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Abstract; According to the cure curve of T300/QY8911, the specimens of the embedded co-cured com-
posite damping structure were manufactured. The friction and wear experiments of the specimens were
completed and the tribological properties of the embedded co-cured composite damping structure vs. the
thickness of damping membrane were obtained by making a comparison with specimens before and after hy-
grothermal environment treatment, respectively. The result shows that the friction and wear coefficients are
enhancing with the increasing of damping layer thickness, and the embedded co-cured perforated damping
layer composite structure can improve the tribological properties. In the same thickness of damping mem-
brane, by comparing with a continuous damping structure, the friction and wear coefficients of a perforated

damping layer composite structure are decreased by 9.85% and 16.67% before hygrothermal environment
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treatment, respectively. The friction and wear coefficients are reduced by 8.32% and 11.43% after hy-

grothermal environment treatment, respectively. The conclusion is very important for the theoretical predic-

tion of the wear-resistant of the embedded co-cured perforated damping layer composite structure.

Key words: embedded co-cured composite damping structure; friction and wear property; hygrothermal

environment treatment; perforated damping structure

AR S I LR R PR 2L L UL 4 T 1 10 ~
100 £, fE—E R _EFH] T 45 IARIE(E e T a5 i
P57 A AR e R AR AR T AR R AR S R
BRPRH 2 RE R AT B SO B e PERE I — 2 4
SRR AL 1) R 2 18], i A IR A 52 & BB
Je 2544 ( Embedded Co-cured Composite Damping Structure , EC-
CDS) IE A FX —FEPoRe = FhAS [P B R (i 27 4 |
R UK AR E A ) | 8 i Py B AL 27 Y T i 22 N L ER
R LZEZ G — R ZARE R . BRSS9 1
IIRT, H A —ARTE )2 N A b S PR O SE 0K, it g
T3 57— F 2 BRI R 1 T 0 25 OO g 364 i A, BBk 2T 4, I
A — R A 1 [l PE ARG SR PERELE AL CREAACAR | 434 5 A
REFPERE R A REVERE LA bR IRAE T, JUTID I8 B A i 32 1 2
AR ERIE 19 H B9, 75 2 S —BPRIELL LI A 255
JrzbEfe . SEGERLE T SN L X Rl o L AL B A5 1 2
BRHRTE SRR AR, HA A ST AU, P
MEAMRZGRE S — 2R MR T ARZ E NI
WRITIRE A RTIT H RO HR R 2 7E SR IR BT 3k
AR BRI RN T A K A R AT R
18 AN VAT, AL AT LT i AR B Ak B S PO BE A
PIPEREHEATIR T (HI 24 HAASCSCIRIGE R R Do i
AR I SR WA I B AL 5 BRHE A W) BRI 40 2
7 P 5 2 BRI 5 B SR AR T ECCDS (B B L i, IF X 5286
ST VR T S IHE , it — SRR KAk R R
TV P RE 1 1 A S [T A A2 45 e B I S i

1 SRk

1.1 EEMERERIR G &

g AL E Ak 5 G R R 5 L S M L A S
M6 S Sk [ 12,13 ] R B 2 4t/ X5 > Bk 30 Jic (' T300/
QY8911 ) iy [l Ak T2 thil it i A =X v 38 K BHLJE &2 45 4 )
B, ARk S BELJE 2 SR TR T2 WA, AR R E AR
HB7401—1996 i1 5 H K VI il i< 24 50 mm, 582k 50 mm
E T2 A R, LR 18 S B80RN fe 2038443 31 L 26 1
ME 1,

1.2 FFEREMIKGHIE

SEFLBHIC S G R S5 HA RETE JL T AN B AR R 235 4 W1 32
AR T K B 4 5 ECCDS M BH B PERE™ 75 o X ke ik
1 A SCfl 2R LR G5 R i, 2 A a5 an il 2 iR .

