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Advances in Numerical Simulation of Deformation and Damage
Behaviors of CNTs/Al Composites
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Abstract: The mechanical responses of CNTs (carbon nanotubes) and aluminum matrix in the process of plastic
deformation of CNTs/Al composites are complex and interact with each other, so it is difficult to systematically and deeply
reveal the mechanism of the formation and development of microstructural damage and its influence on the
macro-mechanical properties. Numerical modelling of the deformation process of composites can economically and
efficiently study the influence of various microstructures and external factors, to further achieve accurate prediction of
damage behaviour. In this paper, first, the widely used continuous damage model and cohesive damage model are
introduced, which are suitable for describing the deformation and damage behaviors of composites under different
conditions, respectively. Then, a representative volume element model suitable for multiscale modelling is introduced,
which can consider the influence of structures with different scale characteristics on deformation and damage.
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Fig.1 Bilinear traction-separation laws for cohesive elements™

P FETHGTEN ARG ES - B XA N,
el el ®
L 0 K6
S g, AT 43 ) R R — A B A8 RS Ak B ik 1) AU )
5| 1138, 1 8, 4 A ik m Al i k. T, X
TEANF S0 H
8.=\/ (8,45, (10)
TEREMEE G - BT, B s 5k &
KAEG Syl 243% m oY) m 22 5] ik 8 & KRAE
B, R 1 BT IR IR .
(t,) ’fo’

max =1 (11)

0
t t

n S

S o) 0 4 ) g 15405 A A b B 1 D )
Bl 1. E TG U I 1 2 M A 35405 AL 35
Yis i D

ePu@y )

max _f

5 (8,-5,)
RS KR B LR o N K A B B R 58,,
Jof P R A R B RS AL 2 R
LA 3 3505 R0 K, R o 450005 R FE K, 43480
K.=(1-D)K,
| (13)
K=(1-D)Ky,
AT, Koo 1 Ko 40 0 4 53 405 162 1 s 325 1) A0 70 1) 434 4
RIRE . T30 0 3R AL U A B 22 8] J, 4531
(A5 A TT L 223k
tn:|(l—D)im 1,=0
. otherwise (14)
t=(1-D)i,
Kot Fil e, B 0 ) A 22 3] 7
Flui %5 @7 S0 B4 [ B 27 24k 1 98 52 45 R 05 91
B AT T I 06 28 i K 0 2 45 338 5 2 2
B M55 4 0 43 NG 0 LT, ISR F LR M 22 5] — 4y

(12)

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

B RE TR AGL AL LT 6 25 O, RO AS K W) 7, B[R] 2
IR BRI, S J)SE AT AN R L
(Y Bl 28 far 15 o 28] 5 T8 I S B B, A T R
Az FHER R BE T) AS WSS H R ek BV R A R
TET AL . Liu A5 28R P b A 98 1 A B DG 12 R 1 2R T A
RUAZS S0, WAL EE 38 7R 1 A A 0 1 i AR
R A MBHERAR AT T 2 SR IEIK | A B R
PRI B AR -0 ST A PO HL ISR T A SRR TE SR
TR 46 R SO 52 G BB IR AT S ) 2 M R 19 52
M, Shao 45PN A7 5 28 FL XA B JE T Taylor f93E
Je T S R A B T LAY 5] N il X Bk 5T AR
AL SR T b ke 0 A R TR R R B 5 R 1 o
MMCs H 52 UL RS 5% el 04 3 20 5 4 Fn 53 T 4 4
AL, T LTI B KG XF BE RE J3 2 MERE A9 52, Eltaher
SRR T BRI 9K G MRS PE IR AT 5 B
MIEF, R ICHARR AR TR A 5 BT RLER 5Y
TR R AR Z R A S, IESE T A S N R BT
R 1 AR M IR R B T R A5 HE B B 4D 90 K &2 & b Rk
FRI I 3= AE AT R ROR AR T = AR 18 3153 AR
IR DL I S UL 45 F ) — fE AL % 22, Kotelniko-
va-Weiler ZECUIF5E 14 7 K H A B AR £ 4 A4 o
PRI AR DL K 2T 4t B B AL 23 A1 19 525 B4 RHAE 35 17 -
AT BCA HATE T AR e i, WoR TR
I 55 44 ) 75 i B4 56 2R DA K 2 34 20 5 U0 g 7 1Y
SN0, Weng S5V N — 4k Z2 00 A FR oA R 8 58
BRSE | R S0RN B T 5 X 0 1 5 A2 A A Rk Bl
PRSI AT A RS2, A 3R A A AR BT 45
B, B Al T ROV S5 A8 RRAE X B b B A | B 2
328 FI SR AR SSONE (R 52 0, i B L T R 5385 AL T 45 4%
FeAE R HOR SR B . Heide-Jgrgensen S5 ST T
— BT =4 2 R AT SU SUR A S G A R
SIAAE A LTI JUT g b A 2, 25 08 T 2R 4Rk
R, 22 SRR R R] Bt LA K £F 2 Fn SR b4 R UL 2
AT 4 JBE RS

