A N 7 78
i‘j‘iﬁiIQ' COVER STORY

FIXH K HEFA, B F IR, HAHE, 5. 2E LR LRI 58 M M A HIE R B T LB R[] A #)iER R, 2023, 66(15): 24-37.
CHEN Hongda, CAO Dongteng, HU Haixiao, et al. A review on thermo-forming process and simulation progresses of continuous

fibre reinforced thermoplastic plastics[J]. Aeronautical Manutacturing Technology, 2023, 66(15): 24-37.

EGEAYIG BB YEE S EIRERE
ITZHRHRE

BREIE" ERR, BHERS, F4kiE', T 20, ¢ A, REF , ZE5EK, BFEE
(1. KR L RFHHLESHRREARE L EHET, XX 430070;
2. R RAF EH AR AL LR TS P S L A E T, 4L 528000;
3. KRNI T K F IR, KX 4300705
4, KX IR FHAAFE TSR, KiX 430070)

[HEE ] 20 o Y30 3% M &M (CoFRTP) B 45 4% B P 2y sk AL JB) B 42 2 =T el R S48 %5, AL E AT R
B AT IRIAE FAIRAE BN SR . HERAE T EALZEERE MMRAGHRBFE 2 XE, eg T EF
BRI EH S , AR R F R PHHREN LR, TS S 580045, TR0 5 & A48 % 4T L R 40
R EHEKFREHM, S HA A F ARG8T BG B R B R KB, . L IRAE o iR A5 Ik & L B ok
B B, 3R SRR A SRR, AL E SRR R TR AN A PR U HAEAF A ikt AT 4R . A XM CoFRTP
o ILAR B % K A R R LA R R IR R R A VAT Ay ik 3 AT BT, RGBSR

IAEHRATRER . AI A CoFRTP &2k Ffe 3 i 2 A AR IL 3035 F, 3148 0 09 Mk it fe A2 B R A B 3 S04E A .
KR E B A Y3 R MBS A4 (CoFRTP) 5 #ERA T ¥, Lt Hl
DOI: 10.16080/j.issn1671-833x.2023.15.024

BIFFRG, T¥E L, ARTEA
BRSSP IEFESEMILT,

24 WisshEEEA - 202345 665 5 151]

i 5 T 5531 L A R R ] A8 ) 58
b DL RS A T SR Y H 2535
KR T R A R RS A AR
RE WA AR 2 A A 28 it R BB
BRI E R RZ—0 A
T R S R R K S, i
CF i A E B SRR R T
Pl & I Z 2 T T iz ikl 8k
T, AR RS A A AR 9 [ Se P )
RRUR 22 NARA T i — 25 & J 1
R, ST YR AP E A MR
( CoFRTP ) ELAG 5 111 45 IR e | 1 784 )]

s R AMF A % - R B —RLT S

e S nT [RSOR R AR A R A ke ]
R R RS A Ras e 2 — . R,
PR T AR IR AR
BT G B T 2R BT A
Pz EMA Y, aE 1 TR P H A
HEERXE SRR LERNER
T —ARHLIL 544 “Wing of Tomorrow
(WOT)” Ii H, & JF & 5] 3 5%
CoFRTP # it e ol 78 41 35 38 il 45 440 5
(7] o 25 T A o R B Y T2 i 2L 3
5% CoFRTP [ 7F %5 7% H& LU 417U 1L 32
TS BB & A R SORTRE IR IR

*BEEE: L REERE S H AR AE LREM L4 o0 (B LAl s2 5 =) FFE 4
( XHT2020-002 ) ; Hr e A SRR 55 2% £ 35 55 4: ( WUT20211VA068 ) 5 I TR 2E 30
Ui 9 FAE A FE R 410 H ( 2023TVA076 ) 5 5K H SRFHFAIE 4 (52273080.12202325 ).



AT
COVER STORY £)1‘ mix?‘

A s eSS ) TN

A MOR R i R A Rl G 2
SMENZER A, , W24 5 g HEAG Al
JEEJEAR A TR s ) 7 v ] g
Al TS BHERIA Y 51 K 845 Fh
B, T B IR A A v e B LA
P B e ik e [, 5 | A ) e ke
P R bR T A SO E ARG
HRA AR IR INE gt it
B T2 DR e e S 2
W, 52 A DRI A4 ry i 2 AR Rz FH 1 2%
G F BN MG BT B T2
2P I UE IR A T L0 IR 55 22 PR
o BEXTLL AL, R E e R Tl
K2# Schug!™ FIEE /R JEHLT.
2% Frank Henning #4Z 1L ")
P& TR A AR 1 R A5 H SN E
I — R T2 - 505 B - iRd% T
DV — M- &, BEERREmE G

