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WE. AL EBRER T LWL (SGF) 45 AT A RIK 3§ %4 8h 3L 72 8 T ¥ ( Gas-powered projectile-assisted
co-injection molding , G-PACIM ) % 2L & #6438 £F B &) SR A BE B Bt IR ME R 09 vl , 2 R A sk ¢F ESP B LR & B
Fo o 8] BRI BAT SN BB B G R A, BRI R — 12 B ey IR G R BT K £ 5h B M AL

10% ,20% #= 30% SGF/ % & % ( PP) #) G-PACIM & 14 BE & %

FEFOENNAAE—K EBELNERERLTEF @R

N, SMEEE B3 K ,40% SGF/PP #) G-PACIM 4 1 %8 538 5 i o ) B9 B RACA I, WA B0 SP BB B K
K3 2P SR A B Kb A 6 B R SRR R 2 R KB R B R e A R R A e
EYAT T POy T PR S P TEL WCE 2P o

FREEIR) ;AU A0 I T S R 5 R 2T 494 08 SR N 5 BT ok 8 BT R 5 BEJE S i

FE 525 .TQ327.1 X EkIRINAD: A
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K H 3G 1 B8 R Y B R A BEORE I b AR 7 )
Rk mE, 20 el 70 R0 21 229, i iR
Bh 4% K ( Fluid-assisted injection molding , FAIM )
33 O & e, R A ) Ay v 2R R (Co-
injection-molding , CIM ) /& J& 3| S A48 Bl 4 98 fl AU F7
K ( Gas-assisted injection molding, GAIM) """ | Kz 7K 4
BhiE 8 pl B £ R ( Water-Assisted Injection Molding,,
WAIM) , CIM EA HA A T 22 To ik Al r e,
AR AR = i s AT R e B T 22 ) g ol
b, [RIBSFFEAR B AS . GAIM BE WS A 25008 2 5% 4 v )
A AR R AR R B )t BLRE SRR N 3R
T AT R

IR IR B v Ot OBl 1 ¥ ( Fluid-powered
projectile-assisted injection molding, F-PAIM ) T. 2 #H
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FURBIZ N FIZ R AR AR AR AR T
B[] 43 S SR 3K 3 3 0 4 B 7 %8 ( Gas-powered
projectile-assisted injection molding , G-PAIM ) '*! Fl7K
OR B 7 085 B 4 8 ( Water-powered projectile-assisted
injection molding, W-PAIM )" G-PAIM H FH
F-PAIM (41 4, [A] B 32 A 0047 (9 4 k3l 1
W-PAIM AJ iR BEJEE 1 5] PN BESE I Y s il 4 B
WS A

S5 pY 21 449 9 SR 9 4% ( Short glass fiber reinforced
polypropylene , SGF/PP) J& —Fliifi it LA PP 4} Jig Jhy 5
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I IR AT A 3R R R SR B R
RV 1 G 7L P B 97 M T ol e % e, o 2
P, BLBUR WP/ s 2 T {HJ2 SGE/PP 24
ARty (G Ve BE T R 1 ) T 28R I T
£F7 (B GF Ahg B4 ) )™ H1 52 el il i 1 7 W Jo 2 S
HA R, BoE4 G G-PAIM & CIM 1.2,
fHHEERA CIM T2 Al Z55 AN [m A4 B RE | FEAR AL
A BETHH A REAEIL S, HA G-PAIM T4
R VSR R A BE RIS &) SRR A, 48 AR IR Bl 7
Ol B A7 98 T4 ( Gas-powered  projectile-assisted
co-injection molding , G-PACIM ) fifg Pt “ 33 £F " [n] i Jf:
P

G-PACIM T Z fig 1 A& = Pk i | PR3k i i ) 22
K AT SIS A R RE SR I — RO AR VR T
A FUEASHE MR AT B s g R R E S
Pl E Tz W TR &, H A R W% T 28 6
FEMGE A G I SRR SE T B AR T A O
G-PACIM T 25 iR A8 (1 BE TS Tinf Fs P BE | B 2T 11
(RISER  Jf 48 e T 2L,

1 KRS
1.1 EEER

2R B A TR A PR R AE R
RN, H5 A PPH-TO3,

HNZERL . 3 27 3 58 SR I M (SGE/PP) |, MR 4%
Y2 i o3 R R 4 R RILA < 10% 3% £F 5T i o3 B

SGF/PP(J#*5 GP2100, 5 [F LG k¢ H R A w]) |
20% BT i35 SGE/PP( S GHA2, ili[E = 2
IR IR ) \30% 36 2T T 43 40 /) SGF/PP (45
GH43 3 [F = B K IR A A ) Ko 40% 3% 245 o1 it 3 4K
) SGF/PP( #'5- GH44 i [F = ik /R A A .

