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Study of viscoelastic characteristics and hysteresis loop of carbon nanotube
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this research, an analytical method is presented for predicting the viscoelastic and dynamic behavior
Received 25 December 2017 of polymer nanocomposite. The analytical model is achieved by coupling the SUC micromechanical
Accepted 16 February 2018 model with standard linear solid model. Boltzmann superposition principle is used to develop the

Available Online 15 March 2018 L . - . B h . h - .
vatlable Onfine arc constitutive equations. First, the strain associated with a relaxation experiment is considered, and then

by using the idea of linearity as embodied in the Boltzmann superposition principle, the resulting stress

Keywords: 7 b ; X A . . .

Micromechanics history is predicted. Eventually, the creep function corresponding to the relaxation modulus is obtained
sucC and the hysteresis loop for nanocomposite material is represented. Creep response is sinusoidal in time
Viscoelastic and a function of stress history. Loss and storage modulus and material behavior in Laplace domain are
Hysteresis obtained using standard linear solid model and SUC micromechanical model, respectively. Standard

standard finear solid linear solid model is achieved by paralleling the Kelvin model with Maxwell model. The model is

validated with experimental results. Effects of different interphase thickness, CNT volume fraction and
phase angle on hysteresis loop is studied. Obtained results reveal that increasing the CNT volume
fraction and phase angle leads to decreasing and increasing the nanocomposite hysteresis loop area,
respectively. Also, Interphase thickness contains considerable effects on the nanocomposite dynamic
behavior.

Gl 4 CojemlS gl siloancs Glp k8, Jao o @l Lo doudo -1
glio o ooliiul syse Glojerdy IS b a o) ol (S =L QT 8, miliel 5 lacyjenls (SO ks, slulil
Er b Sl ol i) SVlsSany 1) 053 5l pwiiee en acal aidl ol Coeal ligany 005 Cle 4 (aabjl

Please cite this article using: 2 Lod o3l Jod oyl 1 Ao ol s gla ) (gl
M. Haghgoo, R. Ansari Khalkhli, A. Darvizeh, M. K. Hassanzadeh-Aghdam, Study of viscoelastic characteristics and hysteresis loop of carbon nanotube polymer matrix composites,
Modares Mechanical Engineering, Vol. 18, No. 04, pp. 90-98, 2018 (in Persian)


http://mjmec.ir/
https://dorl.net/dor/20.1001.1.10275940.1397.18.4.16.9
https://mme.modares.ac.ir/article-15-5689-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1397.18.4.16.9 ]

UL 9 98 izxe

S Aglaili b 0 3ubangdii (5 pouks Adao) 33940l (i) piuadd (SXio 9 Suiun Vigliusg (5l duastine salae

o S Glups ISL o |y Dlagnd b b oodd Cugls
5 [6] Solus sladascin p oad plxil o0 slbo)l5 LS 0 s S
bog or ob) (el Sldlas locyjousls [15] ) yma 4il>
S (Solns slodasin [16] o, Kan g g5 .Cowl ool ploxl ldasxe
ol aitle Stw¥lgSusg ToaisS Slgiue Slge 5l a5 GlaY Cojemels
2 &5A 2dz g BWI Sy5e o Gesd al WSS pwyp 1) el
ool 5l eolazal b Joles &¥olee o)l 5515 aily 5 lawgte slo yuilS )8
ey upyregs Al [18,17] 55lS wload (34l "o silen
ool aiols 18 aadllas 550 1) ol IS el b o ool Soal yuo
Gl lojb il ol e Lld b i) pslSe
4 Sl abile S colis 4oy sl oals 48§ (la5 s CujeelS
Ol Sty » S50 Jalse alS w5 (Sl (olys 0550 e
5 Slle o ST podle biyjemlS (g3l cunls [19] coul
O oo S ol )l culps Gl Lo ls oS glos S el
Gl ol Loyl 3o (55,5 1 so0uay 5 009 olyad diia) g Cughi L
4 dialy (9oL lade 4y CujemelS (Kol LB, aS 8ed o Ll wyl .[20]
Al o 5 S0 et 4 el Slugd (6510551 50 CojealS (65,50 B
s gmin  pgax 0 Gladlhe St b Coenl wjiens
P LS gl boud Cosli 6oy SlacajselS Bl s ans
SG Wl L alie cpl o el by sl sais sl Slojls il 51 38,5 Las
KE51a g, it 4l 4 SallasSan S Jas
Dy s

Seoles el b $ln Ll gy So 2l ragh 0
S5y Ol 00 D9l al)l sloyge 655,k co (g penly Sl el gL
221y Jsbor (Kl Sn 5,5 b (o St¥loSmy ol Jo ool |
Gy ;90T gl ) s adl> g GBI Jgoo 0,ud Jgdo 0dds ool
58 aw lils cojeeligil caled ez loll 0sd so gzl Bl (s penly
Jose shilo 0,5 sbalglel caul dolgil 5 Sl B i) Jolo
Ao S9d e oy StV LS Ls SLlSe gy 5 039y YU SVl
Cawd 4y zolis ol gl oo Joe S¥IsSn g oole G O jg0 Ay (S ey
50 88,5 oo dumlie  miw el Cym om0 @S b ol Jae )l edal
S, n Sl 3B cwlrs 5 oS slddel cex> aoje SU aslel
G235 ol 6315 Sgdise (owyp CaioralS Bl (635 T adl> 5 b3S
5 axly Jolo SilSog ,Se g, pleol ailive oals ploxl gla IS 4y o
oolatwl g Seaw¥lgSung L8, cwyp lp s SaVleSn g dul> Jow
ol gleo 3B 0,5 8 )lg ol pemay Slugs ()08 L cod (g ey ais

