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Abstract: Continuous fiber-reinforced thermoplastic composites offer exceptional mechanical and chemical pro-
perties, attracting widespread attention in both academia and industry. To meet the automation requirements for
high-performance complex structural components, additive manufacturing technologies for continuous fiber-rein-
forced thermoplastic composites have garnered significant interest. These manufacturing methods include Fused

Deposition Modeling and automated fiber placement. The additive manufacturing process involves multi-scale
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physical phenomena, presenting a complex interplay that is not yet fully understood. The inherent properties of
thermoplastic polymers, such as their high melting points and viscosities, further complicate processing, posing
substantial challenges in the control of manufacturing processes. Addressing the intricate mechanical challenges
within the manufacturing process can be facilitated through the application of multi-scale process mechanics
simulations. The integration of these simulations with theoretical and empirical research aids in forging a clear cor-
relation between manufacturing process parameters and the quality of the final product. This provides theoretical
support for optimizing process parameters and equipment module design. However, the implementation of multi-
scale process simulation requires in-depth comprehension and precise description of physical phenomena. It also
involves the design of sophisticated algorithms and the construction of intricate models, thereby increasing the
difficulty and challenge of the simulation. This paper reviews recent studies employing various numerical modeling
approaches to investigate the processing mechanisms of continuous fiber reinforced thermoplastic composites
during the AFP and FDM processes. It also outlines potential promising directions in the field.

Keywords: continuous fiber-reinforced thermoplastic composites; additive manufacturing; process mechanics;

process mechanism; multi-scale modeling
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Fig.5 Impregnation process illustration of continuous fiber thermoplastic composite material in FDM process: (a) Prepreg filament used in (b) laser-

assisted 3D printing; (c) Schematic of impregnation of prepreg filament; (d) Impregnation schematic of materials that are first impregnated during

printing under the pressure and heating of nozzle; (e) Impregnation schematic of materials that are second impregnated during printing under the

pressure of nozzle and heating of laser""”

IR, WRERAE GRS MIBIEe L o
Jf 1 B L RO R AR T A R R A
TR AR A RE A B R X I3 AN [l ki, I 2 T3
M 3 % 2 5 8 R i A 2 K R T e SR 4
AR AL 2, Ruan % BIER QR G2,
B X i 2T A 3 8 B IR R O 5 M ORL A S B A
ORHT T AV R | IR BE DL £ A SR Y A
X iR SR B 2R AR A B . AT A
T IO BB AN AE R R /I P D U B A R P
AR TR AS , 3l TS 5 bRl R i i v Y
AL 45 A B 52 2 A R AL 0 Fan 457 32 AR
GIrE R T REWEE S RHEAR SR E T
ML RIES, JEBIE T R G WM BHE Tk K 2 4 45
FRFAE RS20 . JC ML A ShBL S A W) R SR
— RINTCIAI A G, A I3 O I il 25 R0k 25 A A
BRCIRAS, IR 2R T 45 i ol ) 2 B 4 S 2
TC I i A B e AR S AR DRI AR T I AE 2 T
T3 J1 B R A b, X R GO RL T R A
HAR AT R M AL, i AT A

RE NS ML 0L 3R 5 W Bk 1) 3R T 2 T DA B &5 A A 2t
T v 11 45 4 A A5 T

WA, FEE A ARG A il R b, B
DA 3k G b 7= A 25 b A BE I B/ IN B B L A4 L
B S A 4 - RGOG5> 3k SE B i 35 i
FK/INGFREAE B 38— B2 3 B 23 3 b0 1 B e 3
B R BT IR b T B RN BRI B TR BT A ML
Wil 5 7o o BRA . o LI R T8 i R v G Y
BB 2 —, XA b R A A v LR i B
) NS 5L i T A A ) 2% 3 SOk (73] fcfL R AE
T3k A v B AT S A HE AL O B . AR TR AR T
T R T RS U R kA K. XL
I 7 L A v ) 3 AL R SRR ARY L A AR TR VR A A
R 4 FE o KR ESE, AH D7 ik ]
N7 486 4 o s A AR e, B e FL IR B2 3 4 A
S AWIRTEZ LA R B & wsh ™, 78 AFP T
2o, Pitchumani %5 ™ K S0 FL IR 9 26 K A 78—
B FE 1R BE T R AG W k J AR h ( SR T aod
FEPEFT 2087, Tierney Fl Gillespie I 25 & 1 % W A4



e B LT ARG IR AN A R 8 b T2 A RO 4 22 R R L 5T a8k R - 4509 -

AR I Sl AL TR R G LI A AR RS, DABE AL
TE A7 [ 25 i FLRDE B AR AT R, Hoh AR B
R B AR AE N R 07 . 2R 9K I LR L3R A
JE SRR 132 91 702l gk A LA A A 3 L
T RSE o LR A SR AE 51 AR G M RS
TR AL, S BT MERE DD 2 Pk Be BT AS B T
T MR E M RE R T BR T LI, EA
ML RUBE 38 AT (8 & A= B g FIET 4 A kG, R Ek
T AT R BRI, 8 5 R 2L 80 b A A
KIATRA, R AR B B2 S
AEALAY A BT R AE , BARAT LIS % LR 0R
SCHK [76] BEAMIL AT DAR H 3 35 3l ) 22 01T iR
LT AR RIS M B DG —fE
PR AR 23 0] 0 FE SR R AR E S, iR T RLUE
FeR RN R R T s A N T = ]
MR B KRR 2 NS5 T4k, SR
ARG T, Bz 5. %L
B R RS o Ve
2.3 EMIENEHE

AR A MR T2 7 WAL Y H Y
S E K R TR o R ) R R Ak 2R A 4 1 i )
G5 A R A 55 W S50 B R ., XTI T A28
VERCHEAT A e it o A 7 XOLASE 76 4y 1 oo i o
AR S TiE A B B ik, AR IT
(Finite element) . 13 B2 {&# (Finite volume) %5, It
A, LG W kL F 88 51 %% (Smoothed particle
hydrodynamics). & #{ JC (Discrete element) & f{
T LT B HUA R A kB s B2
B MR R 3o AR R 43 AT 2 O Sk BB IO TR
FHEHORLF RAEB I 2, BAW & E A H
B, PRI J% Ui B (R A bL AN 2 A7 4k 2 A bR
Y sk R v BT B K 1R S AT o B A AR K Y
o

FIXHMESGE FDM T.25, 2814 7% B8
PR A YAEM BB TR J S ASTE B B Y
TN Ty i B 1000 e e AR 1 S A #E RE AFP
1.2, Donough %51 4 i} T 3 FAE B ALY T2
SRR ATHESR , JFXS BT A A . T G DL gk
RN SEM AR SEAT T LR . X LR A
YEE G MBI T 120yt — P 2aE T
oAb e

T B S Ak o AT 02 B2 A A RE T S R P
B—2, HEMARSMEA T EEUIME, 7
DURE AR b, o s DL B S B AL A

FRAIE B 52 2 bR R B OB & DURR A R 3R
Bt Bk bR v AR [ AT AR 1 o TR, &7
2 ) AT 23 52 W B RLTE U 36 21 4k D7 1) S 3 BL2T 4
TrIE R R . AR Sk RE, S EOMOR B
ARSI 14 25 1) S AR 120400y T BRI P 52 A BRI )
PR R FIAT Sy B H AR TR S, 2D
TSR R, DR e b T o A 4 1 PR B 8 S
. T FDME ) F1 AFPES 02 i by 5 L K g
RIS, HA PR AN, (HEH 2%
SR . AERHTURR DL b B 95 1 RE 25 PR 3R R A S A
T8 € R0 46 BB A, dnlEl e Bas, IF R
BB 7 1 AT R A o,

