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Fig. 1 Schematic diagram of system and specimen for TMF test:

(a) Schematic diagram of system for TMF test (1—Specimen;
2—Induction coils; 3—Nozzles; 4—Hydraulic drive system;
S5—Induction heating power supply; 6—Electric current test
system; 7—Temperature acquisition system; 8—Computer
system; 9—Cooling fan); (b) Schematic diagram of specimen
geometry (Unit: mm)
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Fig. 2 Curves of related parameters in TMF test: (a) Curves
of temperature-cycle and stress-cycle; (b) Curve of electric

current in induction coils

FEARAE R R 2 T A ) R 3 AN K ARG,
Hh )7 AR L AR SRAT R AR AR A G R B 4%
A, PR A LA A5 ) P A P T SRl 1)
(R 55 43 A, A ORI TR) L PRl 22 A T R S B A
JE NI YR D BRI R AT R, IR
I 28 Pl PR YT A1 I P T 37 B BT [ S A
PR FH 2R FLAAA Sk CPO060'S B8 I v 2 Pl v 1 Ha 37
fH. 2838 TDS2012B 7 v it s HL it it sy [ (1) A2 44,



2745 2 W)

FRAK, & IN718 £ MW UWOR 7 iR 56 AR R 253 B BUE YL 267

HLWA A 230 kHz, J86NY 2k Bl by B N ) F 28 4
Kl 2(b) 7

2 RN FRE IR RV AR

76 TMF W36, R R A s
R AR A o 7 A A 0 7 L
M AR f et 2 R RV e oo
e L B AL ST LA R RS A, T
(BB PR AT 2% TR 0 4 A R0 A
Bl RO R, 335 T BRI R S
SRR . B A R R, 3
VR T AR 4 X, I 5
RN 3 . RN R B BT o A o
R PG BT 03 7 R0 190,

%
1—&
—2
7 "o
3
% m
m
7,

B3 NN S IX
Fig. 3 Calculation region of induction heating: 1—Specimen,;

2—Air; 3—Induction coils
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Fig. 4 Calculation flowchart of comprehensive heat transfer

coefficient
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Fig. 5 Curves of fan voltage and comprehensive heat transfer

coefficient
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Fig. 6 Distribution of temperature filed radial direction at
certain time: (a) In radial direction at 31 s; (b) In radial

direction at 60 s
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Fig. 7 Curves of temperature difference variation among

points during one cycle
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Original grain size of surface point; (b) Grain size of surface
point after LCF test; (c) Grain size of surface point after TMF

test
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Table 2 AGS and growth range at various points in radial

direction of specimen under different conditions

Original LCF LCF TMF TMF
Point  AGS/ AGS/ growth AGS/ growth
pum um rate/% um rate/%
13.58 15.76 16.05 15.88 16.94
13.75 16.04 16.65 15.56 13.16
14.11 16.34 15.80 14.82 5.03
+ A
4 258

1) TR0 E s, R IERFLSRE IN718 &4

FEFAB UM 57 158 HH R £ 15 A PR BOMRUBIL H s B e
[AIAZAL K50 2R il 2k o

2) AR R AT AN ), AETHRB B, 1217

MRS, RIMIEERTFHOEE; EFRENE, 7
L 228, DR R TR R, e R 22 0A
5K AL, WL ASTM brdEEsK .

3) LCF At 1m) LA S AGS B P i H.

WK B REAAH ], SR A Ko 35, TMF iRER
] _E P ok RS A A AN A, o0 B AGS B K
JE K 16.94%, R E K AGS B MEEE A 5.03%.
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Numerical simulation of transient temperature field during
thermomechanical fatigue of IN718 alloy

CHEN Ji-guang"?, DENG Wen-kai**, ZHOU Ping"?, JIANG Liang™*

(1. School of Energy Science and Engineering, Central South University, Changsha 410083, China;
2.Hunan Key Laboratory of Energy Conservation in Process Industry, Central South University,
Changsha 410083, China;

3. State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China;
4. Powder Metallurgy Research Institute, Central South University, Changsha 410083, China)

Abstract: A mathematic model describing the induction heating process of IN718 superalloy was developed by coupling
the electromagnetic field with the temperature based on the thermomechanical fatigue (TMF) test. The transient
temperature fields of the specimen under cyclic heating condition were simulated. After the fatigue test, the grain size of
the specimen was measured by electron backscattered diffractometry and the data were analyzed. The results indicate that
the comprehensive heat transfer coefficient increases with the increase of the fan voltage. The temperature gradient in the
radial direction of the specimen changes with time and the maximum of temperature difference is about 5°C, which meets
the requirements of the test standard of TMF. The grain sizes of specimen in the radial direction increase at almost the
same rate after the low cycle fatigue test. However, the grain sizes of specimen in the radial direction distribute unevenly
after the thermomechanical fatigue test, meanwhile the average grain size at the center and the surface increases by
16.94% and 5.3%, respectively.

Key words: supper alloy; thermomechanical fatigue; induction heating; temperature gradient; grain size
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