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Identification of modal damping of composite cylindrical shell
based on sliding-envelop method

LI Hui, XUE Peng-cheng, XU Zhuo, SHEN Peng-fei, WEN Bang-chun

(School of Mechanical Engineering and Automation,

Northeastern University, Shenyang 110819, China)

Abstract; Due to the complexity of the damping mechanism of composite cylindrical
shell, there is no practical and effective method to identify such structural damping. A mo-
dal damping test method based on sliding-envelop method was proposed. First, damping test
principle and overall plan of sliding-envelop method for modal damping of composite cylindri-
cal shell were clarified in details. Then, its test procedures in the actual test of modal damp-
ing of composite cylindrical shell were summarized. At last, a composite cylindrical shell
coated with constrained layer damping materials was used as a study object, and its modal
damping were well identified and the relation between external excitation level and modal
damping was discussed. Test results showed that the maximum variance obtained by the
proposed method corresponding to the first five damping results was less than 0.02%, and

the damping results had good repeatability, thus ensuring high testing precision.

Key words: sliding-envelop method; composite cylindrical shell; modal damping;

damping test; damping characteristics

ULARK A B HOR M Z B BB A AU N (Rt T4 AR ST R e P Y
I RE 5 45 40 A 5 TR B TGN RS R S OROBOR B SR TES L S e IR A R B BELJE S 80T e
w X R A A RS R B MR AR . S BB B R A BB RE S A bR R

5 B HA:2014-11-12
HEWE :FEAKRBF R4 (51505070.51375079) 5 FHKE RBFF U4 F & L H (2013YQ470765)
PEE R 0 (1982, 30 P 5 AL WO  WE-E U » 42 % DA L W 4 R 5.



2834 o = &

%030 &

R 5 A £ 5 THT 508 B8 30 S 2 AR R D A
AE B L 79 o0 MR A LA L% B Bl B2 AF 2 Bl D R Y
W7 el BEL T i Y e A AR R B 1 AN ) E
B H AT Ak 2R J TR B i R S — o 58 A T
AR LS PEA 5 03K 77 35 A8 RS I3 1) 55
L 2 DR BEAR T EE A 2 SRR
AR DRt o 56 T BELJE I 35X A W 5 3 o 3k — 2
HA.

FIIT > 27 3 M IE N B — BRI L 31 3R 9 o
FELJE 12 T 35 o 4R OS5 T8 R 58 445 44 1) BHLJE g
P IS G AR 3h ek i B R A H el T
¥ 1A D e 2 4 A i S o Rz g ) 3 AR A T
iR ORI BN Sl R AU N IR R R
G TR B 2 S e 9l AR B IR Bl R A
FHEAR 5 R 0 B AE T A5 P WA X Ik A
T HEAT I W A B BH e A Y RS B R AR A fR
TES TS M TR RO T R R AE R A T
L5 R 1 BELJE D03 DU R P 3z 2 (ELJR: L o Tl Rl
Vi 12 AR AR IBORA R B R AR 3 4 i 2
VRS F A 75 BELJE I A 22 8 B )Ll 1
FUE FH TS 0 A3 B 0 23 HC B b S AR e TP
5 BRAR A4 D » 25 AR A I UK AR P A LR 0
BT A AT RE S B Ty 5 A0 B I 9 450 3 R AR XE 4%
1) 2 1 5 06 BEL 2 f 0 R BT 5 A L S A S AR
LR B AT A — SE R (Y Bl 7 2 R L B 3 TR
2oV B 1 T BE ] A 7 L [ A R 2 B
PR 7 W P9 38 o g i /) 5 2 B R A 1 Al 2k
PG FRZ R RS AL G,

AR SCEE X 48 1y B 30 3B e 3 75 3k A A2
B FC VRGN A A Y A TR A S T — B
BT A A A MBS R N7 . e 1
AL T R 2 2 0 D G R R S B Y i B
FIE A% s AR 4R T BRI AR A T A
LSS BH S W R 5 Jee e AR TR B2 3R B
JEMA BRI S A5 IR AT 52 S WF 58 0 G %o H B e i 1
HEAT T AR FF 0 T Sl e R A A BH e 1 5
i IR A R W AR SO e 1 7 5 B B
AE S %07 IR AT L O B B O R AL B S Y
A 1B R 7 B 7 2 R R ST it AR L 1 D R 8 A 15
TS5 o [ h i n] R A I R A i B Ok
PN A A SE R A H I L Rk

