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Preparation and Properties of In-Mold Overmolded Injection Molded CFRT-PP
Chen Yang, He Jimin, Chang Yi
(Institute of Plastic Machinery and Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract : In order to overcome the disadvantages of conventional in-mold hybrid injection molding products such as lower,
poor interfacial bonding and easy detachment of injection layers, continuous fiber-reinforced thermoplastic polypropylene compos-
ites (CFRT-PP) were prepared by using an in-mold overmolding molding process with lattice-like rigid prepreg as reinforcement pre-
forms and high-fluidity polypropylene (PP) as matrix. The effects of process parameters such as injection speed, holding pressure,
mold temperature and melt temperature and the number of layers of preforms on the mechanical properties of the specimens were
investigated by single-factor experiments to explain the interfacial bonding between the matrix and preforms from a microscopic per-
spective. It was shown that increasing the injection speed, holding pressure, mold temperature and melt temperature was beneficial
to the melt penetration into the fiber gap, improving the degree of impregnation and the interfacial bonding effect and mechanical
properties between the matrix and the precast, but too high melt temperature would cause excessive melting of PP fibers and reduc-
tion of the fiber gap, resulting in the degradation of the mechanical properties of the specimens. CFRT-PP products with excellent
mechanical properties, high interfacial bonding strength and good cladding quality were successfully prepared under 4 layers of
prefabricated parts with tensile strength, flexural strength, notched impact strength and interlayer bond strength of 196.43 MPa,
187.91 MPa,110.935 kJ/m’ and 21.49 MPa.

Keywords : in-mold overmolding ; interface combination ; mechanical property ; continuous fiber

FUR, JC 8 e 0 27 4 39 5 SRR ST B bEORE RSN (T ERE S5 O 0 i (A SR A 1 S AT A Y i AR
(SFRT) 5 MR E  AF RS S AR PE S bR SRR S5 BB (CFRT) il il BA B0 5 B9 VR RE L R
(LFRT) V25T A S A HTRFT X & 2P FAR A TR B | nl [nDSOR] FHAN 2 i i f A iR 21 A0, B
G B, BTN R, R AR . LA TR TR R T T G

BARVER « (ARG, 1L, BB WA 0, S ERITE 7 16] Ayl i 4374k 3R AR b I B R N S 0 R i i Y

s B #: 2022-04-08

SIAE: Bits . A4k, b S BT AL TSR CFRT-PP Ry 4 S 1ERE [J]. TREIRLN I, 2022,50(6):67-73.
Chen Yang, He Jimin, Chang Yi. Preparation and properties of in-mold overmolded injection molded CFRT-PP[J]. Engineering Plastics
Application,2022,50(6):67-73.



68 TR R

2022 4F 55 50 45,55 6 1

(P 55T CFRT il i 0L S R BE, A3 T —Fh
P PRV 5 VS RS T2 L SR 2 4 o 2
AL Sl 3 R T A b S 3 AR ) i R
CERT il 5 B4,

Fiorotto %5 PR #iu s i 8 f) CFRT Mkt 7E hy it
R AR e 1 5 LERT SRHE SRS M 254
L VR -1 B S 1 F e (TR | B S N O
TR S5 5 B (52 . 25 SRR, IR AR T & AR
AION YA 1 e NS B |  T) [E1 e
GRLENG 2, H R P 4G A e BE, YR AR TR S R g
RN 45 A P TR K. Lafranche %5 ) ZEB{£F
J i 70% 19 CERT-PA6 ( Jé % -6) Hi kA i i
1 b G B £F 5 B 30% ) SFRT-PAG JE{A, 2511
FEH R A A i | A 1 B D)5 A T A e A
HIR S E IR . Y BRHREEAL T 150°C
Bf, S THDRG 45 M Re A AIG, T R B A 150 C A
B, SRR S il 2 ) B U B SR B e KA . ST
KT 150CH, AP FASREAY BMEY
B, RSN H DL CFRT-PAG R T4, 1 5t 8 1
SFRT-PA6 55T A 1, A b AL G2 8045 T w1
295 kg, (HHLMEARE AR U s o5 < 4 R
N EIFIZ TRl 73l A8 1 J5 HE R 4h
FE, M H 4 B AN TSI T 45%, 8] it 3 A 40t i Bt
rhit g P

