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A B S T R A C T  

Today's major trend in the gearing industry is to extract in- 
creasingly higher outputs from smaller and smaller components, 
The reliability of computer monitored shot peening methods has 
made the process useful beyond the traditional role of "fixing" 
fatigue failures. Shot peening is now included at the design 
level of helicopter and fixed wing aircraft gear trains, as well 
as automotive transmissions, so that these can meet the imposi- 
tions of stronger/smaller criteria. Paper will present results 
of recent studies on the effects of hard vs regular shot, and 
the benefits of dual peening on both root bending and surface fa- 
tigue of carburized and carbonitrided gear teeth, 
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Close-up of heavy duty ring and pinion set, shot peened at 
MIC-Detroit. 

I would like you to imagine that you are an engineer who is 
faced with adapting an existing transmission design to a higher 
horsepower engine: you may soon discover that one or two of 
your gears, or a shaft, for instance, start to break at less 
than "infinite life", as the load/stress goes up.' What are 
your options? Not too many: 

I .  You can consider a larger gear. That certainly would re- 
duce the load on each tooth but this is hardly an option. A 
larger gear would almost certainly mean a larger transmission 
which would no longer fit the design envelope but would also in- 
volve a very costly retooling. 



2, You can increase the strength of the material, if you are 
not already at the limit. Mostly, transmission gears are of car- 
burized steel and case hardened to 60 HRC minimum and, for prac- 
tical purposes, that is about as strong as you can get. Air- 
craft quality gears, for helicopter and turbo-prop transmis- 
sions, for instance, and some marine gears, can be made stronger 
but are cost-prohibitive for most land-based applications. 
There is another problem, though: in many cases, steel becomes 
increasingly brittle or notch sensitive as hardness is in- 
creased. In other words, beyond a certain strength level, as 
the ultimate tensile strength goes up, the fatigue strength goes 
down. There is a rather simple way to overcome this phenomenon 
and we will address it later in this paper. 
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Fig 1: FATIGUE TESTS ON NOTCHED SHAFlS 

3. You, the transmission de- 
signer, can change the surface 
stress pattern in the gears. 
This option takes some explana- 
tion but it may offer the ideal 
solution to the problem of 
"higher horsepower". Changing 
the stress pattern does not re- 
duce the load but it can in- 
crease the fatigue strength by 
20-30%, often more. It re- 
quires no change of material 
nor does it increase the size 
or weight of the gear. Best of 
all, it is very cost effective. 
(Figure 1 1 2  

HOW TO PREVENT FATIGUE CRACKS 

Let's think of a gear tooth as a cantilevered beam. When 
the tooth is engaged, the operating load causes a tensile 
stress or a stretching action of the steel in the root radius 
on the load side. On the opposite side, the root radius is be- 
ing pushed together in a compressive stress. It is easy 
enough'to understand that, after many load cycles, fatigue 
cracks can start only where the metal is being stretched the 
most in tension: fatigue cracks can never start where the metal 
is being pushed together in compression. The trick, then, is to 
find a way to pre-load the tension side of the root with a com- 
pressive stress that must be overcome by the applied load before 
any fatigue crack can start. This will raise the fatigue 
strength and allow an increase in load (stress) for the same 
life (cycles) or a longer life (more cycles) at the same load. 



We have been using gears as our example but the same principle 
is true for springs, crankshafts, connecting rods, ball studs, 
jet engines, wing structures, highway bridges, crane booms - any 
metal component that experiences repeated service loads. The 
most practical and economical process to generate the high magni- 
tude of residual compressive stresses in such a wide variety of 
parts and geometries is Controlled Shot Peeninge3 

