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[ABSTRACT)]

most important material for manufacturing high tempera-

Nickel-based superalloys, as the

ture components in acroengines and turbines, are becoming
increasingly valuable due to stringent engineering require-
ments. Three commonly used friction welding methods, i.e.
linear friction welding, inertia friction welding and friction
stir welding, are reviewed in the present paper, involving
joint microstructure, mechanical properties, welding pa-
rameters, and numerical simulations. The research devel-
opment of friction welding of Ni-based superalloys is sum-
marized and issues to be considered are also put forward.
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welding Inertia friction welding Friction stir weld-
ing

DOI:10.16080/.issn1671-833x.2015.15.101

1o R A e il TS & S HIL R AR AL I G
b AL VR R SRS S R R, R Y )
SRR A A Z S T R Y T A R, 7R St
REHLT R E R 50% UL, e g, T
RERA 2T & A EERIETTRE (U Cr, Mo, W, Al %)
DL P LS C B S50, N A 3 R e st B,
HUESE S r= e L Um AT AT S 1 A B Al sl b, 38
3k 2R RS S IR R A PR RE R

PG Tl KRR A 7Y 3642 (JC201233 ) BB,

MW O BKE EXE MR

RN SEE I AR PR, DA T 20m )
AR SRR ) | RE R G K R TR A7 e 3 O i 2
(] FH G BB 55— R I a2 B [ N A T Bk R
I o EE SRR AR GE B SR A A, IOz
Bl 17 FH T 2 0 R 5 i i A, AR ST e AR
(LFW ) I EE AR CIFW ) P P BRI IR(FSW ) 3 4~ T
R I IR A A T BRI S BUIR A — 2

1 RTEEEEE

LR PR B KA SRy — T A Xof 0 00 1 [ AR 2 7,
K TR M A A R sl AL AR AR 28 1 1 1
SokHEshr Y, TR A 4 B ERE LR A
SRR AS R S AL A, I R I 28 i P A 8 R
o bl A PR R AR & B ARG 2 & 5
MLESIRFRAE A L s A 2 2, AT N ST S 4
PRI 2 T AR TR A J15e 5 .

INZ KA Chamanfar 25 B gl —Fh & FH 5 % 5
HLIR A S B R TS 4 WASPALOY il 2k e 4
T2ZMT RZRGEMoR. AR, EHEEARRTL
S T AR, X AS [FHURE G TE S AT 5 e X
(TMAZ ) S RESEAE T X Ee AT, X e iR E A T iR
Yy AR BE N 3 A3 A R RS R A A A A
SEIRLH] . IR R ZE AR 1400 K (1126 °C) 5 H
TN PSS EEWI 0.9 mm KIRN vy Sk R
INEIR 509% 5 IWEEB BIFREE R A T ' DUTER AT
fifg , ST S S AR R 5 Pl T ARV E A Bk i & (Bl
TRIERAY ) ERER RN . AN SRR R I sh A
T4l A B TS g™ A i S HI Bk A v
AHFRAT 2 ) — NI SO R N FE ik — 25 i
U, T T LEW S A a3 h oA A 4 8017
FERATRE 1 S5 048 T RE S B S v AR A
P, AR (R BE ANyt RS R IA B FHE . 7R
LFW b B, sl migh ik & 2k ARG (A TR /v
VAR NI Y R p e T €S S o S g |
RGN X AT v 2E G JEA RS
ARk, FECT W AOE B R R DR B Rl 3E A Ak B ek

2015 4R35 15 1) - P& AR 101



%i&‘ﬁ% ﬁ* ADVANCED WELDING TECHNOLOGY

o BFUIEH MR m A A T R g T, S5
B R G 555 A P KR G S A, DUl ) 4 2
DRER 2mm 5 AR EEAE 2mm LA A URE S R SR R
SR e RERE , ELBEE A S5 I 0, S (R R
Hm. [RIE, $2 el DU G R A DU T IR LE” A H
WSk 1 SE R, R 1 R T