Wang % P | FIAHL A B AR SR P4 (PP) W21
T JeAERE s v a] , S 4l PP A A4 T PP SRR S
Y A ML (PP SPC), J& BILKG AT 8 AR s IS ) %of
PP SPC MERBRZMA R A, 1M 28 ) 3= B4R S s AT
LRUER)B BN , R R 06 AL B 2 B EH
Mao 45 "V 2 % B 5 M (PE-HD) 1595 1L £F 4k
Ay SRy T A SUTED BT 3 S0 K SR ZE B R N
BE |, VES) PE-HD A T PE-HD SPC., 254351,
A X IR M R S e, 1 v T VR
AT ARSI A Sl , B2 R M A0 £ 4k 1112 i BE
UVEIRIREE N 240°CHT,30% P4 & (B ) B9k
FERL A R 50 MPa, #H b4l PE-HD A4 & T
2.8 1, VEIAIR LM 200°C T3] 240 °C R, iRAE 3
O B 2 0, B KAE M 16.7 N/em, UE B St 7]
FA R ARG S5 FIAH 251 . Solorza-Nicolas %5 '
4 0/90° BY (= 45)° Hn] A% 37 555 21 2k 2 23 I 4% A Kl
SR B PR G VRS AR Ryt (4 ARSI v, A S SR Al
PR BRI , I 1 3 e i L 28 TR 2 A b
BHRAA o

itk — A 5 CFRT {4 A RE (1) A 25 5
BRI 2 RE 2B B TF R M i S e it iR 2 G b
I PN A 2 VR B R T 20, DA SR 2T TR S 20 Filis
TR () U VR R A B 2R T s T st PP
SR R HlA T TR 25
CFRT-PP “FHGRFE . 1 MR R B EE
WFFE IR AR e i 8 T 2R 2 R R R R
M), A ROURIE SRS S ] 11 5 B BRI [R1 45 5 1 10 o

b T CFRT-PP

TERHLE
'3 \®

N
‘t [ B
*
T i I.
() (d)

o)

T B\ At
@ (b)
a—iRAR D TR b— B P B T A BRI A
o—VESIE AR TSR ; d— PR
PL AR VSR R
1 ZIEERS
1.1 =& R4
IR : YA P AR A BR A Rl ) B2 A 47 421
Yy, At FH A e Ak 38 1 I B L 3 IS 4T 4k 5 PP 4T 4k
ZLZINLELRY 0°/90° B fn) (1) T4 M 2D IR 4 1E 22 2
15 , AR TS24 E/PP-60/40-WR750 ; PP 214k 531k 355
LU 4 ¢ 6, PIE L4 EARHIIR, B mi A
ik, 250k 750,950 g/m’ ;
PP : BX3920, % {4 I 21 # % 100 g/(10 min),
i SK AR R G fbeE kst A |l
REPERR R YE 8 mm, JE 2 mm, #ETEAR IR A,
— AL, S 3M AT
HAZEH : 5568-K, fli [ [T e A A o
1.2 FZREAME
I TTI-90F2 AU, ARAEHLIA R A,
MISEEE 1 ;
T4 : DHG-9075A B, bl —fE Rl # U84
FRAT]
H IR : KXWW-20C B, AR ZZ 50N ]
A B B R SF 2 195 mm x 40 mm x
4.2 mm, Afl;
4 B 7 B 1% 8 (SEM) = S4800 1Y, H A H 57

AT
x1 FENSH
S RVES %Jﬁﬁ%‘!‘d? '@ﬁﬁﬁﬁﬁ? WP AR/ B F kY
/g JEJJ/MPa £ /(mm -s) R kW
130 170 100.8 35 90 7.5