4

(a) iﬁmﬁf}%gﬁiﬁﬁpmﬂ(gﬁbjﬂ
05 e SR I P

(b) BLTHYEsRPPSE AR 2 %
A380MLIE Fif Lt iy Fr 1

(c) By amtEE St st
1 CoFRTP HEFMEFEM = ARF
HREIRRZE _ERI R A
Fig.1 Application of CoFRTP hot pressed
parts in airspace and new energy vehicles

BRI R, 2 AR 1
il R, BT RIRINE gk 15
T ERRAE KR T 25 i R BR A , 3
WHVRRITE 25 R Refis
IR TR 1 R N 1 1IR3,
PBEEIIECR, Karger % R T
AR T 2R A Tt
ARSI N IR E s N
L8 H T2 A MR A T ST
BB . BT T A0 B e Rk
FRARAL , 24 T 25 B3R 3 i 1 b v 22
SRUAG (SR TORE 45 2 B ),
B G IR R AME RE 27462
£F 45 145 8 WL B S5 R 1 B A,
gl B AR R AR e AT S R A AR 1
TERUEFEAR AL . 220 240 AR,
AN W AT B R R R R AN
T il T 22580, 56 EZ A
RG], P & T SR il 1
LA =

52 AL A i 3 2o A v A
(B R R A 28, 3R AR A ME
SEMTETT A A B S B BUA R T
IS, SRR T A A
RS Z B R TSk
JARZI N S O e a1 TG BB O
PLUTF MR e . (1) 25 I il
T AR e TS ET M
BT RS RLE, R L IME
EEFE T, TEAS MR {1 IR A3 2R
4RI T 5 30T 1) 2 174 A 42 X6 ) 4y
BRI AR (2) It Bl
RUJFEL A DGR, A s i R v A A
BRI S T 2250, P FT il v 1
P SRR — 8 SR AT
BN AZE ., 3 1R, %
il T2 R B A BRAR 4> R 3 54

EY R T ERIEE N TR
PO AN, A T 2 R — 2R
7, T2 &K T RRum A
TR o LB BT R 1
W 5 PUNES AN, T T 2
WITHEIE, il & A — 2 B
INBNTUHLSARCR . SR 2 TE
BEitE % Tl v T2 FE R T
FEAME MR R A Bt 25 18 T
A3 lRE T2 m PR 2 AE RG] R 76 i
FRAIANHUR B 75 2 2 kA fg
ARAG AT HEAZ B A5G | B il A AN 2
AT g 3 & X Tl T
LIEFRSE TR T AR F ARG
HME N5 R T rh 25 L& T A
B S R 2R i £ Aa A ) SN
LR SRR 23, BE 58
G A BT SR P S E
i 2= T S5+ AR A B 4, B2 )
AT SEELE A MR RS | =R
W, W I KR
R T S 2D U R R
F1 CoFRTP #4 J& ik Y il it oo 7% 2
fife, v R A J O & T AE N A AR
R T & 5 B A 46 WL
AniForm"” 1 PAM-Form"*, % 4},
ALt A LR HEA =
YO RAEHH) ABAQUS #1 LS-Dyna
AT JLAE A 2z jE A
T LAY - 254 — R A B £
Han 25 U SR M2 A 4R 12
b XA R ) TSR Y
TR BRIE A S5 F PR RE EA T 07 &
STAT NG AIE: B JE AR I A8 A A
AR o Al 78 B R e AR AT L5 AR
Je B R LA S (R RANE
21 Y Ty ) FIEF 2 A ) WG B 254

K1 HEILZEREY

Table 1 Understanding level of manufacturing process

S LT it s
1 ABEfE R AIERZE ) et # BUEH TN = U Es
2 et et = BUE BN # ~F izt
3 524 PR Wit = HUEEE NI =i

20234E 55665 15 0] - it RERAR 25



s L
%'1@1?- COVER STORY

SRR | SR A2 R P B A T TR AR
D5 EH I T T 5007, 54
NARIEXT e, 1240 HAE S 45 21 ) 25 5
HEEINEE ., BA6, Liang 55 1
BT —ML B 6 R T —Fh 2
FRURE SR ) R A — 254805 5 % T
GE R, FERG L PR (7 E AR R
h, 5SAE BRI T 25 AR
(L4 B LR 407 1 284k M L,
% SRR KN ) 25 A8 1 BB Xt A
R AR I ) YN B A VRS