(a)0.7mm (¢)2.4mm

(b)2mm

B AEZHEEWASPALOY & I EEHEIE L 5h
Fig.1 Joint appearances of LFWed WASPALOY with different
axial shortenings

GH4169 (BPEASMES Inconel 718/ IN 718 ) J&—Ff
T2 N AL A L K & shbL i v ARk, e 7E SR s &
SAL S A R AR T R TR A Y 409%™ Mary
S VVRIESE T INT18 MR BRI AR TMAZ A Kl i) il
A 45 RIS 2 FA LA, NN R BN ALY
A2, AN 32 Nb (AR 5 7E AR aE
Imm P FRIN &R T SRS i, iR R BB
N TR T B AR A% 1Y TMAZ Sk R F SRR AR T,
FIREJRIA & FHAETE ARTE AR I R AN | (R i 0L
FLF| TMAZ 1 35 PR O 334HV FERE 250HV ) 5
FERREEND K BRI, A S0 RRSHR NDN B, Li
S ) SRR A A B R o VEREIEA T T AT Y,
IR MRS SRS S WA G T TGS
& 72011, AR INT18 ), 25 5 & S04 i 9 57 oo B 548
SRR (INT18 ) K24 5 MR X g8 55 a0 Kyt K+
BEA, LG TR = AR LA 4 (72013 ) o B

AT 55— L m R A 4 IN738, &K Ola
A RS0 E I 3 o 38 H DR U A 1 4 T LA i
LRPEEE BRI Rk 1 X SR v R —
FhEFHESE T EX —INAE I A, BHEAE R &
B, T AR RAR RN, M A rh e A T AR AL,
SRSk HR IR & BRARGE i [X 440, 5 PRS2 TR o B
Jita 00 4 IOE 7 5 B30 PR o [T 7547 i 4 i 0t ) 1
A MAE FEEHLL

X TR A 4, Ola %5 A KB CMSX-486 iF
17 TR Y, R B S R bt B T K i
OAH , L 48 A 1 A T VB0 AH SR, SR T P [ 3k
A bl TN T A, B8 vh O oR I BAL S 1, ot

102 BizEREEA - 2015 4658 15 1]

ARSI 5 PR R i, RS AT L T HE A AR
TR, Wanjara S5 A0 —FP L RIS SR & & 2 g
PRI T AR TR g T, R B Y TR T /N
LUULF- TGRSR , T 25 R HARCR TR & 7 7T LA
TH BRI A 2 R ) P 0 i R A T BERASIE T
IR, (R, B TV R RS, AR X AR )
SO X 1Y) 8 BE /N, $ SR BR AR B PR b8 b . I
HNAFE Y AR 5 A IO TIRBN 5 1 5 <011> ik
B I . Karadge 55 AMFFE T B AR 22 S BB vy
TR 4 e PEE B v AR B 1y B i) 1T, 5 SR E B
TG F A B S Ak, B ) X KRR Y 5
B BURITE 45° 2245 1) SR B i TR AR
AR R4 1E ) 2R B R W 4 DI ) 5 (AR )
S, TEHABIE b S VTN 2B T 22500
AR AR

25 LTI, e PR EE AR AT AR R 2 BUR S IR S
&, BTERAEAME U gl 2. B THREAREAG S
MIRRIE B2k B G AR SR A e I BB, e
SRR AR R AR ORI PRt 9D
Bk SR KRS ALY R R iR G A Sk BE AR R A i e i

IR

2 1RMEEERIE

AEXT T AP S (0 BESAR N 7, PR B SRAR T 2038
SRy fr A sk i, R AR st iz N, ks
UK EEHEEIE( CDFW ) A Lb, PR BRI i S 550D R
P RE PR LT, 7 S Fh AR A 5 B A Ry Tl B
AR s A AU EAT )7z v A