() ‘ ,
Radiation and convection // \

Part material O\ O\
Ny

Nozzle

Support material

(b) s
1 4mp Heat conduction
:“Heat transfer

P3 Start reflecte

P4 Start reflected illu

P5 End direct illumination on tape

P6 End direct/reflected illumination
on laminate

P7 End reflected illumination on tape

R 2
# Mold - ‘ Tviola -

To—Temperature of ambient air; Tr,,—Temperature of tape;
Tmold—Temperature of mold; Qp,..,—Laser power; x;,—Left boundary
surface; x,;,—Right boundary surface

6 (a) FDM f&HGL R ARAREIEPY; (b) AP M HG0 AR )
Fig.6 (a)Schematic diagram of thermal boundary conditions in the
FDM model®; (b) Schematic diagram of thermal boundary conditions in
the AFP model™

FE OB T v RE Rk PRy 0 3 38 T8 A 235 2R 11 2 i
b, R ENE R AR S T L A
TURIE B v A Y )2 ) 1 22 [0 ) ST 45 5 AR
HAPRHUURR BT BN R I, 22 3R 8] M )2 18]y T
RO WEEY WO K AR RS, FUENES A R
BCEIHRG 1 1) T 2 1k BE AN BT RS A 3 B G T2
SR, B AFP B, R 5 T BRIT ST
SR, AN R WA RS A S T
B3 BTl 4 SR O A FDM i AR
WAL 7 B, 22 RO = B 5T 45 5 i AR A Y
BB, B2z RRm AL BREESER . BaY



- 4510 -

EEMRER

B HOMR G W HE R BEAL 2> A5 0, Sl R R R A
Yyle bR, U Frenkel M AH 5% 1E A5 A 01 i
3o 2 PRI T i AR T R 1 R L B S T K ) A
T AR B4, R — 2D a0 b T A B R S N T
SR B, SR T2 g e A4 A
YE BRI 8 Z 58 0 WP 5E , — 7 T 21 4 23 52 i b
BH Y BPERE . O — 7 4T 4E38 23 FHLAG R & W B
B H B Y ECE ), Fan %5 B 3L F Frenkel-Eshelby
R TN 2 25 2T 24 $ BV 52 B BERE Y S T2 5 o
IR BAE R S SR E AT LB, A R S
B fH 5 BR 0 22 52 1 Horh — AN LA AT BE S 2 M T
L7 YEXT BTN ER I 37 B

(1) Surface contact

(3) Diffusion and neck growth

(2) Neck formation

(4) Randomization

2a—Initial diameter of the print filament; 2y—Dimension of the bonding
interface between the filaments

7 EAMARE b IR Y SRS A A
Fig. 7 Interfacial bonding process in additive manufacturing of

composite materials®®

FARLTE GUBLUS B B E AP F 0 AR, Xl
1552 45 WA RLAA 2 PR 5 R i 7 2 PR IR ¥4 4 7 A 1
FRAYIN F1, 76 58 N #5 5 W BRI i e A e i AR
FEBLG:, T H R W LA B o XX b T
)R, 5T N B3 SR ORI AR DA i T2
SHRCERRAR IR B 20, SR A A R
PRRR AT . HIEE AEN TS5, %
R T2 7 WA BRTT 0 B — R S ik
XFF FDM T.75, 38 % 3k A2 50 Bt R 5650 07 4
P EFTENEEE . FTEMREMARIBEEE T LS
BOR T 0 IEE EAR R L, IR AR R S A
fSEmh b, WSRO A I BT ITE T A 55
AR (05G22, 0F I 422 o1 S B4 o 5l i A8 T 1 T
Stk R 520, X AFP T4t al R A
AT AR A B T2 AR, BT
FDM T.25, AFP T. 252k HIHOE I MR RS &
AT 20, RS T IR A e T B O

PO Z I % I8, R B A Ak

TE R R ) AR A UL B B A AR B R R B, &
G OB VAR T B0 43 A 2 000 B TR 5 S ) OGS A
W TR S YNGR OB RS G MR e AR
AURE A AL . RE A B OL L ot AR P A 2 WLk
B 1173036, 89891 3t f A i b 1 2E PR R . o,
LA T2 B v fe i WL A B o AR B A v
7 WAL ke o 38 8 IR TR RS R A P v BRI s R
s FEZ Z M BRI (1 8)RH ™, 5 TS50
K, 7E FDM L Z2iH, REBRTESTER Sk MRHE 1L R
WK, MWTHEEE i - R TEATEN R, X — &
L R h AR R AR R, BIETEFTER Sk Ay BY
VIZEVEGL 2 o Rl 5 A8 1 0 DA M 55 5 I %) r fift
TARAT A S PY, S (] 5 6 R R AR B
TR S5 T2 S8k 45, LU AT ER Sk Jomg g
JUAT S5 R B3 HE9, 78 AFP T 200, fidkizsh &
BRI MOBHE AR T RS m B e s, W]
LT MR B AR RE PR, ATl 2B AR b 5
HE S7 Re il SR T2 S 2 (] (1) 2 B 15290911
PR, 78 BORL ) 8 A U S A A A0, X
SRR PR AR (B A o 5 SR B R R
BB U1 AR AT Ry, 38 SR 5 S BT U] 3 A 5 1Y
A AR Carreau A58 A 25 B9 2152 1 22 p i i 5% i
1) WLF AR SR Hgh e . ok, AR R s
AR [RIAE A B 43 BT N 5 25 TR R R 2R, Xt
2% Ffl Phan-Thien-Tanner £ 81959 SRR IZR00

esin content

1.00x10° ey
9.50x10°" ’
9.00x10°"
8.50x107"
8.00<10°"

7.50%10"!
7.00%10°"
6.50%10°"
6.00x107"
5.50%10°"
5.00x10°"
4.50x107"
4.00x10"
3.50%10°"
3.00x10°"
2.50x10°"
2.00x107"
1.50x10"
1.00x107"

me @
Resin content represents the proportion of resin at the current location.
When the value is 1, it means that the location is entirely composed of
resin, and when the value is 0, it means that the location is entirely
composed of air

Fls FDM e &t e r LI G

Fig.8 Schematic diagram of void defects in the interfacial bonding

process in FDM®"!

TEZ5 il BE 37 18 A0 45 2R A0 S UL Y 6 Al I
SRR S A& 2T WU T T 20 1
RN NNV R R ERCE iR A N T e



e B LT ARG IR AN A R 8 b T2 A RO 4 22 R R L 5T a8k R

- 4511 -

T34, T FDM 1.2, 7 WAL kIR F
22 0 2 AR SO A Ak B R AR R R, aniEl 8
iz, Fu fl Yao™ ¥ 4 2 21 4 52 45 MR AR AE 5
AZ MR Y rh 25 08T IR BE AR Ak R R i B
BEME, It THER L . 2R BEAZ EXT
FLBR R, X F AFP T.7;, % 45& i M4l
T Az A AR TR 0 e WAL R SE AR R R AT A A, AR
HURHE N B R LB R A s 00, I o 7 2 0 fL
W RSB G, H i kAL AT R 45 19 2F 4 - A - fL
TR A e AR WY TR T sh A 7 R SHeatb A 7 43 Hr
WAL, TEGH T A A AT RE A 7E B 5l A S
KT AL, %k 28 22 WAL, Simacek %
TR T —MahSues, i T2ZSH0HER
WSl RS i DA S O DX 3 7 2 LT DX 3

SR E 20U T 2B T ¥ Be A% A Sk ME 1
PRI A AR R A R, R 4 TR R R R Y T
oo HE, AR A R BR M, W DLAE
FMRPE TS Z 8 W I L 5 . 2 R
BT 16 02 S - A - W — W TR I i, B
% P 3 AR o R A () B 2 SRS TR RURE T Y 4 PR
ST LML
2.4 ZREEN

