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Fig.1 Simple of cylindrical sandwich shell with metal-rubber
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Fig.2 Process chains of sandwich cylindrical shell with
metal-rubber: (a) wire feeding, (b) stretching, (c) twining,

(d) stamping, (e) overlay, and (f) clamping
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Table 1 Mechanical property parameters of GH4169

material?!

Elastic

Material  Density/kg mm™ Poisson’s ratio

modulus/GPa

GH4169 8.24x10° 205.8 0.3
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Fig.3 Figure of brazing fixture
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Fig.4 Simple of cylindrical sandwich shell with metal-rubber
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Table 2 Size of cylindrical sandwich shell with metal-rubber

hy/mm diz/mm do/mm ty/mm

320 250 263.2 5
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Fig.5 Dynamic test tooling for cylindrical sandwich shell with

metal-rubber
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Table 3 Size of cylindrical sandwich shell with metal-rubber

No. hymm  di/mm  t/mm  plg<m? at,
1 60 50 5 1.0 2:50
2 60 50 5 15 2:50
3 60 50 5 2.0 2:50
4 60 50 5 15 1:50
5 60 50 5 15 2:50
6 60 50 5 15 3:50
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Fig.6 Load-displacement curves of cylindrical sandwich shell

with metal-rubber under different core densities
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Fig.7 Load-displacement curves of cylindrical sandwich shell
with metal-rubber under different panel-core thickness

ratios
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Table 4 Quasi static mechanical properties of cylindrical

sandwich shell with metal-rubber samples

Number Secant stiffness/N mm™ Loss factor
1 13.53 0.0348
2 20.11 0.0454
3 29.32 0.0747
4 4.81 0.0552
5 20.11 0.0454
6 42.98 0.0437
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Fig.8 Load-displacement curves of cylindrical sandwich shell

with metal-rubber at different temperatures
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Fig.9 Secant stiffness and loss factor of cylindrical sandwich

shell with metal-rubber at different temperatures
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Fig.11 Models of cylindrical sandwich shell with metal-rubber
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Fig.13 Frequency response curves of cylindrical sandwich shell with metal-rubber: (a) exciter excitation and (b) hammer excitation

TR N, 2 B JE FERE AR I M o . A0 45
AT IAE IR A 300 CH 4 ARG h AR B E R R R
B SRR IEE BT, BB BR TR 7E 400 5
500 C 2 ZH R8O 2 e 4 22 B R AR I R 3 B RH
JBRERE S ET, WRIIELTIE.
2.4 SMEBBARN ST RIEHFLE M NFEFERN

A

K H R 5 AR A 2 P70 SRR AT 1K
RS i, WU 7 A R — s #2 E_E s s e i
g N P AR G SRR A P R e o e Dl
FE I3 3 AL — SR 2P IR 5% 3, 1% 8 IR 5% AR AT
AR IR — T ATB PP R R BN o AR i
R B B A5 5 5 1R 1 (0 015 5 ]R30 FF
PR A i 2k . (R )RR A A — s RS, B
N R IR A 0 T A kK I P A R R R, b
HINE A A AT B B RIS BULE = AU B N T I R
LI 1)

1E 2.3 W BB m i A AR R, A 2
P A5 R 77 2o SR AR 0 R AR o B Y
DB IESZ B, AR A BT A b AR R A= R (1 0Rh S5
WS, B Sk OS2 AR o AW, k19 H bs
ATUBE N TR AT i 2% o SR P SR 25 U 1 7 3CAH L )
WO 2% ff T il e B R R A, HR TR AT S
PORE &R, SINT RIS Fi &, S5
A R R AW, RIS R R R

G S AR A R 7 N LR, FE LR R
e O 5 F At 3 A AR AR R AL R, XS L 2
R o7 A e h 42 (B 13D o BT RUK I £ R
EIMH—EMER.

W 13 B SR 25U W A5 — B [ A S R
185 Hz, 11y 778 ¥ Jih M 75 1) — i [ 5 41 % 2 205 Hz,
RZAE N 9.76%. sl i G AR F R EEHTE m

SHIEE k G o BIR a8 45 R K B A 52 iR AT 51
N R BRS Tn J5 25 BRS Jn P91 B A 5200, B SRR AT T 2
NFGAE TR FRAF I — o, T L R . D
b, AR IR 5 00l < R AR R e R R T 45 M) 77 S
P IR 0 ZBUCRE SR AT B 7 OS2 i B R & o AR R AR A
T NHECUERAE o4 7 2R AR B AN, R
ST 4 <6 JeR A e S A e [ A AR b R SR IR AR
2.5 MREIRNSITH

