig. 3-26  (aves information on stock allowance for shaving.

Spheric™ Honing Machines and Processes
Basic kinematics of spheric homng process is shown in Fig. 3-
34. This process has extensively been used in machiming typical trans-
mission gears as shownon Fig. 3-35. Machines for this process are being
manufactured by Gleason-Hurth Maschinen and Werkzeuge Gmbh of
Mumich, Germany. Following tables and figures will be of use to manu-
facturing enginecers.
Table 3-18 When spheric honing is advantageous
Table 3-19 Surface finish of honed gear
Table 3-20 Quality grades of honing in comparison to shaving
and grinding.
Table 3-21 Steps before spheric honing
Table 3-22
Figure 3-36 thru 3-46 Pictonal photos of different honing
machines.
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Basic Kinematics ™
of the Spheric Honing Process
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Hobbing

Methods £x Cutting Gear Teeth

Heat treatment
Spheric Honing™

Fig. 3-36 Transmisslon Gears
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Selection of Gear Finishing Processes
When to Hone versus Shave or Grind

™

+ SPHERIC HONING
- Stock removal = 65 um per flank or less

- High contact ratios, low pressure angles long
addendum’s

= Noise reduction requirements
- High surface finish requirements (Ra 0.2 pm)

- Requirementfor high levels of residual
compressive stress ( -800 to - 1200 N/mm?)

- resistance to wear & pitting under high loads

= Lead corrections and targeted Bias lead
corrections

Courtesy Of Gleason Corporation
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Different surface structures on gear flanks
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Gleason-Hurth Gleason PFAUTER HURTH
Spheric Horning WORLDWIDE SALES

No Shaving or Grinding before Spheric Honing

N
/

< N
HEAT TREATMENT
@

HOBEBING

SPHERIC
HONING

Table 3-21

Spheric Honing™ Machines

ZH 250 CNC
~ for gears up to an O.D. of 250 mm and module 6

« final drive ring gears, truck gears, etc.

ZH 125 CNC

- for gears up to an O.D. of 125 mm and module 4
. passenger car gears, pump gears, etc.

Courtesy Of Gleason Corporation
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ZH 125
for Shaft Type Parts
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7H 125 Automation
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. Different conveyor systems
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Hurth ZH 250 - Machine Axes

Machine axes
“"x - Uy - "Jz -Va
for Spheric Honing

Drive system axes
{31 g CE with
electronic gear
box drive
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« Compound design of

« Qil tight machining
« Compact electric

= Compact hydraulics

= Working and loading

Hurth ZH 250 Spheric Honing ™ Machine

the Spheric Honing
Machine

compartment

cabinet

pee) Joagy Bwng Jo) spowpewy

area separated
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Machining
compartment with
sealed bulkhead of
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Two Tools installed

Liquid cooled drive
system for the honing
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Methods for Cutting Gear Teeth

Press Fit Allowances

Some large gears are conveniently made in two or more parts.
They are joined by press fitting shafis inside the gear. The press fit
allowance for these types of gear is as follows:

Allowance per inch of bore diameter = _ Topnoege Reawired

[ 298 x bore diameter x length of bore
Total allowance in bore = allowance per inch of bore x bore diameter
Total allowance for 50-ton force fit with bore of 53-inch diameter and length of bore will be;

il = {.00156 inch Total Allowance = LD0I5 x 5 = 0.0075 inch
1298x 5x §

Shrink Fit Allowance

Large nitrided gears used in mining machinery are often held
on the shaft by shrinkage. Assembly by shrink fitting is usually effect-
ed by heating the gear to expand the bore so that it will slide over the
shafi, then allowing the gear to cool. 1t is usually not advisable to heat
the gear bevond 400 degrees F, and the shaft 15 kept at room tempera-
ture (assumed to be 70 degrees F).

For the 5-inch nominal diameter shaft and bore, this allowance
A, obtained from the above calculation, is 0.0075 inch. To calculate the
required number of Fahrenheit degrees by which the steel gear is to be
heated, the allowance A is divided by the coeflicient of expansion for
steel, multiplied by the nominal diameter of the shafi. The coeflicient of
expansion for steel is 0.00000636 inch per nch per degree F. The for-
mula then becomes:

L0075 = 00000636 x 5 x (T minus 70 degrees F)

T minus 70 degrees F = (L0735 = 235 degrees F
0.00000636x 5

T = 235 degrees F + 70 deprees F = 305 degrees F

Thus, for a bore of § inch diameter and an interference fit of
0.0075 inch, the gear will have to be heated to 305 degrees F.

Bevel Gear Cutting Machines and Bevel Technology
The Gleason Works of USA and Klingelnberg GmbH.of
Germany among the world's leading manufacturers of machinery for
making bevel gears. The author does not have extensive bevel gear cut-
a5
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bevel gears be referred to these two manufacturers, Processing of bevels
is in no way different from processing of spur or helical gears, and 1ni-
tal steps to process bevels are the same as for spur and helical gears,
The method of cutting bevel gear teeth however, is different.

Bevel cutting Machine Manufacturers
Following are the suppliers of bevel cutting machines, with
wdentification of types available,

1. The Gleason Works, 1000 University Ave.,, Rochester, NY
14692 Gleason number 21 Coniflexs. Gleason number 3 for
Straight Bevels, Gleason number 7, 128, Gleason for
Straight Bevels 34 inch, Gleason for Spiral 34 inch, Gleason
for Spiral Bevel and Hypoid 34 inch, Gleason number 104
Coniflexr (8-inch outside diameter), Gleason number 2 Hypoid.

2. Klingelnberg Machines, marketed by National Tool Co.,
11200 Madison Ave., Cleveland, OH 44102
Address:in Germany: Klingelnberg Corp., 15200 Foltz
Industrial Parkway, Strongville, OH 44136

3. Oerlikon Machine Tool Works, Oerlikon-Buhrle Lid..
CH-8050, Zurich, Switzerland, Spiromatic number 0 (13
inch), number 2 (211/16 inch), number 4a (63 inch), S 17
APL/AGL for Hypoid

4. Yutaka Seimitsu Kogyo Umiversal for Spiral and Hypoid
Model GH 35 (32 - 91/16 inch)
592 Kami Ochiai, Yono City, Saitama Pref. Japan.

Hardening Machine Manufacturers

Gileason Worls 28 anchoapacity
Harper Co. il - 4 inch
Hnghmd Tri-Ordimate Corp. 72 inch

Hlinois Too! Wirls 12 inch

“Tooth Deburring Machine Manufacturers

Acme Manufacturing Co. 2 . 5l inch outside dismeter
Chemtool Ine.

Extrude Hone Corp.

Fellows Works 9= 14inch

Crleason YWorks 7 inch

Hegenscheidt Corp., Germany 12 inch

Redin Corp., U.5.A. 72 inch



Chapter 4

GEAR MATERIALS AND
THEIR HEAT TREATMENT

Gears are produced from a variety of materials including steels,
cast and ductile irons, brasses, bronzes, other metals, and plastics such
as nylon. The majority of gears for automotive, farm machinery, road
equipment and machine tool applications are made from hardenable
carbon-, low-alloy steels or cast iron. Gears for aireraft and missiles are
generally made from non-corrosive stainless steels. However, many are
made from the steels mentioned at the end of this chapter.

The selection of the material and the hardness is generally left
to the designer, who knows the application for the gear. Manufacturing
engineers may have greater knowledge than designers about the avail-
ability of particular steels. Design engineers generally know important
parameters like hardness and stresses involved in a particular gear, and
to be on the safe side, they specify only those steels with which they are
famihar.

Many designers and machine shop manufacturing engineers do
not have sufficient general knowledge about the costs involved in varni-
ous heat-treatment processes. The extract below, from the Bethlehem
Steel Corporation's Handbook number 3310 (currently out of print), con-
tains important and valuable data on steel heat treatment. Bethlehem
Steel Corp. has grouped SAE steels in the following five (5) categories;
their heat-treatment characteristics will be given later.

Carburizing grades of steel
SAE 1015, 1020, 1022, 1117 and 1118
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Carbon water- and oil-hardening grades
SAE 1030, 1040, 1050, 1060, 1080, 1095, 1137,1141 and 1144

Alloy carburizing grades
SAE 4118, 4320, 4419, 4620,4820,8620 and E 9310

Alloy water-hardening grades
SAE 4027, 4130 and 8630

Alloy oil-hardening grades
SAE 1340,4140,4340.5140,8740,4150.5150,6150,8650.9255
and 5160

Steels Used inthe Normalized Condition

For gears that carry small specific loads, unalloyved or lean alloy
steels are used in normalized condition. Normalizing is the term applied
to the process of heating the steel (after hot working) and allowing it to
cool in air. This sequence causes austenite to transform into ferrite and
pearlite at relatvely high temperatures during cooling, with the result
that no hardening takes place.

Heat Treatment

With the exception of surfaces requiring maximum wear resist-
ance that are to be nitrided, hardness of at least Rockwell 60C is gener-
ally considered necessary for gears. Steel, which must attain hardness
by formation of martensite, should contain a mimimum of 045 percent
carbon. Where a lower hardness of Rockwell 50C is acceptable, steel of
lower carbon content may be used.

Two fundamentally-dafferent, major processes produce a hard-
ening action by formation of martensite. These processes are case hard-
ening and through hardening. Steel that is to be through-hardened
must contain a sufficient amount of carbon, which indicates that it is a
through- or direct-hardening steel.

Case Hardening
Work pieces that are to be case hardened are made from steel
with a carbon content of 01— 025 percent. The carbon in the surface
88
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lavers of these steels 1s increased by diffusion at high temperatures
from solid, liquid, or gaseous media containing carbon. The hardness of
the carburized surface is then changed by such processes as local heat-
ing, using imduction currents (induction hardening) or a gas torch
(flame hardening).

Case-Hardening Methods

In the carburizing process, the medium that carries the carbon
may be solid, liquid or gaseous. Each medium has its specific applica-
tion and is selected to suit the user’s convenience. Temperatures used
are always above 1380 degrees F and usually between 1580 and 1830
degrees F (850and 1000degrees C).

The depth of the carburized layer depends on temperature and
time. Higher temperatures produce a higher rate of diffusion of the car-
bon atoms from the media into the austenite lattice, under the influence
of what is known as the carbon gradient. The carbon content in this car-
burized layer decreases gradually from the surface, where it 18 usually
highest, toward the core. The depth at which the original carbon content
is reached is called the total depth and it is to be distinguished from the
effective carburizing depth. The latter is the perpendicular distance
below the surface to the point at which the carbon content has dropped
to 0.4 percent. This distance correspondsto the depth where Rockwell is
about 55 Rockwell C, and is about one-half'the total depth. The effective
carburizing depth can be expressed for most carburizing processes as a
function of time.

The effective depth is equal to KgVt inches (mm), where Ky is
a constant dependent on temperature and matenal and t = the duration
of the carburizing process in hours). With unalloyed steel at 1560
degrees F (860 degrees C). Ky is about 0.008 inch (0.22 mm). At 1650
degrees F (900 degrees C). Ky is about 0.013 inch (0.32 mm). At 1740
degrees F (950 degrees C), Kq is about 0.018 inch (0.45 mm). Thus, the
effective carburizing depth at 1740 degrees F (950 degrees C) is about
twice that at 1560 degrees F (860 degrees C).

Pack Carburizing
Carburizing in a solid medium is the oldest of the processes but
is still currently 1n use for certain classes of work. Charcoal and certain
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kinds of specially treated coke are mainly used as the carbon-bearing
medium. Alkaline earth carbonates, primarily barium carbonate, are
added to these materials as energizers. The mechanism of carburizing
involves combination of the oxvgen that 1s present initially with carbon
to form carbon dioxide (CQy). This gas reacts with any excess carbon at

higher temperatures to form monoxide, CO,+C~2 CO. Carbon monox-

ide then reacts with steel and delivers carbon atoms to the steel surface,
2C0—[C]+C0,. The remaining C02 isregenerated by the carbon to CO,

which is, therefore, a gaseous medium that carburizes steel.

Liquid Carburizing (Salt-Bath)

Carburizing baths contain molten salt mixtures, the effective
constituent of which is sodium cyanide (NaCN). This salt melts at 1020
degrees F (550 degrees C) and decomposes at temperatures near 1830
degrees F ( 1000 degrees C) more or less rapidly, according to the nature
of other additives. The field of practical application is between the above
temperatures. Above 1660 degrees F (850 degrees C) the supply of car-
bon dominates.

Al higher temperatures the carburizing effect increases, where-
as below 1300 degrees F (700 degrees C) more nitrogen is released. At
1020 degrees F (550 degrees C) for instance, only nitriding takes place.
In a medium-temperature range, both nitrogen and carbon are given off.
This process is therefore called carbonitriding.

Oxvgen, which is constantly present, combines with sodium
cyanide to form sodium carbonate fHa#GNﬂa_}, sodium carbonate
(Na,CO,), nitrogen (N) and carbon monoxide. The nitrogen diffuses into
the steel in the lower temperature range; carbon monoxide acts in the
higher temperature range in the same manner as during carburizing
with solids. It is generally assumed that carburizing takes place via the
gasepus phase.

Alkaline earth chlorides act as energizers to influence the
intensity of carburizing in the form of higher or lower surface carbon
contents and thus they control the penetration rate. A distinction is
made between energized and non-energized carburizing baths. Heating
of components in salt baths takes place quickly, in contract to gas car-
burizing. Case hardening baths are, therefore, of particular advantage
when the heating time constitutes an appreciable proportion of the total
time of treatment; 1.e., for small case depths from 0.004 to 0.032 (0.1to
0.8 mm). Liguid carburizing is generally recommended for small- to
medium-sized components.

a0
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Gas Carburizing

In gas carburizing, carbon is transferred to the surface of the
steel mainly by the following reaction: 2C0—[C]+C0,. There are main-
Iy two types of processes: a) the generator process, and b) the granular
process using solid gasifying compounds. In the generator process, gases
are produced in a suitable gas generator from a town’s or natural gas
supply or from hydrocarbons such as propane or butane, and brought to
the carburizing furmace either in the necessary composition or as a car-
rier gas.

When a carrier gas is used, a certain amount of a strong car-
burtzing gas is added in the furnace. Such a carrier gas process has the
advantage that it is possible to add more active carburizing medium
automatically.

In the granular process, a sohid carburizing medium is intro-
duced in the furnace. Oxygen from the air reacts with the medium to
form CO, at moderately low temperatures and CO at high tempera-

tures. This CO carburizes the steel surface.

Case Depth
The following empirical formula is used to estimate the case
depth:
Case depth = 0.15 + grinding allowance in inches per flank.
P
This formula is good for gears of 24 1o 3 dp.

For pitches below 3 dp:
Case depth = 0.0885 + grinding allowance in inches per flank.
F

Nitrided Gears

The advantage of nitrided gears is that gear blanks can be fully
machined. Teeth may be hobbed or ground to finished dimensions, then
subjected to the ammonia nitriding process with a minimum of distor-
ton. Varations in dimensional changes occurring in nitriding 1s fre-
quently due to relief of residual stresses resulting from processing oper-
ations like rough machining. Distortion will be minimized if stresses are
relieved by a stress relief annecal or by a heat treatment processing
before nitriding. Finish machining operations must be carried out with
great care to avold residual stresses.
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For a given part and a fixed nitriding cycle, the amount of
growth 18 constant. Therefore, it 18 necessary to determine the dimen-
sional changes experimentally and to make proper allowance in the fin-
ished machining operations prior to nitriding. The mitriding process is
suitable for parts that require high wear resistance, high fatigue resist-
ance, or both. Wear resistance results not only from the high hardness of
nitrided surfaces but also from their ability to retain hardness in a tem-
perature range at which conventionally hardened steels would soften.

Mitriding is a process of case hardening in which ferrous alloys,
usually of special composition, are heated in an atmosphere of ammoma
or put in contact with nitrogenous material to produce surface harden-
ing by absorption of nitrogen without quenching. Without quenching,
distortion is far less than occurs with the regular carburizing processes.

Nitriding is carried out by heating steels of suitable composi-
tion with a source of active nitrogen at temperatures from 925 to 1100
degrees F, for periods ranging from few minutes to 10 hours, depending
upon steel being treated, and the depth of case required. Steels must
contain elements in solid solution that are capable to forming nitrides
such as aluminum, chromium, molybdenum, vanadium and tungsten.
The parts nitrided will have a dull matte gray color.

In earlier imes, salt bath nitriding was in common use. It shal-
low cases are to be produced (with short time cycles) and if parts are
small and production quantity low, salt baths have a decided advantage.
The mixture of salts used contains sodium cyanide and potassium
cyanide (60:40) or alternatively sodium evanide, sodium carbonate and
potassium chloride (44:32:24). Case depths from 0.015 to 0.022 inch, can
be achieved, with hardness from 90 to 93 on the Rockwell 15N scale.

In the USA, nitrided gears are generally made from Nitralloy
135, which is equivalent to DIN Specification 34 CrA1-MOB. The chem-
ical composition is C 0.3, Al 0.8, Cr 1.0, and Mo 0.15 percent. The ten-
sile strength is in the range of 115,000t0 140,000]b./aq. inch.

Nitralloy 135 modified is equivalent to British Specifications
End1B and French 45 CA-D6-12, and has the following chemical com-
position: C 0.35t0 0.45,A109to 1.3, Cr 1.4t0l.8, aand Mo 0.1-0.25. The
tensile strength is 100,000t0 125,000Ib./sq. inch.

Flame Hardening

Steels for flame hardening generally contain 0.3 to 0.6 percent
carbon, Flame hardening is achieved by rapidly heaung the work with
a direct, high-temperature gas flame. The surface layer of the part is
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thus heated above the transformation range, and 1s followed by cooling
with a quenching media usually sprayed on the surface at a short dis-
tance behind the heating flame. lmmediate tempering is required to
avoid cracking caused by residual stresses.

Induction Hardening

Heating of the workpiece for induction hardening is achieved by
apphication of a high-frequency alternating current through a coil that
embraces the steel part to be hardened. Frequencies of 10,00 to 500,00
cycles per second are used, and heating cveles are short. Lower fre-
quencies and longer heating eveles are used for through hardening,
Quenching is usually accomplished with a water spray. Following are
minimum hardness values that can be expected:

Plain carbon steels 1040 1045 1050

Free machining steels 1141 1144

Alloy steels 4140,4340, 8740 4145,8645, 4150, 5150, 6150
Surface hardness 52 RC 50 RC 60 RC

After quenching

Heat Treatment Characteristics of Certain Steels

Carburizing Grade SAE 1020.

This steel is low in cost and contains C 0.17 to 0.24, Mo 0.26-
0.6, Mn 0.04, and 0.05 maximum phosphorus and silicon, percent. In
some countries this steel is called mild steel; in Germany, the nearest
equivalent is DIN Ck20. As rolled, the tensile strength is approximate-
ly 68,500 1b./sq. inch, the yield strength is 55,750 [b./sq. inch., and the
hardness 137 Brinell.

Commercially, this steel is available in hot rolled, cold rolled,
and centerless ground condition. Being of carburizing grade, a case
depth of 0.046 inch is easily achieved. A case hardness of approx. 62
Rockwell C is produced by heating to 1675degrees F for 8 hours, cooling
in a pot, reheating to 1425 degrees F, water quenching, and tempering
at 35 degrees F .

