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Structure and mould design of hemp fiber parts based on integrated molding and injection molding process
SHI Kaiwen, SHEN Lianghan, TANG Gaozhong, HE Yechun, MO Xingman
(SAIC GM Wauling Automobile Co., Ltd.,Liuzhou 545007, China)

Abstract : The application of hemp fiber composites is one of the important ways to achieve automotive lightweighting, green
and sustainable development of the automotive industry. A solution based on integrated molding and injection molding was proposed
to address the difficulties in forming complex automotive components using hemp fiber composite materials and the high cost of
moulds. Firstly, the hemp fiber/polypropylene (PP) composite fiber board was heated and softened, and then placed into a molding
and injection molding integrated mould for molding. The mould parting surface adopted an insertion structure instead of a collision
structure design. The molding process cut the contour of the parts through the parting surface. For products that could not be
molded, the back positioning installation structure and main parameterized features were molded using injection molding hemp
fiber/PP. The mould adopted an inverted structure design, with a hot runner pouring system and ejection mechanism designed on the
fixed mould side, and a cavity design that could be replaced inserts for parameterized features of punching and injection molding.
The part design guide connected the independent installation structure and main parameterized features on the back of the product.
After molding, the guide was filled with a fixed mould hot runner point gate to form the independent installation structure and main
parameterized features on the back of the product. After the plastic structure cools and solidifies, the ejection mechanism driven by
the oil cylinder on the fixed mould side pushes the part out of the mould cavity. A set of integrated injection molding mould was
designed based on this molding process and applied in actual production. It has been proven through practice that the structure of the
mould was stable and reliable, and the quality of the parts met the design requirements.

Keywords : hemp fiber composite materials ; moulded injection molding ; molding process ; diversion channel ; inverted
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Fig. 1 Hemp fiber/PP composite material compression molding and injection molding process flow chart
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(a) Pounting structure(PP)

(b) Runner(PP)

(c) Mounting structure(PP)
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Fig. 3 Independent mounting structure on the back of the product
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Fig. 4 Model flow simulation analysis of the mounting structure on the

back of the product
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(b) Injection molded inserts of plastics speaker grille
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Fig. 6 Schematic diagram of replaceable inserts in the cavity
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Fig.7 Physical image of injection molding through replaceable inserts
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Fig. 10  Structure of the shear plane
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Tab. 1 Parameter selection table for cutting surface

Molding machine size(x)

Parameter
x=1200T 600T<x<<1200T x<<600T
Distance of shearing
0.2~0.3 0.1~0.2 0.05~0.1
surface/mm
Height of shearing
25~40 15~25 10~15
surface/mm
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Fig. 11 Schematic diagram of mould ejection system
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Fig. 12 Schematic diagram of mould cooling system

4 BEFE—FEETERE

R 90— AR BB AR S PR A 8] 13 i, A
L e e A B L, T T 2 S 80 e
45 D L AL SE e S BCRA TIT K BRI AF (Y RRET Al
InAE]— 2 RS (& 13a) , LT oo N T3 H

Heater
Movable
Hemp fiber board mould
Heater

(a) Drying and softening of hemp fiber board

Compression molding
the main body

(c) Hemp fiber board is compressed into the main body

PR T E MR AR S - (E113b) , FERLEL A Aad
R JRET AEHRAE AR S () 1 VR R 5 sl —
[F] 1) 7 A% 2y, A EL A il s 28 (&1 13¢) o A5 TC
o L 8t it T T T R g 1 A4 T D T R S T A
), S8 Ak SRR} 3 Ao AT R T A R A R A
FE v H [ AL 5 7T 38 2ok 2 A5 00 AL RS T00 7 i (A
13d) , s —4> Y S 13 45
5 &g

R R MR KT 5T, 3R RRET
Ye/PP E A M BHEIR E NIRRT, EEANH T
L 9 — PR R R ) T2 A B ™ iy B LT
R LSS Ty R At A R RAE R, T2
TR AT SRR T 2E/PP &2 5 R R Tk Ak 7, 5%
BE5MRa0E , 7w i i R il 4w oK . B R T
R T 2T Rt 18 A5 2 R 458

(D BEER IR0, 7= i1y S i T 5 i
BRI TR AS ), SC T — BRI 5
BB A3 T, FRAR T BRI A A ;

(2) 1677 i B P T R, B
T AE A RST K e 7 &, R CAD/CAE £ AR 2 1
E A RST RN 7 R B R R T 5

(3) R FH TR Jo B A2 114 5 1 R AT 0 e s AR T
FEAAREB 53 IE T AR e B TR () [ 51, [] B, B 6

Fixed mould

(b) Mold loads hemp fiber board

Injection moulding
the structure

Sprue gate

(d) Injection moulding the structure

F13 BRI — B AR R A

Fig. 13 Molding injection molding integrated mould workflow diagram



118 AR

2024 4E 55 52 4 45 3 1

fFHERTCE R B ) S B 44 5
NITAR 5

(4) R B E BN AT S T 2 BT AR Y
L 1] 5

(5) BE T 256 10 7 it %8 J30 B U1 TR BT R0 i
P TR BRI 1 B R

(6) >R FH Bt 7R 7K fif ) 8 315 SR R E T BEEL ¥
ANRCR BB B o

A7 I FH S e T 98— A T 20 UL ) R 2T 4E/PP
A 32 W P o A8 T A A A O T
(A PR | BRI i AT e AR AR B AL B, TE ik
R ANATRY SRR oK o B VR 4= R
TR SRR AW RIS, % T R AR 21 4
SR AL R PR R AR

S % Tk

(1] UG . AR P FH DURRET 2k 834 500 50 P 5 e 1 o e B b

HERTFE[D]. KA 7 MR 22,2019,

LIU Junhui. Study on the preparation and properties of hemp fiber

B, s ZLHETN

reinforced polypropylene composites for automotive interiors[D].
Changchun:Jilin University ,2019.

