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The author i. thankful to the followingpcuons who gave p",mi .. iol1 
I 0 reproduce certain figure, and table> from article> and commercial 
literature supplied by thc,". Their name. have been mentioned in 
appropriate chapte .. , 

Cad S. Rice. Rni"J li8Kinu" F~lIo ~'s C,,,p., 
Bradley Jerri .. .. hA G~a, & Supp/J' C '''po 
Lewi. Wei.>, Spuia/tJ'Stu/ & f'o'K~ ('0 .. 16 La"' Dri," , 

Fairr",ld, 0\' J O;.OOJ. /tnp:l/www.stu/fo.K •. com 
Glea.on Corporation. /OQ(J Uni,·u.i')" A ,·,nu., P.O.Box 1l~70, 

Roch~."" N." i"o,t /J6~1_1~7o. (7/6) .n J·/ooO, 
h" P d" """./1 /u ..on. < 0 '" 

Some of the information in Chaptu J. was taken from the following 
handbooks that are no longer being printed nor do the companies 
exiSl today. The.c companies were pionee .. bUI due to global com· 
petition. they ate no longer manufaeluring products so it h .. not 
been ",,<sible to obtain their pcrmi"ion to u<c I h e informat ion. 

1. Barber· Colman Hob Handbook published in 19~ 

2. Van Keurcn Handbook numbcc 31 published by Van 
Keuren Company in 1979 

J. Bethlehem Stecl Corp .. Belhlehem. I'A 18016 for allowing 
reproduction of heat treatment graph, in Chapter .... 
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Thi. book i. no' a "oa,i .. from which '0 loam 'he openllion ofgoar.cu,. 
,i ng mach ino. ,nd oqui pmonl. M.nufoc,urors of gcar cUlling machinery . upply 
odo qu .. o inform .. ion on opor .. ion of 'heir maehin ... ,nd 'he 'imo required '0 
cU'. hob •• h,po. or go noralO a goar profLIo i •• m.11 comporod w i,h 'he '0'01 ,ime 
for fabneOlion of a ~e"r ... pinion a. specified in & blueprinl. Thi, book will place 
more emph .. i. on 'ooching beg inncr> ,nd aci",nced plannors how '0 proc"" 
gca .. . 

FUrlhermor<. 'ho purpo .. of,hi, book is no"o I!O in'o del,il, of de'isning 
goa ... ,"oss analy.i,. or '0 repea' formu l .. ,ha' defLne v .. iou. gea .. . Tha' 
informOli"n i. gi"'n in many excollen, public .. ion, like Machin",),'. llondbook 
.nd o,hc, ,pecialized boob on gcars (li.t<d in ,h. appendix). Speod. ,nd foed, 
01", aro gi"'n in hundrod. of pub lic.,i"n. like Machining D.,. Ilandbook and 
m,nu.l, di,,,ibulOd by indi vi dua l m.chincry m.nufacturor·,. Thi. boo\; will be 
u>ofui for: 

, . En'ry. IC\'ei m.nu fact uring and processing onginoors in 'he machine 
.hop fiold. who wan' '0 o i' hcr loam or onl .. g< 'hc i , knowledge on proce .. ing of 
goa". It i ... ,umed ,ha' 'ho allow cat<gori .. ofonginooro have a ' I .... "'"'0 
kno,,'lodge of'ho ,· .. iou. 'ypo. of gea". 'heir .hape . • nd mach in ing in gene",!. 
A goc.J ffilIchino . hop engineer mull h",o ",me prac'icol experience on 'he . hop -. 

2. De.i gners ofgea" in 'ho USA and all o,'er'ho world. by pro" iding 
,hom wi,h practical ,nd u .. fu l hints .oou, how 'hey can a .. i>l in reducing 'he 
c",' of fabrica,ion. In 'od.y·. h""'ic. compe'i'i,'o. world. where p,oduc" h,,'. '0 
be in' roduced in ,h. ,honest possible 'im«. d .. igne" calcu late ." ..... and I.y 
ou, 'ho dime",io", ofgears. bu, h",'e 00 ,ime '0 d.vo,. allon,ion '0 .uhje<" 
,uch as unn<Ce .... ily do« ,,,I.m,,,,os . In ,he.., doy. of compu'eriza'ion. rom. 
puter.aided de'ign. "'i,hou, much off 011. "'ill gh'e dimen,ion, '0 'he 'h ird deci· 
ma l place. <Ycn whe ... uch ocourxy i."", n<c ... ary ... required . The =, of 
m.nufac,ur. inc ...... ,",' i'h d"", ,oleran<o,. an d wi, h O\'cry decimal posi';on . 
Many d<>igncrs are no' famili ar wi,h me,hod.ofho", "e"mo" ' .nd ,h.ir relat· 
ed cos,. Though he .. "ea'mon' i, a 'peciali'y. i, j , c .. on,i.1 for m,nufac,uring 
and d .. ign cngineor,'0 h,w . uffieicn' knowledgo ofv.,iou. he " ' ,., a'm en" . 
Tho au,ho, willendcovor '0 describe 'ho .ubjce, of ho .. "eatmon' in .imple Ian· 
gWlgo . 

Any manuf,c,ur ing enginoer woo ,,',n" '0 proc"" goa" should order a 
ropy of C . .. log#2000 from: 

A,h Ge .. & Supp ly Corpora'ion 
42630 Nine Mile Road NO"i. Michigan 483H U.s.A. 
Tele. #: ~H8)174-61 5~. Fax It: ~248) 3H·.ZS5 



Mh Gcar & SU[>llly ol. im. to be the world'. lorgo" .upp lior of g~.Huning 
tool. "nd it maint.in, .. v"iely of bolh new .nd used tool .. Cotalog #2000 h •• tho 
following l~ohnic.1 infonn .. ion : 

Sel"",ion of tool. for gear cuning, Gear nomoncioture .Formula., 
Li". of books <lit go ... publi'hed in the Engli.h langUllg • . Computer program. for 
gears, Partial directory of gear f.b ,ie,'ing com.,.n io. iM Ih~ USA. 

In Ihe neXl fo",-chaptors. <ommon gear nomendotuT< i.. defined .nd Pfo­
oossing of .ix (6 ) typical geo" is analyzed. 10 p""'ide beginnors with huio k""I<'I· 
odge of ,'ariou. method. of procossing, In"o.d of ' im ply giving proce>s ing ,heots 
for p"". logic . nd ,eosoning for every seque""" of op<ration i, e xplained . Based 
on thi. matofiol. the beginners ",i ll be obl~ to wf ite proc ... ing "cp' without 
... i".nce from anyone, 

Sub.equont ch'plors doscri be product ion . ..,I"",ion of m.1<fi.I •. h.at. ~at.­

menl. ploting. method. of cUlling. hobbing .• haping a nd grinding. in det.il . To 
, .... beginners from h"' ing to .e.rch fOf inform.tion eI,owhere. eo".in u",ful 
tablo,'hat the aulhOT has u<cd iM hi. <oroo, wh ile proce>sing g"". arc ",tached. 

In tho chapter enlitled. "Mcti>odsto Cut Gcar tNotb: .t th. ond of .. eh 
procos< descfiption. model numbers. eapocity. and addresses of gear moohinery 
manufoet"re" and .uppliers.,. gi,'on. Some oftho.e oddress .. may hose 
changed, Howo,-cr. the comp.nie. con .Iwa),s be t raced, 

Where a com"",y doe. not h .. -•• umoienl .. pital to p<fmit pUfch."" of the 
lat.st machinory, Chaptef J ofthi. book li ... model numboTS fOf used oquipment 
t hat is ... il.h l. in Ihe u,«I maoh inery mOTh'- II "possible to fetrofil and recon_ 
dition many of Ihe .. old moehino. to gi,'e nearly "'I""I.to_new qu.lity of tho end 
prodUCI . Retrofilling an d feconditioning work must be f'<,formed by a ,ki lle d. 
knowledgeable p<""n Of or8.niz"ion, T he 1is" giwn do not indude a ll the d ifTof_ 
enl model. ",ail. ble in the industry. but M.nuf.ctuf ing Engineer. o.n ... ily ~N 
that information from the manur,<1uT<", In .ddilion to their expertis. con«rning 
mach inery ,u pp lie". M.nuf.<1uring Engin.ers h",e to . pp ly imp.rti.1 an.ly.i. of 
the rle ld. Thoy kIlO"'- the r",.oci.1 limitatiOn< of theif coml"mi~ •• nd Ihe noture of 
the job> Iheif company has to do, 

U..,ful tablo. fTom oomm"",i.1 ootalog. U~ gt,-"" al Ihe end of the hook . 
These tablos giye cro .. ·rcfefon"", of difTerent US Standard • . A labl. of Amefi<an 
".inl.n steel m>lcri.I •. with equi".lont German. British. French "nd It.li.n 
mat.fi.I •. L •• 1"" gi,-m, 
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Chapter I 

TYPES OF GEARS AND 
PROCESSING OF GEARS 
Gears come in all fonn, from liny gears and pinion' used in 

watches. 10YS. and aircraft aClualu". 10 those u'ed in heavy earth ·mov· 
in!! machinel)' and coal.minin!! mach inc!)' . 

Gear. can be caSl. forged. ,inlered from powdered me101. or 
made from solid rolled maleria!. fonn, of gears may be da .. ifled as 
I;<,'el. helieal. straight 'pur. pinion. wonn and ..... onn whe.,,!. for ",me 
application' . gears are m.de from "arious grade, of pl.stics ma!erial, . 

The va" majori,y rf geo" are CuI or ground On a production 
.calc. Gears u.ed in gear boxe, of machine tool. arc generally ground 
beeallSe d the following IWO facto", 

1. u.,.,· uhimale noise level. are required ..... hile opcraling in 
K"arbox,,". 

2. Lc .. friclion is nttded so thal pow'" con,umplion i. 
redu ced. 

Gea" u,ed in lurbine gearboxes arc generany ground becau," 
of the," same con.ideralion •. 

GearS used in cranes and OIhCT lifting Jntth.ni'm arC ge ner.l. 
Iy CuI or hobbed. 

GearS fall in the following main I)lJ>CS d o.,e!!otieo: 
I. Straighl spur 
2. Helical 
3. Be,·d • 
•. Wonn and ..... orm whttl 
5. Spline. 
6. Sprockets 

, 



T)PM 01 Gowo oncI Pi -,u'''II 01 GaIn 

figure. 1· 1 and 1·2 sOOw photographs of gea .. used in inJustry. 
The teeth on .. ruight and helical gears. on a production ,;calc. 

arc Cui either"" a hobbing machine. using a hob (tool). or shaped"" a 
shaping machine. Fine gears Can also be ground rrom solid blank-s. 
However. the majority of ground gears arc first rough.hobbcd. or 
shaped. and lhen ground . Straight spur gears ean .1'0 be Cui using a 
rac k lype cuUer on a Pa rk in«on or Sunderland lype ",,..,hine . 

• 
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Ther" are many IYl"'s tfbe"d !lears. and Iheir (Celh arc CuI wilh 
l'ttiprocalin!l culle .. or by a millin!l proce ... The Gleason Works oflh" 
USA, and Klingclnberg GmbH of Gern,any ar" 1",0 of Ihe worlds leading 
be,'d gear machinery manufacturers. Except for Ihe method of culling. 
proccssing is 'imilar 10 Ihat f<lr Ihe !lears de""ribcd in Chapler §. The'S" 
tWO finn, will willing ly l'ttO!nmcnd Iyl"" <>f machine, and cullers for 
producing s"""ilic be,·<i gears depending up<>n producti"" quanlily. 



Tn- ofC • • n&lla ~ of C . . .. 

Wonn< can Ix: CUI on a C:'\C lalhe usinga singlc.poin'fonn '001 
or may Ix: rough.mil led in a spttial \h",ad.milling machine and finished 
by grinding. 

Wmn whttls are generally produced by hobbing_ 
Spline< also arc gencrully hnblx:d. and blind in,crnal splines 

arc usually shaped _ Unres,ric,ed inlernal splines on a produc,ion sc"le 
arc bes, produced a, low 00>, by broaching. provided Iha"he Rockwell 
hardness of 'he part <l<>L.,. no, exc=<! 35OC. 

On all 'he 'ypes of gears men,ionc-d "bnvc. e"c"P' sprod,e". 
gears are spccifJctl by diamelral pi,ch in 'he inch sy<lcn, and by Module 
in the melrie sySlem_ 

It i. e .. entialto understand 'he bask ,cnninology of spur gears 
and to 'his end i, may Ix: worthwhile '0 understand and remember sim· 
pic fonnulas perlaining to number nf,cNh IN ) and diametral pitch (DP) 
for standard spur gears . 

Pitch circle di"meler " NWIlbs;r Q(Twh 
Diamelr.lll'itch 

-'" 
D' 

O utside dialllelcr of gear = ~ 
DO' 

In melrie gears. DP is defined by Module 00, which can Ix: 
summarized by the follnwing (onnul .. , 

M ""' D' 
2M 

Oiamelral l'i,ch 

Ano,her importanl parallle,er i. known as the pressure angle_ 
In involute tCelh. 'he pressure angle is ollen deseri""" as the angle 
Ix:tween the line of action and lhe line langent to 'he pi,ch circle. This 
angle can Ix: 1~ · 1 12 degrtts. 2{) degtce •. 2S degrttsor 30 degrees_ 1k 
;nvolute shape is bes, descrilx:d in Va> Keuren'! Handbook ~37 and 'his 
definition i. reproduced;n the nexl chapter. 

KnowkJgc of the pressure angle ;s ;,nponan, in select;ng the 
correct culling '001< for a particu lar gear. Many of lhe carlier large· 
d;amCler gears were cut ",ith a rack.,ype culler having a com-spo1\ding 
pre .. ure angle _ 

• 



Chapter 2 

GEAR NOMENCLATURE 

The mOS! imponant parameter. for manufacturing enginee,.. to 
~now .re: 

I, Oiametral pitch 
2. Pressur(: angle 
3. Measurement o,'e, wires for checking gear size. 
~ . AG)'lA Quality Number 

('tandardized by American Ge.r Manufacturer< ' As<ociation), 
Mea,urement over wire, and AG)'IA Quality are explained in 

det.il in sub'",-! uent chapter.. 
E,·"'Y gcar engineer ,huu ld ai,,, be familiar with gcar nOmen· 

datur(: ,ymbol, and furn,ula, for 'pur. wonn. and hdical gear<. and 
spline" The", symbol, and funnu la, are explained in many publica. 
tion, and in the books Ii"ed in thc appendix. 

Beginne,.. ,hould ,t"" with an undcr.tanding of the funnula, 
for e"ternal gear<. Tenninoi<>Ky fur hdieal and be"el gear:< and 'pline, 
is an extension or 'pu, gear tenninolollY, TOOIh element< are de",ribed 
inTable2· 1, 

Most gear tooth profiles u,e the involute 'hape of tooth . a. 
descril:J<,d by Van Keuren in Handbook #31. An extroct frum thi' hand· 
book is in Table 2·2. In ,hotl tenn" the involute curve is generalN by 
a poin' at the end uf a eord .. il i. un",'uund from the ,urface uf a cylin. 
de, known a, the ba,e circle, 

The diameter of the ba", circle equal' 'he pitch diamNer . co> 
of the pressure angle. 0" co. 0 , 

Aller familiarity is attained with the \'ariou, method. to cut 
8car<. it is necessary to know how 10 mea'ure gear<. Van Kcuren has 
<I.ndardi,ed the moat coml1\only,u""d method of measuring 0,'", wire" 

, 



--~ 
Wi", ,iz. G i. Sd"'ICd from Table 2·3. which j, reproduce<! from Van 
Kcuren", Handbook #31. Wire ,i,e i. difT~rcnl for enlarged pin;"n •. 
standard cxtemal gear'>.. and internal Kears . 

Tables 2 ·~ and l · S give tooth proportions for variou, gear 'Y" 
(ems s uch as th e inch. module. diarn"'r.1 and circular pilCh. Given th is 
elernentary knowledge_ ,It, can no"" b'" to the nex( chapler which 
describe< in delail ,'arious g""ocuuing methods . 

• 
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T ABL E O F TOOTH PROPORTI ON S F O R 
VARIOUS GEAR SYSTEMS 
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Chapter 3 

METHODS FOR CUTTING 
GEAR TEETH 

The moot common melhod of ouning gear leeth i. by meanS of 
a hob, Spur. parallel. and cros...oo axis (helical). 'piral. and "llnT1 gea", 
Can all be pmJL>Ced by hobbing. fceding Ihe hob across Ihe face widlh 
of a gear hlank wi!! serve 10 cuI aU gea", e"ccpl worm gea",. To prod""e 
""'"'" gea", Ihe hob is fed cit her tangcntial1y pastlhe blank or rudiaUy 
inl<:) Ihe blank. 

Al Ihis slage. it is importanl 10 underStand what a hob is and 
Inw il is held. 

What I • • Hob? 
A hob i. a worm Ihread Ihal has bct-n fluted and caeh tooth 

form rdic,·ed. The flule. provide Ihe culling cdge,. IOach toolh is 
relic,'ed radially '0 form dear:;ncc behind the c ulling edge. allowing Ihe 
faces of the leClh 10 be sharpened while relaining Ihe loolh profile. The 
Barber.colcman Company was""" of 'he pioneer hob and OObbing 
machine manufacture", in Ihe world. and in Gcml3rly. it was Ihe 
l'fauler Co, 

Fig. )·2, from Barber ("ok"l1lan's I>ook Gear Hob<. 19S4 Edilion . 
<lIOWS a Iypical hob. Tables 3_1 and 3_ 2. al,., from Ihe Barber_Coleman 
Company. show hob nomenclature and design c1emenK (Barber_ 
Cole",,,n no long.,. markets gear culling machinery or hobs). 

The culling edges of the leelh on each flule of 3 straight.fluled 
hob may be considered 10 h",'e the form of a rack. In an involule gear 
hob, Ihe ,e,,,h have e<",nlial1y sl!"llighl <ides and arc <X(ual1y spaced 
accortling 10 Ihe pilch. The hob cmboJics as mallY of these racks uS 
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t here ore flutes. The rack. ore equally spaood around the periphery or 
tho hob and each is axially di.plaood from the preood ing rac k by a fixed 
amount depend ing on the lead angle. A. the hob and goar blank are 
ro1atcd at a un i form ra te. in geneml rela t ionship to each o ther. each 
mck • .,um es the correct position relative to the blank to generate the 
requ ired involuto tooth profile as . hown in Fig. 3_1. 

Types o f Hobs 
The ,"nge of hob pitches i. from I to 180dp. and hob, ore made 

to the tolerance. of one of t h e standard da"es adopted by the M eta l 
Cuttin g Tcol I nSlitute. T he.e d .. "", include: 

CIa.<sA 
Cbss B 
Class C 
Cla.« 0 

Preci. ion Ground 
Commerc ial Ground 
Accurate Ungmund 
Commercial Unground 

I n addition, an ultra. prcci,ion hob. called ClassAA. is gene ml. 
Iy available. ClassAA hob. are u,ed for the "ery finest goa,.. and are 
generally available in 1 dp and finer. 

Special Finishing Hobs 
T he pre,ent trend is toward tho increa.ed u"" of 'pcc i.1 hob • . 

and the 'peei. l fe. tures are "su.lly co",idcred to be more importan t 
than whether or not a hob is avai lable from stock. 

Any fini 'hing hob that require. a modification of the standard 
form. is a .pecial hob . In addition. hobsthat de,' i.te from th e standard 
,ize. or d a •• es. are considered .peciaL Speci.1 gear hob. are manufae· 
tured in any uf the fi,'e d ..... uf tokrance •. depending upon the accu· 
racy required in the gea,. to be produced. 

Semi .topping hob. for cutting a chamfer on the tip. of gear 
teeth are one type of 'pecia l gea, hob. T he primary purpo.e of a cham· 
fer i.,u reduce the po."ibihty ofnick. on the involute profIle when la rge 
numbers of gears are being hand led. I n addition. de .burring operations 
are often reduced or olim inated bec.me the burr i. turned away from 
the involuto profile . 
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Moth"dolor Cuttin~ Gear- Tooth 

The feature on the hob thot cut< the ch,mfer isc.lled a ramp, 
and this ramp mu", be de.igned for the ' I""'ific ch,mfcr to be cut. 
Therefore, the hob designer muSl know the number of teeth, the helix 
angle. and the size .nd ,ngle of the chamfer i n order to design a semi. 
topping hob accurately. 

Topping hobs arc required if the hob i. to cut the outside d iam _ 
eter of the geart o fin i , hed size. A topping hob produces a n outside diam · 
eterth.t i. c"ncentric w ith the pitch diam«e,- Such a hob i. illustrated 
in Figure 3·3. 

Seml-Pinlshlng Gea r HobI 
Semi _fini shing h"b. ore med to cu t g oa", that are late r fini.hed 

by sha ving or grinding. The hob, can be e ither grou nd or unground in 
any of the "and"d ci.,sos. singlc or mu It ip le ·thread . and topping. non· 
topping. or ..,mi.topping. Semi.topping hob. are distingu i , hed rrom 
mugh ing hob. although they both require a ,eeondary operation. ,\ 
mughing hob i. u,ually unground and Ie" .ccurato th.n a finishing 
hob. On the othN hand. a semi.finish ing hob m uSl be of approx imately 
the .ame accuracy a. a finishing hob. The .emi·finish ing h"b must IcO\'e 
a minimum and uniform amount of stock for the fini shing tooJ to 
remow. C"nsequently. many of the,e hob. are Cla .. A Precision Ground 
or Cla.~~ II Commercial Ground. Howc"er. many gear manufacturers 
h, ve found tha t C la.« C Accurate Unground hob. arc sufficiently accu· 
rate for .emi· fin ished gears. providing lower tool cost per gea,-

The Met al Cutting Tool Inst itu te has recommended tooth forms 
and . ize. forpre.,haw hobs. On those cutter •. the hob tooth has gre.ter 
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Med oods lor 0.AIing Gear Teeth 

depth and le« (ooth thickne .. than on a corresponding finishing hob. 
and there is 00 approach. Gr~a(cr depth i. requireJ to provide 'uffici~nl 
clearance for (he shaving culler. and. thinner tooth provides for shav· 
ing stock on the gear l<X>1h. Data and dimensions peninent to lI,e stan· 
dard 14 112.degToo and 2().degree pressure angle. pre.sha,·e hob tooth 
forms arc shown in Tables ] ·s and J·6. 

I'rmuberanee i. another important feature of tooth fonn found 
On many pre.sha,·e hobs. The protuberance genera,es undereut a t 'he 
OOtlOm ,,((he gear too,h '0 provide dea ..... nee for the shaving cuner and 
to p .... ·vellt the fonnation of an abrup' change in pmfile with its result· 
ing stre .. concentration. With small number. of teeth. the too,h fonn 
c ut with a hob w;thoU! prot uberance i. often undercul e"ough. but a 
protuber-,.nce i. required for larger numbers of teeth to dimina", l'Ol'l· 
(act ""'we.:::n (he tip of 'he <having culler and the fillet on (he ge.r 
toooh. Ordinarily .the underc ut should Ix: from O.OOOS '0 0.00 I inch more 
(han the a",ount 0( slOC k left for shaving. ,\0 shown in figure J ·6, 'he 
intersection of (he shaved profile with the undercut fille, cut"" should 
always fall bdow Ihe lowest point of contact with the mating gear. 

~or a gi"<-n pitch. (ahles J ·5 and J·6 indie.te a fixed amount of 
protuber-. .ncc for a ran);e of numbers 0( teeth. With such. r",ed protu. 
berance. 'he amount of undercut will Ix: greater 00 the smaller numbers 
oft~eth in the range. When a definite amo u'" of undercut i.~ desired. the 
hob should Ix: designed for 'he specific number of(ee,h in the gear. Wioh 
a giv<-n pm,uberance. the point of intersection of the undereut with the 
in"olute form "aries with 'he number of teeth. To insure ,h., 'his point 
of in,ersc<:tion does oot fall o utside the truc involute circle. the true 
in"olute form diame,er should always be designmed 00\ the gear print. 
The restrictions imposed I:ry the tr ue involule f""n diame,er often 
require a special prot uberance. 

Several different gear.grinding method< arc in u<c . so s"""ial 
fonns of pre.ground hob< ar~ used for each application. The desired hob 
profile Of the method of grinding should he indicated 00 Ihe part print. 
CompareJ wi,h the correspondingpr",sha,,~ hob form . too,h thic kness 
is Ie" bttause t he amount of stock left for grinding exceeds the amo unt 
required for shaving . Whrn • protub<:r-,.n"e is required. it is greater 
than on pre.sha,·e hohs . 

Another rnodification of the hob tooth form is requireJ on semi· 
finishing hohs if the gear teeth arc 10 be ehamfcred. ".., charnfer 00 'he 
gear IOOth .hould he ~utl:ry 'he hob. notl:ry the finishing tool. This pro · 
cedure requir~s pm" ision of a romp on the hob tooth. which "..ill produce 
Ihe desired chamfer. 111i. chamfer will ehange.s the number of teClh or 
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the r.elix angle vary. The hob designer muSt know the nurnl",r <>f tcc lh. 
the hdix angle. and the size and angle <>fth~ chamfer. in order to design 
the semi.topping hob aecunttdy. O liO of the primary reasons for add ing 
ehanlfer to gear tuth i. to protect the tips again't niek< when larg" 
quantities of gea ... are handled. Sinee.o many semi·tinishC<l g~ars are 
made.,., a mas, production basis. the uSC of a protective chamfer i. 
often dt'Sirable . The chamfer also ",duces the ,iu of the burr and the 
efle"" of this burr. 

Slub·Tooth Gear _ 
Se,'eral syOlem. of tooth forms arc shorter tha" the ful1.Jepth 

system. All these forms produc" a stubbier and stronger gear tooth than 
the standard ful1.depth tooth. Gears from the"" systems arc ,,-.00 whc.'r1 
full.d"Plh tooth fonns wil l nOi provide the "'quireti strength. 

Of the severa! systems of stub·,ooth fonn<, the Il""p'ed stnn· 
dart! i. the ASA <tub·tooth .ystem. This syste", has" standard 20· 
deg",e press ure angle. Both the addend um and dC<lendulll arc shorter 
than for a full.Jepth touth. For pitches coo ....... r than 2ODP, the adden· 
durn is O.8IDP and the dctlendum i. IIDP. The "hole dep,h is 1.8/DP. 
Uasic dimensions for a 1· \)1' hob tOoth are ,hown in figure J·8. 