T MR 11 mm, N 2R BE K 8
mm, 4 Fig.1 ffi7n; # 8 ETE 6, B B3GB1020),
M HBAF,

11.38 mm

8 mm
~\

Fig. 1 Schematic diagram of the projectile

1.2 HEXBTFEE5RNEE

3841 . MA1600M/380-E80 Y ; 25 5 JE4A#L . V-
0.6/8 B, #5 I #L. BTM-09W I, < % 1 <% 4+
GPC-FX-1 B s 1A 2 i AR H R IS 45 H 1
W IEE . SU8010 Y, H A H 5723 w5 it 4L . MTSH-
06 B, REESERE T A H]
1.3 KEAHR

I G-PACIM T.25, Hi T 2 F2 40 Fig.2 i

g

Inner melt Gas

T
T

(d) (e)

Fig. 2 Schematic diagram of G-PACIM process
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(a) B BEH R [ PRI BB AW AL 5 (b) 45
Ja  AEBLH TR N A — 2 RSN, 354t
JRIE AL (c) —BUER 5, gk SEE A N TEA —
TE RN Z A RIS S NR IR 55 AL
LS5 5 (d) v T 22 U Al e A PR s 3K
SRR T N RIS R 2058 | S8 OT I e 22 R
FEARNS BE T R BEA TV 2045 05 5 (e) IR,
TFREE , S8 B— AR A

Tab. 1 Process parameters used in the experiments

LT EHHE G-PACIM LK 4, R H PP N
JZAPRL, BEEF R BOR 10% ,20% , 30% il 40% FY
SGF/PP HAMNZ KL, il 45 251 G-PACIM H4 , i
DR Wk, TS50 Tab.1 iR,
1.4 Mk E5FRME
1.4.1 FHEA RN Z . FRARREEZHE G-PACIM
T A AR ER B0 77 03 3l N 2 AR 1 B
HNZIER 3 J5 T B v 23 R4S N A BLAR 25 1
172,

R TS IR A SR T, e 2 AN [ B AT IO A 4K

Processing paraments Value PR RIS HUEATIR. W0RET I 00 Fig.3 R,
Outer melt temperature/ C 250 USSR h 7 1) , 4] B 50 mm B 1 A543 05 , il
Inner melt temperature/ C 180 S P1,P2,P3 Fll P4, FfVRE5 4% 4y SR B 1 81

Inner melt injection pressure/ MPa 7 AR T E AR 1) 7 e 4 M ERETR AL,
Inner melt injection delay time/s 1 A2, A3 il Ad BEAS5 FE AT (1) BE 2SS AR Az gl
Gas injection delay time/s 3.5 %ﬁﬁﬁﬁﬁ E‘JE&:E{E s /l\{jﬁ P1 ’ P2 ’ P3 *ﬂ P4
Gas injection pressure/MPa 6 E/‘JE%E:IZ‘:I:@ {E'ﬁz jf] ﬁi‘ﬁ '/:E&'fq: E/‘J Eni& E—TF‘ il}j {E , y‘—J 771E
Mold temperature/C % I 43 S I HEAT I B | S 78 1A J2 o A
Holding time/s 10 ARENA °©
(a) P4 50 P3 50 P2 50 P1 50
(b)
S
<
Al A3

Fig. 3 Wall thickness measurement method: (a) section position; (b) measurement position

1.4.2 424 w50 RAE R & 5 AR R F P2 1 B AL
S mm KA B WP BT Y] 1AM,
W HCE T2 WA A 2% L ¥ 20 20 min, BUH S
Wr I J7 1) Wa B, k1 7 (58 SO, 15 AR 15 A
BT R R R A R P AT 2l o R A R R
FRTREN (85% MRAH IR \98% e e M 2 1R /K L &, 1 1l
e 2 IR E 20 ph AP 3 h, FEILIE AR, S
BBt E 1~2 min, R 5L 5E 22000, 20005 A FE 5

FEIRIKIEVE 1~2 min, FEHCABUERK IR 5~10 min,
it Je A R RV I P PR 5~10 min, figJm BUH FHZE0
AR 1~2 min , BE i PR E TR AL B

