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TARIP R HIE & X GH3044 imie /L [E Bl W 42 LR 014 BE By 52 i

WERELE RLIKRT L ARE LK HE?

(1. ZE2IRBRF FETHRIDAFETEEZRE, EH H% 710038;
2. PEARMAES ZL—=1), #k EE 441002)

B E., A Z ARSI E IR AR E BRI AR B, R AR B &
(LSPWC)+ 7K BV 4k JE TR e ik B8 A T %, AT 5% LSPwC *F GH3044 &2 MWL 2R Fo ) 52 P 4R 09 %
oy, BAE R A T LR AT, KRR AL AL(EDS) . 24 & F R 45 (SEM) Fr 4 A8 B 45 o AT XA R B
A FEERA WAL LR BTN RER AR Ao B AT FeF AL F ek, 4R &AW, LSPwC £
R AL 10~15 pm 8RR RARE MR AL A S £ LA EE N XBFE, B E VA
TS B fe st R R A2 33y 4 sk AL R 48X 4F , LSPWC *F GH3044 44k 3 4 % 32 7t R 9
R REV R EIRRAR R G IR R @R A E R 14 510 MPa, % v iR B &R 1 mm, & T H G5 3
JR 4G IXARG 34,

R, ML RiRAIL;  GH3044 44 ; MWL, HeRD; SHRARG A

FESES, TN249 XEkFRER: A DOI: 10.3788/IRLA201847.0406005

Effects of LSPwC on microstructure and properties
of GH3044 turbine case

Xie Mengyun', Wang Cheng', Zhang Peiyu', Ming Jiging®>, Chen Hui®

(1. Science and Technology on Plasma Dynamics Laboratory, Air Force Engineering University,

Xi'an 710038, China; 2. No.5713 Factory of PLA, Xiangyang 441002, China)

Abstract: Aiming at the problem of covering absorption and protection coatings on turbine case parts
during laser shock processing, a compound technology was put forward, which used water sand paper to
polish out the ablative layer after laser shock processing without coating (LSPwC). The effects of LSPwC
on microstructure and mechanical properties of GH3044 alloy were researched, the feasibility of the
compound technology was verified. Energy disperse spectroscopy (EDS) was used to analyze element
composition, the surface microstructure of samples was observed by means of scanning electron
microscope (SEM) and metallographic microscope, mechanical properties were studied through residual
stress and high cycle fatigue life test. The results show that LSPwC generates an ablative layer on sample
surface, which thick 10—-15 pwm range. Carbon and oxygen are rich in the layer, while the residual and
tensile compressive stress alternately exist. The grain and carbide under the ablative layer are even —

distributed and refined to different degree; Compared to original samples, LSPwC nearly improves the
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fatigue life of GH3044 alloy. After polishing out the ablative layer by water sand paper, a residual

compressive stress, which is about 510 MPa, is generated on surface and the affected depth is about 1 mm.

Besides, the fatigue life is improved to be about 3 times compared to original samples.

Key words: laser shock processing;

fatigue life
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WAL R M2 & WL 2R it , T
A %8 S o Tk e B R I R 2 A, e K
R AR 1) it e AL I L AR A2 PR A | B2 A IR B 2
M, RERIR ML I 724 i, 5% v JEE 55 2 far 1) 5%
el , 25 5 5 | L% 55 40, A i IRA% 5 , By ©A T4 4

% w5 58 4k ( Laser Shock Processing, LSP)
1B — BB 24 R TR AL R, AR 2028 S
PERERVATIE T, S et aydise oy vhne, KR
FF> M, AE LSP SEBnli it # v 38w S TE R 1 3%
TR 2 0 2 LA HOR 32 S e O he b, 1 R AR I
W PR AP iR A R NGRS, R TR JZ R AN HE ) i
WG M R (B 2SR TR G A se a1k ; 47
JAUR AT (OSBRI ) 5 A
GF, K SHLIRFE LI I 22 e sh AMNE RN AN
A RO 2 5 Al IR IR M RR 2248 28 K
HRITETRJZ MG A L B b 8 S TARRCRIRT,
AN TR