WHY SHOT PEENING WORKS 

Shot peening involves the bombardment of the metal part by 
millions of tiny (typically ,023 inch or 0 . 5  mm diameter) steel 
spheres, each of which slightly indents the surface upon im- 
pact. Sometimes, the peening media may be glass or even ceramic 
beads. Shot peening is often called "impact prestressing" and 
under each indentation, there is formed a hemisphere of 
cold-worked metal that tries to push the indentation out again 
and restore the surface to its original shape. Because the sur- 
face has been yielded (in tension) past its plastic limit, the 
indentation remains and the cold-worked hemisphere develops a 
compressive self-stress (or residual stress) that is beneath the 
surface, to a depth of typically 0 . 0 2 0  inch or 0 . 5 0  mm. The val- 
ue of the self-stress is just below the yield strength of the 
metal: if it were greater than yield, it would push the dimple 
out and if it were less than yield, the dimple would remain 
deeper: in short, an equilibrium is reached just below 
yield.4 

This very high magnitude of compressive prestress must be 
overcome by the applied load before a fatigue crack can start at 
the surface. Since applied loads rarely exceed the yield 
strength, the endurance limit and/or life is greatly increased 
for that particular part. In our example, the transmission 
gears and shafts in question can be shot peened very economical- 
ly and will n o w  sustain the higher horsepower without any ocher 
changes in the transmission design. Actually, controlled shot 
peening is often included at the design stage to produce a light- 
er transmission in the first place, particularly for aerospace 
applications (Figure 2 ) . 5  
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Fig 2: INCREASE IN FATIGUE RESISTANCE OF SPIRAL BEVEL GEAR 



OVERCOMING DETRIMENTAL MANUFACTURING EFFECTS 

The irony is that many of the most common manufacturing pro- 
cesses used to make metal parts, actually have the effect of dra- 
matically lowering the fatigue strength -- a fact that is of- 
ten not well understood by design engineers. Engineers tend to 
assume that if a part is dimensionally correct and the material 
is to specification, all is as it should be, Consider this 
situation: we recently shot peened test torsion bars for a space 
application. They were about 20 inches (500 mm) long by 0.5 
inches (13 mm) thick and made of the best vacuum-melted steel. 
Unpeened, the bars tested out at around a million cycles and the 
stress analyst calculated that with shot peening, the bar should 
go for about 5 million cycles to failure, To his amazement (and 
our delight) the very first shot peened torsion bar ran for 366 
million cycles, when they discontinued the testing! Had the 
stress analyst miscalculate? Not really: he simply was not 
aware that he had to factor in a rather critical item. He had 
based his calculations on a zero stress state for the unpeened 
torsion bars before any load was applied. In reality, the tor- 
sion bars had been ground to obtain the final shape and the 
grinding operation had introduced detrimental tensile stresses 
at the surface that approached the yield strength of the materi- 
al (see Figure 3 ) "  When the torsion loads were applied, they 
added to the residual tensile stress from grinding, taking the 
resultant stress to well past yield. Under these conditions, fa- 
tigue cracks started very quickly and the failures at one mil- 
lion cycles were actually premature failures, not "base line" 
failures, upon which the stress analyst computed his calcula- 
tions. When we shot peened the test torsion bars, the surface 
was yielded by the impact action and the high magnitude of detri- 
mental tensile stresses from grinding were replaced by the bene- 
P;,.; L l b s a l  ,.I compressive stresses from impact prestressing -- a differ- 
ence of almost twice the yield strength! Not all shot peening 
results are this dramatic but it is an excellent reminder that 
residual stresses are not to be ignored. 

Manufacturing processes detrimental to fatigue are not limit- 
ed to grinding. On the list are through-hardening to very high 
hardness levels (as opposed to surface hardening, which is bene- 
ficial), abusive machining, hard plating, anodizing and flame 
coating, welding, even electro-discharge machining and elec- 
tro-chemical milling. We will comment on through hardening, as 
it has application in gearing. Most metals, as you increase 
their hardness level, after a point become increasingly brittle 
or notch-sensitive. With steels, the fatigue strength typically 
begins to fall off as the hardness passes about 45 HRC (see Fig- 
ure 4 ) , - -  the brittle metal simply cracks more easily. However, 
if the steel is shot peened, the fatigue strength increases 
proportionately to the hardness. Using the example of Figure 4, 
the SAE 4340 aircraft quality steel actually exhibits almost 
three times the fatigue strength, in the shot peened samples, at 
an ultimate tensile strength of 300 KSI, This principle is of- 
ten employed on the gears, hammers and anvils of impact tools 
that are subject to very high shock loads and wear, It is also 
used for aircraft landing gears and propeller hubs where very 
high strengths are used so as to be able to reduce weight. Engi- 
neers have even used this combination of increased hardness fol- 
lowed by shot peening to improve the wear and the fatigue life 
of the drivers in industrial stapling and nailing machines. 
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Fig 3: RESIDUAL STRESS IN 4340 STEEL (HRCSO) 
AFTER SURFACE GRINDING 

