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The high temperature fatigue strengths and cyclic deformation behavior of the dissimilar friction
welded superalloys joint between the cast polycrystalline Mar-M247 and the forged IN718 alloys
were investigated under low cycle and thermo-mechanical fatigue loadings, in comparison with
those of the base metals. The experiments showed that the lives of the dissimilar joints were
significantly influenced by the test conditions and loading modes. Not only the lives themselves but
also the failure positions and mechanisms were sensitive to the loading mode. The fracture
behaviors depending on the loading modes and test conditions were discussed, based on the
macroscopic elastic follow-up mechanism and the microstructural inhomogeneity in the friction
weld joint.

AR TERR
(BEEHAL - 1)
[ERESES LIRSS =i
21 2, 400, 000 720, 000 3,120, 000
22 1,000, 000 300, 000 1, 300, 000
FRE
FEE
FE
i 3, 400, 000 1,020, 000 4,420, 000




TRIEAY B © BRI BRI
FHBF2 0538 - AE < BEIRBTEY - 1L
F—U— R AR, BRI,

1. WFIERHER S W) DT 5

Ni FEMHEGE G4 OBEAIZ DUV T, ek )
O, TV EESXETE—LEEL VSR
BARBHENR A DN TE D, B OMAE
DREICLSTEHEEZOLDORRETH D |
Tz, RICEATERELATL, BHETICE
2 BEE B OV IC L DB AT (HAZ)
DL, EBEULAMOAEREZEI LD E LY
TR TNAE L D720, KBRS L~
DOEAIITE > TR, ZTHHBEEDR
MEEE TR DRI IX, R Ot s L
TTEAG e RE%E T S5 EMAEAE
BDEHTH DN, EFETIE, BHoEsE -
BRI K 2 BRI EN 2 ) ] U 72 BRI EHEYR I
MRENEFE Y EM~OEH L RE S gD
TWe, L, BEMFEFoER T ToOMuk
LAR B X OEFEENISR IS HEFE
BICHBEHETHY | RHRENEL 2 FEL T
Y

2. WROBE®

AT CIX, BREEIEHAEIC CHOEM & ik
MO R 2BEEEMFLEYEL, 205
BT T oMK LA ) 72 b NS HF A FeE
EEBRIIICHONITAZ L 2HME L,
WRlZ . BRI J15H - ARk R
BI—PE L BT - B 7 0 & 2 & o BE Mz
WOREA L7 d B HUREIRMEfRAT 2 22 L7
R - FaiHie T LV EMETHZ L&
H¥s L7

3. WD ik

Lk BgERRICET . £9. Ni A4
DOFFER Mar-M247) & #a&Ekr (IN718) 2>
D7 DR AT A R E L7, BEL
TERMMTICR L, SEZEhEMH0L L,
YA 7 sy (LCF) #RBR7ZR b NS Bk
W57 (TMF) #BRA1TV, KEREE F COMiK
LA - BHRZEENZ O W THEE L7, o &I,
BHERH ORI CAE T D7 U — T B A R
L. BKSIIRAMEEC 10 5 ORFFRE ] &
o7z V=W aE T, 7V — 7%
FERBE T COMARZEH) - FmbrklcEl+ 27
— A RXR—2FERE LT, K&, BT ek
AN L VAU DEGER (HAZ) 72 5 ONTEL
MR (TMAZ) D S5 L OV% R
FRR R B 2 el T — 2 2 ST 5
LT, ERRTHEEASM T ToOMR LA
- iR 7 m ' 2 L OBEMEICOWTRETL
Yl

BT BT,

H i T

4. WFERRE

T, BEIERECI VAL NI AEBA
4 INT18/Mar-M247 fEFASITxF LT, HEx 72
O BRSO & (LCF 3R 72 5 TNZ TWF
HERZITV, FRBR SR EM I KT
W LN, BRI RIFE T RIS
WCEEBRIICRRET L7z, LCF RBRFE R A X 1
T, K1 L0, OFTHEED/NI s-s
B OPRIEE DR E W I-f B ORRIE AT,
FH EEZEREOT HHFEHIZBNT, - &
D LCF FHFmn s—sBoZzNn Ly HEL, —%
D& JEM B & [FRE D O Bl BE R 7R & R
T L. BT D £-f B LCF FayE M247
HARD f-f BILCF By L AEETHDHZ &N
bot-. Fiz, f-f B LCF ¥4, BHEIX
M247 I CAE L, M247 BARD £-f B LCF & [H
FECRINAREE T o 72, s—s T LCF ORFHRIL

