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Effect of Different Process Temperatures on Residual Stress and
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Abstract Warm laser peening process (WLP) is an innovative processing technique, which combines the
advantages of laser peening (LP) and dynamic strain aging (DSA). In order to study the effect of different process
temperatures on the thermal surface stability of WLP IN718, the LP(25 C) IN718 and WLP(230 C, 260 C, 290 C,
320 C) IN718 are served as the research objects. From the view points of compressive residual stress, nano—
hardness and elasticity modulus, the effects of different process temperatures on the thermal surface stability of
WLP IN718 are explored by thermal insulation test and nano-indentation test. The results show that the compressive
residual stress presents an decreasing trend with increasing the WLP temperature. LP and WLP samples thermal
relaxation amplitude increase significantly with increasing the applied temperature, and the WLP samples have a
better performance. WLP (260 C) IN718 has a best performance on thermal stability and nano—hardness, and the
load—displacement curve further evidences the effect of temperature on thermal relaxation of WLP IN718 superalloy.
Key words laser technique; IN1718; warm laser peening; residual stress; thermal relaxation; nano—hardness
OCIS codes 140.3390; 140.3538; 160.3900; 220.4610

5 5

IN718 &4 1E-25

3 C~650 “Cilit £Vl N B AT RAF I 255 PERE , R BLAT 0 S B9 BT S8 AL It I i M i L R

Yrfs B HA: 2015-01-25; Y 2l & 205 B H#A: 2015-03-05
EE&TR: BER AR IS (51405204,51175236) 5 55 24 A% - 22 Bl 5 % 0ROk 4 64 9% B iR 8(20123227110022)
b 4 5 B 25 5 4 (2013M540417,2014T70477) 9175 48 1 4= J5 BHAIF 98 Bh o %1 (1401065B) V135 K%/ S N 4 ) 8h 4 4

(13]DG109)

EE R A AR L(1964—), 55 Wb, 0z, W 42 R0, 32 2SR5 O 58 SR I T BT 98 . E-mail: zhoujz@ujs.edu.cn
*EIEBE R A, E-mail: hanyuhang52@qq.com

0703001-1



L G-

LF N T KR AR RN SRR L B N A DR CRB TR K T ML A S, R S A T
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95 55 W7 24 A5 R, EL I DOk R B A5 B A R P . B3 K S AIL SR 0 A 3 1) AS W7 B2 T, R Sl AL AR AR A 1
FH L 1 8 35 650 °C, INT 18 & 4 14 07 FH I I ™ R Bk 0k o dnfif 48 = IN7 18 & 4 vy Tk 2% 1 M B A e 1tk S AL M
A8, AT 4 L0 9 BBl B o 2% 400 Sl BF 9 1) 5 0

PO ISR AL (LP) & —Fh e BE R TSR AL B R B 75 A 4 3R 215 515 B A 5R A FE I 1 3, DT B2 5 b1 i1
1 S T JE ok B 57 P RS, AR R SR R BT LP 5 S (W AR A N ) 7 R R IR A 5 1 T 23 & AR BRI, ™ EE AR
FFFEAT, 2010 4F , Liao 25754 M BOG IR I AL AR (WLP), L2547 LP 5 25 1 728 I &4 (DSA) i1 XL A 3%, il o
A 1 B0 B (R AN oK DT 0 0o 7 A8 AT T L L BELAS FL 8 A%, 1T o B 7 8 A, 0 S A MR R T R . &
/NI SE T WLP Ab 3 6061-T6 55 1 4 14 2R 1 58 FE Ao M A0 20 40, 45 R W1, WLP 58 LP A 35 3 90 K G pir
H W g s AT A, DT 7= A O sy ) 8 T i R R 1K ) 2 KL 88 5 AT 1 400 4 4 1) 6T FLS0RE A2 1y 4 B A7
BT R R, DA o 3R 1A EL A T A ) v U R TR PR R R M . TR A DARE b 25 L R R 4 B T A EE 3 BT T O
TR E ALK T+ ATISI4140 40 9% 25 PERE A BB VE T, i T DSA MR, 220 WLP AL U | B B FIp% 25 3 A9 31 1 i 3%
P, TR T AR sl i 5 32 BVETHL , AT AR A5 4L U I 48 B2 . BEJS , Tani 55""6F X AISI1045
MR IEAT WLP A LP T 20 5 A A, 3050 28 B, 12455 20w g T 3903000 W LP 1 LP 15 FH U 114 2 11 2% 4 7 g 7 S At
B XS B AR T — P T A B OO IR B SO R IO kL R 2R B IO A A AT DA e SR
T I B8 7, T L AT LA 224 4 g b ol DX S A