Wit , 5 B ELBET I CERT-PP il 5 PERE 69

1.3 XA &

W —E RGTIR g 2b 52 0° B )2l e v #Auie
TS RAR R R | R b R 2L 4R
X35, AR EE 185 °C, Fili= 15t i) 3] 90 min, i F
IR h LT dE TR 2y PP 27 4k RN 3 38 2T 4B IR 2 1T
B, FERR T, PP 2R 4k A2 H0 fall i v 0ot il i B 3 21
A (LR & A e JE S R AL TR
R R R BT LT BURRE B R AT 8T, B A%
W& /N TAEE e RSF (195 mm x 40 mm) (4 T 4,
Yy FAAL AN 2 Fis .

2 T PR Py

750 g/m’ IRAMZBHIAL 2 JZ B¢, U3k
TSI )L T (4 T 1T 30 20k DU AR REPEAR I 3
F L A 2A5E 5L 5 0 B A SR 28 s TN B I
FIHABI X e 5 5 950 g/m’ IRmED
B 4 E I AR B BHmET 45 [ I 5
PRI 60 s 5T 5 PP BLAA J75 1A 25 7 F31 il 14 D) 4% 3
ATV BN, DT A2k AT 350 il 2 64 T A 7 IR e, A
JE 15 s 231 45 s J5 AR, & 3 il AT R
=y

VLT A Fds e WEEE AR

(a)

Tl LT 4 s Bk

-

(b)
a— NI 5 b—Hed AT
€3  CFRT-PP i i
i FH 4l 15 2R By AL AR B i L ep i S 2 1]
YY) 2GRN A% R B AN 4 R .

EL@ 40 mm (150 mm

& © @
40 mm (b)80 mm g

=)

a— AR ARIUREOL s b—2 iy R SR IBURE AL 5
¢, d—JRIB SIIPEAL
4 PRI

1.4 EZBAKELE

XoF S R R e g AR L Y R AR I
VR TS IRE R R LR R,
2 P ZHUE N « 15 5 5%, 10%,15%,20%,
25%, FHEE K 15% 5 - 7R R ) % $ 4,5,6,7,8,9
MPa, £ h 6 MPa ; B E R B $E 50, 60,70, 80,
90 °C., FE1fE A 70 °C 5 s A Ui B 1E $% 240,250,260,
270,280°C , H:HER 260°C ; TG APEZ, 43 HrX) L
SLERAE AL, SCI TG R 5O R R I BHE R G
BRI (%) FIRGAREE )] (MPa), #8380 52
B v S 3R (mm/s)= T T 5 B (%) x A T
SR (mm/s) BUE RG0S (%), SE BRI R
JE 71 (MPay= B2 (R K J) (MPa) x & ff )
(MPa)/ FiE R E T (MPa).
1.5 HgEmX

Fir A BE s % IR GB/T 1447-2005, bx i
80 mm, I o 20 mm/min ;

25 5 A . 452 B GB/T 14492005, 5 1
64 mm, X% E R 10 mm/min ;

ok o IR . % BB GB/T1043-2008, 15 1
70 mm, V BB, RN 2 mm

JZ 18] B 5] 5 B 3L« e B8 JC/T773-2010, B5 1E
20 mm, K )E S 1 mm/min ;

K SEM X T il {4 5 1 8 J22 45 4 S i el
W T A SOUE S HEA TR
2 HER5HE
2.1 EBILABTRAAS FHENGT R

(1) PARIER S R 2 53 Hr o

&l 5 24 CFRT-PP 20 et bifi 33 5 1 B A AL 1Y)
KR, 0T LA P B e i KR8 . X
T S A AVR N, A ST (] i Yl R AT
BRI Y B m A Y e RN, S BRI E A
PEREZE IR ) M RERE I, T S U AR 5% B
5 B /N R 67.51 MPag 473 5 A NE] 20% i
P73 B 15 B fe KAH 73.75 MPa, #7551 9.24%.
TR PRI DAy Bt A 3 G T R, AR S AR A [ 2
BYYI AR T 5 IR B T 5, 26 B AR, A R A
XFEFAESEA T M D4 v T S o A2 [ A
45 A HERE, PLAM R A PG T o Y O R
20% i, o A R — D7 T T ARG AR, )
—J7 THI 3 B PP 41 4 ok 22 flfs (ol L3t 2 B M e F
F12EVERE AR N R EGREE R SR T %, I