YET TR 72 ) GHA169 EiRa 4, BN AT
Xof HABU R BE B AR A 1 S AL 40y A PERE BUE AR A5 )y
AT T AREAFIE . GHA169 M s R sk h B %
BTV Bh 25 PR i R, T AT R B S A A R
TR TR R AR K o [ S AR DX RTARE i) X4 20
T PSR 5 TR SR AR B 4 b R 2 A 2R AR A S
R T s A Fas A sh B m AR 0, 1]
PEEEE AR T, INTI8 IR AREE X B v ' Wik,
HAER B P A BT, S8R R 1R 4
X P 7 GHA169 WP BRI AR 13k 1 i MR 5 AP BE 7 1T
X F B SR E A SR GHA169 &4 JR k5
LY UL IS (B G Ze S P AR i
PEiR s HAE RS ARk m R A R R B
Sk B R TR AR R TR B2 FE R A M RE i
1€ 595 CHE, B I 77 (38, 323k FIHERE R 18 20 AH [R) B
MRS AR, $ K R AR I )/ IN TR 5 ZEBT R, 42
SLARXTRER REAR 52 B R RS AS I A R P



ADVANCED WELDING TECHNOLOGY %i&‘ﬁ% ﬁ*

SRR R R EE R A B Y S i
XF 0 9 A2 A PR A R R M 4 R O 1 B T st R
A EER A SRR A B R X, A
B A T A BT R P AT e GHA169 T
JEEPRR TR S A TR SR . AN Zhang 8 ANEEST T
— A YIRS A FROTA Y AR 2 8 R T S5 IR A
K B R RE L5 B TA) R O [ B A B4 AL 1 2 k2%
AR AR T ST A 2 A S A I SR ) B S TR
O ELAE A R R 40 T DN A o BT DX i
E{E [22—23]O

BE AR, WF 58 2 6k HAth 5 00 v I A 4 (40 RR1000
720Li. FGHO6 45 ) 15t 14 EE 4 AR i AT 17 45 TbF 5%
5INTI8 (' Ml y " IR EL L0 25% ) #H L, 720Li
FRR1000 (v ' B0 B3 0 29 50% ) 5 4 55 1
Ti Al AL, KT 5 IN718 AN [a], 7E & H1 By B, 720Li #11
RR1000 & T 5 4% 19 X ST Hh R y ' A0 27, Sk [25]
WAL F] INTI8 I A FAT Y v '/ y " BYJR A Til AL 5
HELFE IR AL . M AT S EORE INT18
720Li, RR1000 3 Ff =y i A 4, 15 21 a9 [a] A ER 1] 1
ZNAR K, JEL 5 Bk B AT LA /N R A IR [ Ry PO AR
RR1000 [] Jou A5 EE S AR 2 3k vy, 4% DX LR At otk
v A HHAREE T BCRER y AHAR L, AL T Ni B i
/DM Cr . Co Mo 3822, v ' BAFTE [ A5 4 DX i vy
R TOAI A S R, B KR R 38, I i X5
JEE /N WS YL Yhek R0 7 708 R 23 B T, T K B 3 A 1) iz
WA AN SZ 50 P, AE 72011 F1 INT18 S5 Joi M v e 452
FE Sk v, 3k R UL RAL T BUR I A2 F o 5 5
720Li FAGE i X B8 B B T INT18 M, Xk R 3 e iR
J1PERE2E - T 2 72010 N B I R A v v IR B (]
K EICIRBIMPIR A & v SRR P KR
bR R A AR AT AT R ASIR], R 72011 AR SE e
X F B 32 15 1 IN718 M2 30% 3 Zeask $kb 3, 720Li fil]
R FBEAZ 3Ky MRy " A R I A T
T, 105 IN718 A B R RE B I XS b+ oy " IR,
L (Y 25 W0 [ KR T [ T T34 K, R S AR i) X
BEMR T y " AORLACRE B2 BRI 27, a0 2 P .