PO JIRLE ¥4 mm
X T MR B R LYY 4
1# 0.05 2.05
24 0.1 2.1
34 0.2 2.2
44 0.3 2.3
54 0.4 2.4
6# 0.5 2.5
T# 0.6 2.6

A1 A X LB A AL

B2 FLMRZEHTER

W ENEER P oy ey T R R AN n S AN N
LGS RRET e BRI TIL I A, JATHT i 18 2 LB JE K
BRI FEILE A T2, B UF SRR
RS , FEL S I HRUIAGREE T, SR 2 T pL e
ZALIZF PN SRR ARG , T4 5 1 B2 25 1Y
HEPRNIEE . HARIE 3

MRS 3L

B3 FILMREEXEGHEAMEEN



130 Wl E I ¥R

http : //scbg. gks. cqut. edu. cn/

1.3 E#AsbiE

i THESE ECCDS {485 I BE4E 5 1 14 B , 1 S X L 552
5, AR A E AR HB7401 — 1996 43 5144 AH 8] 4% 44 il 4 1 i 44
TR HAAE I, B e T A B TR T8GR 518
78C ~80C MZEIB/K PHATIRIL, B 5 h UL EHEHE
WAL /NT 0.02% J5 , AT RET IR B LA T2, B
AL LS 1 ECCDS 344

2 BEEERSWIR

2.1 SEIRFTRER
JESE S R I A9 )& 56 [ CERT 24 w] B9 UMT -3, S50 4%
T AR o AN &L 4 8 S B
JERUAT R T & KR A W) MHR -3 30 37 =00 GBS
PUAIEAL, S5 AR WP 6 Fr 7, S8 560 i 19 e f5 181 7
Fi7R e

B4 CERT B & 400 E 4

, o= ——
S e

H 6 MHR -3 5 X7 B8R KB

A7 FEREXAGEE

2.2 XKBWHE

R AXIEIE RS S BERHALE T 58 7 Bk 18 R 7 52 56
ARSI 5 b, BE SR A N 2R ) 0 2.5 N A A]
5 min, R EAR S mm BYRIERS IKPFREA TR AU BE
PRSI R AT S0 N B Ing Ay, B A I (6] Dy 30 min, B 34 0y
500 v/min, 3R ] 3 AN 120° A 70 A ¥ BLAR D 17 mm (959 5k 2E
AT BB, T R BRI 25 e o4 [ T 5% , 3Bl 7 8 44 0
i 552 36 P 3 SR B, P R AN 1] 8 s o

B8 BB AR B AL AR A

2.3 MRER KL
2.3.1 ECCDS #X %%

JH TSNS ECCDS 3 {4 1) B 482 2R 55 bl RHL 2 J2 IR BE 1)
AN 2 JF7R ; ECCDS 38 {41 B 5% 1t B B2 2 TR 1 1) A5 £k
s 3 PR

K2 B AKMMRERENEERER

R T MR & J3 &/ mm B A s
1# 0.05 0.040 92
2# 0.1 0.068 17
3# 0.2 0.099 94
4# 0.3 0.128 44
S5# 0.4 0.158 31
o# 0.5 0.219 34
T# 0.6 0.247 43
2.3.2 BH A5 ECCDS m]iX 25 R

T HCRR, ik HUA G T A RS 4 A O AT R
P E IS, B P 0 R 18 AR R LR )2 TR A AR AR S A
F A MRAGEBIRT 5 E R R BB RELE 2 R AL AL 28



BN B AR PR 25 M IR AL 2R AT G G R AR B B RE AT R 131

2T 95 IRHB A B ECCDS SR B 5t B Rl RH )2 J2 )5
FERIALFIAZ S, 18 P4 BEHT L J5 ECCDS 3 i J 451
FLE SRR AL R 22 T A 10,

K3 BREMMRERENGFEER

MR ML & 3 B/ mm JE R/ mg
1# 0.05 2.1
2# 0.1 2.2
3# 0.2 2.4
4# 0.3 2.5
S# 0.4 2.8
6# 0.5 3.4
T# 0.6 3.6

%4 B#JE ECCDS R4 R

X5 M8 B JF &/ mm BB R
1# 0.05 0.049 89
2# 0.1 0.100 85
3# 0.2 0.120 50
44 0.3 0.157 44
S# 0.4 0.215 31
6# 0.5 0.253 34
T# 0.6 0.256 68

%5 B#J5 ECCDS BEHRIELE R

X% 5 FeL 6 B %/ mm JEAR %/ mg
1# 0.05 2.5
2# 0.1 2.7
3# 0.2 3.3
4# 0.3 3.8
S5# 0.4 4.2
6# 0.5 3.9
T# 0.6 3.7
0.25T
0.20
:T‘: 0.15 |
# 0.10
0.05
0 . . . . . .
0 0.1 02 03 04 0.5 0.6
[8. & & /& E/mm

