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Characteristics of Residual Principal Stress Distribution on
Abstract

Surface around Hole of IN718 Alloy Subjected to Laser Peening

Huang Shu, Wang Zuowei, Sheng Jie, Meng Xiankai, Liu Muxi, Zhou Jianzhong

School of Mechanical Engineering, Jiangsu University, Zhenjiang, Jiangsu 212013, China

A finite element model is developed by Abaqus software to investigate the effect of laser power density on
Key words
OCIS codes

the residual principal stress distribution on the surface around the hole. Laser peening (LP) experiments under
minimum residual principal stress is an effective indicator to characterize the LP effect, which decreases with the

1

different power densities are conducted, and the residual stresses of feature points around holes are measured along

Bl

three directions by X-ray diffraction stress analyzer, and the corresponding principal stress of each test point is

calculated. The results indicate that the residual stress is anisotropic on the surface around the hole after LP. The
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140.3390; 140.3538; 350.3390; 350.3850
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increment of laser power density. In addition, a typical residual compressive stress ring occurs around the hole after
NN =
s
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LP, where the minimum residual principal stress value is obviously less than that in other peening zones. When the
laser power density exceeds a certain threshold value, this ring has a tendency to be away from the hole wall.
—> .

laser optics; laser peening; IN718 alloy; minimum residual principal stress; laser power density
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Table 1  Chemical composition of IN718 (mass fraction, %)

Element C Mn Si P S Cr Ni
Content 0.02-0.08 <C0.35 0.35 <C0.015 <C0.015 17.0-21.0 50.0-55.0
Element Mo Nb Ti Al Co Cu Fe
Content 2.80-3.30 4.,40-5.40 0.65-1.15 0.30-0.70 <1.00 <0.30 Bal.
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Fig. 1 (a) Size of tensile specimen with rectangular section and center hole; (b) schematic diagram of

LP scanning scheme

0202004-2



H | i ot

2.2 LPiRIE

LP iR % F Nd: YAG & SR O6 88 R REB L X B ST 4 12 mm X 20 mm, 306 T 2280 WOE %
K4 1064 nm, Bk FEN 20 ns, EBEEAA R 2.2 mm, GBS E2H R 50 %0, G BERE 143 A7 o4 - T 40 A7 L O6 TR
B4 PEHL 6.05,6.58,7.37,8.73 GW/cm® , BURIME AL, £ I S B 3M 24w 100 pm JEE Y& HI 40 96 1F S fig &
WO I RZ R 1~2 mm JE B 7K A S AL X IR /N DL B B an 18 1 i
2.3 BAEMN AWK

RAEZ LP AL IR LR U E K Proto 28 ®IBF & i X 58 55 5 187 77 20 T A% /I L A I 47 5% 4 I 0 4
WM Ty R AR 2 iR . X A MnKa 88 9E G ZO06#E (3 1 D B R AT 5 X HH4E i
JEH 18 KV, B R 4 mA Ahitk MRy 82.5°, #iPE R 8 S, F1 S, /2 43518 —1.56 X10 ° MPa ' Hil 6.50 X
10°° MPa ™', A58 LR 5% 4 32 07 7 109 A Rk e /NFL R 0 DXk = AN O 1 199 5% Ak I AT ARG . ] 2
B o B 3 A (5.6,7,8, 13, 1) HEAT 0° () A 90° Cy) 5 1] b A AR A R SR, Horr 5 5 25 F0 13 5 i
BIFLEE 3 mm, 455 Z B A FE R 1.5 mm s X203 5 (1,2.3,4,9.10,11,12) #E47 0° () . 45°F1 90°(y) =4~
05 6] B BR A 3k, Herb 15 R 9 5 S B FLAE 0.25 mm . AHABZL S E BN 0.5 mm . &> A 1AL B ) 46
DA% o 3 T 7 ] T 5 1 8% 3 R 2 SR RS 1 S B .

ﬂ

151515

3

9 10 1112

K2 BRI 4 U5 2R TR

Fig. 2 Schematic diagram of residual stress measurement scheme
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Fig. 3 (a) 1/4 simplified model; (b) meshing at LP zone; (c¢) meshing around hole
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Table 2 JC model parameters of IN718 alloy

Parameter A /MPa B /MPa n c m
Value 900 1200 0.6 0.0092 1.27
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Table 3 Peak pressures of shock waves induced under different laser power densities

Laser power density /(GW/cm?) 6.05 6.58 7.37 8.73

Peak pressure /GPa 2.91 3.04 3.22 3.50
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Fig. 4 Load curve of shock wave pressure
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Fig. 5 Flow chart of two different solving methods
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Fig. 6 (a) Residual stress distribution of 1/4 model; (b) residual stress distribution along S11 direction;

(¢) residual stress distribution along S22 direction
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Fig. 9 Cloud picture of minimum residual principal stress distribution
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Fig. 13 Measured residual stress values along 0°,
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and 90° directions under laser power densities of

(a) 6.05 GW/cm?, (b) 6.58 GW/cm?®, (¢) 7.37 GW/cm? and (d) 8.73 GW/cm?
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Table 4 Calculated results of minimum residual principal stresses at different points

Power density /(GW/cm?)

Minimum residual principal stress /MPa

1 2 3 4 9 10 11 12
6.05 —419 —335 —320 —311 —381 —349 —302 —288
6.58 —429 —352 —397 —365 —513 —355 —420 —367
7.37 —546 — 447 —419 —401 —544 —445 —450 —426
8.73 —620 —519 —500 —527 —584 —507 —540 —493
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stresses on AB path under different laser power densities
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Fig. 15 Distributions of minimum residual principal

stresses on CD path under different laser power densities
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