Chinese Physical Society
M!l ﬁ Acta Physica Sinica

. Institute of Physics, CAS

i & REIEME R RIRHHN B =R
£L4 ATE TiE BN

Micro-mechanism of damping vibration attenuation on porous metal coating
Jiang Wen-Quan Du Guang-Yu Ba De-Chun Yang Fan
5| {8 & Citation: Acta Physica Sinica, 64, 146801 (2015) DOI: 10.7498/aps.64.146801

7 £ 1)1 View online:  http://dx.doi.org/10.7498/aps.64.146801
234 7% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/114

AR RABNEM T
Articles you may be interested in

B KGR AR K5 NifAu 5 p-GaN 2 [8] B a2 fid P BE 1) 525
Influence of different annealing temperature and atmosphere on the Ni/Au Ohmic contact to p-GaN

Yy# 2242013, 62(20): 206801  http://dx.doi.org/10.7498/aps.62.206801

B IS B X Cu(In,Ga, . )Se, 5 12 fih Mo 78 JIE 14 it 1 521

Effect of thickness on the properties of Cu(In,Ga;_,)Se, back conduct Mo thin films prepared by DC
sputtering

PP 22 H%.2013, 62(11): 116801  http://dx.doi.org/10.7498/aps.62.116801

GeooSbysSeqs Tl 1) B 2= R AR LAl 7T
Thermal-induced optical changes in the amorphous Ges,Sb15Segs film
PP 27 4%.2013, 62(9): 096801 http://dx.doi.org/10.7498/aps.62.096801

IS5 KX 6-VC/n-TiBy 402K 2 2 5 (1 A 24 17 52 i

Influence of modulation structure on the superhardness effect in c-VC/h-TiBs nanomultilayer
Yy 224k 2013, 62(1): 016801 http://dx.doi.org/10.7498/aps.62.016801

NO 7£ Pt(111) ZZ 1 PR 5 F1 55 figk
The vibration and dissociation of NO onPt (111) surface
Y22 H%.2012, 61(22): 226801  http://dx.doi.org/10.7498/aps.61.226801


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.146801
http://dx.doi.org/10.7498/aps.64.146801
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I14
http://wulixb.iphy.ac.cn/CN/abstract/abstract55962.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55962.shtml
http://dx.doi.org/10.7498/aps.62.206801
http://wulixb.iphy.ac.cn/CN/abstract/abstract53930.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract53930.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract53930.shtml
http://dx.doi.org/10.7498/aps.62.116801
http://wulixb.iphy.ac.cn/CN/abstract/abstract53500.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract53500.shtml
http://dx.doi.org/10.7498/aps.62.096801
http://wulixb.iphy.ac.cn/CN/abstract/abstract51752.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract51752.shtml
http://dx.doi.org/10.7498/aps.62.016801
http://wulixb.iphy.ac.cn/CN/abstract/abstract50535.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50535.shtml
http://dx.doi.org/10.7498/aps.61.226801

) I8 ¥ 48  Acta Phys. Sin.

Vol. 64, No. 14 (2015) 146801

% 7| & B M R A R AR MO IR R 5t

Ex 4D

!

sl A2

1) (FRACK WU AR & A3 0E, ThBH - 110819)
2) (L T4 AL TR 2NN TRE =B, #6000 113001)

(2014412 A 23 HIgH; 20154 1 A 31 HIREMEEH )

WL T 2 L i A BELJE P BEANVOWMLER. SR 3130 0 %07 i M A3 BT (SEM) JRAL L5 S50 T
Bont 22 AL < P RS BE SR BEAT W T, A5 L <o s B 2 A i T N g FA BT AR A A B 5 A O T U ) AN
R, I I AR S D RIS TR 22 SRAF B IR 5 ANTOWL &5 44 L mT 7t 7 R AL R B M I (110) ) 22 g
TALHE A ELLES SRR ) AT R S AR 7E SEM JFE A RAR | 5 S50 bW 62 26 BRSO A= L R
BB Wi S R L AR S5 R RS BT VR R, 2 AL VR A LR s PRI A B A AT
LA BETT 5957 $L R PR FE SR BT FL b, o T A PO AR 00 B BT o S D RO i 3l 7 2 9 R, VAR T R 4
(RIPR oy S PEIARE, 51 T (1 LR IR N, AT 7R 1 2 SLe R TR = L 7 A I oW L2

KR o rah s, 2R, HEtkRE, Wit

PACS: 68.60.—p, 68.35.Ja, 05.10.—a, 62.40.4+1i

15 =

FERUA S WL KBl ) TR U, 32 43 Uah
R HUBRORS 1R 7= A iR 3 AN e 75 52w 4 F 1)
IEH TR, LR ARe 7 A B Rk M B 424
e g U0 BHJE R AR T RESN SRR R, A
1115 A5 28 48 FR) A 280 A7 I 8 {328 39 Ve A2 380 52 i F) AR
A 101 B L BEL & A By 224 T DR e M ) 2 ik
Bz —.

