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Progress on Continuous Fiber—-reinforced Thermoplastic Composites

Thermoforming Simulation
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Abstract  Continuous fiber—reinforced thermoplastic composites (CFRTP) have been widely used in civil and
military fields such as aerospace and avitation, automotive, energy and marine engineering, due to their excellent
mechanical properties, fatigue resistance and design flexibility. In order to meet the requirements of large—scale,
efficient and low—cost production, simulation can be used in the CFRTP product development stage instead of
expensive trial—error tests. In this paper, various methods of CFRTP thermoforming simulation are introduced in
detail, and the advantages and limitations for each method are summarized. In addition, the research emphases and
development trends of CFRTP molding simulation in the future are prospected.
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BHOE PTRE S T B R IR EOR IR RCR AR,
RAMGULAM %51\ Ny, AR PRGN A BR 7T /0 B i) i
LJr Z LR AT D ARG AL 1 o3 R T2
bt i P O e K R AR JE T 6. BRI, 4R

TR AR B I A . A
P — T T3 LA A A3k, i xR (1) L (2) i
LA T S AR S A2 L

1

[ T ¢ L T EKL’,/—I . Ai,f—]
! (1)
_EKL'—L/"AL'—L/
1
o +Bi,/' =m + EKiJ : Ai,/' (2)

K, KEm TR, o BRHEY N M 884
BB A A 25 R R S DI R , W] DA
AT INE ER B IR) Y X Ak R g oA T
TR B BEAEE T o X RIS ANR s 1) 0 /R8T s W]
HTY Bz g/ R 6 )y, b m e RER
FRIT T o

BHOE F LR R T R o AR A B
MST AT, i LA 202 TR B 21 4 52 2 () ILACPE R
DL CEATTZ IR A BAE T, P A 8 U AR 2
[i) 2 R B AR 1, AR E S NI B 2 B AR S . B
e E H AN R b B /NEcE: ) 50T, 9F B
XA —WEANTE B 5 BT A R L
I, B IOV AR I TR S R AL (%) E AR PR A
B BB AT o B ) A A A
REARAS IE A AR 2 0 T 2247 0, H A3 A
FH B BB R A /0N, AT 53 BT b 3 1> SR ) B A
U
2.3 FEEUE

LB ORI R E A R A R T .
— 5T, 5B EOE R OB 1 AT R R R LAY
2 L A BN B Cndr A 1 P9 35 D) sl A ) 5 5 —
D71, 5 3 S AR R 7 2 K A R EE A 7
LB IT NS, AT AR 25 B MOk R B2 2 85005 34 3|
TR B 2 B R TR Y

HAMILA 88538 7 — Bl 2% S8 A A w55 1)
TN =25 AT, B2 FIER Ly I [a) AR T ool
T2 AT R, AL S 02 38 3 A v L (e 01 i b 1z e
WIS E . 522 HAMILA 25508k )7 3 R B Bl
SMICET, bR T 25 R A R EE - 1P 5 YR EE
ZAN A T A NI o AT A el A S i
IS 25 2 B T Y 25 i it 23 ek A S R B A
1521, 50 Bl 2 2 PR P RS A 0 BRI R SR b T
FERY =R NI G520 . CHEN 2557 82 il 98 1 U,
AU CFRTP WY )Z R BT U147 R 480 T —F 26
HORG S A AR  RIR R B AN & 7 B o A A v
THA /NS RAE =GN R BT, RS
PIAVEE SRR 2 BT UL, BRI IR TN
TR R AN () 7 A R AR A 4 T PN BY

FHAE T L hip://www.yhclgy.com  20224F 45 434



F1 0o A AR, AT AR DL I R X I A8 4R ) 5
ﬂ@ﬂﬁﬂo WANG SR Z AR A FE Rt E 2% 08 T 48 5
WA 30 AN R B 2 A 5 7 e A B D) A S il
BALL T 2 2 CFRTP PAJS B i e v 1) 42 fph B 42, -l

FHHEAR W) e Tk AT A, 0 BT 21 0 2 57 1)

Fi RIS A A 5 PR S 4 R W) 5

Resin

Textile reinforcement
K7 ZE B kR

Fig. 7 Visco—elastic model for laminates

BTG B A G N Kk (G A 5K
u&ﬁlﬁyﬁ)ﬁﬂ NS 27 N Ll ol U= W i
SEA i M SE SCAE— A Ui b T HLX S =
%ﬁlTUﬁﬁE’*MﬂE’Jﬁ/@W [EERE IR I
LA T LS 2 A IROCEOR — i i 1, 9 HLam ad %
R A FRITER T IHEAT 8 75 AT 4k i S i e, oE T

femt R
3 4iE

H I, 7 CFRTP B A4 475 L 0 AT 77 7E — L6
HE B ) B R, A — R R4
() 38 [ BT R A o0 B B 2R s /D XoF ol 784 ke o ol A
PLERRPRER , HOR TSR E oo R, 7240 W
T R A ) A DG SCHR TR RT DL L R — A [
W 2 RO BDR BT B R S B R 2 — A B
Kk