A R A | O Y A R R i
FEM G, MEZE W T REERNZE R BT H .
22 NUBE ASE UL SR W B 8% 4 Ay YA 3 451 IR BE A AR 1)
P WA b S A RO Y BEALE A B R S . H
HI, il e 22 JORE R A0 0] 0 32 2 O Ao L8« )
2 R IR 2 RN,

Wi 22 ]XURE 59 4 S HE AN TR) RUBE T 43 B AH G
T AL, ARG kA R REE [A) 4% 338 A o ) B
W R RE S L3, 2, WA -
I B AR, R 5 RS TR AE T 2 S 8UE -
TR SR E Y B (N AR RE)Y . B, X
55 T Z0AR G 04 1 3 £ e AR OO 0 A OSSR 1) i
A, IWIHER TZES S5 WML Z 81
BCAR . AP 9(a) Tz, Sun % 3 T — R EFXF
AFP T 2009 Z ROEZ P R eAk 75 vk, BIVFE 225 WL R
2 A TIGH R Bl O T R RO B A A A
FHHEAT A BR ST B0 R UM B AR R A 2, I I
FIABNE 5 R 7 8 AFP T 2280 H &
OB P fE A S T ME BE B9 2 W . Guan A
Pitchumani &1 X} { 2h 5 i T. 220 8 T % W4 )2
TR IAAEAY , [] I 358 IR 28 1k BT R AT A WL 485 4 T

PRI, 5 B A I 1 A 5 45 o e A A LS
FRZREZ YIS ik, WA Tk
AL, X BB WSS Y 4 i 45 SR A Al L O B
fifp T2 R L B TS o D 2 W R e o 0 e ¢
AR PEPERE R R S B 2 DL, JF HLh
WA B 4 25 A5 H SR RE S Bt ol i i 2 Al
REAEN AR 2 R SR T v LS R Oy v A
FUPERE T o ANy Tk — 25 73 A £ 4 2 T A i
25 R A X A MERHERE Y SR, Tohidi® f 2F
2 3 TR TR 45 R R AR ST B S AR SR AR

JCHREAT A BROCTHEE, I 20 M B i s 4R R 7 3
Gy A AR PEBE RS20 . Liu 551 3@ 1 MD J5 i
T XU i 5 S R S8, I THATEN R A
oot Yh, ST AN LS Lk, Jf
%8 T T ESHITEN R J1 /8 D9 MD #5841 i
BN (A BT, 208 T T A8 Hos A
PERE Z ] A w45 5 & (181 9(b))o

Macroscale

(a) Tension

T,—Print temperature; 6o ;—Forming stress under nozzle squeezing;
FE—Finite element; MD—Molecular dynamics; DDS—Diamino
diphenyl sulfone; PET-G—Polyethylene terephthalate glycol

K9 (a) ABHETT 202 REEDMREI; (b) E4LEF4E 3D FTENRY
Z DA
Fig.9 (a) Multi-scale modeling of the automated fiber placement

process'®’; (b) Multi-scale modeling of the 3D printing process'*’!

It e 22 R JE T7 ¥ R v 5 1 B 1y S LA [R) R
BETR] B4R B AU, R T 200 A ) RO ) AL A 7
RS IF M (B2, IR I A ) B A 7
AN TR RO B i 2 S R S 5 1 2R P W]
e, DR TR JEE AT ST AN R R 8] 19 52 2% B
AR, Ik Z RETNEMIB WA . %7 A
[l RO AB TR ke ok, ml LS B R 22 1) [] o



<4512 -

EEMRER

WfE BAL . (B2, i TIHERAdS, &5
2 H EiA AR A ?'JTL(Z R, I & 2 ROERL T
i R Y O B ) R R S AN () RU AR TR ) A A5
4, ® MW A J7 47 Edge-to-Edge Fl Bridging
Domain (BD), 40 %5 7] LL& % 25 SCRik [101],
It & 22 RO 22 HI R 43 A 56 b RHE 8 far 16
TARTE B R BT . 4N, Niknafs % fifi i BD
TG T A RooH AR MD AR, BFSY T Mtk
FR i RSy ATy o X R Aok mT A T4
B RERLIG A i 3 Aok AR %) 25 2 - AR R TR TR A
B, i i A7 BROCRE RLRE i 8 T 20 rp s AR BT
N 71 2 BA% 338 B O S AL () 43 F AL DA
iR VA i B P - @ Tl T DR | A
Markesteijn %" £ T —F0 S & MD 5 A
N2 0t & 2 ROE T sh AR I o 3% 05 ¥ I Al LA
AR AL 75 3 R v 2 R A g 3 o 1 T) i 2 R HL A
MR G WEE WS A0, XA BT IRATE R % #h
PRS2 A APRHE A 3 o AR b R AR T AT

3 WitERE

PRI SL LR I MG BRSOl
NP &R, X6 T2 3k e A 1 o it i A R 4
T EOR S R, R, A, BRI
BREE A M D 25 T2 HEB ok T AL A Bk AR
3.1 HEERELEFHERERMIENHHAR

i Bl A 0F ) s R gl Sk, AT DL — 20 e
T B 53 B LA B X R %6 45 1) T2 S 804k
T & RS AR AR Y, 76 52 & b kL T2 HL I A
FE T, FEALT 3 ik 245 B EoE 3K 3
Bk —RETREMSTIBE, B EdE K 30
B, A E T 2SS O S R W ) 2E
AB D AR I 2R O 2y vk 1 il o5 T 1) B o
HOR, TR R R A A 2 S R R A
Bl A E AR . Wanigasekara 250 JF & 7 —Fp 4

3 K03 9K Bl AR ULRE i BRI P AS RY L DUAR Bl
Hahilfi2z T A28 (iR E . B9 07 ., DIRREE

) TN R WS 2E R R . B R O IR R
Bt 0K B AR 4 A A ROE BRI 7 i, 3@
i R A L DR AR R S ORI R R R
SEFBL, DT AR L [R) s i A AR o A Y, =
LG 2 RS BADURUECHE SR sl B9, A 3 14 22
AR 1) B4 AR A OO BB A RO A AN ) RLUEE [ 1
5 B AL . X2 2R A0 7, Xiao 55017 {2
Az FH B 3K 2 B30 SR M 2 R oK RUBE 5 28 R

JERL R Z [ I R, R R, BRI A
T80 I 25 T VR SRR GOk RO 1 ) B BL A
Az JRE L B BT A, A I FH RO BIK Bl Bk X ik
LEARE TN, 15 BIbRE R 850/ B Fa 53 251
RYLL Ko i g LSRR, B 5 3 SE I 25 5 ) A5 A
N T S A AR A, DL BT RO B R A 2
WREE ) J1 2447 M o Ingdlfsson 25 108 U 45 H K Kk
WK 3N 5 3717 2 )NERAU LS G, AR B A R
TG b 0 A A ROBE AT SR AT, JF DURH AR 9 40 4k R
JE St DB v R R B B R B . B RO R
PrEALE, ALY B R T LA T G R
IR R I P

SNTH Z L BCE B Sl B R R 6% i PR 55 e B
AR ERG R, AR A R RUBE 8] {5 8 i A
AR, A BT S SN T B Y 0 A 1 e R
RAAT Ryl iﬂii%%ﬁﬂ’]ﬁ?’%ﬂﬁ?ﬂc““]
I, X A5 HRTE AL TR BB B,
B T A MR S5 A g R S b O, XT:J:
T AHLH B RN B AR AT 5 F e S T i o TAE .
3.2 ETHFFENSSHMBHLHHIE

ETHFZEAENE SRR RTHERSG T2
WgmE i E . NTRRE . KEUR ISR,
T Ao A T DR TR 2 Ay A TR [ 1) 2 4
FEALHERFR, BSR4 Hr AL AL S bR
RER B ATIRAS,  TO0IN AT e A e, R A
B W RERE P 1 A 7 AR R e, N ' 10
7R, Shen Ml Li"™™ $i H T 8507 2% A5 A 38 b1 o] 15 B
AR FHHESE , WGE5 & YRR | s ml &
IX B ALY DL Je P il SR = Rl G, b 2 B
ZY G AR SCHAVE T, RRAS S LS 1

3D printing machine

cchanistie Statistical Control |} Process variables -
d s
models. models
“X‘.—' Sensmg and

control CPU
) ) Printed part
o0
Training Model ‘%} &F
4 update ’Eyp% <
7 %%
Neural ( ¢ Testing |
network = Machme s Bie d data
L leaming LT Claggified g data /
data Literature =

data

™|

CPU—Cental processing unit
FEl 10 $£TF 3D FTENH B AR MR 2k i IAE AR

Fig. 10 Digital twin framework based on 3D printing

manufacturing technology"'?



