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Shot Velocity Measurement and the Effect of Shot Material on Residual Stress in
Shot Peening
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Pneumatic shot peening with zircon shot of four different diameters and
steel shot of three different diameters was performed on an aluminum alloy. The effects of air
pressure, shot diameter, and material on shot velocity were experimentally investigated based on
direct measurement technology using a high-speed camera and a particle image velocimetry (PIV). The
residual stress distribution through the thickness direction was systematically measured by X-ray
diffraction (XRD) method and then quantitatively evaluated by an inversely identified equation
considering the shot velocity, diameter, and materials for industrial application.
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Fig. 1 Experi mental set up [2].

MEMRECAM ACS-1 Table 1 Specifications of shots[2].
1/250000 - : —
Material Shot Diameter Hardness  Specific
1/50000fps (average) gravity
1028x 720 Zircon  FZB20  0.850-0.600 mm  650-800 3.85
120mm (0.73 mm) HV
FZB40  0.425-0.250 mm
(0.34 mm)
FZB100  0.180-0.125mm
(0.15 mm)
Low ASR230  0.850-0.500 mm 45-52 <7.0
PIV aloy (0.71mm) HRC
FtrPIV steel ASR170  0.600-0.335 mm
(0.50 mm)
2dx ASR70  0.335-0.125mm
24 234 (0-30 mm)
3.2
4.2 mm/s
200% 8mm 5mm
100 mm 0.2 0.6MPa 0.1 MPa
33
68 70HV 188 MPa 244 MPa
A5052-H34 5 mm 19 mm
75 mm X
X u-X360
8mm
1 2
2 15

MPa
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Fig. 2 Images captured by the high-speed camera of the in-flight zircon shots at 0.6 MPa: (a) FZB100

and (b) FZB20 [2].
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Fig. 3 Shot velocity distribution via PIV at the nozzle center line using zircon shots. The horizontal axis
shows the position in the high-speed camera image (Fig. 2) in the shot travel direction: (a) FZB100 and

(b) FZB20[2].
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Fig. 4 Effect of air pressure and shot diameter on
shot velocity using steel shots. Plotted experimental
data are fitted with lines calculated using equation
(2): (a) Zircon shotsand (b) Steel shots[2].



v = 35.54(p — 0.1)0-567 D=0457 (1)

(p-0.1) 0.567
-0.457
Fig. 4(b)
2
v =2846(p — 0.1)0:588n=0.256(1 p)
(p-0.1) 0.588 -0.256
4.2

Fig.5
) ) 2 X y

FzZB20 0.1mm 2

FZB100 0.2 MPa 0.4 MPa
0.6 MPa FzZB40 FzZB20
0.2 MPa 0.6 MPa 0.4 MPa
-200 -150 MPa
100 100
50 @ 50 (-(0)
A

% -50 g
g A % _ A
7 -100 4 = L
3 ©0.2MPa g T
’?é -150 m04MPa | & E m0.4MPa

200 A0.6MPa—| -200 A06MPa |

-250 ‘
250 0 01 02 03 04 05 06
0 01 02 03 04 05 06

Depth from surface [mm]
Depth from surface [mm]

Fig. 5 Residua stress distributions after shot peening using zircon shots. Experimental data plotted are
x-stress (solid) and y-stress (open) points fitted with lines calculated using equation (2): (a) FZB100 and
(b) FZB20 [2].
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Fig. 6 Relationship between the coefficients in equation (2) and the shot velocity and diameter. The plots
arethedatausing in Fig. 5, and the wireframes are the results of regression using equation (3): (a) A+B,

(b) Zg, and (c) W]2].
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Fig. 7 Verification of the residual stress distribution
for FZB30. Plotted experimental data are fitted with
lines calculated using equations (1a) and (3) [2].
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