FE 2 PR i DT T AR 1) 1 /NBR T R O
BEAEMASHEENEY G LS8 G s Thi4
A HEAT IS 4 kb B L £ D7 VA 0 Fig.4 B, B 5
TR 52 B A S 3B v, ORI 77 3 Fig.5 PR
(FH TN 10.0 kV)
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Direction of melt flo

SEM observation

Mold wall side

| ™ Fluid channels

\ Direction of melt flow

Fig. 4 Preparation of SEM sample

Mold wall side

Near mold layer
Intermediate mold layer
Near interface layer
Inner layer

Fluid channel side

Fig. 5 SEM observation sample

1.4.3 @R K . FE B4 G-PACIM 45 14 41
SIBEE 3 AR T 1 I, 1 U 3l 1) A AR
EAEAATRM B 150 mm 74 SCIRFE & K5 RE S ik
A 20 TS, #5265 min, fFFE SR EEF]5L 20 €
BF A A B A — 0 S e %8 4 Sk | ) A
i T 7K, PR O — D2 A% 47 Sk 1 A o8 4
W A STERKEE I KA T, 8 S
i) A AN e, o P 2T T SR A

2 #RE5IHE

2.1 BHAREHEFT G-PACIM B35 E AR
Fig.6 °& 10% SGF/PP [¥] G-PACIM & 452 BE

JEJZ SEM, A1 253 R AN R RE )2 A2 e ) 2 K Ab

Near
mold
layer
*

Fig. 6 SEM image of G-PACIM sample with outer layer of 10%
SGF/PP

=3 o 1) = s NI AN =S iR r ()= A = el
R BT R 2 | A RE 2 B 2T R A b,
ANBEJR R ep ARGy B 27 W [ 5 3 20 Jr ) — B ([
i Sk ARGl 5 18] ) |, AR5 BT W) A5 3 B )y k)
SGUR A, B DT S I 2 B A RE 2 0 R
b, BT ) 55 Bl 75 1] 1 ) B2 i oK, BV ] i

Fig.7 °4 20% SGF/PP ] G-PACIM 4§ -4} BE
JE)JZ SEM, MEIHa] LI, B 2R 7E 51 2 REJR R v
Gy AR E) AT 10% () SGF/PP KR i, B 47 4t
A PRI T S R BT R R %, NPT LR
Hh T TR AT W f b, BT R 2B i 3 T 1)
e R I v ) S B T R Y U sl 5 1 W), /R
S35 B 5 e BB A r A HA EEAR K W AR 2 /b
B LF 5 i3l ] S8R A

! 200 pm
Fig. 7 SEM image of G-PACIM sample with outer layer of 20%
SGF/PP

Fig.8 & 30% SGF/PP () G-PACIM & {4412 ke
JEJZ SEM,, Hi IR B BE SR 2B 4P R 3 &2 3
L FB ARSI Z T P Z B AR o A R 5
1 J2 BT AT RE J2 2 Wk /b, F AT I a0 B T2 3
ZF W) S, BT 46 I 531 A Wt 31 7 1] 3 A, AR
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BEJZ LT ER 23 5 i 8 05 1] 52 B0 A oA, w8 2 H  sh
pALEE - R

]
4

Near Intermediate ' | K

interface

,loysy
layer v/
ay

Fig. 8 SEM image of G-PACIM sample with outer layer of 30%
SGF/PP

Fig.9 }y 40% SGE/PP [{] G-PACIM % {44} )2 B
JE£)Z SEM, HHE T LI HY,40% SGF/ PP Ff iy 54 K
JEZ BT T 10%~30% B FESL B B %2 H
R RO R 2, IR A HE 2R
EE BT R DUE D A RE R AR
TSI ) e BE B v ] J2 B AR 5 U B 7 1) 2 B A
SR I SRR TR 5 i 7 1) S B

y ‘,‘ &

Fig. 9 SEM image of G-PACIM sample with outer layer of 40%
SGF/PP

ZE L], G-PACIM 1. 2048 - vp 41 )2 B JE 1 &1
W] 5y k3 2, 43 BN A2 B RE 2 | A2 R 2
KAMNZE I E ), AR 2R AR R 2, Sb
J A RE 2 3% A7 Hi i B /b, TR B AR 5 L 43 A [
B, A2 30 S 1 )2 B 8] )2 3 27 B 47, A1 2 e
BE S BE AT B 4 25, W2 B 2 o i o B0, 8] — 14
LT EL ) 2 AR 2%