R BT S IR B R 0 WLP 3 A% B8 LP 12800 5, ol il adk 78 A 45 T S S OB 0 98 oK T
Yy, 6FFCHEATET L, BELAHOL 48 18 2, DT AR A T AR E R LA A1 4 TR R Y SR IR AR o I M BT Y WLP SR LA 5T
FEEPEMIBA SR L, FI DR R B EIRR mIR A S A RIUR WA Ak T AR IR AR S AR
B SRR, R F ST WLP 20T i & & A R0 2 i EA o SE PR R A (. X INT18 S il A
&, Ty HHE LA 55 4E 650 CRE A BR i IN7 18 K FH i [l 7L 2, R WLP 2 /5 IN718 A 4 9 4% T 41 41
R M, DT 2 e JHG v L O FH M B % M DG A o i T Al o B UG A 25 A DL LP(25 °C) AT WLP
(230 °C.260 °C.290 °C 320 C) LM T 1 INTI8 & & H o X 4, i ok & i AR 53 38 40 oK R IR 5, A
R A% I 3 T JCRI 490 K RSB 32 14 728 1 £ J3E R T T B X INT 18 45 4 WLP iy i Tk 36 1 M e S P A S i

2 EEMRHNE
2.1 REMHEEE

EFIAE Sl ™ BA RAFLRG D127 PERE I INT 18 B 35 i i & & il e A bk, Ak 2% i 4 S HL o i 43 5500
Ni} 52.50%,Cr >} 19.25% ,C 4 0.058% ,Si } 0.149% ,Mn 4 0.165% ,S 4 0.001% ,P 3 0.011% , Al } 0.44% , Cu
}90.044% ,Ti } 1.10% ,Mo } 2.98% ,B } 0.003% ,Nb+Ta } 4.93%,Co 4 0.135% , H: 43 N Fe.

WAER S 35 mmx15 mm, JEEE 5 mm, 555 2408 ~ 1000479 K 0 4847 B L 5% FBUK: 1542 0.5 mm (9416 7 78
S AR AL AT O A B B R . 2 50 wm JEEAR A AE RO BEH PMX-200 i S i A
YERAH)ZE . RHINd: YAG-GATA BGARUEAT WLP AR o K 40 9 W i J2 5 2 3 o T ke 361, Ol e e
T LAEG I, B WLP I BT H AT 0 #7530 26 100 IR 32 38 3 990 U B2 s, 4T T 3 TR il is T g I G A e vl
YRI5 TR R, FT OGS X T WLP 3 15 .

Mg FLIX B A 15 mmXx 12 mm, JOEEHE BN 3 mm, #EE R K 50%, Ikl 8 9 ns , JiF N 5 Hze BT E I
B A% IV ) B A5 O ) R R ) BN T B R, R T A IR X WL SR Ak AR Y R 5 BEOG 28 B ok AR
FE 19 JAE R WLP Ot i o R RO ML B A2 7R I A 1 1 T

H T OG IR WAL AL B AR 456 17 LP A DSA B9 285 ROR", PR @ &35 i WAL 2 e B2 R IE R
ARG T Bl 2 o A B AR B A A 9 TN Ry B A N AR B 0 S L R (0.2 T,~0.5 T)o AP, Gopinath 8%} F i
7 8 55 F) 25 N AR B0 BE DG R AEAT TR S, WE AR AR W (R IR A DGR M G R . WLP J& i 1R AR i
WE , B A WLP I B X 3]y 220 C~350 C. Z55 % 18, BEHL 230 °C . 260 °C.290 °C .320 CAEN WLP IR B, JF LA
LP(25 C)ilREAE X6 He #8355 B Xk WLP IN718 4 4 v T M BE (19 2 i)
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Fig.1 Specimen size and peening scheme of WLP experiments