B9 IRMAIDET IR R B Lk

4571
—a— R AT

40F —e—m#E

35¢
£
ol
= 3.0}
W
= 251

2.0}

0 0.1 02 03 04 05 0.6
[ R & B /mm
A 10 E#HAEA G ERZ i & T
2.3.3 FimREHeGmRER

BHUR LA N 2 mm, fLEY 10 mm, BHJEJZ
0.2 mm f{) ECCDS JEATEE BRI 4 . 45 R 5 A ] )5 B2
LR RA XS e 6 TR .

k6 FILMREERE JEHRIE SR AT

B AT BHE
XA ‘ \
B AN BHRE/mg BELZHK BRE/mg
F3LrmE  0.090 10 2.0 0.110 47 2.9
#FurmE 0.099 94 2.4 0.120 50 3.3
3 BUEST

3.1 ELEFARERMIRNE RSN

BT R T AR BRI SRR — AR R B 22 B AT
T, B RS bR A% N A K, MR Archard 1
JEEHE SRR , RIVIE AL S5 BT A X BE ), TR R
JEAR R AR R E . AAIET 9 AT 10 AT BE A
IR A A BRI 2 B BE 3% Jin , ECCDS (1) B4 22 50
JEE SO RN Y, X 2 T ECCDS 4% (A W )% bt 5 FH.JE.
JEIEFE ST REAR " 2 L Y ERLE AT R S0 /R T T
7 L& 7 B 5 P2 A 2 TS, B3 A 2 1 e A 99 T 370 gl
PRHBCTR , e 11 £ 1) 25 T A 3 LE A {1, DT S BB i
Fifi BEL S J2 JE2 38 140 388 I T 86 T o X6 A [0 A 5 A 3 T AL
PR, 2 TR R /) B R MO &5 A R, DT o 3 14 B
755 WU, BT L) ECCDS (BT 5 i o bt 25 B2 2
JEEJBE 18T T A A [ M
3.2 SEMAEJS ECCDS Wik R A

H1 P9 IR 10 20 - 98 P Ak B IS % 1 ) B 452 28 50D B it
Y IR R, X T R 45 FE TR R B R KRR K4
FHEA ECCDS ik PTG, /K43 28 %, 7E ECCDS i B
TR A OWAL I, T B0 P 11 7R 4 4 1 2 FL 4L 41,
ECCDS (1% BEFEAR, AT A 3 14 1) BT B 88 L BB o M e T B
3K FFL AR AV e 8 7 12 13 R ) 40 PR 5 0, AT 0753 38 4
AbPH )5 ECCDS JEE# R EUREE SR 34 B AT K. MBHEJZ
JELRE AR o — (B (405X B 0. 4 mm) |, R HGR I 5 =14 1y B8



132 Wl E I ¥R

http : //scbg. gks. cqut. edu. cn/

AR BOMEAD i 2 W o TR AT U, 1O h T e SR 8
BETR B —E (BN , B RS HA 1) I B2 it A B BEL 2 J2 )5 B2 1 384
T A AR 2 AR A, o g 2 T I L S 2 T ) s 2 LT A
FHHEBHIE 2 5 BE A2 A T 25 AR Ak, 3 A S 6 A B 1 22
FLAGHE 2R R AR . NI, Bl T RIS E 1
ECCDS 120 HA AR5 5 1 A R B 400 RE S 1o 1R A
Ak BT R

A 11 XH4EHAEE SEM B

3.3 FILHEREMMRERS

I 6 I - R AR 2 F LB JE 25 1 LB 15 AR ORI 4
HES R A H 7 BIREAIR T 9. 85% A 16. 67% , {345 5 4L
FELJE 2254 JEE 45 2% ORI 451 LU 32 252 L 45 4 20 Sl e A T
8.32% F111.43%

FEHIE P fLBE A HE b SR Z A A VF 2 i
JEAG LR B E BT, TEANTEL 3 Fr s, JX S48 i BT Y 471, 1l
b TS B Z 1A] 4 B ST R0, o LA R 2 B AL B
NI RS 2 A SO A 2 D B S R, A
REPRESFY (g I A AR O BE M 55, #>4 T° ECCDS I %
AT P i BE 3, T o T e FLRHL R S M 4R i T AR AR 45 44 Y M
JE, T iR ECCDS 14 34 ThI A 32 , 45 88 > 45 4 1 0 45
JEERESE . R, 2 LR @ 454 mT U &t i = ECCDS
MBS B TR RE