1 fREERMKTEHNTE

ARSI S A AR S A8 1 B,
M v P8 O A 24 SR BEL e A e A B 1 L JE R

T4 B S A5 R A 7 25 4 %t i S A 25 4 L il
SR B o 000 R 2 ) 238 S 1 AR AR I A A B B A
BELJE 25 S LAt o AR B 458 < 4 T T 4 43 1 3
RO E A B AR EOE A1 TR Sy AR 3 A
SCHEAT IRl A s a5 DR U, DA T 3R A
6 LA pREL. 3 — 20 Y Ty B 5 1 AR A [
AR MBS R . & A& BAE 25 1 B E A
AR BE S MR A5 R 3R 1 R,

,

B 1 25 BAETE S Sl S AL
Fig. 1 Composite cylindrical shell and the

measuring points
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Table 1 First natural frequency and modal damping ratio
of composite cylindrical shell obtained by half-power

bandwidth method under hammer excitation
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Fig. 2 Time-domain attenuation signal of composite

cylindrical shell obtained by test
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Fig. 3 Test principle of damping parameters

by sliding-envelop method
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Fig. 4 Test procedures of modal damping of composite

cylindrical shell based on sliding-envelop method
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Table 4 First 5 natural frequencies, modal damping ratios and variance of composite cylindrical shell obtained by

sliding-envelop method

. BUASBLIE I
BB 64 4%/ Ho hi% )%
#1R B2 LHERN 3 W Hy

1 906. 3 0.23 0.22 0. 25 0.23 0.02
2 980. 8 0. 21 0. 24 0. 22 0.22 0.02
3 1025.7 0.32 0. 30 0. 30 0.31 0.01
4 1072.3 0.53 0. 50 0.51 0.51 0.02
5 1274.0 0.16 0.16 0.15 0.16 0




2838 o = &

%30 &

HREh B/ (m/s)

04
i (i 15 0 081

5 ARG E AR 3 SRS 3 B (s S
Fig. 5 The thrid step attenuation signal of three
response points on composite cylindrical

shell obtained by test

A Matlab B 9 il T o 4 2% 2k 3% 19 A 56
REFY s DIXHHOE R 1 IS 3 B 22k A5 5 Xodle 2E A7
ARBTG5 SR IR T T AT R AL B AR )
FERR Jy P BCRE T RN R B 0. s, — 3R g3
SATHE M. & 6 4 7k B R A AR A Y
BLEER 3 Bt S e M 5 = A 2k 2 X
T HON I g s 2 AT A 2 R AU T
A BRJE S T LLSE IR 3 B BLJE 2 8Os i 4
—IFFIAFK 4 .

30 — 25
i 2
E £
# sl ® 50l
pil 25 \ # 2.0
& 2.0 . 1.5 s
0 0.05 0.10 0 0.05 0.10
Hif /s fif /s
(a) B 1 (b) A2
o 20 I I
E E
& 18 = MW“\\,\
= = 1.0
® 16 o)
= |
: 0.5 L
0 0.0 0.10 0 0.05 0.10
A i) /s i [El/s
() FHa3 (d) B4

6 SRAWEEQKLETEARRE TGRS0
55 3 WA A BILE H X f e v B 4% 4%
Fig. 6 Attenuation envelope curves of the third step
modal damping under different sliding windows

obtained by sliding-envelop method

4.3 BEHEKLENTESMHRIE

3 72 2 0 JRE R A S AR R Y e B B S
bR T 56k B A B JE I 1T 3% vl = A 1R Y
L4 - BIAGETT 2 U F Y 7 28 5K i 5k

k
st =L S, Db, (9)
12

X SOMREARTT 225 Do O T IRAE A 1 SF- 35 50 &
NREA R, Dy B UCIR B FE A R gl

HI 7 283K M 303 3 3R U & B AL 52 AR 5
I 25 B JE X6 L 1R T 22 5 A5 R AT AR 4 Hp X
PEAT oM AT LA, ¥ B A0 2% 4k B By i n] B A
Vh o BT SRS Y R S B 5 25 BHLJE X B 4 7
ZdR KA 0.020%0. af LK H v 24 4k 30
WP R T 1 S A ST AR L R B e W 3% G B
BN RE (o FH AU Y A AR S 9 7
4.4 HRDIEE B

