2018-10-20 15:06:27

fn =% &

Acta Aeronautica et Astronautica Sinica

Jan. 25 2017 Vol.38 No.X:
ISSN 1000-6893 CN 11-1929/V

http://hkxb.buaa.edu.cn  hkxb@buaa.edu.cn

I - L, AEEF , B, E TMFAHHFGER - MAREZFZHAT. MZEFFE, 2019, 40(xx): xx-xx. HU X A, SHI D Q, YA

NG X G, et al. TMF constitutive and life modeling: from smooth specimen to turbine blade[J]. Acta Aeronautica et Astronautica Sin
ica, 2019, 40(xx): xx-xx. ( in Chinese) doi: 10.7527/S1000-6893.2018.22494

TMF A& : Mot A

P, &5H°, mmatttr, TEE
1. EEMT R YT LR, ME 330063

2. ILAARUMILS KENLE (280 s, F98, 330063
3. ALIEHUEHUR R AEIE 530 0 T2 ke, JbxT 1001911
4. REMSEHPERAT JRis ek,  Jbat 100095

O IR R, KR T RS IR SN M AL 57 (Thermal Mechanical Fatigue, TMF) A #4 B2 f1 A iy
T A i%. B—, DAIEIRECH G e G 4 DZ125 00 &, PR Tk, SROTMRRE, 456 OfF B &R oy 5
A, HETAGL. REETEHE L NP ER TN TMER e, 2, FAMEROWAZ U FB, R 1733
FeRE B I TMF R R 55 24 SR AL 25 =, fEBhTChaboche ARFJAHY, AT T &R, . EEHRGIEIE,
FENL T R AR N MG PRI AR AR KRR, SR T DZ125 A &bl . SRR, AR 9 57 -0 AR DL TMEF R g 37 A
PRI R — @A AT DY, A J T 95T -IE AR - A RA TMFA a8y, ) A 17 SR Al 57 s AR SR A B0 3/ 45 T
TR A, R PR R 1A SN TN TS DR I TME A s 5, DASEIRARH AT R, AT TR
AT 8RR U 2540 T IR 2SS T i R TH SRR I TMFZ i Tl

RERIE: AHUWRTT; 632 Al R s el miRE e

hE 5SS v232.4 YHERFRIRD: A

AR WAt Rs il 27 E N N &
EHA ARG LG, HIRSS o
RAE T RN KABERE. B RSPk
BT 40 B B2 Ry, e i Ty
2 IE 2O AR HTERE LS o b B L
JE [ B e I RGBT T, BefReF
ER R IR A BU  ERa e e, — HED
i PR RE AT 2 R B L FE 1 S5 A 2 Bk
B, BAEARRA KA A A AT B AR P
OB NL I TR R PR R, A5 25
20 52 BRI UM 57 -1 A2 A, i A

Wk HiY: 2018-06-28; BB HYI: 2018-07-12; I H: 2018-07-26;

XEHS: 1000-6893 (2017) XX-XXXXXX-XX

e AR ST IRIONR H, E I 5 LA
B RVEAE ARG BEAk, ASal i S J L
RAZLGRIBAT GIN T RN 5, R AR IX
LB A REREG A i, WA bk
L LA I R 57« W ARAT N B T ARG
TE, M2 ) e O S U AT T R LT
ARSI LA, iy ik AR
B BIRHLE AN i TG U5 955 . SR, S
A RHE BLRE 2 MR RPAEAS SO R 2 (]
17757k, JFFINImEE T I TMFAS R A7
VPR AL TRE I FH 75 A U 1) 2 22 ) L

2% i b HRSETHksas el darl e/ Aeral R0 920 henL81020.1506.002.html
FeTH: HRE SR BT (No. 2015CB057400) , H K E SAMkit%l (No. 2017YFB0702004) ,

*BIEE. E-mail: yxg@buaa.edu.cn

XXXXXX-1



b

I

it

H

¥ &

TMF i) 8 i LR T 201 8 704648, BT =
ARZE iR Bt 2 SATLFLOO AR A3 A ity 350 A0 57 1]
RS T T AR B, 356 E ik S
T I A A A e R VR R SRR . SR R
BIFFE 1% B A TR 5 i 0L, xR J e v )
I8 55 73 f At T H RN o R A R = AN T
R IR IR A IR am ITMFfr . IG5,
BEE TH RN HOR I K RE, 2012880
W, BHmZEENTMFIR KA Ls2H, b
MarM247. PW1480%% & 4 [N TMF 36 i 52 4 5.
WA . B R A I TMFRT 7L 2 Sehitoglu &
HAEHA 21070500, BEEES S
MarM247% SV 4 kL BT T JE AR K . A A 45 i
PR, F3R T 2 42 [ Sehitglu-Neu 75 i i 7Y,
HIE TS AR . 20t 4904 AR,
] A 8 2 iR B & O 9T 2 B AR EASTM
(American Society for Testing Materials, ASTM)
WICAEE, R A 20T T 4L 5 R S AR
ZE XL R AHLR R e R R TR
BHTMFAT AR TS, 2125, 4R
B min & A ST IR AL . RN E O]
LA FT LR 5T TMFR B bR #E, 2005, 201171
2016%F- I =IRTMF K 2:, SR | RE K
RAWUGIER BTN KR iR . 2%
[ 510, DA 3 AR B A F S R A
A T T K 2% McDowell #1 Neu [ BA % %f GTD-
1110, cm247LClO pwi14galtt et 4 gt 5t
NEERE . FEPNIT, iiE g R e
XFDZ1254 &I E T TMFAT Nt 5, IR Tu 2
500-1000 <TAHH550-1000 T, # & T FAHAL CIn-
Phase, IP) . AHAZ(Out of Phase, OP)f1135° /% 2%
JEARAE (Counter Clockwise Diamond, CCD)54Hi .
A AEF BT T DZ1254 &M TMFRER L
B, X SR T AR N B PR R BT AR
Bt T EEA

EE X 22 FhER L iR A & I TMFAT A 7T 3R B
(418, ZEIPFIOP TMFERTT 44 1F T, milk & &bhkl
MTMFZ i AAEAZ X, H R ZHE 0L T # LIRS
AR, fEREAEMIEEN, IP TMFAE SR, 1
ERKIFmE N, EFMR. —BARNIXZHT
TMFEfr . AN 2w e Bl A 2 SR 4 4
MLEEAFRE R . RS, AR

MG . CM247LC DSHE [l#t[E &S TMFA a5 IF
F e it 7£500-950 T TMFEH T,
IP 1 OP TMF 7 iy #B [k 950 <T %% i 9 5
(Isothermal Fatigue, IF) ik, {21k $]3-5
£, HAEKFMMBL 1P S5 508 T4
I, TOP TMF LG AH [R] 5 vy il T 1) 55 e 75 i
CED

