538 % 1
2009 4% 1A

BRERMBSIRE

RARE METAL MATERIALS AND ENGINEERING

Vol.38, No.l
January 2009

B REESSMAREREE KITAR

xR, Fer,

E N 1NV

(1. P EEEERE S BT, LT B 110016)
Q2. PEBZEGEGFTABE, LR 100039)

W OE: RT3 FARGRIE SR

B BAEA R B AAEIRUR BE R I ITPERE o A5 ARR WY, B R A B AT B (Y A DT i

Mo 23 0 O 2 S ACBE A il B PO 55 RSUI A AR AN AT A BEAT ML R B, RGO SR B L AR R, TR [
AW AT A RA B (5 S ST R GUNYT T ) SRS R KT R 45°, TI7E Mar-M002 22 5 E [ & 4
Z40 ) T2 B A R () DR S SR B  BEAT Y e o 3R T SR AN RS B < A BB DT POk 22 AR AR K K B

KR PEESRSS: 8y, RanEtENY R
FEEDHES: TG 146.1°5 XHEAFRIRES: A

XEHS: 1002-185X(2009)01-0059-05

HT T8 e A AR BT AN I APERE, Bl
U < D2 IZ B AR LA A s AL AP VF 22 QB
PE e FEIRA I RE T, IS8 F A AN v Tt s (1 232 3]
b B VR T o DR e 3G 55 Bk R S HL R A4 32
LG R U SRR UL WA L A 5 11 TR 3 %
 TAEFREE, ORI S5 8 LU A 1R LA R 450,

WESUR W], B 88 MR RSOl B AR ar K
MAERSEMT, BTl e i, MR R 800
g R AT . 53— 5 il BT AR A T LA
S MR 8] R SE A, B 55 S SO 3T e S 2 16 K
1115 24 T AR AN A R I 21— 2 B e, a8
P e T ST o BRARRTY . AR IR O A A 2
3™ AT Ay AEAR K s o i, ZREUR T by ik
W BEATY e, AR R e, TR ER TR
PRI ROy AR Z N T 2 a0, S4h, W
(K3 JLART RS 36 SR 3 et = th Al o KRR ()
PR/, USSR 11 5 3 PR g 4R Fh oK, i S 2K
YR G ARG DAL WL

AR B vl 5 <z P 1 AN AL PR REEAT T
ZIIBEIE, AR 5T eI B 57 47 £ SCHR HH i TE
MR Pk, A TAEEAR BRI X 2 Fff
B IR 57 RS AT N BATIEIE, IR 2 NE
AT TR

1 KA

R A B4 % h SRR99 & 4. DD32 &4 M
Mar-M002 4 4. it SRR99 441 DD32 44

i HEA: 2008-01-12

fi o TR R A 4, Mar-M002 i 224 5E ) i A
G0 3 MAEEMAE RS WR 1 Fin. HE7E R
T AR R B 1 FoR), R g Y
B ER T WA, BT HOE 7 IR
BEATHUEILO, 065 BANEL B S 6k IR J Lt
ETCRLUNE A

10

2.5 1.5
14

K1 Hul o5k s B
Fig.1 Schematic diagram of thermal fatigue specimen (unit:

mm)
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Fig.2 Schematic show of the thermal cycles
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Table 1 Chemical composition of the tested superalloys (w/%)
Alloy Al Ti w Mo Co Ta Cr Nb Re C Hf Ni
DD32 6.0 - 9.0 1.0 9.0 3.9 5.0 1.5 4.2 - - Bal.
SRR99 5.5 2.2 9.5 - 5.0 2.8 8.5 - - 0.015 - Bal.
Mar-M002 5.5 1.5 10 - 10.0 2.5 9.0 - - 0.15 1.5 Bal.
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Table 2 Crack length of the samples tested at three temperature ranges (unit: mm)
Cycling temperature DD32 SRR99 Mar-M002
90015 C 0.072 0.070 0.075 0.104 0.122 0.122 0.215 0.205 0.205
100015 C 0.223 0.185 0.222 0.202 0.231 0.210 0.290 0.290 0.321
110015 C 0.260 0.246 0.235 0.388 0.280 0.311 0.288 0.362 0.368
%3 BGKEAE 01 mm B RERLL L IF ELBEE SN AR RS, R 5 RS i
Table 3 Number of cycles corresponding to the crack length o K AEAE B DR EB A . WK 4 s, —RAESk
of 0.1 mm PR 2 AN B . RS R, R
Cycling temperature DD32 SRR99 Mar-M002 H 1A 2 NI RGBEB RSy R, Raumy RIEH
90015°C 95 65 55 WE 5 Pros. Zad T ERGUNTE AL —E R L%
100015C 55 55 45 filt NG I (0 SR Y g A, AT A LA ) N 2R
1100-15°C 55 45 25 g e el kA K.
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Fig.3 Crack growth curves for different alloys tested at different thermal cycles of (a) 90015 °C, (b) 100015 ‘C and (c)
110015 C
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Fig.4 Multiple small cracks initiated at the notch tip region
(SRR99 alloy)
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Fig.5 Crack propagation at the thermal cycles of 90015 C:

(a) SRR99 alloy and (b) Mar-M002 alloy
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Fig.6 Microscopy of crack propagation through the eutectic
zone in DD32 alloy

K7 FEARREG P RAY R SEM TES R A
Fig.7 Crack growth mechanism for (a) SRR99 alloy and (b)
Mar-M002 alloy
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Thermal Fatigue Behavior of Single-Crystal Superalloy

Liu Yuan'?, Yu Jinjiang', Xu Yan', Sun Xiaofeng'
(1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(2. Graduate School of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: The effects of cycle temperatures on the thermal fatigue crack growth of three kinds of superalloys were investigated. The
experimental results show that the crack growth rate increases with the rise of cycle temperature. Optical Microscopy (OM) and
Scanning electron microscopy (SEM) observations reveal that multiple small cracks primarily initiated at the notch tip in any
temperature range. Subsequently, only one or two small cracks can continue to grow, and finally form the main cracks. The crack
growth behavior varies distinctly for different alloys. In general, thermal fatigue cracks propagate along a preferential direction with
the dendrite growth direction in single crystal superalloy, but along the interdendritic region for the Mar-M002 alloy.
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