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Abstract: The thin-wall effect of single crystal superalloys refers to the phenomenon that when the thickness of the sample and the
part is less than 1 mm, the lasting life is reduced, the creep rate is increased and other mechanical properties are significantly
attenuated. With the development of the internal cooling structure of advanced aero-engine single crystal blade parts, the structural
thickness of some areas decreases, making it a typical thin-walled structure. Thus, it is of great engineering significance to consider
the thin-wall effect in the thin-wall region during the design and manufacture of blades. Creep performance is one of the most
important properties of superalloys for turbine blade application. This paper summarizes the thin-wall effect in creep performance of
the superalloys as well as some advanced experimental equipment in the study of thin-wall effect. Research on thin-wall debit effect

of superalloys can be divided into two categories, one is the cause of thin-wall debit, including the relative enhancement of
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oxidation, more significance in anisotropy, changes in microstructure and the initiation or growth of defects, and the factors that
influence the thin-wall debit effect including experimental conditions(temperature, stress, etc.), the processing methods( casting,
machining ), geometric shape (rectangular cross-section, ring cross-section, film cooling holes ). Research on thin-wall debit effect
is within the scope of engineering application, as a part of “ component level/analog component level” in “ building block”
verification and evaluation technology, thin-wall debit effect research under service environment or near-service environment
conditions is more valuable for application. For this purpose, a variety of advanced experimental equipment platforms have been
developed to simulate one or several coupled service conditions(high temperature, high pressure, corrosion/erosion, centrifugal
loading) of the blade in the engine. Future research on thin-wall effects should be carried out under conditions closer to actual

service conditions by preparing specimens according to the actual blade manufacturing process and conducting experiments on the

equipment that simulates the service environment.

Key words: single crystal superalloys; thin-wall debit effect; thin section effect; creep; service condition

TERLAS RSB, IR AR I R (R BN 2540 %
JR& I Sl ML UB0FE e R (R P ke e, e AL
Z/NT 0.5 mm'™, (R 9K B R~ i R TR
JE£, PRI S — b B 70 (g R R, K Ao R,
15 A 4 T RE A 1 I A PR BB A AR S B R
WHUR ST R AF T R ., R, 25650 10 o 1ok
38 2 2 RE R 1 X i R AR A AR AR
“ L RE L7 &0 (thin-wall debit) o, JE BN T
1 mm bR AES AR HERE, YT 90k i RE R, 5
B 2 e B B R AR SN . H AT, BE TR S
i e T B 4 P I A T BE AL N A AT P A A —
PRGT T RE IR PR FE U AR o R rp R B 5 AR
FENTR AT A B AL PR B R A7 1 7= A L
il ; ZOREAR R SIS T BRI R (R AR T o AR
k., RIS e RE RN R 45 FI IR R . B A SC B0 i 4 3
BRI AR K, WSS N B3 B AN T 2 (PR v S 560 3
FET A i BE A A RS %) S [ s
— IR S BT TR SE B, FERH & Sl
MR SE s TOUA T, 4T W RE 1 i BR M R,
Ry SRS R B HLAY I R T B AT 1 S AT
WS I E I S 4% . TR AR I LA R,
XTI £ P NG B R B URR, 1 2 X R
LIRS E R 8 A RS L, PR B e
BEWFIE I A S LR R A W BE A TR R
25 FTIR, ARLERKE S RIS AT R TT,
A3 2 RE TR A T ARV B B ERE RN, AR R
ERETA BRI S M RERAE T S S I R