TMFEAT T, 9557 H2. ANERGE
£ 5 TMFAH AL f 35 A 7K F %5 90 4 52 .
McDowell Z: 19045 & i & 4 b BHE TMFE i
TR I TR AR SC I PEIAA ,  HAX B A AR
155 -9 57 28 EAE I e BE o TR ON B I b 45 45 A1 BE
B NAZ AT IE A B e A SRR R s, SR e
FUHE S B X 55 I RE A5 o JF IR gar X
iR A AN REEHE MR, Neufl
Sehitoglu™® M 7 — AN AR 2 T AL 1 B 2
i N TR 2| =R A <SS w e T S W i
ol BN | BiE 2 N A 1 il Il i = ¥ 1 P ==
TR S A AT A S A G B B AN FORT R
AMNER AR, XA AR K B R
O W R FEE IR R A, B AR ER AN G
AL B IR B F AN B it mT DA s R S0
Ao KT NELSEARHLE], A SR A AL I 5t
JERE, HEANEZ S, RAEMRIENLZET S
Mo NRTH V%, WMTEZ ZE . £
AL T, AR N3 90 R IR 2L 1 A1 43
EREAE . FEAX PR R P R A AL S
P NN AR B AR AL A A % . AHAL A TMFAR
N B A Yo tEE R, 9857 IR FI A A3
15352 B AT F B BB . Kupkovits™M 24t wof £ 5k
5E [ e[ A 4 CM247LCTE IR & 35 500 °C-950 °C
TMFRO LA LR B, 7EOP TMFZETN, 1E
AR BB 5 TE AR, P AR,
AT T AL TAEH ;. AEIP TMF
#r T, TR S E AR IR R 2 Al
HBRmMEZERTE, EATEBRBILRL T
WTMFZ4r, A2 EETARMNMAERE T
MR, 7T L2 % Zhuang P16 T TMFA:
g i iR W 5o

AL B8 [ g [ 2 4 bl T HLRE IR B RO
SER R 7 T 14T R . TEXT IR AL KL i
TR BN, TEAL BRI, BEMH

XXXXXX-2



&

H}

ik

]

s TR BMEIL IR F, Ok e & SR
AR R ) TR AR IR T, A A KBk R
TR, 24581k, TE2EERETHRT
I G 1A AR A v T TS 0 24 A A TR T
IR 5 A FR AT FR AT A8 47 P22 HAR DA R
IV EEAR KM 2 RS ERE THEKR
HERE, SR, TREV B XS B S 2 W B A ) M 5
A AR R 75 SR a2, 7 2 W A R o
25— 7RG 98 P A5 7y Prager®”!,  Perzynal® 21,
Armstrong I Frederick®% 45 2% 2§72 11, I £
Walker™,  Bodner #1 Partom®  Deseri®! #i
Chabochel1 45 2 v N\ AT 955 J5 UL A5 5% B 1 1 13k
JE o XA EE TR B AL
AL 7R . Chaboche1f /R 453k 3t b ix s A
PR AL,

B X6 1 il B 2 TMFAZ T AT 4 1) A Tl 2 A5 A Tl
I, 78 () Ll Manonukul 2554, Miicke #1Bernhardil®,
Becker F1Hackenberg™® L\ & Shenoy®" 11t & 2 i) 4«
PR 7 oy B B4 . Becker #1Hackenberg®* i i 5
N P A T AR A T X INTL8 K J T — AN Al K F R
AR MGE—Hiik 7. Shenoyt” ¥4t GTD-111
SE [A)BEEN A 42, 4 ST T o A Y I A AR R R
B T [R] PR B PR AR R L 3 A A TR I T A R
W, REAFEE TS5, IR &R
TMFR 7 AR W S 34T AR B o o A 93 P AR 7Y
5 W B/ N o <X (A P b9
IR TE 25 R RN B AL 0 B AN 3 R b B R A B AR
B4 FH RN A

AR UARE 2 O R AR I B oM REDZ125 4 %
R, B R BB N SN AT, IR
JEm A A PRI . BB
NDZ1254 e s I TMRR S, K15 AR FE
FEMEIR BRI N S SE 0 N R i
A NTMEB A HLEE, R TMFRSUH ALY fE
B 58 =35 4T A DZ1254 & i G . i
AR IOV 5% T ) 1tk A A A AR, I ) i A Y
SERR TSR AL RN, AR DL AR IR TMFEE 3
Ao IS AR L TR 5 DU o A I UG 55 75
W, S-SR AR ST . A AR Al S AL SR AL
Wi, R T 57 -5 AR - B e H
JHEABIETTE, T T &R TMRFESE Ak
AVRFAEAS AT (98 57 s 58 1030 43 DA R: LR

HIE NG, ST PR RIIA IR, Tl
T AR R R RS AU, 3 LA 557N B
73 DN T i e Wy % SR Bl 2 1 F IR LA
W7 Agan s HLE D NS B

1 DZz125 TMFiR 56 A 75 iy S A

EFXIDZ125 [ MR AARE, Wit T Al AR
G R AT 2B s O R AR, Hodr s
W E v e R AN S el R ol 1 )
K=l 5 R . 7EInstron TMFRIE 248 -
TR . WRIGH, wdnt SARE ik, 78
BRI B 1) A [R]85 T AR B A (A A 2910 mm bR
XPR R 3L = Ab R A i Ag, w3 HIK,
TE TG HA 25 1F T 4% BRI 8 (1035 3 B AT IR R 2%
B, JE A AR, ER AT TANE
IR0 AR I &P 354 P RAME R A s Bee, 1%
TR IR I A A AT A I 2 T A 7 A 2 T[] 43 S B L
AR il o

B 45956 R TMPIR B 45 5, Horb 4y
IS EHE IR T A JF Sk . YR TMF S0 3R B
(1) ANFERREE . AL %A T TMFZ i 73 #UR
K, DBUEZ25M% . (2) TMFA drf T A1 7 i
IR NIRRT A . AN AR R, A
ZINTMFZG i b &R 57 (AnisET=980 <T) '~
R AR 501%, L TMFIEIRF 25 B () 500 0% 57 75 i
(760 T) FREAKT10015. (3D HAL X

TMFA iR Ko EMIENREIEAR T (i
T=500~1000 < > , % #H @ B & ,

N(IP)<N(CD)<N(OP) ; 7t &K # v B B ,
N(OP)<N(CD)<N(IP). [, fFIEaEl 5 Frosi]
WX (NARTEEZA1%) , KA FRIP TMF
FF o B, /N N BOP TMF 25 i 5 i .
(4) & FENG AN TMFZ fiy 520 42 3%, 500~1000
T OP TMF #{%}F400~900 T OP TMF, i
fH#)2~31% .

ARl e i Rt AL W NI B R E e
fL GHOLIESEN . AT, BRI D)
4 of [ TMFAR 36 5F 70 4% 20, Kupkovits % Ot %ot
CM247LC 5E [ %k [ & 4 F Kersey 2 U9 & xif
PWAL484 5. iy & W ST AR UE S 1 B 1R A TMF
Fh . K 6 9DZ1256k I EEAE B /115

#r, OP TMFIRESF R AV (Ao) 536K

XXXXXX-3



it

H}

oz
=

i

FRo HEREW, BOTMFHA X TeHETMFS
frike, HBEE N AL RGN, 0 TMF
it N, MIER T TMFZA: f i s D gk
R T, K18 T DZ1254 4 75 dr A
TEIRAR LM R, R 75 iy AR ) A 2 L 48 <
.