Tabl .... J ·7 and 3·B show 'he tooth part' for 'he standard ASA 
Slub·,oo,h oyoww, Hobs can be made '0 tit any of the.e sp""'itica,wn •. 
The side. of the hob tcClh arc straight with no approach unless other· 
wi,,, sped tied. These hob< can be ,nade 10 a"y of 'hc standard g"ar hob 
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tol" .... nces . Hob man ufacturers wi!! desib'" and make s"""ial hubs ' 0 fit 
any special requirements . 

Hubs for the Fdluw< Cumbination ·Pitch system arc different 
from thuse for the ASA system. I" the Fdlow< system. thc characteris· 
tics o(t wu pitches arc """tbincd in a single gear. For cJlamplc. on a 3-1 
OP gear. the pitch diameter. ci"-'ular pitch . tooth thickness . and number 
o(,celh arc dctennincd as for a standard 3· DP gear. T he add"nd",n and 
dedend um arc calculatC<.! as for a 4 ·1)1' gear. making lhe tooth shorter 
than a standard 3.tJp gear tooth but the same width at the pitch line. In 
pit"hcscuarscrlhan W IJP. thc addendum i. llDP and the dctkndum is 
1.251DP, whcre the IJP is the "-'Conti one indicatC<.! in the combinatiun 
pilCh. 111" press ure angle of this sy' lem is 20 dCgK'Cs. 

Hob Selecllon 
Cu .... "", hob sdtttion depends upon thc following faClors: 

LDP 
2. Hartlnes. ufl!\alerial 
3. final finish on the pan. 

Gears of cuar>e 01' arc best Cut with a roughing hob. and lin· 
i.hC<.! Wilh a finishing hob. pro" idcJ lhe material to be hobbctl is eilher 
sort or of hardne .. prefcr-dbly nut e"",,--ding (0 Rockwell C.,Piner DP 
gears and pinions of thc abtw" hardness "ategul)' can be Cut Wilh a fin· 
ishing hob. The number uf pas""" wi!! again dcpend on hard"ess and 
. peciflc tip . If a drawingca!!s for ground leeth . a pre.grind standard or 
ful l f,lIet pre-grind hob i • .-ccunnncndt-d. 
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Mdoods br CLtlingGear Teeth 

Hob< are of many diIT""'nt kindB. Standartl stock hob< off the 
oJoeif are I" .. expcnsi,·ethan 'pccial<>n<S. They Can be da ... ifiN as foil"" .. , 

I. Roughing. si ngle, hread ""n.topping. right. or lert· handed. 
2. Topping fini.hing . • ingle thread. right.hand. n",,-chamfer 

ing (un ground and ground) . The fOO' oflhc hob will fMn 'he 
outside diame'cr athe pan. 

1. Pre .. ha,·e protuberance. 'ingb'hrcad. right.hand. non · 
~hamfering (Available in dasse, A. B. C. and DJ. 

~ . Fi nishing.standard .• ingle-thread, right.hand, non· topping. 
(A \'ailahle in dasse. A. Il. C, D and AA) . 

5. Full fillet finishing. righ,.hand. non.topping. (A"ailable in 
dasse, A. IJ. C and DJ. 

6. Cmnbination.pitch finishing. non.topping (A"ailablein 
dasse, A. IJ. C and DJ. 

7. Full fillet pr"""-'have. 
8. Pte· grind .u.ndard. 
9. Full fill e, pre.grind. 

All the ab",'e bobs are li'tN in 'he Ash Gear & Supply 
Cmnpany's catalo!!. Manufacturing engin"ers Can selttt the co"""t hob 
from the .1""," cat.lo!! or from catalog' of ot her hob manufacture rs and 
,uppliers . 

Hob. can be as small a. 15116 inch outside dia",C!er, and. in 
so",e fin" ,crie •. as Iowa. 518 inch and 112 inch diameter. Hcavicr hobs 
generally are as large a. 1011'2 inch'" in diameter. Standard bore sizes 
arc 11'2,314. 1- 114, 1· llland 2·112 inches in inch.system hobs. In ' mall 
hobs. the bot<: ,ize is 8 Or 10mm. In "'elric countries. bore ,izes arc gen· 
erally 12. 15.30.40 and 50 m",. 

Method of MounUng Gears on HobbInQ Machine 
If the part i. in 'he form of a shafttha, ha s ~"ntcr holes. 'he 

hest accuracy is obtained by hobbing between centers. u.ing a d,ive to 
rotate 'he pan. lfheavier cut, aro in,·ol\'N. one ,ide athe part ,hould 
he held in a collc,- Hobbing machine collets arc generally moro accura,e 
'han ortl inary commercial coliets. For an ultra'preci,ion part it is beuer 
'0 pre.grind the holding colic! diame,cr. because ground diame,e" are 
more concentric th an ,umed ones. The second side ob"iou,ly is ,up· 
poned on the ",achine unte'. 

For ma king ring gears. j>ans are generally held in ground. 
acc urate. concen,ric bu"hes. located on the bo", and damped down with 



Methods "" Cutting ~ TMlh 

nulS . Hobbing maohine manufa~ture .. provide stand ard arlx)Ts for ea~h 
machine . 

When "x"e,ndy large ring gea .. are '0 be hobbed. it i. impor . 
• ant .hat .he gear blan~ inlNnal or ex.ernal diam<ler be co""cn.ric 
wi.h .he .oo.h fare. In largo ring .• ype gears . • he blank is clamped ,,'i.1t 
a special ring .hal is .igh.ened.o .he maohinc- arbor wi.h a hoa"y.du'y 
nul. Ikf"'" finally .ightening. i. i. absolu.dy essen,ial .0 'Cst .he 
turned outside diam<ler wi.h an indi~ •• or. 

Hobbing Machines 
Herman pfau'er of Germany inY"nlCd .he fir .. hobbing 

machine in 1897. The Barber·Colem.n Co. was one of.he firs. US com· 
panics .0 s'ar! manufac.ur. of hobs. in 1908 .. Hobbin8 machine, .oday 
a,o manufactured for hobbing minia.ure·sized g"ars for uS" in .... a.ches 
and doch. and a range of gca .. from small.o targc g"'" up .0 18 ft. in 
diam"'"r. 

I'or .hc com'enience d manufacturing ~ngincc .... h" foliowing 
i. a li~t el modd numbe .. d hobbing.maohin" manu fac,urer< .hrough. 
Out the ,,'orld (excel" .hos" from USSR). Manu fac'uring engine"rs can 
sclec. ,ui'abl" neW 0' u!>Cd maohines .o sui. any specific requirem"nt. 
Many el.lte older model, li .. "d beklw are nO. now being ",anufac.ured. 
Wi.h .he ad".n. of CNC machine.. manufaClure,< arC r"ducing .he 
number of design<. CNC machines .end.o k far more c",. ly 'han man · 
ua 1 ",.chines. For a jobbing shop. a CNC m.ehine is more ,'er<a.i Ie and \ 
more efficien •• han a manual n,a<hin". How",'er, for long_running pro· 
d"".ion jobs. oheaper manua l machines may work Ou"o be a b"tler buy. 
Many elthe manually.opera."d machine, ar" no longer king m.nu ra~· 
'ured. 00 it may be .... orthwhile .0 sdcc, u,,,d machines and g'" them 
r<condi.ioned by skillc'tl repainnen . 

Aft"r ",Iec.ing a particular brand and modd of machine i. i< 
.dYisable to 'end prinlS to the fabric •• o, elth" machine .ha. will pro· 
duu .h" .ypes of paris needed, t(} ,a~e advan.age of the manufac'ure,' s 
experienc". II i. no. necessary ' (} purchase all.h" accessories ,hal tho 
Inachin" supplier ",commends. The manufac'uring engineer 'hould 
decide whioh acce«ories to acquir •. depending upon financial and o.her 
oonsid"ra.ions. Ob";",,sly. sorne accessories arc e .. ontial for a p.rticu , 
lar machine and should Ix: purchased alonK with .he machine . 

" 
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Hobblng Machi""" for Small Gears and Pinions 

I Barber Col"",an. number I (I.inch diameter). numbeTO 
1.112, 2, 2.112, 1. 3, 112, and 4 
These machint' are nol no", in produclion. bul usod 
machin« arc available. 

2. M ikron of S",ill.orland numbers I 20. 122·0 I . and 13 1 . .. mi· 
and fully.aulomaled lype,. 
Marke led in lh" U.S.A. by Riehlin Co .. 77 Florida Sired. 
Farmingdale. N.Y. 11735 

3. Wahli Mooel number 80 tl.91.ineh max; mum diamele,): 
number 90 ( I·inch diame ler) 
Markeled by Alina Corp .. 175 Sunny,ide lJoulcvard. 
Plain"ie",. Long Island. NY 11803 

4. Mora, Model B 90a (",ilhoul maga,inc) J·9116·inch 
diame,er ma ximum .• nd 3I4. inch ",ilh magazine 
Morke\ed by Eric R. Backmann Co .. 25·()9 381h A,c .. Long 
[,land. NY IllOl 

s. K""pfcr Un iversal fully aulomalic # 172, I 71 (4·3I4·;noh 
",ilho ul maga:dne and 2·ineh ",ilh maga,inc): Number 140 
(2·3I4·;nch m .. imum): number 143 
Marketed in USA. by Kocpfer Am erica Inc .. Soulh Ellrin 
JIlinoi. 

6. Hamai Mod d #40 for ",aleh. camera .• huller in.lrumen t •. 
and ~a. me,e" 
M a., imum diameler J{J m ,n (I.IIS·;nch) 
Markeled by Hamai Co .. Ltd ., 5·5· 15 Ni,h i.GOlanda. 
SI1inga", •. ku. Tokyo. Japan 

7. naido Oapanese) model D·H2AA muimum 70·mm (2.76· 
inch diamcltr) MarkclOd by D.ido Seiki. So.a"yo 1.30 
Chume. Ku",nu Coo. [j igashi.umiy Oshi·K u. O.aka. Japan 

Medium and Urgo Hobbing Mach ines 

L Slaehdy [j igh Speed Modd: SII 180(7·inoh), SII 02 (H· 
inch). SH 510 (2{I·incb), SH U 400 (16. 7·;ndl), SII 65 I (26 .5· 
inch). S1I8s() (ll.inch) 
M .rhled by Wolf Mach ine Co .. 500 We" Washinglon St. , 
Moo,,,«lIo. CA 90640 

" 
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1 . Drummond Maxieut number2A(7.inch), number 1B (6. 
inchl. number 1C IS ·inch) 
Dru mmond 11 HQ lIoblique for . ulomobi I. i ndu"ry • 4 D P 
mo,. 11 fO<1 . OD 
M.,l:ctcd by Staveley M.chine Tool. Inc .. Box 30 1 1 
H.mplon SI.,ion. M i lw.ukee. WI 53218 

3. MilSubi.hi Iypes: Gil 100 (7.8·;nch), GA ·1S0 NC (1 O· inch). 
GA40 ·CNC (16 .inch) 
M .. koled by Mi"ubi,hi He,,'y Indu .lric.Lld .. 5 · 1 
M .runchouch i 2.Chome, Chiyod. ku. Tokyo. J. p. n. 

4. Licbherr IGerm.n) Modds: L IOO(4.7·inch), l401 (17 ,4· 
inch). LC 152 (6·inchl 
M.rkolcd by 1'.'.11. Jon .. Co __ P.O. Box 177. Wallingford. PA 
19086 

;. N .chi Modd" IIB · SI! I SO (7 ·;nch), HB·200H (11.8· 
inch). H B·40011 (l5·inch). HB·GOOH (2 3.inch) SH900 (35· 
inch). H 1280 (SO .inch) 
M .rketcd by Fujiko.hi Lld __ World T r"dc Center. 2.4 · 
I Hamamatlu-eho, Shib., Minoto · ku. Tokyo. hp.n 

6. Koepf.r lJ n i,-. " .I number. 150, I 53 (max. dis. 5.3I4·;nch) 
Koepf.r fu lly .ulom.,ic numb.r>1 11 . nd 173 . 4 ·inch wilh 
oul m'8ozino.1 .inch wilh m'8azine 

1. Mor., Iypc BIIO (S.9·inch wilh m.gozin", (6.7· inch wilh 
oul m.gozinel 

8. H il .. h i 6OOH ·C I (23.6 ·;nch). 9OOH·C2 (35 ,4· ;noll), 1500H· 
C1 (S9 ·inch) 
Markeled by M.ruben · 1 I DA. 5·50 39th St.. Long 1.land. 
N.Y. 1110-1 

9. To. hiba Iype HHC· 1SOC (S9·inch) 
M.,l:et<d b y To,hib. M.chine Co __ 132S Nile. Cenlor Rd __ 
Skok ie. ILL 60076 

10. Lui g i C"' ig lioni Iy pe 5 ,30·1500 m m (59 ·inch), 5 .20.1000 
mm (19 .3· inch) 
M .,hled by Via C .. ,<imorrine 45. 1 lOS 2 Busto A 1Sizio. 
lIaly 

I I. Lees· Br.dnor (USA) Model No • . 7A. N. 12V (Used on •• 
H.iI.ble) 

11 . Lorenz (Germ.n I Iype FL315 (12.4·;n"h), LS200 (7 ,S·inch). 
LS400 ( I S6· inch ) 
Marketed b y M achincnf.br'k Lorenz AG. 750S Enl inglon. 
Lorenz", .... 1. p.o, Box 166. We" Germ.ny 
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t J. Prauter PE 150 CNC (6-inch diarncter rnaxirnurn ). Pf.uter 
PA 320NC 
Marketed by Glcason· Pf.uter M.«hinenf.brik GrnbH. 
Ludwig,bul"K. Germany 

14. Gtt'ason G·T",h CNC 777 (6.inch diametcr): 782 (IO.inch 
diarneter) 

I 5. Kashifuji type, K S 14 (14 . 17. inch) KS bOO (23.{l.inch), KJI. 
IOOO(40.inch). KH· 150 (NC). KH·150 HD Carbide Hobber. 
Marketed by COSACorp. 

16. Pfauter P300015000 

Gear Milling 

Markcted by Glea«>n·Pfauter Maschinenfabrik GrnbH. 
Ludwigsburg. Germany 

Spur gcar< . helical gear<. and wonns can also be Cut on a 
rnilling rnachine using forn, culle" rather than by a generating process . 
These film' culle .. OO"ioosly have fonn rdief. Milling "'quires approx· 
irnation unlc« the rnilling culler is 'pecially tai lored for the exact num· 
ber of teeth required. The production rate i. naturally lower than with 
hobbing.hut the method has the advantage that the u'er is in a position 
to rnanufacture lirnited number< of gears without the need for special 
gear culling rnachine toots. A eon,'cntional milling rnachine equipped 
with a dividing head Can be used to rnill gear teeth. 

In addition to size-,; to rnatch thc dp and the hole size of the Cut· 
tcr. for a spc."ific dp the," are eight nurnbers of cullers. Each specific 
culler nurnber i •• uitahle for a spooific range," numbers of teeth. I:or 
I dp. the culler diameter is approx. 8.1I2.inch and for a 64--dp the cut. 

""" .. ,. "",><_ .. , .. .. ... -, .. ~,,-.. 

T.bt . ... ,"iUi •• C."", 

" 

No. " c ..... ". """ ...... 
" .. :>0 ...... ' , 
" .. ,. ... 1 • • 12"""'" 



M. thods lor Cutting Gooar Tnth 

ler diam eler is ' ·J I4 inch. The exaet number rJ: cutter can be sd""led 
from Table J·9. for any dp. 

Shap+ngGear Teeth with . Rack Cutter 
Teeth on sp ur and hdical e",ernal ~ca" Can be sha""d with a 

rack c ulter or 'haper. The ~cnerating adion of a rac k shaper i. more 
li ke thaI of a hob. b ut i t is not as ex""n,i"e as a hob. Maag and 
Parkinson ltd . (Sunderland) arc Iwo manufac turers of machine. for 

Tho Shoaplng Process 
The principle of .haping is v"'Y clearly deseribed in Tab le J.' O. 

",hich i. " "prod u"ed her<: with Ih e ""rmission of Mr. Cnrl S. Rice, rdired 
en gin e""r. ~ellows Corporation. In the ge.,.shaping process. a cutter 
conjugating to Ihe de.i,ed gear r,mn i.~ reciprocated parallel 10 the..-or\: 
pitte and fed in as the tool and ~ear blan k a,c rota led in oppositedire<o. 
ti01,.. The invol ute profl l" ground on the cutti ng tedh i.~ subsequenlly 
reproJ uecd in th " won: . The c utler spindle bae" .w.y from the won: 
during Ihe non.eulling ,eturn stroke 10 amid tool dra~ . 

The same generating proce .. is also applic"illo produce internal 
spur ~ears. with the cutter and won: rotatin~ in the .ame direclion. 
Gear shaping i. one of the mo" eronomical ,nClhod, of cutting internal 
gears ranging from small '·inch 10 200.inch pitch diameter and ia'll"" 

Helical teeth are produced with Ihe aid of a .""cial !!uide in 
which Ihe tool re<oiprocates. the cult"r 0' 1001 ha"ing the same lead a. 
Ihe guide. The guide imparts a twisting motion 10 the cutter as it recip' 
rocate. and rot",es. Both internal and external helical gears can Ihus be 
made on Ihe gear shapero 

Shapin!! 1001. arc eit her disc or .,hank type a., illustraled in 
figure J. I O.Acccs.<orics for gear ,ha""" include adaptors, ho llow spin. 
die "xten,ions. bore red uction rings. and button adapters. These acc",· 
sorie. are listed in Ihe A,h Gear & Supply COl"J'Orution ', calalog . and 
can al"" be proc ur~d frorn 'hapin~ machine man ufacture" . 



Mad ........ ~GeorT..ch 

.lIapinll 8"an using rack 1)'1'" cun~n . M""h,...,. arc "",(Ie It) cuI rom­
"""cnll 0( "p It) 2O-in<:h ma.~imum width. FIll"'" J.' .ho>o.~ an example 
of. IKk .ype Cu Uc<. 

In ,hc" in<u"",ion manuals. manufac.u",,, of ~ha""u lis • 
• ,anllard lOOlinll and w,lI '''Wly any 5pc:<:.alloollnll nocatcd (lor a <pc:<:if. 
1< job. For high·,·ulum/; n:<jui",,,,,,,,IS. il " .d~i""bJ" It) SCCk 8 ",:mufa,,· 
,,,rcr·Oj "",u",momda"un< r",",he ~n';r" IOOlinll n«<led It) produce a part. 
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The.e arc e,,"siderable dl(f"n:ncos in 'he prices foo- one and 
multiple cune.l. so " i. Bh ... y_ advI~ble 10 ".dc, sufficienl culICrs a' 
one 'imc. Dull and .... om oul euncr~ can Ihen to.: ~harpcned .... hile Ihe 
mach;ne i. runnIng . ... Mch ... ·'11 keep 'he machine idle ,ime 10 a mini· 
mum. Thu •• " ~ bener 10 ".de. a minimum rL ' .... 0 o. ,h.ee cullcrs. 
Ikf.,.., laking deli,'cry rL Ihe machine. t""long and Culler. it may be 
advisable '0 gel ... mple~ ~ gc:"'~ cu I in ,he .u""hel'. f"",lOr)'. Thi. 
approach "0" orr"", an opponunily flK ,he buyel'. skillttJ opera,,,, 10 be 
pre..,nl 81 Ihe .upphel'. f"",1Or)' 0" ,hI! in-dCplh kno ... ,lttJgc can be 
derh·ttJ from Ih, ... ""I'er'. ilaff. 

When: no el'aloal- arc 1,·.,lable for usc4 machinos. ",f<renoc 
should be mlde 10 the orillinal mlnufIClUre ..... ·M ... ,11 bc glad ,,,..,nd 
manual. and """",flC.'ions ., nom, ... 1 pr>CtS. 

Ge • • S~MK"'" 
L FcU"",'~ }·2 (3"noh e~lcmal) for IOmall gean. 4 AGS (B­

,nch). 4A (I ().'nch ma~imum). IS·~ (IS·,nch """,imum). 8 
AGS (g"nch ma.imum). J6-6 (4i\.,,,,,h max,mum). 7 125 (7. 
,nch maximum) 

•• 

Morkc,c'd by Fellow!! Co< 11<)1.""". SpringflCld. Vermont 
05156. USA 

110. 277, 

Ma.keled by , Tokyo. 
Japan 

5. Tokyo K ,hi Model GS 185~. S·26--24 Shiba. M inal",.ku. 
Tokyo, lapa" 

6. Ka .at:!u GS M.ll. COSA Corp .. 17 Philip. Pkwy., Mon,,·ale. 
NJ 07645 

7, Drummond MaxicuI1A (18·inoh d,amc'e,). TP.C Inc .. P.D. 
Bol< 6.26, End,eon, NY 1J760 

S. Yut.k. Se"",,,' K"I!)'O Shaper MOOd G PB·)5 (9-inch Max.) 
9. Lo"""" MCS 40 400 mm. LS J04 CNC 300 nun .• lS 304 

R CNC 300 IIIID .. LS 424 CNC 420 nun .• l S 424 SCNe 420 

" 
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mm .. LS 632 CNC 630 mm .. LS 1002 CNC 1000 mm .. LS 
1252 CNC 1250mm. 

Gear Shaping and Shapers 
Tho firs! sh'ping machine was de.-elop<d and buill in 1896by E. 

R. 1'101\0"" in the US,\. The Fdlow< Corporation w., 3 pioneer in tho 
shaping pro("",. and they .ti \I .upply ,tandard and sp<cial shaping cut· 
tets . Lorenz of Germany is another repulable manufactmer. 

Shaving of Gear Teelh 
Sha"ing is. finishing operalion that follow. aftc' <haping and 

hobbing. It i . widely used for automobi le geats. but with advanu, in the 
de,ign of <h.pin~ machines and 'haping tool, for prod,ion aircraft and 
mi .. il" gears. goar sha ving is hard ly u«d today for non·automobile 
ge.". Comp .... d with grinding. sh""ing i, • faster opcration. Shaving 
'hou ld prderable by done at a hardness of 32 Korxwdl C m'., imum. 
though gOaTS e.n be shaved " 'en at 47 Roc\;",dl C. AI highcr hardne« . 
tool wear is "cry rapid. 

Sha " ing i. a correcti,'e proec«. It docs not make 3 bad goar goOO. 
bUI it will make a good gear beuer. Shaving impro"e, ' mf.« finish and 
reduce. gear r"n·Oul. profile accuracy .• nd looth· to·tooth spacin~. 
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Nalional B",ad, & M""hine Cu_ a division of Lear Siegler I n~ . 
of Michigan. is an Arnerican gear shaving machine manufaclurer and 
builds machines capablc of shaving spur gears up 10 18U inches in diam· 
eler. Glea"'n al'" markels shaving machines. (refer 10 end cf chapler) .. 

The shaving process i. further explained in delail in A.h Gear 
& Supply Company's technical sheel ("''C Tahle J· l I). A Iypical shaving 
cullcr is shown in Figure J·II. 

Gear Grtndlng and Gear Grtndlng Machines 
As poinlc-d oul elsewhere in Ihis book. lurbin~ gears and most 

of the gears used in machine tools are ground . Grinding is adopled 10 
reduce Ihe noise level and imp"','c driving effICiency. Wilh ground 
gea ... maximum and minimum backlash be,ween a ScI of gears is min· 
imized. Sometin,,",. grinding Iroomcs necessary bccau.<e. on certain 
ranges of hardness. finishing of gears can t:.: don<- only by grinding. If 
all gears wc", 10 be made from soller materials <i lowe,. hardne«. Ihe 
gear box size would be large. D",igners Iherefore uSC hardened and 
ground gears 10 limit lhe size of the gear box and to limit backlash 
which i. "cry critical. esp{'dally wlK..., it appl ics '0 gears used in airerall 
and missiles. 

There are IwO basic me,hods of grinding gear and spline leelh, 
I. Fonn grinding method. Refe,.lo Figures J· l l and lJ. 
1. Gencralingrncthod Ref<-.,. Fig<. 10 J· I ~. 16. J ·17 and ]·18. 

Nalional Broach Co .. Licbherr. Kapp and Gleason manufacture 
fonn gcar_grinding ntachines. These machines arc capable cf grinding 
both external and inlernal spu r and helical gears up 10 J6 inches in 
diameler and eH,n bigger to spreial order. I" SO"", oflhe"" machines Ihe 
grinding wheel is dressed by lentplales with suffici""t accuracy to pro· 
duce a profile tolerance band 0/"0.0002 inch. Gears arc indcxe..l by ""cu_ 
ralcly_ground. hardened index plales wilh numbers of gashes corre_ 
sponding to Ihe numbers of leeth in Ihe gear to be ground. 

Maag manufaclures gener .. ling melhod gear grinding 
machines in horizonlal and , -ertical conliguralions . These machines 
",nploy Iwo ",u{'cr_shaped grinding wheels shown in Figure J·I~. The 
capac- ily ufthe machine'" i. up 10 187 inches and dp frum 1~ to 0.63 dp. 

Threaded_wheel gcar grindingl1lachin", arc manu f,clured by 
Rei<hauer & OkartlOlO. These machincs arc de<igned /l" .... pid prod",,_ 
tion and Ihey employ a lhr~ad grinding wheel or approxin'a!cly I)·inc-h 
Jiameler. The lhreaded wheel secl;"n is an invol ute rack. 
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Profile Grinding 
vs. Generating Grinding 

Profile 
Grinding 

Generating 
Grinding 

, +---- ------- -+ 
G • ...,.1i1~ motion 

S me loealloa 01 
~h el and workp ~ 

Coul1esy Of Gleason Corpora tion 
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G.ar dr>wing. g.ncrolly specify AGMA or DIN numb ... a., a 
pUI oflhe gcor .pe<ific>lion • . The cha .. on Table 7· 15 in Ch'pler 7 indi· 
c .... lhe acouracy Ihal c.n be "hieHd by grinding. 

Figu ro J . 18 .how, how a spcci.1 hob '" ilb prolubcr> ne. m uS! be 
usod to en.ure Ih"llhe go.r is hobbed 10 Ihe required contour befo re heal 
"catment. Figur. 3·19 . how. how full .depth cuburi .. , ion con be 
rel.inod in Ihe fiUe!. 