M EA

T S £ Y3 SR I B M S A BERG { HE M T 1 T2 0 2 ROBLIR i 22 N AR UL O i TR

<4513 -

AL AR, JF A A R B AT B
Brasington 45 % 3 35 M} 22 XURE 4 #3545 R0 1 45 0K
SRR 1) TR A A REAIE B S AR A e B sh Bl T
N IR, RO AR R RO A R R
WP EERE RN E RS, JFHEATZ
REZ Y Mg n) 8, W2 — 20k #
BERY, SEERORFURS B 1Y 4 1 4 T

4 Z5ig

PIRVESR S M BHERS M R S S R b &1 T
A BRI AT 2 B ASNEA, 72247 ik
fe 5 hildE S B g . W DL AR 3 B A
K, TRENZY GG B AT, B
FMTENFREZRETHL AR, HRELS
20 A5 OB A A T TRl — I s RUBE o H A
PAE T BE A% A Oy i b 2 S B SN T T 2R B IR
B, I LR 0L 45 5L B 0% AR D 0 i ] 2 WL 52
A5 RAEAT R AB IE . MR T, A WAL T i
SR N LRl P BB OR A TR, RE A% E B 50 M 4
WY G, A TR R BT %5 R R
N TR, BTSSR 8 5 DL
HTHSEEEEZWFZMETHMTTZ ., Z2RE
TEN23# ik BB A2 RIE TR #4E
Gk, MR R B A S A S
PRTZEIBEXN T AN TS, Wik, Z2RE
TENZIENI T T EM R BA & H L n e
EH, JCHEXNW RZRE . Z2YHY . 2k,
ZRHEFEMESGMEIIN T TZ ., BEEARNE
&, Z N T A0S s UK B 50 A 2R AR
)25 G W 43 R i B 2T e 1 R BB M G b R 1
SERPOE A ] . T B A5 A8 ke BE R Y
K REAs[a]

S 2 Hk:

[ 1] RAJAKDK, PAGAR D D, MENEZES P L, et al. Fiber-rein-
forced polymer composites: Manufacturing, properties,
and applications[J]. Polymers, 2019, 11(10): 1667.

[ 2] PRASHANTH S, SUBBAYA K, NITHIN K, et al. Fiber rein-
forced composites-A review[J]. Journal of Materials
Science, 2017, 6(3): 2-6.

[ 3] BARILE M, LECCE L, IANNONE M, et al. Thermoplastic
composites for aerospace applications[M]. Revolutioni-
zing Aircraft Materials and Processes. Cham: Springer,
2020: 87-114.

[4] VALINO A D, DIZON J R C, ESPERA JR A H, et al.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Advances in 3D printing of thermoplastic polymer com-
posites and nanocomposites[J]. Progress in Polymer Sci-
ence, 2019, 98: 101162.

BAICER, FIT, SR, 2. SIS BRG] 5 B AR
MRS ], FHEMAEAR, 2020, 4(4): 61-70.
HU Jigiang, WANG Bing, ZHANG Hangqji, et al. Fabrica-
tion of thermoplastic composite components and their
application in aerospace[J]. Astronautical Systems Engi-
neering Technology, 2020, 4(4): 61-70(in Chinese).
DONOUGH M J, ST JOHN N A, PHILIPS A W, et al. Pro-
cess modelling of in-situ consolidated thermoplastic
composite by automated fibre placement—A review[]].
Composites Part A: Applied Science and Manufacturing,
2022, 163: 107179.

CAIR, JIN T. The effect of microstructure of unidirectional
fibre-reinforced composites on mechanical properties
under transverse loading: A review[J]. Journal of Rein-
forced Plastics and Composites, 2018, 37(22): 1360-1377.
TIAN X, TODOROKI A, LIU T, et al. 3D printing of continu-
ous fiber reinforced polymer composites: Development,
application, and prospective(J]. Chinese Journal of
Mechanical Engineering: Additive Manufacturing Fronti-
ers, 2022, 1(1): 100016.

PREm, B8, % K, & ZRIEZ SRt [7].
&R J12424 47, 2018, 39(1): 1-68.

CHEN Yuli, MA Yong, PAN Fei, et al. Research progress in
multi-scale mechanics of composite materials[J]. Acta
Mechanica Solida Sinica, 2018, 39(1): 1-68(in Chinese).
XIA H, LU J, DABIRI S, et al. Fully resolved numerical
simulations of fused deposition modeling. Part I: Fluid
flow[J]. Rapid Prototyping Journal, 2018, 24(2): 463-476.
GUAN X, PITCHUMANI R. Modeling of spherulitic crystal-
lization in thermoplastic tow-placement process: Spheru-
litic microstructure evolution[J]. Composites Science
and Technology, 2004, 64(9): 1363-1374.

TIERNEY J, GILLESPIE JR ] W. Modeling of heat transfer
and void dynamics for the thermoplastic composite tow-
placement process[J]. Journal of Composite Materials,
2003, 37(19): 1745-1768.

ZHANG J, YANG W, LI Y. Process-dependent multiscale
modeling for 3D printing of continuous fiber-reinforced
composites [J]. Additive Manufacturing, 2023, 73: 103680.
GHNATIOS C, FAYAZBAKHSH K. Warping estimation of
continuous fiber-reinforced composites made by robotic
3D printing[J]. Additive Manufacturing, 2022, 55: 102796.
GUO H, YANG X, LI T. Molecular dynamics study of the
behavior of a single long chain polyethylene on a solid
surface[J]. Physical Review E, 2000, 61(4): 4185.

WANG S, YAN X, CHANG B, et al. Atomistic modeling of
the effect of temperature on interfacial properties of 3D-

printed continuous carbon fiber-reinforced polyamide 6


https://doi.org/10.3390/polym11101667
https://doi.org/10.1016/j.progpolymsci.2019.101162
https://doi.org/10.1016/j.progpolymsci.2019.101162
https://doi.org/10.1016/j.progpolymsci.2019.101162
https://doi.org/10.1016/j.compositesa.2022.107179
https://doi.org/10.1177/0731684418796308
https://doi.org/10.1177/0731684418796308
https://doi.org/10.1177/0731684418796308
https://doi.org/10.1016/j.cjmeam.2022.100016
https://doi.org/10.1016/j.cjmeam.2022.100016
https://doi.org/10.1016/j.cjmeam.2022.100016
https://doi.org/10.1016/j.cjmeam.2022.100016
https://doi.org/10.1108/RPJ-12-2016-0217
https://doi.org/10.1016/j.compscitech.2003.10.023
https://doi.org/10.1016/j.compscitech.2003.10.023
https://doi.org/10.1177/002199803035188
https://doi.org/10.1016/j.addma.2023.103680
https://doi.org/10.1016/j.addma.2022.102796
https://doi.org/10.1103/PhysRevE.61.4185

EEMRER

<4514 -
composite: From processing to loading[J]. ACS Applied ing of fiber-reinforced plastic composites using fused de-
Materials & Interfaces, 2023, 15(48): 56454-56463. position modeling: A status review[J]. Materials, 2021,

[17] OROMIEHIE E, PRUSTY B G, COMPSTON P, et al. Auto- 14(16): 4520.
mated fibre placement based composite structures: [30] WICKRAMASINGHE S, DO T, TRAN P. FDM-based 3D
Review on the defects, impacts and inspections tech- printing of polymer and associated composite: A review
niques[J]. Composite Structures, 2019, 224: 110987. on mechanical properties, defects and treatments[]].

