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Fig. 1 Specimen(unit; mm)
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Fig. 2 Amplitude frequency curve Fig.3  Phase frequency curve
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Tab. 3 Results contrast between sweep test and sweep analysis

FHLE H [ A 5% /Hz B KRALHS W W6/ mm
6 45 0.01832 143. 32 5.55111
R 0.01881 143.52 5.55217
W2 YD) 2.67 0.14 0. 0019

3.2 HEEMEREIITE

X4 2l 9% 57 1F A g0 19 B — A 10 S i 20 FE 400003 BT A B 0K i A IR OCARE BRI F LB BB TE E
g 38 2k 22 W R AR A A R oT 20 A B8 5 22 i e 220 3K 56 B8 A — 2, B R B 4R 3 9% 55 D B AR A
AhPRZE SR ILE 12~ 14,

5.55 B : g , - 7 178.0 =1
5.50 B ] 177.5 I -
£ oy ] S0 | -
§ S40 T ] §1?65 [ -
5.35 . S
530 | ] e a
525 N T s St St waa __: 175.5 —
0 500 1000 1500 2000 2500 ¢ 500 “%?i‘r)n;fsm 2000 2500
Time fsl
12 (R 5 AR 0T B13 AR SRR E R

Fig. 12 Displacement contrast between Fig. 13 Phase contrast between

caleulated and test calculated and test

B 12 % 13 B b T 2 ST LU . i A S g LT AT AT T
S 7 A 9 B RIAR 3 5 5 96 BB S He A X0 4R 22 7R

IS ARG W A S0 7 ¥R B ME B M TR 14 3 3o AR SO 00390
L B R 9 B 5 R o BELJR B A k. A S 003s
39 39 R o L BELJ L3S 1 M0 S 1 T LA 48 S A S G
B LA B BE (0% ~90 %) BB Ho 52 B0 R WE O 38 45—

0.0380

RN TR [ Y MRl
Br(90%~100%) FHJE H 5 B0 i B 5 T i e 3, AR T 037 500 1000 1500 2000 2500
RIS AT WL, Time /s
4 %i’é 14 4R h 955 D b L AR Ak
Fig. 14 Damping ratio changes in
LERY RSB JE LSRR iR sh % 57 Fr e BB R, AR vibration fatigue history

SCl i KR B T IR SR 57 10 K AT S 3R T — R R T A BROC S T 2 R o i 3 B A O
PHEAE F RS BLE FEAR MO 1 o RS 45 SRR AR SCT5 15 AT ATEAS o W i 2l 03 57 106 1 75 00 T & 7 B 2
8 O 4IR 30 9% 55 D0 A T A RS BELE L [R] B (52 A% iy 1 K AR 57 B8 3 530 {45 0 (B AR — B30, IR T AR X
J7 B R o A X 2 A RS B R AR AR S8 57 i AR AR AL LR B E T ik — D IR R A MRS LR
FE R FE B 4R Sl 55 352003 A9 5C 38 L O 48 7 4 B RHIR B2 55 353 403 8 ML B8 3t T IR A 4 A



(2018 4F) %8 33 &

3

324 OB N

S % Uk

(1] ol AR AR 3 HL 25 3 5 5 i R P8 (M. db mt: i = Tl i jit4k, 2012 (SHI Rongming. Modern
fighter structure dynamic design technical guidel M]. Beijing: Aviation Industry Press, 2012 (in Chinese))

(2] X306, BRE, e, % iRy sk (J]. TREIH%|, 2012,19(1):1—8 (LIU Wenguang,
CHEN Guoping, HE Hong, et al. Review of studying on vibration fatigue[ J]. Chinese Journal of Engineering
Design, 2012, 19(1):1—8 (in Chinese))

(3] #BME, W R, &8 &% E R I7 i R K Jr B o5 L] S8 J1 %=, 2013, 28(3):403 —408 (SHAO
Chuang, QIU Mingxing. On the vibration fatigue limit test method for metal connecting pipe[J]. Journal of
Experimental Mechanics, 2013, 28(3):403—408 (in Chinese))

(4] e, RIGA. dbE. MBS R B G KXW e T] S8 %, 2014, 29(4):499—505 (LI
Yixuan, ZHANG Zhijun, SHAO Chuang. On the experimental method of aerodynamic loading and vibration
excitation coupling[ J]. Journal of Experimental Mechanics, 2014, 29(4):499—505 (in Chinese))

(5] sigH., #aeE, £, % —MH MRS MG mEBEARLT] S8 %, 2014, 29(2):172— 180
(ZHANG Zhijun, LI Yixuan, WANG Long, et al. A new loading technology based on the coupling of mechanical
and aerodynamic vibration[ J]. Journal of Experimental Mechanics, 2014, 29(2):172—180 (in Chinese))

[6] Torvik P J. On estimating system damping from frequency response bandwidths [ J]. Journal of Sound and
Vibration, 2011, 330(25) :6088—6097.

[7] Botelho E, Campos A, De B E, et al. Damping behavior of continuous fiber/metal composite materials by free
vibration method[J]. Composite Part B: Engineering, 2006, 37(2):255—263.

(8] WL, Jimd, k. AUz KM i WA LS i 9 g ik 77 vk [T, Mizs 8 Jr 24, 2012, 29(9):2104—
2112 (GUO Xuelian, FAN Yu, LI Lin. Experimental test method for high-frequency modal damping of
turbomachinery blades[J]. Journal of Aerospace Power., 2012, 29(9):2104—2112 (in Chinese))

(9] WA, MLBIESIEREIM]. dE A2 i KR 2e AL, 2005 (HU Haiyan., Fundamentals of mechanical vibration
[M]. Beijing: Aviation Industry Press, 2005 (in Chinese))

On the method of modal damping ratio acquisition of
aviation typical metallic material in vibration fatigue process

WANG Jian-giang, ZHOU Su-feng, MA Jun-feng, SHAO Chuang

(Laboratory of Aeronautical Acoustics and Dynamics, Aircraft Strength Research Institute of China, Xi'an 710065, China)

Abstract: Modal damping ratio is the main factor affecting vibration fatigue characteristics, so modal
damping ratio acquisition plays an important role for structure vibration fatigue analysis and
simulation calculation, therefore, it is of direct significance to reveal vibration fatigue damage
formation mechanism of metallic material. Selecting 2024-O aluminum alloy as typical aviation metallic
material, a large number of component-level vibration fatigue experiments and simulation calculations
were conducted. Then, based on finite element analysis, a method for obtaining modal damping ratio
in vibration fatigue process is proposed in this paper, which is suitable for element level structure
modal damping ratio acquisition. Study results show that this method can obtain accurate modal
damping ratio without interrupting the vibration fatigue experiment, thereby, has laid the foundation
for revealing vibration fatigue damage formation mechanism of metallic material.

Keywords: vibration fatigue; modal damping ratio; metallic material; finite element analysis (FEA)



