
CONTROLLED SHOT PEENING 
STRENGTHENS ELECTRO AND 
FLAME DEPOSITED COATINGS 

Metal Improvement Company. Inc.. 
Carlstadt. N.J.. has-been specializing in 
shot peening since 1945. Today it has 
17 plants located in key cities of the U.S.. 
Canada, France and England. The 
Peenamatic Division of the Company 
designs and manufactures a full range of 
automated peening and blastsleanlng 
eauioment 

The application of electro and 
!lame deposited metallic coatings 
is becoming increasingly widespread 
in industry to restore dimensionally 
worn machine parts, to impart great- 
er  surface wear characteristics, and 
more traditionally, to protect against 
surface corrosion. In each case, the 
coatings perform admirably, but 
they often cause an undesirable drop 
in the fatigue strength of the basis 
metal - sometimes as much as 58 
per cent!. 

In an electrodeposited plating 
such as hard chromium or nickel, 
there are several factors that con- 
tribute to the reduction of the en- 
durance limit: 

I. High magnitude tensile stresses 
are induced in the surface of the 
basis metal in the plating baths. 

2. The plated layer often has in it, 
minute cracks which will propa- 
gate into the basis material when 
cyclic stresses are applied. 

3. The hard, brittle, plated lslyer is 
extremely notch-sensitive: and 
susceptible to fatigue cracking. 

4. The hazards of hydrogen embrit- 
tlement are ever present. 

One of the most effective means 
of restoring fatigue strength and re- 
tarding or eliminating fatigue failure 
is controlled shot peening. This is 
a process in which the critical sur- 
faces of a part are cold-worked by 
bombardment with millions of tiny 
steel balls or glass beads. Their ac- 
tion indents the surface, building a 
layer of residual compressive stress 
of a very high magnitude that equals 
about 60 per cent of the ultimate ten- 

sile strength of the peened metal. 
Since all fatigue failures result from 
tensile stresses, if the surface is pre- 
loaded in compression, any applied 
tensile load must first overcome this 
compression before fatigue failure 
can occur. 

METAL FATIGUE 

Fatigue failure usually starts on 
the surface of a part where there is 
a concentration of high tensile stress. 
At this point the surface fibers are 
essentially being pulled apart as the 
re~ult  of cyclic mechanical stresses 
such as repeated bending. 

These stresses may come from 
very high applied loads of low fre- 
quency - like those occurring in 
aircraft landing gear axles each time 
the plane touches down, or from 
relatively low stresses produced by 
high frequency vibrations that act on 
compressor blades in a jet engine. 
In either case, the result can be the 
formation of minute cracks on the 
tensile-stressed surface that will even- 
tually spread into the core metal, 

Closeup of nozzles used to shot peen turbine 
blades Steel shot can be seen atop turntable. 
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causing a potentially catastrophic 
failure. A vast range of mechanical 
parts are subject to- such fatigue 
failures. . 

SHOT PEENING APPLICATIONS 

Metal Improvement Company is 
probably the largest shot peeningjob 
shop in the world. Here an amazing 
variety of parts are peened with shot 
or glass beads. As might be expected, 
many parts are peened for the air- 
craft industry, for example: wing 
skins peen-formed to exacting aero- 
dynamiccurvatures for the new F-I5 
fighter plane; 30-ft lengths of titani- 
um hydraulic tubing; helicopter ro- 
tor spindles and heads; many jet 
engine parts for several of the lead- 
ing passenger airlines. 

The variety of commercial appli- 
cations is even more impressive: 
thousands of coil springs of all sizes 
and descriptions; staple drivers; 
hammers and anvils for impact tools; 
rock drill bits; bull gears and tita- 
nium ball valves for submarines; 
motor shafts; fan and impeller blades; 
huge parts for steam and gas tur- 
bines; tiny extractor claws for eject- 
ing spent shotgun cartridges; paper- 
thin flapper and reed valves for com- 
pressors and small engines; clutch 
springs for electric typewriters; even 
a selection of crankshafts and con- 
necting rods for "hot rod" enthu- 
siasts. 