HT <R TR AT L (1 9 P S P AT JE ik
BE, B2 T i8R R AT 2 A R S5 AR ) 91 30 )
XL G J AR BE 25 O RUE L PR AR A UL AN SR B
RECEI PRt An SWNANIIIEE S Sk A N 1P
4% 001 38 1 BB 7 T MR | 4
BHJE Z 18] {1 5% Z&2; Choi AT Nix (1 ) F 0l & 4 79 A5
WRESEI IR & R I A BB VR RE. ART, MROUL
F1 E T8 73 PR AR DL B % A ST (0 o L ) o
FL4E) iz zh R B 18 A AR 51 R RS

DOI: 10.7498 /aps.64.146801

HURHF SR B 1A R g4 1214 Jf Hoax sk
BHJE (P AE) HLER 2200 K [ fA A4 ) D & 4 45 4 LA
Lo AR ERIE S5 )R, 9 1 PR AR B E ML, =5
FETC 0 BRAGATRE KD & 1A 45 4 LR St P sk B ot BHL e
PERERIRZ . ASCIE N HA PR G % 2 L&
JEFHLJE AR, JFX & Je MR i BEAT R I, B
VB T _E N R 2 A AE O R, L SR o X A A
SARMBLEVE R AT 5 Tt — DAt L. DNk, B
P93 58 73 5 A0 R B g A - 0 3 S5 T 92k, R
A R s 1) 22 L e Jes BELJE T IEEAT SO 73 A, BA
OO0 A BN 2 AL B AR e HLEE, B AE
N <6 PEL JE T P B e IR 50 ARk 7 2 I8 ] 9 it
s

2 4T AFHE
2.1 REET

M RS B LAMMPS ARG SEZI, W 2, y, 2

* ERERFEREEEER2ES (S 51005043). o e g B3 AR L5 2% % T % 4 (H#ES: N130403012, N140301001) Al
AR S IR S (HHES: 20120042110031) % 8h 1.

1 #{E1E#. E-mail: dchba@mail.neu.edu.cn
© 2015 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

146801-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.146801
http://wulixb.iphy.ac.cn

¥ 38 % 3k  Acta Phys. Sin.

Vol. 64, No. 14 (2015) 146801

ARl 75 1] 43 HRE IS T4 377 @ L [100], [010],
[001] =/ &[], B K/ A 50a x 20a % 8a, a N
R, o = 3.615 A, AR AR JE T B0l
32000 4, HRHE 2 FL 4 JE AR 45 14 R g 19160,
FEAE Y P SR FH B B R 250 B 5000 AN 51, FFBE AL
WAL ZANEA N2 nm [ E T SR (R ).
P AR 0L R 2 7E [100] & 1 (B 2 b 7 170) it m 4k
AT, W5 4 A ) RO &S N ) R, TR

WM T 7% V) A 2R (1 o 5 1) SR Y JE S 3 57 2 A,
FH 24T /IMAFR JC MLTE o 3l 7 10 & HRIE — B 55 K
(P A 5 Hh, BT DAY o o 4 0ok AR A 28 1Y) 2% T A
L. AAAR ZR IRy B AN 2 Bl )R B R PR B
52 AF, 183 TR R R H velocity-verlet 5
32 =100 AR EL AR FH 9 R A0 T R 5 T 2
(EAM) 2021,

1 A
Fig. 1. The model of the copper film.
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Fig. 2. (color online) The variation of stress and strain.

87 Iy € e

(010)

& (100)
(001)

B

(010) ;
/ (100) .
(001)
K3 (MG BAROES I (a) 1/4 FH; (b) 1/2
JAHA; (c) 3/4 FA; (d) 1 M

Fig. 3. (color online) The model microstructure:
(a) 1/4 period; (b) 1/2 period; (c) 3/4; (d) 1 period.
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Fig. 4. The change of model elastic energy.
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Fig. 5. (color online) The specimen in situ observation under tensile/unloading: (a) the polyimide film;

(b) the polyimide film with copper coating; (c) the cross section of the copper coating in SEM; (d) the

copper coating surface in SEM.
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Fig. 6. The stress-strain curve of the copper film in

suit loading and unloading.
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Fig. 7. The surface microstructure of porous metal
coating: (a) the micro-crack initiation; (b) the micro-

cracks superposition at defects.
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Abstract

Based on molecular dynamics method and in-situ scanning electron microscopy (SEM) observations, the damping
efficiency of the porous metal coating is discussed in this paper. Molecular dynamics simulation is performed to study
the plastic deformations of Cu films with vibration. In the simulation, embedded atom method (EAM) is selected and
in the method an interatomic potential function is used. And porous copper coating is carried out for calculating by
using velocity-verlet algorithm. The plastic deformation is due to the dislocation nucleation near free surfaces, and the
dislocation is shaped into forward emission in the (110) crystal orientation near the defects. At the same time, the
change curves of stress and strain are drawn by origin software. Damping factor (n) is calculated by using the time of
strain lagging stress. The regulation of elastic potential energy attenuation is obtained by energy calculation. On the
other hand, n-situ tensile/compression experiment is conducted by the FEI Quanta 200 SEM with a maximum load
capacity of 2 kN at room temperature. A copper layer is deposited on the surface of the polyimide film by the electron
beam evaporation deposition method. The thickness of the copper layer is 10 pm and the thickness of polyimide is
175 pm. Using the scanning electron microscope, microstructures of the coating are observed. It could be seen that
the coating and the polyimide film are both better in compactness. Using in-situ testing machine at SEM, the samples
with and without copper coatings are respectively tested under tensile and unloading. The rate of displacement loading
is 2 mm/min, the results of load (F) and displacement (I') are printed every 0.1 s. The loading direction is horizontal.
During in-situ tensile/compression test, the straining is stopped several times in order to make the observations and
take micrographs. The digital SEM images are directly transferred to a computer via a direct memory access type A/D
converter, which can rapidly capture clear images of the 1024 x 943 pixel frames. The simulations and experimental
results indicate that the dislocation near defects get rid of weak pinning points and limit to the strong pinning point,
the internal friction is generated due to the change of dislocation and the relative sliding near grain boundary, and the

stored elastic potential energy is consumed, which causes the damping effect of the film.

Keywords: molecular dynamics, porous metal coating, damping capacity, internal friction
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