Annealing this steel is carried out by heating to 1600 degrees F
in the furnace, cooling to 1290 degrees F at the rate of 30 degrees F per
hour, then cooling in air.

Normalizing, especially of forgings, is done by heating to 1700
degrees F and cooling in air. In normalized condition, the tensile
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strength will vary from 64,500 to 60,000 lb./sq. inch, yield from 40,750
te 50,2501b./aq, inch and Brinell hardness from 121to 131 depending on
the size of the bar.

Carbon Water Hardening Grades

SAE 1030.

This steel has the following chemical composition: C 0.28 to
0.34, Mn 0.6 to 0.9, phosphorous (.04 maximum, and sulphur 0.05 per-
cent. Annealing requires heating to 1550 degrees F, furnace cool Lo
1200degrees F at the rate of 20 degrees F per hour then cooling in air.
This procedure will give 67.250]b./sq. inch tensile strength and 49,500
Ib.fsq. inch yield strength.

Normalizing 18 performed by heating to 1700 degrees F and
cooling in air, which will give a tensile strength of 77,500 to 72,500

Ib./sq. inch, and a yield strength of 50,000 to 47.250 ]b/sq. inch. The
hardness is 156 to 137 Rockwell C, depending upon the size of the bar.
This steel, also 1040 and 1060 steels, are often used in for gears sub-
jected to induction and flame hardening of the teeth.

SAE 104 Water Quenching Steel. Table 4-1

Chemical Composition; C 0.37 to 0.44, Mn. 0.6 to 0.9, phospho-
rous 0.04 maximum and sulfur 0.05 maximum percent..

Annealing: Heat to 1450 degrees F, furnace coolto 1200 degrees
F. Subsequently, cool in air, which will result in approximate tensile
strength of 72,2501b./sq. inch, a yield strength of 51.2501b./sq. inch and
Brinell hardness of 149,

Mormalizing: Heat to 1650 degrees F and cool in air. (Refer to

Table 4-2 for further technical details) This particular steel is ideal for
induction hardening and flame hardening.

SAE 1050. Table 4-2

Chemical Composition: C 0.48 t0.0.55, Mn. 0.6 to 0.9, phospho-
rus 0.04 maximum, and sulphur 0.05 maximum, percent.

Annealing: Heat to 1450 degrees F, cool to 1200 degrees F, and
cool in air. This sequence will result in a hardness of approximately 187
Brinell.

Normalizing: Heat to 1650 degrees F, cool in air.

Water-Hardening SAE 4130. Table4-3.
Chemical Composition: C 0.28 to 0.38, Mn. 0.4 to 0.6, 510.2 to
0.35,Cr 0810 1.10.Mo 0.15 to 0.25 percent.
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Water-quenched 1030

Treatment: Mormatzed al 1700 F; reheated to 1600 F; guenched in wates,
1-In. Round Treated, 5{5.in, Round Tested, As-quenched HE 514,

[RE]
200,000 T

160,000 —

\;;‘
100,000

¥ -
i ~2iny
of Aued == L
Reduciel S| 0%
.-'"'-
50,000 ™ B0
40%:
—

e e e e E
— 20%
10%%

Temper, F 400 500 &00 700 200 200 1000 1100 1200 1300
HB 485 4289 401 375 302 277 255 235 207 179

Table 4-1
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Water-quenched 1040

Treatment: Mormalized at 1650 F; rehesled to 1550 F; guenched in water.
1-in. Round Treated ; 505-in, Round Tested, As-guenched HB 534,

pEd
200,000 =
150,000
_:‘-_--.?:E_”We g
—lrengy,
™~
bttt = Yield Poing ™
-—-__-. ol
— H-
- E : T
— Hﬁ.g.um-:-r_t_ﬂi__l..-—- B0%
]
Al
]
- : 0%,
Elﬂl'lﬂra'hﬂﬂ ——-'--..F-
= 205
— 10%

Temper, F 400 500 600 700 800 900 1000 1100 1200 1300
HE 514 435 444 401 352 253 269 236 201 187

Table 4-2
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Annealing: Heat to 1585 degrees F, furnace cool 20 degrees F
per hour to 1255 degrees F and cool in air. Normalizing: Heat to 1600
degrees F and cool in air.

Tensile strength will be 197 000to 98,0001b./ag. inch, and hard-
ness 461 to 202 Brinell. Refer to Table 4-6 for further technical details.

Alloy Steel Oil-Hardening Grades

SAE 1060. Oil Hardening

Chemical Composition: C 0.55 to 0,65, Mn. (1.6 to 0.9, phospho-
rus 0.04 maximum, sulphur 0.05 maximum percent.

Annealing: Heat to 1450 degrees F, furnace cool to 1200 degrees
F at the rate of 20 degrees F per hour and cool in air.

Normalizing: Heat to 1650degreesF, cool in air. Tensile strength
after hardening in o1l will vary from 160,000 t0 103,000 [b/sq. inch,
depending on tempering temperature. The Brinell hardness will vary
from 321 to 212, (Refer to Table 4-4 for further technical information. )

SAE 104 Oil Quenched. Table 4-4

Chemical Composition: C (L37 o 0.44, Mn 0.6 to 0.90; phospho-
rous 0.04 maximum, sulphur 0.05, maximum percent

Annecaling: Heat to 1450 degrees F, furnace cool to 1200 degrees
F at the rate of 20 degrees F/hour and cool in air. This routine will give
tensile strength of 75,250 1b./sq, inch, a yield strength of 51,250 Ib./sq.
inch, and a Brinell hardness of 149,

Normalizing: Heat to 1650 degrees F, cool in air. The tensile
strength will be 88,250 to0 83,5001b./aq. inch, the yield strength will be
58,500 10 49,2501b./sq. inch, and the hardness will be 18310 167 Brinell
(depending upon the cross-section).

After heat treatment, the tensile strength will vary from 114,00
to 88,000 lb./sq. inch, the yield strength from 86,000 to 62,000 ]b./sq,
inch, and the hardness from 262 to 183 Brinell, depending on the tem-
pering temperature (which can vary from 400 to 1300 degrees F). (Refer
to Table 4-3 for further technical information. )
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Qil-quenched 1060

Treatment: Mormalized al 1650 F; reheated to 1580 F : quenched in oil.
1-in. Round Treated ;. 505-in, Round Tested. As-guenched HE 321.

psi
200,000

Tansile Strength

150,000

YVield Point "'*'\L
_-h‘.._l“. .\J
s
100,000 "-..\\
e
\‘\..,‘ F0%
..-f""? ol
i
S0, 000 Had LT -'__-_I___-l-""" 505
st 40%
A%
_——
20%
Elamgation
1 0%

Temper, F 400 600 800 700 8O0 800 1000 1100 1200 1300
HE 321 32 321 321 311 302 277 248 223 212

Table 4-3
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Oil-quenched 1040

Treatment: Marmalized a1 1650 F; reheated 10 1575 F; quenched in ol

1-im. Rownd Treated @ 5050, Roumd Tested As-quenched HE 269,
psi
200,000
160,000
Tensi
e Strangu,
10:0, 000
v
———2 Py
h-q"""-u._
—— T0%
5 :'zg al%
Reduction 'Uﬂal
50,000 ?-ﬂ'-—-_ B0%
408
_ 30%
ELI:IT‘Q-EII"'DH "
s 20%
10%

Temper, F 400 500 600 700 800 900 1000 1100 1200 1300
HE 267 235 255 248 241 735 212 187 182 183

Table 4-4
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Oil-quenched 4140

SINGLE HEAT RESULTS
€ mMan P 5 B W cr Mo Gran
Elzo
Ladie 41 A5 024 031 .20 12 1001 24 B-8
Critical Painis, F: A, 1395 - Ag, 1450  Ap; 1330 Ap, 1280

Troalmeni: Marmalized at 1600 F; reheated 1o 15350 F; quonchad in apitaied oil
JE30-in. Round Teeabed ; ,505-in. Fownd Testad. As-quenched HE 801

psi \J
250,000 '“\\ \
200,000
E=
=
55}
[}
i
150,000 | =
< T0%
— H0%,
anduction o £ —
.,——-ﬂ-—-
100,000 - 0%
ol 40
! 30%
_-:!"--— o
e ngatkan — 0%
! 10%

Temper, F 400 500 600 700 800 900 1000 1100 1200 1300
HB 5§78 534 495 461 429 383 341 311 277 235

Table 4-5
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Water-quenched 4130

SINGLE HEAT RESULTS
C Mn P 5 E M > ™o Grain

— Sire
Ladke 30 48 015 095 20 12 &1 20 &-8
Critical Ppirts, & Az, 1400 Az, 1510 &, 1400 A, 1306

Treafment: Momaized ai 1600 F, mmbasted 10 1575 F; quenched inwaler.
JB30-in. Round Traated ; B05=in. Round Tesied.  As-guenched HEB 485

i
P
200,000
150,000
L] 70%
60%
100,000 S 50%
 40%
= 30%
Elongation 2%
10%
50,000

Temper, F 400 500 &00 700 800 Q00 1000 1100 1200 1300
HE 461 444 420 415 401 331 302 260 241 202

Table 4-6
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Chemical Compositions of Alloy Steel Oil-Hardening Grades

SAE 4140,4340 and 4150:

Compaosition:

SAE 4140 C 038 to 043, Mn 0.75 to 1.0, 510.2t0 0.35, Cr B to
1.1.Mo 0.15 to 0.25 percent

SAE 4340 C 038 to 043, Mn 0.6 10 0.8, 51 0.2 to 0.35, Ni 1.65
to 2.0, Cr0.7 to 0.9, Mo 0.2 to 0.3 percent

SAE 4150 C 0.48 to 0.53, Mn 0.75 to 1.0,510.2 to 0.35, Cr 08
to 1.1.Mo 0.15 10 0.25 percent

Annealing:

SAE 4140: Heat to 1500 degrees F, furnace cool to 1230 degrees
F, cool in air.

SAE 4340: Heat to 1490 degrees F, furnace cool to 670 degrees
F, cool 1n air.

SAE 4150: Heat to 1525 degrees F, furnace cool to 1190 degrees
F, cool in air.

Normalizing treatment:
SAE 4140, SAE 4340, and SAE 4150:
Heat to 1600 degrees F, cool in air.

Maximum tensile strengths and achievable hardness:
Tensile strength

SAE 4140, 262,001b./aq. inch, 578 Brinell

SAE 4340, 288,001b./8q. inch, 555 Brinell

SAE 4150, 301,5601b./aq. inch 578 Brinell
(Fuor specific details, refer to Bethlehem Charts 4-5, 4-6, 4- Tand 4-8.)

Alloy Carburizing Grades --SAE 4820, 4320, E 9310
Chemical Compositions:

SAE 4820, C 018 to 0.23, Mo 0.5 to 0.7, S10.2 to 035, Ni 3.25 1o 3.75, Mo 0.2 7o 0.3 percent
SAE 4320, C 0,17 to 0.22, Mo .45 to .63, 51 0.2 to 0.35, Ni 1.65 to0.2,Cr 0.4 to 0.6, Mo 0,2
to 0.3 percent
SAE E 9310 C 0.08 to 0,13, Mn 0.45 to 0,65, 510.2 1o 035, Ni 3. to 3.5, Cr 1. te 1.4, Mo
008 to 0,15 percent

Annealing: For all these steels, heat to 1550 degrees F, cool to
760 degrees F in the furmace at the rate of 30 degrees F per hour, and air cool.
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Normalizing:
SAE 4820. Heat to 1580 degrees F and cool 1n air.
SAE 4320. Heat to 1640 degrees F and cool in air.

SAE 9310. Heat to 1630 degrees F and cool in air.
{For further technical details, refer io Bethlehem Tables 4-9, 410, 4-11, and 4-72.)

Nearest German, British, and French Equivalents to
Direct Hardening SAE Steels

SAE British (En) German (DIN) French
1063 En 9K DIN Ch Ci
1044 En 8K DN C45 cds5
2034 EncEK DINC35 c3s
4337 DIN 37 Ni, Cr, Mo, 7

4340 DN 4 Mi, Cr, Mo 7

Nearest Equivalents to SAE Case-Hardening Steels
SAE Grerman (DIN)
1015 DIN CK15

British and German Equivalents

British (En) (Grerman (DIY)
EN 36 DN 14 NI Cr 14
EXN 19 DIN 14 Ni Cr 18

Aluminum Gears

The following aluminum-based materials are mostly used for
gears: 2024-T4, T075-T4, 7075-T6, 6061-T4, 6061-T6. AL 2024-T4 is
alloyed with 4.5 percent copper. T4 is a solution heat-treatment specifi-
cation and is followed by natural ageing at room temperature to a sub-
stantially stable condition. The ultimate strength achieved 1s approxi-
mately 68,000 1b./sq. inch, the yield strength is 47,000 1b./sq. inch, the
hardness is 120 Brinell, and the shear strength is 41,000 |b./sq. inch.

However, the tensile strength varies with operating tempera-
ture. At 75 degrees F, the tensile strength is 68,000]b./sq. inch, but at
elevated temperatures it decreases considerably as follows: at 300
degrees F, 45,000 1b./sq. inch, at 400 degrees F, 27,000 lb./sq. inch, and
at 700 degrees F, 5,5001b./sq. inch.

Aluminum Rounds in T-4 condition are generally supplied in
diameters from 1/8 to 8 inches.
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Oil-quenched 4340

SINGLE HEAT RESULTS

C Man P 8§ Si Mi ©Cr Mo @
Ladie .41 023 e 28 vy TR O AR
Critical Paines. @ AL 1330 A0y 1415 Arauen &6 F20 .
Treatment: NMommalized 2l 1600 F; rebeated to 1473 F; quenched in agimied ol

530«ip, Reund Treased ; 505%-in. Round Tested

[=]]

250,000

200,000

150,000

[ Q00

As-quenched HE 641
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Table 4-7
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Oil-quenched 4150

SINGLE HEAT RESULTS )
C Mn P 5 Si Ni Cr Mo Gsrlen
B

Ladis &0 .76 016 12 21 20 085 21 90%T-&
Crilical Points, F: &g, 1390 Ac, 1450 Ar, 12580 Ay, 1245
Trestmenl: Mormalized af 1600 E rebeated o 1525 F: guenched in agiladed ol

530-in. Raund Trealed ; BOE-in, Round Tesbad As-quenched HE G56.
p AY b
M,
250,000 [——]
200, 000
= = \
a8 N
A i
z_|o N
150,000 & b \
o |
- -
k
T%h
100,000 f_;. GO
] 50%
Reduction of Aréd .--"?
40%
= i
20%
Elongation _.---"""f:
E0, 000 | 10%

Temper, F 400 500 &00 700 800 800 1000 1100 1200 1300
HE §78 555 534 495 444 420 401 383 -3 262

Table 4-8
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4820

SINGLE HEAT RESULTS

c M n P 5 5i Mi Cr Mo :
Grain

Ladle 21 021 0|8 N 49 18 24 g
Critical Poirts, F- &g, 1310 Ag, 1440 Ay 1215 A T4 E-B
S85-in. Round Trealed:  §OE-in. Round Tesbsd

CASE CORE PROPERTIES

| Hardress De iTen:Iu Strength Yield Point  Elongation Reduction Hardness
HRC . I osi P o5 2in, of MArea, % HE

Recommended Practice for Maximum Case Hardness

Direcd guench from pot 1) Carbunzed al 1700 F for & houwrs;, 2} geenched in
agitaied ail ; 3) tempered at 300 F.

Ea 30 206,000 185,500 13.3 53.3 415

Single-guench and temper—for good case and core properias:
1) Carburized at 1700 F for & haurs; 2} pol-cooled | 3} rebeated 10 1475 F
4} quenched in agilaied ail; 5) lempered ai 300 F

&1 047 207,500 167, 0D 13.4 62.2 415

Doubla-guench and l[Bmper = for makimum refinemant of cose and core.
1) Carburized at 1700 F for B hours; 2) pol-cooled ; 3) rebeated 10 1500 F;
4§ queenched in agitaled o ;5) rebesied o 1450 F; 6) quenched in agiated oil ;
7y tempered & 300 F.
&0 047 204 500 185,600 13.8 52Z.4 415

Recommended Practice for Maximum Core Teasghness

Oirect quench from pot 1) Carbwrized al 1700 F for 8 hours, 2) guenched in
agitaled ail; 3) tempered al 450 F

58 035 200,500 170,000 12.8 3.0 401

Single=quench and lemper=for good case and core progerias:
1) Carburized al 1700 F for 8 hours; 2) pot-cooled, 3} reheated o 1475 F:
4} quenched in agitaied oil; 5) tempered al 450 F.
Br.s 047 205,000 184 500 13.0 63.3 416

Double-guench and temper—{or maximum refinement of case and core:
1} Carburized al 1700 F far 8 houwrs: E:I pot-coaled ; 3} rehealed to 1500 F:
4} quanchad in agitalad oil ;5] reheated to 1450 F; &) quanched inagitabad ail:
Th lempered at 450 F

6685 047 196,500 171,500, 13.0 3.4 401

Table 4-9
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4320

SINGLE HEAT RESULTS
Cimaim
i M P kS i M o Mo Siza
Ladie 20 5 A1 OB 13 .97 47 23 .5
Crdical Poinds, Fr &2, 1330 Aoy 1483 Ary 1330 Ap, B40
Aedain. Reund Treared 50500, Round Tessed

Tensila Srength  Yield Point  Elomgaton  FBeduction Haordness
Hardness Depth pEi psk %2, of Aren,% HE
L HH.': ill.

Single-guench and lemper—_for good case and core properlies:
1) Carburized at 1700 F b B howrs: .E:I pot-canled; 3} reheaied o 1500 F:
4) quenched in agitaied ail ; 5) tempared at 300 F.

625 075 218,250 178,000 13.5 48.2 425

Double-quanch and lemper—for mazimum refinement of case and core:
1} Carburized =l {700 F far 8 hours; 2) pot-cocled; 3) rehealed ta 1500 F ;
4} guenched in agiated oil; 5) rehealed 1o 1425 F; 6} guenched in agilated
oil; ¥) tempered at 300 F.

Lo 76 151,750 57,000 19.5 a9.4 302

Recommended Practice for Maximum Core Toughness

Direcl guench fram pob: 1) Carburized at 1700 F for 8 howrs; 2) quenched in
agitated oll ; 3} tempered =t 450 F.
585 060 215500 158,750 125 49.4 415

Single-quench and temper=_Ior good case and core properiies:

1) Carburized ai 1700 F for 8 hours ; 2) pot-cocled ; 3} reheabad 1o 1500 F:
4) guenched in agitaied oil ; 5} lempered al 450 F.

54 JO7E 211,500 1¥3.,000 12.5 50.9 415

Double-quanch and temper=for madmum refinemeant of case and core:
1} Carburized at 1700 F for B howrs: 2] pot-cooled; ﬂn:l reheated 1o 1500 F;

4] quenched in agiated oil ;5] reheated to 1425 F; 8) quenched in agilated oil 2
7] tempered at 450 F.