B 1 DZ125[A Fe et i R (R4 mm)
Fig. 1 Geometry size of smooth cylinder specimen manu-
factured by DZ125 (unit: mm)

(@) K=1.5 B

(b) K=2=#B

(c) BhITRFEAS
&l 2 DZ125[A B FAFE R SF B (B2 mm)

Fig. 2 Geometry size of notched cylinder specimen manufac-
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Fig. 9 Crack initiation under notch TMF with loading con-
dition -200~400 MPa and K; = 1.5
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Fig. 10 Micro cracks initiated at the notch tip

3 AR [ia [ P h 2 P A g Y

A P oy SRR R A2 R LEE M, SLsk
TN ARSI N . SR, B TIE3A. B (A
AHIIR 55 FGE AT, A5 R I AR 2R AR T
HRFE . BEAh, ST —2b 5 7R b R s S X
B, UhATRERERHE NI, Nk, KRR R
T AL 3040 S5 N AR IR S AT S5 W AR L AR
TME SRS B T S RE A, 0 kS 7 A T B A
HERE . N T e R E A 4, MR &)
SeMEL A, M. BRI, fEHK
WA AR Rl ) RN, AR AT R T
—EeHERE . DN TSI A R R iR AR R A s 2 A
Y EEZN e A =T v G i 33 S )
REIE PR R Bk e . Ak, ZE T Chaboche
AR BT TIEIER KR, TR -, &
IR 7 AR SRR & A R R AT

Chaboche™ % H 1 % B8 $U 2 SUKG 28 1 34 B 3

v, %07 LR i MalininflKhadjnsky &t -
_ KRV "
VTN \K
A Jr . <>k Heaviside W %, & XA

(W=uify A{u)=0if u<0; K M n
;ﬁ%ﬁ%%ﬁﬂﬁﬁ;F%%Eﬁ&ﬁ,il
F=‘](§i;_xij)_R(p)_k0 )
A 35— X ) NS - X, 1028 2 RAR:
R(p) A& Wl [T AR R ko SNHIAE JE TR
Jre S X ARREHE (&) MR
FImik . N T HIREARE 3 BBy, RS T
%ﬁﬁﬁ%ﬁﬁ&ﬁ@}ﬁ%

— Ojj

= 3
Gi=1 5 3)

X o BAEHEGEEBGHIN S D NG
#i05, mFET4 i Rabotnov-Kachanov #1511k

Ji e
—_\]P"
. :[J (Uij)] (- D)—pk
pa

D (4)

b J(a;) vy 3 2 AR pa. pr fil
pk iR OCHTR SR, I AR i 2k 2
5.

K@), J (§i;— X; ) KH Von Mises #!:

= 3, - :
‘](Sij_Xij):(z(sij_xij)Mijkl(Sij_xij )j (5)
X Mija 4 BrskE,  FH Tl Je AR T 1 25 17
Sk, SCERA51Z4HH T My [R4RHE. A,
#%ﬁ&ﬁ%ﬁﬁ%ﬂﬁﬁ&ﬁ%pﬂug
%

-in_a_l//: i_
i _80'"- paoij
3/3(5-%)R(p)—k\ My (5-%;) 1 ©
2 K 1(s,-x,) 1-D
2 0 an)
p=(§g$n$J ©

Chaboche 714 A A4 155 ) 4, 55 32 By B A X RN 5% 7]
A PR AN AR 5. 7R Sy 25 (8l Y, 3 B
AR T FIEIRAE £ N S 07 R BRI R . NT
AT NI A I Z FPHLERFAE, Chaboche B2 Hi 4
Ve VR I T 3 TIE B AL I 2 A HR 1 8

AL :
X, =3 XY k=12 ®)

Aok XU NIBAEL A, B AR

AR R o HIR M RTS8
) ™
2 . ‘](Xij )
XW=Lcasr—c @(p)l——| xW
ij 3 k =k “ij k (p)ak/d?(p) ij p
_ O\ 0, 1 G ymp
AP xS v T

©)
AH: o(p)=a+(1-o,)e s I(x))) Hie b

XXXXXX-2



H}

F 1R

A BIFE2RE R, Co= Ga T NEEEL
i Cv &k M fiv e O MRS
R(9) P, H1T APrager VML, 215 M % &
7 Ohno/Wang & IEMO i sh A 5, 465 3104 4 14
REBAWE, PATH AR .

FERL 2SI, 4% [ P TR A 32 30 i IR T
RFEAE . % RV R 28 1 F,
T 150 T AT LR 0 2 S e AR ke e«

R:b(Q—R)p+(1-a—b ! @JRT' (10)

K DFQAMEIZH; QFARA I [Al Ak &
HEriE E . X(L0)+, FIWUELREEE R
P I3 18 v 3G e D AR AR, FEIR T AR
BRI G s 520075 I8 AR I 8, HH Benallal
ACheikh! 1 JE 2 H1 .

MR L, ERANEREAMT, H28 MRS
BHHIADZ1254 & MIE M AGEARAT N . N T e
KL R 5, T EA RPN JEIR AR
TR5 5 I A R AR B R AT S EUR AL . L,
% F Levenberg-Marquadt 3E 28 14tttk 77 7%, KA
WRSRHATSHRA: (1 FHDZ1254 4
FIRE R RO ) A [R] AR 2 () S i g et 28,
PHAIMui s Mazw Mss. Ko n. Kos ag. az. Ciff
Coo (20 FIFIEARMZE, RAlr rov Bis fos
pa. priipk. (3D FIHXIFRAE 2 AF 95N
JEMAHIZ, e ZHm. my. Ofllw. (4)
FFAEXT RGP 26 4F P R St th 2k, iR
ZHbMQ. FIHMEIE 5 i) Chaboche 2L, % ]
JJAbaqus/UmatF 7, AT 52 B 30RE A I 2
A B2 4 N7 77 S AR e 87 (1) v b PR S A A

Kl 11~ 154551 % H & IE 5 Chaboche 5
HWEMIDZ1254 49\ A (Longitudinal, L) FifH
] (Transverse, T)H A+ (& 11) | iFE (F
12) .« % (E 13) | 5712 (K 14)
TMF (B 15) FZ MR sk 54 T R /7- 3
AW N, 45 5L W] Chaboche & 1F A K R U K
Ml | DZ125G 4 1% M e FAHG, A&
IR =AY B AR BRI TR . 91 40 1A
11 G 7 A 7E RS 2 g 1x107° s HRI5x10° 574
T, LAITT 3525 T ARSI, B 159
WY IPFIOP TMFWS 20 S50 2% 11 N 1) A2 R AR T AT
HNe BT HRH T RSN 5 FIE AR 5 Pm i3t
TR SEGRA], R X2 57 16 A2 AT TMF) Tl
M2 BIGUE T AR 1) =R B A0, e