2.2 WLPFSERFNAIRSRFRFRIE

P& RX3-50-13 54 =C HL BEL 485 LP AT WLP A 23 54 2 500 °C 600 °C 700 CJ5 P/ 3 h, B 58 A [
BTN ORI 3 h S R ER AR T A3 A o B AR I 3 T vk SR GG [ R Pk, SS R R R B W, R ) Crka AT
(220) & 11 A7 5, AT BF 05 AE 128° 28 45, X 645 L 1K 22.0 kV, 45 HLIE 6.0 mA |, [V F1 % 50601 MPa/(°), {5 4} /1 w435l
B 0°,24° 350 45° 1L A A2 0E A 0 1) 13190 125°, 20 110 4 1 0.10°, 58] 0.50 s, fE B4 H AR
1 mm, 204 8 (FW HM)I 7 35 A RS 7E (2 2 OV S 0, A FAs A oy 000 BRI IG S 80 B iR 1 iR .

F 1 ATRD A I TA) (3 h) e T AR R e S 8

Table 1 Experimental parameters of high temperature exposure at different temperatures (3 h)

No. Peening Annealing Ne. Peening Annealing No. Peening Annealing
temperature /°C  temperature /C temperature /°C  temperature /°C temperature /C temperature /C

Al 25 B1 25 C1 25

A2 230 B2 230 Cc2 230

A3 260 500 B3 260 600 C3 260 700

A4 290 B4 290 C4 290

AS 320 BS 320 C5 320

2.3 WLP K ERIXE

BE FH 92 [ Hysitron 23 ] 42 7 1 Triboindenter -5 {15 48 faf J5L 57 49 K 7 27 A 1A 2 1 R 47 R 56
E— 543 B i X WLP IN718 & 4 3 Ak R 28, £F % LP(25 °C) IN718 Fil WLP(230 °C .260 °C ,290 °C 320 °C)
IN718 IXAEAE 700 CORIR 3 h 5 Ay AT 98 K HoR 50 o 50 Fe R4 07y 2000 wN, 2 AN N8 8 910 15 s,
RIA3 5002k 5 s, e R FI PR HES s, BT (B0 5 5o SR/ SE 36 152 25, B 3 Ut 25 51 1) 7 I (B4 0 453K
FE IR 25

3 45 R
3.1 RHEFIR

HLE WLP(260 °C)IRETE S5 an 1 2 7, ol LR 2 WLP J5 80 76 BA B0, Bl il 2 OG5 2 8, 3k 3
TET R 5 B0 (1 M AR P A T T

K2 SRR WLP G R IETEA . (a) BRI REIIIE AL (b) BURE R TR A0
Fig.2 Surface morphology of sample after WLP. (a) Aluminum foil; (b) specimen surface
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3.2 WLPIESERAN N ERHESERBITA
R T UL R BE X WLP SR A e TR AT R 1 S R 43 6 LP A WLP &b B R I A S 2R )2 5k Ay I )
AN o PR, BE 3 A a5 E AT 0 4 (BB 0.75 mm B AR) , SR 5 BT 24 (8 Ry d5e 29 5% 4% o 1 (EL , 2 77 3 5 1)
ENTS
R 5 32X 56 T A5 119 8% A 7 4 4 45, O TR R AT BE (25 °C .230 °C 260 °C 290 °C 320 °C) F LP fil WLP

IN718 & 4 1RE 2 11 5% 43 W 1 40 AR Wi 3 T
-250

o=t To0e
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Fig.3 Surface residual stress distribution of peening samples with different body temperatures