1 T A

1.1 EEE MBI F=AENLE
e A il A FE S R 5 A R 25 8 BB, NASA ™

1 20 20 70 45404 % Rene 80 A 4x 4451 T REZ 1}
AT T RANELE 5 R, RET A 0% AR 75 A
R R BRI . AT IA R A R
A e AUH R By ) L AR R R D, IR RN
JC ) 24 B0 oy 2 3k e A 48K T e R BT R K
%, Gibbons™ %F Nimonic90 & 4 Wi BE LI (I BF 5%
0.7 B 1R L B A e BE R A A AT b R B D
S PR e R R 2, Tkt akam gt
X ) 5 ] 4 PR I SR 3R B, /N RE 1 A7 T
P Y — WA S [ E, DU R R A 3 A T vt B
Fts A 22 0L
[F) 2, PR S S g == & shpL b B B s R A
SR, BARIE A T2 BR A, (H A
R SR R A T ) A A R R, ST L R A
FAT A5 R AT Z 001 2% 5 . Seetharaman 25 ' it
PWA 1484 1) i BE 230 W BiF 90 3¢ B 06 748 1o A% vp = A=
B4 PR LAl £ 98 1 24 B AR A 2 05 AR A iy T RE A
PR 2 DAL, 0 I XL DT 11 o ST 1) 2 SO B e 4
R ) 5 B 7 AR AR AL . Korber 257 4558 T
M247 LC H. i e BE I B 2 ok A v — OB i 1 4%
[i] SR A A T T, 235 SR 3R B B M 5 55 2 A )
M I A FEAR K, 7R 5 ) I s i 1 L
PN ER R A, T e JEE R T A ) bR A T AR AR
AR,
DL EAFFE R, RIS LT o8 4l bR T AR A
URZIR, (EAERE AR T EARSRAEAE 41U R 5], IR B
XA I ) 0 4 BE 1140 5 Wil B B JE 1749 9k /)N T
MK, B A B 1 BE SN S — A A5 1Y T
[ o JHERETR A IR [ RSN, XS A
SRAR R, DR 25 A7 X hin 86T Hh P A  BUER, SR
RO . B, 280580 T HEBR LS T
TEJEBE Ty 1) NI ST 52, FEASR FH M B B i



CHER P e 5 4 A AR B Y BE R, 107

DY R IR

M N IMIFSE 25 SRS, B A AR 55—
I BB S T 220 S -, 5 ) S R 5 7 2 5 4 o
TEREAESS — W B, JFAR R FRE L 4% T WA 6
7R K 0 4 P, YRR S0 T SR 8 A
M A RSB ARAR I R 25 LT, 2
B R A 4 A e B SO (9 7 2 T AN A R
R 220 () UL 2L 280785 Ak L % 1A 5 Bk 4 £ 43 A
R 1o W RE SN (O ST 22 AR (W5 | 4%
R ) PR URE I 2 LA 1T B0, SEASHERR T A0
ALURELI . RIS R S, MR
f 7 A JE DR 5 SRR T T R . B Fr 1 2 5
KR, TR A2
1.1.1 S kiR

H TR L FE I RUA, 78 s TR AR A
Gk LI AT 20 . Dryepondt 25 41 %t 1
BE [ AL RN 43 B E S S AR 28 U Pt AT
T —F 5525, 45 RE A I B s
SO BT AR A BT T T Uk S B
AR T AR X JELRE, T 45 55 )
S 6 Y A5 A R S AR R X JELBE (75 ) B
K S E AR 1 AL R X (10 pm) o MR
SR R (2 A BE 2 18 110 %5 7 A 2 9 3005 725
RN T, N — B UE %R, A1
T ARSI, AR AR RS, BR-A
TG, S5 F W, B 4 S 1 T s R B
W SRk, T 5 3 1A 2 R A i Ay G MR A
T 12 3 1/3, U6 H S i 7 o R ) S i 2 — Fh
it 20 % A (R B 2SR P FLIZ A FE A DL i ot 7= A
RS SE A A o R AT 3 A AL

Bensch 2" i 2 i W RE RRE (1 G010 AT R e
TR SRR R T AR RS b
B0 e EALRR R S W EALR . Ty Ly B AL XA
TR O I DO A X, ] 1 TR o e BRSSP A X

Original sample
surface

inners I lox stotal | OXide Iayer |
| y'-free layer |

| v reduced layer |

Two-phase centre
region

—

Mirror plane""--,_l_l

1 Bensch ffyHiRE AR R B

Fig. 1 Oxidation model of thin wall specimen in literature )

B I A AT ST A R B - T B e R B
JG #£ Thermalcal 3K {FrP HEA T8, 1520 H) B BOU
AE LR RN ST 4 R A AR B
Bensch X} & Ak )2 19 Az KR 50X a0 35 Ak 3 7 T R
Sy Syt R B X AL R
TG 4B JE 1 A K R A 2 R L T ) A s
BT AY o T TR0 T LA T K 2 R T B
Bt T2 K, P02 P B L A ) 1) 46 T 11 B
A AR, YA A Ry PR ML BT
SR AL P 2 R 3h 120 A4
G B RRFR ] | SRR LA S A 1
(1) = AR R R