R=1, 650°C
3 ‘ ‘
O DFW ffLCF
2 B @ DFW ssLCF|_|
hR /A M247 ffLCF
“H B IN718 ssLCF
ES
g1 Failed in M247
SE 4
0.6 / RN
04 Failed near weld interface
10' 10 10° 10* 10°
Number of cycles to failure, N,
M1 EEEEMBFOERYAIIVEFHE
2 @® DRW creep-fatigue -
A V247 creep-fatigue
B IN718 creep-fatigue
O DRW ffLCF
failure with @ DFW ssLCF
buckling mode
ES
5 16 ORoh
ag I
0.8 oe &.h \.i.‘_;_
N wbe\
0.6 e ®
) N N o
failed on IN718side
0.4 i

10° 10° 10° 10° 10°
Number of cycles to failure

2 BEEEEMBFOI ) —TERFHHE



Emech

[A B A B
— the first cycle 0

----- the second cycle

(o)
N
a A ¢ A
. Bas
Ao &0 A
Y
M247 side | IN718 side
€ moa7 relaxation € IN718
on IN718
C S

M3 HEAEEMBFTELHHMEMEE

A 424 51 O PORIRS b sEUsk TR S 12 &

DAL TV, £, TMFRBR)HIX, B
#HETF-D TMF #4ivlE. in-phase % & out-of-phase
BTIRERETHD Z ENbhoTz, Zh b
DOFEFIE | f-FHA LCF 72 5 N TMF 88858
TIE. Mar-M247 25F 3 5558 ORI RED
Ffna AT 5 EBREFIZR D0, 0T H
HWED/NES VW s-s B LCF BB T 0 L 5 1273 Bk
RO ) —TDOERBNMI Xl bdL,
[AEEA R CHHR NV U, WRA & Bl LT
WMFEMOBRENMET T2 ABERSH D Z &
B LMNE o7,

SO, RUBESERMEFC L, 5k
A ISR FERER 2 Ff7o g 7e 7 U — T 5
AR AEITo T, ZOMEEK 2179, Zh
X0, BMMkTFO 7 ) — 5 Ea R
MEEOZENL Y bARICHELS . £2, #F
MO s-sBILCFHMEID bEL DL, F
7o BT OMHRIR O B 6P CIX IR B2
GBEUTEED INTI8 T, & O A#iH Tl
Mar-M247 DOJEMERMERERIC L ET B 2 &
B LMNE o7,

IHHOEREREZIT., 7V —TER
BT CTOMFMOFEMETORKZRED 2
W, EET o ATk AU DR
(HAZ) 72 b NZEMEGZEE (TMAZ) @
JIFRIFE B L OVE R AR AR U B %
T — 2 ERET 5 L L bic, A - iR
(2 KA T F1F B R & AR R 2 D
TR LTz, EORER, MFEMD 7 Y — 7
FUARIX, W O S E ORI —H &
SRR O ARL)EMENEESTHZ LITLD,
ZOWBFEDNRD THEMET 720 . BRI, MRS
DI —THREDOFIEN K E B E K
TZEBHENE T2, ZDT ) —TER
PLOFHEIC L 0 4 U 2 ik B e 12>

WT NS ER LR A2 X 3 TR T, &
TR, MEwh SIS J1, BREh o £ mE T
Mar-M247 O 5|3EHF MO OT &, Hia &2
IN718 D5EOT A& LD, 7 U —THH5E
T TORKENMTOEREHMZELIZ LD
Thd. £7, BMWFHMICOIRAR IO
%L, M24T 13 EM0I~, IN718 1AM O 2
DML, KKRSIERICIZZENZENKF O a
B, BXO, AT TERT S, 5lERR,
BEOOT HIIRFHM P —E IRz b
728, fFEMTIEZ V=TT X DI T8

(Aor) AT DD, M24T D7 ) —FETH
PUZ IN718 & bl L THRER IR & W2, 7
U= LB JIFEFNIL INT18 TOHAEL,
M247 TIPS IME T35, Z Ok
B, SIRLRFRIE TRFIZIL, IN718 O J1Z Ik
REI35 A—B, M247 (35 a—b I ENT 5 23,
Z OB L 0, INT18 MNZIZ RS
725l 7 U —7" T % (Aer,718) NAELDHZ
LT D, Z ORI A 7 VDR
PR LA D720 (5 A-B),
IN718 flCIZBIIE Y U —F OF BN A 71
BICERBINAZ LTy, kb2
— 7 HREILINTLI8 BUAR D & D XV 1D 70T
KEL B LEEZBND. I D OMMEBRE
BREIZ & b2 O T HROEFBESKRDOFE
MK T2 ERZTOLOODERTHDLE
ZbN5.