Us! of Grinding Machine ManufaclurelS 

1. Iloefl .. Gnr Grinding M .. hin .. . 11 500 (20 ·inoh I 
11630 (lO·inchl 
M.rhl.d by Dr. In&- Hoefler Corpo,"ion. 65 ROUle 22. 
Cl i nlon . N I 08809 

2. Rei.h.uer number 12 ( 12· inoh M .. . Di •. ). RZ 3015&ZB'170 
3 . Okomolo Gear Gri nding M .. hine Model S IlG · l. Okomolo 

M .. hine Tool. Worh Lld__ 1000 M inow. ·Cho. Kohoku· ku. 
Yokohama. K.n.g. w •. J'p.n 

4 . Americ.n Pf.ul<r Grinding Ma<hine M.x . 200 inch 
5. National Brooch & Machino 36 inch Max. 
6 . StarcutS"le. 12·inchMox. 
7. C.G. lloff.ck .. 16· ineh Max. 
S. Klingelnberg Worm Grindin g ~hchine Model HSS 3313 
9. M .. g. 11 SS ·30A (I 1.8· inch outsido di . m < .. r1 HSS.30 

Doub le Whee l Dro ... r IlSS ·60 (24 ·inch ) 
R.O. Deadrirk Co. Inc. P.O. Box 2526 . Orl.ndo. FL 32802 

10. Rei,hauer 92iDCh Di.meler. Rei.hauor Corp . Elgin Ill inoi . 
60 121 

II K'pp YAS HI and4S1 CBN Form Grinder 

Advanced Machines by Gleason 

Sp.ci.1 . " ention is d"wn 10 m. chinc> marhtcd by The 
G le .. on Wo rks and it< affiliat • • (.om<limcs coll«Ii,'e ly rorerred to her.· 
in as ··GI ... on··. Pf'"ler Ilurth Worldwid. Sales who marhllhe grind . 
in g m"hine, .hown in Table J · D . The following tabl .. con to in detail. of 
Ih.« moehin ... 

Table 1· 12 
T.bl. ) · 14 

Typi<> l A ulomoti," Go .. Finishing Proce .... 
Feat ure, ofP400G Grinding Moehine 

" 
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Spheric Ho rning 

What are TyplcaiAutomotive Gear Fin ishing Processes ? 

• SHAVING - Transmission Gears (Spur end Helical) 

• GRINDING - Transmission (Spur amJ Helical) and Axle 

(Hypoid-Bevel) Gears 

• HONING • Transmission Gears (Spur and Helical) 

• LAPPING · Axill Gears(Hypoid Bevel) 

• HARD HOBBING · Engine Timing Gears 

OR SKIVING 

', '.b .. J-Il 

Glaasor>-Pfauter Grinder Models 

). P200G ). P2000G 
). P300G 9 P2400G 
). P400G 9 P2000/3000G 
). P600G 9 P3001G 
9 P800G 9 P4001G 
9 P80011200G 9 P300HG 
9 P1 200G 9 P500HG 

9 P1600G 
9 P160011800G 

,,--,"'-""'­
', '.b .. J-IJ 

" 



Mell>ods lor Cutting Gear Teeth 

C ... _ __ CBN_.'.""'_ ..... _ .-
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GRIN plSG If 

T.ble )·15 

T.ble ]· 16 
Fig ]·20 
Fig ]·21 
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. l., .. m ...... '" "'Y """ '..c. " OIlh. I ..... "" >6) 

. v." _;g ' "' ..... ,. 0"11"_ 
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Infonn"ion on Grinding versus Shaving and 
Honing 
S"",ificalion' of 3 Typical Grinding Wheel 
CUN.pl"lCd whod. 
Typical Exlern.1 and 1 nlemal Grinding wilh 
CBN.plalN Wheel s 

" 



Th~ IQQI; Type Dressable wheel 

Abrasive Sintered Corundum 
(20 % SG) 

~ 

Spec. 85A80 H 15 V ~ , ~ 

$ f Grid size 80 (Mesh) f • -• 
~ 

Make Winterthur, • 
~ Swizerland 

o.d. 300 mm 

Courtesy Of Gleason Corporation 



GJeason·Pfauter 
p 400 G Profile Grinrling Machine 

lateJ (,irinding Wheels 

-

- , 
! 
I 

• , 
• • j ; 

! , , 

Courtesy Of Gleason Corporation 



Profile Grinding , External & Internal Grinding 

9! , . 
• 
I ;: ~ 1.. 
i# .. 

Fxternal Gear 

• " So"'" ; • • -~ - " ~ • , -• • • • , • • 0 " • • i • 

Internal Gear 

Courtesy Of Gleason Corporation 
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Different surface structures on gear flanks 

ground 

• 

/~ /-r - . __ _ 
~ .. ------

Courtesy Of Gleason Corporation 



Gleason-Pfauler 
p 400 G Profile Grinding Machine 

CBN Crystals and Plating 

CBN Crystals CBN Plating 

Courtesy Of Gleason Corporation 
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Selection of Gear Finishing Processes 
When to Shave versus Grind or Hone 

• SHAVING IF 

• Minimal heal 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 OfGfeason Corporation 



Different surface structures on gear flanks 

shaved and 
hardened 

---

= 

----
.-
, - -_ ... -.... _--

, - L_ ..... _ 
~.L __ _ 

Courtesy Of Gleason Corporation 



Stock allowance for gear shaving 

t. 

• I • 
n ~ , 

• 
, -• f " 
, 

~ , • • a) size of hobbed gear , r I ~ b) size of shaved gear -j • c) amounl of stocklflank ~ i d) amounlolstocl<Jflank -" , 
II allow infeed rales 

e) infeed rale , , • , • , , , n'"", .... ... '" 
Courtesy Of Gleason Corporation 



Chip removal by gear shaving 
Pressure • 

, 

Serrations---- ~ 
TIP 

High penetration Low penetration 

Courtesy Of Gleason Corporation 



Comparison of shaving strategies 

• ! r • 
_, 7 7 

"'-'''') To 11'_ 

--
, 

22 

--
Courtesy Of Gleason Corporation 



Comparison of shaving strategies 

-..... .. ~- ·'i ' • . ..... 
-- • -.-__ , 

.... .. ii' '" .. Ii '" 

-- -

Courtesy Of Gleason Corporation 



Hurth Power Shaving
M 

Machine ZS 130 T 
Machine design 

' H J 
OJ • , • 0 

, 0 - • l 
~ 
~ 

, 

Courtesy Of Gleason Corporation 
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Hurth PowerShaving'"Machine ZS 130 T 
Working situation and loading 

Courtesy Of Gleason Corporation 



Hurth ZSE 150 T GNG 
Gear Shaving Machine 

Integrated deburring unit 
from single station deburring 
machine 

courtesy Of Gleason Corporation 



ZS240 - Machine Axes 

Uni~ersal 

Shaving Machine with five 
3 

e NC axes 

~ 
Working nes " " Z · infeed motion f •• 

E X -traverse motion - w - cross motion ~ 
y - taper/crowning motion • i • 

Sett ing molion 
U - cross-axis angle setting 

Courtesy Of Gleason Corporation 



Hurth ZS 240 Gear Shaving Machine 

• , .. ._ .... 
•••••••• ......... , , 

Courtesy Of Gleason Corporation 
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For shaft type parts 

• 

For disc type parts 

Courtesy Of Gleason Corporation 



V 'Io:!s lor Cuaing Gear Teefl 

Autoo ,lOII ... G .. , FlnIshing Ph n .". 
lI'gh.q ... I"y automol;'·~ gu,. hl"c ' 0 be produttd ", low 

0011 .... Ind,ng gea. """'hin~1)' man .. fac ... ...,,. Ioke GICaSCIn. Gin ...... 
Pra .. ,e, and Glcuon·Hurth han ",'<lived """" .. , machlftCS f", produc. 
,ngl"'nmoo,,'c gea,.. """,.ical information "" ~hav'ng. boon,ng. and 
grindong Of>CO',oe)It< "" """'hines buill by .hne OOIllpllniej ;. gi,'c:n in 
. he rollo" .. i"lltal>lc •. 

Table ).l 7 Describes when .ha,·ing i< pn:ro:-m:d ", boning "nd 
grinding. 

Fig. j ·16 Gi"es information on stock 011 010.'011<:<: for sha ving. 

sp .. tc'· Honing Machines and Prnc n ... 
lIui(: kinema,ics of spheric honiOlg process i. , holO.'" in Fig. }. 

H . Th is process hu eXlensin ly bern used in machining Iypical tranS· 
mis.i"" gea,. ... s/o.oIO."nOn f ig. }·H. Machines fllf .h is proccss arc bei ng 
manufacturC<! by Gleason·Huo1h Masch,n"" and Wcrha<ge Gmbh of 
MunICh. G~y. FoIlovo'ing tables and ligures .. ,II be of u,," '0 manu· 
facturing cnginee"'_ 

Table J · II When sp/>cric boninl is ad"ln.agcous 
Table J · I. Surfac" linisb ofboncd gcar 
Tal>le J·la Quali.y grad"s of booning on comparison .0 <ha~ing 

and grinding. 
Table J.: I Steps bef"", sphe"" honing 
Table J· ll 
Fig"", l·l l> lhru }--I6 J'iClona! pho'ot ofdiffcrcn. honing 

machines. 

" 



Basic Kinematics TM 

of the Spheric Honing Process 

~ ~ 

! 
• • • • ; ; 

r 
~ 

Courtesy OfGJeason Corporation 



C> 
r:: 
0-

:8 
o 

:I: 

Methods h Cutting Gear r",,1h 

-r:: ., 
.5 .. 
~ -... ., 
:I: 

Fl • . j.,. ·r" .""I •• ",. c •• " 

" 

0-

I: 
o 
:I: 
() 0;: 
Q) 

.l: 
Co 
en 



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

TM 

• SPHERIC HONING 

• Stock removal = 65 ~m perfiank or less 

• High contact ratiOS, low pressure angles long 
,acfclendum's 

• Noise reduction requirements 

• High surface finish requirements (Ra 0.2 pm) 

• Requirementfor high levels of residual 
compressive stress ( -800 to - 1200 N/mm2) 

- 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 

= honed -

~ 

- -~ 

~~_n._ 

. .-? =---- -

- y 

-- , 
, , / • 

/' ,.,1= ·_ "'''''--.~~ .... -.. -." , 

." -- -
.... , ..... -
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Methodsfor CuttlngG .... TeeIh 
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Methods for ~ Gear reel!! 

Gleason·Hurth 
Spheric Horning 

Gleason PFAUTER HURTH 
WORLDWIDE SALES 

No Shaving Or Grinding before Spheric Honing 

( HOBSING ~ 
SPHERIC > HONING 

( HEAT TREATMEHT "-
/ V 

Tobl"." 

Spheric Honing T
" Machines 

ZH 250 CNC 

1o, gea ,. up to an 0.0. 01250 11m and modulft 6 
. final driY8 ring OM,., lrud gu,., ele. 

ZH 125 CNC 

fo, o&a,. up 10 an 0 .0. 01 125 11m and m<>du l" 4 
. passenger ca, OM,. . pump gea,., e'c. 

Courtesy OfGleasOll CorporaUon 
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ZH 125 Spheric Honing Machine 



ZH 125 
for Shaft Type Paris 

Courtesy Of Gleason Corporation 



Methods br Culling Gear- Teeth 
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• • 

ZH 125 Automation 

• Turret loader for "andling 
the dressing too,s and the 
wor1<pieces 

• Different conveyor systems 
with quick change pallets 

Cout1esv Of Gleason Corporation 
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Hurlh ZH 250 - Machine Axes 

Machine axes 
Vx - Vy - Vz - VA 
for Spheric Honing 

Drive system axes 
C1 - C2 with 
electronic gear 
box drive 

Courtesy Of Gleason Corporation 



Hurth ZH 250 Spheric Honing ™ Machine 

• Compound design of 
the Spheric Honing 
Machine 

• Oil tight machining I compartment , ~ 
~ • • Compact electric J • • cabinet • 

• Compact hydraulics f 
{ 

• Working and loading 
area separated 

Courtesy Of Gleason Corporation 



ZH 250 Spheric 

• Machining 
compartment with 
sealed bulkhead of 
the ZH 250 CNC ~ 

~ 
• Two Tools installed ~ • n 

• • I; - , .-• • Liquid cooled drive 
W system for the honing 

tool f 



• • ! 

ZH 250Automation 

• Loading and 
unloading outside the 
machining area 

Courtesy Of Gleason Corporation 
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Prftt Fit AIle .. MICe' 
Some larg<" ~ are oo,w('IIicnoly made ,n ... ·0 or """"" parts. 

They arejoonc:d by ~. fining shaft. on~,de .he gear. Thc.,..., .. fit 
allo\o'lnCC ror .he..,.yp<"'l m gea.- i~ as fi::>U<>,.-s: 

:00 = O.OO I~iDcll 
119hl.1 

Shrink Fit AlIowanu 
La'll" nilritkJ Kears used in mining ,nachlnery are oil .... held 

(In the :ihaft by shrin kagc. iUscmbly by ~hnnk fillinili . ... .. ally clf"",. 
N I»' heating the lIear '0 expand ,he b<Jrc, $0 Ih.t It " .it! slide 0 ...... lhe 
~aft. lhen .1\0 .... ;0011 the grot '0 cool. I, ~ uwally IlOl 1MI";sabie '0 heal 
'he gea.- bc.-yond 400 d.-gn:cs F. and 'he shaft i~ kqM .1 room tem....,ra. 
'ure (a~~Ulned to "" 70 d.-gn:cs F). 

For Ihe S·;nch nominal diamccn ,haft and b<Jrc,. Ihoo al ...... ·antt 
A. ob1ain.:d rrom the aboo. ... cakula'ion. i . 0.(1015 ,nch. To eaieul'le ,be 
..:qui"'" number rI Fahrenheit d.-gn:cs by " 'hleh the .. ""lgcar i~ 10 "" 
healed. Ihe allo""""'" A i . divldctl by ,be cocflidc.~" of expansion ror 
Sleel. mulliplic.-d by Ihe nominal diarrw;,,,r ofl he shalt The eoclf,ci .... , m 
exp:",sion fur slec! i. 0.(001))636 inch "". inch ""r dell":" 1'. The for· 
m" l. Ihen b,:eo,nes, 

.IlO76 • 000008" ••• iT m, ••• 71 01< ..... n 
1 .. , ••• lIoki''''' P oOZlSdci'". r 

ThUs. ror a boor<- m 5 inch diamccer and an ;nterr"",,,,,e fit of 
0,0075 ,nch.the gear will have '0 bo: heaced to JOS dcllfCtS F. 

Bevel Gear Cutting MlC hine. _ Bevel Ttchr e Ie a!J 
Tbe G leason Wods of USA and Klingelnberg GmbH.of 

Germany """"'lIthe ",orld". Icadinll manufacturers <i machinery for 
making bevel lie",... The " .. tbo. dooo:s "'" ha"e "'Ie,,~h e be.,c( gca. cui· 

" 



Methods ir Cuttng GearTeeIl 

boe,'~ 1 gears boe referred to tbose two m"nuf'Cluters, J'ro"~"ing ofboe,'~l. 
i . in no way diIT.,on, from procc"ing of.pur Or hdic.1 goa ... and ini · 
tial ste p' to proc~ .. boe,'d, ato ,b. sam< a. for spur and belic.1 gears . 
Th~ metbod of culli ng boevel gca, ,.e,h howe,'er. i. di ff~ronl. 

Bevel cutling Machine Manufacturers 
Following ar< the supplier< of boe,'d culling machin ... witb 

iden,incalion oftypcs "vail"ble. 
I . Th~ GI<ason Works. 1000 Uni"crsity A,'c .. Roth"'t"r. NY 

14692 GI .. ,on nUnlbot 2 1 ConineX'. Glo.son nUnlbot J for 
Straigbtlkwl,. Gle.son number 7. 12B. Gleason for 
Straightlkwl, J.4 inch. Gle",on for Spiral 34inch . Glo.,on 
for Spit.lllevel "nd H)'poid H inch. Gleason nunl bet 104 
ConifleX' (8.incb oUlSide di .m~ter). Gleason numbet 2 Hypoid, 

2. Klingelnberg Machine'_ markctcd by N a' ion.1 Tool Co .. 
1' 200 Madi,on A,'e .. Cle,-eland. 0 11 44 102 
Addre".:in Gennany: Klingelnberg Co,p., 15200Follz 
I ndusuial Parkway . Strong,-itlc. OH 44 1 J 6 

1. O~rlikon Machine Tool Works. Oerl ikon · llubrie LId .. 
CH·805{). Zurich. Swit>crl.nd. Spiromatic numbtr 0 I II 
inch). nUnlbot 2 (211116 inch). numbet 4. 163 inch). S 17 
APllAGL fut Hypoid 

4. Yu taka Seimitau Kogyo Univr ... l for Spiral and Hypoid 
Model G il 35 132 • 9 1116 inch) 
592 Kami Ochi.i. Yono City. S.it"nI. Prd. J.p.n. 

Hardening Machine Manufacturers 
" .. _w ..... 
',"",", Co. 
,L ", • 'h i.t lrdiook Cap. 
' ...... ·1'ooI W ..... 

.~ ......... p..,;\1 
t . .. i.,. 
11 i.,. 
II in,. 

"Tooth Deburrtng Machine Manufacturers 
....... " • • u ..... u ... Co. I • .0 .... QU, ..... di. ....... 
C lod " .. . 
' :'«wk."- Cap . 
........ . W_ 
r: _ w_ 
" ......... id' ''''''' .. r........,· 
JUdio Cwp.,U.S.A. 

9 . If; .. . , .... 
11 _ 
11 .... 

" 



Chapter 4 

GEAR MATERlALSAND 
THEIR HEAT TREATMENT 

Gears are produced from a variely of rnaterial . including "eel" 
out and ductile iron', brasses, bm""e', uther melal" and plastic •• uch 
as nylon . The majurity t1 gears for autumutive. fam, m""hinery, road 
equipment and ",achine tool application. are made rm", hardcnable 
ca,bon', low .• llo)' steel, or ca" imn. Gears for aircraft and missiles arc 
generally ,,,,,dc rrom non·corrosivc stainless "ecl •. Ho .... e'·er. ",any arc 
made from the "cd. men tioned at the end t1thi. chapter. 

The scl""tion t1 the material and the hardne .. i.~ generally lefl 
to the designer . .... ho kno ..... the application for the gear. ~ lan ufaeturing 
engineers may ha,'", greater knowledge than de<igners about the a"ail· 
ability of particular steel, . Design engineers generally know important 
parameter. li ke hardness and ,tresses invol"oo in a particular gear. and 
to be on the safe side. they .pccifyonly lho," """I. with which they arc 
f.mili.,-

Many designers and machine shop manufacturing engineer. do 
not h.ve .uffleient teneral knowledge about the cOSts invol,'oo in vari· 
ou. heat·treatment processe •. The extract below. from the Ikthlchem 
Sted Corporation'. Handbook number JJ I 0 (c urrently out t1 print). con· 
tain, important and valuahle data on .tcd heat treatmenL Ikthlchem 
Sted Corp. ha, grouped SAE steel, in the follo .... ing f"'e (5) catcgories; 
their hcat·tre.tment characteristics will be given ta'e,. 

C Mrburlzin g I:r~d, .. "r s l"el 
SA t:: l OIS. 1020. 10!! . 11 17 and 11 18 



Gelar Mat" rill t. _ n...r Heat T_ 

Car oo n ... ;o ter_ a nd oil _ha rdeni ng gn de. 
SAE ,030, 1()40. , 050. 1060. 1080. , 095. 1137.1141 and 1144 

A ll o~ carb u rb.lnl( I(rade . 
SAE 4 , ,8, 4320 , 4419. 4620.4820,8620 and E 9310 

A ll oy ... "IH_harde n In g g rade. 
SA£ 4027,413Oand8630 

Alloy o ll_h a rden lngllnde. 
SA E I J ~0.4 t 40.4340 , 5 140.8740,4 t 5 0,5 I 50.61 5 0.86 5 0,92 5 5 

and 5160 

Sleeis Used In th e Normal ized Condillon 
~'or gears that carry small spttific loads, unalloyed or I"an allo~ 

slecis are used in nonnalizcd condition. Nontlali~ing i..~ Ihc tenn appl ied 
10 Ihe process cfheating the sted (aller hot ,.,orking) and allowing it to 
cool in air. This sequence causes auslenile 10 lransfonn into ferrile and 
pearlite a t rcialivdy hiHh temperatures d uring oooling, with the result 
thaI no h~rdcning lakes place. 

Heat Treatment 
Wilh the exception of surf~ce. requiring ",""imum wear resisl· 

anee thai arc 10 be nitridcJ. hardness of at leas I Kockwdl 60C i. gener· 
ally considered neccsSllI)' for gears . Sltt!. which must 311ain hardne« 
by fonnalion of martensite. should con lain a minimum of 0,45 percenl 
carbon. Whcre a lower hardness of Kockwell 50(; i. acccplable. sted of 
low{"f" carbon COnlcnt rnay be used. 

Two f undamentally-diITerenl. major proces",. produ<e a hard· 
ening action by fontlalion cf manensite. ThL"SC processes arc case hard· 
ening and Ihrough harden ing. Sittl thaI is 10 be Ihrough.hardencJ 
must contain a sufTieie", "mOunl cf carbon . which indicates Ihal it i. a 
through. or dil't-'CI. hardening sleel. 

C3S<II Hardening 
Wnrk pieces that arc to be case hardencJ ~'" made from slcd 

wilh a carbon co",enl of o. ,~ 025 percent. The carbon in the surface 

~ 



Gur Malorl: _n.rHutTm I • • 

I.yers d Ihc.s.o ,,«I. is i..."...,.S<d by diffusion 81 hijth Innl"'ra lw-rs 
from sot, ... liquid. 0. ~ mrdia con.a;m,," carbon. The: hard""". d 
Ih<: carbun-..cd surfaC<c is Ih .... chan~ by $uch 1'f"OCC>\""" •• ?oca? heal· 
inll. Ul""ll ind",,"on c"rrcn •• (ind"".ion hankn ... &) or • gas IOtth 
(n.vn., hartPc:nlnll). 

C_-liaodto,1ng MeI_ 
I" .hc carburizing procC"SS. .ht medium .ha. carries .he carbon 

,no r be solid. liquid or gaSN>Us. Ea~h mrdi",,, h"~ , •• • ".,dfic appliea . 
• i"n and i. ilCk'C.<..J to . ,,;llhe u...". •• conwnk~>cc. Tcto ,pcr ... ",.". used 
arc a h" ays above : J80 d~grec. F and usuall y he.,,·cc ... 1560aod 1830 
<kgrccs F (~!Oa"d 1000d<1:""" q. 

The de"th of Ihc carburiu<P layc< <Pcpcnds on IC"'pc"'I,,"" and 
.ime. J HJthcr lcmlX''''lu"" prodoc.;: a high.c< rlUe of diffusion of lhc car· 
bon RIOt". from lhe InOO .. inlo , h .. au .... ni.e lauke. ulldcr phe ;nll"""" .. 
of" hat is ~no"", as Ihe carbon gradi"" •. The carbon COOPen' in lhi. car. 
burizoo I.~ ...,.,"' ....... gradually from the surface. "he,." i. is usually 
higlt<."s.,,'oward .he """'. Tbt depth a t " 'luch .he orillinal carbon eonlcnt 
i. ",ached i. ""lied .he l"'al <Pcp.h and i, i. to be <pi"t"'l!uished finn lhe 
eff«" 'e carbu.u.ing depth. ",., lalle r i • • he 1"''I", ... locular disl3nC<c 
bcllw Ihe 5Urfacc.o the point a t which .ht earl:>on ronle .... has d.'1""'<P 
to 0.4 pt."'U~II . ThIS distance c""",,,pOnds'o .hc depth" he", Rockwell i . 
abou. 66 Roc~well C. a nd is about ono:-half.he .otal del' lh . The clTectiv .. 
earburi • .inl! <Pepth can be ~"Pf<'SSCtlIOr mo:U carburizinll procc • ...,. a. a 
functi"" of .imc. 

The elTeetivc d~"th i. <"q"al.o Kt,,""""t inc loCi (mm). wh~,." K.r is 
a ""nSt.nt dependenl on l~mpcr'l urc and mal eria I a nd 1 = 1he duration 
of 'he carburi zinK process in h<>urs). With llnalloy~"\l Slee? al 1560 
degn,e$ F (850dep-ee. CP. K,. is abou. 0.009 ineh (0.22 nun). Al 16S1l 
dellrees F (900d~iT"". C).. KT is abou. 0.00 inch (0.32 Inm). A. : 740 
dell""" F (950 degrees C). KT is aboul 0.0 I ~ i""h (0.45 n.n~ Thu •. the 
"ITOCI'>"" ,,"rburizing tleplh at 1140 derr- F (950 de, ,. .. q i . about 
twitt Ihat a l 1560<kgrtts F (850de(t"HS C~ 

..... -Carburiz;nll in a ""l id mrdiurn is the Okkstdthc ~ but 
i. i .ilI cum.~nly tn usc fot ccrtain cla.<$C$ of ... "Orl<. Cha",,,,,1 an<P certain .. 



kind. of .peci.l ly "e"ed coke aTe mainly ".ed as 'he corbon . beoring 
med ium . Alb" n. eurlh c .. bon,,«. primorily borium carbon.,e . are 
.dded ' 0 'h""" matori. l. as energ izers. The mechanism of carburizing 
in,'ol,,« combin., ion of the oxygen ,h.t i. pre .. n' ini'i.lly w i,h carbon 
to form carbon diox ide (CO z). Thi . gas react< wi,h 'ny cxco .. carb on al 

high.r temperalure, ' 0 form monoxide. CO2+e-.2 CO . Carbon monox· 
ide then «ac" with stcd.od del iv." corbon atom. to the Sled.urf.co. 
2CO .... [C)+C02. Th. remaining C 02 is regener . tod by the carbon to CO. 