1000

800 -

600 -

DZ125, T=850°C
o L5E-35" Test data
——L,5E-3 5™, Modeling data
o L,E-35" Test data
—— L,1E-3 5™, Modeling data
«  T5E-35" Test data

—— T,5E-3 5™, Modeling data
O 1 1 1 1
0.000 0.005 0.010

Stress, MPa

400

200

0.015 0.020

Strain, mm/mm

B 11 850 T FF 44 DZ 1252 [ KA 7] 2 AH 56 B i
R

Fig. 11 Rate dependent tensile response in longitudinal (L)
and transverse (T) direction for DZ125 at 850 C

o 0=430MPa, Test data

* 0=460MPa, Test data

4 0=480MPa, Test data

0=511MPa, Test data

e 0=520MPa, Test data
0=430MPa, Modeling data
—— 0=460MPa, Modeling data
—— 0=480MPa, Modeling data
0=511MPa, Modeling data
—— 0=520MPa, Modeling data

Creep strain, mm/mm

T
5K©

! L L L L s
0 100 200 300 400 500 600

Lifetime, Hours

K 12 850 Tt E A T DZ 1254532 i £ 7l
.12 Creep deformation prediction of DZ125 at 850 C

1000

Fi

[

DZ125,850°C, strain range=1.6%, R=-1
o Testdata (T)
Simulation (T)

o Testdata (L)
400  — Simulation (L)

800 -

600

200 -

0k

-200

Stress, MPa

-400 - T direction

-600

-800

-1000

1 1 1
0.000 0.004 0.008

Strain, mm/mm
P& 13 850 TR 4414 DZ1254 [ A [ R A T
Fig. 13 Hysteresis loop prediction of DZ125 at 850 €

1 1
-0.008 -0.004

XXXXXX-3



&

H}

oz
=

i

80 pz12s, L, 850°C

Strain range=1.5%
R=-0.875
Hold time=120s

©  Experimental data
Modeliing data

600

400

200

Stress, MPa

200 -
-400 -
-600 -

-800 | (@)

L L L L L L L L L
-0.008 -0.006 -0.004 -0.002 0.000 0.02 0004 0.006 0008 0.010
Strain, mm/mm

K 14 850 TiaJE 41t T DZ1254#4120 iz 55 -1 AZ 0 b7
T

Fig. 14 Creep fatigue response prediction of DZ125 at 850 T
with 120 s dwell time

[ o 500-1000°C IP TMF test data
o 500-1000°C OP TMF test data

OP FEM simulation

Stress, MPa
°

IP FEM simulation

L L L L L L L
-0.006 -0.004 -0.002 0000 0002 0004  0.006
Strain, mm/mm

15 DZ1257£T=500~1000 T OPFP TMFAE H T i B 13
o
Fig. 15 OP and IP TMF response prediction of DZ125 at 500-
1000 €

4  DZ125FNUWNE 57 75 fir Pt
41 FEAFETMFEG TN

NeuFll Sehitoglu™® 22138 i i 1050 54X (1 TMF
PG R N 7T, 3R TR T8 55 . G
A =R R TMEE S i Al . 3L
AR B IR, TERE R KRR RER M, 1%
AR A IE & TR R 2 . 8 ) g ] 0 L
4. M, BT Neu-Sehitogluféi B o (1) % 4k
45, & 7LDZ125 561 W FE (1 TMF 73 d Y0 77
%o TMEES AT LLRIR

d,=d, +d. +d, (11)
:_EQEFH dt\ df\ d(:%[]doxﬁ/l\ﬂﬁ%méjﬁﬁj\ E%
B AR EAR G . Hoh, B R
F 205 RANER RN A S A dr (Ne) [
.

d, =1/ N, (12)

F-T-Masson-Coffin# H 1) N 48 5 d i A, 25 Hi g

A& = (N, )’ (13)
A RN R FH AL A5 i AR A A A 1 AR
%iﬁ?&?ﬂé‘ﬁﬂ, Agmechy‘j*ﬂjﬂ@ﬁﬁjo Xd‘
FDZz125, w760 THARIEIAR 75 $idi i e =
Fefnd, 437)40.04073F1-0.1307.

Bl 1251 X i AR AR T AR 4Dl 4 SRR B, (B IE
Chaboche A ) 455 8 m] DLASE 4 1 T 34> B B 114 i
AR Je Xt g5 o 4G AR IR IR B, K
FEB RG2S . Rk, v LLEE A PR e it 5
B AR BIM R B M GR35 (UmatFe P IRES
AE) RN HAh, AR K AR A
I, AT LA IS Larson-Millerf5 78, 15 51 45 € 15
FET N1 ofE R T B A2 W 20 (80t (o, T) o fE—
SERFRIAUER R, R 2ot RA R B H S A 45
5, B:

dd, =dt/t,(o,T) (14)

AH: t(o, T)idid Larson-Millerts: 28 5 i«

lgt, (o, T)=by +b, / T+b,x/ T +bx* / T+b,x* / T
(15)

AH: x = Igo; bgs by by bsFlb ¥ A4 kS

B, MR, WHEHTMFERERAT, EE

AN A 8 72 INF[RD () BRI, T R BN A R i AR 43

ILIRYSGEuE A g X

tC
d, = [ "dd, (16)
Forpt i hms 1a] .
% 1 DZz125 Larson-Millerz4
Table 1 Larson-Miller parameters of DZ125
AR bo bl b2 b3 b4
{H -22.26 922027 -31964.1 12467.1 -24145

Neu#1Sehitoglut™® 2213 T2 g2t Ak - TF 24
TEIAHLEL E X T At N

~1/ B
(b/ B)+1
— hcr50 2 (Agmech )
T BO™ (K + Ky glr 17)

K hy 6o« BFISIAMEE L, & X
Beff:[hé /0 qiuﬁ’ WEE

(b/ B)+1
dyy = 2By | O (K + KLy )T’ﬂ %
(18)

X

XXXXXX-2



fn = %W
ox 1t ox o0 T=500-1000°C OP ¥
—_— L] = "~
= t Io ¢t (19) = T=500-1000°C IP *
c A T=500-1000°C 135° CD ¥ *
. . 2 10000 ¢~ 7_550.1000°C OP " 4
4% = exp| - 1 w (20) ° & T=500-1000°C IP "
=&xXp 2 & = 4 T=550-1000°C 135°CD ™"
L 1000 ’
Q : 7
) 1 et —Q., P
K’ ==|"| Dex ' |ldt  (21) 3 4
peff tc Io |: Y p{ RT (t)]:l g 100 L () s
o1 _ o e o T=500-1000°C OP
Kr?eff = _I Doxexp QOX dt (22) 10 4 m o T=500-1000°C IP
t, 70 RT (t) 4 % T=400-900°C OP
ﬁ(18) ~ ﬁ(22)q:’: E:‘th NI AR émech JIRL 1Io 1(I)0 1oloo 10600 100000

BN AR E, RASAETEH, Bty av fs
b. Dox~ Qox» Dyv QpAIE™HR A K S 5.

