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Fig.1 Geometric dimension of cantilever beam test piece(unit; mm)
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Fig. 2 The first three modes of cantilever beam model: (a) the first order mode shape;

(b) the second order mode shape; (¢) the third order mode shape
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Tab.1 Test frequency of cantilever test piece and first three natural frequencies model
IR AF O/ Bk I {E 1 2 3
& A 45 % / Hz 124 112.9 520. 1 1382. 6

B3 EERR f=110. 8Hz Tk 45 B J1 = &
Fig. 3 Stress nephogram of test piece model under f=110. 8Hz
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Fig. 4 Frequency response curve of dangerous points
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Fig.5 Schematic diagram and physical diagram of vibration fatigue test system

7 A ) S R T L R MR 9 9 1 A
SR 1 7 B 2 I A R R o
296 H R BCHIAR
1.3 BEMESRBRRZRRRAE

Hg T TF B R B 97 5 AR I 5
P B % He 4 7 BIF 5 76 R 3015 57 10 30 5 45 1 3 T
b BT B IR R G LK D, %R
G AT 5 2 R 0 S 4 B IR
22 5 [ 5 e EL B CULTRL 8) 3 L% 97 W0 36 3R 4% 6 g Mo B
5 g 2 A R 31 S 2R T e A B ) e IR Fig. 6 Installation drawing of test piece and fixture
BN LR o FE DA T 328 60 2 JBE 3 i) 1 247

T

|| I’—mmﬁ_mgéméh ]

N

L ‘ _—
— |~
P 7 E OIS R s &8 i S e 42 3¢ 1]
Fig. 7 Schematic diagram ofnormal fatigue test system Fig. 8 [Installation drawing of test piece and fixture
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Tab. 2 Vibration fatigue test results of cantilever beam

¥ 5 WILE A XN J3/MPa JEFREL/ cycle ¥ WG4 SN J)/MPa JRER AL/ cycle

1 856 70284 13 668 396714

2 856 66683 14 668 580198

3 856 59823 15 548 1010000
4 753 99164 16 522 10000000
5 753 214154 17 548 5232000
6 753 192943 18 522 10000000
7 753 188551 19 522 6337355
8 689 198503 20 496 10000000
9 689 151613 21 522 2127259
10 689 102791 22 496 10000000
11 689 109762 23 496 2527499
12 668 383500 24 470 10000000
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Fig. 9 Pictures of test pieces after vibration fatigue test
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Tab. 3 Normal fatigue test results of cantilever beam

g R4 XS]/ MPa ER KK cycle | TS It 45 LR J)/MPa fEIRUCEL/ cycle
1 805 47330 9 620 203860
2 805 33050 10 620 3121763
3 805 30860 11 547 2427351
4 702 156700 12 547 4454436
5 702 78180 13 516 10000000
6 702 85200 14 516 10000000
7 620 445850 15 516 7395115
8 620 582994 16 454 10000000
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Fig. 10 Pictures of test pieces after normal fatigue test
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Tab.4 Fitting results of S-N curve parameters

lgN=a— bXlIg(S,...— S

g6 H
a b S../MPa
PR Bl 9% 55 1 56 10. 507 2. 200 474. 948
B 55 i 58 16. 675 4. 656 396. 886

B & 11 A1, 30CrNidMoA & & B 7EJE 3 IR 1 X 107 cycle B 4 25 il 38 3 5% 18 9% 25 % FE
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Fig. 11 Vibration fatigue and normal fatigue S-N curves of 30CrNidMoA alloy steel cantilever beam
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Fig. 12 D-o curve at the end of the test
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Experimental study on the effect of different fatigue loading
method on the performance of metal cantilever beam

HE Dingni', LIAO Yunfei’, CUI Wei', ZHANG Jianbo?

(1. China Helicopter Research and Development Institute, Jingdezhen 333001, Jiangxi, China;
2. Shanghai Aeronautical Materials & Structures Testing Co. » Ltd. , Shanghai 200120, China)

Abstract: In order to investigate the influence of different fatigue loading methods on the performance
of metal cantilever, the vibration fatigue test system and the corresponding normal fatigue test system
are designed based on the vibration table, and the bending fatigue test of 30CrNi4MoA alloy steel
cantilever is studied. The results show that in 10" cycles, the vibration condition fatigue limit of
30CrNi4dMoA alloy steel is 514MPa, while the normal condition fatigue limit is 516MPa. In fatigue
cycle below 1 X 10° cycles, the bending vibration fatigue properties of 30CrNi4MoA alloy steel are
different from those of normal ones; while fatigue cycle between 1X10° cycles and 1X107 cycles, the
performance of the two groups almost equivalent. When the failure criterion is reached, the damage
increases with the increase of stress level; under the same stress level, the damage caused by normal
fatigue loading is greater than that caused by vibration fatigue loading.

Keywords: vibration fatigue; normal fatigue; cantilever beam; fatigue performance



