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p p e r  

Shot peening imaroves the  fatigue strength of gear teeth. There 

is generally no argument over that atatexxnt, But how much  of an i-mprove- 

merit can actually be made in the load carrying ca%acity? Pdany gears F.a*~e 

been run  in rotating t e s t s  showing t h a t  t@c  life at a constant Eoai is in:reaoed 

o r  w e a r  - often tend t o  confv.oe t h e  r e e u l t ~  wken t e o t s  are iuE at big: Zoado 
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The principle of the test  is very simple. I ts  operat ion is also 

nirnple. When a aingle tooth fatigue test  ie  run  on a gear, one tooth in 

1.oaded with a certain alternating load. If no failure occurs ,  t h e  t e s t  is 

stopped after a certain nzrnber of cycles ,  uscally five o r  tan  milt ion, 

Alter  the t e s t  t b e  gear is removed from the f ixture,  rotated two 0-6 more 

teeth, and replaced in the  fixture.  It is thus indexed so  that another tmtk 

is in position f o r  teot.  This  tooth. is then loaded either above o r  below 

tl-a load of t k e  previoao test ,  depending upon t k e  e a r l i e r  rcoulto,  In t k i s  

manner many teetk on t b e  same gear may be tested. If des i r ed ,  EL g336 

idea of the endurance Zimit may be obtained. 

A gear containing n single metal lurgical  ckarqe may then  be 

tee ted ~ i m i l a r l y ,  W I - e t h e r  t h e  v n ~ l a b h  be in  material or  proseca ing ,  

tb.e results may be compared directly with those oT @"LET gea-s t ~ s ; z d .  

~>fov id tng  no ot'rer variables are preaent, For carnpwazive - r r n : c i  G r;: c 

it is n ~ t  r t e c e ~ ~ i a z y  to  k n c ~  $kc tkeoret ical  bending screszcs iii :-i-2 i-o=1: 

7 .  fillett akthougt t k i s  iidormz:tkar, i s  useful  isr a better u n d e r ~ t i i ~ i ~ ? ~ ~  of 

the results.  

Interpretation ~ . f  r e s u l t s  of any comparative teotccan be 

extremely diEEicuht if  eva lua t im of more than one v a ~ i a b l e  at a t ime i p  

attempted. Suppoee the object of a t e s t  s e r i e s  i o  to evaluate the effect 

of a ce r t a in  shot peening procedure  on gears. EE t he  gears are chosen at 

ranciom from different ~;"ceelo- o r  ever, difierent heats of the came steel ,  

heat treated difierently or even at different times, how can an  intelligent 

ana lys is  be made of the effect of shot peening? How much  of the cbnnge 

car, be at t r ibuted to the ctec'l variction? Hov muck to the dii"fcreace in 
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heat treatment? How much to the shot peening? Considerable gucs~awork 

is involved. Yet this type of "analysis" is frequently done. 

A much more logical way of attacking the  problem of 

evaluation is to make the t g e t  as simple as poe~lible.  6kooe;e the  test 

conditions so that the only variable is the one being tested - shot peening. 

!Ylali,e a group of identical gears - same bar of steel,  forged together, 

machined consecutively, heat treated together - as s imi lar  ao is commercial ly 

poesible. Then select  at random p a r t  of thie, group of gears and skot peen 

with  the single tooth fatigue teat, the  resul t s  of *act! gtcmp may 'be l u m p d  

together to evaluate the performance of the  group as a whole o r  t he  gsara 

may be considered individually since separate  endurance l imits  may he 

obtained. In th i s  vxty t h e  chenge in Sending fatigue sirengt'n. due colely -- 
to shot peening may be accuriziely measured. 

It may be asked, " W h y  Ltee the eingle too'ih tea: if ii, tiosc aot 

Zuplicate t he  me~lzing action of 2. pair of gea-ra?" There a r e  ozv-.i-ai 

reasons why t h i s  t e ~ t  i o  auitz-ble for use, because it.: 

1. El.imEna$es t e s t  machine variables - Wear or  f a i l u r e  of 

shafts, splines, bearings, and other p a r t s  of rota'iizlg 

gear t e o t o  frequently tend to confuse the test ~ e s u l t s .  

In the single tooth t e s t  the t e ~ t  tooth receivee the h a d  

directly.  T t e  f ix tu re  can be rigidly designed to prevent 

extraneous failure o r  damage. 
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2, Eliminates gear variableha - Dimensional variations 

between pai rs  of rotating gears may tend to overshadow 

xnetaliurgical variations. The effect of pitch line runout, 

tooth spacing, and involute profile error5 are eliminated 

since contact is made i n  the same position at all timea. 