BRI, E NS E #E AT T RIRZ ot b s i
(LSPwO) M IR R W5 I UG 1T — & R DL H
A2 Sano AL U A AN L BRA 4r LR
B E&EMEHETT LSPwC SEE MY, E A ] 1
B H N K24 BAES ST LSPwC BF5Y . 45
REWLSPwC 1] LITE IR BT 4 — B
MR 1), B RZHMOMAL, g5 A
i, HAT,LSPwC EZAE/NERCNT 1 DHKEOE
TS, X R RO 57 PR RE SR A B, R R 2 T
LSPwC MR FHHES ™, X F et  HOE 0N A
] Z W& 19 LSPwC F 5% e A5 413

SR H R AR K v O v R A BOR R = i g
ML A PTR% 55 B8, FFEEFXTAILIR I 22 20 xfk A 78
WS PR AP i 2 TR R, 4 “LSPwC+ /K b 4R % B
REBEMZ"ME AT L, W5 LSPwC XA RHOU
HAF T 2EVERE RS, SR A TR Al AT

GH3044 alloy;

microstructure;; residual stress; high cycle

1 #RETE

1.1 R HY

SRV SHLIR S HLIE GH3044 4 BHEASTE 381k
BILEIR A4, 7E 900 CLATT HAT 5 1Y ¥ 1 s
AR ME | FEEH Ni—Cr 3Ly AR R 2 i
MC il M23C6 BURR AL B, % 8.89 g/em?, H
IR F S E IRSE B oy A 590 MPa, H 3 Z k2% il 4y
m 1 FroR,

R1GHIM AEEWEZUFERS
Tab.1 Main chemical components
of GH3044 alloy

Ni Cr C Mo
Bal 25% <0.1 <1.5
Ti w Fe Al
0.5% 15% <4% <0.5

1.2 I HFE

Bt vh s R AL S B FE YS80-M50 AU vy
SR RS ek, AR AL EOE rh iRk an il 1 B
7, SRAG DX IR HIL IR I R e i oy (B — P

Blade
installation

P 1 i A HLIE O i s 1L
Fig.1 LSPwC of turbine case

WS HLIE GH3044 #1KILSPwC i #2 b | O g
R OCHE  OLRE RN AR XY 1 2R T Y
2 0] ZWE AT (R SR AL RCRAS B 5 T O B
K, XS H R i R 2R THT 5% ) 22 2 RUSE R b
PERE,

2& Fabbro "B Al FFIK K IR E |, I A EFERY
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Bothii b T 2S8R  Bokhe s 3 T, Ik o 98 B
20 ns, WEEEE 2N 2 mm, YCEHS R K 50%, ih
K AR E R KB TR, TR AR Z
1.3 Wik A%

T, MR HLIE B YIH GH3044 & 4
AR, i 2 i,

Testing surface
E 2 GH3044 & 41k
Fig.2 Sample of GH3044 alloy

W HLI A B sk R m L D) E DI BGR B, EE S
WU R, TS HAE . 80#~2 000# KD ALHT
VB R T O AR o = B, o R Ok
#1:15 gCuS0,+3.5 mIH,SO+50 mIHC1), K FHZEISS
SUPRAS55 F i L BE Al SG—51 Kl 4 4 I i 45 Wi 8%
GG T R A D =R S W A TR A e S S = ] )
5%, R EDAX GENESIS B fEi AL 0 M bR e £
N

& Proto LXRD . 340 38 1A 2% 1T S % B
D5 AR AR F7, DN 3 A s B 5 I TR T 1) 3%
A 3 B R 2R TR AT H A ' (R AR VR 20%
1 R +80 %I AE ) , F:F% 0.2 mm Il —IK