1 BRERBIZIBRSTR

HMREIMR

HL 7Y CoFRTP #4E 1 B T. 2.4
2 fis P AR TR R A2
AR A 2 AR TR I R v
HIBEL 5 AR, R LR T
RIS T 2380, X S 2406 i
SR I L R AR A T AT R B
TE IR B e 2 BT . CoFRTP i
BRI 7 1, Vaidya % P SR

BRI T 25
Heater
AR
Heater

=}

N

Pl IS PR
BB FRAICR: SERL ]

T3 ¥R 0 TE % AN R T 2558, A4
UD Hi[)717 ( Unidirectional tape ) F141
Yy F R ( Organosheets ) 4l £
LIRS T AR EG . JRF
1 # B9 % %) CoFRTP % H] L3¢
1 CoFRTP ik 1 il £ T. 25 2
HEAT T AN 2538 X CoFRTP
FIRBHAERERAE 77k AR R T2
V5 B3 T, AH DG SR B 454~
05 AT T 2Rk 0, Boisse
B PO o - b AU RN R R A T
Y AT S L ) 24 M BB I A [R] SR AIE
J5 1 B AR Ao it p A 1 A% P
BT T egEid . ks P g
ARG R GRS
BT 0 R A X S I i AT T
ZEIR VS T AS R ks 1 41 i
SRGE A, 50 I 22 aE T
VESEAT T R, FE A i R 1Y)
BUE DT E )T E)7 1 , Bussetta 45 P 23
TG T2 AR TR AL
CoFRTP 11 i J 22 72 1) B8 (i A 455

ijll%)(_)l
Male tool

Male tool

VCES
(W HIdFE )

BEE AR
JZ IS

i DL

. Baran %5 P B 45 T HE MR A
W4 REFT CoFRTP 7 [ Ak 5014 21 B B
FRA S P2 A WL, Gong 28 P27 %}
SIS CoFRTP B A R g 2 4F
D7 V5 b R AR BT VR AT T 4R
iR, Chen %5 ™M 4% CoFRTP f{J44 £}
R Tk R T2 s BT kit
AT T LRk

R B B A B R TS E B
AT X R 1) B TR ol e e A
FHo AE v TR By BE, 21 45 1o W 3h
BRI 2 R AR TE 5280 43 A LATE
IO 52 2% ) = YR T, HASTEA T AR R
RV BE  of R B G AR T
SRR =, R T S I
A4 5 B RASTE A, 51 &R
S R . FE P R B, B R
TIOR8 1 )2 A e 7 31 2L
A—E R s AR SR E LA
I8 ) R R AT vh e, T CoFRTP
AT E AR DG, IR T2 S8 (b R
U BLE LR AR A A

[OERERI

—— (o) PRI FE BB ERRIB
P AL ST

(a) PRIBVER SRR TR A1 R BRI A

T AR A B X L A5 R R 2R

2 RETZHESH - HEEE - MRTA - MBS INE RERFEXTR X R

Fig.2 Hot pressing process forming parameters—simulation modeling—material behavior—forming phenomena and common defects
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Fig.3 Main material mechanical behavior diagram of hot stamping process and stamping stage
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A Review on Thermo-Forming Process and Simulation Progresses of
Continuous Fibre Reinforced Thermoplastic Plastics
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[ABSTRACT]

high fracture toughness and high recyclability, which are promising materials for aerospace and automotive industries.

Continuous fibre reinforced thermoplastic plastics (CoFRTP) exhibit the advantages of fast manufacturing,

Thermoforming process is one of the most promising way for CoFRTP forming since the advantages of high efficiency and
low cost. However, due to the amount of forming parameters involved in this process and the complex coupling of factors
such as large nonlinearity deformation and multi phase transformation of materials, defects like wrinkles, fiber cracking and
excessive dimensional deformation are prone to be induced, which generate great challenges to the mechanical properties
of components and the assembly property. In order to overcome the disadvantages of low efficiency and high cost of
traditional trial and error methods and improve the efficiency of thermoforming process design, this paper focuses on the
review of thermoforming process and numerical methods. This paper includes four parts: the application and manufacturing
of CoFRTP, the analysis and research status of thermoforming process, the simulation method of thermoforming process as
well as the conclusion and the outlook of thermoforming technology. This study will provide theoretical guidance for highly
efficient and high quality forming of CoFRTP, and promote the corresponding structural design and engineering application
as well.

Keywords: Continuous fibre reinfoced thermoplastic plastics (CoFRTP); Thermo-forming process; Advanced manufacturing;

Process simulation; Design—forming platform
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