4 #hig

FEE FEPERE AR E ECCDS 71 1 & 3 4 K ftis
T LR B AT 5%, AR SCAE A X A [ L JE S B JE B 11 EC-
CDS SR A E 47 EE 15 L BB 45 S0, T A5 A [ BELJE J2 J52 3 1 JEE 4%
RECFER R, 5 0L 50 5 3 28 L e W R 1
IR AT T X, L5

TEAEEEGHT S 19 ECCDS 32014 e B8 82 22 BOR1 B B i 40
B BELJE 2 PS8 (T n o 4 (] BEL @ )2 J5E B e, 1
A 1 PR 48 2R AR S 40 et 1 O I AR Ak 3 i A 1Y)
JEE 2 22 BTN 0 0, U ) ALk R A A1 ECCDS 254 9 4t
R E . SFALBLIE & & M RHEE A RE 4 = ECCDS (it
FEHE FEBPERR . BIAE RS S50 T, MR I SE 56 A0 3 i 22 L FE
JRBEAE 5 AT [ S ) S BEL SR S5 A A LU HL PR 4 R kR
SRR 9. 85% FI 16. 67% ; M A 52 5 Ji5 28 £L BHL e ) 4 g

18 JERUERE 5 AR [ )5 B2 1) 2 22 L2 45 A4 A BL 23 il B2 i 8.
32% AN 11.43% . DA, 2 FLRHJE 45 # al LUAT 25 a6 ECCDS
MRS BRI o AR e 5 FLRILJE S5 A4 (9 FL AR A FLIT
eI AL E A R ah R i A BRI IR PR RE

S

[1] Toana C,Finegan,Ronald F,Gibson. Recent research on en-
hancement of damping in polymer composites[ J]. Composite
Structures 1999 ,44(10) ;89 —98.

(2] TRDHE, RIS B S of 438 SR A AR IR B A A4 AT P AT
R [J]. AvE A R,2002,22(1) :58 - 62.

[3] Ross D,Ungar E,Kerwin EM. Damping of plate flexural vi-
brations by means of viscoelastic laminae[ M ]. New York:
ASME,1959.78 - 120.

[4] Shao Hui Zhang,Hua Ling Chen. A study on the damping
characteristics of laminated composites with integral viscoe-
lastic layers [ J ]. Composite Structures, 2006, 74 (11) : 63

-69.

[5] MD Rao,S He. Dynamic analysis and design of laminated
composite beam with multiple damping layers [ J]. ATAA
Journal ,1993,31(4) 736 - 745.

[6] Mohan D Rao. Recent applications of viscoelastic damping
for noise control in automobiles and commercial unresolved
problems and recommendations for future research direc-
tions airplanes[ J ]. Journal of Sound and Vibration,2003,
262:457 —474.

[7] Robinson M J,Kosmatka J B. Embedding viscoelastic damp-
ing materials in low-cost VARTM composite structures| J ].
SPIE Proceedings Smart Structure and Materials, 2005,
5760:349 -360.

[8] Holland J. Adaptation in natural and artificial systems[ M].
AnnArbor,Michigan : University of Michigan Press,1975.

(91 &K, ZE&, AW SNk B AR TR 25 ) 04 37
R[], BB A5 54R,2010,27(4) 767 - T71.

[10] Rotz C, Barrett D. Cocured damping layers in composite
structures[ C]//The 23rd International SAMPE Technical
Conference 1991 :352 —363.

[11] Olcott D,Rotz C,Barrett D. Improved damping in composite
tubes through stress coupling and co-cured damping layers
[J]. Society for the Advancement of Material and Process
Engineering,1991:373 —387.

[12] skbpt, A #AX G B B LS R4 H E
i gk At A[ )], AAAH R ,2013,30(4) 1185 — 191.

[13] K&, AR SN X P i3 2k B AL 5 A A At LR 25 H 4]
WL LR RN 2Eaeae[J]. ALE F4R,2012,33(5) :43
—-48.

(T#%E 140 W)



140 Wl E I ¥R

http://scbg. gks. cqut. edu. en/

[, o P B, G AR AR S K, R R 4 £
T DR T A7 PAY PR3 5 5 KL DX 3 o

3) 24 Re B/, BEAE T ) 107 B BE L Adssg n, U
FEC, BE LRSI KRS/ . B Re BN, it AR
BB

SIMTIA  TEME H 1 BE I BRI, o T A Y TP LB
XA BF e 55 2 3, WS, HY 10 AR IR0 A 380 1) b 5 o 7 1) ) 4
FREIB/IN e DT 3 24 A H K R PR R R AL C o

