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Abstract 

Shot peening is widely used in the aircraft industry for fatigue life enhancement derived 
from compressive residual stresses. Traditionally, Amen strips are used to measure the 
shot peening intensity, which is directly related to the resulting residual stress profile 
induced. These profiles do not appear to be sensitive to shot size or velocity. However, 
peening also induces plastic strains which are potentially detrimental. This effect appears 
to be very sensitive to shot size and velocity, and not dependent on intensity. 

In order to develop a better understanding of the peening process and its impact on life 
capability, single particle impact tests using production shot were conducted at the 
University of Dayton Research Institute Impact Physics Laboratory. Incident and recoil 
velocity were measured, along with shot mass and diameter before and after impact. The 
coefficient of restitution (kinetic energy out 1 kinetic energy in) was found to decrease 
significantly with increasing velocity. Metallurgical evaluation was conducted on the 
impact dimples and on production peened samples. The temperature rise at impact was 
also successfully measured for two conditions. This led to the development of a "damage 
layer" hypothesis and the use of fracture mechanics methods to estimate the resulting life 
capability of a peened test specimen. 

This paper describes the data from the single particle impact tests and trends in impact 
response due to changes in shot size, velocity and incidence angle. These results are used 
to interpret observed trends in life behavior, microstructure development and material 
behavior. 
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Single Particle Impact Tests 

Production shot  (ccw14, ccw3 1, ccw52) 

Nickel-base superalloy, R88DT 

Metallurgical Evaluation o f  Dimples 
Mater ia l  Behavior a t  H igh Strain Rates 

Marsha K. TufFt 
GE Aircraft  Engines 
September 4, 1996 
ICSP6 

Background 

+ Shot Peen DOE results 111 - LCF "damage" identified 

+ Light Peening Study - limited benefit for FM 

+ Thompson Relation 121: d = 1 . 2 8 ( ~  / p ) 1 ' 4 ( ~ n ) 1 ' 2 ~  

- Assumes spherical shot and dimples 

- Assumes constant coefficient of restitution (e=AKE,out/AKE,in) 

+ Bailey ru le of thumb 131: intensity - dimple diameter 

+ Popp/Thompson damage parameter r41: e, = d2 / ( 8 ~ ~ )  

- plastic strain due to indentation of a spherical dimple 

+ TEM w o r k  151- shows evidence o f  recrystallization 

1 1 -  There appears to be a change in mechanism a t  work. 
Existing approaches didn't provide adequate correlation. 
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Benchmarking with Erosion Studies 
+ Velocity calculations made using Thompson's reln. 

+ Strain rate estimates made using = V /  R 161 

- ROM A observed for different shot sizes at same intensity 

8A: CCW 14=>5E+05, CCW3 1 =>4E+04 

+ Timothy & " ~ u t c h i n ~ s o b s e r v e d  onset of adiabatic 
(d=dimple dia., D=shot dia.) ~71 

Using Thompson's reln., d/D=0.6 for V=81 m/s 
- equivalent intensities estimated to achieve d/D=0.6 
---. -.--w.-.---.p------.- .----..= 
Shot type Diameter Predicted Strain Rate 

1 Isec 'nte.!E!tr_* _*.--_*_*-.-- 

CCW14 .356 mm (.014") 9A (.009" A) 5 E+5 

Initial Assessment 
+ High strain rates involved - "normal" experience fails 

5 
- 1100-0 Aluminum shows sharp knee around y - 10 181 

- From Meyers 181, stress response depends on mean dislocation 
velocity; regimes change as velocity * shear wave velocity: 

thermal activation 3 phonon drag relativistic effects 

+ Even though velocities are l o w  (for i m p a d  dynamics) 
strain rates are o f  181 

+ Finnie's erosion work  p j  noted a potential SIZE effect - 
microparticle impact considerations 

4 From available evidence, basic assumptions used i n  
Hertzian analysis, Thompson relation, probably invalid 
a t  high strain rates 4 
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Energy Equation 

+ Impact Process is transfer o f  shot kinetic energy t o  
workpiece stored energy 

KE,in - KE,out = AE,rev. + AE,irrev. 

+ Coefficient o f  Restitution, e=AKE,out/AKE,in 

+ Define fraction o f  dissipative processes t o  elastic 
energy storage processes, f=AE,irrev/AE,rev. 

(1 -e) KE,in = (1 +f) AE,rev 

+ Now, study trends of e, f as function o f  velocity, 
strain rate, etc. 

I 3 minimize f I 

Strategy 

+ Conduct single particle impact tests 
- production shot 

- try for Design of Experiment (DOE) approach 

- cover range of shot size, velocity, strain rate and incidence 
angle conditions 

- capture single impact event of an actual peening process as 
closely as possible (air environment, shot, target) 

- conduct metallurgical evaluation of impact dimples 

+ Concurrently, conduct metallurgical evaluation of 
product ion peened specimens as benchmark 

+ Compare and evaluate responses 
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Single Particle Impact Test Effort 

4 Production shot (ccwl4, ccw31, ccw.52) and Low- 
Stress-Grind R88DT targets used 

+ Incident angle and velocity measured 

4 Recoil velocities obtained f rom high-speed phot  

4 Temperature measurements a t  impact (3 cond.) 

4 Resulting DIMPLES measured w/ profi lometer 

+ Precision sections taken through selected dimpl  

+ SEMIEDAX and Auger analysis of selected cond. 

4 Shot weighed and measured before & after impact 

Intensity / Velocity & lntensity / Strain Rate Maps 
- - -  -- - - -- - - - -- - -- - 

a) Intensity (calc ) vs Normal Veh b) lntenslty (calc ) vs Normal Strain 
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+ Thompson's relation used to calculate lntensity vs. normal velocity 

@ 10A Intensity ccwl4  C C W ~  1 C C W ~ ~  

Velocity m/s 136  2 4  9 
Strain Rate 6.5E+5 4.7E+4 1.2E+4 

+ Actual intensities may vary with coefficient of restitution, incidence angle 8 
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Figure 1: Single Particle Impact Test Setup 

a) shot in plastic and brass sabots 

b) shot samples showing three sizes 

Single shot (b) is loaded into a plastic 
or brass sabot (a) and loaded into the 
breech of the gun (c). A helium gas 
tank is attached to the breech and the 
selected lpressure is set. When the gas 
is released into the breech, the sabot 
and shot are propelled down the barrel 
and into the sabot catcher (d), at which 
point the first laser beam is triggered, 
and the shot is released from the sabot.. 
The shot breaks the second laser beam 
on its way to the target. 
