,,'hich is. therefore. a g .. eous medium Ihat corburize, steel. 

liquid Carburi.llng (Salt .B.lh) 
Corburizing bath s con"in mo lten salt mixtures. the e!Teeti,'. 

constituen , of wh ich i. sodium cy.n ide (NaCN). Th i. salt melt. at 1020 
degree. I' tSSOdegre • • C) ,nd decompo.." .ttcmper .. ur .. near 1830 
degree. I' ( 1000 degr<;les C) more or Ie" .-apidly .• <cordin s to the nature 
of other additi,'e s. The field ofproct ic.1 .ppl ic",ion is between the .bove 
tomper",ure •. Abo,'" 1650 deiNu F (8 50 de~e. C) the supply of c.r· 
bon domin.te • . 

At h igher temper .. ur .. the c .. burizing effect increu e • . " 'here · 
a. below 1300degrees F (700deiN • • C) more nitrogen is rdened. At 

1020 degree. F (550 d"ifeee C) for instanc< . only nitridin g "ke. pl.co . 
In a m ed iu m·tem per"u re IOoge. both nitrogen .nd c .. bon .rc given off. 
Thi. process is th<refor. c. lled cubonitrid ing. 

Oxygen. which is cO"'tont ly prosent. combin", with , odium 
cyanide '0 form ,odium ... bon .. e (Na!CNO~. ,od ium c .. bon .. e 

(Na2COa). nitrogen (N). n d carbon monoxide. The n itrogcn diffu ... i nto 
the stcel in the lower tempcrature ,"nge; carbon monoxide .clS in Ihe 
higher temperature ,"nge in the ,arne monner a. durin g car burizin g 
with .olid • . It is gene .. lly ."umed thut car buriz i ng t3h , place "i. the 
g .. eous ph .... 

A lkoline e.rth chlorid ... ct a. energizers to influence Ihe 
inten.ity ofcorburizing in the form of higher or 10"''' .urf.ce carbon 
contents and 'hu . 'hey control 'he pon .... tion Tatc. A distinction i. 
m.de between energized and non .energized carburizing bath,. Ile.ting 
of components in <alt both , toke. pl.co quic kly. in contmet l<, g .. c .. · 
buri.ins. C ... hardening bat h, are . therefore. of p.rticulor .dvontoge 
whcn t h. heoting time con<l itute> an .pp rec i.ble proportion of the tota I 
tim. of treatmen', i.e .• for ,m.11 .ue dcpth . from 0 .004 to 0 .032 (O.lto 
0 .8 mm ). Liquid corburizing i. goncrolly recommended for small · to 
medium ·sized components. 



GearMab " " anc! TIW..-TI 'I ... 

Gao Carbl.lrtzlng 
In gas earrlUrizing. eamon is Ir.,.nsferrN 10 the surface of Ihe 

Sled mainly by Ihe following reaelion: 2CO->[C] +CO,! Thcre arc ",,,in· 
Iy Iwo IYpts ofprocesscs : a) Ihe generalor process. and b) Ihe granular 
pro".,;s using ""lid gasifying compounds, I n {he gcner"lor p",,-"e<.<. ga= 
arc proJUCN in a suilable gas gencralor from a lown's or nalural gas 
supply or from hydrocamons such as propane or buI.ne. and broughl (o 
Ihe earburizing fumacc eilher in 'he n""e .. ai):' com"""ilion or a. a Car· 
ricr ga.<. 

When a carrier gas i. u«."tI, a certain amounl rJ a S1rong car· 
buri~jng gas i. adJN in Ihe fumate. Such a carrier ga.' process has Ihe 
advanlage Ihal i, is """sible 10 add"""" atliv" carburi,.ing mNium 
aUlomalic.lly. 

In Ihe granular process. a solid carburizing mNium is inl"" 
duttd in 'he fumate. Oxygen from Ihe air ",aciS wilh Ihe rllNimn 10 

form CO, al moderaldy 10'" temperalures and CO a' high {cn'ptra. 
lurcs. This CO carburize'lhe Sled ~urface. 

Case Oe plh 

deplh' 
The following empirical fonnula is us<"tI 10 eSlima,e Ihc case 

Ca.", deplh ~ Jl..1.5 + grinding allowa""e in inches per flan k. , 
This formula is IP"l for gears of 24 10 J dp. 

I'or pilclics ""low J dp: 
Ca.<e dep,h " 0 0H~ + grinding allowance in iTit'hes ptr flank. , 

NitrkIed Gears 
The ad"anlage of nilridN gears is Ih., gear blanks can k fully 

mathined . Tee ,h m.y k hobbcJ or ground to finished dimensio"", Ihen 
subjcclN {o Ihe ",nn,onia ni{riding process wilh a minimum of distor· 
lion. Vari'lions in dimensional changes occW"r"ing in nilriding is fre· 
quen{ly due 10 relief rJ «-sidu .. ! "re",cs re,uliing from processing oper, 
alions like rough machining . OiSlortion will k minimized if Slresses arc 
relieved by a sireS< relief anneal or by a heal ItCal",enl processing 
kfore nilriding. fini.h machiningoptralio"" muSl k carried oul Wilh 
great care 10 a,'oid residual "resses . 

• 
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For a gi.'en part and a fixed nitridin!! cycle, the amount of 
growth is "on sIan!' Therefort:, i, l~ neccssary 10 dClennine the dimen· 
sional chang'" experimentally and ,,, make prope' allowanee in Ihe fin· 
ished m""hining operalions prior '0 nitridin!!. The nioriding process is 
suilable for parts that require hi!!h W~a' resi'lance , hi~h fatigue resisl · 
anee, oTboth , Wear rt:<i<lancc re<ulls hot only from 'he high haTdn~s<of 
nitrided surface, but alw from their abili,y '0 retain hardn~ss in a lem· 
pera,ure range at whioh conY"n,ionally hardened slcd, wouk! ",flen, 

Nitriding is a proc"" of case hardcning in whieh ferrous alloys, 
u,ually of 'I""'ial composition , are hea'ed in a n atmosphe", ff: ammonia 
or put in contaet with nitr<>genou. malerial to proouce , urface harden· 
ing by abso""ion .. nilrogen withou, quenehing, Wilhout quenehing. 
di.tor1ion i. far less I han oceurs wilh 'he regu lar carburizing processes, 

Nitriding l~ carried oul by healing ,teds" suilable composi. 
lion wilh a "'ur~e of ""ti"e nitrog~n Ht 'empe"'tur"" from 925 '0 1100 
<kb""es E for periods ranging from f~'w rninu'e' '0 10 hours, depending 
upon steel being trea'ed , and the depth of c,""" roquired, Steds "'ust 
contain demen .. in "'l id solution tha, are oapable ,,, fonnin~ nitride. 
such a. alu",inum, chromium, rnolybdenum , vanadium and tungsten, 
The part. ni'rided will ha,'. a dull malle gray color, 

In carlier times, sail ba,h nitriding w .. in eonanon use, If shal· 
low case" arc '0 be produced (with short time cycl t's) and if part' arc 
small and production quanlity low. ;.all baths have a decided advantage, 
'1le ",ixture of sa il . used contain. sodiurn ~yanide and potassium 
cyanide (60 :40) "r alocrna,i .rdy sodiu", cyanide, sodium carbonate and 
pot..,.ium ehlori<k (44:32:24), Case depths from 0,015 to 0,022 inoh, can 
be achieved, with hardness from 90 '0 93 on the Rockwell 15N seale, 

In the US,\. nitTidcd gears arc generally made fro", Nitralloy 
135, which is equivalent ,,, DIN Specification 34 Cr Al.MO~, The ohern· 
ical oomposition i.~ C 0,3, AI 0.8, Cr 1,0, and Mo 0 .15 percenL The ten· 
sile ,trength is in the "'n~e ff: 115,OOOto 140,000IbJoq, inch, 

Nitralloy 135 modified i. equivalent to IIrili,h S!""ifications 
En41B and ~rench 45 CA·[J6·12, and has 'he followin!!chemical corn· 
position, C 0,35 ' 0 0,45. A 10,9 to 1 ,3, Cr 1 ,4to),S, aand Mo 0, 1-0,25. The 
tensile streng,h i. 100,000,,, 125 ,OOO lbJII<!. inch, 

Fla .... Hardening 
Steels for flamt' hardening generally contain 0.3 ' 0 0.6 pc"'en, 

carbon. Flame hardening i . aohie\'cd by rapidly hcming the wor\: with 
a dircOl. hi!!h. ,e"'perature gas fla"'e, The , urface layer of the pan i. 

" 
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chus heaced abo,-.= Ihe Ir.>n<ronnacion range. and is fOll(no'ed by toOIins 
"nh a qucnchinl! med ... usually sprayed on cht ~ur(a« a l a shon dis· 
Cance ""hInd Ii .. hcalinl! Barne, Immedlace cem""ring '" ncquiTCd ." 
.,,,id crack,ng o::ouSttl by ..... idual ","'Ssell. 

Induc\lotl HIloWnlng 
Ikalinl! (J"the workpi""e for induction hardenIng i • ..,"ieved by 

applica!lon (J" a high.fnoque,,~y aiternaling currenl Ihroug" a coil I hal 
embraces Ihe sled parI 10 to. hardened, Frc'qucncics of 10.00 10 600,00 
cycles ""r se.:(md arc used. and heali ng cyeilS arc ~ho". Lower fre· 
quencies and longcr healing cycles a rc ",cd for Ihrou~h hardening . 
Quenching i. usually a",ompli<hcd Wilh a Waler spray. Following arc 
Illi nimum hardncu va lues lhal can be e"peeled: 

I'laln carbon •• «1. 
F"", maChIning Steels 
Alloy ~I""I. 
Surface hardneu 
Aller quenching 

,~ 

lUI 
U.oG. U.oG.87,w 

o . c 

,~, 

,,~ 

~I~~""S. 
HOC 

Hell T .... ' .... " Ch~of c..t.1n SIHI. 
C .rhwrl>.ing G .... d. SAE 1010. 
Thi •• Ieel '" 10 .. ' in rosl and eonlains C 0,17'0 0.24. Mo G.25· 

0.6, Mn O.()oI , ond 0.05 maximum phosphorus and .. Iieon. ""runt. In 
..,me enunlrie. Ihis sleel is ealiN mild Sled: in Ocnnany. Ihe ncare .. 
equivalenl i. DIN Ck2G. As ro iIN. lhe I""sile .lrenglh is approximale. 
Iy 68,500lbJlq. inch.lhe yield Slrenglh is S5.nOlbJoq. inch .. and lhe 
hard" ••• 137 Uri",,11. 

Conunen:ially. Ihis <led;,. a,·.ilable in hOI rolled. cold rolled. 
and ccn.erleiS lVound ooOOilion. Ik ins of carburi~in8 g",de. a case 
deplh of 0.0% inoh is easily ach"',·ed. A CBse hardncu of .ppro.~. 61 
Rock .... ll C is produttd by hcaling 10 167Sdcg<=< F for !lltours. rooIing 
In B pot. rchcalinl!lo 1425 deerna F. waler quenchIng. and Icmpering 
al 35 deg"'c:s F . 

AnncahnS Ihl~ <lttl is earried oul by heallns,o 1600 deg<=< F 
,n .he fUrnlce, toOI .... g.o l290degrtts F .1 Ihe rale (J" JO degrrcs F per 
hour.lhen cooling in air. 

i'lormali"inS. cspttially of fOfKinll". i. done by hUling '0 1700 
dcg"",j F .nd cooling in air. In nonnalued cond,,,on. . he lensi le 
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."eng, h wi!! vary from 64.500'060.000 lb.ll". inch, yield from 40.7S0 
' 0 50.2S0 IbJsq. inch .nd Brine!! hordne .. from 121to ! J ! derending on 
the size nf.he bar. 

Carbon Water Hardening Grades 
SAE 1030. 
Thi. Sleel h .. ' he fo!!owing chemical compo.ition: C 0.28 (0 

o.J4, Mn 0.6 (00.9 . pho.phorous 0 .04 maximum. and sulphur O.OS per· 
cent. Annealing requires heating,o I SSO degrees 1'. furnace C<lOI (0 

1200de i"'l&ll F a( ' he rate of 20 degree. I' per hour , hen cooling in aiL 
T his procedure will give 67.2S01bJ8q. inch .en.ile 5"cngth and 49.S00 
lb.l~, inch yield s"eng,h. 

Nonnalizing i. performcd by heating ' 0 1700 de"" •• F and 
cooling in aiT. which will gi.-e a ,cnsi le strength of 77.S00 to 72,SOO 
lbJ~. inch. and a y ield strength of 50.000 (0 47.2S01bJ~q. inch. The 
hardne .. is I S6 to 137 Rockw.n C. derending upon ' he size d' , he baL 
Thi. steel. al.o 1040 and 1060 sted •. ore often used i n r!>r gears sub· 
jected (0 inducti!>n and name horden ing nf , h •• eeth . 

SAE IO~ Water Qunchin g S teel. T . b l. 4· 1 
C h emical Composition: C 0.37 to 0 .44. Mn. 0.6 to 0 .9. phospho. 

rou. 0.04 maximum and sulfur O.OS muimum pereenL 
A n nealing: Il e.t to 1450dei!"'" F. furnace call to 1200degrec. 

F Subsequen.ly, """I in air. which wi ll re.ult in appro x imate ten.ile 
s"ength nf 72 .2S0 IbJ.q. inch. a yield ."TOngth d' 5 L2S0 IbJo". inch and 
Brine!! hardn«. of 149 . 

Nonnalizins: Il eal to 1650 degree. F and cool in aiL (Refer to 
T.ble 4·2 ror further technkal dOla il.) T h i. particular st eel i. idcal ror 
induction hardening and name hardening. 

SAl<: 1050. T . bl. 4· 2 
Chem ical Compo. it ion: C OA 8 .0.0.SS. Mn. 0.6 to 0 .9 . pho.pho . 

ro. 0 .04 ma.,imu m, and su lph ur O.OS maximum, pereent. 
Annealing: lI ea t to 14S0degT<e. F. c""l (o 1200dcgrce. F. and 

c<><>l in aiL Thi. sequence wi!! re.ult i n a h ardn ... of approximately 187 
Brinell. 

N<>Tma lizing: Heat to 16S0degrces F. cool in a iL 

W . , e • • l h .dening S AE 4130. T . ble4 ·3 . 
Chemica l Composition: C 0 .28 to 0.38. M n. 0 .4 to 0.6. Si 0.2 to 

0.35. C. 0 .8 10 L iO,Mo 0.1 S '0 0.2S percent. 
~ 
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Water-quench. d 1030 
t, ,.. ,.,,, ... . . , .. , '10''''' ........ _ '''._'_,50)5, .. _'_ ', .......... t,. 

1· ..... ' r' 

" 



Water-quenched 1040 
T ........ , N,,.- " ",, "' 1 ~!oO ': ,~ , " l l!oO '; _ "' w_ 
H., """"" T_ "5(15,",, ...... T_ , •• ? ~".d""", 

T_,' 400 """ 000 700 SOO 900 1000 1100 1200 1300 
~ •• ,, ... <4. 401 ~, ,., '6~ ::35 20' .. 7 

Tobl •• _, 



GearMale<1a1sondThErHeatTI '1 ... 

Annealing; Heal 10 1585 deW'"". F. furna~e cool 20 degrtt, F 
per hour 10 1255dcgK'Cs F and cool in air. Nonnalizing' Hem 10 1600 
degrees F and cool in air. 

Tensile slrenglh will be 197.{1001o 98 .000 lbJ~, inch, and hard, 
ness 461 10 202 BrindL I{cr~r l o Table 4,6 for further leehnica! delails. 

Alloy Sl''''~ OIl-HardenlngGrod .. 

s,\E lO60,Oil lt a nl e n lnl: 
Chemical Composilion, C 0.55 10 0.65, Mn, 0.6 10 0 .9. phospho. 

rus 0 .04 """,imum, sulphur 0 .05 maximum pe",e,,!. 
Annealing: Heallo 1450degrees F, furnace "",110 1200 degrees 

F allhe ral e d' 20 degrees F per hour and cool in air. 
Nonnali:t:ing' Heal 10 1650d.~ •• F, cool in air.Tensile slrenglh 

afkr hardening in oil will vary from 160.<XlOlo 103.<XlOlbJ8q. inch. 
depending on Icmpering lemperalure. The Brincll hardne .. Will vary 
from 321 10 212. (Rcf<'i"IO Tahle 4:4 for furlher lechnical infunnalion. I 

SAE 104 Oil Q u enched. T attle 4:4 
Chemical Composilion, C 0.37 100.44. M" 0.6 10 0.90: pho'Pho. 

rou' OJ14 maxim um. sulphur 0.05, maximum pereenl 
Annealing; Heal 10 1450degrL'C' E furnace 000110 I 200degrecs 

F al Ihe rale of 20 de!;rttS Flhour and cool in air, '11i. rouline Will give 
lensi le slrenglh of 75,2501bJ~ , inch. a yield slrenglh d' 51 .250 IbJ~, 
inch, and 3 Brincll hardness of 149. 

NonnaJizing' Heal 10 1650 dCb'l'ttS F. cool in air. The lensile 
Sirenglh ,,·il l be 88.25010 83.5001bJ-'<I, ineh.lhc yield slren!;lh will be 
58.500 10 49 .2501bJo". inch . and Ihe hardness will be I 8310 167 Brindl 
(depending upon Ihe crossrSC<Olion), 

Aikr heal Irealmcnl. Ihe lensile slrenglh will vary from 114,00 
10 88.000 lbJoq, inch. Ihe yield slrenglh from 86.000 10 62.000 IbJ-'<I, 
inch. and Ihe hardness from 262 10 183 BrindL depending on Ihe lem· 
pering lemperalure ( ..... hich can vary frorn 400 10 1300 de!;"'eS F). (Refer 
10 Table 4·) for furoher lechnieal infonnalion.l 
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Chemical Compositions of Al loy Sleel Oil~a.denlng Grades 

SAl: 4140 ,4340 e nd ~ ISO: 
Compo,';,;on: 
SA t: 4140 C 0. 3 ~ to 0.43 . Mn 0.75 to 1.0. SiO.2to 0 .35 . C •. 8 to 

I . 1.Mn 0.1 5 to 0.25 percent 
SAl:: 4340 C 0 .38 to O.H . Mn 0 .6 to 0 .8. Si 0.2 tn 0.35. Ni 1.65 

to 2 .0. CrO.7 to 0.9. Mn 0.2 to 0 .3 percent 
SAl:: 41 50 C 0 .48 to o.S3. Mn 0.75 to 1.0. Si 0.2 !<> 0.35. Ct 0.8 .0 I . 1.Mo 0.1 5 to 0 .15 percon. 

Ann.aling : 
SA I:: 4140 , H eat to 1500 degree. E fum.c" cool to 1230deg"'"' 

F. cool in air. 
SA !: 4340: Il ea t to 14'1Odcgreo. F. furnace cool to 670 degre« 

F. cool in air. 
SA t:4150, Hea t to 1525dcgrce. f. furnace cool to II90dogre e. 

E cool in air. 

Nor",ali,inll '"at""n': 
SA !: 4 140. SAt: 4340 . • nd SA ~ 4 150: 
H 0", to 1600 degrees F. CC<l1 in ai •. 

Maximu m un.i/< ,·"<nglh. and achiaQbl. b,du .. : 
Tensile ."ensth 
S,H 4 140. 252,OO lbJ"<i. inch. 578 Brineli 
SA !: 4340. 293,00 IbJoq. inch. 5S5 (hi nell 
SA ~ 4 1 SO. 301,60 IbJ~<i . inch 578 B rineH 
(" .. 'P"lfK" ~".;", ~ .. IJ"M<I. ... C • .,h ' .J. "' , 4· I .. ~ . "./ 

Alloy CarburlzlngG._ ·-SAE 4820, 4 320, E 9310 
Ch",i" al O"" p".-ill·on>: 

SA>: .. ,.. C ' .1' , . ' .B. " , '.s to '.'. S, u ,. '.ls, .~t • . " I. J.1" .'" •. ,,. •. , ...... , 
SA[ 0" '. ( . 1.11 ,. '.H, >t . . .. , I. ' .• '.St , .". ' ." •. , '; •.• s too.J ,Cr t.' ,. U, " . 0.2 

I. ' .' " ",., 
SAE E OJ • • C •.•• ,. ' .n, .'t. Us to ' •• ' . S, •. , ,. ''''. St J. , . J.!, (", t. ,. t ... " • .... , ..... .. " .. , 

Annea ling, For all these .. eel •. hea t to 1550 degree. F. cool to 
760 degrees ~. in the t'ua"',atlhe rate ofOOdegrt'C' F pcr hour. and air cool. 

'02 
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o\'.r .... I~ 
ShE 01', H~al '0 ISil d~~".nd coot In .ir, 
ShE ~J1I, Heal '0 lUI de~" and coot in air. 
ShE HI ', H~al '0 l UI dc~ F and <lllOl in air, 
(' _fo ........ ~_ • ...m.""" .......... r_ U. " No .. " .... "'Z:I 

Nur n l ('..,rnoan, Brlll ' h, and Frr nc h . : '1 uh'a len" I" 
I>lr(e t Ilardenlnl:SAE S I .... ls 
SAl: Br;li.A ( t ' ,,) G"",u (I)/N) 
1t6J E.9K Ill.'" 0 
1t-I4 E.8K IH );C4' '" 1t.1~ EnIlK D1N~~ '" 4337 Ill.'" J7 );1, Cr, M .. 7 
4,),11 Ill." ~ ,"'1, Cr, 1>10 7 

:"'eutO! .:qu l"a le nls I" SAE C._II .rdrnlngS IC<'ls 
SAt:: Grr",." (DIo'~ 
I'" DI:'i CKI~ 

IIrll"h a nd Genna" t;:q u h ·altn .s 
B,ili, A ( t '.) G"",." (D!'\'! 
t::'i JIo DI:'i U :I;I ('I: U 

A!(>mlnum o...r. 
The foIlOl, ';nH aluminum,ha<crl malerial :! ore onoslly uSC<! for 

gem: 2024,T4, 7075,T4, 7075:1'6, 6061 ,14, 6061 ,1'6, AI. 2024,T4 i . 
alloyc:<i with 4,5 p<:rcent roppL'S', T 4 j, a j;Olul;on hcal,!rcol oncnl <pttifi. 
calOon and ,. folkw.'c:d by na,ural ageing al tOOm 'c"'peral ure to a .uh, 
~lamially " .. hie condition, The ullima,,, ~trenglh .chic,'ed is approxi, 
malely 6H,OOO lbJoq, i""h. ' he yICIol Slreng,h i. 47 ,OeD IbJoq, inch. !he 
hardlK'SI i. 121 IJn""Il, and the shear ~!renll.h i. 41 .'00 IbJoq, ;""h, 

1I""',,,'Cf, Ihe I"""ile ... enlllh ~aric$ "lIh Opc:1'8ling .""'pc:1'8' 
lure , AI 75 degn:c1l F. !he !ensile .. renglh ,. 68,000 lbJIq. inch, b .. 1 al 
elc,~.c:<i lemp"ra!u~. i. dtt~3SC'< cQnsidcrably as follows: a! JOO 
degn:c1l E ~ 5,loe 1bJ.q. j""h. :u 411 <k~ F, n.tollbJIq, in~h, aod 
PI 700 dcgreff F, 5,500 Jbhq, i""h, 

Aluminum Rounds in T -I conoli"Qn ar~ lIC""".Uy iUpplic:<i in 
di~".elcrs from 1/8 10 8 inches, 

'" 
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Oi lrquenched 4150 
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Gear Materials and Thei" _T, esl, .. ot 

The 707S T6 .lIo y con,.ins zinc .nd lessor .mounOS of magne· 
s i um. copper and chromium. The propenies ar< simi lar '0 'hose <L2024 
T4. hu , i! i. ""leo'ed for its higher !ensile O!rong,h. The ultimate .cnsi le 
."engt h i. approxima,cly 83.000 lb./oq. inch . • he yield ."cng!b " 
73.000 lb.loq. inch. and the shear .trong!h i.~ 48.000 JbJoq. inch. 

Increose. in oper.'ing .emper.!ure with aluminum ro<u l, on 
reduct ion. in !cnsi le ."eng!h. as with o thcr m.'eria I •. A, 7S degree. F, 
lOn.; le s"eng. h <L a typical alloy i. 83,00IbJsq. inch. a! 212 degre~s 1' . 
• en.i le strength i. 70,00 lb.leq. inoh . al 300 degree. F, tenoi 10 s trength 
is 31.ooo.aI400 degrees I' .• he ten.ile str en gth i.~ t 6 .ooo1bJoq. inch . 
and al 700 degr<~' F t he lOnsi le strengt h i. 6.ooo1bJj q. inch. 

Alloy 6061·T6 conta ins m.gnesium I percent and silicon 0.6 
percent . Tho lOn,ile .treng,h al 7S degrecs F is appm~imately 42.000 
lb.loq. inch . tho yield "rength i. 37.000 IbJ"q. inch . and t he shoar 
s trengt h is 17.000 IbJsq. inch . A, el~va'od op~ra'ing .emperatu ros 'ho 
,en.ile strength fali< considerably. A, 212 desreo. 1'. the tensil~ s tren g. h 
i. 4 2.ooo1bJeq. inch. a1300 dcgrees F il is 34.0001bJeq. inch. at 400 
degr<es I' it i. 19.0001bJoq. inoh. and al 700 degrees I' the .ensi le 
s"eng.h is 3.0001b.loq. inch . 

PNdpltatlon-Hardenng Stainless Steels 
In aircrnfl and missi le •. wher< par" muO! func.ion wi.hou, 

being o,idiz~d. m.ny ge.rs are made from preo ip i.a'ion.hordcn i ng 
... i nl .. s "eels .uch a< 17·4 PH, I'H 13·8.Mo. 15Cr·5 Ni. Com mercially 
avai lable matorials to those 'peci fica'ions aro g encrnlly .upp l ied in 
""Iution treated condition A. 

On hca' tre.'mcn' al 1< mpera'ures no. uceed ing 1200degroe. 
F. tho materia l becomo, harder. deponding "n tho hoatin g tempera.ure. 
Gonomlly .• he materia I i. heated in th~ furnace (pr~fer.bly ; n a neutra I 
atmospher<l. and held f"r4 hours. ,hen cooled in aiL 

The following are the mnimum tensilo s trengths and hard. 
ne"",," that can be achiewd with PH steeb: 

PH 17_4.te",ilo . treng,h 
PH 13·8 Mo. tcn,ilo .treng. h 
13 Cr. S N;. iensile <1rength 

235.00 lbJeq. inch. hardness 
23~,00Ib.loq. inch. hardnoss 
200,00 lbJoq. inch. hardnc .. 