Shot peening this great variety of 
parts requires more than 30 differ- 
ent, fully automated machines in 
the Carlstadt plant. Numerically 
controlled machines are used for 



Portable shot peenmg equipment was used to improve fatigue strength of huge herringbone gezr teeth In customer's plant 

complex-shaped pans. Highly- 
trained field crews use semi-portable 
equipment to shot peen parts too 
large to move. Recently, the landing 
gear of two C-5 Galaxy planes of the 
Air Transport Command were glass 
bead peened "on location" to  avoid 
totally dismantling the gigantic land- 
ing gear. 

STRESS CORROSION CRACKING 

As the name implies, stress cor- 
rosion cracking occurs in high 
strength alloys of most metals when 
a significant tensile stress is present 
on a surface exposed to an  atmos- 
phere that may be only slightly 
corrosive to the metal. For example, 
an aircraft landing g a r  attach fitting, 

forged and machined from 7075-T6 
aluminum, if sufficiently tensile- 
stressed in bolting to the wing or  
from carrying the weight of the gear 
itself, can crack from stress cor- 
rosion on exposure to  moist salt 
air. This can happen even though 
the part (may have been coated dur- 
ing manufacture. 

Frequently, a part will stress crack 
just sitting on a stockroom shelf. 
This occurs because extremely high 
residual tensile stresses can be 
generated in the surface during ma- 
chining - particularly in grinding. 
Unfortunately, these so-called "heat 
checks" are all too familiar when- 
ever the grinder takes too deep a cut 
on a hard material. They are caused 
by the spontaneous relief of residual 

tensile stresses induced by the heat 
of grinding which may actually ex- 
ceed the ultimate tensile strength 
of the material. If the grinder is 
"backed-off', cracking may not be 
apparent, but the stresses are still 
there. If allowed to remain, their 
action, together with a Slightly cor- 
rosive environment, will precipitate 
stress corrosion cracking. These 
same residual tensile stresses when 
added to by applied "safe" cyclic 
loads are often responsible for pre- 
mature fatigue failures. 

Stress corrosion cracking can be 
a very definite problem with such 
materials as high strength steels, 
austenitic stainless steels, copper 
alloys of aluminum, even brass: in 
fact, stress corrosion cracking was 
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first recognized when live mortar 
shell casings began falling apart 
for no apparent reason in the South 
Pacific during World War 11. Sig- 
nificantly, afterthe shell was exposed 
to the heat of firing, no cracking 
occurred. 

PRACTICAL SHOT PEENING 

Two facts should be firmly en- 
graved in the mind of anyone before 
getting involved in shot peening: 
I. Though a relatively inexpensive 

process, peening does cost money 
so no part will be peened unless 
the peening is highly critical to 
the life of that part. 

2. There is at present no nohdestruc- 
tive production test to determine 
how well a part has been peened. 

These two facts alone make it im- 
perative that peening be carried out 
under highly controlled conditions. 
Plainly put, peening with a hand- 
held nozzle is not permitted except 
under very special circumstances. 

Next, we are faced with determin- 
ing the exact peening parameters 
required for a particular job and 
ensuring that they are being met. 
Looking at the part after it has been 
peened will reveal very little. Most 
aircraft and military peening appli- 
cations have the parameters tied 
down by the manufacturers' or mili- 
tary specifications, manuals or  bul- 
letins. Where there are exceptions, 
the following information will be 
useful. 

Cast steel shot ranging in size 
from 0.007 to 0.250 in. dia is used 
for most applications. Glass beads 
are used when very small spheres 

are required for a very light peening 
intensity or when ferrous contami- 
nation could cause a problem, such 
as using steel shot on aluminum, 
although an acid bath decontamina- 
tion may also be employed after shot 
peening toL remove this contamina- 
tion. Glass beads range from 0.0015 
in. nominal dia to 0.023 in. in the 
practical peening sizes. With either 
beads or shot, the particles used 
.lust be essentially round so little or  
,lo abrasion will occur. Shot classi- 
fying equipment is available to 
separate the broken particles from 
round shot and grade it by size 
for reuse. 

The choice of shot size is governed 
by two factors: since the highest 
stresses in a part are most often 
concentrated in a fillet radius, the 
nominal diameter of the shot should 
not exceed half that radius. And, the 
shot diameter should be large enough 
to conveniently deliver the desired 
intensity of peening . 