[18] GRANT C. Automated processes for composite aircraft Polymers, 2020, 12(7): 1529.
structure[J]. Industrial Robot: An International Journal, [31] YANG C, TIAN X, LIU T, et al. 3D printing for continuous
2006, 33(2): 117-121. fiber reinforced thermoplastic composites: Mechanism

[19] JAYASEKARA D, LAI N Y G, WONG K H, et al. Level of and performance[J]. Rapid Prototyping Journal, 2017,
automation (LOA) in aerospace composite manufactur- 23(1): 209-215.
ing: Present status and future directions towards industry [32] NIKIEMA D, SERGENT A, BALLAND P. Study of the
4.0[J]. Journal of Manufacturing Systems, 2022, 62: 44-61. industrial potential of Markforged X7 3D printer [J].

[20] MARSH G. Automating aerospace composites production Mechanics and Industry, 2024, 25(4): 1-10.
with fibre placement[]]. Reinforced Plastics, 2011, 55(3): [33] PRUSS H, VIETOR T. Design for fiber-reinforced additive
32-37. manufacturing[J]. Journal of Mechanical Design, 2015,

[21] GAN D, DAIJS, DIAS J, et al. Singularity-free workspace 137(11): 111409.
aimed optimal design of a 2T2R parallel mechanism for [34] SHANG J, ZHANG W, LIU F, et al. Z-direction perfor-
automated fiber placement[J]. Journal of Mechanisms, mance and failure behavior of 3D printed continuous
2015, 7(4): 041022. fiber reinforced composites with sinusoidal structure[]].

[22] ZHANG X, XIE W, HOA SV, et al. Design and analysis of Composites Science and Technology, 2023, 239: 110069.
collaborative automated fiber placement machine[J]. [35] ZHANG K, ZHANG W, DING X. Multi-axis additive manu-
International Journal of Advanced Robotics, 2016, 1(1): facturing process for continuous fibre reinforced compo-
1-14. site parts[J]. Procedia CIRP, 2019, 85: 114-120.

[23] ASSADI M, FIELD T. AFP processing of dry fiber carbon [36] ADAML, LIETAER O, MATHIEU S, et al. Numerical simu-
materials (DFP) for improved rates and reliability [J]. SAE lation of additive manufacturing of polymers and polymer-
International Journal of Advances and Current Practices based composites[M]. Structure and Properties of Addi-
in Mobility, 2020, 2(3): 1196-1201. tive Manufactured Polymer Components. Amsterdam:

[24] Coriolis. Coriolis C5 compact-fiber placement machine Elsevier, 2020: 115-146.
for 2D net shape blanks[EB/OL]. [2024-03-15]. [37] PENUMAKALA P K, SANTO J, THOMAS A. A critical re-
https://www.coriolis-composites.com/fiber-placement- view on the fused deposition modeling of thermoplastic
machines/coriolis-c5-compact/. polymer composites[J]. Composites Part B: Engineering,

[25]  HREE. LFERlimeR & A OSBRI [D]. 1R E: 2020, 201: 108336.

/R IE T K2, 2010. [38]  BR&EV, 25, XITF, 4. SR ey B MR e 552 S48
SHAO Zhongxi. Research on key technology of fiber place- B SR A BB AR B9 R RILR ], B Mk
ment machine[D]. Harbin: Harbin Institute of Techno- 1R, 2019, 36(4): 784-794.

logy, 2010(in Chinese). CHEN Jiping, LI Yan, LIU Weiping, et al. Development of

[26] SR/, REFRE, iAHK, 5. SCEE G AR A ZhEf 225 RIS AFP in-situ consolidation technology on continuous fiber
e (1], s hil g £ A, 2018, 61(7): 54-61. reinforced thermoplastic matrix composites in avia-
ZHANG Xiaohui, ZHU Yuxiang, ZHANG Shaogqiu, et al. tion[J]. Acta Materiae Compositae Sinica, 2019, 36(4):
Research progress on automated fiber placement techno- 784-794(in Chinese).
logy[J]. Aeronautical Manufacturing Technology, 2018, [39] TURNER B N, STRONG R, GOLD S A. A review of melt
61(7): 54-61(in Chinese). extrusion additive manufacturing processes: 1. Process

[27] ZHANGW, LIUF, TAO J, et al. Overview of current design design and modeling[J]. Rapid Prototyping Journal, 2014,
and analysis of potential theories for automated fibre 20(3): 192-204.
placement mechanisms[J]. Chinese Journal of Aeronau- [40] PAQUET E, VIKTOR H L. Molecular dynamics, monte
tics, 2022, 35(4): 1-13. carlo simulations, and langevin dynamics: Acomputation-

[28] AZAROV A, ANTONOV F, VASIL'EV V, et al. Development al review[J]. BioMed Research International, 2015,
of a two-matrix composite material fabricated by 3D 2015(1): 183918.
printing[J]. Polymer Science Series, 2017, 10: 87-90. [41] LEE D C, KWON G, KIM H, et al. Three-dimensional

[29] PERVAIZ S, QURESHI T A, KASHWANI G, et al. 3D print- Monte Carlo simulation of the electrical conductivity of


https://doi.org/10.1016/j.compstruct.2019.110987
https://doi.org/10.1108/01439910610651428
https://doi.org/10.1016/j.jmsy.2021.10.015
https://doi.org/10.1016/S0034-3617(11)70075-3
https://doi.org/10.4271/2020-01-0030
https://doi.org/10.4271/2020-01-0030
https://doi.org/10.4271/2020-01-0030
https://doi.org/10.1016/j.cja.2021.04.018
https://doi.org/10.1016/j.cja.2021.04.018
https://doi.org/10.1016/j.cja.2021.04.018
https://doi.org/10.3390/ma14164520
https://doi.org/10.3390/polym12071529
https://doi.org/10.1108/RPJ-08-2015-0098
https://doi.org/10.1115/1.4030993
https://doi.org/10.1016/j.compscitech.2023.110069
https://doi.org/10.1016/j.procir.2019.09.022
https://doi.org/10.1016/j.compositesb.2020.108336

H

&7

&5

T S £ Y3 SR I B M S A BERG { HE M T 1 T2 0 2 ROBLIR i 22 N AR UL O i TR

- 4515 -

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

carbon nanotube/polymer composites[]J].
Physics Express, 2012, 5(4): 045101.

LIU B, HUANG Y, JIANG H, et al. The atomic-scale finite

Applied

elementmethod[J].ComputerMethodsin Applied Mecha-
nics and Engineering, 2004, 193(17-20): 1849-1864.
ZHANG M, JIANG B, CHEN C, et al. The effect of tempera-
ture and strain rate on the interfacial behavior of glass
fiber reinforced polypropylene composites: A molecular
dynamics study[J]. Polymers (Basel), 2019, 11(11): 1766.
WANG X Q, JIAN W, BUYUKOZTURK O, et al. Degrada-
tion of epoxy/glass interface in hygrothermal environ-
ment: An atomistic investigation[J]. Composites Part B:
Engineering, 2021, 206: 108534.

