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IN718 & 4 1) e il H 23 RGP, AT 42 s JHe v Tt 456 A
P B8 1R AH SCAIF 70 0 oA DL 4R T8 o A S0 i i 2R e AR 56
HZE A, WAL AR B 55 M B, IR LP(20 °C)
ATWLP(260 C) L& F IN718 434 &M M Bk
BLEE

1 5 I

BIGA RH i P TE il B B4R S R
1) IN718 8 dE sl & b, AL~ Nih
52.50%, Cr A 19.25%, C A 0.058%, Si A 0.149%,
Mn 4 0.165%, S 24 0.001%, P 73 0.011%, Al ¥ 0.44%,
Cu >4 0.044%, Ti Jy 1.10%, Mo 4 2.98%, B 4 0.003%,
Nb+Ta & 4.93%, Co ¥ 0.135%, JH&H Fe.

WAER S 50 mm>15 mm, B 4 mm, A ikEE
PRI HL R P4t 240#~1000# 1 /K b 45T B, R F i
KLE AR 0.5 mm 40 7E S AR URE BE L b 24T 3
b HE, W E % T 50 um BB A, L2 K9
62 B35 . 5% B 4% [ Innolas 2 &) 4 7 (1) SpitLight 2000
Rk rf Nd:YAG [ R B0 28 21T W FLAb 2 . et B A%
2 mm, FEHEE 50%, X0 10 mm>8 mm 5 B
X ek A7 W FL AR HE

XtF IN718 4236 &4, T LA 6~9 GWicm* 1)
Bothe R, RIEBOLR RS E T E AR

4E

' = nrd? )
AL RNAH RO RE BT 1.5~2.2 0, 5 R F At B
FEMERER, Wi 1.8 I A e . . E
NEOLRER, T Nk, d ABOERBEEE.

BT HOG R AR AR A T HOEB AL 33
S AR I 20 ) 4 2 RO, R I S A T AL IR P A
KB E, HRE R T 30285 5 AR I 0R B RT AT IA
N B A AR I AR FE VS B N (0.2~05 Ty). BL4H,
Gopinath 25 M20xd - 37 45 5 55 5 A 8 A8 I 20008 J3E ¢ & i
AT FRRIF 97 3% BH 9 & 2 A R B AH DR R MOk & o WLP J& i
N AR R, e WLP I X 8] A 220~320 C.
R A AR A A INT18 #2354 4 WLP (7T,
WBOLTh R 9 GW/em?®. Wi ALIRE 260 C AR
TEsHAAM., GaH%5E, KB 260 CIEN
LP(20 C)MIXJLLiRE, #RE WLP Xf IN718 #1554
e IR R TBAT 9 1 5

1 H RX3-50-13 ‘S A LB, B WAL 5 A
SN #4 % 500, 600, 700 ‘CJ&f#i#E 3 h, #F 7R E
TR 3 h JEFR AR A 5 5 AE (FWHM) ) 4347 LA
J R S o BR AR N 3R T R FH B E e ik,
AR E g, KH Cr Ko &4, (220) i ATh, AT

SHIEETE 1284 47, X 6 HL R 22.0 KV, & HLIAL 6.0 mA,
8 ) #—601 MPa/ [, A&}/ ¥ 43 HHL 0= 24, 35
45 R MZ LM 73 A0 13198 1259 20 A
6 0.10° 1% 1A 0.50s, HEE HA &1 mm.
5 5 H (FWHM) W 2 i B A 78 {2203 A7 23 0,
Bragg /i 0= HEl, EWNAMRZ Lk RH FWHM
AR A % B i R A B, ARG 2 50l B
£ 1HR,

B WLP B sl ZCR, BL WLP {fRilf 700 CJ5
IN718 &4 A, % EOLISM-7001F B! 44 fi 1 &
T o H ORI S 1) R A U AT I EE . kb, N T
Ft WLP Ji5 2% [ 14 58 (1) =y R B AT A, F X WLP 1T LP
[RAE, 2 BIFE 700 Cf£75 100, 200, 300, 400, 500
min 5, WEAORIE S BRI AR RN 77, W5 S5
R2HN.

2 #R51
2.1 BB AIR e
211 REEH

FEARBEIRE 20 F1 260 °C 41EF 43 )3k AT 380 i
FARE, BRI WE 1w

HHE LA, BT WX SR E AR A T
WML, SNBSS, REZN 50 pm, L
GBI, 2B T OGS R 7 A U AL R

®1 AREEEHEREEh)SRFRFRESH

Table 1 Experimental parameters of high-temperature
exposure at different temperatures
No. WLP temperature/C Aging temperature/’C
Al 20 500
A2 20 600
A3 20 700
B1 260 500
B2 260 600
B3 260 700

*2 AEEHERE(T0 C)SRAERFIESH
Table 2 Experimental parameters of high-temperature

exposure at different time

No. WLP temperature/C Aging temperature/'C
Cc1 20 100
Cc2 20 200
C3 20 300
C4 20 400
C5 20 500
D1 260 100
D2 260 200
D3 260 300

D4 260 400
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D5 260 500

K1 Botmih s
Fig.1 Morphologies of laser peening: (a) 20°C LP and
(b) 260 ‘C WLP
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T THI 5% A 7 ) I A Vs AL I PBE PR s i oS, R
Ye 25N BE s 4E 8 — B, X2 T R IR AR AR 5 8
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Fig.2 Testing points of residual stress
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2.2.2 REREXNSEBRKNE M