49 Rockwell C. 
~a Rockwell C. 
~~ Rockwell C. 

Tho rcmarkable characteristic of the« PH materials is ,hat 
comp"nent s ize. fler heal trea'men' can be pre.doterm i ned b""au,e 'he 
motal shrink> in boih diame10r and leng.h by sl"->cifkamounts. Thu,. to 
achie\"C 'ho final s ize specified on tho dnlwing. a gear can boo cu' over· 
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• ize by a 'p«ific cokul •• ~d .mo"nl (dqL<Ondins "fLOn .h~ co"."",.io" 
ra •• ). An.r h ... irU'nIC"' the ,i,e" III be nacll y lOS c.lled for on .he 
bl .. cprin . _ 

f' 1I mat.riol •• ho .. ld nc".r be "oed in IIOI ... ion h ... ·i< ••• ed con· 
di.ion called 'A: t:ccouoe In .hl. cond" ion Ihe ma.eriol is ...... p.ible.o 
.ir ... CO!TOOion crackin,. Sol ... io" hn. ·i<n.mcn. of I'll I j.g Mo i. 
athic,'cd by hOI. In, I" I900Lk,,,,u F .nd cooIin,"pidly'o room 'em· 
per.'ure . Typie.1 meehlnieo' propenie. of " ll 13·8 Mo ond 15 C r·5 Ni 
Ire reproduced here from .he Clrpcn<cr ... inle ..... el clUilol. ( Rd .... 
• oToble5· ' . ~ 

" i. impor".' for .he man .. ( •• I .. rin, cn,inc.r 10 b:ow .h •• 
<><I« ,he preelpl.'.'on hrdne .. or.u Ro<k"-cil h .. t:ccn .ch .. .-.d by 
horduln, a. 9(Xl de.rees F (II wilh ' 5 e r.j Ni). o"""iol p<OCed .. ", •••• 
needed ' " ",odiC, ,h i. hord.e ... For InU.nce. If i, t:ccotrLn nec<=lLry 10 
ud ... c .he hordne .. lO}4 Rock .. 'cli. .he componcn. mOl" fi rs. be hlrd· 
ened by hu'in8 I". ' Cmperll"" U 1100 desr ... F, holdin, .ha. '.m· 
pe",ure (or 4 ho .... and .he •• i. coolon,." room Icmpen'"re . flow",-... 
i{.he pIn h .. ol","dy been hcaHre •• ed al II00dcS"" FInd a hord· 
nco. U 44 Rock .. ·.U ;.. required, Ihe pan m .... first be ool ... ion he •• · 
iru.ed ond Ihen preelp",.ion hardened .0 I "I""'if>< hordn" .. usinS 
Tabk .. · I}U I, .. ld • . 

", •• I,Ji lull,,,, lI u.eJ .. """ MOHI T~nsll" S,rcn j: lhs o( 17-4 P II 
Conaition UII/mulr T.n5il.S".ng,h 

II _ I" " Sf 
II .,. I~l KSf 
II I_ 

II I." 
II 1100 

(';.~t .. "'., •• "",' •• d,,, 1" •• ".01""..- , ___ i"'~1 

15 c...s Nt C"L11.~ctk", ItMU' 
Condit/on 
It .~ 

II .". 
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Gear"' ri*_lhli'HeatT, ', .. t 

c ·" , ... Plating 01 Gears for ProeHsl '19 
Carburi23.ion and hardness i. required mOSi ly in Ihe gear 

.oo.h area, Ihe remainder ofa gear does nol nct'" '0 be ,'arburi~ed, One 
way 10 mask Ihe area nol needing adJ,'" carbon i •• 0 fjnish ,lurn .he 
gear. Ihen et>pp<'f' plale Ihe whoic blank wilh O,OOOJ inch ma~imu'" 

plaling .hie~ne", The lee,h are 'hen eu,. lea"ing a grinding allowa,""c. 
and Ihe workpic'Ce i •• hen carburi""d and hardened, The roppc,'f' planing 
Can .hen be stripped away befOtt Ihe hardened ,ee,h arc finish ground 
'0 size, 

Nil.1 Etcto lCO' De'ectlng Grincmg Crack5 
During 'he b'l'inding of lIe.r ,eeth, the heal generated nlay 

result in the developmen, of hair linc craoh, Burning marks ollen 
become visible on .he 'ce.h, and ground gears arc therefore subj""led ' 0 
• Ni •• 1 etch '0 detect cracks . The Ni.al etch proc<:SS requires 'he pari s 
' 0 be cleaned '0 ''''''Me grease and oil, usually by in''''ersing the pari. 
for4 '0 5 ",inu,es in denalured alrohol con,aining 5 percent by volume 
of concentrated hydrochloric acid, 

The pariS arc .hcn cleaned in waler, Ihen rinsed in alcohol, and 
again imlnersed for H '0 4 min utes in dena.ured alcohol containing 3 
percent nilrie acid. The part. are then immersed again in .he hydrochlo­
ric acid solu.ion de",rilx'" earlicr and 'hen neutralized in an al kaline 
solution, Any locaJizeJ dark area or whi.e arcas on gear t"e,h are indi· 
ca,ion. of o,"erhea,ing and such pari . should be rej"",ed, 

Aller Ihe Nilal etch , .he pari. Can ei.her be lumbled. honed, or 
polished '0 "'''lOve remaining Nilal e,eh Slains, Ni.al etching i~ nee" .. 
• ary for aircraft and mi«ile gears thai arc subjcc.cd '0 grinding opel'll' 
lion<, 
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Chapter 5 

PROCESSING OF GEAR PARTS 

Thi. chapler discu",es proce<.ing cJ six typical gea ... The parI' 
sclecled are eilher 'pur gearS or gears with <pline •. Wiln a knowledge 
cJlhe I""hnique cJ processing Ihcse gea .. il will be found Ihal process· 
ing d"b",'el gearS. and worm. and worm ",httls wil l be similar. 

Part PHD·l 
Referring 10 Figure ~· 1 . Ih" first thing to decide when making 

a componenl is Ih. raw material size and the condilion in which il is to 
be procurcd. The final hardn"ss of lhi s part is 10 be 46 10 50 Rockwell C. 
bul for case in machining . Ihe malerial to be purchased ,hould be in Ih. 
annealed condilion. 

The large" finished diameter on Ihe prinl is Ihe 0.U36 inch 
diameler . All <leci i.~ .upplied in two basic furms: hot roll"" and <ok! 
rolled. Since the ,ize i • .., small. the obvious choice is cold·rol led male_ 
rial. The nearest higher .ize in the inch system is W64 inch or 0.1406 
(3.51 1 nlm.l. The diITerence in diameter bNw""n 0.1406 and Ihe f,n_ 
ished diameter d" 0.1336 inch is approximalciy OJlO7 inch. which 
requires a radia l malerial removal d" approximalciy 0.0035 inch. Any 
malerial, whether hOI rolled Or roId rolk-d. alway' has some surface 
def""" (more .0 in hot rolled); so Ihe ob"iou. scl""lion or 9164 (.1406) is 
nol ,uilable for Ihis applicalion. The next a"aiJable "",nmercial .ize is 
513 2 inch (0.156 inch). If Ihis size is sci""led il wi II gi,'" 0. 1 56 - 0.137 ... 
2 '" 0.01912 = 0.OM5 inch deplh of <urface removal. 

The druwingeaU. for the part to be heat Itcalcd. during which 
hairline surface crdcks Can dc,·dop. "" il is moomlnendcd lnal Ihe nexl 
higher size Ihan 513 2. which is 11164 inch (0.172) be used. Thi. choice 
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Proee .. ing of Gear Ports 

will give us 0.171 - O. 137 ... 2 = 0'()3512 = 0.017 inch of radial malcrial 
re,noval. The Hl64 ·inch size ,nalerial may nol be easily a>'ailablc 
(unless mill quanlily is ortkred) . • o Ihe ,"""on""endalion is 10 use 3116-
inch diamelcr cold·rolled malerial for Ihis parI. 

Economic aspecls oflhe <0>" of manufacluring musl al<o be COn· 
sidered. Siainies. sled malerial "0'" more Ihan ordinary "eel. 
Allowing 100 greal a machining allowancc increases Ihc cos, ofbolh IllW 
malerial and lnachining . Al Ihe same linlc. Ihe machining allow"",-,<, 
has 10 be sufficienl 10 enSure Ihal Ihcre is no possibilily of surfacc 
defcelS. 

Drilling of'hc 3164. inch diamcler hole will havc '0 be dont wilh 
'he malerial in Ihc annealed condilion beeause drilling a small hole in 
malerial wilh a Rockwell C hardness of46-50 i, very difficult. A , Ihis 
hardness. Ihe on ly olhcr pruclical way of providing Ihi s hole is by dec­
IIical discharge machining. which is a comparuli"dy cosily operal;on. 
Anolher crilical fcalurc of Ihc part is Ihe ,wo narrow undcrcul groo>'es 
which wil l ha,'c '0 be machined wilh Ihe rnalerial in Ihe annea led con­
dilion. 

Whelher Ihe luming operalion is ,,, be P'-"'form~-d wilh Ihe 
malerial in Ihe "nnealed condilion will depend on Ihc number of pa". 
10 be proou("d. Iflhe 101 quanlily i. higher Ihan 500. and thousands of 
' he paris .rc ,,, be made on"". and if lhc shop has SwiSS.lypeaulom'l. 
ics (preferably CNq. Ihe co," of Ihe luming opcrulions will be a mini· 
mum. To sui, Ihe Swi.<-IYpc aulomalics. Ihe malerial will ha"e '0 be 
cenlerles< ground. In Ihe", machines. Ihe 1001. arc slalionary. and Ihe 
chuck or spindle ,"",'CS axially. 

Thus, on a Swiss.lype aulomalic. rough or finish luming. fac· 
ing. cenlcring. 1"'0 undercul'. """ drill in g opera,ion. and culling<rfT, 
can be done in """ cyck- a s shown in skelch A of SK·I'HD· ] ([{efe ... 10 
figure 5.21. 

If Ihc quanlily 10 be proccsSC<! is Oil" or Iwo. Ihe \'Cry lirs! oper· 
alion will be sawing (or lnilling) Ihe bar 10 Ihe lenglh of 2.25 inches, plus 
'he machining allowance on cach end of 'he bar. The c u' lenglh will 
ha,'e 10 be 2.25 + 0.12 ,,2.37 or 2·3/8 inches (usi ng 0.12 ineh as Ihe 
machining allowancel. However. if Ihe quanlily in a lot is l000r more. 
Ihe bar lenglh will ha,'e to be in multiples of 2·3/8 inch. plus Ihe widlh 
of Ihe culling<rfTtooL II will be advanlageous 10 order Ihe malerial in 
lenglhsof 100' 12fce,-

Depending upon whalluming equipmenl is a,'ai!able in a par· 
licular . hop. Ihe bar. migh' ha,'e to be Cut or milled in .horter lenglhs . 
On CNC luming machines. wilh bars ove,. 6 rttt in Icnglh. due tocon· 
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Pr""o .. 1ng of Gear Part. 

, i nuou , ro,",ion of' he head·srock. 'he noise and vibra,ion erea'ed by 
'he bar feeding mechani,m will be so h igh ,ha' a maximum lcng,h of ~ 
feer may be preferred . Wi,h Swi ... ,yl'" ." ' oma,ic,. which me cen'erl«. 
ground m.,ori.1. becau.e of ' ho higher .peed. required, ' ho leng,h may 
ha\'o '0 be re"cic'od '0 6 fec'-

Ano,her poin ' '0 be nored i. , ha ' no gear grinding machines arc 
.vai lablo '0 grind 'he 'eerh 0/" , h i, ,mall pinion. A ncr 'he 'urn ing OpOT' 
a,ion in ' he annealed eondi,ion.,he parr ,,'ill have '0 be hea' ·1re>1ed '0 
46·50 Rockwoll C. Fi nish hobbing can ,hen be drmo u,ing ei,her a ""lid 
carbide o r cobalr hob wi,h ,i'anium ni1ride co.'ing. 

II ,hould al.o be nr>led ,h., , hi, parr i. , 'ery .Iender .• o ,h., . 
• her 'he ,urning opera'io", and during he. , 're.'mon'. , here will be 
con.iderable disrorrion. Su meien' gTind ing a llowance musr , herdore be 
provided duri ng 'ho 'urn ing "ago '0 ' ake care 0/" 'h i. di"ortion. 

Wi,h gear and pinion .han •. con ' ering ",i,h Bell" ype <cn ' er 
dri II, (a< illu'1ra'ed in .ke' ch C. figuro 5-2). is recommended (in"cad 
of'he plai n ' ype 0/" cen'er drill). 10 preven, any burr on ,he end face in 
'he cen'ering area from coming in' o con'ac' wi,h 'he 'ail<lod cen' er. In 
some ,urn ing opor.'ion,. 'he 0l"'ra,olO lirsl ccn'er·drill , he f.ee. ,hen 
face 'he p.rrl0 leng'h. ' hu. leaving. burr. Vnles.,h i , burr is removed . 
;1 " 'ill cause.n inaceur.,o gear profile. 

Ilobbing and gTind ing is ollen done belwccn cen ' eTS . • nd any 
.uch <cn'er mu" be clear of cenler hote burr • . The Bell"ype centi'r· 
drilled hole ,hould no' produce problem, wi,h a burr. In Ihi, inSlance . 
• ince Ihe maximum 'urned diame'er of'he parr i,. 0.131 inch. Ihe &11· 
'ype eenlcr drill canno' be ",cd. The Bell .,ype ecn'cr drill can be used 
for ,h.rr .ize> over 0 . 150 inch. 

"'"he ,u,"ing "'ge.,ho opera lor mach ining ' he pari wil l have 
10 be c.ref" ' ' 0 f inish f.ce ' he adjoining gear (facing ' he adjoining 
0.13 I 6·ineh diameler) fi"' .• nd ,hen cenler dri lling. Smoo,h ing 'he een· 
Ier·dril 'ed holo can be accompli.hed by .lIowing' n id lo c}'de '0 ' u rn ' he 
spindle 'hrough 1010 W ex1r. r.,, 'olu,ion • . 

Thus. 'he ,equonce of operalio", for lhi. part io: 
I. Saw or mi ll bar 10 eilher ~ or 6 feel lengl h dCl"'nding upon 

",herher lho machine lobe """d is a regular CNC Swi ••• 
lype aUlomalic . 

2 . Turn the pan on lhe Sw;ssaulomar ic 10 d imen,ion, in sh'ch 
(Fig. 5·2). 

3. face 10 lenglh of 2.250 inch and con'or dril l. 
~. lleaHrear p a rr '0 46·50 Rockwell C. preferably hearing in a 

neurral armo'phere '0 .. 'oid oxida,irm and <eale forma,ion. 
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Po·' ' ng of Gu, P_ 

S. Between contc, •. u .ing a d,ivc,. grind 0 . 1247·inch di.mete, 
and 0 . 1 H6·inch Ji.mctCf in two .wing •. 

6, Fini.h hob teeth u.ing 96 dp. 5i8·inch diametCT. c.,bide 0' 
cobah hob. 

7. Use me •• mement m'or wi ... lu ch,'Ck toeth. 0. 1400 + 0.0000. 
_ 0 .0016 inch 

8. Dcb"rT teeth manually ... movins any lefi..,v .. bUrTS on 
tooth flanks . U.e of a magnifying gla .. 0' eye.loupe ",ill be 
neces.ary. 

Y. Check tooth to tooth eompo,ite em" (ITC E). and lotal com· 
po.ite efTO' crCE). and test raJiu. ofeach goa, ind ividual · 
lyon Fellows t)'pe goar check .. Of some oth« simila, 
machinc. T he.e check> HO mo .... liable th an measufOmcnt 
ow, wi,c<. Type. of machines for te"ing the ,.d iu. will be 
covered in a latN chapter. 

10. Check fM crack. with M.P,I. (M agnctic PaTt ic Ie Inspection). 
I L I n'pect anJ check all dimen.ion •. 
12. Passivate a. explained i n c.die, chaptCT'. 
11. Identi fy paft by tag. Care i. needed with the loc.tion of 

ident ification m.,k ing •. One w.y of identi fy ing i. by ctch 
ing. The etching cannot be done on g,"und diamel<fS or 
bea'ing journa!.. Often the de.ign« spccifics specific .,cas 
fo, identificat ion ma,h. I n absence of any dfaw ing nota 
tion, common .ense must be used. Iden t ify ing thc paft by 
tag i. an e .. y mcthod . 

14. Place parts in stock bin. 

Part PliD·2 
Referring to Fig. 5·1. the 13·8 PU ·Mo (P,ecipitation U.,dcning 

MatNial ) specificd on the p,i nt is o"e of the most costly. but most sta· 
ble matNial. i n the «>IT",i,," ,c.i ... o t group. One adv.ntagc of this 
materi. l is that .h,inbge i n gca, J imen.ion •. which depend. em the 
.pecific tcmp«atu,e 3t which il is being hardencd . can be predicted 
accurately. Thi. matNial can al.o be heat·trcated to a higher tcnsi lc 
strength th an most of the oth« commonly avai lable 17-4 PI! and 15·5 
PI! materi.I •. 

Typical chomical analys i. of PH U·& Mo. in porcentago . as 
gi"cn by CarpentN Technology. i. as fo llows: carbon 0 .05 max imum. 
mangane.e O. 10 maximum. pho.ph","", 0.0 I ma x imum .• ul fur 0.008 
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P' ........ ngol Gotar Parts 

maximum .• ilicon 0.10 max imum. chromium 12.2S to I J.2S. nicke l 7.SO 
to S.SO. aluminum 0.9 '0 1.3S. molybdenum 2 .00 to 2 .S. nitrogen 0.01 
maXImum. 

Material from the mi lls i. nomlOlly .upplied in ""lution 
annealed cond it ion (called Condition A). Became of il< Hcellent corro· 
.ion rooi"ance propen ie • . ,hi. malerial i. widely u",d in a i rcmft and 
missile actua'o .. . ftowe,-er. care should be taken no' 10 use the pan in 
c(mdition A. condition A ma'erial must nece .. ari Iy be he., treated ' 0 a 
'p"'cific hardness. Condition A i. reached by heoting mill material to 
1900 degrec. ~ and then rapidly cooling to room temperat ure. The 
materio l can be hardened by hea, .treating solu t ion·treated moteria l to 
a te mperoture of900 tn II SOdegree. F for one 00 four hours. depending 
upon .pecific hardncos requ ired. and then air coolins. 

T able 5 - l. suppl ied by Carpen'er Techr.oiogy. gi,-•• hardne .. 
valu", for different hardness temperalur ... The author has personally 
h ea' ·trea'ed mony components i n accordance w i,h instructions i n the 
table and found ha rdness to be e,"ctly as t he tab le states. The hardne .. 
desired on the part is 43 to 4S Rockwell C. sotable condition H 102Swili 
be ideal for the job being considered. In other word •. if t he pari is grad . 
ually heated to 102Sdegrees I' and held at t his ,emperature fur4 hours. 
t hen air·cooled. t he hardne .. <>fth. pan wi ll be 43to 45 Rockwell C. 

It will be ob.e,,-ed from 'he Table that the maximum hardne .. 
uf 47 Rockwell C i. achieved in condit inn !l 9S0. g iving an ultima te ten · 
.ile strengt h of ns.OlXI lb.lS<j. inch . Somewhat cheaper I S·S PII mate· 
rial i n cc,"dition H9O() will gi,'e 44 Rockwell C and 200.0lXI IbJS<j. inch 
ultimate t ensi le .trength . Another peculiarity uf PH Iprecipitation 
hardening) material. i. tha, the contraction after heat· treatment is on 
both d iamcter and length. 

For I J ·S PH. 'he contrae,io" rat e. as srecified by Carpen ter 
T<"Chnology. is as folio .. '", 

Coodlt io. 
Ii 9SO 
II 1000 
ft 10SO 
H 1100 

0.000-1 to 0CXX16 inch/inch 
0.0004 to 0.0006 inch/inch 
O.COOOS 1" O.COOOS inch/inclt 
0.COOO8 to 0.<)0 11inchlinch 

.-or IS-S PlI . th. , •• trooU" . .... i>: 

11 '100 0.COOO4 to 0.0006 inoh/inch 
II I ISO OJJOO8 to O.OOlOinch/inch 

'" 
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P, ....... ing of G~ar p.,.,. 
I'ort PH D·2 is required to be heat ·tre ated to H 10Hcondition . 

• 0 it. probable contracti"n rate ",ill be 0.0006 inchl"rnch. Thu •. if a blank 
i< turned in both linear and diametrica l dimemion. t" a .ize 1.0006 
t ime< the b lueprint dimen.i"n •. after heat treatment .. t a 1<mperature 
of 1025 degree, F. th< s ize "' i ll t urn ou t t" be exact ly as si,-en on the 
print. 

One major factor i n deciding proces.ing of this pa" is the 
requirement for AGMA Quality number 10. Although a g ear of 32 teeth. 
20 dp can be hobbed in the 4J-45 Rockwel l C hardne ss cond it ion. u.ing 
either a c.rbide hob or a cobalt t itanium nitride coated hob. t h e teeth on 
a pinion wi th 10tcotb. and 20 dp c,nnot be hobbed and ", ill h, ve to be 
.baped . Genenolly. on a production scale. shaping i. l imited to JS 
Rockwell C. Therefore. it is recommended that after the turn ins opera· 
t ion •. the pinion .hould be fini .h hobbed i n the .nnealed condition. The 
pini'>n will h, ve to be cut oversi,e by the calculated contraction r>le for 
the fini.hcd hardne .. 'p"cified "n the print. After .hapin g. the pinion 
part "'ill be heat ·troated to final requ iremen .. 

Foetor. Determining 8 .. Size 
T he "u .. ide diameter of th. goar is 1.76J inches and the ne.r· 

est fnoct i"nal s ize of common "ock is 1-49164 (1.765) inche>. If 1·2&32· 
(1(1.781·) ineh di,meter material i< selected. the m.terial remov.1 dur o 
ing turning wi ll be (1.7SI - 1.76J)+ 2: OJ)()9 inch. which is too low. The 
next size of 1·51 164 \ 1.797) inch " 'i ll give (I .797 - J .763)+ 2 " RO t 7 inch 
machin i ng all"wanco radially. 

Mo" of this materi.1 is stoeked in increments of 1132 inch. '0 
it is better to . d ect t · 13116 inch diameter material. which will gi,-e 
,mr'. margi n to guard .g.in" any .mfaco defocts. The oequcnce of 
operat ion. ",ill then be as fo lIo ","" 
l. Saw otT 1.13I16-inch di.meter bar to appro x imat< Iy 4 ·fe.t 

longth. Thi . short length i. choocn for two rea,on" to make it 
eaoier to h.ndle ,nd load the bar . and to reduce whipl •• h and 
v ibration at the cutting point. which will be far less th,n if a 
long b.r is used . a n im portant aSp"ct with dose tolerance. on 
the turned parts. 

2. Tum "no side on the CNC lathe to dimension. gi,·en i n drawins 
S K·PHD· 2 (FiS. 5-4). It will be n<>1iecd that extra material hoo 
been le ft on the 0.394 1·inch bearing journal dimension because 
it ,",' ill be .ubj ected to two grinding openotio"" pro.g rinding in 
t h. ,nnealed condition and fLn i.h grinding .fter he .t·treatment. 

'" 
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Processing 01 Ge .... P.lrt< 

Note thot. although the outside d iameter on th e print is 1.760· 
1.763 inche • . dimen.ion. of 1.763 · 1.762 inches ha,-e been .elec, 
ed on the gear (and 0.646·0.647 inch on the p inionl.After tho 
hoat treatmen' . the 1.762 · 1.763·inche.dimen.ion will .hri nk to 
1.762 x 11'().0006) inche •. and 1.763 ~ (1 ., 0006) inches; i.e ,. 
1. 7609and I .7619 inche • . which are with in the blueprint dimen · 
.1On •. 
Turn the second .ide on the CNC lothe to dimcn.ions in SK. 
PH D· 2 (Fig. 5·21. The tolerance on the 0.646·0.64 7·inch diamc 
'or h .. purpo,ely bocn kept narrow. and during this "peration. 
the part i. held in accurntdy.bored ,ofijaw. re,ulting i n better 
concentricity and grip. 
Pre.grind the 0 . 40 ~ ·0.410·inch turned diameta on one side to 
0.405 ·0A06 inch. (Thi. dimc",ion i. appro x imate Iy 1313 2 inch 
and is . e lected.o ,ha t the pa .. can be held tightly in a 13132. 
inch coll « during the h"bbing "I""rat ion). 

S. Pre. grind the 0 .408·0.410·ineh d iameter on the o,hor .ide to 
0 .405-.406 inch d i.me,er. 

6. With the part held between centers. and using a driv ing dog. 
finish .hape the 10 teeth of 'he pinion to 0.6745 • 0 .6765 inch 
measured ",-or pins. (Thi. dimen,ion takes into considera,ion 
the .hrinkage that wil l take place after heat.treatmen,) . Check 
the part by mean. of a 'e" radiu. on a gear.check ing machine 
.imi lar to Fellows number four. 

7 . De· burr the pinion and check TCE. and TTC E. De .burring is 
be .. carried "u' using either 3 magnified eye.loupe or wi,h the 
aid of 3 magnified illuminated Ions, removing any stuck. hairy 
chip • . 

8. H.a t ·tre .. in either a , 'acuum oran inert atm".phe .. al 1025 
degrees F. holding fot 4 hour. and then cooling HI room temp ... · 
'ure. Thi. sequence .hould re.ult in 3 
Rockwell C, it i known 

":' . ;' inch 
di.meter. and u.ing 3 6O.degrec center on the other side . finish 
hob the 31 teeth gear 3.' .hown on th e print. 

Chucking on , 

10. De ·burr the 32 teeth. check ing TCE .nd TTCE. and test ' h e 
radiu •. 

I L Grind the be.ri ng journa l to the 0 .3939·0.394 I· inch d imen,ion. 
12. Grind the bearing journa l on the other . ide to th e 0.3939,() ,3941· 

inch diameter. 
13. Perfonn final inspcction to the prin'-



I • . "pplypo .. intion treatment. 
15. "pply identilkotioa to~. 
16. Place In 5toek. 