YAN Y, XU J, ZHU H, et al. Molecular dynamics simula-
tion of the interface properties of continuous carbon
fiber/polyimide composites[J]. Applied Surface Science,
2021, 563: 150370.

DRISSI-HABTI M, EL ASSAMI Y, RAMAN V. Multiscale
toughening of composites with carbon nanotubes—
Continuous multiscale reinforcement new concept[J].
Journal of Composites Science, 2021, 5(5): 135.

JIANG B, ZHANG M, FU L, et al. Molecular dynamics simu-
lation on the interfacial behavior of over-molded hybrid
fiber reinforced thermoplastic composites[J]. Polymers
(Basel), 2020, 12(6): 1270.

YAN X, CAO P, TAO W, et al. Atomistic modeling at experi-
mental strain rates and timescales[J]. Journal of Physics
D: Applied Physics, 2016, 49(49): 493002.

BRENKEN B, BAROCIO E, FAVALORO A, et al. Fused fila-
ment fabrication
review[J]. Additive Manufacturing, 2018, 21: 1-16.

NGO ST, LIMYI, HAHN M H, et al. Prediction of degree of

of fiber-reinforced polymers: A

impregnation in thermoplastic unidirectional carbon
fiber prepreg by multi-scale computational fluid dyna-
mics[J]. Chemical Engineering Science, 2018, 185: 64-75.
BANERJEE R, RAY S S. Role of rheology in morphology de-
velopment and advanced processing of thermoplastic
polymer materials: A review[J]. ACS Omega, 2023, 8(31):
27969-28001.

AUSIAS G, DOLO G, CARTIE D, et al. Modeling and
numerical simulation of laminated thermoplastic com-
posites manufactured by laser-assisted automatic tape
placement(J]. International Polymer Processing, 2020,
35(5): 471-480.

GAROFALO J, WALCZYK D. In situ impregnation of con-
tinuous thermoplastic composite prepreg for additive
manufacturing and automated fiber placement[J]. Com-
posites Part A: Applied Science and Manufacturing, 2021,
147:106446.

WANG F, WANG G, NINGF, et al. Fiber-matrix impregna-

tion behavior during additive manufacturing of continu-

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

ous carbon fiber reinforced polylactic acid
composites [J]. Additive Manufacturing, 2021, 37: 101661.
YASHIRO S. Application of particle simulation methods to
composite materials: A review[J]. Advanced Composite
Materials, 2017, 26(1): 1-22.

MORIKAWA D, SENADHEERA H, ASAI M. Explicit incom-
pressible smoothed particle hydrodynamics in a multi-
GPU environment for large-scale simulations[J]. Compu-
tational Particle Mechanics, 2021, 8: 493-510.

LIU M, LI S. On the modeling of viscous incompressible
flows with smoothed particle hydro-dynamics[J]. Jour-
nal of Hydrodynamics, Ser. B, 2016, 28(5): 731-745.

YANG D, WU K, WAN L, et al. A particle element ap-
proach for modelling the 3D printing process of fibre rein-
forced polymer composites[J]. Journal of Manufacturing
and Materials Processing, 2017, 1(1): 10.

HE L, LU G, CHEN D, et al. Three-dimensional smoothed
particle hydrodynamics simulation for injection molding
flow of short fiber-reinforced polymer composites[]].
Modelling and Simulation in Materials Science and En-
gineering, 2017, 25(5): 055007.

MURMU U K, ADHIKARI J, NASKAR A, et al. Mechanical
properties of crystalline and semicrystalline polymer sys-
tems[J]. Encyclopedia of Materials: Plastics and Poly-
mers, 2022, 2: 917-927.

NING N, FU S, ZHANG W, et al. Realizing the enhance-
ment of interfacial interaction in semicrystalline poly-
mer/filler composites via interfacial crystallization[]].
Progress in Polymer Science, 2012, 37(10): 1425-1455.

LU X, DETREZ F, ROLAND S. Numerical study of the rela-
tionship between the spherulitic microstructure and iso-
thermal crystallization kinetics. Part 1. 2-D analyses[]J].
Polymer, 2019, 179: 121642.

DURIN A, CHENOT J L, HAUDIN J M, et al. Simulating
polymer crystallization in thin films: Numerical and
analytical methods[J]. European Polymer Journal, 2015,
73:1-16.

RUAN C, OUYANG J, LIU S. Multi-scale modeling and
simulation of crystallization during cooling in short fiber
reinforced composites[J]. International Journal of Heat
and Mass Transfer, 2012, 55(7-8): 1911-1921.

GRANASY L, PUSZTAI T, BORZSONYI T, et al. Phase field
theory of crystal nucleation and polycrystalline growth: A
review[J]. Journal of Materials Research, 2006, 21(2): 309-
319.

BAHLOUL A, DOGHRI I, ADAM L. An enhanced phase
field model for the numerical simulation of polymer crys-
tallization [J]. Polymer Crystallization, 2020, 3(4): e10144.
FAN M, HE W, LI Q, et al. PTFE crystal growth in compo-
sites: A phase-field model simulation study[J]. Materials,
2022, 15(18): 6286.


https://doi.org/10.1143/APEX.5.045101
https://doi.org/10.1143/APEX.5.045101
https://doi.org/10.1016/j.cma.2003.12.037
https://doi.org/10.1016/j.cma.2003.12.037
https://doi.org/10.1016/j.cma.2003.12.037
https://doi.org/10.3390/polym11111766
https://doi.org/10.1016/j.compositesb.2020.108534
https://doi.org/10.1016/j.compositesb.2020.108534
https://doi.org/10.1016/j.apsusc.2021.150370
https://doi.org/10.3390/jcs5050135
https://doi.org/10.3390/polym12061270
https://doi.org/10.3390/polym12061270
https://doi.org/10.1088/0022-3727/49/49/493002
https://doi.org/10.1088/0022-3727/49/49/493002
https://doi.org/10.1016/j.addma.2018.01.002
https://doi.org/10.1016/j.ces.2018.04.010
https://doi.org/10.1021/acsomega.3c03310
https://doi.org/10.1515/ipp-2020-350509
https://doi.org/10.1016/j.compositesa.2021.106446
https://doi.org/10.1016/j.compositesa.2021.106446
https://doi.org/10.1016/j.addma.2020.101661
https://doi.org/10.1080/09243046.2016.1222508
https://doi.org/10.1080/09243046.2016.1222508
https://doi.org/10.1007/s40571-020-00347-0
https://doi.org/10.1007/s40571-020-00347-0
https://doi.org/10.1088/1361-651X/aa6dc9
https://doi.org/10.1088/1361-651X/aa6dc9
https://doi.org/10.1088/1361-651X/aa6dc9
https://doi.org/10.1016/j.progpolymsci.2011.12.005
https://doi.org/10.1016/j.polymer.2019.121642
https://doi.org/10.1016/j.ijheatmasstransfer.2011.11.046
https://doi.org/10.1016/j.ijheatmasstransfer.2011.11.046
https://doi.org/10.1557/jmr.2006.0011
https://doi.org/10.3390/ma15186286

EEMRER

tion problems by coupling smoothed particles hydro-

dynamics and the discrete element method[D]. Leeds:

- 4516 -

[68] RAABE D, GODARA A. Mesoscale simulation of the kine- University of Leeds, 2017.
tics and topology of spherulite growth during crystalliza- [80] XIA H, LU J, TRYGGVASON G. Fully resolved numerical
tion of isotactic polypropylene (iPP) by using a cellular simulations of fused deposition modeling. Part II-solidi-
automaton[J]. Modelling and Simulation in Materials fication, residual stresses and modeling of the nozzle[]].
Science and Engineering, 2005, 13(5): 733. Rapid Prototyping Journal, 2018, 24(6): 973-987.