70 TR

2022 4F 55 50 45,55 6 1

FLRAAE Rl S A B BRI i, Sk R >
AR AN B Bk B A S A A AL, S EOR
KRR 2%

74 ¢

5 1‘0 1‘5 50 2‘5
TEATH %
S RS PP AL A bR

P A 8 5 DR R 1 6 R R DL IET 6 BT .
H I 6 AT LA S, fr s B S tas ot e g8k,
B 4 MPa I () 67.42 MPa 34 Jil1 31| 9 MPa i} /9 &%
KAH 74.89 MPa, 4815 T 11.08%. X A& K A {5 K
PALKE N T = 2 0 EA R S R B A S S
1205t I HAF YA 3 K R K AR R
g5, T SR AT L HES B £F 2 R) BRs0N B T 4R
Ak ] 1) P 45 G RCR s BRI D[R A5
i 1o R AT S 472 1T R R g, 38 T AL T4 o
BE L YR 3N E] 8 MPa B, £F 4k Rl i — i
WD, T B RS 1 TR A 21 2 45 A T B
N, JIEEERE R B 5 B IR T 4z R) 24 S 2
A 22 0] A ST 25 A TR B4R R, T DA A B 4 2
PN (R BTy e
78
76 -
74 7

72t //

70
68 -

66

FLAHIE 5 /M Pa
S 3 3

N
N
T

Fr 5 /M Pa

4 5 6 7 8 o
PR F1/MPa
6 ARIRMRFEFE B PP 5 A bHH 38 1

frfdng B SRR SR I &, WKL 7
Ne HIEL 7 WTLLE B, BCER E M 50°C T2 70C
I, 7 fH 3 25 DA 68.04 MPa PR T} 3 72.9 MPa, 1
T 7.14% . 32 R e AR AR L IR R (1 A3t 50
PRV A TRV 1 BRI, S 1B 21 4k () B8 T3
55, 55 RO A PR AL TR 25 AR A 2 . B A LR
(R, AT FsF ] PRy 0 A A A 381 B 22 b,
FTIE R /N TR 25 (i AL T R o) T4 s 2 1Y
SER 065 RICR S R FRRT ] 2 4K, 50540 1Y PP 41 4

TV B R G719 S TEDRG 25 5 MM BB AR R 33 A 21 A g 3
TURRE$ ey, [ I J3T ) £ N 38 PP 2 it — 2D Jes il
Bt R 2T 4, RS A R PR R A
Lt SR 70 “C I, J AR R AR A5 S el /D>
8 Rl PR 35 P ) RIS, S 850 PP £F 4 i 22 0l i

Fege T MR IE S, A R B R 22 R R R 90 °C I AY
69.55 MPa,

74 1

HEN

66

5‘0 60 7‘0 8‘0 96
HEEIR A/ C
B 7 ARSI RS PP & A AR g B
o7 Avfr e B A TR ) 6 AR R L BT 8 T
H & 8 T LA 21, 15 (AR IR 3 I 240 °C TR & 260°C,
P A iR P DR R o 30K PR Ay Bt A (A TR B 1) T o
LT B AR A R T R SR 4 A T35 IR,
JF7E 270 “C I 3k 2] 5 K{H 73.55 MPa, #f Lt 240 °C
I Y 67.28 MPa 45255 T 9.32%. >4 %6 1A IR B 8 1t
270°CH}, PP 2R 4imhia it 2 R 2225 JF H PP
L1 ARl Je R R BT A S P 45 L T 4k fa]
Bl D, B AR AR — 98 3 fRRf A PP SRk A=
PR TR SRR AR L B
74}