YT ERIEG G kUL, — BRI A R A
A AR AATE, 38 A 2k A B KA
M, EHX £ FEMar-M247. 5E A1 [E G TD-111 81 #
fm PW1480/1484 (1) TMF 73 i TN A 5¢ v, #B4% B
WENLE, i E S H S % Mar-M247 8 BHE 5k
MRS B, XFDZ1254 4, R E AL R
A v I A% ¥ B 1) i BT A8 A 44 e A A —
., FIH—41500-1000 THM FHIOP TMFXUE
LA 2 (bf+1) 5.3, E AL B A S5
EHAS B Mar-M2247H kL, IR 2FTR .

* 2 DZ125EHA IS4
Table 2 Oxidation damage parameters of DZ125

2% BfE B pr

a 0.75
b 6.45
8 15

Dox 15400 um*s
Qox 175.9 kg/mol
Ber  1.83x10°

D, 8570 pm*s
Qy 163.3 kg/mol
& 0.44

®2. RIKANE TS HIL16D S B Hlhiid
T DZ125% A J5 [ TMFZ fr ATy, T 45
R 16/, 45 REW], FES2 M st
A AT BV T35 o e AN, Hh 35 K gl
MRVE T 205 B LA . BRI, BTR R A &
TAFAGL AR VS I TMEZG i F0 o

Experimental TMF life
16 DZ125 TMFZ i i

Fig. 16 Life prediction of DZ125 under TMF

4.2 BOKHETMFES TN

FHRPO MooreP&5 410 5 ) e [ £ 4 2%
TR U 55 T TR B, B N 18 b RN 44
NI AR K HIE R . CM247LC 5 [l Bt [ &
4. PWAL484H & & I Hk T TMFR 56 45 FLIE sk
TR IR TMFR s 2 2% . & 6k — 2
MRS 7 B 0N S 4R X DZ125 TMF: iy () 52
Wi, X DZ 1255 i B 119% 57 1) 75 i @A ik
B, PR R T R4 R R 44 UL )5
R SEIOC R EE A B LR EE B ar B &2, Bl

o, -(K)" =a-(N,) (23)

b ZEMACER T A RHEDE 57 8007 R 5k 1

RFRE . SCER[B2] M TR B, X TG &0

B 6 J20.2~0.3, H.DZ1250 k& i 0% 55 28

m>40.25. FIHE 6FEHEOP TMFAKAGE] | R
1-F4n R R E 13 H:

o, =14935x N %" (24)

T EEEIOP TMFI), JET25iR R 57 6k 1
BURZRB, BIER (24) B3| HAEADY.

o, xKS® =14935x N %" (25)
R (25), TS ] DZ1255 48 FlEk O TMF %
L7 R, Bl E A BON265 . 4K = 1
i, (@5)IR AR B

XXXXXX-3



fn & ¥ W
10000 12
DZ125, 500-1000°C OP TMF £ 10}
° Kt:]_ 5
@ 08}
* K=15 &
° S o6l
% 1000 | % 041
g '_é 02f
a = 0.0 ' ' ' . : .
0 200 400 600 800 1000 1200
Time, second
o, % K‘o 2% _ 2987 x N 017375 . s . .
W , Bl 19 e A R T A e iR
100 Experir::;nal life - Fig. 19 Physical rotational speed profile of high pressure
Bl 17 T4 X873 DZ 1255k N TMFZA iy Tl rotor and turbine blade temperature field
Fig. 17 Notched TMF life prediction of DZ125 based on
nominal stress method 52 REMBETOHER

5 ke i E AT
5.1 It Mg Fmd F 54

Xt SR HEAT INE 3 SRR W S T SR 5 B M A i
PRI . B 1809 FLim e i X S A A
AIRTCPIRS . Ty AU LA S5 R 20T 3 5
PIRCAR T 2, DT RAE S, g i
FrBERHEEAT T RIAE, SR\ ST A T kil 5y
R 18P IIATBR TR .

B 190y i % 1 ) 3 O T s R T iR
Yo BAEAE TR B, K, BRSER
&, BRI . R IOREHE 42 (8]
IR BUC, A5 LU T A 00 25 458 A 2t R 1) e 25 2L
Rio B 193 s 1 AN 18] T B IR
Ao FEREAT WA BN A 20 i, i T 4A
RS TR S G L 5 9 T 2R
FEINIRNLRS, fEE 18 i it 4 Sk A |
Al PSRk A2

Bl 18 JmFer fr e AN BR TP A%
Fig. 18 Photo and finite element method of the turbine blade

FERHHUEM SR IRE T, W g
R ARIEAS, A A RO ZURE Cln ' R
BRI , FRAE W L AR AN R R A i AR e
Koo ltn, PWA R A FJIT8DWE M K EhHL K&
#E TR R E R R R K B AN R
0.28 mm (0.011 inch) , 75 NIREEH: Fok A 4%
AFRTTASRE QR SR o DR, b Fy 2R 4T 5 A 4y
MRk T SR AR PN I BT B, HAG R
1 tH S5 BE K T T TME A dr i . ¢ /& 19+
AT T 1 B KR AS 1 £ R B 1] 12 3 D9 10000 /)
i, I Abaqus/Umatf2 /7 i+ 5 5 AE 1, %
I ARSI R AR TE o

Kl 20291000 /N IGEAR 4% 2 B LA S 1120 1y
RS RH I L b A K G AR 45 473 47 L 1000
AN IR AS SR AL IS . IR SE R, A
- 11000 /)N (0 B KU A8 453 45 290,166 . 457K
FHE M BRI HIS, R ATIEIR AL /D
B, DU EANIEER (14547 TTRk 20 90.00166, 5 9% 57
4590, IR A 98 25 4020 2 600041 B 51 46
I AR T3y £ 96000 /N . B 214 BR300
NI JE AL 2. TR AL iR B A, AT A
BBCAZ A S Hm v —8, s
JRFZ1°80.4 pm. 2434300 N IRAE S, BT
401877 s A 754309715 sk o' RSP R A TR,
AN pmAIL5 pm. AR5 R 2005
gh a1,

22 @M R KR REH: (D ot
IRHT G B ARL eR, X TSR AT
ffy, HUCHME AT, FEER R
REEOSRHAEH T, B ih e ) 580k

XXXXXX-2



.

H}

i

F 1R

iR )3 InAE RS . (2) 300 /IR ER S
R, BTN E MK 8 80.218 mm, 1 £E 1000
INEHRFRZRAE TR, AR BN £]0.298 mm.