D BETEAS [ (9 AR 3 i %S 525 Fe AR S A AR S
BELJE 4 B2 W o 235 B BOIR T B g0 2948
T 8 » FAKUAESS 3 [ 15147 H1 4 B 3 #E AT 49400 K%
E SRR e . A I U A A AR A 3 Y
[E A AR IS B JE LE . I 5 B X H#E A7 4y
e mT R U 2 SRR B R R TR AT S Y [ A
AR A T IR 0 o T kAR A R R T
1025. 7 HzZe Ay » R B AR BLE e 19 52 4 [ b
5o 1 [E A SR M 1025. 7THz F A 1018. 4 Hz. [A)
P TR B2 SR BHLJE AT 4 9 BE [ HE 52 A B S B2
POt BEAS AN (H TR B2 2 B Ji5 19 BHJE 2 %
HVBE A SR D 4 38 0 T A ) 3 TE R R 2 R
JZ B JG 9 52 & [ RE 52 45 44 T 3% B B i 4 1) 3
FHAR.

%S5 FEMRAEKENE 3 REGRERN

BEERY
Table 5 Third step natural frequencies and modal

damping ratios under different exciting level

[ A7 3R/ He BSHLE /%

2)%5 BRAR WHAKR BEAR REAK

FEJerr JZHUEE  JRELERT  EHE )R
lg 1025.7  1025.7 0.321 0.321
2g 1025.7  1023.6 0. 326 0. 308
ig 1025.7  1020.5 0.328 0.292
8g 1025.6  1018.4  0.324 0.282

5 & #®

AR SCE BRI HE T B A Ak A AR
Fe A5 RS LR A I3y 1. HAR AR R4
D PRARUERT T W A 2% ek A 2 R R



%12 %

WEE 58« 0 7T B 205 AR TR IR R B R e 45 PR

P i 2839

F Dt D AR L S T O R LB S B JE Y
R

2) PR TS S R A e A M RS L 1Y

FLRRRE  GLAG 4 DO HE A2 IR - O R R 15308 J7

O s 00 3 [ A 490 56 5 O 3R BRI S s s £ 5 5 D%
TEW AR 5 HEAT P MR A B s DR P 7 4% 2 i
AV iDERSE

3) LATR B2 R JZ BHLJE BB 2 A T AL e
R FEXF 52 X FL e R E AT 1 I 45 R 3R
WY A SC T 2t 10 7 3 FL A B i i) E A2 A [
I+ i e VR B2 R B 5« IR 7 i 0 B2 B
JEMERE R B R IR AR ZHE RN E &
154 4 5 14 BELJE 2 B2 B 3 S0 1 16 38 o i
/N o BIVEA AR AORE:

S 2% 3k :

[1] Sainsbury M G,Masti R S. Vibration damping of cylindri-
cal shells using strain-energy-based distribution of an add-
on viscoelastic treatment[ ] ]. Finite Element in Analysis
and Design,2007,43(3):175-192.

[ 2] Ramesh T C,Ganesan N. Vibration and damping analysis
of cylindrical shells with constrained damping treatment:a
comparison of three theories[ ]J]. Journal of Vibration and
Acoustics,1995,117(2):213-219.

[ 3] Ramesh T C, Ganesan N. Orthotropic cylindrical shells
with a viscoelastic core: a vibration and damping analysis
[J1. Journal of Sound and Vibration,1994,175(4) :535-555.