AE T ] 24 80 8 RR1000 A1 IN718 S5 5 15 14 B8 442
Kk rh, AR AR M EUE K BURA BE W, 1
RR 1000 ] (1) 35 5 2 [X 3 ] B AT 558 1o () 4 801 R R
e AR A 5 RS Y db TR S S 3

FGHO6 1R PEEE AR HAT R0 8 i e
LT A 1157 T B i DORLAN i 25 A 4k P {H Crack—
tip Opening Displacement(CTOD) x4 B =423k (514
INTFRERE P AR A 25 SR R | YA B RS I
JEEAR FUTE K3l B MR Sl 5 1) S 120 5 R A sk )

560 560
540 § 1540
520t AL 1520
500F  $4%-%2 = ?vg‘“ﬁ 1500
- o_e-6-60-9%¢ [V
4801 LY At 1480
460} o 8 B eeeee| T4

; - g /N 2092 4 A a4 | 1440 ¢

4 440 L (A SN A4 4

4z 4201 %35/?50 0»’\5\5@' 1420 <z

3 400 + o VYV V—y-V-v 4400 =

S| HAZ | HAZ Teo &

L | ER —
340 H—e— A /. 4340
320 }/—2-PWHT 2h 14 1320
300 = PWHT4h | 4300
280 o BWHESh, sfes ) {280
260 1 1 1 1 1 1 1 1 1 1 1 260

-12-10 -8 -6 -4 2 0 2 4 6 8 10 12

E2 18751760 CHAMEEZ720LIFIIN718E &R BHITE & fh 2k
Fig.2 Microhardness profiles of as—welded and 760°C PWHT'd
alloy 720Li and IN718 welds as a function of
axial distance from weld line

SN SN , PO KR bR T sh

L5 LTI IS BE SR T L5 R 22 550 B
i 5 4 TR T b e B Sk B I T B IR S
PAEH T 2l 3R A5 s PR e Rk

3 IHERE

P PR AR R — P 2N TR & S 45 E
{18 [ AFZE FeRe AR ) A AR R R ME R 2X XX B
XXX RN A 4 b B RS B O 23 20
SERTEG R IEH T B RV EOR K e, 5 3|
PNl B g R s g e e B e [ SR N (1D.0)
TRl & P E AR R R W AR H 0, 8 H AR
KBRK AT 1o il 4 1 St A 38 S L e 42
R AT — AT bR o 7, RBROR 2 B 58 A T
Inconel600 ., Inconel625 Fil Inconel718 AT £EFEHELE

2 fihor 5 BACII TSR PE SR AREAS T 3R ik
B 1 Inconel600 i P B FE A 12 3k ), iy 4 bl X Al
AL, SRR FL, 2k T S PR R (B AR X
FIFRGE ] DX 43 DR vk B 22 . XA ISR R
FH WC—Co BEFEL AT Inconel 600 RS B %K LR
PR RN, B3k R A Ak R ke B B B PRI Sk
VR RTRL A R B AR R R T (YRR
HEETAF 250 mm/min B, HIURRERE 5 AN [R) KRR
T RSB B 2SR b A B A S 85% , I
PEAIR AR . DRSS REN] , B BARHE 2 H5HE
T2 JT B IR AR PR EE SR v B 5 I AR B A s A
iRk J12EPEfE . 7F Inconel 600-SS 400 F5H:H
RIS v R e BRALIR] el rh |) 42 8 )2 i)
SS400 7 Inconel600 HHE LAY FAR S5 0 BBt g 14k
AR IR E "1 7F Inconel625 . Inconel718 [a]FTiFEEE
PR Bk X3 R A R B BN A P4 i ) I S ok

2015 455 15 9] - B hliEsi AR 103



%i&‘ﬁ% H* ADVANCED WELDING TECHNOLOGY

AL BLGE, 123K 122 PEREOL T RE#E, Hod g IR e
PALFL, Ty 2R A B — BT

£ L, BEHEEE AR BARREARTS PR BE O S A g i
Bk H ARG G 0 B = SRR TR, FEAIE S B
FHH AT AT o

4 g

(1) SR 3 R4 v e v L 4 T L 3
Sk AR SR TN A4, B 7 e AL A 1S A0 AL 2T, AT
PRk SRl . (EA AN X (1 2 Al o
BRI R W, o e TSR A BT 25 A Bl , %) T
S PR A A R R O TR T AL

(2) M TR A 4 LR MR BRI R T 2 s B4R
A RS T T 22, PR IAR 5 403 ik 72
A/ B 3 S AR SR AL A T R R T M R AR
T FH AL AT AR, RS 2 AT L A
P BGE T 2SR 5% ) S0 TN LLBFSE .