R SR IS 7E ES-50-455 BIRE & F5E k.
P T BRI AL 95 55 75 i s 76 A SBL A T4 4
Kk, A S BRI, SO B AE GH3044 & & brift
9% 57 ARE LB o5 Mg, 1R RSE RsR Ak R AL
WE 3 Fis, WEERAE PR 58 AL T 2 S5 S LI A%
Fr—2, R 600# 8004 .1 000# /KIS 4ETTEEIRAER
Tbeih)= 2 B &8 65 TR EZ) 10~15 pm,

~
r'%egion of LSPwC
—pemmmegg B oo Broimimn . ..:é
o 205102 NNﬁi‘fgé
B 3 R RS AR AL A

e —  —
Fig.3 Sample size and LSPwC region

e L9 55 P me AR A R 3 4 TR IR R AR |
LSPwC I | “LSPwC+/K AT BRbe i 27 At
EAEIRALCY — & iRzl , @it ANSYS 5 &
IRIGI ) 07e=400 MPa, M8 i W S 454 T i
PRZASL A [ ARG PR R B, LA A iR (4982 57 4

2 HRESWH

2.1 BEIESH

fie & H 7 B8, X LSPwC J§ GH3044
B e Rm b 21T REIE T, B 4 FTRUE
Fmbe 2 AR KA M 10~15 pm, HJEHA—
X TR FC AL i R 22 B i | FLRe Tic i 22 Fevr 48 il 4
50 wm Z N, PILFT S KB e 2 AN 2 g i
GRSE L WK 5(a) TS EDS AE A I 2 e ik 2
Spectrum 1 A& JC R i A 4 43l .0 T &R
26% ,C JGZE 22% ,Cr JLE 4% ,Ni JLE 48% , FHLL
Ji ik GH3044 & & & 0K A (R 1 R), ik
JEIEHERIE NI Cr F BT R S ®EW D, CILRE
SR, FBE R R E A R 26% ) O JGE , IEAh,
M 5(b)BETE 43 M1 1550, Spectrum 2 4k 1 €4 UK IR
YRR EE 5 WC,

Ablation layer

10 um / [ Spectrum 2}

P 4 sk AE I SEM K
Fig.4 Cross section SEM photographs of samples

after LSPwC

Element content  0:26% C:22% Cr4% Ni: 48%

6 8
Energy/keV
Full scale 220 cts cursor0.000

(a) JEiE 1

(a) Spectrum 1
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Element content  C:8% W92%

2 4 6 8 10 12
Energy/keV
Full scale 220 cts cursor0.000
(b) ik 2

(b) Spectrum 2
Pl 5 b5 R EDS [
Fig.5 Cross section EDS photographs of samples after LSPwC

WOLKE A E HALERAN T . & RE AN ik nh ot B
R MR I, WO RE fE— BB b R 3R S
T3 — TR R R B BT, SRR R Tk B
ROREE S0 2 T8 O U2 TR Ak STt v, MR R 2
IR RIS Bl IR T 2R T
RO EHFIEREE K, SR FIREARS
(2N FIRE HE, Fe 2P i i o T iR AR B I 3B
St A AR h B A W B RO = RR RS
Jok vh O B B S R R R)ZE NiCr 548
JCE MBEAL . VAR BS A — R B 4R 0y AR
b, 13 Ni Cr & mT RS | M, C TR M E
HAXTHEZ AN S ORI UR JE 1A A R I i
T B A, T FEURMZN O TR E .