L4 ] PS50 SRR, & 0 5% 3 52 AT 38 B 3 52 56 WF %

L] ias 8 J12F 41 . 1998, 13(4) : 390-394.
HONG Jie, GUO Baoting, ZHU Zigen. Experimental in-
vestigation on travelling wave vibration of high-speed rota-
tion shell[ J]. Journal of Aerospace Power, 1998, 13(4):
390-394. (in Chinese)

(5] ®se. 20k, T Bt )™ 2 8 10 BH S 2 14 el 9% 1 B F 5%
CIJ. i 2 3 fr 244 2009, 24(3) 1 670-676.

ZENG Liang, LI Lin. Performance of damping-sleeve for
vibration control in labyrinth air seals[ J]. Journal of Aero-
space Power,2009,24(3):670-676. (in Chinese)

[ 6] Vinson ] R, Sierakowski R L. The behavior of structures
composed of composite materials| M]. Dordrecht, Nether-
lands: Springer Science and Business Media,2006.

L71 W IhGEN w5, oo B 8 52 & 6 R 115
D] iz 8h J1 24 . 2010,25(10) . 2217-2222.

TANG Bin,SUN Zhigang, GAO Xiguang, et al. Analytical

method for estimating the damping in unidirectional ceram-

L8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

ic matrix composites [ J |. Journal of Aerospace Power,
2010,25(10) :2217-2222. (in Chinese)

KRS HEAS S AT OB Bk P XUKE A 52 5 R S 45 1) 19 4R 3
S ArLT) Wias sh J12F 4. 2011,26(5) . 1142-1147.

ZHANG Dayi, HONG Jie,REN Dexin. Dynamical analysis
on shell structure made of C/C-SiC composite materials
[J]. Journal of Aerospace Power,2011,26(5):1142-1147.
(in Chinese)

Assarar M, Zouari W, Sabhi H, et al. Evaluation of the
damping of hybrid carbon-flax reinforced composites[]].
Composite Structures,2015,132:148-154.

Magalhaes F,Cunha A, Caetano E, et al. Damping estima-
tion using free decays and ambient vibration tests[J]. Me-
chanical Systems and Signal Processing,2010,24(5) :1274-
1290.

FIRET T IRAR . A DG 20 W7 A8 45 4 BEL TS L B o ek vk T
R FE LT A 32,2009, 13(4) :657-661.

WENG Zhenping, XI Yinong. Correlation analysis in the
application of structural damping ratio time-domain atten-
uation measurement[ J]. Ship Mechanics,2009,13(4) ;657-
661. (in Chinese)

WRZs 7 R REOE. 2P 2 8 0 ik A T B JE e R B 22 4 A T .
HLBR SR 3, 2002,24(4) :510-514

CHEN Kuifu,JIAO Qunying. Half power point method to
estimate error analysis of damping ratio[ J]. Mechanical
Strength,2002,24(4) :510-514. (in Chinese)

Jafari A A,Khalili S M R, Tavakolian M. Nonlinear vibra-
tion of functionally graded cylindrical shells embedded
with a piezoelectric layer [ J ]. Thin-Walled Structures,
2014,79(3) :8-15.

Qatu M S, Sullivan R W, Wang W. Recent research ad-
vances on the dynamic analysis of composite shells;:2000—
2009[J]. Composite Structures,2010,93(1);:14-31.

Wang X D,Li N, Wang T,et al. Dynamic characteristic tes-
ting for MEMS micro-devices with base excitation[ ] ]. Meas-
urement Science and Technology ,2007,18(6) :1740-1746.
R IR B e I Rl 80 45 1 A 3 g A A A3
(1], 3B 5 3R8E,2010,37(4)  28-35.

WU Jiaju,SU Huachang, WANG Xiaohui. Based on exper-
imental modal analysis of incentive structure[ ] ]. Strength
and Environment,2010,37(4) :28-35. (in Chinese)
Madhan M G,Rani G A,Sridhar K, et al. Design and fabri-
cation of transmission line based wideband band pass filter
[J]. Procedia Engineering,2012,30:646-653.

Duan J,Oweis I S. Dyadic wavelet analysis of PDA signals
[J]. Soil Dynamics and Earthquake Engineering, 2005, 25
(7):661-677.

(. TR A