WHAT SHOT PEENING CAN DO FOR 
GEARS 

By understanding the ef- 
fects that can be produced by 
shot peening, a gear designer 
can derive benefits mainly from 
the following two advantages: 
a). Improved bending fatigue 

strength of the gear tooth in 
the root fillet ; 
b). Increased surface fatigue 

resistance to retard pitch line 
pitting, 

Additional benefits from peening, of gears also include: 
c). The very slight dimpling on the tooth flanks to retain lu- 

bricant and contribute to the reduction of noise and wear. 
d). Some gear machining methods leave continuous parallel 

D-,.-.-.-# k. . -  1 i n p a  i n  the P O C ? ~ S ,  that  w i l l  become stress r isers.  . Gel,;,,, ,,,, - 
been used before heat treating to blend out these machine marks, 
particularly on large gears. Since exposure to very high temper- 
atures negates the residual stresses from peening, the gears are 
then repeened for fatigue after heat treating. 
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Flg 4: COMPARISON OF PEENED AND UNPEENED FATIGUE LIMITS FOR 
SMOOTH AND NOTCHED SPECIMENS AS A FUNCTION OF ULTIMATE 
TENSILE STRENGTH OF STEEL 



RECENT DEVELOPMENTS I N  SHOT PEENING OF GEARS 

It makes sense and has been well known for many years that 
for maximum residual compressive stress, the shot hardness 
should at least equal the hardness of the part. It appears that 
this practice is gaining popularity, probably because designers 
are increasing the loads upon components and must squeeze out as 
much fatigue strength as possible. Figure 5 shows the residual 
stress distribution on an automotive transfer shaft peened on 
the hypoid pinion teeth with regular (45-52 HRC)  and hard (55-65 
HRC) shot. The teeth are SAE 8620 carburized and hardened to 
60-64 HRC, and the hard shot is used in production (MI 230H at 
1 8 - 2 2  A intensity and 200% coverage, verified by Peen- 
scanB l a .  It should be noted, however, that a helicopter man- 
ufacturer specifies regular hardness shot for peening of their 
very hard transmission gears: they are willing to forego the ex- 
tra margin of residual stress gained from hard shot in favor of 
preserving the surface finish of their near-polished gear faces, 

Recent testing, by the Universi- 
ty of Munich, was performed on shot 
peened automotive transmission 
gears. Alloys were SAE 6120 and an 
European a l l o y  designated 2 0  
NiMoCrS63, carburized and hardened 
to 60 HRC minimum, Both sets of 
gears were peened with MI 170H shot 
at 10-12A and 2 0 0 %  coverage, veri- 
fied by PeenscanR , and were pro- 
cessed at MIC's shot peening facili- 
ty in Unna, Germany. Figure 6 indi- 
cates fatigue strength increase of 
4 C  and 4 2 % .  A l s o  i ' r u r i ~  Europe comes 
the chart in Figure 7 that shows in-' 
creased depth and magnitude of com- 
pression on a carburized surface as 
the result of increasing shot veloc- 
ity, We would have preferred to 
see Almen intensities and coverage 
rather than just shot velocities 
but the chart shows very clearly 
the relationship of the residual 
stress obtained by carburizing only 
to that obtained by the addition of 
shot peening. 
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Fig 5: Carburlzed Hypoid Pinion Gears, shot 
peened with hard (55-62HRC) and 
Regular (45-52 HRC) shot. 
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Fig 7: EFFECT OF SHOT PEENING AT DIFFERENT VELOCITIES ON 
COMPRESSIVE RESIDUAL STRESSES IN CARBURIZED 16MnCr5 STEEL. 