ST, 3R E CFRTP B R L5 BT 15 81
TESCI BB, M AN TR 2 L PR A P TR oK .
TR SRR CFRTP AL i A 77 B i >R A = R A
A FE T EE M E T2, X CFRTP A (A48 B
IR B A A G I A A R i B A T I 2
— fEAR P RA T

S 3k

(1] k. B4 0822 IM]. ot i
1994
SHEN G L. Mechanics of composite materias[ M ]. Beijing:

N Y TE

Tsinghua Univer@ity Press, 1994

(2] %A IR . i G122 18 5 A8 53 5 BEORFAIE K2 Kz ]
[J]. mRHE LR 4R 1], 2016,41(6) 1 1-5,23.

CAIF Q. CFRT development and application[]J]. Hi-Tech
Fiber & Application, 2016, 41(6): 1-5,23.

(3] 0/ BRI, sk B8, 2 . SEBUY REDRCHR Y Bk 2T 4
PR RELT]. MR, 2010,24(3) 1 1-5, 10,

YANG X P,HUANG Z B, ZHANG Z Y, et al. Application

FHIMEIT.Z  hitp://www.yhelgy.com  20224F 45 43

progress of carbon fiber composites for energy saving and
emission reduction[ J ]. Materials Reports, 2010, 24(3):1-5,10

(4] 32 SIBPEHLL W TR R A R A5 BRI 5 K A B4
BT R R [D ] B RSSO, 2018.

GONG Y K. Research on constitutive model of woven fabric
themoplastic prepergs and its application in thermo—stamping
simulation[ D ]. Shanghai: Shanghai Jiaotong University, 2018

[5] E¥. EabRHG ML im0y 5 SRR R AR
WEFE[D ] WARIEE : IR Tl K2, 2013.

WANG T. Research on fiber draping and feature modeling
of composite material [D]. Harbin: Harbin Institute of
Technology, 2013

[6] MACK C, TAYLOR H M. The fitting of woven cloth to
surfaces|[ J]. Journal of the Textile Institute Transactions, 1956,
47(8): 477-488.

[7] VAN DER WEEEN F. Algorithms for draping fabrics
International  Journal for

Numerical Methods in Engineering, 1991, 31(7): 1415-1426.
[8] BOROUCHAKI H, CHEROUAT A.

on doubly—curved surfaces [J].

Drapage
géométrique des composites [J]. Comptes Rendus Mécanique,
2003, 331(6): 437-442.

(9] i, RIS, BERUBH, 45 . 6T i 5 6L A0~ T 41
Yy el W S Bk L] A BB AR, 2014, 31(1) -
227-233.

YANG B, JINT G, BI F Y, et al. An improved fishnet
algorithm based on surface information for flat woven draping
[J]. Acta Materiae Compositae Sinica, 2014, 31(1): 227-233

[10] KAUFMANN M, ZENKERT D, AKERMO M. Cost/
weight optimization of composite prepreg structures for best
draping strategy [J]. Composites Part A: Applied Science and
Manufacturing, 2010, 41(4) : 464-472.

[11] SHARMA S B, SUTCLIFFE M P F. A simplified
finite element model for draping of woven material [1l.
Composites Part A: Applied Science and Manufacturing, 2004,
35(6): 37-43.

[12] HAMILA N, BOISSE P, CHATEL S. Finite element
simulation of composite reinforcement draping using a three node
International Journal of Material
Forming, 2008, 1(1): 867-870.

[13] BOUBAKER B B, HAUSSY B, GANG-HOFFER ]

semi discrete triangle [J].

F. Discrete models of woven structures. Macroscopic approach
[J]. Composites Part B: Engineering, 2007, 38(4): 498-505.
[14] DONG L, LEKAKOU C, BADER M G. Processing of
composites: simulations of the draping of fabrics with updated
material behaviour law [J].
2001, 35(2): 138-163.
[15] HSIAO S W, KIKUCHI N. Numerical analysis and

Journal of Composite Materials,

optimal design of composite thermoforming process [J].
Computer Methods in Applied Mechanics & Engineering, 1999,
177(1): 1-34

— 95 —



[16] YU W R, POURBOGHRAT F, HUNG K, et al. Non—
orthogonal constitutive equation for woven fabric reinforced
thermoplastic composites[]]. Composites Part A, 2002, 33(8):
1095-1105.

[17] GUZMAN-MALDONADO E, HAMILA N, BOISSE
P, et al. Thermomechanical analysis, modelling and simulation
of the forming of preimpregnated thermoplastics composites [ J].
Composites Part A: Applied Science and Manufacturing, 2015,
78(2): 11-22.