P.I'I PHD-l 
fiBU," ,." .how. a put that i . m~ cOmplc'lhon .h. Iwo ,im. 

pic 1'"'" d i..,u .. ed puyio".]y and il al~ .c<lui •• o to be .a.burized. 
!:umintn, t hc p.int .• he firs t .h ing • h.t ",ill oceu' 10 a manuf.c.uring 
engin ••• I. the p" .. ible distonion that w'lI ••• u lt f.UTn nrburiza.ion. 
The pori h .. n "cry thin ero .. ,,,,.ion so will .. qui •• "quenching f,." 
ture '" prevent diMonion. Design of thi. fht"r. ",til be a major exc",i .. . 
Wi,h"ut a <lucnehing f,x,u.e. 'he part ... ,11 be sre.tly di.<io.tcd and will 
1:>0.""'''''.0''01 in . hap •. If .uboc'lucn''y g.ound to .i'e. ,uch a p.n will 
nol h.". a unif""" depth ofe ... and may nO' deln up ,,'cll in gr inding. 

lfthc.e ,,'ere no di .. onion. 'he ob.i«""e would be to ca.bu.ize 
'00 dep,h 0{ (0.025 +- O.O-IS). 2 " O.OH inch . Gene"l1~ O.OOS inch of 

thiclne .. Is "'nIO'~ durin~ l'indin~. and " 'oold lea,'c a minimum of 
O.()..I(I inch ... huriz~ thic kn .... The ",·.,ily. therefo ••.• hould "'" be 
more thn 0 .0-10 minu, O_OOS inch (S.ind.", thiek_) minu, O.02S 
.nch (m",imum .orbu.izftl .hickn" .. ) " 0 .010 inch. 

Th. probkm becomn complka'"d """·e"c •. bc<:noe.he inner 
.pline teeth requi.ed are not goinR to be ground . G.inding " 'iII be ""ftI 
""'y ott Ihe out.ide .eeth. The fix'ure ,h •• ef".e m"ot be dc.igned in 
.uch a .... y Ihat .he distonion d.,.,. no' be<;"",e ",,,re thon O.OOS inch . 
•• peci.lly bocau "" measurement 01'0' wi ••• hu at"" ) tole •• nee of 
O,O(J(, inch un the .pl in",. 

Rr<oo Mat.""1 ConsldHatlons 
I. )f thc yearly requiremen' is hi8h. r"'8in, ... ill be recom. 

mended. The for~in~mu .. be DOf1t1.lized a t 172'deB"'u F. held at thi. 
'emperll"'" roo- 1 hou .. in on .ndoth ...... ,c .'mMph ••• ond ai.-cooled 
in a c:hlmbo. to room temp".atu." (ref ... to Fig. ,~ Sketch"~ 

If.he po" is I" be produced fTOm c"ld.rolifti ... lid blr. ond if 
In Eldo,""o typ<" ,un.d.illing machine ... ' ·oilabl. in the .hop. th 
be" app.ooch i. to 50 .. off a of foot IUlth r",m. ' .inch diamete. bar 
in Ihe .nnealcd conditi"" and h..-" Ih . p'""e d"lIfti 10.1 .% inch •• 
diameter D. in Sketch II. If DO gun.d.ilhn, m..,hin. is availahle in .h. 
plant. ,he ba •• hould be o"nt to In oauide vendo. who con lun.d.ill 

'" 
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,h. in,crnol di.m •• ~r ,,, }.96 or }.} 1/32 inche< dilme,.,. (Rer.r '0 
StCl.h 0 . Jkrore .... ·ing 10 ,h. UKI I<ng,h;, mly be advi .. bl.,o 
I.t ,h. ,·.noo. wh., i. ,he m""imum leng.h .apoe lly of, he ,,·ailabl. 
,un"'"I"n, mathine. 
I . Wh,che"" m..,hod is ""I",,"'d. ,he aim .houlrl be:,O mush .urn 

'he pari a. oho,,'n in Ske1<h D. To ... oid Iny d.,·ek>pm.n, d 
c .. ck. during .uboequent opcra, i"no. nonna""n, of 'he rough 
hllnk i. r«ommended. 

1. N"rm.Ii~. by hea.ing.he won.: to I72S d.' .... F and holdin, i, 
f()f 1""0 hou ... ,hen coolin, in • n cnd,nhermic ."no.phere 10 

""'m •• mpe ra.me , 
3. Sand hl .. ,.o remove hea. Irea"ncn t ..,ale. 
4 . Turn on a CNC I.,he to dimen,;oM In SK.I'II!).}. , he" 2 of 3 

(!'i,. S.7) on one end. ",ferring'o opc"",o <> nu'nber S. 
S. Turn on a CNC ' , 'he on,h "",ond cnd '0 dimen''''n in SK· 

PHO.} ohe«} of 3 (Fi,. '·7) 'refa '0 opcm, ion numher 6). 
b. Copper pi a .. 0.0003 inch .hick aIL ""c,. The purp<>oc d copper 

pl."n, is 'a pr.,·. n, carbon cn.ninl •• ,," in .u.f ••••. ",hich ... 
no' ,0 be: carburized. oo .ha. 'bcy reml,n sofL 

1. Turn '0 rem",'. ~pla'c from ,,,,,. ,a be huden.d. , • 
• h,," 'n on Sk«.h SK·PHD . h ... 2 ofl in ,"'0 .eu'''II' 

8 . 1101> ou"ide leelh I.,,'ing. 0.OO5·inch I.ind,nll , 110"·,,,,,. 00 
elch n.nk. Cen .. r the pan on. bu.h in, hlvin' ''.311-4 .3 HS 
i""h., ou"id. di.me •• <-

9. De.burr Ihe ge .. ,eClh. 
10. Sh.p. 'he in. ide .cc.h 10 'h~ fini. hed d imen.ion, oh,,\\'" in Ih e 

pd", (PHO·}) 
11. I). ·hu ff ,". ide 'he ,eeth. 
12. Corbu" .. ,n 1700dcgrces F 10 0.OH.o.04~ inch Ihickn . ... 

Furnacc-cool 1<, I 500 dc grees F. ,hen cool in air 10 mon. 
temp ... 'u ... 

13. Sub-c.i lk.lly .nnul a, 1130dcs ",e. F fOf ,,,'a hour. in a i •. 
I.. . lI a. de" a l 1500deIlICC.1' foro ... hour in a" .nOO'hermk 

.. m".ph .. ~. Qu.""h in 0 ,1 at 1300<k,reu F. UJI"B quenching 
fi~,ure .hown in Fig. 3·8. F",cz. 8 ' _120 deB'«' F for on. ho-or: 
' h . .. · 'o""'"' ICmp-<ralul •. Tnnpcr at 300 de~e. F for four 
hour. in "i • . 

IS. Cleln ","~ p.,,-
1 to. S irop Ih. rem.ini ng ""ppcr 1'1.,. dcc1tOly,icllly. 
11. PArI llel .urfa«_grind one . idc on 81an. hard .urru. grinding 

mach,ne ,a 2.127·2 128 inch dimc",ion . 
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PH 1 og 01 Gear Parts 

18. Surface_grind tho other ,ide to the 2. 120_2 . 12S inch dimcn.ion. 
19. Chucking on the 4.7oo·inch diameter. and truing with a d ial 

indicator on the ground face. grind the internal diameter and 
the 4.4oo·inch d iameter. 

20. Chucking on the 4.400·inch diamcter w ith a hydraulic arbor. 
grind the outside to the 4.826·4.827 inch diame1<r . 

2 1. U sing the hydraulic arbor used on the previou, "peration. 8rind 
the externa l teeth; chock TeE and TTCE. 

22. Nital etch to reveal any grinding cracks (the Nital Nch proce" 
w .. expla ined i n Chapter 4). 

23. In.peN for all dimensional and "ther requiremen". 
24 . Apply ru<1 preventive compound. 
2S. Apply identificat ion tag • . 
26 . Tran.fer to ",od . 

Part PHD-4 
M ade from 13·81'11 Mo. mateTial (Refer Fig. 5 ·9), this part i • 

• imple to proce .. . The difficu lt part i. machining the 0.7S0·0 .7SI_inch 
diametor coun1<r bore wh ich i. requ ired to be concontric w ith tho lwO 
bearing diamNe" A and ll. The bore also need . to be machined at a 
hardne .. of 4 3·45 Rockwell C. 

The idea l matoria l for thi, part i. an in,"""ment ca"ing that 
h .. been heat _treated to 43-4S Rockwell C. and i. made with a hollow 
core. 1I0wever. the batch quantity for ,uch a part i. often.o . mall that 
solid bar material i. the only choi"" . Th is di.cu.sion will cover pro"",,_ 
i ng of the part from a oolid bar. 

TheAGMAQuality number of th e gear on the part i. lOand the 
hard"e .. i. 43 -4S Rockwell C. .0 to minimize the C""'. cutting of the 
teeth .hould be done af« r heat_treatment_ using eitheT a carbide or a 
cobalt hob with a titanium nitride coating. for 20 dp in this .ize of geor. 
grinding i. an alternate method ofcutting the teeth . Ifthi. method i. 
u<cd. ove .. ized hobbing will be done i n the solution annea led ""ndition. 
The material required is expensive and chances of surface defects are 
low .• 0 uso of a.SlS_inch d iameter .olid bar i. recommended. 

The >cquencc of operation. is: 
1. S. w off bar to the length of 4 . 73-4.7S inch., 
2. Rough turn ono end 10 the dimen,;on •• hown in Fig. S·IO . • heet 

I of L "per.ti,," number 02. Note tha t the to lerance of 0 .002 
inch on the 2_inch diameter i. ;mposed.o that the part may be 
held t ightly i n sofl_bored j.w. during the ne xt operation . 

'" 
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Pro< ... ngol~P_ 

Olherw,..,. 'bue i. DO _ for ,ilh, ,ol ... ""e • . The o~n'ion 
.hould be done on 8 CNe mochine. 

1. It .... gh 'urn O«OIId end u.iog. CNC mo.hine. Refer '0 "'e'eh 
for ""en,ion number 03 on .hee' I of 2. 

04. Gunodrill 10 0.718 inch diamcur. '0. dep,h 01 4.24 inche •• 
pref.nbly u.ing 0 n Eldondo d • • imil .. gun drilh"l mothi"". 
R. f.r 10 .ke,.h foro~""ion numbe, 04. ,heel 1'" 2. 

S. Precipi'a'ion harden blonk '0 414S Rock .... eU C by h.o'ing '0 
1025 dcgr ••• f. holding U lhallcmpe,a,u,. fOl' 4 hou .. and 
Ib"n .i,-c<><>ling. Ref« '0 . ke'ch nun,bo, 05. obe"l 1 of 2. 

6. Cbuckin, on 2.ooo·i n<h diame'er wi,h .nfl ·bll,cd j.", .•. ' U rn on a 
CNC m.chine. Rder '0 .ketch ror op."'i,, .. number 6. Th. 
O.NS.inch C bo.-c is very deep. 00 ,he 1 .24 7~ · I.2480·inch 
d'ameler " ' ill need '0 be programmod finH. 'hen a ,,,,,cial cobah 
end mill will have '0 be uoed '0 mochine th. '.lSO·,,,,,h full 
deplh . (Rd •• 'o .ke'eh numbo. 06. ,ho .. , el2.) Th. I.nl,h . 
1.375 ond ' .150 inehe. hue pU'JIOIICly been kepi 10 'i,h'.r 

lole .. ..., ..... ,h .. ,h. 1.75o.inch dlll,on.ion on ~1g. 5·9 (Pa" 
PUO ... ) i. moin'oined '0 " 0_0015 inch. 

7. fini.h 'urn 0fI ,h. CNC la,h ••• ',,"ifoed in o~ •• 'ion numbrr 
07. ,hu' 2 of2. S K·PH04. C,"- 'ol ..... ees h .. ·• been kep' 
putp' rdy 00 ,h. 4.625. I.SOO ond ' .II75 ·ineh dimon,ion. '0 
oeh,.,·. u " 0.001 S·i ... h ,olennee on ,he I . ?SO.,,,,,h dimen.ion 
m~nl;"ne~ in . ke'ch number 6. 

K. Pre .grin~ 'he beuingjourn.1 on 0"", .ide 10 1.6J3 'neh. as 
.how" in . ketch number OI! on .h<o' 2 of 2. 

9. r ... ,rind ,h. bearingjournol on ,he u,her .ide '0 1.633 inch 
.i .. . 

10. U.in8 Bo •• ma,ic moc hi" •• nd diamond.lipped borin~ '001. 
(moun'ed on _reciol boring bar wilh odJu".ble di.mond 'ip') 
bore in On8 •• ning in ""cordanee wi,h .kelch nu,nh •• 010 .• hee' 
2 el2. 

II. " ini,h bob. de·burr. and ehoNk TTeE ond TCE 0fI coeh pi .. e. 
Thi. o~ .... 'ion un be done by ,he ope"" o, 0fI p""iouoiy h.obbed 
pori. ",hi", hobbing is beinll "".fonned OfIlh. nU' pa". 

'2. U.inl een'e" and q. grind 'he be .. in, }numol on one .ide. 
Il . G.ind 'he b ... ing}numal on 'he o'her .ide. 
1~ . In.peel P ' '' ' 
15. "'Pf'ly p ... i ... ,ion trea'ment. 
II>. Apply ,den,ifie.,ion tags. 
17. fl ... in OIock. 
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NOIe: Special anen t ion ha. been paid to toluance limit< on l in · 
car dimemiom during operations numbers 06 and 07 . Thc overall 
iongth of the part i. 4.620-1.630 inch. but for manufacturing pu'!'o,c •. 
to ach ie,'c the length d L 748S· L 7SIS inch. toleranc •• on Ihe 4.62S. 
I .SOO. and 1.375.inch. dimensions ha"e been kepI 10 :I: O.OOOS inch. Thus 
Ihe cumulative dimen.iDn for 1.7S0 ", 0.001 S '" 4 .62S:I: O.OOOS - 1.37S" 
O.OOOS - I.SOO :!: O.OOOS inch. 

Pan PHD..5 
The outside diameter oflhe part ,hown in Ihe .ketch in SK· 

PHD·S in Fig. S· 12. is 8.1}97 inch. Cold rolled steel of S· 114 inches diam · 
eter. to specificalion 9110. in the annealed condilion i. app"'priate for 
its manufacture. The sequence of operation" i< as followo: 

I. CUI (preferably with a circul.r ,"wi bl.nk> of 4 · 11116 inch 
widlh. which wi l l gi,'e a machin ing allow.nce of appro. imatcly 
0,094 inch per .ide. Reciprocating <ow, gcncrally do nol cuI 
square. S(, a liberal allowance d 0.094 inch i. recommended. 

2. Chucking on Ihe 5·1/4 ·inch diameter. rough turn on a CNC 
mach ine to dimension. on t he skctch in S K· PH D·S (Fig. S· 12). 
Hue . Ihe 3 .799·3.800·inch diamcter h as been providcd with a 
0.00 I· inch tolerance hec,use. for the ncxl opcralion. the part 
will be chucked on Ihi. diameter. 
Chuck ing on Ihe 3 .800 ·inch diameter. rough t urn 10 dimen.ion. 
in sketch number OJ. The inner recessed 2.7S · inch diameter 
clearance arca will be fin ished here "0 Iha t it doe. not have 10 be 
machined agai n in subscqucn t op<ralions. 

4. Strcss relieve al I SOO dcgr ... F. furnace cool 10 760 dcgrees F, 
.nd cool in air. 

J. Sand blasl to remDve .c.lc. 
6. Finish lurn on one side to drawing dimcmion •. le.vinl! grinding 

allowance on outsidc diameter: internal d iameter of .pline. and 
bcaringjournals. This Dperat ion is preferably done on a CNC 
machine. 

7. CNCturn 10 dimensions in .kelch number 0 7 . 
8 . Copp<r plate allover 0.0003 inch thick . 
9. Hob outside leeth k.ving O.OOS· inch grinding aliowance on each 

nank. 
10. De·burr outside of gear poni"n ncar end face • . 
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1 I. S hal'o in,ernal .phn~ 'cc,h 1o .. ·in, 0.005· ino" ,'indin, 
aUow.noe on nc" n.nk . 

12. De·bun racel oIlplin. Icc,h . 
13. Cor"uri>:e po" ., ' 700de,reeo F lo 0.015 ,,0.005 inch deplh 01 

urbon. Fumacc <:00110 I~OOd'8ru. f . ond oi,..,,,,,llo room 
,eml"'r.'ur • . 

14. Su".cri"".U~ anncol a l " SOM, .... F ror ''''·0 houn in air. 
15. lIarden.l I~OOd., .... f ror on. ""ur In on ~rul<>'h.nnic 

a,mo.phere. qu.nehi", in ",I. 
16. F",ezc II minul 120d'8r~~. f for 0 ... hour. Thaw., room 

'emper.,ur". 
17. T empcr.l 300 dclrc~o F for four ""uro in ";r. 
18. Remon eoppe' plll~ ~''''''r<>'~licllly. 

19. BI."ch.rd·annd ""'h oid~.remo'· ,n' .Pf'nu .O.OOS inch from 
each .ide. 

20. Ch""k on 3.270.ineh dilmeler. "U~ ,round f....,. "ind sur ou'· 
.ide di,me'er ,,, 8.090-11.097 · ,nch di.me'er a .. d ,rind 3.2:;00. 
inch diame,er. 

21 . Chudinl on 3.2500·'ne d'ome'el. ,rind 3.5000·inch diame'er. 
22 . Chudinl on 3 .~OO. ,nch di.me,er. ,rind inlern,1 di,me'er '0 

2.2S4..l.2H inch (or m.nu(.e' urin, purp<><e •. 
23 . l"".,in, po" on in ' ernol .phnc ,round diomeler (prefen.bly on 

a hydraulic . rborl,rind ,eu 'ccill. 
24 . Chuc king on l .SOO.ineh ground diomelC'. grind i,,'ern . 1 sp line 

'c. ,k u.in. formcd nora~"n ,rindin, ",·heeL 
25. Ch",k 'pline dime n.inn •. 
26. Nilll elch . 
27. In , pcci aU dimc ... ion • . 
28. Apply ru" preven l"·c. 
29. Apply illonlifle"ion IU,. 
lO. PI.e< in ' H><: k. 

". 
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Pan PHO-li 
SK· PllD·6 .• hown in Fig. 5· 14. gi,·e. major d imensions of a 

forging. from which Part PH D·6 can be produecd. If the forging h os not 
been normalized. apply the followingheat .treatmen t procedure : 

L Normalize al 1600· 1650 degree. F. 
2. Cool t o 1225 degrees F 
J. Equal ize at 1225 degrees F for minimum of 12 hour •. 
4. Cool in furnace 10 1150deg""" E 

S. Remove from furnace and air rool. 
6. lIardne .. expcoled. 187 ·229 Brinnell. 

The ,equence of manufacturing operation .• 10 produce Ih i. part i.: 
I. RouSh lurn one .ide on CNC machin". 

2. Chuc k ing on previous partially .tumed. 3.63·illch·diameter. 
lurn ""cond . ide . 

J . Stre .. re lie,'e at 950 · 1150 degree. F. hold ing a t Ihi . 
temperature ror IWO houTS. and air rool. 

4 . lIarden al I 500. 1 550d~gree, F. quench in oi l and then in 
air. Temperal I025degree. F for min imum of2 houn. 

S. Fi ni,h lurn pcr skelch. using CNC lathe. 
6. Fi nish turn on secooo . ide. 
7. Copper plate O.OOOJ inch thick all ",'er. 
8. Hob t eeth leaving 0 .OO5 ·inch grind ing .1I0wance on flanks. 
9. Grind teeth 10 AG).{A Quality number 14 ".ing hydra uli. 

arbor. 
10. Nitride al 975 degree, F for 48 hou", . 
I I. Remo"e copper electrolytically. 
12. In'pect all dimensions. 
13. Place in stock. 

"" 
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Chapte r 6 

CHECKING 0 F GEAR SIZE 

In Iho USA, goar siu is measured by me.ns a ptttision.ground 
wires pla~ed in diamdrically.opposile loolh spaoes of a panicular gear. 
For measuring gears wilh odd numbers ofle",h. Ihe wires arc placed in 
Ihe space nexi 10 Ihe nearest diametrically opposile loolh a. shown in 
Fig. ~· I . 

n ....... , C ... ki •• oF . ..... i .. 

G ••• M ... ur.monI5y ... m 
T he majorilY of gear engineers and shop I"'r,;onnd in Ihe USA 

usc Ihe Van Kcuten gear measuring system. " 'hieh was fir .. published 
in 11137. This sY>lem is fully explained in Van Keuten', Handbook num· 
ber .n,lilled Precision Measuring Tool,. published by lhe Van Keuren 
C""'pan)', 171i Wahham Slr~el . Walenown. MA 02172. 

~Ot nonnal Slandatd gears, lhe wire size rOt a sp""ific dp is 
..,lcclCd from Table numbers 7 and 8. which aTe reproduced in Chapler 
2 a< Tahle 2·3). 



Ct.<:kng Goo. SilO. 

The rneaSurelnentS O,'er wir", Can be ca lculatN by, 
i. Cakulalinll rnanually as in Table 6·6. 
2. Wriling a cakulati"" prollrarn for a compulcr. 
3. Purcha,inll a cornmercially a,'ailabl" lIear cakulalion 

prollrarn like the GCP2 available fromA'h Gear & Supply 
Co. A descriplion <llhi . prograrn i. lIi"en in Tab le 6·1 . 

4. In Tabl", 6·3 and 6-4 . for 14·112· and 2O-dell= pressure 
angl",. Van Keyrcn Co. has labulatN mea'urernCnts ,,..et 
wires for odd and c,'cn nurnbers <l1""lh. The mcasur<:· 
menlS arc for standard ge.rs only. In Ihe.e lable. il i. 
assumN lhal lhe lIear looth lhickness is equal 10 half thc 
nonnal circular pilch . fillur", in Ihe lable, are l<' "" 
divided by the diame"a l pilCh. In pra~liu. IIcar tceth arc 
a lway. thinned by so,nc amOunl so {hat Ihe lIears ha,·c 
some backlash. (i.e., (h ey "" not run ligh,). The amOunt <I 
lhinninll has 10 "" mulliplied by a faelor II: gi"cn in Table 6-5. 

• R.doClio.l • . \'.0>.,.."' •• ' _ K, ."' ••• , 1»' ~bl<h 1t<1b 'r< "In 
• I.cr", .. I • . \ 1 .. , . ....... , = K , ''''00.' 1»' .. hkh "<1b . ... 'bit~ 

• Tbr K f .. ,o, is . 1 ••• " ful .. b •• "' • • , .... " ... " ,n .. ,'" .n .. ~ 1m 
for n.l.h-llobbr<l ,wb ........ ·I . '.od ~rl.dl.~. Sh" I.~ , .d ,'I.dl.~ 
,llo~ ,.C<. "'~,' b< ",oil. ~ h • • 'p<".1 _I.~ tool ...... rdtr«l. 

Spon M .. ,uromen" 
For .pan mea'urements in the inch syst em, refer 10 sheelS G· 

21 . G·22 and G·23 <I A,h Gear Co:. Calaloll nurnber 2000. Disc type 
microrneters wil l give bellcr accuracy Ihan a vernier ealif>CT. 

'" 



GEAR CALCULATION PROGRAM 
7 POWERFUL PROGRAMS IN ONE: 

• INTERNAL. EXTERNAL· SPURAND HELICAL GEARS 
WORM GEARS· RACKAND WORMS 

STRAIGHT SIDED AND INVOLUTE SPLINES 

CAlCULATES All YOUR GEAR o.o.TA 

Usi.,.,. )'01" ,!Xis~ng 
tooIi.,.,. , pn'9f' '" will 

calculate II'ItI root 
produced wMn tooth 
lI'Iickness is ach ... &d 

Calculates T.lF. 8M roll . .".. 
Calculaltls land at major 

PC>intwidtn 01 tool for 
racks. worm. and 

stra ight . id&d ",,~n". 

Operating pilCh and 
p,,,ssurft angles 

Calculates both opera~.,.,. & 

2 
Qftner.~.,.,. data on normal 

& t,ansverM pia ...... 

Matclles by Ba ... Pitch 

Span measurement. 

Involute 01 p<fIS8U,,", a.,.,."'. 
(both operati.,.,. and ganarali'lg l 

Simulaltl. two lI"'a,. in 
tight rna .... inte rnal. 

a,t.".nal""", or helical 

H"lixar>g la at an)' diameltl, 

Evan ct.e<:ks for "Trimmiig" 
01 teeth "" internals 5/l'a,.. 

'" 



over· pin measurements for 

even numbers of teeth 

0 . ' o. ,- ..... ~ ,- ..... ~ 

, 1 .'''6 .- " ..... 11 .~ 

• "'.3160 '0 .3271 • "" ...... .~ .. ,,~ ""."'''' " "' ...... "'.011.1 , u.~ U.:l57lI " " .• 977 ., .. "''''' .. 16."'46 16 .-' " 76 .• ..., 76."''''' 

" O~ '".II" " •. = "' ... "" 
0 oo- oo.- " .~ 00."011 

• .. ~ 22.''iOO .. &:I.""'. .~ .. 24 .U"" ".'"'" " ....50II N_ 

" " . .,,, 2 •. '..., .. ".""7 86.0t2' 

" 2:8.'310 2:8.'_ .. 88.""'7 88.'''' , "'.tlI. "'."'71 .. .~ "".,<11 
00 -~ -- .. '02."" • '02."'" 
" "' . .. '" "'. 'l3Il " .... ""'. ..... <1 

" .~ . ~ .. .... "" ..... 
" lO .'_ lO.n.,. • " .">l02 ....... 
" tv . • .." "'.U" .. ""' .• 1111 100.''''' .. "'.", .. "'.""7 ,. = ."'111 10;2 ..... 

" .... "" .... ,. l<".~ " ..... .., .. "' .. - ••. t250 , . == 106."'" .. '".,.". . .~ = == =-.. 50.''''' ,,~ .. 110.">l' • 110 ..... 

" " "" ,,~ = WI .">l'" HO.""" 