2.2 WWAR

& 6 /& LSPwC HijJ5 GH3044 & 4 #5018 4+
M 6(a) AT LA HY, A5 Ak 1R o £ 22k Ni-
Cr Lo y BLECHR, AR RL R, T4 300~
400 wm, ALY Cr23Ce SHER A 1E R, WC 1E
Al R P D A T 5(0) R sk 5 iR R )2
BTG o AL B T R4S AR A y BT
R B At RS2 150~250 wm, ¥ F a4k R iR ke

(a) Rtk
(a) Without LSPwC

(b) With LSPwC
& 6 R 1 4 4

Fig.6 Cross section metallographs of samples

FRIZFLOTBARORE LB, RZHL NN
i, TR ZH 2 b L RS R/ N2 i AR s A A | i
ARG AHAL S R JE TR 24 700 wm,

R i — 5% LSPwC Xf Cr23C6 \WC %5 il 1k
Pt s R, R O v A R R R 4 A L UL ¢
SRAGHTS GH3044 & & MOWAH 2, B 7 2ot
A GH3044 44> SEM El, NE 7(a) T LA H, oK
s Ak 0 RO 3R 2 B A ) 32 2R i R R AR AR T
A, HRGHEER, i 7(0) sk e iR R 235 4
WAk Yis B an ik, A i BE 2o A B A TR, oA B
PRHLI )

e ils

(a) Rk
(a) Without LSPwC

(b) Ak
(b) With LSPwC
& 7 A EE SEM A

Fig.7 Cross section SEM photographs of samples
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ME BRIk v e 4 R R, & Jm R
TSRO CRE R R A MR 2R &, SRR
FESE B FIRIEA R Z AR T LA EE, B
ph U, iz e 1 T 4 JE R I 1) R AL AR U
GH3044 B G &R ML P T AGE, &k
ik AR A R D & R AR S TR R Y S T
S EIE ZRBI IR 2 5 TR AR B R o 4 )
(1) 2 285 Je IR AR B, 9 oo o D A% 49 1) 3 )23 A LK
KAEARTEAMANEY | AN, K o A e A R
TER IR R FFLL b ils IERT , B4 B K WUk B
drie Ak, JEA e A R T, B Ak 43 A B
PRELIAT
2.3 BENA

¢ 2 4 LSPwC Ji5 il Ff e 1l J22 3% 11 J R B 7 1)
BRI 40 A, AR 2 T LU Y B ot J2 2 1T S vk
RMERMLLT 5 wm P)IRRESES A, BEAFE
TEFRAPLIY S1 MAFFERRA R ST MIREZIM 15 wm
i, R A% R S (B B K, M —486.6 MPa, iX 15 fif M
H YU LB Bl 2 R 2 10~15 wm A9 45 R AW

o
R2BEHMERNERRN NS
Tab.2 Residual stress distribution
in ablative layer
Residual stress/MPa
Depth/pm

Point1 Point2 Point3 Average
0 133.4 18.9 -51.5 33.6
5 64.1 -130.9 27.8 -13.0
10 -303.2 -218.9 -239.7 -253.9
15 -496.2 -510.1 -453.4 -486.6
20 -505.7 -487.3 -433.1 -475.3

g i3k — 5 WF 58 BOE v il XF GH3044 & 4Bk
2 VLR B AR N 7 5 ma A | SR FH K /D 40FT B ok %
Perd )2, R R 2 R R B 5 1) AR AR N T 4y
i, anE 8 i, I 8 W] LA, A Ak 1R i iR
T TR B O 1) 5% A L T BB /D 4230 TS N AR
A o WOt v 2R R 2R 2 AN — 8 VR EEE Rl 5 AL
KB FRA N ), alRE 2% 18 5% A% R R ) de K, 2
510 MPa, Bifi 8 FE B9 3G I, 5% 4% F 0 7 328 R i) | 5%
Ml R B2 24 1 mm,

100

. 0F i -

[-%

= 100}

4 —200f

7]