/
72

70

68 -

FLAH5E & /MPa

6 240 250 260 27‘0 25;0
SRR C
B8 RIS PP 5 A bHRH 3R
(2) 25 il R A o pr .
25t i B 5 I R PR R R T AR LI A
YRR A R 2R WLIEN 9 ~ & 12, R EWT A 3,
TR A R LA N R R R R
SRR R EL IR B A P B, A A T B T
B R PR T TR LE BB RE S DL R R AR S
R A FRAS AR R o b S XS R 1) 5
M A2 K, R 5% 34 5 T2 1) 1Y) e /ML 58.41 MPa 1
hn#] 20% i Y 5 KA 63.40 MPa, 54 i1 T 8.54%,



Wit , 5 B ELBET I CERT-PP il 5 PERE 71

AT BE S o e B4 T S X ) 2 1 T R A v
AR, (TR A R 2 R D, 25 e
Tl R 2 SR A it g 7, A il s B R . R
JE %5 25 5 B B R M /0N, 8 MPa ik B i K (H
63.28 MPa, # [t 4 MPa B2 5 T 3.26%, iX & A
SR A Y HE IR R 7 B R/ IN AT Lk e 4 A % 2 4
()95 175 B8 1 RLFLIRDRG B o i KA £ e 1 )
L A R BR/)N  EA  RIE KR ) 1 g
K, I ELER TR sk e , 21 4 AE iR v A o R
BETN B, KRB T Tl 447K 32 25 it v, ) i e
B R E T8, IFAE 8 MPa IR 4R 1
AN FHIED 11 AT A Aty i R S L IR 2 e R
JE s/, 25 SR EEAE 70 CHEHR K, N 62.04 MPa, X
Lt 50 °C I I 45 5 4.34%, % 25 i Pk B 5 e AN
P L 12 W] I (AR T T i, S 118 25 i e 3
A, 240 CHT P/ ME 59.04 MPa 34N 270°C
i (A e KAH 62.67 MPa, 55 T 6.15%, il J5 T [ 3
280°CHT 1) 60.84 MPa, I LABE AR A M (AR B v LU

B 1 PP 4454k .
64 . B
£ 62 /“/
=
60+ /
|
= sgl
= 58
56+
5 10 15 2 25
5T %
9 IR[EIFEST LR PP & A RS s
641
/D/D\D
g 62f o
=
% 60
=
¥ 58|
56

4 5 6 71 8 9
I FE F1/MPa

AR R I PP A& Ak il s i
64 -

25
—_
S

62| / /\\

60

58 ¢

25 58 E/MPa

56 -

5‘0 éO 7‘0 8‘0 50
REERE/C
K11 ARESLEIREER PP & AR o g

64r

62} // ”\D

60+

{58 B /MPa

p 8¢

56

2210 250 260 27‘0 ZéO
FRIREE/C
B 12 IR IR I PP 2 b e 2 3

2.2 RELEeott

K H SEM X i il 42 fOWR 265 44 T 285 E A7 WL 2%,
S HTAS RIS EL IR B R PRI T B4 5 o il 2 () A
TAURG 25 18 00, ST JE VR SRR B X AT 45 5 8GR 1
SO o AN RS ELRLE T 09 AR A T T
Jife T, OB LT TR TOWE A, DL 13, T [&] 13a i
IR, SRR A YR A AR BRI R, ST 45 5 0R 255
MRTERETE 90 CH SR 5 27 4k B 2% i R T E —
A, BRI AR SRR S RS & . VLRSS
S nASEELR B A ) TH e E A T £ A ) S
Y NEY € I I = Ky Al