18RS 0.15

18

i 0.10
- Node 4309
ode 4309

' DR
indyinl

Creep damage

0.05
Node 4018

0.00

0 200 400 600 800 1000 1200
Time,hours

(2) 10005 15 A5 45 15 (b) i3 1L,
20 R AR B o A LA
Fig. 20 Creep damage distribution and evolution

Bl 21 JEHR%ETH Fr300 AN IRA% JE 3L B AL ZH 21
Fig. 21 Comparison of local microstructures in three loca-

tions for a real blade after 300 hours tests

Node 67: Leading edge

030 | — Node 14: Concave side
Node 121: Convex side

0.061mm

Creep displacement, mm

Time, Hours

22 TRIRAR RIS
Fig. 22 Creep elongation calculation at the blade tip

SREEH PRIV 11 R S AR R

H T4 1) SR I B f ™ B A AR A,
MR EERAR N RN A ., B 235 T 12
e AR T I =5 2 07 AR T | ) S IR A
AR N Sy oA . ATLLE R, 7EAMRTH 2N
FERIJPIRAS, TWiE AWEEE EL RN A
B, R I A R SR R R AR K

B 24 491/2 M T AT 204 B 36995 1 A K42 7]
N SEE FRNAESRERRR. RS R
FW: (D) RN INAR K R I HE

5.3

1. (2) REPLAIEERE RS, M
A5 [ R P R AR A, H AR I N T50 K
(#1480 T) A1L 51200 K (#4930 T) . H
W AFF R TMEFRES BE 2 B00 R AR
FELEA50 <THir, fminfE£)900-1050 €, TMF
I 1) B AR P 7 A K R SALE Bl ) 2 3R
A, MR EE. (3D -
NIREEFIZETETMEE IR . (4) RARYERZ) N
0.25%, HICHFTEBIRZ, H AR I X B
ENA KL N-0.225%. Kitt, RiFTREERA
THES, JE T 0-Max-01 % 3K 15 1 o7 A8 ¥ il LL I
AMARERIK11%, 25 B 55 75 fir 5 R AR 0
FIREOC R, B 55 7 an il TR A Z IR K,
HAw T .

Bl 2589 BT 2 82 (1 94N 19 A (1) 3L P52 - LA . A%
KR HEHLERKY, 3942, 3864M13705% kb
TP - N A AR BRI IPs X s 7 1H] b () 3740F0
W 3 TH b 13859 71 AL, i B - B AR 7 24 4 OP;
3699. 3768F13911°i filllZ 7 7 CCD TMF{iEf;
FEZAL B 11398771 FNZ )T T CD TMFfiE . i
F BRI A 2 B T B OB T B
L3R RN Sy o FEIX =B Sy, B N
JHERNIE, SRR, B AR AR A .
HNRTH b I I SR BN 32 e, (HAE(T it 2
HE R, VA HNETE B IR S B0 il B
JIRBOMHE RIE, MR B REE
SRR, PR R 7 m) e 77 3 N, $EE x
AEA B I BT 22 T B Amr 1 s 24 82 7 ) B 7 1)
JEIT, FEUT\PE £ 38 T8 1 . X T i fe i
FHTZ, BTN MK, BRI A 2 L
TELHE EHIH IR Ty, R & 0 A AL E
i, SFFiREEH A A ENEE, TR
{ELFHN g b dd, IE R BN e RN gy, ff
PR FE-HUBN, AT B 1P [RILk, ANFL B AL
B AU N 2 - T8 BE AR A 22 SR AR K, T T R
SRR F o

XXXXXX-3



fn = F W
0.0005 0.0005
£
E £
£ £
E 00000 £
g § 0.0000
g -0.0005 g
% — Node 3740 g —— Node 3768
2
%0 w0 0 @0 1000 1200 1400 00000 B0 800 1000 1200 1400
Temperature, K Temperature, K
(a) Node 3740: OP (b) Node 3768: CCD
0.0005
E 0.0000 é 0002
£ 00005 E
3 £ 0001
(a) %g—%}f—i £ 00010 :E
’E‘ VOB Node sor E 0.000
g -0.0020 g —— Node 3987
700025200 400 600 800 1000 1200 1400 o OO1200 400 600 800 1000 1200 1400
Temperature, K Temperature, K
(c) Node 3911: CCD (d) Node 3987: CD
0.0010
£ £ 0000
é 0.0005 E
% —— Node 3942 % —— Node 3859
£ 00000 g
£ S -0.001
s =
A D005200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400
Temperature, K. Temperature, K
(b) FIORES T4 Sy (e) Node 3942: IP (f) Node 3859: OP
0.0020 0.004
K 23 i 509 s Ak b S s AR [ R ) £ ooe £ oo
E g
= - - . < 0.0010 £
Fig. 23 Node and radial stress in Transverse section of the / § om
T 0.0005 ]
- g E 0.001
blade at the 50% height oo — atears | § — noseamst
0.000
70'0005200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400
Temperature, K Temperature, K
(9) Node 3705: IP (h) Node 3864: IP

25 AN[FAT R AATMFEA
Fig. 25 TMF cycles in different nodes

6 iREer LA B TMFZ: fiy Tl

PR M BT 2636995 5 15, #HATER 19
B8 N TMEAE ar il . K 187 L&
B = LR AR
(@) BRB-EE% R B, WIS ARSI, RN E R T
0.0005 N15. XF+36995 % A, &N HN-0.229%,
B KN AE 40.0209%, N AFVEHIN0.24%. AR HE

E  0.0000}
£
E Looosl (25)Ek U A, B IEFFE T LR R I 1
£ 00010 JE BN ARV A2 0.27% . FRANE IR B BT L IR
% AR EAE o A E AR . R C(13), T
'% -0.0015F ___ Node 3699 leading edge ,H 4 N P 2 i g s 10
£ T, 288-1323K 13 B BANIEIA ()95 57 147 A9 9.63x 107 AR
= POPOL Ttz FRadS TSGR, 1 £11000 /NS IR A 45 5 A
000255400 600 800 1000 1200 1400 0.07, RIZLINEIEATL /N, ARG
Temperature, K 4 AR .:: s5d N7 10—5; ’”‘)f_i VB REE oY K
(6) 12 A T ety
B 24 143699515 A1 L I TMF(ES 527~1020 T, M EIIPRASS 5, NiAZHTy
5 1 N P > Ny
Fig. 24 TMF cycles at leading edge (Node 3699) 7.71x107 7, RHEQ8)TH AT B B A FATIEHA

AL 5oy /98.29x10°°,
o N B AT 1 v AL 3N 8 2R - KRR,

XXXXXX-2



it

H

]

BRI T MR AR AR50 R 2.89x 1070, 7x10°
°, 249x107, RIER QD)L BG ZFRRM, B
ANER U 25455 H93.19x10™, W I B AT Ao B
36995 11 s HAIRAE FA % 57 75 i /93135,

7 4 ®

1) iR E— 2, DZ125 TMF# it
R 55 75 A 22 3~at, HEAAIAHC. TR
Xk, 1P TMFAEmE R (HEKEGXE, &
AL TMFA fiy 4 . SO $18DZ1254 4 TMF#4
i R, HBEE SO AT R, TMF
FF i bEAIC

2) JeHEMEOTMRRIG 4R, REAL
PIVEH, SEEZIRELETE . EH0 i alee: M
%}F-400~900 °C OP TMF, £ i [11500~1000 °C
WHET, BREGEMSAMRIGEIBILRL. 4
PR R, ERGUHANE S5 & KER W)
4, BARTERE - A WA HAEH .