[18] BOISSE P, HAMILA N, VIDAL-SALLE E, et al.
Simulation of wrinkling during textile composite reinforcement
forming. Influence of tensile, in—plane shear and bending stiffnesses
[J]. Composites Science and Technology,2011,71(5) :683-692.

[19] HARRISON P. Modelling the forming mechanics of
engineering f-abrics using a mutually constrained pantographic
beam and membrane mesh [J]. Composites Part A: Applied
Science and Manufacturing,2016,81:145-157.

[20] SJOLANDER J, HALLANDER P, AKERMO M.
Forming induced wrinkling of composite l-aminates : A numerical
study on wrinkling mecha—nisms [J]. Composites Part A:
Applied Science and Manufacturing,2016,81:41-51.

[21] BOISSE P, COLMARS J, HAMILA N, et al. Bending
and wrinkling of composite fiber preforms and prepregs. A review
and new developments in the draping simulations [J].
Composites Part B: Engineering, 2018, 141: 234-249.

[22] DORR D, SCHIRMAIER F J, HENNING F, et al. A
viscoelastic approach for modeling bending behavior in finite
element forming simulation of continuously fiber reinforced
composites [J]. Composites Part A: Applied Science and
Manufacturing, 2017, 94: 113-123.

[23] SOULAT D, CHERUET A, BOISSE P. Simulation of
continuous fibre reinforced thermoplastic forming using a shell
finite element with transverse stress|J |. Computers & Structures,
2006,84(13) :888-903.

[24] BOISSE P, AIMENE Y, DOGUI A, et al.
Hypoelastic,  hyperelastic,  discrete and  semi—discrete
approaches for textile composite reinforcement forming [J].
International Journal of Material Forming, 2009, 3 (2): 1229-
1240.

[25] SIDHU R, AVERILL R C, RIAZ M, et al. Finite
element analysis of textile composite preform stamping [J].
Composite Structures, 2001, 52(3): 483-497.

[26] JAUFFRES D, SHERWOOD J A, MORRIS C D, et
al. Discrete mesoscopic modeling for the simulation of woven—
fabric reinforcement forming[ J]. International Journal of Material
Forming,2009,3(2) : 1205-1216.

[27] FETFATSIDIS K A, JAUFFRe&S D,SHERWOOD J A, et

al. Characterization of the tool/fabric and fabric/fabric friction for
woven—fabric composites during the thermostamping process [ J].
International Journal of Material Forming, 2011, 6(2): 209-221.

[28 ] HARRISON P, YU W-R, LONG A C. Rate dependent
modelling of the forming behaviour of viscous textile composites[ J ].
Composites Part A: Applied Science and Manufacturing, 2011, 42
(11): 1719-1726.

[29] BOISSE P, HAMILA N, MADEO A. Modelling the
development of defects during composite reinforcements and prepreg
forming[]]. Philos. Trans. A Math Phys. Eng. Sci.,2016,374
(2071): 20150269.

[30] BOISSE P, HAMILA N, MADEO A. The structural
integrity of carbon fiber composites [M]. Analysis of Defect
Developments in Composite Forming. Cham: Springer, 2017:
319-337.

[31] RAMGULAM R B, POTLURI P. Approximate analysis
of forming forces in woven preforms [J]. International Journal of
Material Forming, 2009, 3(2): 1183-1188.

[32] AIMeNE Y, VIDAL-SALLE E, HAGeGE B, etal. A
Hyperelastic approach for composite reinforcement large
deformation analysis[J]. Journal of Composite Materials 2009 ,44
(1):5-26.

[33] GATOUILLAT S, BAREGGI A, VIDAL-SALLE E, et al.
Meso modelling for composite preform shaping - Simulation of the
loss of cohesion of the woven fibre network [ ] ]. Composites Part A :
Applied Science and Manufacturing,2013,54: 135-144.

[34] BUSSETTA P, CORREIA N. Numerical forming of
continuous fibre reinforced composite material: A review [T].
Composites Part A : Applied Science and Manufacturing , 2018, 113 :
12-31.

[35] HAMILA N, BOISSE P. Simulations of textile composite
reinforcement draping using a new semi—discrete three node finite
element [ J]. Composites Part B: Engineering, 2008, 39(6):999-
1010.

[36] HAMILA N, BOISSE P, SABOURIN F, et al. A semi-
discrete shell finite element for textile composite reinforcement
forming simulation[J ]. International Journal for Numerical Methods
in Engineering, 2009, 2(1 ): 1443-1466

[37] CHEN Q, BOISSE P, PARK C H, et al. Intra/inter—ply
shear behaviors of continuous fiber reinforced thermoplastic
composites in thermoforming processes[J]. Composite Structures,
2011, 93(7): 1692-1703.

[38] WANG P, HAMILA N, BOISSE P. Thermoforming
simulation ofmultilayer composites with continuous fibres and
thermoplastic matrix[ J]. Composites Part B: Engineering, 2013,
52:127-136

FHIMEIT.Z  hitp://www.yhelgy.com  20224F 5543