DUAL INTENSITY SHOT PEENING 

If you look again at Figure 7 you will notice that the maxi- 
mum residual compressive stress is at a depth of between 0.0005 
and 0.002 inch (0,013 and 0.05 mm), At the immediate surface, 
there is a reduction in the compressive stress. Assuming no det- 
rimental products of transformation (oxidation) at the surface 
(more on this later), this decrease in stress at the surface can 
be restored by a secondary peening with smaller shot at a lower 
intensity. Figure 8 shows how the surface residual stress in 
carburized SCM 420 (Japan) steel is increased by dual peening: 
actually, from about 780 MPa to 1330 MPa.l0 Figure 9 shows 
that the fatigue properties of SCM 420 gears are improved by 50% 
from dual peening when compared to "as c a r b u r l z e d " ;  Duel peen- 
ing involves peening the part with a shot size and intensity 
that would be normal for that part and 
secondary peening using a much smaller 
ingly lower intensity. 
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I Fig 8: GEAR FATIGUE PROPERTIES OF SCM420 

then following up with a 
shot size and correspond- 

Dual peening obvi- 
ously increases the 
cost of processing but 
can be well worth it, 
for instance, for rac- 
ing car applications or 
aircraft turboprop gear- 
ing, where every last 
ounce of strength must 
be wrung out. 
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Fig 7: EFFECT OF SHOT PEENING AT DIFFERENT VELOCITIES ON 
COMPRESSIVE RESIDUAL STRESSES IN CARBURIZED 16MnCr5 STEEL. 

DUAL INTENSITY SHOT PEENING 

If you look again at Figure 7  you will notice that the maxi- 
mum residual compressive stress is at a depth of between 0 .0005  
and 0 .002  inch ( 0 . 0 1 3  and 0.05 mm). At the immediate surface, 
there is a reduction in the compressive stress. Assuming no det- 
rimental products of transformation (oxidation) at the surface 
(more on this later), this decrease in stress at the surface can 
be restored by a secondary peening with smaller shot at a lower 
intensity. Figure 8 shows how the surface residual stress in 
carburized SCM 420 (Japan) steel is increased by dual peening: 
actually, from about 780 MPa to 1330 MPa.1° Figure 9 shows 
that the fatigue properties of SCM 420 gears are improved by 50% 
from dual peening when compared to "as carburized". Dual peen- 
ing involves peening the part with a shot size and intensity 
that would be normal for that part and then following up with a 
secondary peening using a much smaller shot size and correspond- 
ingly lower intensity. 
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ing car applications or 
aircraft turboprop gear- 
ing, where every last 
ounce of strength must 
be wrung out, 

A: BEADS SHOT 
I 1 1 1  1 1 1 1 1  ! I 1 1 1  I 

104 1 o5 1 o6 lo7 
NUMBER OF CYCLES 



CARBONITRIDING AND HARD SHOT PEENING 

From Japan comes a report of yet another approach to extract- 
ing the most from the least; the most fatigue strength from the 
least gear size.11 Oddly, Miwa et a1 apparently initiated 
their project with the intent of reducing surface roughness 
caused by peening carburized gears with hard shot. They had ob- 
served the relatively softer immediate surface layer caused by 
products of transformation and often referred to as "zone of de- 
carburization". Because it was softer, this thin surface layer 
produced a rougher tooth profile surface when it was peened. 
Certainly, this is a correct observation but what is surprising 
is that the researchers were apparently not concerned by the re- 
duction in fatigue strength that is caused by a decarburized lay- 
er, however thin.lz Miwa et a1 developed a multi-step carboni- 
triding process to permeate nitrogen into only the extremely 
shallow surface layer, thereby reducing oxidation and the unde- 
sirable products of transformation. They found that peening 
with hard shot (in this case 53-55 HRC) produced a much higher 
residual compressive stress (64% more than conventional shot 
peening) but they also found that they could produce a signifi- 
cant increase in surface hardness. In addition, they were able 
to maximize residual compressive stress and micro hardness from 
"hard shot peening" when they controlled the content of retained 
austenite that was transformed into martensite by the action of 
the peening. In terms of improvement in fatigue strength, their 
new carbonitriding process followed by hard shot peening, pro- 
duced an increase of 1.3 times the fatigue strength of standard 
carburizing followed by peening with regular hardness (46-48 
HRC) shot, (Figure 9 ) ,  It would have been interesting if Miwa 
had compared their new carbonitriding plus hard shot peening 
with standard carburizing also followed by hard shot peening, es- 
pecially with shot at a hardness of 55-62 HRC. 