Intens~ty of the peening refers to 
a method of measuring the relative 
kinetic energy delivered by the shot 
which was developed a number of 
years ago by Dr. John Almen at  the 
General Motors Research Labora- 
tory in Warren, Michigan. Since he 
was at that time concerned with 
peening springs, Dr. Almen used 
strips of spring steel (SAE 1070) 
3 in. longand )/4 in. wide. Today these 
strips are available in three different 
thicknesses: 0.031, 0.051 and 0.0938 
in., known respectively as "N", "A" 
and "C" strips. Each has a 3:l ratio 
to the others, permitting readings 
in the full range of peening re- 
quirements. 

Such an Almen strip is held in a 
fixture simulating the part to be 
peened. One side of the strip is ex- 
posed to  the same shot stream the 
part will receive. An intensity curve 
is then developed to  determine the 
point at which the strip is totally 
covered by peening impressions. This 
gives the strip a spherical curvature 
(convex on the peened side) which 
can be measured on an Almen gage. 
Essentially the. harder the strip is 
hit by the shot, the greater the curva- 
ture, which is then read to determine 
the relative kinetic energy governing 
the depth of the compressive stress 
generated in the surface of a part. 
The reading also provides a means 
of ensuring repeatability of the peen- 
ing from one batch of parts to the 
next. 

In selecting the proper intensity 
with which to  peen a particular 
part, several factors must be con- 
sidered: 

I. If the shot size is determined by 
the presence of a small fillet 
radius, then the high intensity 
call-out will have been selected 
by the maximum intensity which 
that m articular size of shot is 
capable of delivering at  nason- 
able air pressures or centrifugal 
wheel speeds (Fig. I). 

2. The intensity of the peening de- 
termines the depth of the com- 
pressive layer (Fig. 2). The mag- 
nitude of the compressive stress 
is a function - about 60 per 
cent - of the ultimate tensile 
strength of the material (Fig. 3), 
and is not normally affected by 
the peening intensity, provided 

A R C  H E I G H T  --- 
FIQ. 1. Shot peening lntenstty curves 
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the Shot is harder than the ma- 
terial being peened. The peening 
must produce a depth of com- 
pression deeper than any surface 
discontinuities, such as tool 
marks which would continue as 
points of crack initiation. If the 
surface is rough, a high intensity 
is required. 
Selection of the proper intensity 
becomes most critical when very 
thin sections are involved, since 
over-peening will cause warp- 
ing. 

4. The hardness of the part has a 
marked effect on th; depth of 
compression as well as the mag- 
nitude of the residual compres- 
sive stress. 

5. Most shot peening specifications 
and good practice preclude the 
use of hand-held nozzles: there 
can be little or no guarantee that 
the part will have an even layer 
of compression, particularly 
when long runs of parts are 

Fig. 2. Depth of compressive stress vs Almen 
intensity for steel. 

Variety of shot Deened Darts readv for shi~ment Include: rock drill bits, jet engine blade discs, gas 
turbine hub, shafts. coil springs.-etc. 

involved. Fully automated equip- 
ment is generally required. 

6. The "coverage" given to a part 
is also critical. It is essential that 
all the critical surface be covered 
with peening dimples. Overpeen- 
ing must be avoided because it 
can damage the surface, while 
insufficient peening will expose 
detrimental tensile stresses. 

7. Final surface finish: higher in- 
tensities will produce a rougher 
finish, but for a given intensity, 
larger shot will render a smoother 
finish. 

8. There are occasions when two 
factors may be present on a 
single part, e.g., a thin web area 
adjacent to roughly machined 
sections may require a dual in- 
tensity peening using two shot 
sizes and considerable masking. 

9. It is often less expensive to peen 
an entire part to avoid extensive 
masking with rubberized tape, 
molded rubber or hardened steel 
tooling. 

PEENING BEFORE PLATING 

A precisely controlled shot peen- 
ing will increase the fatigue strength 
of most parts from 20 to as much as 
50 per cent. In cases where the parts 
are to be chromium plated, the hard 
plated layer will cause a substantial 
reduction in fatigue strength (Fig. 
4). By shot peening the part before 
the plating is applied, propagation 
of fatigue cracks can be effectively 
blocked through the introduction 
of a layer of compressive stress 
under the plating. 