AREATR

\RTYE & BT

(b)
a—50°C; b—90C
& 13 R[FEBCEE AN CFRT-PP Wiy SEM &

X AN [l AR T BE R B R 1 1 9 R AT R
E] %025, o ] SEMOULEE Sl 4 A 98 2 3R TR A
SI BT AR X DR 25 PERR S . ] 14 9 a
TAIREE I 240°C THEG 3] 280°C I, J2 a1 54 B J 99 sl 14
LT TEOEEH 8. K 14a 7] LLE F, 75 240°C
I 0 4] 4730 T 28 B 1) B AR IR A, 33k o PR R AT
AR AT BRI 8, BB 12, £ 4]
BB/ , ARG 95 A X o T A7 g 9 e R B, L T 45
AVEREAE 2, ZRIFE YN hE 14 TLIES],
Tl SR T AR AR (4 PP HEAAM ARG £, X & i TR
EIEIREE Ths SRR BE A, S AR R i A B
B RE ST HG N, B RACR AN TR, 2 0 ] A
1117 LA s AR Rl B A 231 sl i, PR 2374
T AR R 5 PP 2T 4S5 Rl 1R 122 f T 1) 25 701
RO ARG EEECE I 22, TS R 1 LTRG24 9 R



7 TAESER

2022 4F 55 50 45,55 6 1

FEX] CFRT-PP iRFE7E1 72 (A1 R B I, 4 A 41 3 g
JIH A R R E R, S 80 R AR R
1 5% B4 7 Pk F 2 i 1 14d SR, 7 280 °C T i
il (R 2 T LT g S i o8 47 55, L 25 A R
R E A,

(c) (d)

FEAAIRE : a—240°C 5 b—260°C ; c—270°C ; &—280C

[51 14 CFRT-PP i:URE)2: [R]85 5 Fiil ¢ 3 1m0 SEM [

& 15 AR BELE 240 °C A 260 CI )2 [a] 5]
B a1 R AR T B O A5 A8 14 SEM BT T 15a
JE7R , 75 240 °C I 3 90 2 3R T HCH OIG , 2F 4k 4k
IR AN T S, S R 95 A K 33 i 2 T 2 A R A 7
BB, BRI S W FUIAL S5 R R &
15b SR SIE IR IE N 260 °C i}, E Y JZ 10 (£ 4k
PR A RS A R

(@ (b)
FEAIRIE : a—240°C ; b—260°C

€ 15 CFRT-PP ke )48 5 11 )= Ry SEM ¥
2.3 TREIME BERATIRAR A F AR 6 R

it — A R A R REL DL 4 2 950 g/
m” V5 2t £ 12 it A AL O L 4, #E PP AR v iR i
JoH 53 50 2% 1 Th R TR I3 7550, TR G RS T
SR, SRy T e A 5 4 dE ST A BT TR A, T
S A E RN 50% , AR 45 5 O 0 2 MR I S8R

I, VBRI TR 1 8 MPa 5 ELIREE 70 °C A A IR
£ 270°C, CFRT-PP i F A2l PP i ) = M g xof
Fb L2 2. 136 2 AT, CFRT-PP i AF i H7 i 5
JE 25 it AR 1 ek 5 R 43 O 196.43 MPa,
187.91 MPa,110.935 kJ/m’, #H HL4E PP iRE 2> W45
BT 876.29%,521.60%, 1 122.56% ; ifii J22 1] 5 4] 3
FEH 21.49 MPa, R WIFE B 45 G BB AF , AR5
RV R I 5 5 R O el A P 0 7 e S B A T 2
#1 CFRT-PP & H A 5 10 f12# 1 R

F2 BAMESY TR EIEERT

I TR BEErd hifsr 25ihom ﬁklﬂ‘ﬂ?ﬂﬂ% SBT3
J¥ /mm B /% J¥ /MPa ¥ /MPa J¥ /(kJ - m”) ¥ /MPa
4fi PP / 0 20.12 3023 9.074 /
4 328 4059 19643 18791  110.935 21.49