SHOT PEENING "ALLOWABLES" 

From the foregoing, we 
have seen results of testing 
showing improvements in bend- 
ing fatigue strength of car- 
burized and shot peened 
gears as high as 42%, when 
compared to carburized only 
gears; even 50% from dual 
peening, This is a far 
greater effect than can be 
obtained by any other pro- 
cess, with only insignifi- 
cant changes to gear geome- 
try. At the same time, con- 
trolled shot peening is a 
very economical process that 
adds usually less than 5% to 
the cost of a finished gear 
or shaft. To take full ad- 
vantage of the shot peening 
benefits, it is necessary to 
conduct fatigue tests for a 
given gear under at least 
simulated operating 
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Fig 9: ROTATING BENDING FATIGUE STRENGTH OBTAINED BY 
CARONITRIDING AND HARD SHOT PEENING 



c o n d i t i o n s .  However ,  n o t  a l l  g e a r  a p p l i c a t i o n s  w a r r a n t  e x t e n -  
s i v e  t e s t i n g  a n d  d e s i g n e r s  l o o k  f o r  r u l e s  o f  thumb t h a t  t h e y  c a n  
a p p l y  t o  t h e i r  g e a r s ,  w h e t h e r  t h e y  a r e  c a r b u r i z e d ,  i n d u c t i o n  
h a r d e n e d ,  t h r o u g h  h a r d e n e d ,  n o t  h e a t  t r e a t e d ,  f o r g e d ,  c a s t ,  
w r o u g h t ,  c u t  f r o m  b a r  s t o c k ;  a l l o y  s t e e l ,  low c a r b o n  a n d  e v e n  
powdered  m e t a l  g e a r s .  (We h a v e  t o  e x c l u d e  p l a s t i c  g e a r s ! )  
G e a r s  a r e ,  a f t e r  s p r i n g s ,  t h e  mos t  commonly p e e n e d  c o m p o n e n t ,  
f r o m  t h e  f i n e s t  p i t c h  t o  s e g m e n t e d  m i n i n g  g e a r s  40 f e e t  ( 1 2  
m e t e r s )  i n  d i a m e t e r  where  you c a n  c o m f o r t a b l y  s t a n d  b e t w e e n  t h e  
t e e t h .  A l s o ,  s h o t  p e e n i n g  i s  b e n e f i c i a l  o n  s p u r  g e a r s ,  b e v e l s ,  
s p i r a l  b e v e l s ,  h y p o i d s ,  r i n g s ,  p i n i o n s ,  i n t e r n a l s ,  r a c k s ,  e v e n  
s p l i n e s .  S o r r y ,  b u t  w e  h a v e  n e v e r  y e t  f o u n d  s h o t  p e e n i n g  t o  be 
u s e f u l  on  worm g e a r s .  

Wi th  a l l  t h i s  v a r i e t y ,  t h e r e  a r e  s t i l l  some r u l e s  o f  thumb 
t h a t  a p p l y .  A m e r i c a n  G e a r  M a n u f a c t u r e s  A s s o c i a t i o n  S t a n d a r d  
ANSI/AGMA 2004-B89 s t a t e s :  " S h o t  P e e n i n g . . ,  may i m p r o v e  t h e  bend-  
i n g  f a t i g u e  s t r e n g t h  o f  a  g e a r  t o o t h  as much as  25 p e r c e n t "  b u t  
w a r n s  t h a t  " s h o t  p e e n i n g  s h o u l d  n o t  be c o n f u s e d  w i t h  g r i t  a n d  
s h o t  b l a s t i n g ,  w h i c h  a r e  c l e a n i n g  o p e r a t i o n s " .  