T/, AREHRET VE - T
WZEY . ZOWMEBIEEREDIZNTH . B
WA O LART R OIS D2, #2
AR RO INT18 TOHE KIS I DN /s &
DHEFEMDOBEMETFTOERK L 2> TWNDE D
CHHALMNE 0T, T OREIT., BE
S D FIHKF A FEES O Em R T 5
bFCEEREAHEH AR T EEZOND, &
BT, BoNmREEIC, SBICEBE:
Fm it BMIT A D Fmi i T L2 L
TWn<,

5. ERFEER LS
(WFZEfR . WHoe /38 B OSEERF9E 35 1
IR

(MessRm ) GE 2 1)
1) Motoki SAKAGUCHI, Yosuke SASAKI,
Masakazu OKAZAKI and Koichi NAMBA,
“Evaluation of Fatigue Crack Propagation in The
Post-Service Gas Turbine Vane”, Journal of Solid
Mechanics and Materials Engineering, \ol.4,
No.2, (2010), pp.131-142

2) Tran Hung Tra, Masahiro SEINO, Motoki
SAKAGUCHI, Masakazu OKAZAKI, Fatigue
Crack Propagation Behavior Relevant toe
Micrstructural Inhomogeneity in A Friction Stir
Weldment, Journal of Solid Mechanics and




Materials Engineering, Vol.4, No.6, (2010),
pp.840-848

(ERFEE) GET1)
1) Motoki SAKAGUCHI, Momoko IKE, Masakazu
OKAZAKI, “In-situ Estimation of High Temperature
Stress Fields Based on Microstructural Analysis of
Single Crystal Ni-based super alloys”, The 13th
Asia-Pacific Conference of Non-Destructive Testing,
Yokohama, JAPAN, (2009.11)

2) Tran Hung Tra, Masahiro Seino, Motoki Sakaguchi,
Masakazu Okazaki, “Fatigue crack propagation
ehavior relevant to inhomogeneity in the friction stir
weld”, Asian Pacific Conference for Materials and
Mechanics 2009, Yokohama, Japan, (2009.11)

3) Motoki SAKAGUCHI, Masakazu OKAZAKI,
Momoko IKE, “Effects of Plastic Strain on Directional
Coarsening in Ni-base Single Crystal Superalloy:
Temerature Dependence and Difference from creep
Strain”, Superalloys Euro, Munich, Germany, (2010.5)

4) Motoki SAKAGUCHI, Masakazu OKAZAKI,
Yousuke SASAKI, “Change of Local Fatigue Crack
Propagation Resistance of

Gas Turbine Vane after Long Term Service”,
International Conference on Fatigue Damage of
Structural Materials V111, Hyannis, USA, (2010,9)

5) ZHE A, MEFIEF, KOS, LEISE,
HEZ, “EEEREAICLID NI EEE L A4S
OEMBESEROER" B AW S bhEE R
B0 47 Wies - FREES, B, (2010.3)

6) RO, ZHEAN, WIFFERm, “BEEgiss
AL D NI EBEEE L Al Se0REMBES”, AR
K72 M&M2010, £, (2010.11)

7) B, BT, WIS TER, EREEE—, b
FUERER F Ni A 4 IN939 0D & 2 Rt 1o JUF
THIRIE & AR AL DA, 55 48 [BIERsRE >
R T L, 548 MIERBES VAR T T A, &,
(2010.12)

(X&) (EF o)
(P S PEME]
ORI (Gt o 1)

Ay i
T
MR
TR
i
HFEFH B
ENA D5 -

@) e NV G LD

Ay i
T
MR
TR
i
BSFH A
ENA D5

(Z D)

TR b U

W AR— Ari—

http://mcweb. nagaokaut. ac. jp/ okazaki/

6. HWFFERERE

(1) WrzefRE
P 2Ll (F7EE &+ : 60452083)
T MR R T8 B

() WF7esr 1
(3) HLHERFFEE