3) X FChaboche A& F B RU I, 8 i 4% [ 5
PR R O AR T 0F 52 e 458 [ AS [R) B[ (1 . 7 )92 A%
ITRERAE . XA AT A IR 25 FE S 30T IR
FEHRE G, WHE—B N FTMPREE . @it
NSRBI RAB IS RN Ty, M RGeS
— B BRN 5 B B i A2 ¥y Chaboche S R4 & 1) mf
DURHLERS — P Bl AR AR

4) f&BT Neu-Sehitogluf& ! (It H &4k
RS, T T 25 R AN R R B . AR A )
TMFZ Ay S X TMFZE fi (52 A7 78 B G IF
F3 A A 27K (R U, R G A B T SRR Bk
1987 55 5 i BB TR0 T TMIFSsI 1 %4 o

5) JRECH T TEBRES A N AR X 4 A R I
HNANEAEAL I TMFE A, FEdmFert iy km b, 8
A0 1) T S AE AL BN B BT 2R TR TMF faf, 1T 7 P 38
¥ B R P TMFE 1

2 £ x W

[1]] CHERUVU N, CHAN K, LEVERANT G. Blade life
management: coating systems[R]. EPRI, 2002.

[2] SEHITOGLU H. Constraint effect in thermo-mechanical
fatigue[J]. La Revue Du Praticien, 1985, 24(51):221-
226.

[3] SEHITOGLU H, BOISMIER D A. Thermo-mechanical

(4]

(5]

(6]

[7]

(8]

(9]

[10]

(1]

[12]

[13]

XXXXXX-3

fatigue of Mar-M247: Part Il-Life prediction [J]. Jour-
nal of Engineering Materials & Technology, 1990,
112(1): 80-89.

BOISMIER D A, SEHITOGLU H. Thermo mechanical
fatigue of Mar-M247: Part 1-Experiments [J]. Journal
of Engineering Materials & Technology, 1990, 112(1):
175-179.

WANG M, PANG J C, ZHANG M X, et al. Thermo-
mechanical fatigue behavior and life prediction of the
Al-Si piston alloy [J]. Materials Science and Engineer-
ing: A, 2018, 715: 62-72.

WAN H Y, ZHOU Z J, LI C P, et al. Effect of scanning
strategy on grain structure and crystallographic texture
of Inconel 718 processed by selective laser melting [J].
Journal of Materials Science & Technology, 2018,
34(10): 1799-1804.

HUNEYCUTT R E, SAXENA A, YOON K B. Oxide-
scale thickness measurement for predicting crack
growth history in elevated temperature components [J].
International Journal of Pressure Vessels and Piping,
2018, 161:1-9.

HOLLAND S, WANG X, FANG X Y, et al. Grain
boundary network evolution in Inconel 718 from selec-
tive laser melting to heat treatment [J]. Materials
Science and Engineering: A, 2018, 725:406-418.

XIA M, GU D, YU G, et al. Porosity evolution and its
thermodynamic mechanism of randomly packed powd-
er-bed during selective laser melting of Inconel 718 al-
loy [J]. International Journal of Machine Tools and
Manufacture, 2017, 116: 96-106.

GORDON A P. Crack initiation modeling of a direc-
tionally-solidified nickel-base superalloy[D]. Atlanta:
Georgia Institute of Technology, 2005.

KUPKOVITS R A. Thermomechanical fatigue behavior
of the directionally-solidified nickel-base superalloy
CM247LC[D]. Atlanta: Georgia Institute of Technology,
20009.

AMARO R L. Thermomechanical fatigue crack forma-
tion in a single crystal Ni-base superalloy[D]. Atlanta:
Georgia Institute of Technology, 2010.

OROURKE M D. Effects of specimen geometry and
coating on the thermo-mechanical fatigue of PWA 1484



fn = F W
superalloy [D]. Atlanta: Georgia Institute of Technolo- Journal of Plasticity, 1989, 5(3): 247-302.
gy, 2013. [23] CHABOCHE J L. A review of some plasticity and vis-
[14] SkE#E, XIBME, FIEWR, . 5E W& 4DZ1258WHL coplasticity constitutive theories [J]. International Jour-
R 55 7 i MR DR [3]. A2 50 70544k, 2004, nal of Plasticity, 2008, 24(10): 1642-1693.
19(1): 17-22. [24] ROTERS F, EISENLOHR P, HANTCHERLI L, et al.
ZHANG G D, LIU S L, HE Y H, et al. Life predication Overview of constitutive laws, kinematics, homogeni-
of thermomechanical fatigue in DS superal- zation and multiscale methods in crystal plasticity fi-
loy DZ125[J]. Journal of Aerospace Power, 2004, 19(1): nite-element modeling: Theory, experiments, applica-
17-22 (in Chinese). tions [J]. Acta Materialia, 2010, 58(4): 1152-1211.
[15] sk E ¥k, XIZEie, IR0, . ML AN E R & [25] SABNIS P A, FOREST S, ARAKERE N K, et al. Crys-
4 DZ125 AU IE 55 1T N 5 75 fiw 52 1 1) ik 56 BT 9 tal plasticity analysis of cylindrical indentation on a Ni-
[J]. Wiz 3l 1244k, 2003, 18(3): 383-387. base single crystal superalloy [J]. International Journal
ZHANG G D, LIU S L, HE Y H, et al. The effects of of Plasticity, 2013, 51: 200-217.
phase angle on thermomechanical fatigue behavior and [26] CHABOCHE J L, GAUBERT A, KANOUT P, et al.
life in DS superalloy DZ125[J]. Journal of Aerospace Viscoplastic constitutive equations of combustion
Power, 2003, 18(3): 383-387 (in Chinese). chamber materials including cyclic hardening and dy-
[16] 3K E R, XIB4E, R, 2. LREFE (R 2 & namic strain aging [J]. International Journal of Plastici-
& DZ125FKHUIIE 55 Wi 4T R s [3]. A4k ty, 2013, 46: 1-22.
£, 2006(6): 49-53. [27] PRAGER W. A new method of analyzing stresses and

ZHANG G D, LIU S L, HE Y H, et al. The effect of
hold time on life and behavior of thermal-mechanical
fatigue in DS superalloy DZ125 [J]. Journal of Mate-
rials Engineering, 2006(6): 49-53. (in Chinese).

[171 HU X A, YANG X G, SHI D Q, et al. Out of phase ther-
mal mechanical fatigue investigation of a directionally
solidified superalloy DZ125[J]. Chinese Journal of
Aeronautics, 2016, 29(1):257-267.

[18] NEU R W, SEHITOGLU H. Thermomechanical fatigue,
oxidation, and creep: Part i. Damage mechanisms [J].
Metallurgical Transactions A, 1989, 20(9): 1755-1767.

[19] MCDOWELL D L, ANTOLOVICH S D, OEHMKE R
L T. Mechanistic considerations for TMF life prediction
of nickel-base superalloys [J]. Nuclear Engineering
& Design, 1992, 133(3): 383-399.