N RE— B FE WLP J5 2 1 M A 1 i e e
# WLP Al LP J5 iR AEAE 700 CARIRAS RIS 1], A0 e
WA RO, e 6 Frn. ATULEH, AR
AR IR AR, LP AT WLP J5 BRE i 2 TH ik & B )
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Process Residual stress/MPa FWHM value/(9
Test point 1 Test point2 Test point 3 Average value Test point 1 Test point2 Test point 3  Average value
LP(20 C) -695 -683 -670 -683 1.58 1.58 1.57 1.58
WLP(260 C) -548 -564 -580 -563 1.65 1.65 1.64 1.65
B3 WLP(260 ‘C). LP(20 ‘C)FI3Likf OM IR H
Fig.3 OM images of base sample (a), LP(20 C) (b), and WLP(260 C) (c)
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Fig.4 Surface residual stress after exposed for 3 h at different

temperatures
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Fig.5 FWHM values after exposed for 3 h at different

temperatures
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A N U4 KF LP 3. 500 min fRi )5, LP ik
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Fig.6  Surface residual stress after exposure at 700 ‘C in

different time
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log Ings® & °° )-lolhZk, WK 7 R, B EEZ
FE N mAE, #IE A mlogA. IN718 It & & 4T
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0.2

= LP(20 C) .
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04}
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Fig.7  Surface residual stress relaxation of |ogin(6?/5™)-logt
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PR
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BRI 0 HlsE 4k T y"—0 MG, X — L% a3 Ui 9
T WLP {@ff K& pratfuAisr . FAM G AL T
WLP ) DSA %% . 4 HaleM™%: AR5, IN718
H4&TE 173~473 CW, C JETI 8K 7 Kk 3h A1 30K
JS7 o AT H 5 AT 1T L RI0RE DA B AT e 1 5 A
E I S0 N AT WILP £ 7 A B i 10 for 4l 85
FEAR p" M TEAZ S R IR, BT WLP S8k
RIZMBHEATE, REBSAMEI, RR TR
fL5 Nb Ji 745 & % 2 62 -Nb J7 75, ZA7-Nb J5 ¥
Xf [ {78

K8 700 CLRIEG WLP R & ST tHAH SEM B8 v
Fig.8 SEM images of WLP+700 “C exposure sample
kb BN FRIC R i Re &, # — 251 Nb 3E-F
MW 5, G0y MR RALE, T S oL mERLE
Wy MR . SRR B L & Nb 5 1) T 1

i B AL AT WILP [X 38y M 1) 1o 2 FE A R 21,

BhAh, MR Loria 2 N E%} IN718 & & MIBF 7T, #
T HF " RH R AT R AT St ek A B R T U AR
P KN [, Zhong % NMOVE e, SR AR A
) e e B AT D 2 S U DR T Ak ) v T A AR s i
BYERE . DNIE, " A2 D 5 5R AR L) i R AT
A, —J7m, WLP AR p A0 ST H A
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[F I " A B AT AR K B i A% B LR, T AL B e 3 B
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n Q

g =Co exp(—ﬁ) (4)
K. g, NREHFLHZE, ¢ AMEVEEL o R
AR Fy, Q44 SR ARG AE, R Y8 il <A &
(R=8.314 Jmol™ K™, T NLXFILEE, n N )HE %
(stress exponent) . & I i A2 3 5 A kb A B 2 B f 2
B A <. WLP Sl [ &% B AR AL s 25 4, R
W T A EER I BE T, AL EDIRAS IR e, (2 A
(4 B & S T FR 2 n SN R TR E Q

i, BURIEWALT S, WLP 1) DSA M it
T ORI Ry A K BT, SR T AR Is B R
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3 & it
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JERL IR AR, B IIR L 40 MPa, BEZE R IR
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Thermal Relaxation Behavior of Residual Stress in Warm Laser Peened Inconel718

Superalloy

Zhou Jianzhong, Han Yuhang, Huang Shu, Meng Xiankai, Sheng Jie, Zhu Weili, Xu Sugiang
(Jiangsu University, Zhenjiang 212013, China)

Abstract: In order to study the influence of Warm Laser Peening on the thermal relaxation behavior of Inconel718 superalloy, the LP
(20 <C) IN718 and WLP (260 <C) IN718 were used as the research objects. From the view points of microstructure and residual stress, the
relationship between temperature, time and residual stress were explored by experiments. The thermal relaxation behavior of residual
stress was analyzed from the perspective of material softening and creep-controlled behavior at elevated temperature. The results show
that the WLP (260 <C) IN718 superalloy has a better performance in residual stress stability, grain size and dislocation density compared
with LP (20 <C) IN718; the relaxation amplitude increases with the increase of applied temperature, and the thermal stability and
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dislocation density of residual stress in LP(20 <C) IN718 is better than that in WLP (260 <C) IN718; the maximum rate of stress relaxation
appears at the initial stage of peening process in all conditions, and the LP(20 <C) and WLP (260 <C) surface residual stress have released
68% and 36.7%, respectively, after exposed for 500 min at 700 <C. Thermal relaxation behavior can be described by Zener-Wert-Avrami
function.
Key words: IN718; Warm Laser Peening; thermal relaxation; residual stress; dislocation density
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