= -300¢

7 400}

(7]

o . .
LERGL o = With LSP
= * Unsettled sample
-600

] 0.4 0.8 1.2 .6
Depth/mm

Pl 8 LR T A B g 23 A

Fig.8 Cross section residual stress distribution of samples

LSPwC J&— MR is i 72 , f T 8= melic
BWIZHARY, R REYNRD K b OG5 S R A B B S
TS GH3044 & 4 4R i & A 15 4k 354k, Bl e
SCHGHE BRI TR T, S LRI, MO A S
G T uph P AR 4 JE R R AR AR, A
RN 22 BN ARAFH e W BR AR ST . GH3044 & 42
B I8 ol 2 ] Bof 32 SR T R 98 4 A 1 1 A T o B
BRAHL RN I SIS, BEERMZELTY &8
AR SZ N S s, 32 5 B TR b D 1
FHT = AR B K R BR AR R T
24 SRAESHEMW

3 FICRAS T 1R 5 SR 55 B Am dn &l 9 o . A
Ko mTLLEH, BRAREEE I 95 i R 1.152x10°,
LSPwC IR FESE 55 i fir i 1.255%x10°, 85 1R 1R 12
FEASBI R KR ARES bRl 2 )5 | 9% 57 F it 5
H 3.647x10°, B JFURIAFERY 3 £, MK R UE T
“LSPwC+/KAPACIE B be il )27 52 & T LA & sh il i
FEMLIE LR R m] A A O

x 10°

4k [IRecycle numbers

3F

p

Fatigue life

1l

LSPwC LSPwC+polish Originality
Sample state

P9 R TRAR A R 9 55 75 i
Fig.9 Fatigue lifes of different samples
Wt h AR A4 B GH3044 & 4% 95 77 A L HE
WR . —J7 T, Bt i 7 GH3044 & 4 R M A —E
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REETE RN G AR KR BYBRAR N T, BRA I 1Y
FETEREAR T 28 AR B rh R 1K, s g 55 %4
Ui A i [ 3k FE N ) B A7 A6 5 | S 248011 4]
BN, A AR 55 2Ly IR B ), I K% 57
Ry R Fap, Ji—J7 i, Ot b 15 GH3044
B EZH vy BRI Sk, SRR SF N, %L
e B Y Y AR 2P WA D) [ELIAE S
() S SRR e A oG s AR SR Cr23Co il
WC SEALY T R Y5 400N, R A TR & LR
BB AL D)8 AL BELAS T 452 o, R SR EsR R
YER, AR T & A S Pk 57 s

TE = Bt LSPwC R F vy SR 1l 2 W AR5
M) GH3044 &4 1955 PERE . 4 )& W% 57 S4Bl &
AU F R, 1 LSPwC 7= A B2 10~15 wm [
e )22 IE SR 55 S4B W AR X, Bk = L )
(AFTEBE TN T 3878 4845 v B PR F3 K ek, 30
BeihE  Ni Cr S5 & @t R & P .C.OTTEMK
i AR WAL TR BB 57 R Ay R R
SRPEIIRE LT — 8 TR B N O H 2375 3 404k, HLAF
A8 RERAREN J1, B H T 5l 2 0 f7 7,
LSPwC Xf GH3044 4 4 i i 98 55 75 a0 $2 7+ AN B
2,

3 5% i

SRR LSPwC 27 GH3044 45 4 M 41 41
124 PERE | B0 UIE “LSPwC+/K b 48 B8 i be i 2 7 &2
B TR R AL R e T4, BT
45

(1) LSPwC TEI{FER 27 42 10~15 um A ES
P2, BEMZEMN NI Cr ¥4 Bt R &= TH .C.0
JCE SIS, B RN ) S8 AEAE s WOt vp
AR R v BRI AR 4 fk | Bk ik 5 A
TP AT/, SR AN i Z PR Y 700 pm ; K AP
YRS BB )2 )5 I FER AR A RN /12 510 MPa,
N AR EEZ 2 1 mm,

(2) et )2 i A7 52 i O vl s A 0 IRURE
57 RE IR TH AR K AU B el 2 J5 , He s %
97 F A R R AR R Y 3 A%, 22 S L AR T 4N
b, WAL A TR AL LA K BR A4S FE R 1 B AR
s it i Ak v U o R 9 55 g A i) R BRI
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