M3 AT, AT T 250 BN LP AW LP 3R 3% 10 3 nl AR A5 30 R 1 B A e 0z 7, L8 I T (25 C) OB e
B SR TR A I S B R, 29 -676.2 MPa, B WLP R EE 1Y T, 5% 4% He 07 7 528 388 8 1 B4 3, WLP(320 °C)
BF, L5 S 10 8% A B ) (B A R —-557.4 MPa, 5% T OGBS HL(-676.2 MPa) FFE T 17.57% . X J2& PH ok Bifi 45 3k
PR EE b, AR B AT /N, DA T S SOOI WS L5 S 1 B A R N 7 8/ L X 5 Y e A5 I B 5 L
JEE XTI IS T 6061-T6 A 4 ¥ M A8 I (1) 5% i) Bisf iy 75 3] 110 285 SR A0 — 2

AN T2 R B (25 °C 230 °C 260 °C 290 °C 320 °C) LP Fl WLP il #£ 45 500 °C .600 °C 700 CA3 1 3 h i %
T 5% 2% N7 77 43 A7 1 0 A 1 4 9T 7

0 0
Lool® 1\ 925 C 4500 C 5 100 L Te 25 C+600 C
= +-230 ‘C+500 C % 230 C+600 ‘C
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Fig.4 Surface residual stress distribution of peening samples with different body temperatures after annealing treatment.
(a) 500 °C; (b) 600 °C; (c) 700 °C
FH T 4 R AL, Bt A ORI BE 1 T, A i RE ke A T 17 1 8 TS0 i 2 X5 1) i 14 00 5 500 “CAR L 3 h i, 2% 1 lAE AR
N 77 B e BEAR /N B CIE FE 2458 40 MPa, WLP(320 °C)5k A% I S Bt i DR, B R AL K 8.929% 5600 CARIE 3 h
J&i , LP(25 °C)iabRE 1Y 26 1 5% 4% 5 N f1 W B AR, A -569.4 MPa, & i F T 15.79%, WLP(230 °C) . WLP
(260 °C) . WLP(290 C).WLP(320 C)fY 5% 42 e W 1 43 7 B %2 -578.6 . -574 .-526.8 . =502 MPa, T &I B 5351 2y
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9.11% .6.33% .9.04% .10.42% , %A T LP(25 C)ik#f 5700 CA: L 3 h )5 , LP(25 °C)if ke i) 2 T 5% 4 0 F7 4k 52 K
i T RE, A -431.4 MPa, T F& IR 33.24% , 5 WLP(290 °C)#E 1T , 9K 11 , WLP(230 °C)Fl WLP(260 °C)it ¥E i)
T 3% A IV 12 B LP 3R (9 K, 40 931 S —479.4 MPa Fi1 526.8 MPa, H. WLP(260 °C)i ke 5% 43 W 1 B il iR fie /)
ALK 14.03% , 3% 2 KA 58 A FE I T3 7€ 700 Cip il X T 900 i 24 809 J |, $2 & b RL 9 9% 55 A 15 A A7 25 19 58
AR 5 A8 o] Tl BE 25 748 R 54T WLP, 700 “CAR it B 5% 2% Fe 7 77 1) 88 B 46 458 500 °C R 600 “C A4 itk Fisf ] ik
B, Bk ok 700 CARAE Z50F T, 3 Ak AR v/ A0 J@ SRR , K 0148 5 2 M Ak 7% 8 R e 8l , S 8 A &
58 85 RIS A2 1 g L i AR

WLP & LP iR 3R i g5 S (0 R A O B T s s iR AR e v X2 TIREM TR S B WLP 74 T
DSA B4, e il 6 4 32 2 BEL 7 0 55 , (EL ot Psf 3 B I 475 R DA JE 8 PR A ) BB B85 T o Bl b i A L L2
% R 1 s T DR A T LA L B L AT Sl 4 A 0 /I T R B A 1 3 B R AR L B RS N, B Bh A
[ 52 55| 118 {37 5 B K B0 50 e /0N, A7 8 48 T A v i T L R R — A AR I, 2 5 T MR 1) s T AR 1
3.3 WLP T 4K ER Mk