Sz R AR B e R T a4 M AR S IR A S
RAERRBL T e S R BE R o R HERR S R A
Ko A e sz B AR A A, B TR AR TR A
JRHEE, JeR AT MR AT B N R AL, 51 RO =
e J 2L 2 TR B I R R RE (RN < Je 22 52 5 T AR
LR Gl BEE A RGN, SR N R
() <z J 22 TR e 45 R AT A e i e %, T AR 1A 7
M BB BRIANE, <5822 2 0 B BT U] 51 K 4 8 22 %
V&S G R RE, R KOS B R A Y
PN e A Ao ¥ B B AN R 7P AR b e o 3 2 Bl AR B
&I FRERERETT N MRS KM T AR, BT
MR BN, RN &, 5 22 U e 45 K40 1) gt g
BLR B & IR AR B AR 17 BT U0 51 R (K EE SR B R A 0
£ 0~500 C 2 A T <z Jm A5 e R AT 72 3 B 3] A7 A=
TR, XA SZ TR B R s RSNk
P LTV TR, — 05 R AR R REAR T BB
ARIEIN s 53— T3 T < L2 B I K AL AT 052 A 23 B
<) 22 1) BE N Jal o

3 & it

1) 48RRI e b 5 45 ) 1) B 2 W 2 B o T i
JERE. R MG B SRS T &K
&K 7 45 M B NI FEAE 20~50 °C PN R T, fE
50~200 C N AR1L 2%, 7F 200~250 °C N PRI T %, #



%5 3

SRS AR T S5 A e i B IR I

= 1043 -

2 I B SRR T P A7 T A A I a8 T2 P R AR T S ] 4 R
F) oz 1k FELRS < Je AR e A e R AE TR AR

2) IR LS BT TTIE BT T R AR R
O R MBS S 0~500 CHIBEJERFE . AR 55im
il M 1 RIS R AR I [ A R, AR IR T 1%
BRI AT SR 1 [ A7 A 4 2 T B 12.97%.

S Ak
[1] Li Binchao(Z=#k#f), Lu Guanglin(#% /)" %K), Han Shuai(% Jir)
et al. Noise and Vibration Control (" 7 5 #& 5l 4% #1) [J], 2020,
40(3): 219
[2] Arefi M, Bidgoli E M R, Dimitri R et al. Applied Sciences[J],
2019, 9(8): 1580
[3] Wei X Y, Li D, Xiong J. Composites Science and
Technology[J], 2019, 184: 107 878
[4] Yan Hui(F #), Yan Xu(i& JiH), Zhao Yalei(&X V%) et al.
Rare Metal Materials and Engineering(#if5 & @M £l 5 1L
F£)[J], 2020, 49(4): 1140
[5] Yan Leilei(= & &). Rare Metal Materials and Engineering (i
4 @A RS T[], 2021, 50(12): 4365
[6] Karimipour I, Beni Y T. Communications in Nonlinear Science
and Numerical Simulation[J], 2022, 106: 106 105
[7]1 Zhou Xiaosong(J& #E#4), Mei Zhiyuan(giz). Journal of
National University of Defense Technology (IE [ £} 43 K 2% 2%
#2)[J], 2020, 42(5): 74
[8] Ao Qingbo(HKi#), Wang Jianzhong(E &), Ma Jun(Z
Z) et al. Rare Metal Materials and Engineering(%i 5 4 J& #f
15 TFE)[J], 2020, 49(11): 3861
[9] Zhang Mi(ik 5%), Wang Xiaodong(EBEZR), Su Yadong(75 I
%) et al. The Chinese Journal of Nonferrous Metal (' [E 5
48 2 11)[9], 2018, 28(3): 457
[10] Li Fengkai(Z=314), Deng Anzhong(X[ % f#). Ordnance
Material Science and Engineering( iz 22 #f #l Bl % 5 T
F£)[J], 2017, 40(5): 103
[11] Ren Dexin({F:4:#r), Zhang Dayi(ik K X), He Yifeng({ 5
&) et al. Journal of Propulsion Technology (# £ A)[J],
2015, 36(1): 124
[12] Peng Fuhao(# & %), Wu Yiwan(% 2, 77), Bai Hongbai(4 7%
1) et al. Computer Measurement & Control (i HLI & 5
4[], 2020, 28(4): 241
[13] Peng F H, Wu Y W, Bai H B et al. Shock and Vibration[J],