3. Uaea simple equipment - Standard fatigus testing machinee 

of eevera1 dizfcrent types may be used although special 

machine a are ~ o m e t i m e s  employed. The conatant load 

type iz ;  p~s fe rab le  for this type of teoting. Since t heae  

rnackineo ~ ~ c u a l l y  have automatic cutofls, the  test^ may 

be run continuously with the machine stopping upon tooth 

fa i lure ,  For spur gear6  the fixtures are not complex 

and &re easily dismantled io r  changing the t e s t  geey, 

4. Permits mea~urernent  of bending o t r e ~ s  - If the gear 

teeth are large enough it i a  relatively eaery to m e a s u r e  

bending s t r e o m s  in  the  root fillet when the t e ~ t  f o  

operating. SF.-4 otrein gages can be lacahed wl-..:.ever 

desired and t he  operating a t r e s e e s  measured with 

sui table  equipment. These strenoes can be ctzlibss~teiz 

with t h e  t e a t  loads as determined by the  machine se t t ings  

0 0  t ha t  t k e  actual bending streee is known for each machine 

setting. 

5. Eliminates undesired fzilure s - Progrea s ive  s u s k c e  damage 



due to  pitting, wear, or scuffing is eliminated s ince 

no re la t ive  motion o c c u r s  against  the t e s t  tooth. Only 

bending fatigue f a i l u re s  occur .  

No t e s t  is perfect .  Eack its l imitations.  The single tooth 

tea t  ie  no exception with ce r t a in  disadvantages tkat  mus t  be recognized, 

in tha t  the test: 

1. L i m i t s  failuree to bending - If interest is not in 

bending failure8 a t  the root, the test i~ not auitable 

s ince  the  fa i lu re  will alwaye occur  at the roo t  f i l le t .  

Pi t t ing fatigue may be airnulated by roll ing tes ts ,  and 

w e a r  or- scuffing by sliding t e a t s ,  

2, Lacke di rec t  correlaficm with operation - In rotating 

s e r v i c e  gezr t e e t h  are not loaded individually. Usually 

at acme one and a hall* teeti- are in contact at arn 

average time. The tengential  load c s r r i e d  by the  tooth 

may bz obtained from tke test, t hen  c;elculationa m2y 

b e  made iz kermr of t b e  contact ratio tc  determine t b e  

to rque  t ? i c  v~olzld reprecent in  se rv ice .  

S e  Requires  s p c l a l  fixtures - The test  may r equ i re  spec ia l  

fixturing for each design tested. Complete f i x h r e  re -  

design may  be necessary f o r  relztively minor  gear design 

ckanges. Garsrs with curved teeth such as hel ical ,  spiral 

bevel, a d  bypoid gears preaant  special prob lems  i n  fix- 

t u r e  dzsign, and the fixtures may become quite cornpiex, 

The foregoing pzrs~raphs aye an introduction to ttse principle o 

2nd opaz?.t:,or- af I?- r, ~ 2 c ~ : e  1ocjCk te3b fin common uoe the t e a t  har: two prirrs&-;ry 



functions: f i re t ,  to ac t  as a screening tes t  to compare metal lurgical  variations 

of* part icular  problem gear  o r ,  second, to serve  as a r e s e a r c h  tool fo r  

investigating the fac tors  affecting the bending fatigue strength of gea r  teeth 

in general.  The two functions a r e  certainly related but can best  be summarized 

by saying that the f i r s t  is f o r  pract ical  applications, the second for academic 
I 

purpose%. 

A s  a n  example of its use in a pract ical  situation, field teste  of 

pre-production t rac tor  models containing 14 pitch compound planetary 

g e a r s  showed that the gear  was subject to bending fatigue fa i lures ,  The field 

t e s t s  were time consuming and expensive to run. The many possible 

variations in  design, material ,  heat t reatment ,  and shot peening treatment  

made re screening tes t  neceserary. 

On the bas is  of the  failed field tes t  gea r s ,  the deeign engineers  

made a l l  the geometrical improvements practical.  These included p r q e r  

crown size and location, also full f i l le t  radii, aince it was not posaible to  

change the s ize  o r  basic tooth deoign. The balance of the improvement had 

to be achieved metallurgically or  mechanically, as by ehot peening. There 

were 23 teeth in this gear ,  7 / 8  inch face width, 20" pressure  angle, standard 

system. 