54 076 145,750 04,500 218 553 253

Tahble 4-10
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E9310

SINGLE HEAT RESULTS

€ Mn P -3 gi Nl Cr Mo Guin
4]
ladle 11. 53 013 014 28 318 133 11 BT

Critical Pomis, F: &g, 13580 Ap, 1480 Arp 1210 An 810
S6Sein. Rownd Trealed ;. 505-in. Rownd Tested

CASE CORE PROPERTIES

Hardness Depth [ |Tan!ih$‘l.run-g1!' Yiedd Point  Elongation Reducton Hamdness
HRC in. | | [ psi % 2 in. of Amea, % HBE

Recommended Practice for Maximum Case Hardness

Direct guench from pol: 1] Carburized a1 1700 F for B hours; 2) quenched in
apitated ail; 3) tempered al 300 F

585 038 178,500 144,000 15.3 501 ars

Zingle-guench and femper=for good case and core praperiias:
1) Carburized ai 1700 F far 3 howrs ; 2) pot-coaled : 3} reheated fa 1450 F;
4) guenched in agilaled oil; 5) tempered af 300 F.

H2 L7 173,000 135,000 15.5 &0 363

Double-quenach and tempar="Tar maximum refinement of case and cora:
1) Carburized at 1700 F far B hours ; 2) pal-cooled ; 3} rehealed 1o 1475 F;
4] quenched inagitated oil ;5) reheated to 1425 F ;8) guenched in agitated oil ;
7] tampered ai 300 F.

0.5 055 174,500 138,000 15.3 62,1 363

Recommended Practice for Maximum Core Toughness

Direct guench Trom pot: 1) Carburized at 1700 F for & hours; 2} guenched in
agitaiad oil; 3) tempered al 450 F.

545 038 178,000 145,500 15.0 oy 363

Single-quench and lamper—for goad case and core propedies
1) Carburized at 1700 F far 8 hours; 2) pot-cooled; 3) reheated ta 1450 F;
4) quenched in agitated ail : 5} lempered at 450 F

0.5 047 168,000 137,500 155 &0.0 341

Double-quench and temper=for maximum refinemeni af casa and core:
1) Carburized at 1700 F for B hours; 2) pai-cocled; 3) rehealed ta 1475 F;
4] guenched inagitated ail ;5) reheated o 1425F; 6) quenchead in agitated ail ;
T} tlempared al 450 F.

58 LES 168,500 138,000 14.8 618 a5z

Tahle 4-11
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8620

SINGLE HEAT RESULTS

€ Mn P 5 gi N1 €r Mo Grain
Size
Ladla .Z3 Bl 025 s .28 .58 43 18 33; E.E
Critical Points, It~ Ag, 1380  Ap, 1620 Ar, 1400 Ay, 1200
B65-in. Found Treated ;. 508-in. Round Tested
CASE CORE PROPERTIES
Hardness  Depth Tensile Strength Yield Poinl Eongation Redeclion Hardness
HRC in. S =1} B 2in o Ao, % HB

Roecommended Practice for Maximuem Case Hardnoss
Direcl quench fram pot: 1) Carburized at 1700 F far 8 houwrs; 2} quenched in
agilaled ail; 3) tempered al 300 F
63 056 182 000 150,250 12.5 444 a8

Single-quench and tempar—"{ar goad case and core properbieg:
1) Carburized &l 1700 F for B hours: 2) pot-coaled; 3) rehaated to 1550 F;
4] guenched in agitaled oil ; 5] tempered af 300 F.

& 075 188500 149750 115 51.6 358
Double-quench and temper=lar maximum refinemen! of cese and core:
1 Carburized at 1700 F for 8 howrs: 2} pot-cooled ; 3) rehealed 1o 1550 F ;

4) quenched inagilated oil ;5) reheatadto 1475 F; ) quenched in agilated oil ;
7] tempered ai 300 F.

64 070 133,000 83,000 200 56.8 269

Recommended Practice for Maximum Core Touvghness
Direct guanch from pat: 1} Carburized at 1700 F far 8 hours; 2) guenched in
agltaied oil ; 3) tempered ai 450 F
58 050 181,250 134 250 12.8 516 352

Zingle-guench and fempear—far good case and core properbies:

1} Carbwrized al 1700 F for 8 hours; 2} pot-coaled; 3) reheated to 1550 F;
4} quenched in agitaled oil ; 5) lempared al 450 F.

& 078 167,750 120,750 143 53.2 341

Double-guanch and lempear=far maximum refinement of case and care
1) Carburizad at 1700 F far & hours: 2) pol-cocled; 3) reheated to 1550 F
4) quenched in agitated oil ;5) rehested 1o 1475 F ; 8) guenched inagitated ail ;
7] tempered at 460 B,

& .07 130,250 7750 225 517 262

Table 4-12
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The 7075 T6 alloy contains zinc and lesser amounts of magne-
sium, copper and chromium. The properties are similar to those of 2024
T4, but 1t is selected for its higher tensile strength. The ultimate tensile
strength is approximately 83,000 lb./sq. inch, the vield strength is
73,000 ]b./aq. inch, and the shear strength is 48,000 [b./aq. inch.

Increases in operating temperature with aluminum result in
reductions in tensile strength, as with other materials. At 75 degrees F,
tensile strength of a typical alloy is 83,00 lb./eq. inch, at 212 degrees F,
tensile strength is 70,00 lb./gq. inch. at 300 degrees F, tensile strength
is 31,000, at 400 degrees F, the tensile strength is 16,000]1b./sq. inch,
and at 700 degrees F the tensile strength is 6.000]h./sq. inch,

Alloy 6061-T6 contains magnesium 1 percent and silicon 0.6
percent. The tensile strength at 75 degrees b 1s approximately 42,000
lb./eq. inch, the wvield strength is 37,000 lb./sg. inch, and the shear
strength is 27,000 |b /ag, inch. At elevated operating temperatures the
tensile strength falls considerably. At 212 degrees F, the tensile strength
is 42.0001b./8q. inch, at 300 degrees F it is 34,000 lb./sq. inch, at 400
degrees F it is 19.000 lb./aq. inch, and at 700 degrees F the tensile
strength is 3,0001b./sq. inch.

Precipitation-Hardening Stainless Steels

In aircraft and missiles, where parts must function without
bemg oxidized, many gears are made from precipitation-hardening
stainless steels such as 17-4 PH, PH 13-8 Mo, 15Cr-5 Ni. Commercially
available materials to these specifications are generally supplied in
solution treated condition A.

On heat treatment at temperatures not exceeding 1200degrees
F, the material becomes harder, depending on the heating temperature.
Cenerally,the material i1s heated in the furnace (preferably in a neutral
atmosphere), and held for 4 hours, then cooled 1n air.

The following are the maximum tensile strengths and hard-
nesses that can be achieved with PH steels:

PH 17-4,tensile strength 235,00 Ib./ag. inch, hardness 49 Rockwell C.
PH 13-8E Mo, tensile strength 235,001b./sq. inch, hardness 48 Rockwell C.
15 Cr, 5 Ni, tensile strength 200,00 Ib./sq. inch, hardness 44 Rockwell C.

The remarkable characteristic of these PH materials is that
component size after heat treatment can be pre-determined because the
metal shrinks in both diameter and length by specificamounts. Thus, to
achieve the final size specified on the drawing, a gear can be cut over-
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Gear Materials and Their Heat Treatment

size by a specific calculated amount (depending upon the contraction
rate). After heat treatment the size will be exactly as called for on the
blueprint.

PH materials should never be used in solution heat-treated con-
dition called 'A,' because in that condition the material 15 susceptible to
stress corrosion cracking. Solution heat-treatment of PH 13-8 Mo is
achieved by heating to 1900 degrees F and cooling rapidly to room tem-
perature. Typical mechanical properties of PH 13-8 Mo and 15 Cr-5 Ni
are reproduced here from the Carpenter stainless steel catalog. (Refer
to Table 5-1.).

It is important for the manufacturing engineer to know that
once the precipitation hardness of 44 Rockwell has been achieved by
hardening at 900 degrees F (as with 15 Cr-5 Ni), special procedures are
needed to modify this hardness. For instance, if it becomes necessary to
reduce the hardness to 34 Rockwell, the component must first be hard-
ened by heating to a temperature of 1100 degrees F, holding that tem-
perature for 4 hours and then air cooling to room temperature. However,
if the part has already been heat-treated at 1100 degrees F and a hard-
ness of 44 Rockwell is required, the part must first be solution heat-

treated and then precipitation hardened to a specific hardness using
Table 4-13 as a guide.

Precipitation Hardness and Tensile Strengths of 17-4 PH

Condition Uftimate Tensile Strength
H %00 198 K5l
H 950 182 K5I
H 1000 186 K5I
H 1050 142 K51
H 1100 157 K51

(K5I means thousands of pounds per square inch)

15 Cr-5 Ni Contraction Rate

Condition Inchper Inch
H 950 L0 g (b ODHDE
H 1150 00008 to 0,001

PH 13-8 Mo Contraction Rate

Condition Inchper Inch
H 950 000004 to 00006
H 1000 O to 00006
H 1050 0005 Lo 00008
H 1100 O 0E £ 0012
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Gear Materials and Their Heat Treatment

Copper Plating of Gears for Processing
Carbunzation and hardness is required mostly in the gear

tooth area, the remainder of a gear does not need to be carburized. One
way to mask the area not needing added carbon is to finish-turn the
gear, then copper plate the whole blank with 0.0003 inch maximum
plating thickness. The teeth are then cut, leaving a gnnding allowance,
and the workpiece is then carburized and hardened. The copper platting
can then be stripped away before the hardened teeth are finish ground
to size,

Nital Etch for Detecting Grinding Cracks

During the grinding of gear teeth, the heat generated may
result in the development of hair line cracks. Burming marks ofien
become visible on the teeth, and ground gears are therefore subjectedto
a Nital etch to detect cracks. The Nital etch process requires the parts
to be cleaned to remove grease and oil, usually by immersing the parts
for 4 to 5 minutes in denatured aleohol containing 5 percent by volume
of concentrated hydrochloric acid.

The parts are then cleaned in water, then rinsed in aleohol, and
again immersed for 35 1o 4 minutes in denatured alcohol containing 3
percent nitric acid. The parts are then immersed again in the hydrochlo-
ric acid solution described earlier and then neutralized in an alkaline
solution. Any localized dark area or white areas on gear teeth are indi-
cations of overheating and such parts should be rejected.

After the Nital etch, the parts can either be tumbled, honed, or
polished to remove remaining Nital etch stains. Nital etching is neces-
sary for aircrafl and mussile gears that are subjected 1o grinding opera-
tons.
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Chapter 5

PROCESSING OF GEAR PARTS

This chapter discusses processing of six typical gears. The parts
sclected are either spur gears or gears with splines. With a knowledge
of the technigue of processing these gears 1t will be found that process-
ing of bevel gears, and worms and worm wheels will be similar.

Part PHD-1

Referring to Figure 5-1, the first thing to decide when making
a component 1s the raw material size and the condition in which 1t 1s to
be procured. The final hardness of this part is to be 46 to 50 Rockwell C,
but for ease in machining, the matenal to be purchased should be in the
annealed condition.

The largest fimshed diameter on the print is the 0.1336 inch
diameter. All steel is supplied in two basic forms: hot rolled and cold
rolled. Since the size is s0 small, the obvious choice i1s cold-rolled mate-
rial. The nearest higher size in the inch system 1s 9/64 inch or 0.1406
{3.571 mm.). The difference in diameter between 0.1406 and the fin-
ished diameter of 0.1336 inch is approximately 0.007 inch., which
requires a radial matenal removal of approximately 0.0035 inch. Any
material, whether hot rolled or cold rolled, always has some surface
defects (more so 1n hot rolled); so the obvious selection of 9/64 (.1406) 1s
not suitable for this application. The next available commercial size is
5/32 inch (0.156 inch). If this size is selected 1t will give 0.156 - 0.137 +
2 =0.019/2 = 0.0095 inch depth of surface removal.

The drawing ealls for the part to be heat treated, during which
hairline surface cracks can develop, so 1t is recommended that the next
higher size than 5/32, which is 11/64 inch (0.172) be used. This choice
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Processing of Gear Parts

will give us 0.172 - 0.137 = 2 = 0.036/2 = 0.017 inch of radial material
removal. The 11/64-nch size material may not be easily available
{unless mill quantity is ordered), so the recommendation is to use 3/16-
inch diameter cold-rolled material for this part.

Economuic aspects of the cost of manufacturing must alsobe con-
sidered. Stainless steel material costs more than ordinary steel.
Allowing too great a machining allowance increases the cost of both raw
material and machining. At the same time, the machining allowance
has to be sufficient to ensure that there 1s no possibility of surface
defects.

Drilling of the 3/64-1nech diameter hole will have to be done with
the material in the annealed condition because drilling a small hole 1n
material with a Rockwell C hardness of 46-50 is very difficult. At this
hardness, the only other practical way of providing this hole is by elec-
trical discharge machining, which is a comparatively costly operation.
Another critical feature of the part is the two narrow undercut grooves
which will have to be machined with the materal in the annealed con-
dition.

Whether the turning operation is to be performed with the
material in the annealed condition will depend on the number of parts
to be produced. If the lot quantity is higher than 500, and thousands of
the parts are to be made often, and 1f the shop has Swiss-type automat-
ics (preferably CNC), the cost of the turning operations will be a mini-
mum. To suit the Swiss-type automatics, the material will have to be
centerless ground. In these machines, the tools are stationary, and the
chuck or spindle moves axially.

Thus, on a Swiss-type automatic, rough or finish turning, fac-
ing, centering, two undercuts, one drilling operation, and cutung-off,
can be done in one cycle as shown in sketch A of SK-PHD-1 (Refer to
Figure 5-2).

It the quantity to be processed is one or two, the very first oper-
ation will be sawing (or milling) the bar to the length of 2.25 inches, plus
the machining allowance on each end of the bar. The cut length wall
have to be 2.25 + (L12 = 2.37 or 2-3/8 inches (using 0.12 inch as the
machining allowance). However, if the quantity in a lot is 100 or more,
the bar length will have to be in multiples of 2-3/8 inch, plus the width
of the cutting-off tool. It will be advantageous to order the material in
lengths of 10or 12 feet.

Depending upon what turning equipment is available in a par-
ticular shop, the bars might have to be cut or milled in shorter lengths.
On CNC turning machines, with bars over 6 feet in length, due to con-
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Processing of Gear Parts

tinuous rotation of the head-stock, the noise and vibration created by
the bar feeding mechanism will be so high that a maximum length of 4
feet may be preferred. With Swiss-type automatics, which use centerless
ground material, because of the higher speeds required, the length may
have to be restricted to 6 feet.

Another point Lo be noted 1sthat no gear grinding machines are
available to grind the teeth of this small pinion. After the turning oper-
ation in the annealed condition, the part will have to be heat-treated to
46-50 Rockwell C. Finish hobbing can then be done using either a solid
carbide or cobalt hob with titanium nitride coating.

It should also be noted that this part is very slender, so that,
after the turning operations and during heat treatment, there will be
considerable distortion. Sufficient grinding allowance must therefore be
provided during the turning stage to take care of this distortion.

With gear and pinion shafts, centering with Bell-type center
drills {(as illustrated in sketch C, Figure 5-2), is recommended (instead
of the plain type of center drill), to prevent any burr on the end face in
the centering area from coming into contact with the tailstock center. In
some turning operations, the operators first center-drill the face, then
face the part to length, thus leaving a burr. Unless this burr 1s removed,
it will cause an inaccurate gear profile.

Hobbing and grinding 1s often done between centers, and any
such center must be clear of center hole burrs. The Bell-type center-
drilled hole should not produce problems with a burr. In this instance,
since the maximum turned diameter of the part is 0.131 inch, the Bell-
type center drill cannot be used. The Bell-type center drill can be used
for shaft sizes over (1.150 inch.

Althe turning stage, the operator machining the part will have
to be careful to finish face the adjoining gear (facing the adjoining
0.1316-inch diameter) first, and then center drilling. Smoothing the cen-
ter-drilled hole can be accomplished by allowing an idle cycle to turn the
spindle through 10to 20 extra revolutions,

Thus. the sequence of operations for this part is:

1.Saw or mill bar to either 4 or 6 feet length depending upon
whether the machine to be used is a regular CNC Swiss-
type automatic,

2. Turn the part on the Swiss automatic to dimensions in sketch

(Fig. 5-2).

3. Face to length of 2.250 inch and center drill.

4. Heat-treat part to 46-50 Rockwell C, preferably heating in a

neutral atmosphere to avoid oxidation and scale formation.
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Processing of Gear Parts

5. Between centers, using a driver, grind 0.1247-inch diameter
and 0.1336-inch diameter in two settings.

6. Finish hob teeth using 96 dp, 5/8-inch diameter, carbide or
cobalt hob.

7. Use measurement over wires Lo check teeth. 0.1400 + 0.0000,
- 0.0016 inch

8. Deburr teeth manually, removing any left-over burrs on
tooth flanks. Use of a magnifyving glass or eye-loupe will be
necessary.

9. Check tooth to tooth composite error (TTCE), and total com-
posite error (TCE), and test radius of each gear individual-
ly on Fellows type gear checker or some other similar
machine. These checks are more reliable than measurement
over wires. Types of machines for testing the radius will be
covered in a later chapter.

10. Check for cracks with MLP.I. (Magnetic Particle Inspection).

11.Inspect and check all dimensions.

12. Passivate as explained in earlier chapters.

13. Identify part by tag. Care is needed with the location of
identification markings. One way of identifying is by etch
ing. The etching cannot be done on ground diameters or
bearing journals. Often the designer specifies specificareas
for identification marks. In absence of any drawing nota
tion, common sense must be used. Identifving the part by
tag 1s an easy method.

14. Place parts in stock bin.

Part PHD-2

Referring to Fig. 5-3, the 13-8 PH-Mo (Precipitation Hardening
Material) specified on the print is one of the most costly, but most sta-
ble materials in the corrosion resistant group. One advantage of this
material is that shrinkage in gear dimensions, which depends on the
specific temperature at which it is being hardened, can be predicted
accurately. This material can also be heat-treated to a higher tensile
strength than most of the other commonly available 17-4 PH and 15-5
PH materials.

Typical chemical analysis of PH 13-8 Mo, in percentage, as
given by Carpenter Technology, is as follows: carbon 0.05 maximum,
manganese .10 maximum, phosphorous 0.01 maximum, sulfur 0.008
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Processing of Gear Parts

maximum, silicon 0.10 maximum, chromium 12.25to 13.25, nickel 7.50
to 8.50, aluminum 0.9 to 1.35. molybdenum 2.00 to 2.5, nitrogen (.01
maximum.

Material from the mills i1s normally supplied 1n solution
annealed condition (called Condition A). Because of ils excellent corro-
sion resistance properties, this material 1s widely used in aircraft and
missile actuators. However, care should be taken not Lo use the part in
condition A, condition A material must necessarily be heat treated to a
specific hardness. Condition A is reached by heating mill material to
1900 degrees F and then rapidly cooling to room temperature. The
material can be hardened by heat-treating solution-treated material to
a temperature of 900 to 1150 degrees F for one to four hours, depending
upon specific hardness required, and then air cooling.