References

2020, 2020: 9720167.1

[14] zhu Y, Wu Y W, Bai H B et al. Shock and Vibration[J],
2019, 2019: 7 297 392

[15] Ma Yanhong(Z#i4T), Lu Hongwei(ii 72 /%), Zhu Haixiong(2k
HE1fE) et al. Acta Aeronautica et Astronautica Sinica(fii =
##)[J], 2013, 34(6): 1301

[16] Xiao K, Bai H B, Xue X et al. Shock and Vibration[J], 2018,
2018: 3974 381

[17] Wang Shanshan(EH}), Wei Yuhan(Zi/ ), Xue Xin(#¥
) et al. Acta Materiae Compositae Sinica(&E & #4 K} 2%
#)[J], 2022, 39(3): 1323

[18] Wang Shanshan(E3#Ht), Xue Xin(#% #r), Bai Hongbai(H
#844) et al. Ordnance Material Science and Engineering (%
AR 5 TRE)[J], 2020, 43(3): 114

[19] Wang Y J, Zhang Z J, Xue X M et al. Thin-Walled
Structures[J], 2020, 154: 106 816

[20] Xiao Kun(#4 3#), Bai Hongbai(F9i4H), Xue Xin(#E #7)
et al. Journal of Vibration and Shock(#%3h 5 # 7)[J], 2019,
38(23): 239

[21] YangJ S, Ma L, Schmidt R et al. Composite Structures[J], 2016,
148: 85

[22] Yu Kaiping(T-J7F°F), Bai Yunhe(H z#9), Zhao Rui(# #i)
et al. Mechanics in Engineering( 71 % 5 52 #)[J], 2018,
40(1): 1

[23] Deng Cuizhen(X3 % 57), Peng Wenyi(% % liZ), Chen Lin(Fk
k) et al. Rare Metal Materials and Engineering (% 4= J& 4
kL5 TH)[J], 2017, 46(12): 3773

[24] Wang Xiao(FE ¥f), Huang Shutao(ZE#¥¥%), Yu Xiaolin(F#%
) et al. Ordnance Material Science and Engineering (f= %%
FoEHRLE S T[], 2019, 42(4): 54

[25] Wu Dafang(%: Kk 77), Wang Yuewu( T 2%), Pu Ying(# i)
et al. Acta Materiae Compositae Sinica(E &#E 2:4R)[J],
2015, 32(2): 323

[26] Wu D F, Wang Y W, Shang L et al. Composites Part B
Engineering[J], 2016, 90: 424

[27] Dai Jiangbo(fRiL.3), Luo Xiangiang(®' ¥l 5#), Fu Shunguo(£F
JiE) et al. Journal of Aerospace Power (i 4 5h /12£4R)[J],
2021, 36(5): 907

[28] Li Yufeng(Z=51%), He Lile(%Fl5%), Zhang Xuan(3k %)
et al. Chinese Journal of Applied Mechanics(f H 7127 %

#2)[J], 2017, 34(1): 43



1044 - WA EMES TR 52 3%

Damping Characteristics of Cylindrical Sandwich Shell with Metal-Rubber Under
High Temperature Condition

Wu Xuegian, Wu Ruixian, Xiong Yunlingzi, Xue Xin
(School of Mechanical Engineering and Automation, Institute of Metal Rubber & Vibration Noise, Fuzhou University,

Fuzhou 350116, China)

Abstract: In order to identify the damping and vibration-reduction characteristics of metallic cylindrical sandwich shell under high
temperature condition, a metal-rubber material with excellent temperature resistance and viscoelastic damping characteristics was adopted
as the sandwich core for damping layer. The effects of internal structural parameters and external excitation conditions on the dynamic
mechanical characteristics of cylindrical sandwich shell with metal-rubber under different temperature gradients were studied. Firstly, the
traditional metal-rubber stamping preparation process and vacuum brazing connection process were combined to realize the reliable
metallurgical combination on the panel/core interface of sandwich cylindrical shell structural. The persistent temperature resistance of the
prepared sample can be up to 500 °C. Secondly, the effects of key parameters such as the core density, the thickness ratio of panel and core
and the gradient temperature on the high-temperature damping characteristics by different excitation conditions were analyzed. The main
performance evaluation indexes include the secant stiffness, the natural frequency, the vibration acceleration level and the high temperature
damping ratio. Comparing to the non-sandwich cylindrical shell with equal quality, the stiffness of cylindrical sandwich shell with
metal-rubber is positively correlated with the panel thickness and the core density. The damping effect decreases in the temperature range
of 0~300 °C, but increases in the temperature range of 300~500 °C.

Key words: metal-rubber; cylindrical sandwich shell; brazing; natural stiffness; damping and vibration reduction
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