L l o y d ' s  R e g i s t e r  o f  S h i p p i n g ,  i n  a l e t t e r  d a t e d  3 r d  May 
1 9 9 0 ,  i n f o r m e d  Metal Improvement  Company t h a t  " t h e  f o l l o w i n g  a l -  
l o w a n c e  w i l l  b e  c o n s i d e r e d  w i t h  t h e  new G e a r i n g  R u l e s  w h e r e  p r o p -  
e r l y  c o n t r o l l e d  s h o t  p e e n i n g  p r o c e s s  h a s  b e e n  a p p l i e d  t o  g e a r  
t e e t h .  " S u r f a c e  s t r e s s  -- no i n c r e a s e  o f  t h e  a l l o w a b l e  H e r t z i a n  
c o n t a c t  s t r e s s e s " .  " B e n d i n g  s t r e s s  -- u p  t o  a 20% i n c r e a s e  o f  
t h e  a l l o w a b l e  b e n d i n g  s t r e s s  a t  t h e  t o o t h  r o o t " .  

Our  f i l e s  i n d i c a t e  t h a t  B r i t i s h  S t a n d a r d  BS 436 :  P a t  3 :  1 9 8 6  
r e c o g n i z e d  t h e  v a l u e  o f  s h o t  p e e n i n g  on g e a r  t o o t h  b e n d i n g  by 
p e r m i t t i n g  a  c r e d i t e d  r e s i d u a l  s t r e s s  i n  c o m p r e s s i o n  o f  500 
M N / M 2  ( 7 2 . 5  K S I )  i n  c a l c u l a t i n g  p e r m i s s i b l e  t o o t h  r o o t  b e n d i n g  
s t r e s s e s .  T h i s  i s  i n  a d d i t i o n  t o  t h e  c r e d i t  f o r  r e s i d u a l  corn- 
p r e s s i v e  s t resses  d u e  t o  c a r b u r i z i n g  ( i n  Q u a l i t y  A & B g e a r s )  o f  
400 M N / M 2  ( 5 8  K S I ) .  S t a t e d  a n o t h e r  way,  f o r  a t y p i c a l  
m i d - r a n g e  c a r b u r i z e d  g e a r ,  a 1 5 %  i n c r e a s e  i n  t o o t h  b e n d i n g  i s  
- peL - - - : & * _ _ I  diie '- --'--" - 2  

p c c l L r L i ~ .  LU C U I I L L - U L I C U  s h o t  ----'-" 
G e r m a n i s c h e r  L l o y d ,  i n  " S e c t i o n  5 - G e a r ,  C o u p l i n g s "  o f  t h e i r  

" R u l e s  f o r  C l a s s i f i c a t i o n  a n d  C o n s t r u c t i o n  o f  S e a g o i n g  S t e e l  
S h i p s "  a d v i s e s  t h a t  " I f  t h e  f a t i g u e  b e n d i n g  s t r e n g t h  o f  t h e  
t e e t h  i s  i n c r e a s e d  by a t e c h n i q u e  a p p r o v e d  by  t h e  S o c i e t y ,  e . g .  
by s h o t  p e e n i n g ,  t h e n  v a l u e s  h i g h e r  t h a n  t h o s e  shown i n  T a b l e  
5 . 1  -- by  u p  t o  20% f o r  c a s e - h a r d e n e d  t o o t h  s y s t e m s  a n d  by u p  t o  
10% f o r  g e a r s  made o f  q u e n c h e d  a n d  t e m p e r e d  s t e e l s  -- may be a l -  
l o w e d " .  D e t  N o r s k e  Ver i t a s  a l s o  a l l o w s  20%.  