" ... .~ = H' .">l3O ",.""" • -- -.= li' H 6. 51,," H •. ...,. - ..... " -- = 11&.">171 la."" .. ... m= = ""' . ">177 "'-
m ... 62 ...... '" == ="" .. ... "''''' .... '"" = "".">l8O "' ...... .. ....... ... ,- li • ,. .. "," ... n 

Tabl, w 

, .. ,- ..... •• 
= 1211.51" 1211."'" 

= m= l3Il."'" ,. 
=~ ,~~ 

= ll4."'1] "" ... "" ,. 136."''' "" ... ,'" ,. == "" .. -,. ~.~ ~.~ 
, . ~.~ '-"I ..... 

'" , ... """ '''.'''>10 

"' " .. """ lO6.C5"" 

'" ~.~ ,," .C513 ... =- 150 ...... 

= =~ ""."''" = == 1M.'''' 
'" == =~ 
= =.~ =~ 

= ,..,.~ ,..,.,"" 
,m '62.""" '62."'" ,. Ui'.= , ... """ 
'" '''.=:1 , ... """ 
'" , ... ""'. , ....... ,. '''''. ""'" '70."'" .. ''''."'''''' '''' ...... 
~ =.= =~ ,. l!I2.'.11" ''02.''''' 
'" == =~ 
~ =.~ ""'."'.,. 
." '02."'" ""' ... "" 
~ =~ """ .. ..,. .. (II + 2).5558 (II +2)'-



." 
f~ .. q· .L 

,~ " , .:h- ..... ~~_u_- .. 
. __ ..- ..... _ ... '--- ...... -,--,.....,. ... - .<-~ 

0 , 1;" ' "",,, ,,"1~''Il"l ." ,,,,,t ' ,," .,.,''''' " ••••.• 1:, """".'" = "",t ' ,," ZOIWI"l , 
~ 9.,,''''1 ""]!i''''' = .. <t'"" ,sB.,,,, 

" 
~ ,.,.''''', ILl, '''''' '" ""t'"" ... e. ,,,,, " ~ mtt ' 811 ''''i'O" on . "' ..... L .... • ... • """1:61 (JI[;'Z6 t ~ .L .. ·.ll 'i91~"" on ;'H' "" 1lOl.· .. " U:", ' Zlll L65''''' ~ ""'H' 6.T'i " " "' >OCt " " ."",'K " Wi" U 1 ="Ll "' >:1." ' ",, Zlil~''''' ~ "Mt ' ,," ELt' ''' " ., 69,, 'on 'H, 'on w, 6a.·~ 'I'ii.""'; "' "' "".,'001 ........ "'" ~ .. ",,'., ."t'S. .. . , [9" ' '10, ZCT'i'''''' ~ .,.., .... "', ... "" .. 
"' "".,"01 !illi'.." m, .rn'" tl ... • t. 0 ., ..... ·ro, !If'.'"'' = H""'" B[9",' " 

[5"0'1' I.'""'",,, I Ii'", ["" 'OOI CIll,,'ro, "' ","WOO «()· ... o. 0 

" .... ' 86 Wl~'06 .. B'!>'.' ..... '"" " '" " .... "" ..,OIi'" .. "",.'9' """""" " .. , .. , ' W; '1Ki'i ' '" .. oc,. 'K BL .. ' '" , 
"' L£t, ' '" 9LOS~" " ",,,'tt """ ',,", • ., [, ... .,. '" "," ' "" ~ !L<>t'O[ .,n'oc "' ., "'''O'S" L,"",' .. ~ "'0>'." ",.'., " . , [",,'9' ,."..'9 • .. L"",'n Ltz)"n " m ...... """"0' .. ~C"" 'UO "" " .. ao ' '''' 9roi''''' 00 006£'" LOOO " " " .. ~·oo "»"00 • OO"COl ~"£'Ol • .. "' .... , roc,.;"", • Q<j[C., U8£·.1 • Wi'""'" I L""'"", I ., 96I:o"9L (16';0"9< " (89£'9' 9>"'9' .. 

"""'"on cr. ',,, IT> O6[t"te u.6t ·~L " fiL'>('" !>;'iCtl , 
(9"' "U [96"U " ~.K·'" .. ".'" m 

",,£"0, • , - .~ 
_. - .M" I _~ I - .M" _ . . ~ 

I....,..,.' .,. "' .n "_ .. ~ ".1 

41 a a 1 ) 0 SJ a qwnu Ua Aa 

J 0) SIUaW a JnSea W U!d·Ja AO 

··"lS ~ .. ~fi_O 



--,- ",,' ~ 

, , ... " ,= , '.1116 .~ 

• 11.1112' 11.' .... 

" 13 .2117 "= 
" "= "-
" 17 .=7 17 .2OI"Il. 
n 1O.1IJI2 1O.IPU .. ,,~ 

-~ 
n -= -= - "- "= 
" 27.177' ,,~ 

" 20.:187" "-• -.- --• D.'007 33.3710 

" "' .. ". "'.n .. .. n .n ... n._ 
n 19."'" 19."'" .. " ...... ".-
" t:I . • ". tl.l!I2O 

" '".""" '".'""" .. ~1.0U37 01.3_ .. ~ .. n ... .."., .. "' .. ". "-
• " .... -"'.to-'" 

" ...... .,. .... "n • .. "- "-
" .... "" ".tll' .. ....... ", . • 121 

" OJ ..... "' .• It. .. ""'.0112 ,,",.n" 

over-pin measurem ents for 

odd numbers o f t eet h 

,,, ..... " ... " "" , ,.., ... , 
". ~ ,~ ~ I ,- _. 

~ ,- Ju' ~ 

" "' .• TJoI "'."" '" =- 121.'_ 
" M.'''''' M.'_ = 12'.'''>3 l29."" .. 71.''''''' 7'."" = 13'."'''' 13'. ' ''''' 

n " .. - "'."'0 = =~ ITI.''''' 
" " .• 8U -= '" ""."1.2' "" .. -- 77.'''''' "= = =~ ll7.,,", ' 

" "19.4&1 79 . "'''' = llt.'I.'" " .. ""'. 
" Il.'''''' .,.<= = '''.''01.39 ,,,.,,,. 
• 113.'877 OJ.,," ~ 10: •. " .. ,t:I."'" 

" ..... ,.. •. = '" It •. ,,,.~ le."" .. .., ."",. "~ '" "7."oI.3t '07."'" 

" ....... ".= , .. .... ~ .. " .. ..., .. • L •• " n." .. , .. lSI." .. lS' .tnl 

• 113 ..... "' .• 103 ~ ~." .. =~ 
" .... - ... . 110 = ".; ."' ... = .... .. "' ...... ", .• 117 '" ''17.'''''' ,,, ... to 

" ........ ... "' . m ~= 1'19 HI3 .. '01.'_ '0'.'329 = , ... "' .. 161.4445 

= 10 • . • _ 'O'.'ll'! W ", .. "-'" ,~-
'M ~- u" .• ", '" ""."-.. '''"'.''''' ~ 10"1 .•• 117 '''' . ...,; ,. "', . ""'" ,..,.~ 

= ""' . ..", ~~ , .. '09.32<M , ..... ..,; ,. ' 11.""" 111.""7 ,. . 17'.3200\ 171MS7 

'" m ... ,u ..... on 173.""" m_ 
=. '"= ll'! .• "" W 1113.""'" ~-
'" H7. """ H7."'" = "OJ."'''' ''''.''"''' m " .. """ H •.• n. n, 20 •. "".., 20 ...... 

"' =~ =~ ~ "' .. " .... ~ ... 
= =~ 12J.O'" ~ ~.~ "" ...... 
= '""" '" .... = . ,,,. """ = .... 

~ ..... uL.-" __ 
.. ___ ,D1 . ...... ., ...... , . ~ .... 

... --.----~~. ,,,-



~c;..,.SI ... 

,hange 'utors I K) 

N ""', K _ """*- • 001 " "". ""'. K _ _ "'y .. ~ " ". ' 

•• -. - '" ~ ,- ,.w •• 
, , 00 ... " ,. ,. 
• ,m ,~ ~ ". 'M , '" 'M m 3 ." ,. 
• 2 .2' , " .. '" '" • 2 .21 ,ro " '" '" 

w ,. 2 .0 1 " 3." 2.'. 

" ", , ro " 3 .15 U1 

" H1 ,m .. '" H1 

" Ug 2.10 " ". 'M .. ,. 2.1. .. ". ' M 

" ,. 2 .15 .. '" 2." 

" ,ro 2 .19 .. ". ,. 
H ,. '" • 3.21 ,OO 

" ,.ro on • m ,m 
" m ,. • ,. 'M 

" 2 .1" '" " ,. 'M 

" 2 .1" '" .. H1 '" U 2 .• ' ,~ 00 '" ,ro 

" 2 .• J ,. ,. '" 2.~1 

" 'M ,~ '" 3 .51 = 
" ,." '" '" '" ,. 
• 'M 'M ,. '" ,." 
" m ,~ , .. '" , .. 
" ,." ,. ,oo ~ ,." • ,ro 2.31 ,. '" ,." 
00 ,ro ,. H. ,. ,. 
" ,. ,. ,. ,. w 

" 3.G1 '" ,. '" 2.8 1 

" ,. U1 ~ ,ro ,m 
~ ,ro U1 ~ on ,.ro 

" ,. w ~ 3 .15 m 
~ 3 .01 '" ~ 3 .1" m .,-_._ .......... _ ... - . , _.,-, .. _ ....... _ .......... _-

T.",.~, 

'" 



CI_ .. Guor _ 

PROCEDURE FOR CIJMRUTING MEAS UREME.\lT 
OVER PINS FOR EXT E RN A L SPUR & HELICAL C. F. .. It S 

~- ... --.--~- . ------... -.... .. --.,---~ ,_ ,.--"_--,, 
-"~-. - '-' " .---~-- -­__ .--_" ..... 

~ " .. _., __ "----- .. -- ~-
--~--.'- '. 

'I '.bl . .... 



Chapter 7 

AGMA QUALITY NUMBERS 

Most of the g"ar design engi"ee" in the USA 'I"'<'ify a n A(;MA 
Quality Number "" the print. 

AGMA Quality toleranc". on run ·"ul. TOIal Cornpo,ile Error 
(TCE) and Toolh 10 Toolh Cornpo,ile Err"r (TICE) are given in Table. 
7 .l, 7·2 and 1·3. and the ""ne"pls of TCE and ·rrCE. arc f urlher appro­
priately described in Table 7·4 . 

Gleason has published a '''''y p,.,.ctieal method of machining 
melhod, f"r different A(;~l,\ and DIN (Deulsche Indus"ie Normen) 
standard •. Table 7·5 can be u",-"<l as a guide_ The gear q ualily ollen 
depends upon the condition of the 1001. 
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ACHIEVABLE GEAR QUALITIES 
BY MACHINING METHOD 

Fr a Runout 

Ip • PRell ..... riloIion 
FI • Profile 

F". LN<I 
fi • Tooth·toHOOIII oompod. 

Fl a Totol composite 

SOURCE COMI'>OoRtSONS: OIN 3~ (1974) and N:AII~ 300.03 

NOTE: SEE THE ACTUAl. ST.o.NOMlOS FOR EXACT CQMPMltSONS 

CoooesyotGlo.- P1 ..... 1-b1h. 
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Chapter 8 

PRODUCIBILITY 

The <"<lSt Qf manufacturing is rdated '0 the tolerances 'J"'CifiM 
on the part. Designe" are rightfully d",enninM '0 kttp tight tolerance. 
0" <'enain dimensiuns, and it is ultimately the designer wOO has the ful l 
ro"<:'lll of the de.ign and function oflhc pan. Many designe", how("vcr. 
are nut mueh intere"ed in the co," of IMnufacluring. and some of tl"'m 
do nut have s ufficient praclical c"p"'k~,ce in the "':>rhine shop field 

During the design stage. manufacturing and prooucihility engi . 
neen; Can rtt<."""",nd bo,h design and lolerance change. on part. and 
.uhmit them tu the designer for eonsideratiun . \)(-sign change. to 
improve prooueibility should preferably be decided as part or a group 
dTun )"',ween the manufacluring engineer. the designer. and the chief 
of design "ngineering. 

I'igur.,.. g. ] thru g·6 (Iitled P. PHO. lthrough I>.J'HD.6) rciale 
' 0 parts PHO· ] 'hru PHO-6, listed in Chap,er 4 . ~igures g· lthru g·6. 
howe'·L't". arc he", modiftctl by the INlen; in the balloons. which COrte· 
spond '0 a te<Oornmcndation specifiM under each part. 

Produclblliry of Part P_PHD_l 
The prin' in I'igurc g.] . ror part number I'·PHD. ], carries let· 

ten; tha, ha,'e been added '0 indicate "ariou< as"""ts that bear com· 
ment. Po< the din"'ns;on A. the drawing specil;e. tha, center holes arc 
pcnnissible. but the pan shown cannot be fabri catM wilhout cenler 
holes. Cerner holes are e .. entia l for use ;n grinding 'he 0.1247 + 0.0000 
_ 0 .0003·;""h diameter ",ar~ed G. 

". 
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_riblity 

The outside dillmet~r II. fJf the part is 0.1)36 in~h and Ihe 
diametcr at the root i. calculated hy (.1336·2 x .0249) inch (whole depth) 
" OJl84 inch. l"e OOl"l"rtt coo;"" for 'he ecnter hole. in this part is a 
number 1.6Q.deiP'ee, eentcr drill, with OJ)6· inch maximum diameter. 
Th us, in Note 3, a maximum diametcr of 0.06 inch be specified. 

For the dimension markcd B. unlcss spttir>c t"lc .... nccs on 
dimensi"ns are called for. thc genL ..... lIy assumed t"lcrances in the US,\ , 
based"" the number of d",imal places. arc as folltw.,;: 

x.xx" .010 inch . and X,XXX '" .005 inch 

Ocsignct'i who prepare drawings in CAD programs "fk~, get 
into the habit of.pecifyin~ 114 as 0.250. If a dinlcnsion on part P·PHD-
1 is spc'Cified II< 2·1/4 inch. the assUlned tolerancc will be '" 1/64(0.016 
inch). 

"J1;c o"cralliength of a part oftcn is r>Ot a critical dimension and 
as such sh"uld It.: ... c tob .... "ees that arc as liberal as possible. In thc 
cxample .the tolcrance off 0.010 inch is adcquate. If this co"'ponent h .. 
to fit in a tight 'pOI. it coukJ gi"L"rl a di",ensio" of 2.250 inch. 

DImensions N. P &. B 
The dimension 0.58 inch marked N "" the print in Figure 1 

should be ddClL ..... and a din",nsion marked P should be in""rted as 
0.640,;, 0.003 inch. The reaSOn for such a lighl toler ... >cc hcre is (hat the 
ovcrdlllcngth <If the pari has a tolcral>CC of 010 0.010 inch. Dimension N 
thcreforc. ",ill bccoo-t>c : 

2.25,j, ,010 .. . 640±.003 · 1030 010 ,002 " 0.58 ';' .015 inch 

If dimension B wos 2.250 inch. the resuhant dimension N will 
be as shown "'---low. wh;"h satisfies the blueprin' dime",ion : 

2.250 '" 0.005 - 0.640", 0.003 _ 1.030± 0.002 " 0.58", 0.010 inch 

To su""nari~c. from the poin' of "iew of producibility . .limen· 
sion II should be 2.250 inch. dilllension r sho uld be 0.64() '" O.OOJ inch. 
and dimension N (0.58) should be called a. Rcf="""". 

'" 



Producibillv 

I)Ime" . lm. F 
AG.\ IA quality i. an imporlant factor in deteIDl ining the cho;c., 

of process to be used. [f the AG~I,\ quality number i~ S. the part can be 
fabricated by powder metallurgy. 

'\G~I.\ numben 7 and 8 can be achiewd by hobbing on any 
machine. Howe,""r. '\G~I,\ number 10. which is especially a."ociated 
with small, fine .pitc hed gears . requires a preci.ion gnr.hobbing 
machine like the Swi« M ihon 102 Series . Therefore. th e designer must 
cardu Ily weigh whether a higher '\G~I,\ quality number i. nece«ary. 

DlmN .. lun J 
It i. a mista\;c to ,pecifya O.OI ·inch chamfer becau.e applica. 

tion ufthe "andard tolcmnce off 0 .010 inch may leave a sha rp comer. 
It shou Id therefore be changed to 0.0 I 0 inch . 

Produclblllty of Part P.pHD_2 

Dlmen.lon ,\ 
For the part P·PHD·2 . shown in Figure &·2. a tolemnce of 

0.39395';' 0.000 15 inch i, recommended on dimen.ion A . It i, poo.ible to 
gri nd th is bearingjournal within a tolemnce of 0 .0002 inch. but to ,,'oid 
high rejection rate •. a 0.OOO3·inch total tolerance is recommended for 
mass· produced item •. 

I)]men <lo n H 
With the outside diameter of dimen.ion ,\ al 0.3941 inch. and 

the gmo">'e dimen,ion H in Fig. &·2 at 0 .3 &0 inch. the radial depth: 
(0 .3941 -1138())J2 : ROO7 inch. Standard carbide grooving.tool inserts 
arc supplied in widths of 1132 inch with a O.OOS·inch comer ",dius: <0 
our d imen. ion H ha s been spcrified appropriately. 

Because of the possibility of str .. " concentrat ions and the dan· 
g crs of fa t igue failure with some componen ... the designer may specify 
the 0.03 inch width as a full rad iu s. The neck d iameter will. therefore . 
decrease considerably. 

I)]rnen . lun C 
It is up.o . hc designer to chock the .treso. The total tolerance 

on linear dimension. ,hould preferably not be I .. , .han 0 .002 inch . On 

hardened material. a linear .olerance of 0 .001 inch can be held ~ a 
grinding operation,," the collar. Here. the designer will specify a t01al 
tolerance of 0.005 inch. which i. e,'en better and more econorninl. 

'62 
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Pmluebi lity 

1JI"' ~n slo" I) 
In .hap ing the pinion. the preferred clearance forthe chip. i. 

ei ther 0 .094 or 0.109 inch. Here. the de'igner want< a gro",er pin ion 
length and h ... therefore. specified 0.08 inch . A fu ll rad iu, will add 
strength to t ho componenLAn O.OS·inch groove can be ea . ily machined 
with a 2·mm carbide in,ert (0.0787 inch w idth) . 

1JI", ~" .lo" F 
A tolerance 0/"0 .003 inch is ,-ery practica l here . Al the final 

turning stage. if the outside d iameter i. turned to 1.762 _ 1.763 inch 
diameter. the part will .hrink to the . ize 0/" 0.9993 x 1.763 _ 0 .9993 , 
1.762 inch after heat treatment. The ,ize w,l l ,hen become 1.7607 _ 
1.7617 (a"uming a ]_ 0.9993 " 0.OOO7·inch per inch <on'ntction rate) . 
The part will thu, be w it hin the drawin g IimiL 

1JI",. " . lo" G 
Before decidingon the tolerance for dimension G ( here given a. 

O.OS inch). it is nece.sary to c.ku late the re.u It in g d imen.ion G. which 
i. ca"ied ou t as follows: 

1.697S ± OJI02S _ O.OS '" 0.010 _ o.S90 ± O.OOS - 0.08 '" 0.010. 
g iving 0.977S ± O.027S inch. 

No de'igner would choose .uch a wide tolerance on the pinion 
lcngth . Howe, .... iff 0 .00] inch were allocated a. the tolemnco on a 
O.OS·inch dimen.ion and dimen.ion 0 w •• 0.080 inch . the resuitant gear 
length would be: 

1 .697S", 0.002S _ O.OS '" 0.00 1 _ 0590", O.OOS _ 0 .08 '" O.OOS = 
0.977S '" 0.0 1 3S inch 

r08l1mmClriu: 
Dimension 0 .hould be 0.080 inch fu 11 .. diu •. and d imen.ion G 

.hould be O.OSO -'" 0 .00 1 

IJInt ~" .lo" H 
Il i. better for the dcoigner to .p«: ify the .ize of the conter. 

becau.e otherwi •• the manufacturing engineer may ,elect a larger size 
center drill. thereby weakenin g the bearing area . A better sol ution i. to 
,pecify a 3I16 .inclt d i.meter. Bell.ty pe 6{).de8ree center drill with a 
0 . 120·inch Bell mouth diameter. 



Produclblllty of Pan P-PHD.J 
Po" number P·PHD·3 i •• hown in Figuro 8 ·3. Tho to lerance. 

on the dimension. mar ked A. IJ. and C. are all appropriate . For the 0.12· 
inch rad i u, . t he manufacturi ng engineer can .. Iect a boring tool with a 
118 10.125) inch rad i us and still t>e within tolerance . Nothing como. in 
contact w ith dimen,ion Il. so the" 0 .005·inch tolerance i. corroct. 
During carburiz ing. the pa" will bcrome oval. With the u.e of the 
quonching fixture. t he im portant d imensions will most probably be held 
within the to leranco of ± 0.005 inch. 

Produclbliity of Part PHD"'" 
Specifying a widt h of 0 .03 inch for dimen,ion F on part PI! [)·4 

in Figure 84. can be interpreted a.likely 10 produce an undercut with 
. harp edge • . Sharp edges or undercu,. are potential .ouree. of .tre .. 
concontnltion . that may resu It in fa t igue cracks. aand ,hou ld t>e avoided. 

The des igner h .. spocif,ed a '" 0.005 ·inch to lerance on the 
undercut . iz •. so t he approximate depth from t he basic 1.6250·inch . ize 
must t>e .. ached by the undercu t tool. 1.625 _ 1.594" 0.031 .;. 2 " 0 .01 5 
inch 

The ob,-io", choi.., therdore i. either a full radiu , of a gft""'" 
with a 0 .005·inch comer radiu,. The au thor prefen to specify 0 .005 · to 
0 .0 I O· inch comer rad i i. If a 0.005 ·inch comer rad ius i. specified. with a 
general tolerance off 0.005 ineh . an in. ert w ith zero corner radiu, may 
t>e u,cd. 

SpecifyingO.175" 0 .002 inch fordimen,ion G. will re,ult in the 
gear face length t>eing as caleulated below. which is well within the 
drawing pri nt tolerance: 

1.150 ± 0.00 I 5 _ 0.375 ± 0.002 - O.J 75 ,,0 .002 '" 1 .OOO± 0.0055 
inch 

Uhnenslo" J 
T he dimcnsion J of 1.245 r 0.005 inch. with ",-0.010 inch toler· 

ance . a. if the dimension were 1.25 inch. is recommended. T he maxi · 
mum size can thu, be 1.260 inch. Grinding of the internal diameter of 
1.255 inch is pos.ible only if dimension J i. 10"' than 1.255 inch. 

DI"'~n> lon, " . l. a"d.\1 
On certain dimension. il i. advisable to ,pecify ,u,faco fini.h· 

e •. Recommended ,urf.co fini,h ... fOT example. arc: 

'" 



!,!MUI~1. 

'" 0<.",& ' i , 
' o,,~ - , 

& • < 
t 2 



.. , 0 f:\ 
':;>b , 

" , , , '. 

.. , ...... 

", . 
"' I' ~ . 

, 
" , 

" ! 
~ Q , 



Producibility 

Dimen.ion M 
Dimension K 
Dimension L 

32 micro·inch rm8 
32 micro·inch rms 
63 micro·inch rms 

Dimen,ion L (for the O.UO· inch internal diame'er) mean. the 
bore i. "ery deep. and it w,l l be \"Cry difficult to grind . Chuck in g on the 
I .6250·inch ground diameter with a ,ofl .j .... chud. and u,ing a carbide· 
,hank tool holder (to dampen vibration and reduce chatter marh) will 
make i, po .. ible to achieve the required 0.00 I ·inch conccn' ricity a> well 
as ' he O.OOl · inch 100a l toleranc< . 

To .mmmuri;:e: 
Dimension F sh,mld be 'p""if,ro as 0.015·inch. full · rod ius. 

a. typical al two place •. 
Dimen.ion G , hould be specified as';' 0 .002 inch . 
Dimen,ions K. L. and M sh ould have surface fini.he. 

specified . 

Produclbility of Part P-PHD·5 

Pan P·PH D·S .• hown in ~ig. 8 ·5 i. an eumple ofproper de'ign. 
except ,hat a note need. '0 be added '0 the 2.255 to 2.250·inch inside 
diameter marked G. st.t i ng that il i. to be concentric wi th diameter 0 
w ithin 0.00 1 inch . 

P'od""lbll~y 01 Pari P-PHD.o 
The AGMA Qua l ity for part P·PH D·6. shown i n FiS. 8 ·6 i. 14 . 

• 0 il is essential to have a closer toicrance on dimension G. for,he 0.749 
' 0 0 .7S0·inch diameter bore of± 0.0001 inch. The preferred tolerance on 
this bore .ize should be 0 .749 S to 0.7500 inch. 

If. for any reason. the designer wants a 0.749·0.750 dimen.i,m 
here. it wi ll be essen , ial '0 use a pr""ision hydraulic ex pandins arbor 
while grindins the external teeth. 

". 
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Clwpler 9 

FINISHES ON GEARS 

Aluminum Gears 
The malerial. mo" commonly used for gears in Ihe al uminum 

""rics are AL 2024·T4, 7075· T6, 6061·T4 and 6061· T6. The"" al uminum 
gears are m""tly used in aireraft actuamrs and instrumen t gearboxes. 
There are basically two types "f finish"" ehemical fi lming. and anodiz. 
ing. 

C he",lc~1 Filming 
Chernical filming provides lI,e maximum possible prot"",ion 

against corrosion. SurfaeL"S wi,h this lrcal",,,,,, Can be left urlpaintL-d or 
painted on all areas ex,,"P' 'he gear tee,h and lhe bores. Chernicallilm_ 
ing does not change Ihe size of the gear. 

For prot",,'ion again<l corrosion. when !ow dectrical rcsiSlance 
is r"'-juired. ehemical mrn in acc'Ordance with MIL·C·5S41 Cla.« 3, ur 
No. 1.3.3 of MIL·STD·171 may be 'p""ilied. However. for protection 
again.t c" .... osion of surfaces that arc t" be pain,ed . chemical film to 
MI I...-C·554 1 Class lA, m.y boo preferred . 