LP(25 °C)F1 WLP(230 °C .260 °C 290 °C .320 °C) IN718 & 4 ik FEFE 700 CHEIE 3 h i, S 70 44 > J1 IR 2% 17 —
A% T 1 28 2 A P15 BT o 4 A 3 2 AR IR I 45 SR mT L B 2 WL A IR BE 1 T R R T 4 oK
J I 22 i T BE S KT /0N L 7 260 CHF IR EE KA 83.96 nm, [A] B 3 171 44 2K i i 31k 1) % K 8.23 GPa, % LP(25 C)i
& 1 15.75% ; WLP(260 °C) IN718 il # 3% i °J 48 154 5 K {H 24 168.55 GPa [ S ML B &, 5 LP(25 C) 4 i T
21.13% . RS VA B T e T XA A500E L b Rk 19 9 A8 7 g i R AR SR B 1 v T A BT R LG, 38 K T i T
A JZ TR EE 5 R, WLP GCAE 7 A2 7 DSA BRGE , {2 {3 THI7 4t 285 32 AN IR 186 ™), ik — 2D 08 il 17 & 110 32l 53¢
FLAF SR BLE", 2 WLP = A (4 ok RSE BB LP B/ AR 4 Hall-Petch 24 "5

H=H +K,d", (1)

A H o H, 53 A B IR B4 SOUL R E L R i A B4 SROULBE B {E, 43 2 MPa, Ky, Hall-Petch
B, d R AR RS BT um

B (1) AT %1, WLP(260 “C)#& LP 1 75 Al 4K 45 58 K 1 9 oK 6 5, (LB 2 W LP I 3 1) 4k 22 48 T, 30RE 19 °F- 3
YK B A TR B L 7E 320 CHEHXUA 5.79 GPa, i Ik F LP(25 C)iFE, T B I8 BE 18.71% , H M 455 it A 4 [H]
SRR R . X ATREE N 700 Cryli 2511 & 4 i s Ak Ay A A T, 955 1 oA RUR

2000} *LP(25 C)+700 C
-WLP(230 ‘C)+700 ‘C :
“WLP(260 ‘C)+700 C 4’
1500F ., wLP(290 "C)+700 C : f
g “WLP(320 ‘C)+700 ‘C/F ¥,
< 1000 4
B L7 7
. 500 /
/4 { /
L i : //
60 -20 20 60 100 140
Indentation /nm

P 5 N Al I RE WLP LR o T PR 45 24 K T IR Aoy — 37 A% 1 26
Fig.5 Load-displacement curve of WLP samples with different body temperatures after annealing treatment
2 ANIA] R AR BE WLP iR vl PR S 0 K SRR R

Table 2 Results of indentation test of WLP samples with different body temperatures after annealing treatment

LP(25 C) WLP(230 C) WLP(260 °C) WLP(290 °C) WLP(320 °C)
Nano—hardness /GPa 7.12 7.47 8.23 6.95 5.79
Elastic modulus /GPa 139.15 142.34 168.55 127.58 110.95
Contact depth /nm 102.73 97.18 83.96 109.51 127.91

BE AN, 90K T IR I — 5 B2 B b T LR AE BB B B A I ), i T 9 oK TR IR B0 B 53 ok I 8 3% A% 1
e &5 T E A AMIFSE A E B TZ R TE"T 9K IR BOR M ARTE R /N B0 BN AR AR TR R 2k
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AR A K IR L, Lee SR T T — I 5 2% A% I ) 4 BEAEASEL 3% IR iR S0 SR A% 0 ) 3% A% 28 4
ARAE 2 /0 P R IR R LAT A R B2 T J2 A8 WU ) 38— 19, I R a8 i 7 v B B2 AN, i 48t 4k i R R AR A
H T R E , TR A AN ORI A I SR TR S 2 A A AR A o BR A I 3 iR RN g B T N ) R 4 4
AR, TRIR SR T 352 W D (T 28 Sy e AR R I TR TR B E A TC Bk AR L ) A T IR I it 2 ARk R g X5