Table 5-1, supplied by Carpenter Technology, gives hardness
values for different hardness temperatures. The author has personally
heat-treated many components in accordance with instructions in the
table and found hardness to be exactly as the table states. The hardness
desired on the part is 43 to 45 Rockwell C, sotable condition H 1025 will
be ideal for the job being considered. In other words, if the part is grad-
ually heated to 1025 degrees F and held at this temperature for 4 hours,
then air-cooled, the hardness of the part will be 43 to 45 Rockwell C.

It will be observed from the Table that the maximum hardness
of 47 Rockwell C is achieved in condition H 950, giving an ultimate ten-
sile strength of 225,000 lb./sg. inch. Somewhat cheaper 15-5 PH mate-
rial in condition H900 will give 44 Rockwell C and 200,000 lb./sq. inch
ultimate tensile strength. Another peculiarity of PH (precipitation
hardening) materials 1s that the contraction after heat-treatment is on
both diameter and length.

For 13-8 PH. the contraction rate, as specified by Carpenter
Technology, 1s as follows:

Condition
H 950 0.0004 1o 0.0006 inch/inch
H 1000  0.0004 to 0.0006 inch/inch
H 1050 0.0005 to 0.0008 inch/inch
H 1100 0.0008 to 0.0012 inch/inch

For 15-5 PH, the contraction rate is:
H 900 0.0004 to 0.0006 inch/inch
H 1150 0.0008 to 0.0010 inch/inch
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Processing of Gear Parts

Part PH D-2 is required to be heat-treated to H 1025 condition,
50 118 probable contraction rate will be 0.0006 inch/inch. Thus, if a blank
15 turned in both linear and diametrical dimensions to a size 1.0006
times the blueprint dimensions, after heat treatment at a temperature
of 1025 degrees F, the size will turn out to be exactly as given on the
print.

One major factor in deciding processing of this part 15 the
requirement for AGMA Quality number 10, Although a gear of 32 teeth,
200 dp can be hobbed in the 43-45 Rockwell C hardness condition, using
either a carbide hob or a cobalt titanium nitride coated hob, the teeth on
a pinion with 10teeth, and 20 dp cannot be hobbed and will have to be
shaped. Generally, on a production scale, shaping 1s limited to 3%
Rockwell C. Therefore, it is recommended that after the turning opera-
tions, the pinion should be finish hobbed in the annealed condition. The
pinion will have to be cut oversize by the calculated contraction rate for
the finished hardness specified on the print. After shaping, the pinion
part will be heat-treated to final requirements

Factors Determining Bar Size

The outside diameter of the gear is 1.763 inches and the near-
est fractional size of common stock is |-49/64 (1.765) inches. If 1-25/32-
#1.781-) inch diameter material is selected, the material removal dur-
ing turning will be (1.781 = 1.763)= 2 = 0.009 inch, which is too low. The
next size of 1-51/64(1.797)inch will give (1.797 = 1.763)+ 2 =0.017 inch
machining allowance radially.

Most of this material is stocked in increments of 1/32 inch, so
it is better to select 1-13/16inch diameter material, which will give
ample margin to guard against any surface defects. The sequence of
operations will then be as follows:

1.  Saw off 1-13/16-inch diameter bar to approximately 4-feet
length. This short length is chosen for two reasons; to make it
easier to handle and load the bar, and to reduce whiplash and
vibration at the cutting point, which will be far less than if a
long bar is used, an important aspect with close tolerances on
the turned parts.

2, Turn one side on the CNC lathe to dimensions given in drawing
SK-PHD-2 (Fig. 5-4). It will be noticed that extra material has
been left on the 0.394 ]-inch bearing journal dimension because
it will be subjected to two grinding operations: pre-grinding in
the annealed condition and finish grinding after heat-treatment.
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Processing of Gear Parts

Mote that, although the outside diameter on the print 1s 1.760-
1.763 inches. dimensions of 1.763-1.762 inches have been select
ed on the gear (and 0.646-0.647 inch on the pinion). After the
heat treatment, the 1.762-1.763-inches dimension will shrink to
1.762 x (1-0.0006) inches, and 1.763 x (1-,0006) inches; 1.e,,
1.7608and 1.7619 inches, which are within the blueprint dimen-
SLLES

Turn the second side on the CNC lathe to dimensions in SK.
PHD-2 (Fig. 5-2). The tolerance on the 0.646-0.647-inch diame
ter has purposely been kept narrow, and during this operation,
the part is held in accurately-bored soft jaws resulting in better
concentricity and grip.

Pre-grind the 0.408-0.410-inch turned diameter on one side Lo
0.405-0.406 inch. (This dimension i1s approximately 13/32inch
and is selected so that the part can be held tightly in a 13/32-
inch collet during the hobbing operation).

Pre-grind the 0.408-0.410-inch diameter on the other side to
0.405-.406 inch diameter.

With the part held between centers, and using a driving dog,
finish shape the 10teeth of the pinion to 0.6745 = 0.6765 inch
measured over pins. (This dimension takes into consideration
the shrinkage that will take place after heat-treatment). Check
the part by means of a test radius on a gear-checking machine
similar to Fellows number four.

De-burr the pinion and check TCE. and TTCE. De-burring is
best carried out using either a magnified eve-loupe or with the
ald of a magnified illuminated lens, removing any stuck, hairy
chips.

Heat-treat in either a vacuum or an inert atmosphere at 1025
degrees F, holding for 4 hours and then cooling at room tempera-
ture. This sequence should result in a hardness of 43-45
Rockwell C, which condition is known as H1025.

Chucking on one side on the pre-ground 0.405-0.406- inch
diameter, and using a 60-degree center on the other side, finish
hob the 32 teeth gear as shown on the print.

De-burr the 32 teeth, checking TCE and TTCE, and test the
radius.

Grind the bearing journal to the 0.3939-0.394 | -inch dimension.
Grind the bearing journal on the other side to the 0.3939-0.3941-
inch diameter.

Perform final inspection to the print.
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Processing of Gear Parts

4. Apply passivation treatment.
15. Apply identification tag.
l6.  Place in stock.

Part PHD-3

Figure 5-5 shows a part that is more complex than the two sim-
ple parts discussed previously and it also requires to be carburized.
Examining the print, the first thing that will occur to a manufacturing
engineer 1s the possible distortion that will result from carburization.
The part has a very thin cross section so will require a quenching fix-
ture to prevent distortion. Design of this fixture will be a major exercise.
Without a quenching fixture, the part will be greatly distorted and will
become oval in shape. If subsequently ground to size, such a part will
not have a uniform depth of case and may not clean up well in grinding.

If there were no distortion, the objective would be to carburize
to a depth of (0.025 + 0.045) = 2 = 0.035 inch. Generally 0.005 inch of
thickness 1s removed during grinding, and would leave a minimum of
0.040 inch carburized thickness. The ovality, therefore, should not be
more than 0.040 minus 0,005 inch (grinding thickness) minus 0.025
inch (minimum carburized thickness) = 0.010 inch.

The problem becomes complicated however, because the inner
spline teeth required are not going to be ground. Grinding will be used
only on the outside teeth. The fixture therefore must be designed in
such a way that the distortion does not become more than 0.005 inch,
especially because measurement over wires has a total tolerance of
0.006 inch on the splines.

Raw Material Considerations

1. If the yearly requirement is high, forging will be recom-
mended. The forging must be normalized at 1725 degrees F, held at this
temperature for 2 hours 1n an endothermic atmosphere, and air-cooled
in a chamber to room temperature (refer to Fig. 5-6 Sketch A).

If the part 15 to be produced from cold-rolled solid bar, and if
an Eldorado type gun-drilling machine is available in the shop, the
best approach is to saw off a 4 foot length from a 5-inch diameter bar
in the annealed condition and have the piece drilled Lo 3 .96 inches
diameter as in Sketch B. If no gun-drilling machine is available in the
plant, the bar should be sent to an outside vendor who can gun-drnll
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Processing of Gear Parts

the internal diameter to 3.96 or 3-31/32 inches diameter. (Referto
Sketch C). Before sawing to the exact length it may be advisable to

ask the vendor what 1s the maximum length capacity of the available
gun-drilling machine.

-

f.

11.
12.

13.
14.

15.
16.
17,

Whichever method is selected, the aim should be to rough turn
the part as shown in Sketch ). To avoid any development of
cracks during subsequent operations, normalizing of the rough
blank is recommended.

Normalize by heating the work to 1725 degrees F and holding it
for two hours, then cooling in an endothermic atmosphere to
room temperature.

Sand blast to remove heat treatment scale.

Turn on a CNC lathe to dimensions in SK-PHD-3, sheet 2 of 3
(Fig. 5-7) on one end, referring to operation number 5.

Turn on a CNC lathe on the second end to dimension in SK-
PHD-3 sheet 3 of 3 (Fig. 5-7) (refer to operation number 6).
Copper plate 0.0003 inch thick all over. The purpose of copper
plating i1s to prevent carbon entering certain surfaces, which are
not to be carburized, so that they remain soft..

Turn to remove copper plate from areas to be hardened, as
shown on Sketch SK-PHD sheet 2 of 3 in two settings

Hob outside teeth leaving a 0.005-inch grinding allowance on
each flank. Center the part on a bushing having 4.387-4 188
inches outside diameter.

De-burr the gear teeth.

Shape the inside teeth to the finished dimensions shown in the
print {PHD-3).

De-burr inside the teeth.

Carburize at 1700 degrees F to 0.035-0.045 inch thickness.
Furnace-cool to 1500 degrees F, then cool in air to room
temperature.

Sub-critically anneal at 1150 degrees F for two hours in air.
Harden at 1500 degrees F for one hour in an endothermic
atmosphere. Quench in o1l at 1300degrees F, using quenching
fixture shown in Fig. 5-8. Freeze at =120 degrees F for one hour;
thaw to room temperature. Temper at 300 degrees F for four
hours in air.

Clean the! part.

Strip the remaining copper plate electrolytically.

Parallel surface-grind one side on Blanchard surface grinding
machine to 2.127-2.128 inch dimension.
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Processing of Gear Parts

18. Surface-grind the other side to the 2.120-2.125 inch dimension.

19. Chucking on the 4.700-inch diameter, and truing with a dial
indicator on the ground face, grind the internal diameter and
the 4.400-inch diameter.

20.  Chucking on the 4. 400-inch diameter with a hydraulic arbor,
grind the outside to the 4.826-4 827 inch diameter.

21. Using the hydraulic arbor used on the previous operation, grind
the external teeth; check TCE and TTCE.

22, Nital etch to reveal any grinding cracks (the Nital etch process
was explained in Chapter 4).

23.  Inspect for all dimensional and other requirements.

24, Apply rust preventive compound.

25. Apply identification tags.

26, Transfer to stock.

Part PHD-4

Made from 13-8 PH Mo. material (Refer Fig. 5-9), this part is
simple to process. The difficult part is machining the 0.750-0.751-inch
diameter counter bore which is required to be concentric with the two
bearing diameters A and B. The bore also needs to be machined at a
hardness of 43-45 Rockwell C.

The ideal material for this part is an investment casting that
has been heat-treated to 43-45 Rockwell C, and is made with a hollow
core. However, the batch quantity for such a part is often 50 small that
solid bar material 18 the only choice. This discussion will cover process-
ing of the part from a solid bar.

The AGMA Quality number of the gear on the part is 10and the
hardness is 43.45 Rockwell C, so to minimize the cost, cutting of the
teeth should be done after heat-treatment, using either a carbide or a
cobalt hob with a titanium nitride coating. For 20 dp in this size of gear,
grinding is an alternate method of cutting the teeth. If this method is
used, oversized hobbing will be done in the solution annealed condition.
The material required is expensive and chances of surface defects are
low, so use of 3-3/8-1nch diameter solid bar is recommended.

The sequence of operations 1s:

1. Saw off bar to the length of 4.73-4.75 inches

2. Rough turn one end to the dimensions shown in Fig. 5-10, sheet
1of 2., operation number 02. Note that the tolerance of 0,002
inch on the 2-inch diameter is imposed so that the part may be
held tightly in soft-bored jaws during the next operation.
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13,
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15.
16.
17.

Processing of Gear Parts

Otherwise, there is no need for tight tolerances. The operation
should be done on a CNC machine.

Rough turn second end using a CNC machine. Refer to sketch
for operation number 03 on sheet 1of 2.

Gun-drill to 0.718 inch diameter, to a depth of 4.24 inches,
preferably using an Eldorado or similar gun drilling machine.
Refer to sketch for operation number 04, sheet 1of 2.
Precipitation harden blank to 43-45 Rockwell C by heating to
1025 degrees F, holding at that temperature for 4 hours and
then air-cooling. Refer to sketch number 05, sheet 1of 2.
Chucking on 2.000-inch diameter with soft-bored jaws, turn on a
CNC machine. Refer to sketch for operation number 6. The
0.745-inch C bore is very deep, so the 1.2478.1.2480-inch
diameter will need to be programmed first, then a special cobalt
end mill will have to be used to machine the 4.250-inch full
depth. (Refer to sketch number 06, sheet 1of 2.) The lengths
1.375and 1.7501inches have purposely been kept to tighter
tolerances so that the 1.750-inch dimension on Fig. 5-9 (Part
PHD-4) is maintained to = 0.0015 inch.

Finish turn on the CNC lathe as specified in operation number
07, sheet 2 of 2, SK-PHD-4. Close tolerances have been kept
purposely on the 4.625, 1.500 and 1.875-inch dimensions to
achieve a = 0.0015-inch tolerance on the 1.750-inch dimension
mentioned in sketch number 6.

Pre-grind the bearing journal on one side to 1.6331nch, as
shown in sketch number 08 on sheet 2 of 2.

Pre-grind the bearing journal on the other side to 1.633 1nch
sizZe.

Using Borematic machine and diamond-tipped boring tools
imounted on special boring bar with adjustable diamond tips)
bore in one setting in accordance with sketch number 010, sheet
20f2

Finish hob, de-burr, and check TTCE and TCE on each piece.
This operation can be done by the operator on previously hobbed
parts while hobbing is being performed on the next part.
LIsing centers and dog, grind the bearing journal on one side.
Grind the bearing journal on the other side.

Inspect part.

Apply passivation treatment.

Apply 1dentification tags.

Place in stock.

133



Processing of Gear Parts

za01 une ¥~ A HdA -AS

CgH 7038 WOANA 340

Lo
5:u_.u.h_...u_mm. 4

SoeosF Lie _Tﬂ,.!

HFLNI 0O ¥
_u.:..__...*.m..q

BNINGNL-INT 90 # Ngo
iarkrlt]

e T ._:|

FLE9) T .

baudun_?_........
_H.E..ﬂ QTR d 0.

(i ShTEL
o1 MNIdHYH

BeThbs! doj g,

el LWL e 1D 3T

S0 H pHdD

LNRIYMOES
Adeawlwmm wa

I¥Is @i O

ET MO
FoOH'NAD

R -0
|I..W_u_--.l|
- - —|
Lyl .__l._.. F
| B——
g d3y
Fars qp ! ¥ [
N3AL H9ADY i ﬁ.w.ml 4 T&é
)
_m_mwﬂm.h. 4 .
) m.?l|-|
rlmh..
K271 |ﬂ|
L=
o 45w _l
33T Tho I.mﬂ e
pEAL H9A0N .___a.m.h_L M ; _ #iNdo
s%d |
i Sl
Lt
ANYTE | s BE |o
439 Mus _H@__, #ha0

Figure 5-10

134



Processing £ Gear Parts

B

oLy
FL1 WoHMS V&r
R AT =

BOH HSINI

Eﬂahhﬂm_ﬂuﬂ \W\\.\

g et I_w.m._._lm-h__
ﬂhﬁﬂ.+

g1 &=
NI LW E T xw._«\\

PSS |
Taodg "=
owseib N -
?E_M.—Q.H.umﬂ_ﬂ W\\\ e f...,,.._..n,.

ol &
NoLY 3340

a

IIELY-S

¢-aiu|xw

SAH2LIME WHNOIUYHTId0

BEoY 8o B SVOILYYFID

_SagoT PEEDY

0 GNIyDIYy

PR
P =T

SootFdgEn.

L QNEDRY,

UNINER 287 fo ENdD

Jo H_uhm.w_

L0~ R

Loae' F
SAtavy Tnd m._u..\\n__w\.\.

-

Eoao:

Sea ¥

o — p—

PELNTD 08 ¥ u_
LIsk: L
Eq_ﬂﬁmi

Figure 6-11

135



Processing £ Gear Parts

MNote: Special attention has been paid to tolerance limits on lin-
ear dimensions during operations numbers 06 and 007. The overall
length of the part is 4.620-4,630 inch, but for manufacturing purposes,
to achieve the length of 1.7485-1.7515 inch, tolerances on the 4.625,
1.500,and 1.3756-inch, dimensions have been kept to = 0.0005 inch. Thus
the cumulative dimension for 1.750£ 00015 =4.625 = 0.0005 - 1.375=
0.0005 = 1.500 £ 0.0005 inch.

Part PHD-5
The outside diameter of the part shown in the sketch in SK-
PHD-5 1n Fig. 5-12, 15 8.097 inch. Cold rolled steel of 5-1/4 inches diam-

eter, to specification 9310, in the annealed condition is appropriate for
its manufacture. The sequence of operations is as follows:

1. Cut (preferably with a circular saw) blanks of 4-11/16 inch
width, which will give a machining allowance of approximately
(.094 inch per side. Reciprocating saws generally do not cut
square, $0 a liberal allowance of 0.094 inch is recommended.

z, Chucking on the 5-1/4-inch diameter, rough turn on a CNC
machine to dimensions on the sketch in SK-PHD-5 (Fig. 5-12},
Here, the 3.799-3 800-inch diameter has been provided with a
0.001-inch tolerance because, for the next operation, the part
will be chucked on this diameter.

3. Chucking on the 3.800-inch diameter, rough turn to dimensions
in sketch number 03. The inner recessed 2.75-inch diameter
clearance area will be finished here so that it does not have to be
machined again in subsequent operations.

4. Stress relieve at 1500 degrees F, furnace cool to 760 degrees F,

and cool in air.

Sand blast to remove scale.

G, Finish turn on one side 10 drawing dimensions, leaving grinding
allowance on outside diameter; internal diameter of spline, and
bearing journals. This operation is preferably done on a CNC
machine.

el

7. CNC turn to dimensions in sketch number 07.
2. Copper plate all over 0.0003 inch thick.
9. Hob outside teeth leaving 0.005-inch grinding allowance on each

flank.
10, De-burr outside of gear portion near end faces.
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12,
13.

14.
15.

17.
1 5.
19.

20.

21,
22,

23.

25,
26.
pb7
28.
29,
30.

Processing of Gear Paris

Shape internal spline teeth leaving 0.005-inch grinding
allowance on each flank.

De-burr faces of spline teeth.

Carburize part at 1700 degrees F to 0.035 £ 0.005 inch depth of
carbon. Furnace cool to 1500 degrees F, and air-cool to room
temperature.

Sub-critically anneal at 1150 degrees F for two hours in air.
Harden at 1500 degrees F for one hour in an endothermic
atmosphere, quenching in oil.

Freeze at minus 120 degrees F for one hour. Thaw at room
temperature.

Temper at 300 degrees F for four hours in air.

Remove copper plate electrolytically.

Blanchard-grind both sides removing approx.0.005 inch from
each side.

Chuck on 3.270-inch diameter, true ground face, grind gear out-
side diameter to §.090-8.097 -inch diameter and grind 3.25600-
inch diameter.