[69] FANG H, WANG X, GU J, et al. A novel crystallization [81] LIUY, MUKHERJEE S, NISHIMURA N, et al. Recent ad-
kinetics model of transcrystalline used for crystallization vances and emerging applications of the boundary ele-
behavior simulation of short carbon fiber-reinforced poly- ment method[J]. Applied Mechanics Reviews, 2011,
mer composites[J]. Polymer Engineering & Science, 64(3): 030802.

2019, 59(4): 854-862. [82] ML, BRW, T, % BT H iR P E &

[70] SPINA R, SPEKOWIUS M, HOPMANN C. Multiphysics AT [ Ak B T 9 0 i IR AT o R 2 e RE (D).
simulation of thermoplastic polymer crystallization[]J]. MEHT:4R, 2019, 33(5): 894-900.

Materials & Design, 2016, 95: 455-469. CAO Zhongliang, FU Hongya, FU Yunzhong, et al. A re-

[71] HALL KW, SIRK T W, KLEIN M L, et al. A coarse-grain view of robotic prepreg placement and in-situ consolida-
model for entangled polyethylene melts and polyethy- tion for manufacturing fiber-reinforced thermoplastic
lene crystallization [J]. The Journal of Chemical Physics, composites: Heat transfer behavior and interlaminar
2019, 150(24): 244901. properties[J]. Materials Reports, 2019, 33(5): 894-900(in

[72] ELHAJJAR R, GRANT P N, ASHFORTH C. Composite Chinese).
structures: Effects of defects[M]. Hoboken, NJ: John [83] KOLLMANNSBERGER A, LICHTINGER R, HOHENESTER
Wiley & Sons, Ltd, 2018: 43-84. F, et al. Numerical analysis of the temperature profile dur-

[73] MEHDIKHANI M, GORBATIKH L, VERPOEST I, et al. ing the laser-assisted automated fiber placement of CFRP
Voids in fiber-reinforced polymer composites: A review tapes with thermoplastic matrix[J]. Journal of Thermo-
on their formation, characteristics, and effects on mecha- plastic Composite Materials, 2017, 31(12): 1563-1586.
nical performance[J]. Journal of Composite Materials, [84] SUN Q, RIZVI G, BELLEHUMEUR C, et al. Effect of pro-
2019, 53(12): 1579-1669. cessing conditions on the bonding quality of FDM poly-

[74] PITCHUMANI R, RANGANATHAN S, DON R, et al. Analy- mer filaments [J]. Rapid Prototyping Journal, 2008, 14(2):
sis of transport phenomena governing interfacial bond- 72-80.
ing and void dynamics during thermoplastic tow-place- [85] RODRIGUEZ ] F, THOMAS ] P, RENAUD ] E. Mechanical
ment[J]. International Journal of Heat and Mass Trans- behavior of acrylonitrile butadiene styrene fused depo-
fer, 1996, 39(9): 1883-1897. sition materials modeling[J]. Rapid Prototyping Journal,

[75] POLYZOSE, KATALAGARIANAKIS A, POLYZOS D, et al. A 2003, 9(4): 219-230.
multi-scale analytical methodology for the prediction of [86] FANC, SHAN Z, ZOU G, et al. Interfacial bonding mecha-
mechanical properties of 3D-printed materials with con- nism and mechanical performance of continuous fiber re-
tinuous fibres[J]. Additive Manufacturing, 2020, 36: inforced composites in additive manufacturing[J].
101394. Chinese Journal of Mechanical Engineering, 2021, 34(1):

[76] SENTHIL K, AROCKIARAJAN A, PALANINATHAN R, et al. 21.

Defects in composite structures: Its effects and predic- [87] LIZ YANG T, DU Y. Dynamic finite element simulation
tion methods—A comprehensive review[J]. Composite and transient temperature field analysis in thermoplastic
Structures, 2013, 106: 139-149. composite tape lay-up process[J]. Journal of Thermo-

(771 skdE, S, FeAS . 035 8 7 2 78 Wi 24 7 408 B F 9 plastic Composite Materials, 2015, 28(4): 558-573.

J& (7). f12ik R, 2022, 52(4): 852-873. [88] BRASINGTON A, FRANCIS B, GODBOLD M, et al. A re-
ZHANG Heng, ZHANG Xiong, QIAO Pizhong. Advances of view and framework for modeling methodologies to ad-
peri-dynamics in fracture mechanics[J]. Advances in vance automated fiber placement[J]. Composites Part C:
Mechanics, 2022, 52(4): 852-873(in Chinese). Open Access, 2023, 10: 100347.

[78] NISHIKAWA M, MATSUDA N, HOJO M. Fiber-reinforced [89] YADAV N, SCHLEDJEWSKI R. Review of in-process
composites modeling using peridynamics[M]. Peridy- defect monitoring for automated tape laying[J]. Compo-
namic Modeling, Numerical Techniques, and Applica- sites Part A: Applied Science and Manufacturing, 2023,
tions. Amsterdam: Elsevier, 2021: 309-326. 173: 107654.

[79] WU K. Computational modelling of fluid-solid interac- [90] GELIK O, PEETERS D, DRANSFELD C, et al. Intimate con-

tact development during laser assisted fiber placement:

Microstructure and effect of process parameters[J]. Com-


https://doi.org/10.1088/0965-0393/13/5/007
https://doi.org/10.1088/0965-0393/13/5/007
https://doi.org/10.1177/0021998318772152
https://doi.org/10.1016/0017-9310(95)00271-5
https://doi.org/10.1016/0017-9310(95)00271-5
https://doi.org/10.1016/0017-9310(95)00271-5
https://doi.org/10.1016/j.addma.2020.101394
https://doi.org/10.1016/j.compstruct.2013.06.008
https://doi.org/10.1016/j.compstruct.2013.06.008
https://doi.org/10.6052/1000-0992-22-023
https://doi.org/10.6052/1000-0992-22-023
https://doi.org/10.6052/1000-0992-22-023
https://doi.org/10.1108/RPJ-11-2017-0233
https://doi.org/10.1115/1.4005491
https://doi.org/10.11896/cldb.201905022
https://doi.org/10.11896/cldb.201905022
https://doi.org/10.1108/13552540810862028
https://doi.org/10.1108/13552540310489604
https://doi.org/10.1186/s10033-021-00538-7
https://doi.org/10.1177/0892705713486135
https://doi.org/10.1177/0892705713486135
https://doi.org/10.1177/0892705713486135
https://doi.org/10.1016/j.jcomc.2023.100347
https://doi.org/10.1016/j.jcomc.2023.100347
https://doi.org/10.1016/j.compositesa.2023.107654
https://doi.org/10.1016/j.compositesa.2023.107654
https://doi.org/10.1016/j.compositesa.2023.107654
https://doi.org/10.1016/j.compositesa.2020.105888

s
P
&7

&5

T S £ Y3 SR I B M S A BERG { HE M T 1 T2 0 2 ROBLIR i 22 N AR UL O i TR

- 4517 -

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

posites Part A: Applied Science and Manufacturing, 2020,
134:105888.

CHENG J, ZHAO D, LIU K, et al. Modeling and impact
analysis on contact characteristic of the compaction roller
for composite automated placement[J]. Journal of Rein-
forced Plastics and Composites, 2018, 37(23): 1418-1432.
DU J, WEI Z, WANG X, et al. An improved fused depo-
sition modeling process for forming large-size thin-
walled parts[J]. Journal of Materials Processing Techno-
logy, 2016, 234: 332-341.

