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Investigation and design for TMF test method
of elastic sheet
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Aviation Industry Corporation of China Limited, Xi’an 710065, China)

Abstract; Targeting the requirements of thermal mechanical fatigue (TMF) test for e-
lastic sheet, the method of loading pressure and thermal loads was put forward using me-
chanical design technology, mechanical and electrical technology, cooling technology and da-
ta acquisition technology, a parallel test control system of two parallel loads, five test pieces
was set up, and a thermal mechanical low cycle fatigue exerciser for elastic sheet was de-
signed. Test results showed that, the system can simulate both the pressure load and ther-
mal load of the elastic sheet in the service environment. The thermal mechanical low cycle fa-
tigue test of elastic sheet was carried out by this test system, and the failure modes of elastic
sheet in service state were found. The test system had good repeatability, high loading fre-
quency and loading accuracy. The maximum relative error of pressure load was 2.4 %, and
the absolute error was less than 0. 5N. The maximum relative error of temperature load was

3.55%, and the maximum absolute error was 3. 89 °C.
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Fig. 1 Schematic diagram of test piece
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Mechanical system design diagram of test device
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Fig. 12 Control system design diagram of test device
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Table 2 Error analysis of pressure load for each loading point

- ZLR B /N W63 /N xR/ % %X imZE/N
. W (K B U A1t I 1 B I {1 A1t
1 25 10 24.55 9. 84 —1. 80 —1.6 —0. 45 —0.16
2 25 10 24.57 9. 82 —1.72 —1.8 —0.43 —0.18
3 25 10 24.57 9. 82 —1.72 —1.8 —0.43 —0.18
4 25 10 24.67 9. 83 —1.32 —1.7 —0.33 —0.17
5 25 10 24.53 9.76 —1.88 —2.4 —0.47 —0.24
s —T AR 2 6 1 0 7 0 4 0 28 O i 30t
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Table 3 Error analysis of temperature load at the loading point 1
s Ejﬁ , {D“J% ‘ A ‘ 2@%:\ Wi TE? ‘ fﬂﬂ% ‘ A ‘ é@?ﬂ‘h
mE/CORE/SC O BE/N BE/C BE/C BE/SC RE/% w2/C
72 380 382. 66 0.7 2.66 603 380 379. 80 —0.05 —0.02
82 385 388. 89 1.01 3.89 613 385 385. 16 0. 04 0.16
177 80 81. 85 2.31 1.85 708 80 79. 92 —0.10 —0.08
249 380 379.48  —0.14  —0.52 780 380 379. 05 —0.25 —0.95
259 385 387. 56 0. 66 2.56 790 385 386. 83 0. 47 1.83
354 80 82. 84 3.55 2. 84 885 80 79.09 —1.14 —0.91
426 380 381. 47 0. 39 1. 47 957 380 378. 77 —0.32 —1.23
436 385 383. 21 —0.46  —1.79 967 385 385. 52 0.14 0.52
531 80 80. 08 0. 10 0.08 1062 80 78. 65 —1. 69 —1.35
x4 IR RE NI EE
Table 4 Residual elastic force measurement data of test piece N
I TE IR HL
P 0 100 300 500 700 800 1300 1800 2000
1 48. 31 53.17 51. 21 40. 76 28. 26 13.78 14. 68 38. 68 33.91
2 81.32 43. 63 14. 75 67.69 33.88 33. 87 72.56 82. 26 33.91
3 48. 37 62.95 59.13 72.52 48. 29 43.75 45.73 43.50 48. 38
4 58.08 62. 94 65. 44 67. 70 42. 69 53. 24 14. 75 33.85 34. 00
5 48.37 21. 39 334. 00 53.28 58.07 38.77 24. 28 33.78 33.85
6 58. 66 53.25 19. 38 9.87 6. 94 6.93 19. 48 14. 68 6.93
7 38. 80 53.28 6. 14 4. 97 14. 75 9.87 19. 48 7.91 7.91
8 39.78 67.69 58.16 29.19 48. 60 53.12 48. 64 29. 10 34.10
9 49. 88 72.57 72.57 58. 00 53.22 62. 69 72.57 48. 37 63.06
10 53.79 48. 37 87.18 43.58 72.59 48. 28 38. 86 19.48 26. 34
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Fig. 17 Relationship between residual elastic force and

test cycle number of test piece 1

o it <5 A B RE T R EE B D0 T L R TR WL SR
BN Mises #88 M AT BRI 23 B BLE A fig

LRI T v A AR LS R O Y 3 B 2%
s BAT R B0 AR g R 0 A 80K
e HE 7 HO R KA X R 22 2. 400, Za X i 2
/NT0. 5N il EE B f KA X R 22 3. 5506,



114 i o= 3

i1 EAREE

R YRR 22N 3. 89°C,

BExt 30 PR iR 2E AT T AL 55 15
R A5 R R e T SR A i A BOR
3 B . 25 R SR CF BT IR AT Mises 5
JE PG % BRIE S BE I A A 3Tl 16 i ) 28
Tl R gy BRI . MeAh % I8 L 1 Bl R
JEAL N 0. 3 mm . il & B R 22 A v i 6 TR AT R
TE DG JE B 1 00 o T % WL ME AR B i S Y
Mises 528V BRIC 0B BEIE AN RE5 18 21 Foks (14 B
WL S AR B RILIBC 6] | 26 6 4540 0 & 5ol 2 25 4%
ol A i 2 1 PR 20 0 3 7 72 T e ) A 5 B2 R 1Y

c AR

S 3k :

[1] XUJ,REUTER S,ROTHKEGEL W, Tensile and bending
thermo-mechanical fatigue testing on cylindrical and flat
specimens of CMSX-4 or design of turbine blades[]J]. In-
ternational Journal of Fatigue,2008,30(2):363-371.