[20] NEU R W, SEHITOGLU H. Thermomechanical fatigue,
oxidation, and creep: Part Il. Life prediction [J]. Metal-
lurgical Transactions A, 1989, 20(9): 1769-1783.

[21] ZHUANG W Z, SWANSSON N S. Thermo-mechanical
fatigue life prediction: A critical review [J]. A Guide to
Lead-free Solders, 1998, 30(2): 384-399.

[22] CHABOCHE J L. Constitutive equations for cyclic

plasticity and cyclic viscoplasticity [J]. International

strains in work-hardening plastic solids [M]. Brown:
Brown University, 1955.

[28] PERZYNA P. The constitutive equations for rate sensi-
tive plastic materials providence[M]. Brown: Brown
University; 1962.

[29] PERZYNA P. Fundamental problems in viseoplastici-
ty[J]. Advances in applied mechanics, 1966, 9: 243.

[30] ARMSTRONG P J, FREDERICK C, BRITAIN G. A
mathematical representation of the multiaxial Bau-
schinger effect [M]. 1966.

[31] WALKER K P. Research and development program for
non-linear structural modeling with advanced time-
temperature dependent constitutive relationships[R].
Cleveland: NASA; 1981.

[32] BODNER S, PARTOM Y. Constitutive equations for
elastic-viscoplastic strain-hardening materials [J]. Jour-
nal of Applied Mechanics, 1975, 42(2): 385-389.

[33] DESERI L, MARES R. A class of viscoelastoplastic
constitutive models based on the maximum dissipation
principle [J]. Mechanics of Materials, 2000, 32(7): 389-
403.

[34] MANONUKUL A, DUNNE F P E, KNOWLES D, et al.

Multiaxial creep and cyclic plasticity in nickel-base su-

XXXXXX-2



#

H}

]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

peralloy C263 [J]. International Journal of Plasticity,
2005, 21(1): 1-20.

M CKE R, BERNHARDI O E. On temperature rate
terms for viscoplastic constitutive models with applica-
tions to high temperature materials [J]. Computer me-
thods in Applied Mechanics and Engineering, 2006,
195(19): 2411-2431.

BECKER M, HACKENBERG H P. A constitutive
model for rate dependent and rate independent inelas-
ticity. Application to IN718 [J]. International Journal of
Plasticity, 2011, 27(4): 596-619.

SHENOY M M. Constitutive modeling and life predic-
tion in Ni-base superalloys [D]. Atlanta: Georgia Insti-
tute of Technology, 2006.
SHENOY M M, MCDOWELL D L, NEU R W. Trans-
versely isotropic viscoplasticity model for a direction-
ally solidified Ni-base superalloy [J]. International
Journal of Plasticity, 2006, 22(12): 2301-26.

UL R BB M R B T s, s
RENHLBCTE HIA R T 0k S50 [M]. bt
fii s Tolk HE Rt 2010.
The Compile Commitee of Materials Mechanical Data
Handbook for Aircraft Engine Design. Materials me-
chanical data handbook for aircraft engine design (4)

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[M]. Beijing: Aviation Industry Press, 2010 (in Chinese).

KUPKOVITS R A, NEU R W. Thermomechanical fati-
gue of a directionally-solidified Ni-base superalloy:
Smooth and cylindrically-notched specimens [J]. Inter-
national Journal of Fatigue, 2010, 32(8): 1330-1342.
KERSEY R K, STAROSELSKY A, DUDZINSKI D C,
et al. Thermomechanical fatigue crack growth from la-
ser drilled holes in single crystal nickel based superal-
loy [J]. International Journal of Fatigue, 2013, 55:183-
193.

CHABOCHE J L. On the plastic and viscoplastic con-
stitutive equations - part I: rules developed with inter-
nal variable concept [J]. Journal of Pressure Vessel
Technology - Transactions of the ASME, 1983, 105(2):
153-158.

[51]

MALININ N N, KHADJINSKY G M. Theory of creep
with anisotropic hardening [J]. International Journal of
Mechanical Sciences, 1972, 14(4): 235-46.
KACHANOV M. Elastic solids with many cracks and
related problems [J]. Advances in Applied Mechanics,
1993, 30(1):259.

SHI D Q, DONG C L, YANG X G. Constitutive model-
ing and failure mechanisms of anisotropic tensile and
creep behaviors of nickel-base directionally solidified
superalloy [J]. Materials & Design, 2013, 45:663-673.
CHABOCHE J L, NOUAILHAS D. A unified constitu-
tive model for cyclic viscoplasticity and its applications
to various stainless steels [J]. Journal of Engineering
Materials & Technology, 1989, 111(4): 189-193.
CHABOCHE J L. Constitutive equations for cyclic
palsticity and cyclic viscoplasticity [J]. International
Journal of Plasticity, 1989, 5(3): 247-302.

OHNO N, WANG J D. Kinematic hardening rules with
critical state of dynamic recovery, part I: formulation
and basic features for ratchetting behavior [J]. Interna-
tional Journal of Plasticity, 1993, 9(3): 375-390.
BENALLAL A, CHEIKH A B. Constitutive laws for
engineering materials [M]. ASME Press, 1987.

FEIBRL B ST G G AR E R T 5 IR T AT
[D]. dbxt: AEETHTAE TR K, 2011

WANG J K. Notch fatigue problems for Ni-base supe-
ralloy and Titanium alloy[D]. Beijing: Beihang Univer-
sity, 2001 (in Chinese).

MOORE Z J. Life modeling of notched CM247LC DS
nickel-base superalloy [D]. Atlanta: Georgia Institute of
Technology, 2008.

[52] HU X A, YANG X G, WANG J K, et al. A simple method

XXXXXX-3

to analyse the notch sensitivity of specimens in fatigue
tests[J]. Fatigue & Fracture of Engineering Materials &
Structures, 2013, 36(10):1009-1016.

(GUESHE: FEK)



&
H1
ik

i

TMF constitutive and life modeling: from smooth specimen to turbine
blade

XiaoAn Hul’2

. 3 1,23 . 4
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Abstract: Thermomechanical fatigue (TMF) constitutive and life models considering transient temperature effect
were developed for hollow turbine blade. Firstly, TMF tests were carried out for smooth and notched specimens for a
directionally solidified superally DZ125 which was used for the turbine blade. The effect of phase, temperature range
and stress concentration factor on TMF lives were obtained. Secondly, based on the Chaboche type constitutive mod-
el, a cyclic and creep constitutive model was established to consider the anisotropic, isothermal and creep damage
effect. Stress and strain responses under tensile, isothermal cyclic, creep, creep fatigue and TMF were simultaneously
modeled and predicted. Then, using baseline data including pure fatigue and creep, a TMF life modeling coupling fati-
gue, creep and oxidation damage was developed. A nominal stress based method was furtherly developed to predict
TMF lives of notched specimens. Finally, the transient deformation and life prediction carried out for a turbine blade
subjected to a certain loading profile.
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