Chucking on 3. 2500-inc diameter, grind 3.5000-inch diameter.
Chucking on 3.500-inch diameter, grind internal diameter to
2.254.2. 255 inch for manufacturing purposes.

Locating part on internal spline ground diameter (preferably on
a hydraulic arbor) grind gear teeth.

Chucking on 3.500-inch ground diameter, grind internal spline
teeth using formed Borazon grinding wheel.

Check spline dimensions.

MNital etch.

Inspect all dimensions.

Apply rust preventive.

Apply identification tag.

Place in stock.

138



6el
R1-¢ aandry

'

=g 3799 DpAIpNG MERT

r_ t:j_ln—ri‘ 00 ¢ Fol o AUERING

OPEREATIEN] - ]

b 697
| -
T gisp

__ 4

=1 T‘

pefipen OFN, # 02

222

£ _J- _1.—

) P
a-we- 2055 4.0g 597
—f & #

L

555

L

P EHD

TIGHTER

g.10 .
TaceRANCE FOR 7 4 -00
CHUCRIMNG e O3 |
TSR
—r 600
o= : -—Ex IEEPLEHTE
: 3-4.5@
7.00 == o
iy
1.520
&g T 3-?51?'
G o Eas
595 pemn.- 06
N

oRE

[T E 5
2245

- |—q / 2_2‘:;'?‘55

PR = | APN #a?

P OB D DE
X D21 UNDERLUT

|K|E,Fm¢ -

s _."-ﬂﬂ?s

! —

400 ¢

o PERATIONAL SKETCHES,

SK-PHD-5

sung Joag) jo buissaiold



Part PHO-6

Processing of Gear Parts

SK-PHD-6, shown in Fig. 5-14, gives major dimensions of a
forging, from which Part PHD-6 can be produced. If the forging has not
been normalized, apply the following heat-treatment procedure:

R

Normalize at 1600-1650degrees F.

Cool to 1225 degrees F

Equalize at 1225 degrees F for minimum of 12 hours.
Cool in furnace to 1150 degrees E

Remove from furnace and air cool.

Hardness expected, 187-229 Brinnell.

The sequence of manufacturing operations to produce this part is:

)
F.

3

10.
11.
12.
13,

Rough turn one side on CNC machine.

Chucking on previous partially-turned. 3.63-inch-diameter,
turn second side.

Stress relieve at 950-1150 degrees F, holding at this
temperature for two hours, and air cool.

Harden at 1500-1550degrees F, quench in 01l and then in
air. Temper at 1025 degrees F for minimum of 2 hours.
Finish turn per sketch, using CNC lathe.

Finish turn on second side.

Copper plate 0.0003 inch thick all over.

Hob teeth leaving 0.005-inch grinding allowance on flanks.
Grind teeth to AGMA Quality number 14 using hydrauli-
arbor.

MNitride at 975 degrees F for 48 hours.

Remove copper electrolytically.

Inspect all dimensions.

Place in stock.
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Chapter 6

CHECKING OF GEAR SIZE

In the USA, gear size is measured by means of precision-ground
wires placed in diametrically-opposite tooth spaces of a particular gear.
For measuring gears with odd numbers of teeth, the wires are placed in
the space next to the nearest diametrically opposite tooth as shown in
Fig. 6-1.

Figure 6-1 Checking of grear size

Gear Measurement System

The majority of gear engineers and shop personnel in the USA
use the Van Keuren gear measuring svstem, which was first published
in 1937. This system is fully explained in Van Keuren's Handbook num-
ber 37, utled Precision Measuring Tools, published by the Van Keuren
Company, 176 Waltham Street, Watertown, MA 02172,

For normal standard gears, the wire size for a specific dp is
selected from Table numbers 7 and 8, which are reproduced in Chapter
2 as Table 2-3).
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Checking Gear Sizes

The measurements over wires can be caleulated by:

1. Calculating manually as in Table 6-6.

2. Writing a calculation program for a computer.

3. Purchasing a commercially available gear calculation
program like the GCP2 available from Ash Gear & Supply
Co. A description of this program is given in Table 6-1,

4. In Tables 6-3 and 6-4, for 14-1/2- and 20-degree pressure
angles, Van Keuren Co. has tabulated measurements over
wires for odd and even numbers of teeth. The measure-
ments are for standard gears only. In these tables it is
assumed that the gear tooth thickness is equal to half the
normal circular pitch. Figures in the tables are to be
divided by the diametral pitch. In practice, gear teeth are
always thinned by some amount so that the gears have
some backlash, (i.e., they do not run tight). The amount of
thinning has to be multiphed by a factor K given in Table 6-5.

Reduction in Measurement = K X amount by which teeth are thin
# Increase in Measurement = K x amount by which teeth are thick
o The K factor is also useful when measurements are made over wires

for finish-hobbed teeth for shaving and grinding. Shaving and grinding
allowances must be made when special bobbing tools are ordered.

Span Measurements

For span measurements in the inch system, refer to sheets G-
21, G-22 and G-23 of Ash Gear Co.'s Catalog number 2000. Disc type
micrometers will give better accuracy than a vernier caliper.
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Checking Gear Sizes

GEAR CALCULATION PROGRAM
7 POWERFUL PROGRAMS IN ONE:

- INTERNAL - EXTERNAL- SPUR AND HELICAL GEARS

WORM GEARS - RACK AND WORMS

STRAIGHT SIDED AND INVOLUTE SPLINES

CALCULATES ALL YOUR GEAR DATA,

Using your existing
tooling, program will
calculate the root
produced when tooth
thickness is achieved

Calculates T.IF. and roll
angles

Calculates land at major

Foint width of tool for
racks, worms and
straight sided splines

Apex of gear

Operating pitch and
pressure angles

GCP 2
GCP 2

Involute of pressure angles
{poth operating and generating)

GCP 2

Helix angle at any diameter

Even checks for "Trimming"
of teeth on internals gears

Table &1
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Calculates both operating &
generating data on normal

& transverse planes

Lets you change
wire size

Matches by Base Pitch

Span measurements

Base tooth thickness

Simulates two gears in
tight mesh, internal,
external spur or helical



Checking Gear Sizes

over-pin measurements for

even numbers of teeth

{All meazsurements are in inches)

Bo. af HWa. af LT |
Teeth 14 ¥ 2 Tl 14059 e Tecth 14457 20"

[ B.2846 B.3032 66 68.4933 | 68.4369 | 126 | 128.5198 | 128 4493

8 10360 | 10.3271 &8 70.4948 | 70.4376 | 128 | 130.5203 | 130.4496
10 12.3399 | 12.3445 T0 724963 | 72.4383 | 130 | 132 .5208 | 132 4498
12 14.35%0 | 14.3578 72 744977 | 74.43%0 | 132 | 134.5213 | 134.4500
14 16.3746 | 16.3683 74 76.4990 | 76.4396 | 134 | 136.5217 | 136.4502
16 18_3877 | 1B.3768 76 78.5002 | T78.4402 | 136 | 138.5221 | 138.4504
18 20.3989 | 20.3840 78 B80.5014 | B0.4408 | 138 | 140.5226 | 140.4506
20 22 4087 | 22.3900 BO B2.5026 | A2.4413 | 140 | 142.5230( 142 4508
22 24.4172 | 24.3952 az B4.5037 | B4.4418 | 142 | 144.5234 | 144.4510
24 26.4247 | 26.3997 B4 B6.5047 | B6.4423 | 144 | 146.5238 | 146.4512
26 28.4314 | 28.4036 B6 B8.5057 | 88.4428 | 146 | 148.5242 | 148.4513
28 30.4374 | 30.4071 a8 0.5067 | 90.4433 | 148 | 150.5246 | 150.4515
30 324429 | 32.4102 a0 892.5076 | 92.4437 | 150 | 152.52%0 | 152.4516
3z 34.4478 | 34.4130 9z 94.5085 | 94.4441 | 152 | 154.5254 [ 154.4518
34 36.4523 | 36.4155 94 96.5094 | 96 4445 | 154 | 156.5257 | 156.4520
36 38.4565 | 38.4178 96 98.5102 | 98.4449 | 156 | 158.5261 | 158.4531
38 40.4603 | 40.41%8 98 | 100.5110 | 100.4453 | 158 | 160.5264 | 160.4523
40 42 4638 | 42 4217 100 | 102.5118 | 102.4456 | 160 | 162.5267 | 162.4524
4z 44 4671 | 44.42%4 102 | 104.5125 | 104.4460 | 162 | 164.5270 | 164.4526
44 46,4701 | 46.4250 | 104 | 106.5132 | 106.4463 | 164 | 186.5273 | 166.4527
46 48.4729 | 4B.4265 106 | 10B.513% | 10B.4466 | 166 | 168.5276 | 168.4528
48 50.4756 | 50.4279 108 | 110.5146 | 110.4469 | 168 | 170.5279 | 170.4529
50 57,4781 | 52.4292 | 110 | 112.5152 | 112.4472 | 170 | 172.5282 | 172.4531
52 54 4804 | 54.4304 112 | 114.5159 | 114.4475 | 180 | 1B2.5297 | 1BZ 4537
54 56 4826 | 56.4315 114 | 116.5165 | 116.4478 | 190 | 192.5310 | 192.4542
56 58.4847 | s8.4325 116 | 118.5171 | 118.4481 | 200 | 202.5321 | 202.4548
58 60.4B66 | 60.4335 118 | 120.5177 | 120.4484 | 300 | 302.5395 | 302.4579
&0 62.4884 | 62.4344 120 | 122.5182 | 122 4486 | 400 | 402.5434 | 402.4596
62 £4.4902 | 64.4352 122 | 124.5188 | 124.4489 | S00 | 502.5458 | 502.4606
64 66.4918 | 66.4361 124 | 126.5193 | 126.4491 o (N-+2).5558(N 4-2).4646

Couriesy o The Van Keuren Company
For pleches other thon | DP, divide by the desired dinmecral pech.

All measurcmenis are based oo qumﬂ:r plms.

1.728"

Table 6-2
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Checking Geear Sizes

over-pin measurements for
odd numbers of teeth

(Al measurements are in inches)

M, ol Moo, of Moo of
Teeth 1414° 20 Teeth 14847 20~ Tewth 14 1%° 207

5 6.9936 7.0153 65 67.4734| 67.4173 | 125 127.5096 | 127.4392

7 9_1116 9.1260 67 69.4755 | 69.4186 | 127 | 129.5103 | 129.439%96

9 11.1829 | 11.1905 69 71.4775| 71.4198 | 129 | 131.5109 | 131.4400
11 13.2317 | 13.2332 mn 73.4795 | 73.4210| 13 133.5115 | 133.4404
13 15.2677 | 15.2639 73 75 4813 | 75.4221 | 133 135. 5121 | 135.4408
15 17.2957 | 17.2871 75 77.4830 | 77.4232 | 135 137.5127 | 137.4411
17 19.3182 | 19.3053 77 70, 4847 79.4242 | 137 139.5133 | 139._4414
19 21.3368 | 21.3200 79 81 4863 | B1.4252 | 139 141.5139 | 141_4418
a 23.3524 | 23.331 g1 B3.4877| B3.4262 | 141 143.5144 | 143.4471
23 25.3658 | 25.3423 83 B5.4892 | 85.4271 143 | 145.5149 | 145.4424
25 27.3774 | 27.3511 85 g7.4906 | B87.4279 | 145 147.5154 | 147._4427
27 29_3876 | 29.3586 87 B9 . 4919 | 89.4287 | 147 149 5159 | 149.4430
29 31.3966 | 31.3652 B9 91.4932 | 91.4295 | 149 | 151.5164 | 151.4433
i 33.4047 | 33.3710 g1 93 4944 | 93.4303 | 1, 153.5169 | 1534435
33 35.4119 | 35.3761 93 g5 4956 | 95.4310 | 153 | 155.51"M | 155.4438
35 37.4185 | 37.3807 a5 97.4967 | 97.4317 | 155 | 157.5179 | 157.4440
37 39.4245 | 39.384% 97 95, 4978 | 99.4323 | 157 | 159.5183 | 159.4443
39 41.4259 | 41.3886 99 | 101.4988 | 101.4329 | 159 | 161.5188 | 16]1.4445
41 43.4348 | 43.3920 1m 103.4988 | 103.4335 | 161 163.5192 | 163.4448
43 45.4394 | 45.3951 103 | 105.5008B | 105.4341 | 163 | 165.5196 | 165.4450
45 474437 | 47.3980 105 107.5017 | 107.4346 165 | 167.5200 | 167.4453
47 40,4477 | 49.4007 107 | 109.5026 | 109.4352 | 167 | 169.5204 | 1659.4455
45 51.4514 | 51.4031 109 | 111.5035 | 111.4357 | 169 |.171.5208 | 171.4457
5 £3.4547 | 53.4053 111 113.5044 | 113.43682 | 171 173.5212 | 173.4459
53 E5.4579 | 55.4074 113 | 115.5052 | 115.4367 | 181 183.5230 | 1A83.4469
] 57.4609 57.4093 115 | 117.5060 | 117.4372 | 1891 153.5246 | 193.4478
57 59.4637 | 55.4111 117 | 119.5068 | 119.4376 | 201 | 203.5260 | 203.4487
EQ 6l.4664 | &1.4128 119 | 121.5075| 121.4380 | 301 | 303.5355 | 303.4538
6l 63.4689 | 63.4144 121 123 .5082 | 123.4384 | 401 | 403.5404 | 403.4565
63 65.4712 | 65.415% 123 | 125.5089 | 125.4388 | S00 503.5433 | 503.4581

Caonertesy of The Van Ksiren Compamy
For pitches ather than 1 0P, divide by the desired dinmsetral pitch.
1L128"

Al messurensenis are bused on oF

dlimmeber pins

Table 6-4
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Checking Gear Sizes

change factors (K)

iz COS gy an=
v m'en..K—EﬁIE;t: M odd, E =xinI¢. cos—pe
N M

Terth 14140 e Teeth 1414 20"
5 1.890 1.67 a7 3.08 243
G 208 1.83 38 310 2.94
Fi 211 1.84 39 3.11 245
8 224 1.94 40 312 245
a9 227 1.85 41 3.13 246
Lo 2.36 2.01 42 3.14 246
11 2.39 203 43 3.15 247
12 247 208 G 317 247
13 249 210 45 318 248
14 255 2.14 45 314 248
15 258 215 47 320 248
16 263 2149 48 321 2.49
17 265 2.20 45 321 2.450
18 270 2.23 50 322 2.50
19 272 2.25 B0 3.30 254
20 2.T6 226 7O .35 2.56
21 278 228 80 3.41 258
22 281 2249 a0 345 260
23 283 2,30 100 3.48 2.61
24 286 2.32 110 3.51 282
25 288 233 120 3.54 2.83
26 280 234 130 3.58 264
27 2.92 2.35 140 3.58 265
28 2.594 236 150 3.54 265
28 296 237 160 .61 266
a0 2.98 2.38 170 362 266
31 255 238 180 383 287
¥ 3. 2.40 180 .54 287
33 3.03 241 200 365 .68
34 .04 241 200 AT2 2.70
35 3.06 242 400 375 271
36 3.07 243 Hi a.78 272

h [mciors sre agprovimaie anil sre satbslbeiory snly e small cheages in ootk thick ness.
Table 6-5
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Checking Gear Skzes

PROCEDURE FOR COMBUTING MEASUREMENT
OVER PINS FOR EXTERNAL SPUR & HELICAL GEARS

Meairemen; o sper or Aslcsl gean oeer
Pins ia an mesanknl pert ol pasr napecson. [ daler-

mirmn b mese® Soalh fhickness ol & gaar. The
coanpuiation 2£u Pin measoresweni o based onihe

pn, or wire = il s someSnes caled. conlacling
I aciren loalh prafile mithin the meadiales vemily
of fhe piteh bne

The Pin Dismwier for | KPP a0 L858 n L
m e sccepled corsbanl lor slendand exiemel pman
Al giligr Mussermg Pin diarialar (Gymeal )
car Ea Smrrsed by 2miply divding ghis conalanl &y
I regqursd nomal Sanalml gikh.
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B uses o _plt%;."_):qg_
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T
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Chapter 7

AGMA QUALITY NUMBERS

Most of the gear design engineers in the USA specify an AGMA
Quality Number on the print.

AGMA Quality tolerances on run-out, Total Composite Error
(TCE) and Tooth to Tooth Composite Error (TTCE) are given in Tables
7-1,7-2 and 7-3, and the concepts of TCE and TTCE. are further appro-
priately described in Table 7-4.

Gleason has published a very practical method of machining
methods for different AGMA and DIN (Deutsche Industrie Normen)
standards. Table 7-5 can be used as a guide. The gear quality ofien
depends upon the condition of the tool.
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COARSE- PITCH GEAR TOLERANCES (CONTINUED)
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COARSE- PITCH GEAR TOLERANCES (CONTINUED)
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AGEA. Quality Numbers

TOLERANCE GUIDE

The composite action of a gear is the variation o center
distance when the gear i rolled in tight mesh {double Mank
contact) with its mate or a masier gear of known accuracy.

The composite gear accuracy, of sum total of gear tooth
accurgcies, i3 measured by means of a dotal composite
checking machine. This machine magnifics and charns the
actual composite action of the inspected gear with s nef-
ercnee mate, See chart helow,

] * = : e M e, IRy ) L o
UL T ONE TURN OF WORK 3
L B N R Fo T T GEAR r P e [
5 i g B TOTAL COMPOSITE | — i
' ERRORA A

! . TOOTH TO TOOTH
—X V- cOMPOSITE ERROR - -

T oo
10050 34 J I S 2L I 400 kT
; .I | Il | !,I".- +

ooy e

Tahle 74 Explanation of T.C.E. and T.T.C.E.
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AGMA Quality Numbers

ACHIEVABLE GEAR QUALITIES
BY MACHINING METHOD

TER
1

E . .J%I_ :--'
T
G
smnm

..:.:: i

1
1
=
]
| -
Pihas
oo
by

\1J~|.I.r||I.IT"|Ir LEVEL

BT
e
:"u:C
Esis:
CEE N
Sred

EEL?I;

T

= .m:iﬂf
SEEESESG i
i ! _ng:‘l Lr'q'
; iﬂ—ﬁ{ o

'-|1'.’ 1__ L?ﬁ 8
A2 Tﬁ‘llﬂﬂ?‘ i
I.MCHIHHGHETHDD

S o
N o

=

Fr = Runout
fp = Pitch variation

5 Possible only under
Ff = Profile special conditions n
FA=Lead

fi =Tooth-to-tooth composite
Fi =Total composite

SOURCE COMPARISONS: DIM 3962 (1974) and AGMA 390.03
NOTE: SEE THE ACTUAL STANDARDS FOR EXACT COMPARISONS

Courtesy of Gleason Plauter Hurth.

Table 7-5
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Chapter 8

PRODUCIBILITY

The cost of manufacturing is related to the tolerances specified
on the part. Designers are nghtfully determined to keep tight tolerances
on certain dimensions, and 1t 15 uliimately the designer who has the full
concept of the design and function of the part. Many designers however,
are not much interested in the cost of manufacturing, and some of them
do not have sufficient practical experience in the machine shop field.