3 g
(1) AR SER S AW, 1128 T 20 g2

PERE A Z M B A — 2 A, B~V EREREE T2

SRR EISE FIHE FRE&E 4T ES80

CEGTHBE 20% , (TR ) 8 MPa, SBLEIRLEE 70°C, 1

PRIREE 270°CH  IRE REARAH LS T 2P RE

(2) TR O ZE AL T 250 LT 455175 DL Y 2

AR S IR 1 A RE AL IR A I A, 3 Y 4 vy

Al B8 I AL B 1) /N ] LR D R e it

JE REAREREE AR T AR 2 4R B A T8 05 L 42

eI R AN 45 G e B 5 LI e (0 AR B 2%

fifi PP £F 4k 1o 2425 Rl RN 27 2k [ B s/ ), 5 B0 )

FYERE TR

(3) X bk 4l PP il A, CFRT-PP iat #f 1y fix K it

s FE 2 i R ANt 11 b SRl 196.43 MPa,

187.91 MPa il 110.935 kJ/m*, L4l PP ik 4351

$ 15 T 876.29%,521.60%, 1 122.56%, iF W #4541

FTES R T2 % CFRT-PP HA al {74k

& % ok

[11 MaM, YiH, LuH, etal. On the light-weighting of automobile[J].
Engineering Sciences,2009, 11(9):20-27.

[2] Fang Li, Li Xuwu, Zhou Xiaodong. The effect of fiber-reinforced
interleaves on the interlaminar shear strength of continuous glass
fiber-reinforced polypropylene laminates[J]. Journal of Polymer
Engineering,2013,33(3) : 221-227.

[3] Mibs (aTdkis, & X, 45 | i LR LT AER SR A RSE PR 5 1
RIBFFEHERE [7]. TARSURIN FH L 2021,49(9):145-149, 154.
Chen Yang, He Jimin, Chang Yi, et al. Research progress of in-
mold hybrid injection molding of continuous fiber reinforced
composites[J]. Engineering Plastics Application,2021,49(9):145—
149,154.

[4] /5 BEINR, AT, 5 R NIR S T Y 5B T 0 5 o



Wit , 5 B ELBET I CERT-PP il 5 PERE

73

(5]

(7]

(8]

[i] Z T R 2 ik BE ST [T]. vh R R E A e FARRE AR, 2018,
49(7):1626-1 633.
Lu Yi, Jiang Bingyan, Fu Liang, et al. Interfacial bonding strength

between polypropylene and perform on in-mold hybrid injection

molding technology[J]. Journal of Central South University :

Science and Technology,2018,49(7):1 6261 633.

Fiorotto M, Luccheita G. Experimental investigation of a new
hybrid molding process to manufacturing high-performance
composites[J]. International Journal of Material Forming,2013,
6(1):179-185.

Lafranche E, Renault T, Krawczak P. Effect of the interdiffusion
at the polymer/polymer interface on the flexural properties of over-
moulded short glass fibre/glass fabric reinforced pa6 composites[J].
Key Engineering Materials,2014,23(5):821-828.

WAL | LT AR SRAIANE S G B RHI A O BAR Y A FES 1
TS e [J]. AR AR, 2019,47(11):268.

New type. Continuous fiber reinforced thermoplastic composite
material inserts become ideal A-pillar structural reinforcements[J].
New Chemical Materials,2019,47(11):268.

Grace. Wi TEPEX ZEZLLT 4RG3 I A AP T & R i ik
RS T (7). BHELT,2019,44(8):15.

Grace. LANXESS TEPEX continuous fiber reinforced composite
materials are used in the mass production of various lightweight
automotive design structural components[J]. Shanghai Chemical

Industry,2019,44(8):15.

(EEFo60TT)

[21]

(22]

(23]

[24]

[25]

Liu Y, Shan Z, Lv Z, et al. Systematic deformation model
of a square guide bar array in a flexible oriented 3D woven
process[J]. Composite Structures,2022,280. DOI.10.1016/
j.compstruct.2021.114849.