LT SRR A N T R AT T e it £ B 0 AR A B S AR 1A 6 I
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Fig.6 Schematics of the effect of residual stress in indented surface on load—depth loading curves

R A -5 A8 T ) X IO O 2R R 4 S TR AR A g AT ) R B i i AR A AT A8 AR O B B B D AR
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X TR AR BN )
PP,
A,
XFF 54 R ]
i PP,
1

S P Po Py S R BERE F3 TR T T R AR AT R AR , Ao oA TC R A% IV 3 R4 figh T8 L

(2)

3)

& 7 LP(25 °C)F1 WLP(230 °C 260 °C 290 °C 320 °C)IN718 i K il A 35 5 48 K R IR sk th & . i 141
AAT, 700 CARE 3 h )5, B 22 10 A7 40 K e 98 in 48 il 4 4K vk X i WLP(260 °C), WLP(230 °C) . LP(25 C) . WLP
(290 °C) WLP(320 °C)4b P AL , 53X 5 K 4(c) T 4 R AR LS 700 °C b iR 15 T 28 11 5% 4% I 1 486 Y0 /N I e — 35
FOG T UL 5% 90 K IR B far — (8% 12, B A 02 0 s/, Jon 2ty 8 1) A D B L LR A TR 2 B T N )
RN R TS N S S o DI N U -1 A SO Sy Rt e (S A A [ R B = S T E N R = L AP <Y A A A
FE R 7377 101 5 3k R 5 09 422 ok 59 D0 7 77 77 1) A B2, DA 23 1585 85 DI J7 o B A FR N g R DU B YT ik
JIN DT BEAIS T IR 0 88 B 0 7 A e /N T AR B o RO, R g %ot P ol P A LA A o e s e it —

AU T 28 WLP(260 C)Ab #H i IN7 18 A 4 1ol FE 2% 1 1T 3R A5 5 08 Ay i JhaL 2% 1 1k e A e M

2000}F LP(25 °C)-:—700 e i
[ - WLP230 C)+700 C

< WLP(260 C)+700 °C

1500 . WLP(290 *C)+700 C

g « WLP(320 ‘C)+700 C 7
51000 -
E e
. 500 ok
) b F

-20 0 20 40 60 80
Indentation /nm

7 A ) e AR T W LP R 44 K R o 22k i 2k

Fig.7 Loading curve of WLP sample with different body temperatures
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R SR, T 05 43 0 B G A28 M e T R
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e M 1 v e % T RE AR E

3) 38 3 44 K e IR 8 it 2 nT DL AR A R R AR A I AR B, 5 X R AT Gk AR AR i 45 R — 2, B WLP
(260 C)RLFEJ5 1Y) INT 18 45 4 , 76 o I MR A 155 0 T ELAT 48 5 1) 7% 4% R 17 7 AR REE b 38 SR e