(3) B bk e 4 R RS B ML R OE B 10 5 TEL A 4 i
B (E TR L A AR A 2 S (R, R
SCHL T AL

R T2 A R B 0 7 2 4 e A L 1 TR T
AT 2 300 R PR A, AR A P A 2 A L P N
JRBHL R T2 % S S s o AR
] DAY F) 4 PR 0 o T, LR o T 4 4 O R P
7 TV B AR AL W B L PR A JE RS 35 T i T
(LR L R SRR A T — SR ABFSE . X T iR A 4 1
BEPEEEAR | bR AR T I IRARIBFFER

& X 3 o

(1] AL AR TN e 2 0l ox i . T A AR TS 2
B) AR EIERA S s miR a4 AU - PEPRER MU | 2002.

[2] ZEWEIL, HAR , A . E RS IR SR T IR
PSR | 2010(7):1-4.

[3] ARWELL, T, BT | Joibfi s MR RIS Je i PR SRt
ARz FREAR 2006, 26(3):276-282.

[4] Karadge M, Preuss M, Lovell C, et al. Texture development in Ti-
6Al-4V linear friction welds. Materials Science and Engineering: A, 2007,
459(1):182-191.

[5] Chamanfar A, Jahazi M, Gholipour J, et al. Mechanical property
and microstructure of linear friction welded WASPALOY. Metallurgical and
Materials Transactions A, 2011, 42(3):729-744.

[6] Chamanfar A, Jahazi M, Gholipour J, et al. Suppressed liquation
and microcracking in linear friction welded WASPALOY. Materials &
Design, 2012, 36: 113-122.

[7] Chamanfar A, Jahazi M, Gholipour J, et al. Maximizing the
integrity of linear friction welded Waspaloy. Materials Science and
Engineering: A, 2012, 555:117-130.

[8] B4, JH, BERAME , 45 . GHA169 & &M BSR4 1
il R EAPERE . R IREAS I KA, 2003, 37(2):157-160.

104 BizEREEA - 2015 4658 15 1]

[9] Mary C, Jahazi M. Multi-scale analysis of IN- 718 microstructure
evolution during linear friction welding. Advanced Engineering Materials,
2008, 10(6): 573-578.

[10] Li H'Y, Huang Z W, Bray S, et al. High temperature fatigue
of friction welded joints in dissimilar nickel based superalloys. Materials
Science and Technology, 2007, 23(12):1408-1418.

[11] OlaO T, Ojo O A, Wanjara P, et al. Analysis of microstructural
changes induced by linear friction welding in a nickel-base superalloy.
Metallurgical and Materials Transactions A, 2011, 42(12):3761-3777.

[12] Ola O T, Ojo O A, Wanjara P, et al. Crack-free welding of IN
738 by linear friction welding. Advanced Materials Research, 2011, 278:
446-453.

[13] Ola O T, Ojo O A, Wanjara P, et al.A study of linear friction
weld microstructure in single crystal CMSX-486 superalloy. Metallurgical
and Materials Transactions A, 2012, 43(3):921-933.

[14] Wanjara P, Dalgaard E, Gholipour J, et al. Linear friction
welding of a single crystal superalloy. Materials Science Forum, 2012,
706:3022-3027.

[15] Karadge M, Preuss M, Withers P J, et al. Importance of crystal
orientation in linear friction joining of single crystal to polycrystalline
nickel-based superalloys. Materials Science and Engineering: A, 2008,
491(1):446-453.

[16] Maalekian M. Friction welding-critical assessment of literature.
Science and Technology of Welding & Joining, 2007, 12(8):738-759.

[17]  N3CHE, Xy, T34 45 . GHA169 Wil & G Pk BEd
TSI RE S o3 A B ARA U . s T R L 2010(7): 84-88.

[18] 7%, BEAASE , S5 IR , 4% . GHA169 il & B Pk e
FESR R RHIE . %24, 2001, 22(3):33-35.