Bensch 45 338 AR IR EAL I T A TR
[ " B 0 B B ARCHR R R 7 7 28 S B 5T,
TE 125 B2 S TR HRTE v R 1k 1028 A 0o i A5 g
ORI . S50, UL K y b A D,
WS T 2 5 A L 2 R S 4 SR I
FULIK BRI T SEa e S

Brunner %57 7EEZS RIS SRS AT M247 LC
B T RE S RE T T A SRR, 4% SR 2 W
PREE T R H T H U L M RE SN . E LS
s S IR R, FE AL B AR 2 AR K, (HE
TSRS R A B 25 5 %R T rh e
T AR S O A, Xt PR R B0 75 75 1)
% SITRAST

Yu 2 T B RO Yo T RE AR AT R 1
R FE R T S S B IST . AT TIR T 2 AL
KT, ANEJERE DD5 M A4 1E 980 C F i
(330 MPa) . fIk )% 1 (275 MPa) BB 78 F iy . 4503
W, AR 3 £, TR B BE AR 7 2025 28 S PR B
T kRS 22 S 5, FLEL2S BREE R (525 75 A
S, A1 R U2 ORI WA AR, 25K
855 e g TR A S BT 1 9 IR
Yu A i A e S SRR R RS AR
B AR PR T, B 75 22 11 2480 JE i ik
75T HAS I S IRDS, G T AR 1 B A
gaL g (K, R BRI R ) PO R A I
BURR B T 202 56 0F R, 22 25 T BRI IR 2
i AL I3 3 4 v, LK e b
WA TR ARG . FER LN R, AR AR 2 LR
GLELS I I S R, L2 RS SRS R X As 7
s ALY ENTE
112 BebEIE) )12

Srivastava %5 " (¥ B 5 72 WA JL 8 1 3
YRR I3 1 1 R AR A B DX T



108 o= M

B W

F a4t

SR T A A T 7 A L B A R ARG,
1 550 P VLB 14 ) 75 R4 i TR 5 A2 7 Sy o
i A 0 AT A R A o R g
IR 2 55 o RO AR ARG, DT A5 L) 1 1 A4
Rl T B 15 () 5 I SRR W A
P 7 L T 22 1 T A DT S TR 4% 1 T
RIS T 1 DR B TR /1N, 3 P 7 2 AL
TR R o A AR 1 14 ) R T 22 0 R,
TR 55 2 TR A 0 L A P R RE P A W B
] i P % S A X 50 B PR 7, 8
TRRE T (1 AL BRI 1 v 26 5 7= AR LR, 3
S F L 1 R T 5 A 1 7 g 4 v 4 80 S 380 3 —
S L) (0 7 BT 241X . Srivastava 251 3R vy
T/ AL M 2 AR R 1 1 -
T 2, 200780 356 T S0 B0 48 SR 0 <7 2K o O R,
T 28 7 BRI 4 50 AR TR S I 1 T, Rk I
ST AR B SSCH A A  RIRAER F, JEK

B IX 3 Ak 2 A KRR B9 % R
Bl BT PR ML AT A T S
S, SN — AR FIOE TR 5 S W
) S A 5 A A5 2 MR S5 R L

Cassenti 25 " Y OW 1 132 5532 1 5 4 WA B
RPERIRIZE ARk, QI P ST T — PR R
TS 5 A T W RS 8Y , J20RE 0 SEA (BE n F - abRE
N B £5 38 % I8 T Frank-Read {3/ 5515, X T i BE
TRARE D, (AT 00 4% R IR B B
I, FERERRE P (0 (L A FRIF SR 2 5 5 2
A WAy — A G B BE RS AR,
B2 s, Mok R B G Fe AR I, DU/ e
TRE T BB AT N VT S R AE 1 4 B T P
(1 45 B A T R R AR, AR AR TR e
AL T2 U107, FF X SO B 1%, Cassenti F{iL
Ao A R 1 4 SR S 4 SR e i —
ek,