During the design stage, manufacturing and producibility engi-
neers can recommend both design and tolerance changes on parts and
submit them to the designer for consideration. Design changes o
improve produeibility should preferably be decided as part of a group
effort between the manufacturing engineer, the designer, and the chief
of design engineering.

Figures 8-1 thru 8-6 (utled P-PHD- 1 through P-PHD-6) relate
to parts PHD-1 thru PHD-6, listed in Chapter 4. Figures 8-1 thru 8-6,
however, are here modified by the letters in the balloons, which corre-
spond to a recommendation specified under cach part.

Producibility of Part P-PHD-1

The print in Figure B-1, for part number P-PHD-1, carries let-
ters that have been added to indicate various aspects that bear com-
ment. For the dimension A, the drawing specifies that center holes are
permmissible, but the part shown cannot be fabricated without center
holes. Center holes are essential for use in grinding the 0.1247 + 0.0000
- 0.0003-inch diameter marked G.
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Producibilty
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Producibility

The outside diameter H, of the part is (.1336 inch and the
diameter at the root is calculated by (.1336-2 x .0249) inch (whole depth)
= (J.084 inch. The correct choice for the center holes in this part is a
number 1,60-degree, center drill, with 0.06-inch maximum diameter.
Thus, in Note 3, a maximum diameter of 0.06 inch be specified.

For the dimension marked B, unless specific tolerances on
dimensions are called for, the generally assumed tolerances in the USA,
based on the number of decimal places, are as follows:

XXX +.010 inch, and X XXX + 005 inch

Designers who prepare drawings in CAD programs often get
into the habit of specifying 1/4 as 0.250. I a dimension on part P-PHD-
1 is specified as 2-1/4 inch, the assumed tolerance will be = 1/64 (0.016
inch).

The overall length of a part ofien is not a critical dimension and
as such should have tolerances that are as liberal as possible. In the
example, the tolerance of T 0.010 inch is adequate. If this component has
to fit in a tight spot, it could given a dimension of 2.250 inch.

Dimensions N, P& B

The dimension 0.58 inch marked N on the print in Figure 1
should be deleted, and a dimension marked P should be inserted as
(0.640 = (.003 inch. The reason for such a tight tolerance here is that the
overall length of the part has a tolerance of £ 0.010 inch. Dimension N

therefore, will become :

2.25+.010 - 640,003 - 1.030£,002 = 0.58 £.015 inch

If dimension B was 2.250 inch, the resultant dimension N will
be as shown below, which satisfies the blueprint dimension:

2.250 % 0,005 = 0.640= 0,003 - 1.030£ 0,002 = 0.58 = 0.010 inch
To summarize, from the point of view of producibility, dimen-

sion B should be 2.250 inch. dimension P should be 0.640 = 0.003 inch,
and dimension N (0.58) should be called as Reference.
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Producibility

Dimension F

AGMA quality is an important factor in determining the choice
of process Lo be used. If the AGMA quality number is 5, the part can be
fabricated by powder metallurgy.

AGMA numbers 7 and 8 can be achieved by hobbing on any
machine. However, AGMA number 10, which 1s especially associated
with small, fine-pitched gears, requires a precision gear-hobbing
machine like the Swiss Mikron 102 Series, Therefore, the designer must
carefully weigh whether a higher AGMA quality number 15 necessary.

Dimension J

It 1s a mistake to specify a (L.0l-inch chamfer because applica-
tion of the standard tolerance off 0.010 inch may leave a sharp corner.
It should therefore be changed to 0.010 inch.

Producibility of Part P-PHD-2

Dimension A

For the part P.-PHD-2, shown in Figure 8.2, a tolerance of
0.39395= 0.00015 inch 15 recommended on dimension A. It is possible to
grind this bearing journal within a tolerance of 0.0002 inch, but to avoid
high rejection rates, a 0.0003-inch total tolerance is recommended for
mass-produced items.

Dimension B

With the outside diameter of dimension A at 0.3941 inch, and
the groove dimension B in Fig. 8-2 at 0380 inch, the radial depth =
(0.3941 = 0,380)2 = 0.007 inch. Standard carbide grooving-tool inserts
are supplied in widths of 1/32 inch with a 0.005-inch corner radius; so
our dimension B has been specified appropriately.

Because of the possibility of stress concentrations and the dan-
gers of fatigue failure with some components, the designer may specify

the 0.03 inch width as a full radius. The neck diameter will, therefore,
decrease considerably.

Dimension C

[t is up to the designer to check the stress. The total tolerance
on linear dimensions should preferably not be less than 0.002 inch. On
hardened material, a linear tolerance of 0.001 inch can be held by a
grinding operation on the collar. Here, the designer will specify a total
tolerance of 0.005 inch, which is even better and more economical.

162



i
=

JR_ GEAR DATA (EnNLARG. A3 ENpU MY

el

g-f oanSLg

y LPITCH DA 7004
& o | DIAMETERAL FPITEH 200
ﬁ; NMUMBDER OF TEETH )
E“ PRESSURE AnGLE 2o @ OB
% |CEASS oF AEAR pcMA R | 19D . ' 7op =+ BOF
ToTAL COMPOSITE ERROR - 80] — e Y I o L - —
baTH Te TeoTH Comp ERRoR|-0005 ;
. WHALE DEDOTH L NTE] | .EE— +_l;':g'-p ‘08 Fuil
2 | ARDEV DA 03131 @) "‘ RADILS
o | WiRE SIZE& afhhd o
3 |MEASUREMENT aver LwiRes (1786853 I'E.‘:.L‘_:'ﬂ .. '&3}
Y [TEsT RADIVS  B3Z0 +is|- ooz3 ==
— ] %
“H R e
BaTH EMDS
__Firion) DATA (ENLARGENED ADDEN DU (' ! et
W |PITcH DIA (REF) STD.  |-Seoa = =k _ﬁw—.maz@
2 |ouUTSIDE Dy oo —-003 [-B47 &
x| DIAMETRAL PITCH 2o BoeTH SIDES
G| NUMBER of TEETH 10 . e
wo| PRESSURE ANLLE 257 ) 3
4 CLB5S nF GERR »0GMEA E 18 O D3 LDE = E-[:IF:;
TO.E ool BOTH SIpES
‘5' TTE'E - |ﬂﬂ;ﬁi
2a WHaLE TEPTH 12
£k ADDENDUM E73%
LAIMEASUREMENT OvER ~oge | 1
a DiA_WIRES 6790 ¥ oz
TEST RADIUS -2742 * oo —.pors
NOTES ' — :
() MATERIAL PREUPITATION HARDENING
12-8 Ma
@) HAmDnEss 43-45 R'C GEAR AND pPinNioN

@@ CENTERS PERMISSIBLE ParT NoO# EPHD-2

faIQrnEoldg




Producibility

Dimension D

In shaping the pinion, the preferred clearance for the chips is
either 0.094 or 0.109 inch. Here, the designer wants a greater pinion
length and has, therefore, specified 0.08 inch. A full radius will add
strength to the component. An 0.08-inch groove can be easily machined
with a 2-mm carbide insert (0.0787 inch width).

Dimension F

A tolerance of 0.003 inch is very practical here. At the final
turning stage, if the outside diameter is turned to 1.762 = 1.763 inch
diameter, the part will shrink to the size of 0.9993 x 1.763 = 0.9993 x
1.762 inch after heat treatment. The size will then become 1.7607 -
1.7617 (assuming a 1=0.9993 = (.0007-inch per inch contraction rate).
The part will thus be within the drawing limit.

Dimension G

Before deciding on the tolerance for dimension G (here given as
0.05 inch), 1t is necessary to calculate the resulting dimension G, which
is carried out as follows:

1.6975+ 0.0025 = 0.05 = 0.010 = 0.590 = 0.005 = 0.08 = 0.010,
giving 09775+ 0.0275 inch.

Mo designer would choose such a wide tolerance on the pinion
length, However, 1ff 0.001 inch were allocated as the tolerance on a
0.05-inch dimension and dimension D was 0,080 inch, the resultant gear

length would be:

1.6975= 0.0025 = 0.05 =0.00] =0.590= 0.005 =008 = 0.005 =
09775 0.0135 inch

To summarize:
Dimension D should be 0.080 inch full radius, and dimension G
should be 0,050 = (0,001

Dimension H

It is better for the designer to specify the size of the center,
because otherwise the manufacturing engineer may select a larger size
center drill, thereby weakening the bearing area. A better solution is to
specify a 3/16-inch diameter, Bell-type 60-degree center drill with a
0.120-inch Bell mouth diameter.

164



Producibiliy

Producibility of Part P-PHD-3

Part number P-PHD-3 is shown in Figure 8.3, The tolerances
on the dimensions marked A, B, and C, are all appropriate. For the 0.12-
inch radius, the manufacturing engineer can select a boring tool with a
1/8 (0.125) inch radius and still be within tolerance. Nothing comes in
contact with dimension B, so the = 0.005-inch tolerance i1s correct.
During carburizing, the part will become oval. With the use of the
quenching fixture, the important dimensions will most probably be held
within the tolerance of = 0.005 inch.

Producibility of Part PHD-4

Specifying a width of 0.03 inch for dimension F on part PHD-4
in Figure E-4, can be interpreted as likely 1o produce an undercut with
sharp edges. Sharp edges or undercuts are potential sources of stress
concentration, that may result in fatigue cracks, aand should be avoided.

The designer has specified a = 0.005-inch tolerance on the
undercut size, S0 the approximate depth from the basic 1.6250-inch size
must be reached by the undercut tool. 1.625=1.594=0.031+2=0.015
inch

The obvious choice therefore is either a full radius or a groove
with a 0.005-inch corner radius. The author prefers to specify 0.005- to
0.010-inch comer radii. If a 0.005-inch comer radius is specified, with a
general tolerance off (.005 inch, an insert with zero corner radius may
be used.

Specifying0.375 = 0.002 inch for dimension G, will result in the
gear face length being as calculated below, which 18 well within the
drawing print tolerance:

1.750=00015 <0375+ 0002 =0.375+0.002 = 1.000=% 00055
inch

Dimension J

The dimension J of 1.245 = 0.005 inch, with =0.010 inch toler-
ance, as if the dimension were 1.25 inch, is recommended. The maxi-
mum size can thus be 1.260inch. Grinding of the internal diameter of
1.255inch is possible only if dimension J is less than 1.255 inch.

Dimensions K, L, and M

On certain dimensions it is advisable to specify surface finish-
es. Recommended surface finishes, for example, are:
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Producibility
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Producibility

Dimension M 32 micro-inch rms
Dimension K 32 micro-inch rms
Dimension L 63 micro-inch rms

Dimension L (for the 0.750-inch internal diameter) means the
bore is very deep, and it will be very difficult to grind. Chucking on the
1.6250-inch ground diameter with a soft-jaw chuck, and using a carbide-
shank tool holder (to dampen vibration and reduce chatter marks) will
make it possible to achieve the required 0.001-inch concentricity as well
as the 0.001-inch total tolerance.

To summarize:

Dimension F should be specified as 0.015-inch, full-radius,
as typical at two places.

Dimension G should be specified as = 0.002 inch.

Dimensions K, L. and M should have surface finishes
specified.

Producibility of Part P-PHD-5

Part P-PHD-5, shown in Fig. 8-5 is an example of proper design,
except that a note needs to be added to the 2.255 to 2.250-inch inside
diameter marked G, stating that it is to be concentric with diameter D
within 0.00] inch.

Producibility of Part P-PHD-6

The AGMA Quality for part P-PHD-6, shown in Fig. 8-6 is 14,
s0 1l is essential to have a closer tolerance on dimension G, for the 0.749
to 0.750-inch diameter bore of = 0.0001 inch. The preferred tolerance on
this bore size should be 0.7498 to (.7500 inch.

If, for any reason, the designer wants a 0.749-0.750 dimension
here, it will be essential to use a precision hydraulic expanding arbor
while grinding the external teeth.
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Chapter 9

FINISHES ON GEARS

Aluminum Gears

The materials most commonly used for gears in the aluminum
series are AL 2024-T4, T075-T6, 6061-T4 and 6061-T6. These aluminum
gears arc mostly used in aircraft actuators and instrument gearboxes.
There are basically two types of finishes: chemical filming, and anodiz-
ng.

Chemical Filming

Chemical filming provides the maximum possible protection
against corrosion. Surfaces with this treatment can be left unpainted or
painted on all areas except the gear teeth and the bores. Chemical film-
ing does not change the size of the gear.

For protection against corrosion, when low electrical resistance
is required, chemical film 1n accordance with MIL-C-5541 Class 3, or
No. 7.3.3 of MIL-STD-171 may be specified. However, for protection
against corrosion of surfaces that are to be painted, chemical film to
MIL-C-5541 Class 1A, may be preferred.

Anodized Gears

Anodized aluminum coatngs are thicker than chemacal films,
generally being between 0.00005 and 0.0003 inch in thickness, whereas
sulfuric acid coating thickness is generally 0.00005 to 0.001 inch. The
fimshed thickness on a surface will be half that specified above. Because
of its shallow thickness, a chromic acid type finish is generally specified
for tapped and bhind holes.

MIL-A-R625 Type 1.C11 specification is a clear type, whereas
Class 2 is a black finish. There is also a hard-anodized coating identified
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Finishes on Gears

as MIL-A-8625, Type ITI C1.1, in which the thickness is generally 0.002
= (.0002 inch.

Stainless Steel Gears

All stainless steel gears, whether hardened or unhardened,
must necessarily be passivated. Passivation improves corrosion resist-
ance by removing surface ron particles and aids in formation of a pas-
sive oxide film, and it does not change the gear size. In the USA, passi-
vation is covered by ASTM A 380 and the conventional drawing call out
is number 5-4-1 of MIL-S5TD-171 for surfaces to be unpainted and num-
ber 5-5-1 for surfaces to be panted.

Finishes on Steel Gears

Black Oxide

Black oxide is a decorative finish and is not corrosion-resistant.
In the USA, black oxide is classified under MIL-C-13924 Class 1. This
finish does not result in any increase in dimensions. Stainless steels can
also be black oxided, but they are generally passivated first and then
black oxided to MIL-(3-13924 Class 3. Again, there 18 no increase in
dimensions.

Other Finishes

Gear teeth and flanks are best left unplated. However, there
are certain finishes like electroless nickel plating with a minimum
(0,0002 inch thickness, titanium nitride coatings, dry lubricant films
based on molybdenum sulfide (MOS2), and amorphous carbon with
tungsten carbide inclusions, all of which can be applied to gear teeth
and flank. The majonty of electro-deposited coatings, including hard
chromium plating, except those mentioned above, deposit a thicker coat-
ing at the outer tip of the gears.

Threads Chromium progressively bullds up on
and top of the thread and deposits lesser
splines amount in the rool. This tapered de-

posit affects thread or spline con-
figuration .

Figure 9-1 Corner effect clectroplated materials

like chromium plating.
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Finishes on Gears

Hard Chromium Plating

Hard chromium plating is capable of achieving hardnesses up
to 70 Rockwell C, but the coating will adhere only if the surface to be
coated 15 of a very rough nature (preferably 250 micro-inches rms).
Plating will go deep into ridges. Sufficient build up of hard chromium
must be applied to ensure that, after grinding of the teeth, a minimum
coating thickness of 0.004 inch is retained. The hardness of electroless
nickel plating can be varied to suit blueprint requirements.

All the finishes mentioned have advantages if plating covers
the entire part and the part is not masked. Masking is a very costly
operation and is achieved by application of a number of epoxy coatings,
followed by removal of the coatings after plating. Masking, that is,
applving and removing epoxy, 1s a manual operation, S0 a major part of
the cost in plating goes for masking. All over plating has the disadvan-
tage of decreasing the size of bores and increasing the size of bearing
diameters.

It 15 better to select stainless steel or precipitation type heat
treatable materials than to use semi-masked gears involving electroless
nickel plating or titanium nitride coatings.

Amorphous carbon with tungsten carbide inclusions (referred
to as WC/C coating) is a physical vapor deposition process, and is a good
method of applying a coating. Bores of cluster gears, or single gears, will
need to be plugged during coating processes to avoid deposits.

One of the processes called Balinit C, has the following charac-
teristics:

Coefficient of friction 0.1to 0.2 {(versus 0.6 to 0.7 for steel)
Hardness 1000 Hv 0.05

Coating thickness 1to 4 am. (40to 158 micro-inch)
Coating temperature 480 degrees I

Worms used with wormwheels, and cluster gears in the motor-
cycle industry, especially those used for racing (in addition to case-hard-
ening by carburization) are good candidates for WC/C coatings.

On some gears, a phosphate compound coating 1s recommended
to prevent galling action. Parts to be processed must have a hardness
greater than 55 Rockwell C in any area that is ground before coating.
Parts must be guitably stress-relieved between grinding and coating.
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Finishes on Gears

Electro-deposited Cadmium Plating
Cadmium Plating is classified as follows:

Class 1 0.0005 inch thick

Class 2 0.0003 inch thick

Class 3 0.0002 inch thick

Type 1 as plated

Type IT with supplementary chromate treatment
Type II1 with phosphate treatment
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Chapter 10

USEFUL TABLES

The tables in this Chapter contain information useful for pro-
cessing gears. The information is summarized below.

Tables 10-1, 10-2 and 10-3

These tables hst stainless steels produced throughout the
world, with equivalent BS (British Standard), DIN (German) AISI,
AFNOR (French), UNI (ltalian), and SIS {Swedish) numbers.

The tables have been condensed and are reproduced from U

[SAA-CENTRO, Milano.

Tables 10-4 through 10-14

These tables are taken from catalogs of American steel supph-
ers. In the USA, drawings ofien call out a commercial name or one of the
ALSL AMS, ASTM, Military, or Federal Specification numbers. Data is
included from g catalog of Aeromet Inc. of Englewood, which is no longer
in business. Of specificimportance is data on the shapes in which a par-
ticular type of steel is available. This firm has been aquired by a spe-
cialty steel and forge company.

Table 10-15

This table gives equivalent surface finish symbols used 1n coun-
tries that employ the metric syvstem of measurements. The equivalent
American Standards are identified.
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Usefid Tables

Table 10-16

This decimal chart has been used by the author for selection of
the nearest correct size of commercially available material in the USA.

Table 10-17, 10-18, and 10-19

Table 10-17 is a hardness chart. Table 10-18 has been compiled
for figuring centers so that the programmer need not calculate the value
for Z every time. Instead, Z can be taken from the table.

Table 10-20

This recommended stock removal table is reproduced from the
Tool & Manufacturing Engineers Handbook.
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Chapter 11

LIST OF USEFUL BOOKS

The list on the next page is reproduced with permission from
the Ash Gear & Supply Co. (Catalog number 96).

The AGMA publication list (refer to Tables 11-1through 11-7),
is of specific interest to Gear Engineers.For those who want to study
specific gear subjects in detail, the attached bibliography will be help-
ful. Practical information in this book and in the Ash Gear Company's

Catalog will enable Manufacturing Engineers to select the correct tools
and to process gears with confidence.