PHAN D D, HORNER]J S, SWAIN Z R, et al. Computational
fluid dynamics simulation of the melting process in the
fused filament fabrication additive manufacturing tech-
nique[J]. Additive Manufacturing, 2020, 33: 101161.
THIEN N P, TANNER R I. A new constitutive equation de-
rived from network theory[J]. Journal of Non-Newtonian
Fluid Mechanics, 1977, 2(4): 353-365.

FUY, YAO X. Multi-scale analysis for 3D printed continu-
ous fiber reinforced thermoplastic composites[J]. Com-
posites Science and Technology, 2021, 216: 109065.
SIMACEK P, ADVANI S G, GRUBER M, et al. A non-local
void filling model to describe its dynamics during pro-
cessing thermoplastic composites[J]. Composites Part A:
Applied Science and Manufacturing, 2013, 46: 154-165.
JEBAHI M, DAU F, CHARLES J L, et al. Multiscale model-
ing of complex dynamic problems: An overview and
recent developments[J]. Archives of Computational
Methods in Engineering, 2016, 23: 101-138.

SUN S, HAN Z, ZHANG ], et al. Multiscale collaborative
process optimization method for automated fiber place-
ment[J]. Composite Structures, 2021, 259: 113215.
TOHIDI S D, ROCHA A M, DOURADO N, et al. Influence
of transcrystalline layer on finite element mesoscale
modeling of polyamide 6 based single polymer laminate
composites [7]. Composite Structures, 2020, 232: 111555.
LIU F, WANG S, ZHANG W, et al. Mechanical and interfa-
cial analysis of 3D-printed two-matrix continuous carbon
fibre composites for enhanced structural performance[J].
Composites Part A: Applied Science and Manufacturing,
2024, 180: 108105.

CHENG Z Q, LIU H, TAN W. Advanced computational
modelling of composite materials[J]. Engineering Frac-
ture Mechanics, 2024, 305: 110120.

NIKNAFS S, SILANI M, CONCLIF, et al. A coarse-grained
concurrent multiscale method for simulating brittle frac-
ture[J]. International Journal of Solids and Structures,
2022, 254:111898.

MARKESTEIJN A, KARABASOV S, SCUKINS A, et al. Con-

current multiscale modelling of atomistic and hydro-

(104]

(105]

(106]

(107]

(108]

(109]

[110]

[111]

[112]

[113]

(114]

[115]

dynamic processes in liquids[J]. Philosophical Transac-
tions of the Royal Society A: Mathematical, Physical and
Engineering Sciences, 2014, 372(2021): 20130379.

WANG C, TAN X P, TOR S B, et al. Machine learning in
additive manufacturing: State-of-the-art and perspec-
tives[J]. Additive Manufacturing, 2020, 36: 101538.
WANIGASEKARA C, OROMIEHIE E, SWAIN A, et al. Ma-
chine learning based predictive model for AFP-based uni-
directional composite laminates[J]. IEEE Transactions
on Industrial Informatics, 2019, 16(4): 2315-2324.
BISHARA D, XIE Y, LIU W K, et al. A state-of-the-art re-
view on machine learning-based multiscale modeling,
simulation, homogenization and design of materials[J].
Archives of Computational Methods in Engineering, 2023,
30(1): 191-222.

XIAO S, HU R, LI Z, et al. A machine-learning-enhanced
hierarchical multiscale method for bridging from molecu-
lar dynamics to continualJ]. Neural Computing and
Applications, 2020, 32: 14359-14373.

INGOLFSSON H I, BHATIA H, AYDIN F, et al. Machine
learning-driven multiscale modeling: bridging the scales
with a next-generation simulation infrastructure(J].
Journal of Chemical Theory and Computation, 2023,
19(9): 2658-2675.

FONTES A, SHADMEHRI F. Data-driven failure predic-
tion of fiber-reinforced polymer composite materials[J].
Engineering Applications of Artificial Intelligence, 2023,
120: 105834.

TANG Y, WANG Q, CHENG L, et al. An in-process inspec-
tion method integrating deep learning and classical
algorithm for automated fiber placement[J]. Composite
Structures, 2022, 300: 116051.

CAI R, WEN W, WANG K, et al. Tailoring interfacial pro-
perties of 3D-printed continuous natural fiber reinforced
polypropylene composites through parameter optimiza-
tion using machine learning methods[J]. Materials Today
Communications, 2022, 32: 103985.

SHEN T, LI B. Digital twins in additive manufacturing: A
state-of-the-art review[J]. The International Journal of
Advanced Manufacturing Technology, 2024, 131: 63-92.
WANG Y, TAO F, ZUO Y, et al. Digital-twin-enhanced
quality prediction for the composite materials[J]. Engi-
neering, 2023, 22: 23-33.

POLINI W, CORRADO A. Digital twin of composite as-
sembly manufacturing process[J]. International Journal
of Production Research, 2020, 58(17): 5238-5252.

SOORI M, AREZOO B, DASTRES R. Digital twin for smart
manufacturing: A review[J]. Sustainable Manufacturing

and Service Economics, 2023, 2: 100017.


https://doi.org/10.1016/j.compositesa.2020.105888
https://doi.org/10.1177/0731684418798151
https://doi.org/10.1177/0731684418798151
https://doi.org/10.1177/0731684418798151
https://doi.org/10.1016/j.jmatprotec.2016.04.005
https://doi.org/10.1016/j.jmatprotec.2016.04.005
https://doi.org/10.1016/j.jmatprotec.2016.04.005
https://doi.org/10.1016/j.addma.2020.101161
https://doi.org/10.1016/0377-0257(77)80021-9
https://doi.org/10.1016/0377-0257(77)80021-9
https://doi.org/10.1016/0377-0257(77)80021-9
https://doi.org/10.1016/0377-0257(77)80021-9
https://doi.org/10.1016/j.compscitech.2021.109065
https://doi.org/10.1016/j.compscitech.2021.109065
https://doi.org/10.1016/j.compositesa.2012.10.015
https://doi.org/10.1016/j.compositesa.2012.10.015
https://doi.org/10.1007/s11831-014-9136-6
https://doi.org/10.1007/s11831-014-9136-6
https://doi.org/10.1016/j.compstruct.2020.113215
https://doi.org/10.1016/j.compstruct.2019.111555
https://doi.org/10.1098/rsta.2013.0379
https://doi.org/10.1098/rsta.2013.0379
https://doi.org/10.1098/rsta.2013.0379
https://doi.org/10.1098/rsta.2013.0379
https://doi.org/10.1016/j.addma.2020.101538
https://doi.org/10.1007/s11831-022-09795-8
https://doi.org/10.1007/s00521-019-04480-7
https://doi.org/10.1007/s00521-019-04480-7
https://doi.org/10.1021/acs.jctc.2c01018
https://doi.org/10.1016/j.engappai.2023.105834
https://doi.org/10.1016/j.compstruct.2022.116051
https://doi.org/10.1016/j.compstruct.2022.116051
https://doi.org/10.1016/j.mtcomm.2022.103985
https://doi.org/10.1016/j.mtcomm.2022.103985
https://doi.org/10.1016/j.eng.2022.08.019
https://doi.org/10.1016/j.eng.2022.08.019
https://doi.org/10.1016/j.eng.2022.08.019
https://doi.org/10.1080/00207543.2020.1714091
https://doi.org/10.1080/00207543.2020.1714091

	1 连续纤维热塑性复合材料增材制造典型装备及成型过程
	2 多尺度工艺力学仿真研究进展
	2.1 微观工艺力学模拟方法
	2.2 介观尺度工艺力学模拟方法
	2.3 宏观工艺力学方法
	2.4 多尺度模拟

	3 讨论与展望
	3.1 数据驱动算法辅助多尺度模拟工艺机制研究
	3.2 基于数字孪生的复合材料增材制造

	4 结 论
	参考文献