[19] 75, BEAAAE  JEIN , 45 . GHA169 Bk G 4 Pk B
LA IR AU AR 2002, 22(2):8-11.

[20] Preuss M, Withers P J, Baxter G J. A comparison of inertia
friction welds in three nickel base superalloys. Materials Science and
Engineering: A, 2006, 437(1):38-45.

[21] E3CH , itk , i, % GH4169 il & S I PEEE AR
PRI HOBGAEPERE . JREEOR |, 2013(4):8-11.

[22] Zhang L W, Liu C D, Qi S A, et al. Numerical simulation of
inertia friction welding process of GH4169 alloy. Journal de Physique 1V
(Proceedings) EDP Sciences, 2004, 120:681-687.

23] Zhang L. W, Pei ] B, Zhang Q Z, et al.The coupled FEM analysis
of the transient temperature field during inertia friction welding of GH4169
alloy. Acta Metallurgica Sinica (English Letters), 2007, 20(4):301-306.

[24] ZE3CW, B3, AL . GHA169 A & B PEEE BRI % 1
82U BROCEUEASAL . 4274, 2011, 32(6):61-64.

[25] Grant B, Preuss M, Withers P ], et al. Finite element process
modelling of inertia friction welding advanced nickel-based superalloy.
Materials Science and Engineering: A, 2009, 513:366-375.

[26] Huang Z W, Li H Y, Preuss M, et al. Inertia friction welding
dissimilar nickel-based superalloys alloy 720Li to IN718. Metallurgical and
Materials Transactions A, 2007, 38(7):1608-1620.

[27] Huang Z W, Li H Y, Preuss M, et al. Inertia friction welding
dissimilar nickel-based superalloys alloy 720Li to IN718. Metallurgical and
Materials Transactions A, 2007, 38(7):1608-1620.

[28] Daus F, Li HY, Baxter G, et al. Mechanical and microstructural
assessments of RR1000 to IN718 inertia welds-effects of welding
parameters. Materials Science and Technology, 2007, 23(12):1424-1432.

(3% 108 W)



%i&‘ﬁ% H* ADVANCED WELDING TECHNOLOGY

o, (BRANIT)

/,A., / JREEROAL

i EB-1SSD %
GBI | H {mmﬁmﬁz
.............. \\/ ‘.f\“/“/,,,,.._.._..

E4 BRI/ NEETREERIE
Fig.4 Mechanism of reducing welding deformation by auxiliary
heat source

N7 3 U B A FHASE S8 T I K Fh - SR T By g D 0T
W FIHETEAVE 2T 5 24 D=5mm, H=10mm I, i
TR A TE N

WFE 5 HIRIBAE T LA Y Bl il B AR A 4
TC B 184 1, 2 B o X ek ) A A B8 TR T, X
A RIS, B 2 B 5 T AR FE T AR A B A
TREEANAE , BB HR 2 1 KN B A3 A AN | s A i B
LA RS 1T Sk NN =) | e g5 A VAZA R WA NI 5 | A
W, CYIEETOR A E] 9.0mA , RERMC K 15% I [h]
T RS I N K —4.5mm, B R T Ak sk
HANE] 9.3mA , BEFEAMC R 16.25% B, EEFFGR 1] 125
i, AR IE N +2.2mm, KB/, X BB RN 7E
FREE O 5l BRI A R SR IR RN & s
B4 3 B NE 3 PR T 7 AR A R 7, 5 9 T i 2 1) AR
.o M HFHRAE R GRS E— LK sk A4
T )75 )RR A I T K

ARG S AR A T BY IR A B RN B AT
ET RGN R, BT ER— L IRAM
BRI R A T BRI, DL R AR 7R TC4
KA A TR 22 SR L T AU A AR AL

5 Zip

(1) 2R FH H T3 o 0 e e A A P R R S T
LI TIOR8 R B SRR L )
FEH Bl e SRR 7 A= P A ) R 57 R 5 4 U
BE DR SE X A 1 340, AT LA N AR TE

(2) i Bl AR A4 137 RN RE B 0 I 52 i J B A8 9 1)
KT A28 24 D=5mm, H=10mm, H T H T Hi N
9.3mA, REE/IEL N 16.25% I, Imm JEEH TC4 k&4
MG AR R 35 /N o

(3) N T EHEAHIE R TCA BhE 4R Z R o
T AT H AHLER , 3875 B — AL AR5 4 Bh AR
XI5

& £ X
(1] BT . M R IRk & 4 B 4 e BB . AT

108 BizEhlE A - 2015 4658 15 1]

4J8 L 2000, 24(3):218-222.