I 2 I 1 A g 17

Fig.2 Constitutive response for the interface!”

BT BE W i 3k 2T 4 f UKL 3 9 52 5 A R B0

http://www.cnki.net



(BB ARN07/2023

TIE,%.CNTY/Al £ &R THMRGIT A M EEMTRER <615

K, IR 7 O A 3 ] TR 2 A AR 432 Li
1 ChenBJF & 1 00N £F 4E #4 ) 2 2L 800 R AT R 1Y
PN R AL BT 2R A A B R Y 4y
BT, %I T 80N RN, IR 5 e A L
1 £ B 51 5 N8 3 AR G 18 45 S80A O b i ok R AR
AL . Massarwa 2550k 1 00 52 5 44 RHZ 5 R
B4 3 2 L ST T AT BT AL ) A = 2 R
P AL | T B FRE 0 ) PR BRI B 1 0 2
MR BRI, I LA b R B2 5 18 T U7 A BR T 4
PErp A DLSEEL, 2545 00 7E 2 WAT R T A AL N AL 4
W, R FH BRI R oK AR O R TR R )
% . Skovsgaard il Heide-JgrgensenPoJ & T £F 4 &2
BB =YX S AR AL | Fe i £ dE R R A RE R
AR AN R I AE L7 4 R AR 22 ) ST T 4
Fl-or e e m, WA 5 T &7 . Fu
Hl Wang R HIBEHL RVE #E 37 T HE 8% % 5] 2 45 B
T P SR R R R AT TN 1) 52 R RE A3 2 RO g 4
A

s

K=3 —sing
3+sind

_ 6sing
tan 3—sing

(15)

singp=7"¢
oto,

A d FoR R N SR BE s on BT o, 2390 3 R L
AHf 00 s 20 ) Bt TS 7 5 S B R B TN BE 45 £ 5B O
3T PAY R A JeE R T 4 R 5 KR =l A R
J15 =k 4 IRV 0 F A, RE A8 44 il it i T %
HhE] SRR (B A . TN ZE SR ] A SR R A
AR KA BE b ke T BE AL ol 205 4 9 288 2 LA R il e/
T 2 [w] A0 2T e HE 51 A1 BE SR 1 BELI A F R 25

3 RREFCERTREREER

b A RS A AT 7R A AR X CNTs/Al
B A MR M 34T e A B (B e B A
oA A6k Je 38 B4 A2 T AL EE R 458 45 T8 AR A B I8 T ST
et 50 S W 20 LSS R A0 A 2 R BE AR RS AT A