UL, N, 2 A R A MR RO RS RO BR
54 (0] BHE S, 2020, 38(14):63-67.

Shan Zhongde, Zhan Li, Miao Yunliang, et al. Digital precision
forming technology and equipment for composite materials[J].
Science & Technology Review.2020,38(14):63-67.

AR, X, SR AF L BRAFE ST AR = RS T 1) [
ATEWSE (7). DU T R4, 2020, 56(17):182-189.

Du Wudi, Liu Feng, Shan Zhongde, et al. Study on deformation
of three-dimensional weaving guide array of carbon fiber
composites[J]. Journal of Mechanical Engineering, 2020,
56(17):182—189.

WHF BB, T, 5 R el Y B2
AR, 2019(8):1 8381 846.

BERRE 0], 2

Pan Yuexiu, Xie Ximing, Wu Ning, et al. Frictional and worn
behavior of inter-carbon fiber tows[J]. Acta Materiae Compositae
Sinica,2019(8):1 838—1 846.

A, WLL . PILT AR L A S A TP 2T SR O R TR [

[9]

[10]

[11]

[12]

[13]

[14]

[26]

[27]

[28]

[29]

Wang Jian, Wang Sui, Chen Dongjie. Development and
characterization of insert injection moulded polypropylene single-
polymer composites with sandwiched woven fabric[J]. Composites
Science and Technology,2015,117(5):18-25.
Mao Qianchao, Wyatt T P, Chen Jinnan, et al. Insert injection
molding of high-density polyethylene single-polymer
composites[J]. Polymer Engineering & Science,2015,
55(11):2448-2456.
Solorza-Nicolas O, Hernandez-Moreno H, Susarrey-Huerta O,
et al. Film-insert injection compression molding for reinforced
polycarbonate with woven glass fiber oriented 90/0° + 45°[J].
Polymer Engineering & Science,2019,59(2):1-8.
A, TR G e 9 R FE L AR i O 2
LSRRI [D]. KB - B, 2012.
Su Quanliang, Wang Lixia. Influence of injection speed on the
filling process and product morphology structure of microinjection
molding[D]. Zhengzhou: Zhengzhou University,2012.
LM . RN AW SRR A GE T R R R
L [D). dbat: Lt T K2, 2016.
Jiang Nannan. Numerical simulation for insert injection molding
of poly propylene single-polymer composites[D]. Beijing: Beijing
University of Technology,2016.
Meister S, Drummer D. Influence of mold temperature on mold
filling behavior and part properties in micro injection molding[J].

International Polymer Processing,2013,28(5):550-557.

HRAER R - IOREIFER, 2004,30(5):39-43.

Zhu Mei, Hu Hong. Fiber damage degree in the process of knitting
glass fiber yarns[J]. Journal of Donghua University, Natural
Science,2004,30(5):39-43.

Otsu N. A threshold selection method from gray-level
histograms[J]. IEEE Transactions on Systems Man & Cybernetics,
2007,9(1):62—66.

Rl B, A0S BT N A M 2 R HAE R R
HRAE RIS [J]. T EAUE TR ,2019,30(22):2 7642 771.
Li Bo, Xia Rui, Wang Xuewen, et al. Experimental study on
wear of middle plates under multi factor interactions based on
response surface method[J]. China Mechanical Engineering,2019,
30(22):2764-2771.

A, SRAE ATai, S e A AR BT S A R OB (9]
SR AT S, 2015,34(8):41-45.

Li Li, Zhang Sai, He Qiang, et al. Application of response surface
methodology in experiment design and optimization[J]. Research
and Exploration in Laboratory,2015,34(8):41-45.

ZRUEL Uk L, EALL GF R A AGR B 5 vk (0] 4
FHTAE,2017,45(7):84-90.

Li Tan, Gu Yizhuo, Wang Shaokai, et al. Measuring method for
fuzz mass of carbon fiber tow[J]. Journal of Materials Engineering,

2017,45(7):84-90.