[2] 5. BKASWT0HE R N FHBUIR . Bk Tkt | 2008,
25(2):23-27.

(3] AJnF . T EATAs S SR oRIFG IR SR I . s #F
Bl2FA L 2014, 34(4):44-50.

[4] BEFHT . ARA SN SR LR SR . i 2014,
63(11):1114-1117.

[5] KMk, 23 . RO 45l AT AR A A A . i
A | 2007(9):30-34.

(6] i . TR TCA R SR B AR TR
FEHAR | 2009(23):91-97.

(7] Tk, g, 2RI A5 L R E I A R R A BIF S
HER BRI | 2011(7):20-22.

(8] Z=7%, M, XM, 45 . BB BEE BT o WA A g
JSTEHOIT: . HUB T A4, 2010, 46(12):81-85. (Didf & )

ey

(EB% 104 W)

[20] fllEA . Sk, SBEEME . MR mailies & FGHO6 MM
TSR F LI AR RE AT . s MRL2EAR | 2006, 26(3):122-125.

[30] A, Bad, Bk, % . HAR SRS S FCHO6 MhiPEEE
PR AR CTOD ML S 04T . s FlEHA |, 2012(13):98-100.

[31] SKRAIE ., ERA . KA, . FGHI6 G a gt
I IE BRI ST . A atH TR0, 2013(1):17-21.

[32] MR, XU, KA, 45 . FGHO6 & & Btk EE s
FERRR ST 0 B EAERLL . BB 5 T2, 2013(1):109-112.

[33] fEARE, XU, KA, 45 . AR T ZSH00 FGHI6 &
S PEPE SRS AR ST A AU SE IR . HLBR T A4 L 2012,
48(12):69-74.

[34]  SCHF, ZRIEILL . BEPEEEBRIRAOBIR S AR . 58 11 ket
Hegx il L 2005.

[35] Sato Y S, Arkom P, Kokawa H, et al. Effect of microstructure on
properties of friction stir welded Inconel Alloy 600. Materials Science and
Engineering: A, 2008, 477(1):250-258.

[36] Mishra R S, Ma Z Y. Friction stir welding and processing.
Materials Science and Engineering: R: Reports, 2005, 50(1):1-78.

[37] Ye F, Fujii H,Tsumura T, et al. Fricition stir welding of Inconel
alloy 600. Journal of Materials Science, 2006, 41(16):5373-5379.

[38] Song K H, Fujii H, Nakata K. Evaluation of grain refinement
and mechanical property on friction stir welded Inconel 600. Materials
Transactions, 2009, 50(4):832-836.

[39] Song K H, Fujii H, Nakata K. Effect of welding speed on
microstructural and mechanical properties of friction stir welded Inconel
600. Materials & Design, 2009, 30(10):3972-3978.

[40] Song K H, Kim W Y, Nakata K. Evaluation of microstructures
and mechanical properties of friction stir welded lap joints of Inconel 600/
SS 400. Materials & Design, 2012, 35:126-132.

[41] Song K H, Nakata K. Mechanical properties of friction-stir-
welded inconel 625 alloy. Materials Transactions, 2009, 50(10):2498-2501.

[42] Song K H, Nakata K. Effect of precipitation on post-heat-treated
Inconel 625 alloy after friction stir welding. Materials & Design, 2010,
31(6):2942-2947.

[43] Song K H, Nakata K. Microstructural and mechanical properties
of friction-stir-welded and post-heat-treated Inconel 718 alloy. Journal of
Alloys and Compounds, 2010, 505(1):144-150.

(Dt &)