BT JE G &2 A bR 21 R AE 25 W - - O R
JEZEME R, ETXE SRR Rkt 42
J7 A BE

FEXT B2 G MR L S5 K AT dERTET B R A
RVE XJ £F 43 s 52 5 AR . ORI 5 52 5 44 k) 2F
At IHORLIR 243G R 2 A MR IRV A MR RLZ B B
T2 N #EML RVE RO & E SR A 4
3, BV SR A L AA 1) e /MR BB T | R R g
WS R BOE AT A, TEHEST RVE BB S
A HE L SC H 58 b AR I A A ) TIOU 2 ZURRAE

X TUAn 45 ¥ 3¢ Sk 7 B 52 5 4B Kou 4559
TE TR0 B o) £ 24 1 0 525 b ORL Y 2 U ) 2 SRR
HESL T AN 3 BT AR Y B 4T 4E 3G 2 A B RVE
BEAY A4 RVE 7545 Bl A 17 00 T 25 4t 5 514 2 1]
AR T WA B2 tE T 4 AR TR BiRE DR AR & T
KaBE . X F L4 BN AR 0 A Ak}, 257 RVE #5
RURT 5 25 [ E Z 4 21458 R 1FE . Koohbor 45315
T S HM AT RUR A A S &, KR
T TR L RS A 0 Bl 27 23 R 02 M 2 R
AL A B TR e AR e R 2 A AR RVE #E
M RSE ., Uetsuji 45 HOE 8 it 347 57 10 B0 6] 4F 4 14
SRIERHY AR AT M AT 2 ROEA BT, R A B
BTy 10 55 3k A4 A T 0 5 Bl AL BB 1) £F 4 119 RVE
R N 4 PR, Hob  AG, MEFYEREE R T
ET 2 K AR H R IR AL R X o Ao 2 A T A e i L 1)
SR, Yuan SFEUR] I EEZEREAL ST A 9 RVE @457
e, BRI T R IR R G W IR L IR R AR A
L N B AR RO AR UL il 2T 4k 15 3 A W 5 A bR
MY FEEIAT g, 38k X R ) ) 2 P R 0 S g 45 SR
R4 B0 TE T AR AL /) n] SE %, Catalanotti™? >R FH 4
SRARFEAL /A5 () RVE PR g 75 ik gy 17—k
21 2 SRR WURL I 58 A2 5 bR TROUL 7 “E R AL O
il FH LR G2 1 25 18] 1 38 745 51 PFAN R 540 A1 1 R 4
PR, WE S R,

T HRAZ AU RBE AR 2 A AR, A A
2 (7] B 5 DB i R 1 T LA RS | AR R 43 ORI 4 i
MY BEALYE . Nakka S5 1T — RO [R B AR I 4
RVE #7544 il RVE Q& 6 i,

3 HupE R 4RGSR A A bR RVEDY

Fig.3 RVE of unidirectional fibre reinforced composites
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Fig.4 Randomly dispersed RVE models with different fibre aggregation degrees!*’!

P 5 SR 1A B AL 23 A5 24 53 I8 TE Bl Bk T] ORL 3% 125 BT A 12 9 RVE A7 BROCAE RS ; (a) — 4 RVE, (b) — 4 RVE™
Fig.5 RVE finite element models constructed by the algorithm for generating randomly distributed uniform circular or spherical
particles: (a) 2D RVE, (b) 3D RVE®
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Fig.7 RVEs of the composites with v,=30%, N=1 174 and the different particle orientations: (a) a;p=diag(1.0, 0.0, 0.0),
(b) ayp=diag(0.5, 0.0, 0.5), (¢) asp=diag(1/3, 1/3, 1/3)*
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Fig.8 Information transfer relationship of multi-scales analysis method: (a) macroscopic sample, (b) RVE at the microscale,
(¢) RVE at the nanoscale!*!
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Fig.9 Multiscale modelling for CNT-reinforced polymers (CNTRP)®
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Fig.10 Multiscale strategy to identify interphase properties in RVEs of the superlattice and the homogenized properties of the
supercrystalline nanocomposite, using experimental results from nanoindentation tests as reference!”
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