%ntruded step
/% Extruded step

N A
Surface
Loading
area >
Original )
loading area

B2 RERRE D, (AL PR I0IE B 2 S R R AR T A v R

Fig.2 In thin-walled samples, the movement of the dislocation loop is more likely to be truncated by the free surface

of the sample to produce a sliding step

Zhang % " B 58 T AR R BE (0.35~ 1.5 mm)
DD6 Fi i F AR R FELE 760, 850, 980, 1100 °C Y
WEARTT Ry o JRERY SEAE CT 23 AT 245 SR 22 WAL AU AL
i (B AN 3 2] 3 A 19 LR o X 1100 °C/500 h
F1 760 C 4514 T HIEASIRE B LB AT R B, A dk
A DR RERLN, A STk L7 7T LA Z g AT

LA AR S 45 R, Zhang BT FLIR & 2 52
YR8, I 5 41 JR 25 i A SR TR P B
T T BE SN RF NI 2 # (thickness debit characteriza-
tion parameter, TDP), iZZ50E LR

d(r1/70)
TDP= ——— 1
d(In(hy /ho)) M

AP o AR TE A, h IR o KA )T B9
RS R T3 i AR U R, e B BE R0 45
MESBOLFABERLEE RIS A2 AL, #0352, %%

[16]

IR 5 A RO 25 48 FN Ak 2% B3 A DG I AR
PER .

R T B0 IE R L T AU, (B L R T AR K
3B TETRRRE X ) X YRR AR M) ) 1
1, Gullickson %" 8¢ T MiBEF 14511 U2 N
FLRI P X 05 A I8 A 11 5 i), LS AR 45 SR e I
BE 1 005 2 )5 BE AL T CIEFLIR A= ) &
S R I A S R T ) A

Ly BFFE T —Fh AR R (0.6, 0.8 mm)
FJEEEE (1.25,2.17 mm) i AHEAE 1100 °C/130 MPa I
AEZMET, INERT7 i L0011 (& i) B4 o7 48 T b 4
fiE . TEM 43 #7322 BH i BE A A «[100] F1 @ [010]
PRl a (100) BUEBALESPIA v/ AH; TR RE R H
A al100] YIA . HEEZHEHMH a (100) FHEHTKE
S 2RO P 7 A R B RS TR T RS



Hs5M P e A A

109

B 1 AR A R RS R T O R R B I AR
R A = AR
12 ERSEASHENNMEE
12,1 A

Sass %" Xt CMSX-4 & 4 (fUF 5% 22 W1 2. 5 725
LA 4 B BRAE P RE B W 45 1) S, R AR
850 °C 1 980 °C P44 3 25 T I A5 S [ B ] 2
IR G A PERE . S5 R, 850 C A& MF T Hudh
TR AR 055 725 1 R A5 1) S P e B i, 980 °C s D) Jgp
VS5, BV R T B it e T S 4 P B A M R A )
SEERON o HWR, X TR 45 SCHU Y B R R
ST BB i i 5 0 SRR B AT BT R TR . 28 B I,
B it R T B 4 T S i) S A TR SN 1 B v
ME DL AR — 543 o ERE SR RN A o bR SR 1Y)
2 X BIAE TARAE R BUa), BT R EE], BE
e T BT 3 A A D 1 i HES O X

NS

O

S

=)

. =
S o [,
:
i
1
1

>

F

L

A

5
h b
B o 0 ) S g S P R

Bl 3(a) ), IR Bt R, HC IR R LA
B B LA S B, VR R ) A IR L 4 A 1
5, RTEAEA M BRI 5 3 S %, BIE S A
JUT SN AR ] TR A R, e I U BB 1
R PERE S S o 1T VERE (1 B 3 5 UL A R ~F
2 Sk ok, (A R IR VA B 2 P R 5
DT 5 32, DR J LAl AR ] B 00 R, aHE
A5 AN TR B R BB, DT ZE A P R - 60 th
KA, R U R F1 2 RE A 1) S
A1 T L A 725 75 T g 5 e A A T W
sk, Gl 3(b) ", T b o TR R R 7
2t RS IS R A T B IR 1A T R B,
ATy VI 3 TS 0 45 SR, A I3 £ 4 A e
T8 AT 1A ], 33 2 Y BT T S 3
B R B0 2 B R 20 LA T AR5

I

I3 B YRR B T, TOARIR 5 i — U PSR ) () B R H S A
SRR AR (b))

Fig. 3 Secondary orientation of thin-walled parts( I and I indicate different secondary orientations in thin wall specimens) (a)

and non-uniform deformation cross section of a single crystal rod(b
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