SHOT PEENING RETARDS SURFACE PITTING AND SPALLING 

I n  1 9 8 2 ,  work p e r f o r m e d  a t  NASA's L e w i s  R e s e a r c h  C e n t e r ,  was 
p u b l i s h e d  by Townsend a n d  Z a r e t s k y . 1 3  T h i s  c o m p r e h e n s i v e  re- 
p o r t  showed t h a t  t h e  p i t t i n g  f a t i g u e  l i f e  o f  A I S I  9310 
( c a r b u r i z e d )  s p u r  g e a r s  w a s  l e n g t h e n e d  by 50% when t h e  g e a r  f a c -  
e s  w e r e  p e e n e d  a t  "medium i n t e n s i t y "  u s i n g  M I  70R s h o t  a t  7-9A 
( 0 . 1 8 - 0 . 2 3 m m )  w i t h  100% c o v e r a g e .  I n  1992 D e n n i s  P .  Townsend 
p r e s e n t e d  a f o l l o w - o n  p a p e r  a t  t h e  S i x t h  I n t e r n a t i o n a l  Power 
T r a n s m i s s i o n  a n d  G e a r i n g  C o n f e r e n c e .  The new work i n v o l v e d  t h e  
same g e a r s  a n d  mater ia l  b u t  a " h i g h  i n t e n s i t y "  s h o t  p e e n i n g  w a s  
u s e d :  M I  330H s h o t  a t  15-17A (0 .38-0 .43mm)  w i t h  200% c o v e r -  
a g e . 1 4  I n  b o t h  c a s e s ,  PeenscanR w a s  u s e d  f o r  c o v e r a g e  d e t e r -  
m i n a t i o n  -- a l s o  n o t e  t h e  u s e  o f  h a r d  s h o t  i n  t h e  s e c o n d  s e r i e s  



of tests, as well as 
the additional cover- 
age. In both groups, 
the gears were honed af- 
ter shot peening to a 
16 RMS surface finish. 
"The 10-percent surface 
fatigue (pitting) life 
of the high intensity 
shot peened gears was 
2.15 times that of the 
gears that were shot 
peened to a medium in- 
tensity". This very 
considerable improve- 
ment was attributed to 
57% higher residual 
stress at the peak, 
with greater depth of 
compression. We have 
taken the liberty of 
combining the curves 
from both papers and 
present them in Figure 
10. It is interesting 
to note that the "high 
intensity" shot peening 
increased the pitting 
fatigue life by almost 
four times when com- 
pared to the unpeened 
test gears. 

~ 1 0 6  CYCLES 

Fig 10: COMPARISON OF SURFACE (PITTING) FATIGUE LIFE OF 
CARBURIZED AND GROUND AlSi 9310 SPUR GEARS: 
1. STANDARD FINISHING; 2. MEDIUM INTENSITY SHOT 
PEENING; 3. HIGH INTENSITY SHOT PEENING 

CONCLUSION 

Do all gears require shot peening? Of course not, but the 
fatigue strength of just about-all metal gears can be'improved 
by shot peening: even "perfect" gears. There is a school of 
thought that claims that "perfectly" manufactured gears do not 
need shot peening. We couldn't agree more but "perfection" is a 
relative term; relative, in the case of a gear, to its applica- 
tion. A "perfect" gear quickly becomes less than perfect when 
it is necessary to increase the load beyond the original design 
criteria. For many applications, the "perfect" gear must be as 
small as possible to meet the demands of envelope, weight and 
fuel economy. A "perfect" gear may well be one that is suffi- 
cient t.o do the job for the design price but is far from the ul- 
timate in terms of material, machining and processing. And 
then, there are always the end users, who invariably find wags 
to overstress "perfect" gears to levels never anticipated by the 
most carefully considered testing schedule. 

In all these cases, and many others, intelligent use of con- 
trolled shot peening may well be the answer to meeting the de- 
mands of the application, Remember that even a modest 10% in- 
crease in fatigue strength can result in an increase in gear 
life by an order of magnitude or more. 
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