Federal Specification QQC-320A, 

-.- 
l m  om =.om oO.om lo Om l m  ~m I MILLION $0 MILLION l m  VILLIOU 

ULTIMATL TENSILE STRENGTH IPS11 , J 
17 34 43 w n CYCLES TO FAILURE 

ROCKWELL 'C1 =ALL 4340 STEEL. 52-53RCR0TAT1NC BEAM FATIGUE 
Flg. 3. Resldual stress produced by shot-peen- 
Ing vs tenslle strength of steel Flg. 4. 5-N curves for chromlum plated steel 
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which Covers "Chromium Plating 
(Electrodeposited)~ states, "plated 
parts . . . which are designed for 
unlimited life under dynamic loads, 
shall be shot peened in accordance 
with Mili tary Specification 
Mil-S-13165 prior t o  plating." For 

' 

high strength steels of Rockwell C40 
hardness or above, it further re- 
quires that they be baked after 
plating at 375F for not less than 
three hours, to drive out free hydro- 
gen from the surface which would 
otherwise cause severe embrittle- 
ment. It should be remembered that 
shot peened parts should not be 
exposed to temperatures  high 
enough to cause stress relieving, 
although there are exceptions t o  
this rule. 

Working together, Metal Improve- 
ment Company and Superior Plat- 
ing Company of Fairfield, Conn., 
recently developed two new proc- 
esses of significant value t o  the 
aircraft and metal working indus- 
tries: 

The first is a patented process 
whereby titanium alloys can be 
plated with non-porous hard chro- 
mium achieving full adhesion and 
no  significant loss of fatigue 
strength. 

The second development is for 
high strength steels which em- 
ploys an  unusual combination of 
shot peening and hard chromium 
plating. Preliminary tests show 
this process could greatly increase 

J S Eckersley exammes peen formed wlng 
panel 

Peenform.ng85-tool wmg panel for OClO amraft Curvalbres musl be he 6 lo  lolerances 01 0 035 
qn Peen ng mach ne (center) IS slatlonary whnle w.ng moves thro~bgh Darrage of shot ~ n t l l  entnre 
Surface ~ s i o m ~ r e s s i v e l ~  stressed 

the fatigue life of plated speci- 
mens over that of even the bare, 
polished control specimens as 
well as  normally shot peened and 
plated specimens. This process 
showed values of more than 
2,000,000 cycles against 75,000 
cycles for conventional peening 
and plating, and 84,000 cycles for 
the control specimens-all a t  the 
same stress levels. Further test- 
ing is being conducted t o  confirm 
these results. 
Neither of these two processes 

violate any existing specifications, 
military or commercial. 

A third development reported 
some time ago by the Naval Air De- 
velopment Laboratory2 shows im- 
proved anti-corrosion' properties of 
chromium plated steel by peening 
after plating. There also was a n  
improvement in fatigue life which 
would be expected because the chro- 
mium layer was only 0.002 in. thick 
and the compressive stresses from 
the shot peening could penetrate 
into the basis metal. It would be 
interesting to see test results from 
shot peening heavy chromium layers 
such as  those used in rebuilding shaft 
diameters. 

FLAME DEPOSITED COATINGS 

Shot peening prior to flame de- 
posited coatings produces results 
very similar t o  that of shot peening 
before chromium plating. Recent 
beehive tests on jet engine blades, 
conducted at Curtiss Wright Cor- 
poration, showed that, "all the coat- 
ings (flame deposited) tested on 
6AI-4V titanium, AlSI 9310 and 
H-I I steels significantly reduced 
both high cycle endurance limit 

and the low cycle fatigue life."' 
Careful grit blasting brought the 
fatigue reduction closer t o  accept- 
able limits. Controlled shot peening 
used prior to a fine grit blasting, 
or by itself as a pre-spray condi- 
tioner, returned the fatigue strength 
of the flame coated specimens t o  
that of the basis metal. 
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I LA-' 
All areas designat- All areas designat- 
ed by this symbol ed by this symbol 
must be shot must be masked 
peened toO.010- against shot im- 
0.014 A2 intensty pressions 
per MIL.S-13165B peening on 

all other areas is 
optional. 

Drawing of typical part, with peening notes 
and .peclttcaUonr. 
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