List of Useful Books related to Gears

1. Trigonometry Tables and Involute Functions published by
Hlinois Tool Co.

2. Involutometry and Trigonometry By Dr. Eng Werner E
Vogzel

3. Machinery's Handbook by Erik Oberg, Franklin D, Jones
and others

4. Gear Handbook: Design, Manufacture and Application of
Gearsby D. W. Dudley

5. Handbook of Practical Gear Design by D. W, Dudley

6. Gear Design, Manufacturing & Inspection Manual ISBN
1-566091-006-2

7. Student's Shop Reference Book by Edward G. HofTman

8. Moetal Cutting Handbook by U.S. Cutting Tool Institute

9. Evolution of Gear Art by D. W. Dudley

100, Technical Shop Mathematics by John G. Anderson

11. Blueprint Reading Basics by Warren Hammer

12. Application of Metal Cutting Theory by Frydervk E.
Gorczya
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listz of Useful Books

.Machine Shop Training Course by Franklin D. Jones

14. Machine Shop Practice by Karl H. Moltrecht

15

.Manual of Gear Design by Earle Buckingham and Elliot

Buckingham

16. Tables for Recess Action Gears by E. K. Buckingham

17

. Metals Black Book Ferrous Edition ISBN 0-9696428-0-6

18. Geometry of Involute Gears by J. R. Colbourne

19

. Handbook of Dimensional Measurement by Francis T.
Farago

20. Design of Worm & Spiral Gears by Earle Buckingham and

21

22
23

24

25
26
27
28
29
30

Henry H. Ryifel

LAnalyucal Mechamies of Gears by Earle Buckingham
{paperback)

. Gear Handbook -Design and Calculations by Alec Stokes

. Gear Design Simplified by Frankhin D, Jones and Henry

H. Ryflel

. Basic Machining Reference Handbook by Arthur R,
Mevers and Thomas Slattery

. IS0 9000 Book by Quality Resources

. Gear Geometry and Applied Theory by F L. Litvin

. Design Guide for Involute Splines by Robert W, Cedoz

. Involute Splines and Inspection by the SAE and the ASME

. Metric Module Involute Splines

- AGMA Publications and Technical Papers
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Lists of Useful Books

AG11p

AG 115

AG118

AGq2p

AG 201

AG 203

AG 297

A.G.M.A. PUBLICATIONS (FARTIAL LIST)®

& 11234, Nomenchiure of Gear Toodh Eagurg Modas idomifiesanddesorites thaclassesal common gaar
Tadl urees, and Alustralesdegress of deleicration. This wil enabks T user o dslinguish Debwann cause and alfectand
asss b choasing o o medol oowrse ol acton
ISEN: 1-55585-001-8 Pages: 21

AGMA 11201, Referenoeiniomations Basic Goar Bammeiry, [lusirales mponian geomairical reéationships with tha
Iniention of providing a sound basis for o tharoughly logical and comprahrsiae sysim of gear geomairy.
FSEM: 1-33385-004-0 Pages: 25

AGMA 11881, frfiiiarion STt = Gaar Tooh Suface Testure for Asrcepece Geanng {Suiface Roughniss,
Wirdiness. Fgrmand Lay), disousses sumaoe el of gear jpglhand providesdataon dimensions of roughnessbaighl
wardnoss hedghd and ferm hedghil and debnitions of rosghness waviress and fom. The definlions aro concemad il
thiy conditions of e boodh sufaces, and ane indepandent of the moth sufaces, and ase ndependent of the methods
of maasuring or [ha effects ol e sudacs goomatry on Cesar efonmano.

I58H:; 1-55589-00E-T Fagas: 18

AGHA 138-p1. Goor-Cufling Too's Fneand Coarsa-Pich Hobs, prosédes speclicabons for nomencialun, dirssn-
sions. Bolermancas and inspecion of coarse-and Mre-pich gaar hobs
15BN 1-3508-007-6 Pages: 32

AGMA 14101, Flastos Graing-Wolded Machined and Othar Mpthooks, & Reporton this Stale of ha A aifs thoso
nct ity Tamiliar wiih plastic goarng. This paper onatdes an ko bocome lamiliar wih o meihoeds of processing, tha
technical lerme amploysd, and io haann in genarad how plashics geaning can be aflectivaly usa.
ESEN: {-S5585-005-] Fages: 14 withlzawn

AGMA 17001, Dasign Guido for Vehick: Spur and Melical Goars, isa guide mfho design, fabrication, and inspection
of vahick spur and hafical gears, Halso oovors ha dosign of spor and holoal goars ukad 1or powar Fans mession on
o] s,

ESEN: 1-55585-000-1 Fagas: 38 Rapfaoed by 4002093

ANSUAGMA 2091 .02 Tooth Fropations for Coarse Fiich Inveduls Spor Geas. Fresents oo proporion inkemation
roculnad inoes igning Spur gEorng with 29 degraa and 23 oo prescure anghs fullepth taalh lorms. Tre basie ack
is usod for spaciiing goar tooth proporions &0 thal cufing ok can be designad 1o dosely approdimalta this Tom

regardess of the gendraling mathod used in manutaciums.
ESBH:1-55582-010-5 Pages:

AGHA 20383, Fine-Pichiln-Cander Face Gaars for M Degroo vofulaSour Pimians, covers dosign of [ace-gear pars
inwhich: &} fhe axis of tha gaar and pinkon nlersect @ an angie of 0 degrees, b the gearis genomiod by maans ol
& recipmeating pinson-shapedoullor having e sama diamatral piich and pressurm anghke and is substantaly the sama
sizn 2% tha maling genlon and o) Bnowhick the sanion i rade in sooordan oo with AGMA Etandord 270.08, Toath
Propcrions for Fina-PRch Imsokide Spur and Hallkcal Gaars.

IEBN: {-EEERS 121 Fagas: 23

AGMA 07.06. Tooth Pragoions Fine-FPion Invofule Spur snd Helcal Goars, incudes spur and halical geaning of 20
#rrough 129 diamairal pijch with toath proporiions of 20 degree pressons angle and having 7 or mom lesth. Tt
proportons shown will also bo found suilatle in many u15|=nr.-ﬂ1|:|r pear cesigns of finar than 120 diamairal plch
15BN 1-5500.015.8 Pages: 2 Faplaced By 003613

AGMA MTe2. Eound o Enclosod Helical, Harringtons and Spiral Bowes Gear Drives, descibos & nocoemimio nie
mmathod of aoospfanca testng and repoing of e sound prescurn evols gonerated by a gear speod reducor Of
ncraaser. Cither infuances such as ha prima mover, driven aquipment, evwieonmand, mocning and syslom efecls
i dlscussad, An Appands | inckedad wee in thoses nstanoes whire scund powar favels ang regured

158HN: {.55518-0X2-0 Pages r?

AGMA 20081, Sownd for Geasmmnlars and Inling Feduters gay nomasers. was doevelopad 10 provide jmproue:

CodTI e Calbon privaneten pusrchias ar, Qaar mandlmciumr and o intho anasof scondinsiromenmation. maasenamant
andiest poncadorns; o wnl 0 providing Suidel ines a5 o by picad sound lenbwhich canbe gepec lod from The aop cabln

o
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lizte of Useful Books

AG 299

AG 370

AG 390

AG 422

AG 910

AG 1003

%,

AG 1012

A.G.N.A. PUBLICATIONS (CONTINUED)

Bocauss of i wids vanaiion of SySam responsas in wanous acoustiosl envinonmenis, ths standand anempis 10
indicate corlain amnad whare special considealions mighl ba nicessary and il B0 agriad upon batenon surchaser
and manulachurer

ISEN: 1-85509-033-4 Pagas: 11 Raspiared Dy Bo2s-Con

AGMA 299.01. Coar SoundManual: Section T, Fundamanials afSoundadRaiaod jo Gears.  NoSe msdsaramenl
and contral an goar driven squepmen isdepandent vpon @0 indvidusl charackrsbcs of the prima mowar, gaar uni
and drkean maching-as well as eir combingd etecls as 8 Spsiem na pardosdla acoustical gnvrcnmend

Bocausa of [y wide variaton of goar diven sysioers and acocuslical erironments, this Manua allompls |0 indicak
oarialn aneas whans special conskderabon s mighibe nacessary and miust e agraed upon bebivaan purchasa and gaar
miarersciunar ehion dScussing goar sounds.

ISEM 1-55580-004-2 Fages: 14

AGMA& 3802 Dosionof mw Coarsa-Piich G!,ﬂndﬁ:il“hw;?l Dowers T design of cylndrical
®OMME and [hjcassd Goars mounkedwih axkes g a 90 dogrea angia and hadng a.::EI plichas of 21E Inch ard lange.
q

ISEN: 1-55588-041-5 Pagas: 10 Resfaced by GO2200]

AGMAITILH. DesignManual forFno-PichGoaing was complod o oroeide acentradsourco of indomaton aalabie
an T desion, manufackss and inspacion of Ena-pich geanng. In vanous resvkabons ol several othar lina-phch
Slandards, much desgn dais pravinusly sShown havs Doen omitiead. The data omitlod was considanad o ba af an
inlarmalie nafure which was not subjoct o slandsed 2aton. Accordingly, this data, brought upto dak. and add sonal
darta. & moew praseniod in g Manual iy form of information shaais

ESEN 155580 X Fages: 120

AMSUAGNMA 37404, Design for Fing-Piloh Wormpeaning. Fine-pllch wormgoarning | segragated fom coarse-pich
warmgaanng Iar a number of sescfic reasons fat ane desoritad in this documan.

FSEM: 1555080450 Pagos 30 withdrawn

AGMA JR0038, Handhook-Goar Clssilicaton. Matenals and Measiing Mefhods lor Boval. Hpoaid, Fino Bich
Woemgearing and Racks ﬂm}-.‘*: Linassarnbled Coars, comedalns gear gualivy kevals wilh goar footh toleranoes. |
prosido s infonmation on pear maasenng methods and prackioes. 1Eprovides guidanooon spociving qualiy lavels and
malorials and also containg famatin on seoth conlact patierns and baoklash.

IZEN 1-55508-4101-0 Pages: B2

|Fior Spur, Helical and Masior Goars= son NS W0GEM0 2000-088)

AGEMA EH0E  Praclics tor High Spaed Helcal andHomringbono Gear Unils, inchades design, kbrication and rating
fizerhofical and hemmgbone exienal loolh parslkd shall speed rediecers or inomasers. Unis covend incude those
aparaing wilh pinken spods of 3600 mm and figher, or gich |iee weiooties of S000 feel per minule and highar
158N 1-53589-045-0 Pagaes: 2 Replaced by 6011382

AGMA 42203, Practioe for Holcaland Homing bor S poed Fedu pors for QiYiply Pumping Linis, isa method for rading
Tw piting mesistanceand bendng sranghof hakosand harringbone goars fof gillield pumnsing uniiec educers. Ao
ncldod s & stalc lorue miing and nfommalicnon lubication shafting, and Doling

IEEH: |-555A0-050-4 Pages: 44

AGAE S 10000, Formatsior Fine-Fiich Goar Spediicaion Dala, consstsof a sonasd prinded oms for goar drasings
thart ponkain |hp appropeialn data o b tabalaled by thedesiyrar Tor e mandisciurar Inouded o defintions ol thea
tabidmied lmms. Contains blank, sasdy oopkod, prapinied koems.

Pages 208

ANS & GEIMA 1003 GA Y, Tosth Froportionsfor Fing- FiichSpor and Hofoal Goaning. This siandand, a sevision of &G,
20708, prorebdesa sysbam of onlarged pinfons which wse P ineoluln form aborss 5 dagreasod popd for 2 degres palle
angia fine pich geadng Inchafed armdalacn 14-1/2 and 23 degres profle anghs syskers, 255,00

Fagos: 32

ANSPAGKLLT1012-F50. Sear Nomonclature. Debnionsof Tarms wilh Eymbals. provides e agreed upon definbons
and usapn kor s, Symbals and ot SN usdd ity el gaar indusig A wel 5 0rms commanly asad inpearinad
rating. Tarms hawa bean incorporalad fom AGKA 11205 and AGKA 11641,

Fagos: 64 _j‘
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AG 2000

AGz2001

AG2002

AG 2004

AG 2005

AG 6002

AG 6022

AG 6023

AG 6030

A.G.NLA. PUBLICATIONS [CONTINUED)

AGM & 3000 ARG, {Pariial Replacament of AGMA 350 03} Goar Classfcation and inspecton Handbook=Tolaran ces
and Maasiring Maihods for Unassombfod Soer and Hefical Gaars nchding Meltric Equissalonis), cormelates gaar
qualeylovels wih goeor boath loances. Eprovides infarmaliznon manul ngprocadums s wol o5 masior goans
maasuring mathods and practces. Appendid matanal prowides guidanca on specifying lavels and inlarmalion on
addilonal mathods of gaar nspackon.

IZ8H: 1-55589. 4852 Fagas: 128

* GNIA 2001-B44, [Ravision of218.01 18821FundamenlalFating Faciersand Calculation Mathods for nvokdo Spur
and Helal Gear Toeh, presenis a compretgns o mathod for raing the piliag resslance and bending skenglh for
spuranid hafe s oo gear pairs. Detafod discussions of fackes influencing gaarsurdbaland calclabon sratods
0 prowkdod.

IEBH: 1-55588.-502-6 Pagas: 75

AEEA J002-BA8, |Rovision of 237,53 Tooth Thickness Epacificatisn and Moasurasment, presenis proceduess o
delamining booth thickness measuremanis of axtennad and inkemal opkndrical ireohte geaning. Rincudes eoqualiers
ared cakzulalion procedunes for e co memonly used measuingmathods. A specific iooth thickress measwramen [imil
can b estatishod from tha design thickness o from anolher oih thickness moasaemant

IZ8H: §-55508-5(13-4 Pages: 47

MMSUAGLA M04-888, Coar Materials and Heal Treatmen Manual, prosides inkormation peraining in enginering
mateials and maloial reatmanis used in gear manulfaciung. Topics nckida definiions, sakcion guidalings, haal
iraaiment. quallycoanirol. Be considomtions and a tibiography. Tha matanal salecton includs famrous, nonfanmis
and ronmatalic raberials, Wrought, cast, and Tabricaind gear bianks am considared. Tha heal Tnatmaent seclion
inc kadas dala on Trenughhord ened, Ao fandonad, inducion rardoned, ca bunooed. carbonilnided. and nitrded gears.
Cuianohing, dmiaion. and shot paan ing ans decussad. Quakly coninlsdscussed o mlted logaartanks, ocass
oonieos, and malafurgical lesting on the Tinal poducts. Raevison of AGMA 240.01.
Pages: T8

ANSIAGWA 2005-B08. Design Manual for Bavef Gears, providos fhe standands for tha dasign of gimaighl baval,
ool baved, spiral Bevnl and Fryfold gears sfong Win nformation on labdcaton. nspechon and mounting. Topkes
nclude prefiminary design parameles, blank desion inckefing sfandand aper, unfem dopth, duphke ape and
fhed rool Gloason. ®lingainbang and Cenikon maching 1008 are covomd. Also included ara raing, strangth
drarsing format inspecion, matenals, kbrcalon. mounlings and assambly. Ravision of AGEMA ¥30.02. Also
raplacos AGMA Z0E 03, 208.03 and 208 04,

Paegpas: 115

ANSIAGMA BIG2-BEY, Dusign Guida for Viehitle 5 pur and Helical Goars. This standand is a guide lo design
approachas for vofiole Jear applcations. This nesw standand addmsses P solocion of Sesign consaderations for

thin paraied gals goar sels mequansd in vefica drive ings. Thase indude tooth and blank propartions, lubvication
profin and lead rmodfcalon reguremants, and gear inoth idemnces, ypdale oF AEMA 170001 550,00
Papges: £8

ARSI GEYA B022-C, Design marual for cylndrical wormgearing. Ires desi gn manual cosors the design of fine and
coansa pich oylindrical warmgaeanng operalingad righl angkes and primarky made as gear sols o boincoparatad |k
olhir machings and machanisims

FEEMN 1-55668-613-3 pages; 35

TAGMA BO2N-ARD [sec AGMA E1E AR for melic Wesion] AGMA Dwsign Manual lor Epicyolc Goar Onvers is a
dusignmanual lor drives ompfoying epicyciodives, nomenclatore, appicatoninformation and design guidenoswih
refarance o olhar SEMA siandards.

ISENC 1-BE5N0-H04-2 Fages: 50

ANSHAGMA BOJ0-CAT, |Suporcndns SRS, 34203) n-?mj Ganeral Indusirial Doutie-Envalnning Womyears
provides dusignof Doubie: Ervaioping wormgaars moun oed wilth ases at a 90 degroe anga.

I5E%: 1{555H0-403-] Fagas: 11

* 4 COMPLETE GUIDE TO PUBLICATIONS B AVAILABLE UPON REQUEST
FROM ASH GEAR QR DIRECT FROM AGMA IN ALEXANDER, WAL
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lists of Useful Books

f'li'-

AG85-1

AGE85-2

AG85-3

LG 85-5

AG B6-1

AG 86-4

AG 86-5

AGMA, TECHNICAL PAPERS

a5k BBFTM1, Load Camying Capacity of Baval Gaars &ooording ol Standand

Aumors: H. Winber-M. Paul

DIN-Standard (DM 3331, Dvah March 1585 Ior tha cafculalion of he load capagly of bewsl gears conlaing th
cakilation of loath roob slrength, prang and scuffing lad resistanne. Tho hoval gears an andihd mated by virial
cyfindrical gears. The speciio prope ies of bevel gaars are consdenad by special imluanos fgejprg, Tocheck msulis
obviained by (Fe method withBeld axpo ienca, anumbor of comiarative calvuialions have boenparfonmed. Hasuls am
compand et msulis obtained by b niore AGMA calzulalion s consarsaive companad sih N mednod

ISEN: 1.55505-0r34-5 Pagus: 13

aGkA B5FTM 2, Beval Goar Rating Using jha Mo Elandand-LG80 003406 (fvn afy known as WG T 199 Fanl
I, Goanoml Geadng Bhd §, Vehida Geanng

Auithor: W, Colaman

Culined is ona mathod for delomeining the design iorgque. depanding wpon application and cibar avafabkeinlaimalion
usad in sedectng the prefiminan gear size basad on bl piting resistance and bending strangin. Tha varous borgus
wilkias 0 b used in the cafcualions in the AGMA Slandand 2008-ABE am dafined. Incladod ane graphs I saksclion
ol a praliminaty goar sze and & nemenoal sxample of colculato e

IEBH: 1-EEL5E2-085-49 Fagas: 32

AGMA BSFTI1D. Identhicalion of GoarMoise wih Snghke Fank Composie Moasurament

Athar: F.E. Smith

Thisisaguide for gheapplcaion afsingle Nank composilninspechon gy tha sclufon.o gearnaksa problems. fincludos
a discussion of e nsiationship of rans missionormor fo grar noise. housing dyramics, specialanalyss and hos £
used in probilem-solving siuaions. Seeral case hishorks ara descrbad.

I58H: 1-55583-106-2 Fages: 20

AGHA ASFTM18. Hardouilfing-A compatlie Process in High Qualily Gear Production

fAudhors: AP Sofrsalghofer =&, Kaokn

ha MAAE Hard Cuting procoss Tinishing of masefardensd gears and tho rangeof &S applicaion, properios of tha
ez hini. foods. mierdhadis and culling co ndiltions ane disoussad Praﬂhnlruurk-mdnﬂmu“q_udwmdmmmu
achiayed by this process.