The t e a t  iixtcare was simple in  design. With these relatively small 

spur  gea r s  i t  was posoible to  machine a n  internal gear  in a plate with which 

to hold oecure the  tes t  gear .  A section of the plate was cut away to expose 

the tes t  tooth for  loading. A shaft through the bore of the gear held two 

arma, one a t  each end of the shaft, which were fastened to a r a m  block. A 

projection from the ram block contacted the teat taothat  the pitch line and prs- 

duced  t ke  bernding load on t k c  ke'S- .  6n:e tkis gear h a d  23  teeth., it wa E p o s ~ i b l c  
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to tes t  ag many a a  ten teeth on each gear to  obtain a good idea of tke endurance 

limit under the ee conditions . 
One of the  objectives of thia tes t  was to evaluate the effect of 

ahot peening. Several gearc were forged f rom the same bar of 4118 oteel, 

machined together, carbarieed simultaneously fo r  0.025-0.035 inch case,  

marqueached in 408 F oil  fo r  ten minutes,  a i r  cooled, and tempered. A11 

were  as identical aa commercially possible. Then, oome of these gears  

were r;hc.t pecned under  controiled conditions while the  balance w e r e  not 

shotppe5ned. F o u r  gea r s  of each type were tested. Endurance l imi ts  for 

several t e s t s  on each gear were found by determining the maximum load 

at which no fai lure o c c u r ~ e d .  Comparative resul t s  of endurance l i m i t s ,  

in t~rrns of machine load oettings, w e r e  as followo for the e i g b  ocpsrate 

M~nshof:  pzencd Shot peened 
2400 Ib 3300 lb  
2408 " 3100 
2300 I '  2900 l 1  

2300 I A '  2800 " 

Avg , 2359 15 Avg 3025 Ib 

W"IefnElograp'nic examination and micsohzrdnesa t raserees  at the root fillet8 

of each gear showed that they w e r e  very nearly ide ra t id  metallurgically. 

T h e  root hardness t r ave r se  bands f o r  each type were quite narrow and sve r -  

lapped. Chemistry and rnicroatructuracs were identical. 

Since all pooaible mechanical and metal lurgical  factor e were 

held constant, the one variable introduced - shct peeaing - ~l;u;'i i ~ G v s  beea 

responsible fo r  the increase in bending fzttiguc strength. That increarre 

was in the order of ---- 3@25-2350 - x 300 = 29 percent baoed upon the  nvcragea  
2 3 58 
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p~eviously  mentioned. G e m 8  which had endurance limits at the 2300-2400 

pound l eve l  fa i led on the test  track while otherwise similar gears, shot 

peened 36 dona here ,  r a n  oucceeefully with no trouble. Shot peening was 

the d i f fe rence  between ouccese sad failure in this gear. It wac economically 

justified znd has remained  in use. The bending test r e s u l t s  were  clear cut 

and dccioive.  

Other bending fatigue testa  were  run  in a similar manner on 

a T.arger sear.  T b i ~  was a trc?.n~miasion gear used in  a large  crawler  

A ;- P. c,ctsr ,  -, chosen as being representative of gears in th i s  transmiasion. The 

geer itself had 24 teeth with a diarnetra l  pitch approximately 4. 8. Ttls 

presrrure a n g h  wao slightly over 25' and the  tooth width w a s  approximately 

1 . 4  inches.  

Flxturingj w a s  cimilas to  tha t  of the previoucly rnentiioaed planet 

gear except that  ebe line of contact w a s  choaen midway betwsen t he  p i t c h  

line and t h e  tip of t h e  tooth. 'She purpose wao to weaken t he  t e s t  tootii by 

applying the load nearer ' i h ~  tip and to c o m e  cpondingly permitat rongthr tning 

of the rem tooth. 

Four  gears were fox-ged from the same billet of TS-8620 steel, 

and were rr-aac11lnc.d and carbwized together  to el i~minate  all poosibHe variables. 

Thi s  wasJ for $be purpoGe of more accurately evaluating the efiect of shot 

peening. The gears were  d l    hot cleaned, then two were picked at random 

and shoe peened. 

The reeulte, acr mesoured by endwance Lirnita, were a C  follov~o 

on the four g e a r o  tested: 

(See next page) 



Nonshot peened -- --- Shot peened 
13, 000 lb 15, 500 lb 
12, 000 'I 15,000 " 

Avg 12, 500 lb  Avg 15,250 lb 

S~qerimpocing the ahof: peening action upon the shot cleaned surfacss 

r e su l t ed  in an approximate endurance l imit  increase  of 15,250 - 12,500 x 
12,504) 

LOO = 22 percent. Again, examination revealed that the geara were very 

nearly identical within the limits of accuracy of the metallurgical t e ~ t a .  