[2] ERRR, NG, T, 5F AL A IR R S W B R E T
R AU 1 HE R D], Ll B2, 2021, 57(9):168-180.
WANG Cuicui, LI Mingpeng, WANG Ge, et al. Application prog-
ress of plant fiber/thermoplastic polymer prepreg in automotive
lightweight field[J]. Scientia Silvae Sinicae,2021,57(9):168—180.

[3] SEPE R, BOLLINO F, BOCCARUSSO L, et al. Influence of
chemical treatments on mechanical properties of hemp fiber rein-
forced composites[J]. Composites Part B: Engineering, 2018, 133:
210-217.

[4] LU N,OZA S. A comparative study of the mechanical properties of
hemp fiber with virgin and recycled high density polyethylene
matrix[J]. Composites Part B: Engineering, 2013, 45(1): 1 651 —
1 656.

[S] XML, kAT, Tkas, 45 BERREF 4ibg s IR 52 S AT R B 7T
JE[I]. AR m A L LA R4, 2017, 34(1):220-223.

ZHAO Fan, ZHANG Jianwei, ZHANG Ying, et al. Research prog-
ress in jute fiber reinforced resin matrix composites[J]. Journal of
Chengdu Textile College,2017,34(1):220-223.

[6] GKBY,pk, TR, 55  RIRLF ARG s BOBYE S SRR % 5

R FBFSERERE L], TR RN T, 2023, 51(10):179-185.
ZHANG Meng, FENG Bingtao, WANG Xiaoke, et al. Research
progress in preparation and application of natural fiber reinforced
thermoplastic composites[J]. Engineering Plastics Application,
2023,51(10):179-185.

(7] FBRE, BORSSC, WA R, 45 . RRLT4Esg s R VS S AR oE 5

B ERRL AR, 2017,39(6):312-320.
ZHENG Ke, DUAN Shengwen, CHENG Lifeng, et al. Develop-
ment and applications of fibrilia reinforced thermoplastic compos-
ites[J]. Plant Fiber Sciences in China,2017,39(6):312-320.
[8] sKZemE, Tl , T o, 5 . WORRET 4G s RN I 1) 1 24 P BB [I]. B
THIZAREE, 2004(2):3-5.
ZHANG Anding, MA Sheng, DING Xin, et al. Mechanical behav-
iors of jute fiber reinforced polypropylene composite[J]. Fiber Rein-
forced Plastics/Composites , 2004(2):3-5.
[9] EFEA, INT, EEF, 55 BRI R R R = S AR RS
PERERIFSE[]. 20K Toll,2012,40(8):81-84.
WANG Guojie, SUN Yu, CAO Chunping, et al. Research on tensile
performance of jute fiber reinforced composites[J]. China Plastics
Industry,2012,40(8):81-84.
[10] AEJETF,5KICH, B, 55 A T 200 BORR R IR A2 5 b 1
REAYSZIR[T]. TR K 22440 (TR , 2006, 26(6):19-21.
DU Zhaofang, ZHANG Yuanming, HUANG Chen, et al. Influ-
ence of hot-press technology on performance of jute/polypropyl-
ene composite material[J]. Journal of Soochow University Engi-
neering Science Edition (Bimonthly),2006,26(6):19-21.
[11] AR TR NI DURSF 4 A R OB T2 51
RERYBIFF[D]. KA AR, 2015,
HAO Yanfei. Research on the molding process and properties of
hemp fiber reinforced composites used in automobile’s inner parts
[D]. Changchun:Jilin University,2015.
[12]  #3C, X0, B 55, 4 AR EF iR R 200 0 i B R o
JE[T]. _LHERRL,2019,47(1):6-9.
LAI Wen, LIU Wei, ZHAO Yong, et al. Research progress on
molding technologies of plant fiber composite materials for auto-
mobile[J]. Shanghai Plastics,2019,47(1):6-9.
[13] A, NS  POZE 25 T e i o AR X SRR e T (0], TR 98
BLRE T, 2022,50(2):112-116, 122.
SHI Bo, HAO lJiajie. Design of inverted double color injection
mold for automobile fog lamp decoration cover[J]. Engineering
Plastics Application, 2022,50(2):112-116, 122.
[14] RS, A, FRmak, 45 R IAT AT AR X TR I A
Wi [I]. TREEEREN T, 2022, 50(7):91-98.
HAO Jiajie, SHI Bo, TIE Shengwu, et al. Design of inverted
double color injection mold for automobile headlamp lampshade
[J]. Engineering Plastics Application,2022,50(7):91-98.
[15] T, Ak SMC B RALE BT R A LA R[] 27462 5
FHEE,2000,17(3):32-33.
WANG Qiyuan, LI Yuanzhi. Several issues in SMC mold design
[J]. Fiber Composites,2000, 17(3):32-33.
[16] Atk . FEIBBLAB S Tl HoRe M), JE AT A Tl i ik,
2017:68-76.
SHI Shiyao. A tutorial on injection mold design and manufactur-
ing[M]. Beijing:Chemical Industry Press,2017:68-76.