& E x ik
1 Pereira ] M, Lerch B A. Effects of heat treatment on the ballistic impact properties of Inconel718 for jet engine fan containment
applications|]]. International Journal of Impact Engineering, 2001, 25: 715-733.
2 Loria E A. The status and prospects of alloy 718][J]. Journal of Metals, 1988, 40(7): 35-41.
3 Zhou Jianzhong, Zuo Lidang, Huang Shu, et al.. Analysis on mechanical property of 6061-T6 aluminum alloy by laser shot peening
based on strain rate[]J]. Chinese J Lasers, 2012, 39(5): 0503003.
JA GG, ZE S e, B AT, AR R TN AR AR O BEILER fb 6061-T6 £R & 4 1 2 R BB 2 M ()] B E O, 2012, 39(5):
0503003.
4 Tian Qing, Zhou Jianzhong, Huang Shu, et al.. Relaxation of residual stress on Laser—Peened surface during cyclic loading[J]. Laser
& Optoelectronics Progress, 2014, 51(8): 081403.
B, G, 8 &F, A% 0B PR AR N OGBS 00 3R SR A SN ) BRI BT R )], O SO T AR R, 2014, 51
(8): 081403.
5 Zhong Jinshan, Lu Jinzhong, Luo Kaiyu, et al.. Influence of laser shock processing on tensile properties and tribological behaviors of
AISI304 stainless steel[J]. Chinese J Lasers, 2013, 40(5): 0503002.
Bhra k2, B BOF R AR MO shdi X AISI304 AN 55 49 4L 4 P fiE 1 5 5 50 1E B B9 52 D). R O, 2013, 40(5):
0503002.
6 Altenberger I, Stach E A, Liu G, et al.. An in situ transmission electron microscope study of the thermal stability of near-surface
microstructures induced by deep rolling and laser—shock peening[J]. Scripta Materialia, 2003, 48(12): 1593-1598.
7 Liao Y L, Ye C, Kim B ], et al.. Nucleation of highly dense nanoscale precipitates based on warm laser shock peening[J]. Journal of
Applied Physics, 2010, 108(6): 063518.
8 Ye C, Suslov S, Kim B J, et al.. Fatigue performance improvement in AISI 4140 steel by dynamic strain aging and dynamic
precipitation during warm laser shock peening[J]. Acta Materialia, 2011, 59(3): 1014-1025.
9 Ye C, Liao Y L, Gary J, et al.. Warm laser shock peening driven nanostructures and their effects on fatigue performance in Al alloy
6061-T6[J]. Advance Engineering Material, 2010, 12(4): 291-297.
10 Tani G, Orazi L, Fortunato A, et al.. Warm laser shock peening: new developments and process optimization[J]. CIRP Annals—
Manufacturing Technology, 2011, 60(1): 219-222.
11 Liu Huixia, Zhang Qiang, Gu Chunxing, et al.. Experimental investigation on warm micro—forming by laser—driven flyer[J]. Chinese
J Lasers, 2014, 41(7): 0703011.
XUEEE, ik o, B %, 45 BOGIR SN OR Sl MR IR U SRS O, 2014, 41(7): 0703011
12 Qian Kuangwu, Li Xiaoqi, Xiao Lin’ gang, et al.. Dynamic strain aging phenomenon in metals and alloys[]]. Journal of Fuzhou

University (Natural Sciences), 2001, 29(6): 8-23.

0703001-7



A R S
BRIE IR, Rk, AR, 45 4 8 LG 4 v i 3 25 R 7 I AR 4R 0] A M K27 22 4R (B SR RRA2 R), 2001, 29(6): 8-23.
13 Gopinath K, Gogia A K, Kamat S V, et al.. Dynamic strain ageing in Ni-base superalloy 720Li[J]. Acta Materialia, 2009, 57(4):
1243-1253.

14 Matlock D K, Richards M D, Speer J G. Surface modification to enhance fatigue performance of steel: Applications of deep rolling[C].
Materials Science Forum, 2010, 638: 142-147.

15 Lu Jinzhong, Luo Kaiyu, Feng Aixin, et al.. Micro—structural enhancement mechanism of LY2 aluminum alloy by means of a single
laser shock processing[J]. Chinese J Lasers, 2010, 37(10): 2662-2666.
B, BT E, R, . WOL R T LY 2 645 S RO SR A ML B 520 O, 2010, 37(10): 2662-2666.

16 Harold L, Hill M R. The effects of laser peening on high—cycle fatigue in 7085-T7651 aluminum alloy[J]. Materials Science and
Engineering: A, 2008, 477(1): 208-216.

17 Lee Y H, Kwon D. Measurement of residual—stress effect by nanoindentation on elastically strained (100) W[J]. Scripta Materialia,
2003, 49(5): 459-465.

18 Xu Z H, Li X. Estimation of residual stresses from elastic recovery of nanoindentation[J]. Philosophical Magazine, 2006, 86(19):
2835-2846.

19 Wang Q, Ozaki K, Ishikawa H, et al.. Indentation method to measure the residual stress induced by ion implantation[]J]. Nuclear
Instruments and Methods in Physics Research Section B: Beam Interactions with Materials and Atoms, 2006, 242(1): 88-92.

=HERE: K R

0703001-8



