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Load Conversion of Vibration Fatigue Test Based on Damage Equivalence
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ABSTRACT: The purpose of this paper is to use simple harmonic excitation instead of random flat spectrum excitation to carry
out vibration fatigue test. This paper calculates the fatigue life of a typical aluminum alloy test piece under simple harmonic ex-
citation and random flat spectrum excitation by finite element simulation, and analyzes the equivalent relationship of the two
kinds of excitation when the life of the test piece is equal under the two working conditions. Then the paper carries out a set of
constant frequency excitation tests and a set of spectral excitation tests to verify the feasibility of using simple harmonic excita-
tion instead of random flat spectral excitation to carry out vibration fatigue test on a typical aluminum alloy test piece by com-
paring the test results. Through the study of the vibration fatigue life law of 2024-t4 aluminum alloy test piece under certain
frequency non-resonant simple harmonic excitation and random straight spectrum excitation with test and simulation technol-

ogy, this paper obtains the equivalent relationship of load when the test piece has the same life under different excitation. Based
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on damage equivalence, simple harmonic excitation can be used to replace random straight spectrum excitation in vibration fa-

tigue test in engineering, so as to solve the problem of difficult loading of a kind of vibration fatigue test and realize the accel-

eration of vibration fatigue test.

KEY WORDS: vibration fatigue; damage equivalent; harmonic excitation; spectral response; accelerated fatigue test
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Fig.1 The dimensions of configuration (unit: mm)
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Tab.1 The comparison of the natural frequency simulation
value and the experimental value
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Tab.2 Simulation results of simple harmonic
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Tab.3 Simulation results of flat spectrum random vibration
fatigue life

FEMMEEZRE GRS Von Mises I 4R 3)
PSD H¥K{l/(¢*Hz™") %} RMS/MPa ¢ 55 5fn/s
0.016 101.3 1130
0.014 94.7 2 838
0.012 87.7 6320
0.010 80.1 11 810
0.008 71.6 21712
0.006 62.0 46 238
0.004 50.6 134 508

W 10~40 Hz V- BN B2 Ui 3245 1 PSD sREUE A
Apsp, IRIGAFER L BEPL Von Mises N 135N o,
RIS R MG W S BEHLAR B 35 B N Tk, 0 5 \Apsp
BEVEXRR, R 3 TIAH oA HL, WL

(6).

o =801.10\/4pgp, (6)

o 5 Tox WHIG HHIERE 7~ 7 0,996, F5E5CH
—0.191 Ay PR AU 2k

s Spms F1 T 4350104 30 Hz {77380 2 75
RIS G 5 Von Mises [ 13477 K3 1 355 % 9%
57 FFW o

24 30 Hz fiinek T fikge % 25 7 T Ml
10~40 Hz V- 15 B oy #8350 300 14 9 57 75 i
Tox AHEERY, i (7) I (8) nJfs.

Spums=2.020 9)
W 30 Hz IR FE i IRE R 4, W3R 2 Al
Srms=26.094 (10)
1 (6) Mk (10) WAL (9) 4.
Apsp=0.000 264> (11)

o (9) Fixt (11) R, XFix 2024-T4 15
SREME, 30 Hz fEINEE N0k r 0 o7 iy T
F1 10~40 Hz 7 FL 0 B D i T i e R 0 0% 55 75
Tox MIEERT, A0 fa B S A ], fE RS SN J1 3505
HRZ R 2.02, 10~40 Hz S BN EE PR35 PSD pR%L
{H5 30 Hz 30 B M E )75 Z ek 0.000 26,
LA DA i, JE T 05520, PSD e EU(E N
0.000 264> 1Y 10~40 Hz ¥ LI B T R 3% Sk 4
() 30 Hz {5 15 11038 B ] DURH BS540 B 7 S e Bl T
IV 87 T S8 il R A B AL S 3 il 2 A 7 I sl % 57 3K
B, LA DI 50 2ty i O 2 A 1) RS AT AT

3 HIEIE

A B 2024-T4 BRG G 1 2017 9k 2l 5
I R Ee—4k 0y 2 1. — A RIRIRShE 25
i, i B o 3 AN EIEE R 30 Hz &3 in ek
B 51 —dU N BENLIR B2 55 il g, #fari E ol 4
A~ PSD PRBUEAN R Y 10~40 Hz SF- B A0 2 Th 348
G 2 A AR LA A T R AR U BU & M
[F) , 56 UF 2 75 e FH (AT 98 S 2 A BT 3l 261 7
Pl 55 50 . PRBhIE 55 ik g i I i %5 UD
H560B-16 #E5145 . cDAQ-9178NI KRG %, T
1—3 119 30 Hz fi 1B Ik B2 WRAE A L Sl 20340 7 iR
0 S, IR s 55 Fam T WLER 4.

®4 HERINESESXEER

Tab.4 Results of simple harmonic vibration fatigue life test
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Tab.5 Results of random vibration fatigue life test
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