a9 Jolw Lulgy 9 ovislod oz Ol -2
oads ooy Hlas 1 USKs (o jBaw CujsmlSeil cules ez lodl Joe
59 el oad LSS e pledl el 3l saioled ez Lol [12] ol
@y e Do d S pleas 5 (SGileg S slo e 5 sk
G eSS [21] ssiie oolinul plite sigd S5 &g
Ol 50 wedoe 48,8 Ll 0 sanle ceze ledl laie 4y oaied | ST
o7 el 5 ol oo 4y et Dl 5 g gl ae) 5 b oo

5 Hysteresis
5 Damping
7 Hamilton principle

91

S8, 055 5l Seaa¥lsSiang dlge (IS ek 4y [1] dims o lid (6 1354
b cas® slo oy ;o Bk jliaies oo las <l b & auly o 25
iy JB8) 295 5l die; SeilgSy Coale Jo a4 (05 ladlglyils
Coed] St¥lsSng Slge axlllas Jdo ped 4 i oo plis Hley @
Slecesligl G055 cwglie [2] Ghles 5 Syl ol
5 wor h ohzran Gleddsl ez 1% L eabiosi ' logn L
IS8 s 9 G55 E5 )5 Aedeil o8 Aol 1 oS wles 57 1S
sliys [8] ollea 5 La ol 03,5 oy lala>dle LB rals
sor b S Vel boadcnst Hlasn b Cujseliel Gl 555
SISy gl ons plonil alfisleg] Sliiss aslsl 45 .is,S
[4] Tgs5 kel lasgs (oo)S aglgil b ondcushi Sgyl lacajomls
SiasYI5Sgy 58, s o ol _alEitylol ol LS o it axlllas
s, g s Lo cldlas [65] cpeek slacyselSsl
Joo S I7] Ko 5 el o0y plosl b 55alS 5 SISy
1) o jomalS 5l ) sladlgdgil (5350 3l (sl (Slilog Seoe
Sl 5 205 Sladglsil 5z sl 1) Gllas byl oS
5 op ol plil oy jeelisl SawWlgSny [L8) 5 oyl ax e
Tl amio ol gy 1) Sl See adllae S [8] o Sen
oy ole plnil (oS Aleil b oeudlusi sreely slatyjels
25 2y Lajeals (Solfe ol p SemVlsSny Sloo b b
oboy 4 diwdly 3, [9] ootle cwnl ad S I8 liie I ke
Sl E aslllae oj50 1) G815 L ooadcosB (s yenky slacy el el
o ipeels SKma¥IsSss sladasiine py Sl amio Jlasl Lyl,s o, 56
L8, [10] ool g (g bl sl 48,5 18 sy 0y50 gl (ol yo
g 1y S Soallsls b saiiushi s yasdy sloejselS sl o555
oo (nl eanlel ez el s S dalllas (Joko (SilSeg S Joo
odd JoSiS oy [glgl (Sloole g ()5 Il yerly (sl 5B 4w )
PRS- AN IE T (X P TON ERCHNCICH i k1 [RE PP RO
4 e b oodd Cugll ek ane lacujels (85 -5 Ly,
ape) 9 SVl loyed W0 pmyp | W)l 3 ol 25 G cos
S (Jsb SNl By o5 wia)S BT gl sl Srs¥lgSiy
4 S -G Jloged 5 GBS el NG 5ol b il cos
51 ool L12] ooljipm 5 o6 kel lazd S 15 55 cows ool e
iy 0oy Joloo (SilSag e Je L (st SiaVIsSis Juto pliol
SLAIel b ond ool (g yenly ae) ot el el StYlgSns
oo onl ST lapT WS (puyp 1) g 5 4SS5 (5)I08,0 o u)S
3y (SeWlsSy by SV e 56 b canllas oy
Sl (olo> [18] Ggmip g pid 250 ,S odlital CujenalSgil (255
Sy Sae g 5l eolainl L 1) 51 a St¥lsSiny CojealS S
b oo 56 b Sy jpim a5 il gl s S gl sl UG - 5 50
w25 slogs 0 6l ame) b Sslite SISy olys
) B slaJgoe
ol plonil (6 oy slocujoals (Solins J18) o3k slopmgy
Slye o il Luly, 5 Senliss gloamiine [14] o) San 5 S5 Can

! Polypropylene
2 Interface

3 Compliance
4Schapery

04 o )lois 18 0,93 1397 DB e Suille wiie


https://dorl.net/dor/20.1001.1.10275940.1397.18.4.16.9
https://mme.modares.ac.ir/article-15-5689-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1397.18.4.16.9 ]

UL 9 98 izxe

[ Tyty QJ,J,JLLV oJ.A"m_u,.u Ls).o_a'b‘_ Auo ) ._u),.g.olf UMW) ) (ST 9 ._ﬁuuw,luu, b dazuine (sasiloo

1+

| l/Sz ¥
b - 1 L.X

v a ... a; ...
< L, z

<

Fig. 1 Geometry of the RVE in SUC model
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