4 Re H/INeS B EAT ) E1OF BLRCBE 100 38 o, R i BEL
TR, P AR AT Y 1 E £ AR it R 4 C,
W] o

4) 24 Re B/, BEA WU 0P BUREE L pgsg i, 4
FRnp B LARTISEH R . B Re B3N, 4 ) &
KA

SIMTIAT ARt BE BRI, R TR P ELB
XA ) 5% 45 249 0, AT Y 10 Ak A S o i 2 o 7 Tl ) 2
ICBEUBR /N W 1 o 77 i RO AFE 0 38 T, DRLTG , 365 >4 ) WA 1
PR BEH 42 = U A9 HE T

4 Re B/, BEFA U H FF B BE L B9 s s FHL
TIPS H A HE T 0]

3 Hig

S BRI 1O G B IR R, T T
WA TCF L BRSO B B L X5k e 5. 4
ISR — 3 SRS P T R E 23 A 20, B BT 7%
Tl A, P I 2R TR ) 38R

SIS O JCF L H B E A, M DA L
B PR 1 RRST , T g 20 A REE JEE 73 A B R A2 1

LAY DAY ) s ) i R L o e AL R AT 4 ) 1 s DX
FRMA XIS I o 24 Re BN BEE B H AR LY
BEI R AL C, RS R A e B L RSN SEHE KA
W& Re R3EIN, F i R C, FHET) R AL n, ZEHHUD

Sk

[1] Kim S C. Calculations of low-Reynolds-number resistojet
nozzles[ J]. Journal of Spacecraft and Rocket,1994,31(2) ;
259 -264.

[2] Bayt R L Analysis, Fabrication and Testing of a MEMS-
based Micro propulsion System [ D ]. Ph. D. Dissertation,
MIT, Cambridge.

[3]  #ARSE. KT 5 IUAR ARRBERY B0 AU S 4 2 A S Y
FAAAFF[D]. TP BAFHA K F,2006.

[4] Wang M R,Li Z X, Numerical simulations on performance
of Mems-based nozzles at moderate or low temperatures[ J ].
Microfluidics and Nanofluides,2004 (1) :62 —70.

[5] Ivanov M S,Markelov G N. Numerial study of cold gas mi-
cronozzle flows. AIAA 99 —0166.

[6] ZFEX hit k. EHREMTHFEREG T @[]]. MR
) FAR, 2009,24(5) :15 - 19.

[7] Wang M R,Li Z X. Numerical simulations on performance
of Mems-based nozzles at moderate or low temperatures[ J ].
Microfluidics and Nanofluides,2004(1) .62 —70.

(8] ZABE. IR AL HHIM]. 32 K 2
#£,2004 .7 - 13.

(HERE & #)

(E#5E 132 70)

[14] R&, 24 455 A TRELHOHAXEELT I
PR B B A ke[ T]. 3k3h 5 #F 4. 2013,32
(11):51 -55.

[15] Sen Liang, Yaoyao Xiu, Hui Wang. A Research on Sound
Insulation Characteristics and Processing of the Embedded
and Co-cured Composite Damping Structures. Journal of
Composite Materials,2013,47(9) :1169 —1177.

[16] F4%, %, THm. SAX LB F UM R E L A4
stz A F st )] B M4 F,2014,31(1)
185 - 191.

[17] 3 k. 2R B BE I L& #1409 B35 5 4R M2 48 AT 0
[D]. Xi&. X & Tk k% ,2008.

(18] skms, e, KU, SN X 3k AL B &4 LR 25 H 4%
o MR e BAAAEIA[ ] ]. 3 5 o & ,2012,31(14)

98 — 101.

[19] Fe, Rk, X7, % EE SAXLERLSAHE
ReMERERY FRAT[]]. HFHRKRE 42,
2010,10 (6) :1510 - 1513.

[20] %, FE 45, R . GF 33k PA6 L &MAtey 3 5 5
HEAEAT L[] TAZRA R A ,2010,38(11) 112 - 15.

[21] Sen Liang, Keyao Liang, Lei Luo, Qian Zhang, Changsong

Kl

Wang. Study on Low-velocity Impact of Embedded and Co-
cured Composite Damping Panels with Numerical Simulation
Method[ J]. Composite Structures,2014,107 ;1 - 10.

[22] BRAR,Z WM, REES, 5. & Tk NiCr - C3C2 A5
SHHERREGLRBEFREFER]] RBEK,
2013, 42(3) : 52 -55.

(REHE Hak)