ISEH: 1-55588.068-5 Pages: §0

AGKMAJIFTM 1, Describing Moralandard Gears - an&Bermative & tho Rack Shif Coathcint

Auithor: Doradd R Mc¥ilkle

Tha rackghimathod ol descobing gears mado & th nenstandard add sndum dizsrelons(ip damadens § o norslandard
toodh thickress has sefious imilations. sinte e namenal pich of (e catling lod, requised for e caloulaion of rack
shif coplbcanl, mary nol B o alabie 1o e 0Esignar, may wan with ool sharpening.or mary o difanan o tha goars
maia:

Dverlal s 1 i of ok shifl coefMicient 2on nol standandized, s o S Mk agresman| bodwananalists abod e
wakis o "q" for a gesen nonstandand gear. Teo Ccommonmaihod s ocakoulae mok shit coefidon am desorbed in
ihie papar.

IZBN: 1.55580-455-0 Pagas: 35

AGE BGFTMAY. High Frecision Goar Grinding

Authar. Hagen Holmann

Diesorbas fha koge gaar grinding machines oparating under wel grnding condiions. Gears an ground |0 Mavy
slandards in sizes up 1o 180 inchas in diamalarwith all conoaivablo mad and profile modlcalions. A now drassing
syslnm |5 imeducad. InlBr?E:IlHd faad and prodk moasuring equipmant for a in process inspoction o gears on Ha
grinding maching is presa

IsEH: 1555304552 Fages @

Ak BEFTME. The irferralnionsinp of Toodh Thickness \Wegsuremenis 5 Evaluated by Varous Measuring
Tochnaguns

Author Paul M Daan Jr,

Tooth Thickness as @sfaldishodhy Maasuramans made by convenBonalgs ar measaring ieohniquas: OvarPins, fha
EnaniMoasuremant, o wih e Gaar Toolh WemerCalper, doos 0ol aleays of e wih the *Effeclive Toolh Thickness ®
(M vatua "sean” by hamatinggoary Mithods of adjusting fhespecil ed valun of Moo surod oo Thicknoss s assune
Ihard thia mgudned va ke of EREckvE Tooin Thicknass sl nolbo axioeedod are dscissed.

ESEM: 1-55538-468-0 Fagos: 12 J
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AG B6-T

AG 87-2

AG B87-4

AG 87-6

AG BT-T

AG 87-13

AG 87-14

-

AGMA. TECHNICAL PAPERS

AGRA BFTHT. Complele Checking Opemation of Gear Hobs Using @ Meili-Coordmaln Cmeking Ceriler
Auithor: Tiplaing, Slagiriod Franke = Ordng. Ger Goch0r, ing. FranrSehubert

Coordinalechecking ratruma s ane panicularky suiabio for ooyeclve deter mination of desiations in fom and posiion
o componanl surlioes. A gear hob S used 85 on oxampke oo shiow & vanaly of chacking poss biltes, chacking limaes,
thia cedpiu] of ey and this opporuniies o chatking ope ration seduan i o b conirobed by e oparalor.

158M: 1555084712 Pagas: 18

ACGWAATFTMY. Trha Geomairc Design of intamal Goar Fais
Author: Sohn R Calbourme

Thae Papeer cascribis a procodun ko ik design of inbe mal gear pais. which i 3 genaralzod fom of the long and shor
acdandum systam. The poosduns indudos chscks far inberleranco, B0 inledonencs, undarcitling, Bp intaferanca
during cuting, and rubbing during cuting

FSEN: 1-55580-178-K Pages: 13

AGKAATFTMA. Goar Tooth profile Detersnalan From Arhirey Rack Goomainy

Author: Bandesp &L u.tilj'ﬂ;ilf-ﬂrp'lh Harkar e Doraid B, Hiow s

A malhod s dascribedfor oiiaining goar jeath eroblas from geomalry of Femok {or hob) used o gonemaie it This
miatheced wnrks for artidraly rack goomatiaes, inc iding h coi s e only & noem eroal sescrplionof thi rack =S avalabke
Examnplas of a simplo rack wiith prdubansncs and a hob with reot chamber are desorbad. Tha applcaton of his
Loyt g b By genaenatio n of boundany okeman b models 1or tha rictional contact anakysis of goaar pairs is aleo dose it
ISEN: 1.5E55R0-480-1 Pagrs: 13

AGMAATFTME. Tha Refationship of Moasumd Goor Moise io Moasurod Gaar Transnission Eros

Author: Robsst E Sméth

This Pager doas with tha instrumaentesd testng of molse infhp Systom and hom b suassshlly rofahd |4y resu ks back
io s missurad iRnsmission amoes in ihe goa 'I?-n;imqﬂ; in eslabisting tho reaticnshep of how kb oomparna
wisualy displaped sound analysis dala o aumnl jusgamaonts of & humean, and than refalo e resuls back b maasuned
VANSMIS SN ST,

158N 1-66609-102-0 Pages: 10

AGMA BTFTMT, Crosnad EpurGears: Qobimal Geatetry #0d Gangrafian
Awthor: Faydor L Likvin = Ban Zhang = Wed-Ening Chaing - John L Coy « Robart F. Hanschah

A rnn‘l"-:db;mﬁuiﬂ thax panion orowned surlace thal provides a looalized baaning contacl and a fassoeabie tepo of
Irarsmission enors lor misakgned gears is presaniod. A method for goneming oroened gyifaces v a sulace of
revan hefion 1 slighlly denilaries from & regular cond suaoe ] s proposed. Tooth Comacl Analysis (TCA) programs ko
simulalion gg mashing and Soarsng comack kor msakgned spur goars with e orrsned pinlons and grashic program
Tor the dispiay of tha pinion crowned looth surlsces in 30 space s dscussed.

ISEM: {-£5583-4h%-6 Pages: &

AGHA BTFTEAI A Concapt for Using Conrolled Shal Pawsing Dnging Gear Dasgn
Authesr: James Daly

With naw malriais, such as auslampered ductle ron, dramalic Nomasas in fligee srangih Nave pueey reosded.
Praning can increassfaligue sinangin of coase hardenad marr 2od gears by 20 peroent and increaso tha piting MiEme
rasistanca in tha ot ino ares by o 50 peroent. Recent devel opements in e contmol of shol peening wilh the ad
ol @ microprocassor alloed @ya casigner M oPEOoMunity 10 ke credi lor thesa Improeements. The melhods used in
{uirbing @ngine componenis aking hesa mpmsemanis ino design calzulations am ey keweil.

1580 1-55548-200-5 Fagos: 4

AGMARTFTMIA, Conlac Surface Topakgy of [ orm Gaar Tooln

Authosr: Wiliam L Janninck

Aun mwlq:vlngm:ﬂrw B genarally evafuaied by the contzcl patiern developad yilh 8 qualhed wom. Patienns shosy
Iha anea of minieal sepanaion Sebwaa n tha worm and woem gear surlaces. The Aclum form eyond lha conlac] anss
s uniEnown. & mathematicalmosaing procedune S ghven o peodal the initial contaot patam s well as the sufac
saparation lopoiogy. Equalionsand procaduns am peeseniod ko panmil and analysss lor any gear sel and loof design
P s

IEBNM: 1-33389-400.9 Pagos: 16

A COMPLETE GUIDETO PUBLICATIONS B AVAILABLE UPON REQUEST
IFROM ASH GEAR OR DIRECT FROM AGMA [N ALEXANDER, WA
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AG 87-16

AGST-

AG91-10

AG 8115

&G 91-15

AG 92-7

AGS2-8

AGMA. TECHNICAL PAPERS

AGA ATFTIIG. Meswathoos of infegraled Cesipgnandidanufaciunng of Mgh SpesdGeang
M‘rnm L. -ling, Hunf.rld Hirt s D.I:Ef Tosil
mpn:'l_l.l criberia and meshods | o arshee vibradonand nose betessorn, Tha

caiieingan nl'ncu:l.lma'eﬁhnud:!.l appiceiona CADCAR o deraings and nurnencally conimliedmanulaciwing
ol gear unis.
I=EH:1.55580-492.5 Pages: 21

B ETIAS . The Eemenl Sirags Analysisg] a GerencSpur Gear Toalhe Sutbor: E. & Tenmesan, The
prediclion of berding siressesin a gear oo, resulting from an extemally appled orous, reguires
spacial considerslionwhan designing spur gear sysiems. The ioolh geometry is such that excess
risers enaslwhich must b sccourled far. Inaddition, '.-'ﬂ'iabll:ﬂalrm;ﬁ_ng I exact load poinl on fe
toath and phe direction of $e appled lced ane dritical. An inleractive preprocessor is devel oped which
penerates all e infarmation, including a detaled toolh profile, necessary io podom a finde elemem
bending stress analysis of $a gear sysiem. To valdale the procedire, a test grawp of spur gesrs is
identified and analyzed. The rasulis are compared o fiose abtained via the Amencan Gear Manufac
lurers Association [AGKMA) standards. The comparison revealed the Tinite alemen stresses o be
slighfly mane canservalive $an cormespondingAGRia standard siresses, A genemalized siress
equaton and geameiny faclor, based on the fnile slemeni approach, are alsa introdwosd. This paper
is inlended anly = & proof af concept.

Papas: 9
A1FTI10. Dynamic Measurements o Gear Tooth Friclionand Load. Authars B, Rebbechi, F.
Oswald, and O Townsand, & program o experimentally and thearelically siudy fundamenlal mecha-
risme of gear dynamic behavior is being conducied af the NASA Lewis Research Canler in guppor] of
o jaind research program balwesan BASA and e UL S Ammy. This paper presents Se nesols o
cyramic loaih-filel stran gage measuremenis from the NASA gear-noise rig, and it imroduces a
lechrique far using hese maasummmanisio separale S noemal and lanpanbal [Inction ) companenks
of [ha lcad al the foolh cortact.
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1FTMI5. Gear Hardness Tachnology. Authors: k. Broglie and . Smi. As demands on e gear
designer o make geanng tha is smaller, fghtarand mone relable inoeasesso does he darand far
beser materials and hear irmal pocesses. Proper handness of a gear, bath in the oot and in e
bady is becaming increasinglycrilical since load carying capacty is dependentan hardness. The
seope of Bis paper is limited (o the mos common mathods o hesl imating siesl Gearing. howear,
lhezre 2re many methads of heat reatment in wide use throughaul Se industry.

Pages: 12

SIFTHIE. Contact Aralyse of Gears Using a Combined Finite Elemant and Surface nbegral Melbod
Autbars: 5. M. Vipyakar and D, B Fleuser, Describesa new methad lor salving the contact prablem
n gears. Tha methad usas a combination of the finite slemant method and a suefaceingegral form of
e Bousinersg and Cernuli solufions,  Mumberical examples ans presenied for confactngbypoid,
helical, and crossedaxis helical gears.

Pages: 1

BEFTHRIY. Differencas jn the Local Siress o the Gear Taolh Boal Based on Hobbing Cuflers and
Pinion Culters, Aulbars: M. Linke and J. B, Homer. Differencesin ooth mpe] peomeiny ane causadijl
a pirianshaped culfer is used in gear production instead of a hob, These diferences ako lead o a
differenl stress concentratanin the ooth rool. Tooth root =tesses are caloolaled wilh the Sﬁcl,hriﬁl
Method far hath prod wcion methods and their differencss are decissed. The appraximale ulabion
of stress concentrationwith the siress parameler {on 30 langenl) is proved 1o be applicable.

Papas: 10

G2FTHA, The Role.or Raliability for Beanng and Gears. Authors: C. Moyer. Dedails the exprerimental
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the similarnty and differencesad $eir respaclive sysiems. The role o Siress level and ife scatler in
lermre of e Welbull disirbsSian are sddressed. The background and equations o calculsted reliabi-
ity faciors. as included in bath bearing and gear standards, are then developed.
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mesh are loeerfhan that of a soid-sold mesh.  Dynamic lbads n a holoe-Solid mesh ane the same
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shrink fits, 85 aluminum gears, 171
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Autoanation, BX-84 inclusions, 173
Axial pitch, 16 black oxide, 172
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Barber-Calman Co., 13, 28, 20 stainless steel, 171
Bur stock sizes, 122 Flute 16
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circle, 5 Friction, 1
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Bevel gear (izar
cutting machines, g3 calculation program, 147
machine manufacturers, 86 finishing
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heat treatment, B7, B8
C grinding, 20
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CHM (cubic boron nitridey wheels, 48-37 generating method, 38
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total composite error (TTC), 157 wheels, 48-57
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pitch, 10-11 machine collets, 27

tonth thickness, 10-11
CWC pear cutting (ref), 28, 30-67
Copper plating for carburization, 1L, 127
Ciost of manufacturing, 159-170
Cutting gear teeth, methods for, 13-E6
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ring gears, 27
materials, 87
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profile grinding, 3%
quality achievable by machining, 158
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Driameter ” shaping, 32-36
outside, 16 machine manufaciurers, 35-36
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root, 1éh
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fior gears, B 7T-HE
heal treatment
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case depth, 91
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induction hardening, %3
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teeth, methods for cotting. 1386
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termiinobogy, 4, 5
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tmt]j profiles, 5
wire s1zes and selection, 9
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finishes on, 171174
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Cirinafing, 20
MWital etch for crack detectiwon, 112, 131
machine monulacturers, 46
versus shaving and honing, 48
Cileason Works, The, 46, Hi
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Hardening
cise, BR-0
Mlume, 9293
imduction, 93
machine manufacturers, 86
Hurdness, 24
Fleat treatment
annealing, 95101
carburizing, 93-101
copper plating tor carburizing. 112, 127
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of gear materials, §7-112
af sil-hardening steels, 97101
quunchingﬁ:{tﬂﬂ:g, 125
Helix
anple, 18,23
normal, 16
Hobbed gears, 1-2
Hobhing
between centers, 27
machines, 28
mnehinme
collets, 27
machine manufacturers, 2931
ring gears, 27

Hob
active length, 16
addendum, 17
baore iz, 16,27
dedendum. 17
detfmitions, 16

ishing, 20

flute, 16
length, 16
protuberanmce, 17, 19, 20
zires, 27

Huobs, 13-24
clisses of, 15
finmishing, 15

pre-shave, I8

roughing, 27

semi-finishing, 18

semi-topping, 13

topping. I8
Homing, 47, 67

spheric. 67-R0

I
Involote
cirele, 20
curve, 5
profile, 14, 32
_I
Lead, 16
angle, I6
Line
of action, 7
of centers, 7
Lug, 17
M

Muagnetic particle inspection (ref), 114
Munufaciuring
cost of 161-168
operttions, 115-144
Messurement aver wines, 5. 148-152
Measuring gears, 5. 146-152, 147
tisoth Br tnodh compositeerror (TTCER 157
total composite error TTC), 157
Metal Cutting Tool Institute, 15, L&, 1E, 21.22
Methoads for culting gear tecth, 1356
Milling gear tecth, X132
MWilling cutters, 31-32
Modole, 4, 1011

Mitnl #ich, 112X

Nitralloy, 92

Monse levels, |1

Momenclature, 55

MNormal
circular pitch, 17
dinmetral piech, 21.22
hehix, 16
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pressure angle, 17,23

tooth thickness, 17
o

Dutsrde diameter, 7

P
Prouter Co, 13,28
Pitch
circle diameter, 4
diameler, 7, B
diametral, 4, #
pomi, 7
Precipitation hardening materials, 0112115,
130-121

Pre-shave hob tooth dimensions, §{.32
Pres=-Fit allowances, 85
Pressure angle. 4, 3, 7.8,
Processing gears, 113-144
Producibility, 159
Profiles

hobbed, 19

shaved. 19
Protuberance, 17, 19, 20

Quenching ﬁ:.l;tm‘ 130

R
Racks, 13, 15
Ruck type entiers, 4, 32.32
Ramp, 17
Ratins, 4

Ring gears, 27
Baoot dinmeter, 7, 16

Shaping
gears, 32-36
ternls, 3236
Shaving pears, 2.2 36-38
speeds, feeds and stock ne:nm'l.!.al, 37
Shrink it allowances, 55
Hkiving, 47
Ephernic honing, 67-Ei
Splmes, 4
Spur gear tooth parts, 8
Stewls
for gears, B7-E8
heat treatment
case hardening., 8%
case depth, 91

caopper plating foer carburizmg, 112
flume bardening, 92
induction herdening, 93
l;iq_'l.lid carburizing {salt hath), 90
noermalizing, BE
piack carborzing, B9
mitriding, %1
staimless, DI0-001
Stock sizes, 122
Stub tooth forms, 23

Tables, 175156

decimal conversion, [ 92
Bell-type center drills, 1%
center 11 dimensions, 154
equivalent hardness scales, 193
material shapes, 160190
stisck removil recommendations, 196
surtuce iexfores, 161
world stainless steels, 177.176
Tusoith
Ii!l]l.!l'lillg mauchine manolfacturers, B
elements, T
face, 16
profiles, 4
thickness ai pitch diameder.
proportions for varions gear systems, 1017
Tooth to woth compositearpgr (TTOE), 157
Total compoesiie error {TTC, 157
Types of gears. 1

Terminolegy, 4,

Undercut, 19
v

Wan FHayren's bandbook, 4, §, 145

W

Wire
zizes, O
wi lection, 9
Wires, measurement over, §, [48.163
Whole
depth, T, 1011
depth of cut, 17
Working depth, 7
wirrms, 4
Worm wheels, 3



Prem H. Daryani

This in-depth guidebook places emphasis on leaching beginners and advanced plan-
ners how o process gears, and will enable manufacturing enginears familiar with machine
shop practice to be specialists in the gear manufacturing fiekd. The first few chaplers are
devoted to common gear nomeanclature and analysis of processing of six typical gears,
including explanations of the logic and reasoning for every saquence of operation, Subse-
quent chapters thoroughly describe production, selection of materials, heat treatment,
plating, methods of cutting, hobbing, shaping, and grinding.

Unigue in content and broad in scope, The Art of Gear Fabrication provides begin-
ners with sufficient information to independently process six typical gears step by step and
presents model numbers, capacity, and addresses of gear machinery manufacturers and
suppliers al the end of each process descriplion. |t also offers gear designers practical and
usaful hints on reducing fabricating costs. And it contains useful tables from commaercial
catalogs, including cross-references of different U_S. standards and American stainlass
steal malerials with equivalent German, British, French, and lialian materials.

Additionally, it is assantial for manufacturing and design enginears to have sufficient
knowledge of various heat trealments and their related casl. Though it is a specialty, the
author describes this subject in as easy-lo-understand manner as possible. Gear designers
and entry-lavel manufacturing and processing angineears in the machina shop field will find
this reference extremely helpful and valuable.

ABOUT THE AUTHOR With extensive manufaciuring experience worldwide, Prem H. Daryani
most recently held senior manufacturing engineer positions at B.F. Goodrich Asrospace,
Sier-Bath Gear Co., Thomas & Betts, and Sikorsky Aircraft. In addition to designing, fabricat-
ing. and installing the first aluminum rod-rolling mill in India, he oversaw the manufacture

of India’s first battary-drivan forklift truck and 60-ton crane for lifting locomotives. Mr. Daryani
was also employed in tha Garman machine tool industry and at a hydraulic turbine manufac-
turing company in Swedan. He holds a B.E. in Mechanical Engineering from the University of
Bombay, India and is presently working as a consultant.
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