2] #hI38, RhLl. 2 N g B2 g B ik o0 & 4 IR A 9% 97 4

LI, B A1 %44 . 2013, 30(2) : 273-277.
SUN Wanchao, LU Shan. Fatigue life prediction of single
crystal nickel-based superalloys by considering stress con-
centration [ J ]. Chinese Journal of Applied Mechanics,
2013,30(2):273-277. (in Chinese)

(371 Fnib A FLaNE  BRACHE , 45, ftas W mE i | K sh il EER
B A 4R LM, db st it as ol th A, 2004,

4] FoRM T 8 BED. 5 I 48 i i SL K 57 1 56 5

AT M2 3 1% 4, 2013, 28(2) - 252-258.
WANG Ronggiao, JING Pulei, HU Dianyin. Experimental
setup for testing thermo-mechanical fatigue of single crys-
tal turbine blades[J]. Journal of Aerospace Power, 2013,
28(2):252-258. (in Chinese)

[5] EGGERTSON E,KAPULLA R. Turbulent mixing and its
effects on thermal fatigue in nuclear reactors[ J]. World A-
cademy of Science Engineering and Technology ,2011,76(3)
206-213.

[6] KOIEHIRO E,SATOSHI S,KAZUYOSHI S, et al. Ther-
mal fatigue experiment of screw cooling tube under one-si-
ded heating condition[ J]. Journal of Nuclear Materials, 2004 ,
329(1) .820-824.

[7] ANEELET O,CHAPULIOT S. Development of a test for
the analysis of the harmful ines of a 3D thermal fatigue
loading in tubes [ J ]. International Journal of Fatigue,
2007,29(3) :549-564.

[8] MAILLOT V, FISSOLO A. Thermal fatigue crack net-
works parameters and stability;an experimental study[J].
International Journal of Solids and Structures, 2005, 42
(2):759-769.

[9] MEROLA M, MATERA R, SEVINI F. Experimental re-

sults of the thermal fatigue tests for I. A. E. A. benchmark

(10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]

components[ ] ]. Journal of Nuclear Materials, 1996, 233
(11):620-625.

KATSUHIKO S, TSUYOSHI T. Low cycle thermal fa-
tigue and microstructural change of ACZ-T6 aluminum alloy
[J]. International Journal of Fatigue,2006,28(3):203-210.
PANDA P.KANNAN T,DUBOIS J.et al. Thermal shock
and thermal fatigue study of alumina[]]. Journal of the
European Ceramic Society,2002,22(13):2187-2196.

LIM J,KUK K,SHIN S,et al. Failure mechanisms in ther-
mal inkjet print head analyzed by experiments and numeri-
cal simulation[ J]. Microelectronics Reliability,2005,45(3/
4).473-478.

AMIABLE S.CHAPULIOT S.CONSTANTINESEU A,
et al. A comparison of life time prediction methods for a
thermal fatigue experiment[]]. International Journal of Fa-
tigue, 2006,28(7) :692-706.

AKINC M,JONGEN N,LEMAITRE J,et al. Synthesis of
nickel hydroxide powders by urea decomposition[J]. Jour-
nal of the European Ceramic Society,1998,18(11):1559-
1564.

LG S R U 6 A R R A A B 95 S S ML I T O
R sk se (). Mk . 2013,27(12) : 20-22.

XIA Pengcheng, HAN Guanpeng . XIE Kun, et al. Develop-
ment and experimental study of high temperature alloy
thermal fatigue tester[ ]J]. Materials Review,2013,27(12) ; 20-
22. (in Chinese)

ST 07 B ML b5k 4 Toll i jik: . 2007.
BYCHKOV N,LUKASH V,NOZHNITSKY Y,et al. In-
vestigations of thermomechanical fatigue for optimization
of design and production process solutions for gas turbine
engine parts[ J]. International Journal of Fatigue,2008,30
(2):305-312.

VERRILLI M, CALOMINO A, ROBINSON R, et al. Ce-
ramic matrix composite vane subelement testing in a gas tur-
bine environment[ R]. ASME Paper GT2004-53970,2004.
WRIGHT P. Influence of cyclic strain on life of a PVD
TBCLJ]. Materials Science and Engineering: A, 1998, 245
(2):191-200.

FHbk. B DU S 95 IR 8 T i A s L) ). A
3 R EHHL,2007,33(2) 1 7-11.

WANG Hongbin. Test methods on thermal/mechanical fa-
tigue ( TMF) of turbine blade[]]. Aeroengine, 2007, 33
(2):7-11. (in Chinese)

SCHOLZ A,SCHMIDT A,WALTHER H, et al. Experi-
ences in determination of TMF,LCF and creep life of CM-
SX-4 in four-point bending experiments[ J]. International
Journal of Fatigue,2008,30(2):357-362.

R IR A A AR LR 97 LR B R [T e
#.,1997,12(4) :500-505.

SHI Huiji. Techniques for thermo-mechanical fatigue tes-
ting on high temperature alloys[ J]. Journal of Experimen-

tal Mechanics,1997,12(4) :500-505. (in Chinese)

(¥ . 228)