Anodiud Gu," 
Anodized alumin um coa,ing' are ,hid,e, than chemical films . 

gencra!!y being between 0.00005 .nd 0.0003 inch in lhickne ... whereas 
sulfuric acid cuating ,hickne« i, genera!!y 0.00005 to 0,(101 inch. The 
finished th ickness on a ,utfaee will boo ""If lhat sjX"Cificd above. g""au.<c 
of its shallow {hick neSS . a ch",mic acid {}' pe finish is gencraUy spttifJctl 
for lapped and blind holcs. 

MIL·A·8625 Type I. CIJ sp<"Cification is a dear {YP". whereas 
Class 2 i. a black finish. 111crc is al<o a hard·anodized coal ing id",,{ified 

'" 
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3S MIL·A·8625. Typ<: 1Il Cl.l . in which the Ihie kne« i. generally 0.002 
,,0.0002 inch. 

StaInless StHt Gears 
All stainl .. s sl ce l gear<. whether hardened or unhardened . 

rnust necessari1y be pa«ivated. Pa .. ivation improve. corrosion ",sist· 
anCC by removing surface iron partkles and aids in funn,,,i(>rl of a pas· 
si,'" oxide filrn . and it does not change the ge., si,"". In thc USA. pa .. i. 
vation i, covered by ASTM A 380 and the "o,wentional drawing "all OUI 

i. nurnbe, 5-4· 1 of M IL·STD·I 71 for ,u,fa"e< 10 be unpaintcd and num· 
ber 5.5 ·1 fo, surf""es 10 be painted. 

finishes on StHI Gears 

Blac k O,ld e 
Black oxide i. 3 dcrot'lltive finish and is not corrosion·resistant. 

In the USA. black oxide i. dassificd under MI L-C·13924 ChlSs I. This 
finish docs not ",suit in any in«case in dimen sions. Slai nlcss steels Can 
also be black oxided. but they arc ~encrally passi"ated fi"' t and then 
black oxi<k<! to MI L-{3.13924 Class J . Again. there i. no increase in 
dimensions. 

Other finishes 
Gear teeth and nan k. arc best Ic/'l unplated. Howc ... ,.. the", 

arC certain finishes like electrolC'SS nkkel plating with a rninin'",n 
0.0002 inch thkknC'SS . titaniurn nitride coatings. dry lubricanl f,lrns 
based on molybden um sulfide (MOS2). and arnorphous carbon wilh 
tungsten carbide inclu,ions. all of ",'nich Can be applied 10 ~ca, teeth 
and nan k. The rnajority of dc"Ctro-deposited "oatings. ineluding hard 
chromi urn platin~. exccpl those rn entio"'-"<l .bove. deposit a thickcr Coal· 
in~ at the outer tip d:the gc.",. -. --
' ·11. " .. ' Cor ... . If ... <1. " ... ,I".d n' . ... I. I. 
llb ohr.,.l "" ,I.", •. 
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H.-d Cho o.,. ' on Platln; 
IIl,d chram iom ploti"1 ;" cap.ble '" leki" -in, hard~ up 

.. , 70 ltoc~,,·.11 C. bu, ,be coolin •• -i ll .dhe.e only If the ,,,,ro« 10 be 
coated i~ 0( ••• ry <Du,b n.'u,e (p«f"",bly 250 min.,.,,,,,"". ,ml). 
PLating .. -,II .. d«p in'" .idin. Sufficient bUIld up of hard .hfOmium 
mu" "" .pplied 10 "n~ur. lhal .• flN "indin, o(tlle leeth, a minimum 
< ... ,,",Ibich ... trf 0.004 inch is re •• i ned . The: hardn ... of ,I •• trol" .. 
nid,,1 plalini can b" varied to , ui. blu"prin' ,cquircmcn1J. 

Ali lhe fin"h". mentioned h.,-•• d'-I .tlgU 'Fp loting cowrs 
the <nlir. pori ond lh . part i~ nol m .. ~ <d. Mu king i . a "~ory ""<tty 
opcwinn und i • • ch ie\,. d by .pplioot;on "'. number or <I"'xy «, .. ing •. 
followed by ,.mova l of the < .... ing •• f,ef pl . l i n8. M .. k inj!. that i ., 
.pplY'"land removing epoxy. i . a mIn""' ope.tI",". io" mojo. p.rt of 
,h. ~oO! in pl. 'inll go .. for m .. ki ng. All O..or pll, in a h .. , h~ di .. d .. ,,· 
"1' of decr ••• inS 'he .i .. of 100 ... and inct ... ins , he .i" of bu.inll 
di.m ..... . 

II i. b."or '0 •• 1.« s'ainln ... eel or pr'''pi'.''o" 'ype b • • , 
.... ,.101. motoriab 'han '0 uoe ",ml·mukcd ..... ''' '·01''''11 .Ireorol ... 
nic kel pl.t ing o. "'.n ium "i .. id. "","'inl'. 

Amo."hou. umon wi,h 'ualotu urbid. i"du .. o". ( .. r .... d 
10 u WCIC co. "nil) i •• "bpical vapor depo,"io" proe .... and i •• ~ 
m.,hod ohpplYlng • co .. in g. Bor .. of d." .. lIearo. 0' . ingl ....... "'ill 
.... "Cd 10 be pluued du.ing colting p.oe ..... ' 0 ",'old d.po.i" . 

On. of the p'oc ..... c.lI~ B.linit C. ha. the follo,,·,nlch •• ac. 

, •• i"ic" 

Coefficient of f,iotion 
H.rd .... 
Co. ti ng thickn ... 
COOl ing temp ... t"r< 

0. 1 '0 0.2 (""u. 0,(' to 0.7 for ".eI) 
I 000 II .. D.D! 
I to 4 lim. (40 Ie 1 5~ micro·inchl 

480dc ..... F 

Worm. u.,d ... ith wo. mwh •• I •. and elu"" ..... in tbe moto,· 
.yde ind.'try ... .,.d.lly ,100" used for ••• in, (in .ddtllo" to cue--hard· 
cninll by co.b •• i.llio") ... ~ .andid .... fo, WCIC ,olllnl'. 

On ",m. g ..... a pbo.pbll. compound co."n," recommend.d 
'0 p, .. ·.n' galling ac,ion. Part.< '0 be proc .... d mu, h". b •• dn ... 
grelle. 'han H Rock .. ·.11 C in .ny ... ,. thst .. ,.ound ber" .. « .... inl· 
P i n . m uot be . uitably ...... · .. Ii .... d ,,,,,,,',," Jr,nd'''1 .nd <OIItinll· 



Finis .... on Gears 

E l e~l ro-d.po.hed Cadmium Plallnl: 
Cadmium PI 'ling i. clas<if,~d a. follow", 
Cia .. I O.OOOS incb tbid: 
Class 2 
Cia" J 
,.",. I 
Typo II 
T ypc III 

0.0003 inch Ibid: 
0.0002 incb ,bid: 
as plated 
wilh .uppl<m~nlaty cbroma .. Ir~.lmonl 
wilh pbo.pb.le Ir~.lmonl 



Chapter 10 

USEFUL TABLES 

The tables in this Chapter contain inronnation usdu l for pro­
cessing gears_ The infonnation i. sun\rnari,,,d below. 

T_l0·1, 10-2and 10-3 
These tables list stainle« steel, produced throughout the 

world, with equivalent IlS (British Standard), DIN (Gcnnan) A1SI. 
AFNOR (french). UNI (Italian), and Sl S (Swedish) numbers_ 

The tables h,,'c been cond<nscd and are rcproduced from U 
[SAA.CEN'I'RO, Milano. 

T_ 10 .• tIY""IIh 10-1. 
The,,, table, arc taken frum catalogs d American steel suppli. 

~r. _ I n the USA, drawingsonen call Out a commercial name or One dthe 
A lSI. AMS, ASTM, Military. or Fedoral Spttification numbe,"_ Data i. 
included front a catalog d Aeromct Inc . d Englewood, which i. no longer 
in bu,ine .. _ Of spttific importance is data On the shapes i n which a par· 
ticular type d "cd is a,'ailabl,,_ This finn bas been aquired by a spe· 
ciaily "ecl and forge company. 

T_l0·15 
This table give< "qui,'alent surface finish symbols used in coun, 

tties that employ the mcltic syst enl of measurcnlenl<_ The equivalent 
American Standard, arc identified_ 

'" 



Tablo 10-16 
This dcoirnal chart ha.~ been used by thc author for sel"ction <if 

'he near<c<l COlreot sj"" of oommer<ially availab le ma,eri.1 in the USA. 

Tablo 10· 11, 10_18 . _ 10-1S1 
Table 10· 1 7 i • • hardn" .. chart. Table 1 0· 1 8 has been compiled 

for fillurinll <enrcrs 00 ,h., the programmer ""cd not o.loula,c the va lue 
for Z 0'·"1)" time . 1 n .. e.d . Z O.n be t. ken from the tablo_ 

Tablo 10-20 
This rcoommtndcd stoc~ rcmo,·al,ab le i. rcproou«d from the 

Tool & Manu facturing Engineers Handbook. 

'" 
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Chapter II 

LIST OF USEFUL BOOKS 
The lis • .," .he nexl p.g< is r.produc<d wj,h I"'t'mi$~;on from 

theAI" Gear At Supply en_ (Catalog number % ). 
ThcAGMA pubhUlion list (re f •• ,o Tablrs I I· ' Ihre>ugh 11.7). 

is 01' spc:.:,flc in'~rn' to Ge., En~neert.For those ,,-110 " 'U l ,,, "udy 
specIfIC gear sub)"",s in delail. the ,ulched bibliography " 'ill be help­
ful. Prlcl1cal ,nforma",," in 'his book ond in lh1: Ash Gur Company's 
Clil iol ,,-,II enabk Man ufacluflnll Enl,nce"lo ,<,1""1 ,hi: c"......" 1001. 
and '" pr<K:ougcan ... "b <oolid""" •. 

Li st ofUocful Boob ,dated to GCUi 

I . T"II<:mornCI'l' Tabl •• and In,'olul . Fu nction. puhl i,ho;d by 
lIIinoi. Tool Co. 

2. InoolUlomclry and Trigonometry lJy Dr. Eng Wcmer F. 
Wgd 

3. Machinery's Handboo k by Erik Ob.>.g . I" unklin D. Jon .. 
"tid " ,h ... 

• . Ge.r Handbook: Design . Manu(."tu,. ond Apphulion of 
Geari by 0, W. Dudley 

S. Il.ndbook o(Praoliul G •• r D •• illn by D. W. Dudk~ 
ft. G ... 1k~llIn. M.nnfao"lfinll & In ,peeli"n Manual ISBN 

J.l~609I..(106.2 

7. S'ud.n!" . Sbop Ref~rtnce Boo./; by Ed .... rd G. Hoffman 
8. MOI.I CU ll ing Handbook b~ U.S. CUlllnl Tool In"i, u'~ 
9 . E~olu",," O(Ge .. Art by D. W. Dudloy 
10. T«hnical Shop Malhemalics by J oh n G. Anderson 
I ' . lI luepnnl Reading Buks by Wlrren Il amme' 
I 2. AppliUllon 0( M",.I CUlling T heory by Frydc1yk E. 

""'~. 

'" 



II ... 01 U .. !ul8oaIIs 

U .Machinc Shop Training Course by ~ran k lin D. Jon •• 
14.Machinc Shop Pradice by Karl H. Mohreehl 
IS. 11.1 anu.1 of Gear Oe<ign by Earle Buckingh.m and Elli"t 

Buckingham 
16. Table. for Rccc .. Aclion Gea .. by E. K. Budingham 
17. Melal. Black Book Ferrou. Edili"n IS BN O·9696428~·6 
18. Geometry rJ: In volute Gea .. by J . R. Colboume 
19. Handbook of Oimen.i"nal Mea.uremcnt by Franc;. T. 

FaraiO 
20. Design <>fW""" & Spiral Ge." by Earlc Bue\; ingham and 

Henry H. Ryffd 
21 . Ana lytical ~kchanics of Gears by Earlc Buckingham 

(papemac k) 
22. Gear Handbook .O".ign and Calculation. by Alec Sloke. 
l}. Gear Design Simp li f,ed by ~ran k lin D. Jone< and Henry 

H.Ryfl"l 
24. B .. ic Machining Reference Handbook by Arthur R. 

Meyers and lboma, S I.ttery 
25. ISO 9UUU Book by Quality R"",,,ure« 
26. Gear G«"nctry and Applied Thcory by F .L Lilvin 
27. Design Guide for In"olule Spline< by Roben W Cedoz 
2g. In,'olute Spline< and Inspection by the SAE and the ASME 
29. Metric Module In,-olute Spline, 
J O. AGMA Publication. and Tcchnical P'pers 
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AG 422 
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AG2000 

AG2001 

AG2002 
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AG2005 

AG 6002 

AG 6022 
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" c""""-" .... GU.,n" PUalICATION ........ , • " !'OM "mUnT 
,~O .. .... GUR OR O ... CI """" ."""' '' ",-<"""on," __ 

'hbk', ., 

.m 



II ... of u •• r.... _ 

AG85-1 

AG85-2 

AG85-3 

AG85-5 

AG86-1 

~G86-4 

, _. 
AG 86·5 

1'.""'11" 



1I ... 01~_ 

".U.lIA. TECHNICAL , ,,'EIU 

" 

--
• A ~ ....... TD ...-.r .. "."." • • y_1 ............... Of __ .... OUR_ ,..c, ... ""'''''~ •... 1._ .... ..... 

T . .... " · • . " 



A.U.loI.A. TECHSICAL PAPElS 

, 



III .. d~_ 

.... 0 ......... TECHNICAL PAPERSAV ..... A8I..E FII OII ASH GEAR 

AG 11$ 

AG 238 

AG 255 

--------.---~ .. --... -_ ... _-------... ~- .. -­---... _-_ ..... _--_ .. . __ .. ' , _ -_ .. ' , -_ .. --_ .. _-

" .. -_ ..• _-_.­
- .~-' _._-_.-

_. 
_. 
-. _ ... __ ... . --_ ... - ,.,--_ .. ", .. ,-- _ .. .... . __ ... __ ...... _--__ _ .T_ 

.... .,_._.... _ .. 
-

..." ... _--­_.­-,_ ... --
=:: --

_. _. 

• 

'10 .... ,,·1 

." 



I"dex 

"""" ........ 7. ,0- , '.n 
~lli 

• 
_ 7.10-11 .... In. D'. ". 
"""'~,,-. , ... "" _"t, _ .~ lr.!. '" --.. " •• c ". 

.~,_~." flu.'" 
A~'" ....... ,OJ., 'O -" """ .... .,.,., .'w .... " A""_ &_.Co.. "-J1. , .. A __ ",_M 

,,,'" "" ... ,. 
" --, _-CoI= •• Co.. D.,"-29 

.... '_' ~"'-m -

c-",...-. " 
C ..... '" Toc"""","". , ,,. , ,,, 
C..., ... "' ... ., 
CIl!'; ,ak _ "'''''''' ~""'."''' 
n.d ........ ~"'- '''.m 

"""" '" """"" , .. """ (TOCU ' " .,.., .. , . ,,,,,,,(ITC), '" 
~~"'''''''''''_''' '.!_ 'OJ CIHn<>«. 7 

.... ,l7 C..,.'" 

.... _ ,0-" 

""'" -- , .. " me .... <0''', , ..... ' .. j(J..07 
c_ ....... ,oo, ....... ;,.,""'. ""- '!7 
C ... oi_._ ... ' .... "._'''' 
c"" .............. __ .... , J-I< 

• 
~'- , .. 'uJ 
rA-.. .... " ... (PI')." , . '. ,0-, , .-_. 16 .... , " -, ,. 

."'" ....... 7 .<lk •• .-, 'OO ,~ =tioe-.. ..,. .,,,,,,,- ,. 

'.'ok. ,. r"k<. 'U • .--.. , ........... ",·m 
- - ...... or , 

""""' .... "., 17 ' 
--.. ... '" ..... .-.. '" 

-,-~".,-~ .. ,­"".'""". '" """.0' .... '" 
.-.h - ........ m .""" ............ , '" ,,,",... m_. L7) 

_"""'''''''. L7L Fl ... , • _CO 
"-, 
PWlfillo< 'Y""" 10-11 

................. ,., 
f ........ 

... , .... :1(1.:13. ",",,", ' 7 
.. " k .... " .. ", 17. " 

.-.'" CBN , __ .w""",-", ... " __ _ r.,,,,, ..... .. ............ -..... , .. ... 
...... "' .. -'" ......... ~""" -- -'"- .. ...... " ... .-. .... , .k<" ... " 
~" Co" 

...... · ........... '7 

....... _ '" w"; .. , . 7 
-<uo<-.. !8 

_._ roLJrt • . " 

_boo< """"'" ...... 29-3 ' -" -" , ......... " 
""'''''.17 .. " .... " _J> -"' ..... , .. 
.N6lo ......... ,. _ ,;"",h""'-.., __ ,,. 
.... ,..., "'J<; 

___ f" ....... l'-'o 
.... ""'. :10-11, 36-,,, " ... 7 



"",. "' ,.M .. ,M, ... , ,~ ..... , 
n M ' . ""ml .•• 

nw""'." n ............. ., ___ ' N'_~ " " 

' ... '" • ....n,_ ,_" ...... .. 
-.,~., "" 
.. "n''' 'u~ " .. .. " ~ -.. ., 

" ... , ......... ... ... ' ••. 1' ... 
~."""f ... " ..... _y ... , .. '"'- .. , .. , '" 
-'"""~ .. , 
WO •• ' ... . .. M ... '_. .. ,~. , 
f.H ...... I71174 -, 
boOOol, , 
--..,' 
h".,;, ...... " 
•• ',,1, , 
""'." .... ,' -.'" 
~"., ."Of .. " ......... _ . '"'. '" .K._ •. _ f .. '.'H .. .. 
'''' .... ,,;. .... """ .. ," 

r.><-W ... " ...... .. 

" .. ~ ..... 
n ... .. ' .. 

"'- .''''' __ , .... OJ 

... 0;_ .H .'~ '.H " ... ........ , " ..... ,,, ..... . 

.... , 

_ ... , ~ •. ~·101 

..... ,,,.,.13_101 

....... . ~, •• ,"' .. ""'n . .... "~IOT 
~., ~ • • • j3.JOl 
..... u •• k"" •. l1 ·m 
.... ....... , .. " .. I •. 91 .1 01 
_~'~I-, '" 

" I'. ".n _c , • 
....... . . m . I_2 ,,- .... " ... .-., " 

. KO_. 2I -,-
"'~ " .K" .. . ... f .. ,.,,,,. ".'L 

, .... ~," 

". 
.." •• 1 ... ... I . ..... -." .... ""'. "." . .•..•... " 
" '''rt'_ .. " 
~'; ,],i'l '" "-. " . ..... ,. 
"""'_" L' .... ,. 
"'n, " ,,- ,,~. 

,"-, "" " 
... . . ~ .. J! .... -.. " ., " 
""'I . ... , 11 

H."'.' ..... " -", .... " ........... 
"_ ' ... 4l •• ' "'-.. "''' 

' • • 0 .... 

,w. •. '" 
~ .. , 
. ,",;1 •. h , )2 

C''', .. 
-. ~ ... 
" ....... 7 
", ... k~. 7 

C ... IT 

, 

" 'I"'~ ''''K~ _ " ", ,,,!), , " 
... _ f .. ' N;'" ,,,",,,,,,,., .. 

_~'''''. lL~1<4 .... _ .... _ .. " ;,,,. , '. " .. ,,' 
M ........ ,_ •. '. ".6 _ 1~ '" 

_.,_ ,_ ... , .. ",,,,(rrc", ' " 

. "'" _,..,. , .. . ~, m e). '" 
... " . 1 C N ' _ . ''''' ' '''' ' ' ' . U . ' " I •• " ." 
"' . .... "' ... " . .......... , t>-"" 
MOl,," •• ' " ""'. " . " .. , ...... " .... 'L"" 
.. .......... 10-L1 

N ... ,.~ •• '" 

Nit" u.,, " 
N_ .,,"'- I 

N _ .. .. "'~ . !-~ ,,-

.m 

.~. Lu."'''- IT 
" •• " " I , .,,"- , I . " ",,,, ,. 

I 



... - ..... , "." --" 
0, ... ....... _ ... ,, 

.~ .. _, l,_ ...... ,,', '.' 
-' -.--"_'" 1 .. 111 . _ ......... _. 

...... ~ ....... _ . lS 

... , __ ..... " 1-3, 
I'l- . . .. _ n .. , .. 
ProoL-'IJ. ". - , II , .. 

.-... .. 
•• ,,_ •. If .... .. 

• 

', .... " .. ,'''". 

Q 

~K'" '1. " 
~ ... ~ .. -..,'" 
"-" _ . 
• _ ...... n 
_+ "".Ie 

-_'1 ....... 'H. 
-"" 

• 

, 

... ,-_."'-,.... ,-~" ...... _ ... _ . . aL." _ . .. __ lS 

1Ikl ..... " ..... ~ ........ , ... 
¥-,' ' .. , , ... -.. " .. . 
"HI, ......... ., ... •... " ...... .. 
~ ... -.. ,." .--.', 

_ . .-..... _u .... ", _ .......... , 
...... -........ ,," 
~.",-...... ,," .. "', .. _ ........ .. ...... -..- .. . -...... __ . II .. '" _._.", .... _-," 

• 
'_·,115-1" 

.-
... • .... ·~~_. 1t1 .."..,......- ..... , , .. -""" . ,,, .... ,_ .. "'_ ........ , .. 
"_'"''''.,,_1 • _._d ____ ' .. 
""·K. "'_'. ", 
• .... ".,. .... """, 1ll·1Tt 

..... r ... .... • __ ... --. .. 

."-' "'." _ ..... ........... _. wo.' 

.... 'ow .... __ .,. ...... , I .. U 
,_ .. __ Oc ..... IITClI. '" 
TooII_,,, "'"' (I'I'Q, ", 
T\'J'IOO •• ,"K. I 
,~-..,', 

" 
" 

"_ Knroo~ " _'~', 4, t , " . 

•• 
~."'. .-. • 

...... _ ... _, _.$, l,*"ltl .- .. .... ,., .. ,' 
.. ... "', ... 11 ... __ ...... , 

' - ' ..._ ....... ) 

... 

, 



PI1L11N.Dr_, nI 

TAIIlEOfCOKfDtfS .,... .. __ ... ' ... __ 11, . ' - '" , lao 
~ ___ " 5 5 _n._- 5 "'" 5 ... __ 0 50" _ 
_ _ 1looIl;t" 5 r. 5 9.¢FPo"'_"'_~_ Uzp"~ __ 

.~-.. -


	1
	1 (2)
	1 (3)
	1 (4)
	1 (5)
	1 (6)
	1 (7)
	1 (8)
	1 (9)
	1 (10)
	1 (11)
	1 (12)
	1 (13)
	1 (14)
	1 (15)
	1 (16)
	1 (17)
	1 (18)
	1 (19)
	1 (20)
	1 (21)
	1 (22)
	1 (23)
	1 (24)
	1 (25)
	1 (26)
	1 (27)
	1 (28)
	1 (29)
	1 (30)
	1 (31)
	1 (32)
	1 (33)
	1 (34)
	1 (35)
	1 (36)
	1 (37)
	1 (38)
	1 (39)
	1 (40)
	1 (41)
	1 (42)
	1 (43)
	1 (44)
	1 (45)
	1 (46)
	1 (47)
	1 (48)
	1 (49)
	1 (50)
	1 (51)
	1 (52)
	1 (53)
	1 (54)
	1 (55)
	1 (56)
	1 (57)
	1 (58)
	1 (59)
	1 (60)
	1 (61)
	1 (62)
	1 (63)
	1 (64)
	1 (65)
	1 (66)
	1 (67)
	1 (68)
	1 (69)
	1 (70)
	1 (71)
	1 (72)
	1 (73)
	1 (74)
	1 (75)
	1 (76)
	1 (77)
	1 (78)
	1 (79)
	1 (80)
	1 (81)
	1 (82)
	1 (83)
	1 (84)
	1 (85)
	1 (86)
	1 (87)
	1 (88)
	1 (89)
	1 (90)
	1 (91)
	1 (92)
	1 (93)
	1 (94)
	1 (95)
	1 (96)
	1 (97)
	1 (98)
	1 (99)
	1 (100)
	1 (101)
	1 (102)
	1 (103)
	1 (104)
	1 (105)
	1 (106)
	1 (107)
	1 (108)
	1 (109)
	1 (110)
	1 (111)
	1 (112)
	1 (113)
	1 (114)
	1 (115)
	1 (116)
	1 (117)
	1 (118)
	1 (119)
	1 (120)
	1 (121)
	1 (122)
	1 (123)
	1 (124)
	1 (125)
	1 (126)
	1 (127)
	1 (128)
	1 (129)
	1 (130)
	1 (131)
	1 (132)
	1 (133)
	1 (134)
	1 (135)
	1 (136)
	1 (137)
	1 (138)
	1 (139)
	1 (140)
	1 (141)
	1 (142)
	1 (143)
	1 (144)
	1 (145)
	1 (146)
	1 (147)
	1 (148)
	1 (149)
	1 (150)
	1 (151)
	1 (152)
	1 (153)
	1 (154)
	1 (155)
	1 (156)
	1 (157)
	1 (158)
	1 (159)
	1 (160)
	1 (161)
	1 (162)
	1 (163)
	1 (164)
	1 (165)
	1 (166)
	1 (167)
	1 (168)
	1 (169)
	1 (170)
	1 (171)
	1 (172)
	1 (173)
	1 (174)
	1 (175)
	1 (176)
	1 (177)
	1 (178)
	1 (179)
	1 (180)
	1 (181)
	1 (182)
	1 (183)
	1 (184)
	1 (185)
	1 (186)
	1 (187)
	1 (188)
	1 (189)
	1 (190)
	1 (191)
	1 (192)
	1 (193)
	1 (194)
	1 (195)
	1 (196)
	1 (197)
	1 (198)
	1 (199)
	1 (200)
	1 (201)
	1 (202)
	1 (203)
	1 (204)
	1 (205)
	1 (206)
	1 (207)
	1 (208)
	1 (209)
	1 (210)
	1 (211)
	1 (212)
	1 (213)
	1 (214)
	1 (215)
	1 (216)
	1 (217)
	1 (218)
	1 (219)
	1 (220)
	1 (221)
	1 (222)