Another cingle tooth test involved a very large. sprocket drive 

gear from a crawler  tracto;.. Teeth could not be broken out in a rnaf i~ ive  

Gour square t ype  of machine, although failure sometimes o c c w r e d  under 

severs field service.  Thio gear had an 0. D. of slightly over 31 i n c l i ~ a ,  

wi th  a face  width of over 4 inches.  The 77 teeth were 2. 5 dia-metsal pitch 

with a 22"  prearsure angle. It had a short  addendum cauaiog the pitch line 

t o  be nenr the rip of the teeth. The gear w a s  a large ring which  normally 

W ~ C  riveted to a gear carrier, or hub, for tractor installation. The gear 

was roll 'meed Zrsm 1045 steel, normalized, induction hardennd, and 

tempered. 

h order to evaluate the effect of proposed mcta1Turglcal variations 

it  WCE RCCBC-szry to devine C t e o t  that could drpllcate field fniliireo in bending 

fatigue. The final t e a t  fixture operated on the principle ol torque- applied to 

a shaft which in t a r n  oacilEated against the teot tooth. 3'1.19 large final drive 

gens was clamped and braced in n vertical position to the E a a e  of th2 machine. 

with the test tooth positioned a t  the bottom. Through a link, a reciprocating 

slide a t  the top of the machine oscillated the vertical lever  arm facte:md 

to a large  shaft running para l le l  to the base of the machine undss the teat 

tooth. Mounted in bearings, the a h d t  contained a 1 / 2  inch  diameter pi.n, 
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braced f rom behind, which contacted the t ee t  tooth along the pitch line. It 

w a s  necessary  to machine off p a r t  of the adjacent tooth to provide room 

f o r  reinforcement of the  loading pin. 

It i o  usually desirable to  obtain the endurance limit as a 

meaoure of relative load carrying capacity. However, other conciderationo 

m a y  make this impractical. Quantitative measure6  of otrength cannot 

be obtained t e a t s  of 'life at a single load. Only trendn can be established. 

- - 
:-bicever, it w z a  not practical to obtain endurance kimito on f b e ~ e  _ n e a ~ ~  

oince they operate quite  lowly in serv ice  and each tooth needs to -+:ithotand 

relatively Pew cycles at maximum load. P&o, because of the aIow a p e d  

af the t e ~ t i n g  mack.ine, the tests necessa ry  would be too "time conawning. 

Consequently, the  t e s t s  werl; run at a n  arb i t rar i ly  s d e c t e d  hi& load. 

Shot peening war? investigated on these large g e a r s  also, In 

many caocs botk shot-peened and nonshob-peened teeth. on t h e  same g e m  

were tested. T k i ~  w a s  done by masking certain t e e t h  and peeniag ttzn 

balance. In this way the  variables were cut to a minimum. Some 

repreeentativs cornpariooac in  life at a tangential. alternatinc 103." 02 54, EQO 

pounds were as follows: 

(See next page) 



Gear - Cvcles to Failure 
Nonshot peened Shzpeened  

73,000 715,000 
66,000 385,000 
51,000 233,000 
50,000 
49,000 
40,000 ------------------- _------ 
88,000 241, QOO 
80, 000 201,000 
7 7,000 170,000 

These tento  how increase in life due to shot peening although it  is difficult to  

evaluate quzntitetively the degree of improveaent. 

Summary 

The single tooth fatigue t es t  is valuable in evaluating tbe bending 

ctsengtk of Epur gezr  teett , .  I t  ioolsltes the type of fai lure  to that deoired 

, wit!-out t he  complicating effect of other types of fai lure .  It i s  ideal for 

evzluating the role of nto: peening in increasing the ~ t r eng th .  Variables in 

t ke  shot  peening proceso can zlao be readi ly evaluated so that  tk.e most 

e c o n o m i c ~ l  cornbizlation of shot cize, a rc  keigkt, and coveragc may bz 

de te rmined .  The future will undoubtedly stow increasing use of t k i o  tes t  

for the testing of bcnding fatigue ~ t r e n g t h  of gear t ee t t .  



APPENDIX 

The chemical analyses of the  gears referred to.are as 

follows: 

Planet Transmission Final Drive 
Gear Gear Gear (Itang&) - 

Carbon 
Manganc cPe 
Silicon (range) 
Sulfur 
PhoapL - C ~ T U E I  

Nickel  
Chromium 
Molybdenum 

0.43-8.5O 
0.89-  1.00 
0.15-0. 30 
0.05 Max 
0.04 Max  

- 
- 
- 

Steel type 41 18 TS- 8620 C- 1046 (Mad) 

Pertinent shot peening dater is a a  Poflown: 

Planet . T r ~ n o m i e e i o n  .Fiml Drive 
Gear Gear Gear 

SAE &cat size 
Sbot type 
Wheel s ize ,  inck,ao 
i2'11eel speed, rpm 
Air  prepleure, pe6 
W'ork rotation, rpm 
Strip zncl gage type 
A r c  'neigE.t, Inck 
Coverage, percent 

230 
Chilled iror, 


