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F atigue life increases, by orders of magnitude, 
can be expected on compressor components 
treated by Shot Peening- a control led process 

.hat involves the bombardment of the metal 
~omponent by millions of spherical particles of steel, 
;lass or ceramic. Shot Peening is being applied to 
:rankshafts and con-rods of huge reciprocating 
:ompressors and to the small valve reeds, only a few 
.housands of an inch thick, that are the heart of 
,efrigeration and air conditioning sealed units. In 
  hat is perhaps the "ultimate" in design of axial and 
zentrifugal compressors, the modern jet engine, Shot 
'eening is used on all rotating parts, as well as many 
~f the stationary ones, to prevent premature failures 
'rom metal fatigue, corrosion and fretting fatigue, 
3nd from stress corrosion cracking. 

The paper reviews these and other applications for 
:ompressor engineers so that they will be able to 
ncrease the life and/or the loading on both new and 
:xisting designs, without increasing size or adding 
weight to critical components. The controlling 
~arameters of the Shot Peening Process are also 
iiscussed. 

HISTORICAL BACKGROUND 

ihot Peening was first used, in a production 
tpplication, to extend the life of the valve springs for 
he Buick and Cadillac engines of the early 1930's 
Ref. 1). The process was discovered accidentally 
~nd, although the benefits were soon recognized, it 
vas several years before a mechanism was proposed 
~ n d  even longer before i s  was generally accepted. It 
vas recognized, at the time, that fatigue cracks 
nitiated under repeated tensile loads. John Alrnen 
~ostulated that Shot Peenin produced the increases 
n fatigue life from the intro j uction, of a high residual 
:ompressive stress, which remained just below the 
urface of the part (Fig. 1, Ref. 2) .  
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F lClJRE 1. EXAMPLE O F  RESIDUAL STRESS PROFILE 
CREATED BY S H O T  P E E N I N G .  

Any applied tensile loads, affirmed Almen, would 
have to overcome this residual compression before a 
crack could start. Furthermore, Almen claimed that 
many parts (springs, for instance, from the coiling 
operation) had in them, from manufacturing, residual 
tensile stresses, that when added upon by the tensile 
loads, would further contribute to the part's early 
failure. Shot Peening, he said, reversed the surface 
residual stress from tension to compression, accounting 
for the very great improvements in fatigue life that are 
typical ofthe process. The academic community was 
almosttotall opposed tolohn Almen'stheories since, 
at the time, t x e presence of residual stresses in metals 
was not recognize in engineering calculations. The 
advent of Fracture Mechanics eventually vindicated 
Almen's position. Today, we not only recognize 
residual (or self) stresses; we are able to measure them 
with a considerable degree of consistency, primarily 
by x-ray diffraction. 

Consideration Of  Residual Stresses 

lfthe part is dimensionally correct, are residual stresses 
all that important, in a fatigue application? A very 
current case i s  an excellent illustration. A group of 
engineers are developing a torsion bar for a space 
application (the exact nature is  "classified"). They 
carefully ground the test torsion bars to produce the 
final profile and a smooth surface. The unpeened 
torsion bars, at the applied load level, averaged close 
to a million cycles to failure and the stress analyst in 
the group figured from this information, that shot 
peening would about double the life of the bars, to 
two million c cles: sufficient for the application. To 
his surprise, t 'i e first (and only ) Shot Peened torsion 
bar that they tested ran for 166 million cycles when 
the test was discontinued. 

i r i  most q~plications for Shot Pt~n ing ,  ihc bowfit ni~taincd 
is llrcxdiirci i c s i i i l  O/~!JC ~~: .~ ic !u i i l  ~ ~ ~ n p r c : . ~ . s i ~ ~ ~ s I r c . ~ ~ p r ~ x . ! i ~ ~ : ~ . ~ ~ .  
A i ~ . k : l  ~ ~ f i / c ~ o f r i s i i a ' t i : i /  ::oin~rcis.~ivc: r k x s  as ir c:hanpr:r 
wci I i kp l i i  rs .dio~;b/ri. lb FIRS h i r  iinporLmt ~ha fade l j s t i c~ :  
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