AP E AR S A SR 2 A I AR
TR SEHE Ml RE ASCRE 14 v 2R FH (05 A Ui B2 R 11K
A ARTE LS 2 BRE I IR S8 TE U BRE [ )22, 43

3% 2T DR e ] )2 TR Ty AR A T G b B ), PP B2 A
TRz BRLRE VS HIE LT, AN 5 3 5 BE 25 R E 4T
TR RS I A A R B AR, B 2R a8 B M AT
TESE B BT LF 5 T ARAS Ry e, Ah 25
T2 IR 32 BILRE (V% E0VE T, 1 EL7E )2
SR B SN2 IR 5 ON 2GR T T IS, 530
AN Z T B Z 0 AR AR X T R 2 R R v R
%, 3 S 2GR 5 070 S N2 IR T Iz, A2 2]
SRR A BT IR T, PR AR AT B g b B £F B e, BT LA
I S R P AT B Sy I ASERE SR B AR W) e 2%

T EFAE I IR 25 1 56 R A ) v R A ik N AC
5 TE AR A, 212 22 18] 110 4 B2 fih A i A 2 PR
AN 1B 5l BB R & (0 3 27 75 32 B <R Wi sh Fi
Tt iz 2 | St ELL A% 20 A BT HES S BUR
] AN 5] 0 A o VA B 2 DXl 3 o 52 i 3
W, RIS B T RE TRl A R 2
SR R A B, X R IR AE S A =X
SR H W, AR YR AR TE UR i AR 4R B X, 3L
N ST BHAR T 4k i 34 S BT [R) B SR AR i £ 4
P B2 S b s A 3 50, ik — 2 T 2F 4k B

gy £F Ji oy BT, B AR B D B AR, 3t
LR R R & 2D, Bl A BB 3G, 9 47 2
(B T HEAE R3S n, AR T3R5 A B m) . H AE v
OB R R AR 2 BT UV FH B e, B A W
R B AT AL 3 2T W R 2| R R A B
LF A AR R v B B £ 32 g, il HL T Ik AR A T 4y
M), PRI, B A AT R A S n, ) B
REAR
2.2 WHBRES X G-PACIM E4E2 RIS

SNERREFIEETF 5T 53 00T o 10% ,20% ,30%
1 40% SGE/PP (1) G-PACIM & 41 %535 )7 6] 1F P1,
P2,P3 il P4 i E (5R A REJE 45 R 40 Fig.10 i, M
KR LAE H, G-PACIM 45 1 1) &1 J2 BE JE 1T 25 385 5 o]
BRI R N2 RE T 2535 J7 17 W/ )N 1 I R
G SR TR R B A 25 3 AT, 2R it 4 R M B 3 T U
A CBEERH TR B AR TR 2R E R AN
Ap SN 2 BE L /N (S PR A AR RE (1) 5 v AT AR
FH 5l A A2 AR R B R B 3 BN 2 R
JEEUTEF 355 7 n] A3 M R 0 e, BEEF I o B
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VS 5 3 5 1) 312 W /N o B 3% 00N, 40% G-
PACIM 1 19 6 BE JE 17 2 5 J7 1) A8 AE A K J2 A
BT R T 10% 3 KRB 30% , BELT RS 1A N
AT 5] PR S E R T BN BB 5 i

(a) g 2.0r & Total wall thickness
g -o- Outer layer wall thickness
7 1.6F =& Inner layer wall thickness
=
e
2 1.2
=
£ 0.8t
=]
=
S 0.41
w
O
[~

0.0 1 1 1 1
P1 P2 P3 P4
Location

(C) = 2.0p —&-Total wall thickness
=] —e—Outer layer wall thickness
S~
7 1.6F —&—Inner layer wall thickness
=
S
'é 1 2 B
£ 0.8f
<
=
0.4
w
O
-4

0.0 1 1 1 1
P1 P2 P3 P4
Location

Fig. 10

—=&— Total wall thickness

N
(=]
1

—e&— OQuter layer wall thickness

—&— Inner layer wall thickness

e

—
W
T

e
(o
T

Residual wall thickness/mm
[

10 20 30 40
w(Glass fiber)/%

Wall thickness of pipe fittings with different mass fraction of

o
o

Fig. 11
glass fiber

7 TN 5 AH B 2T Jod RO R, 9 O 5 3 B g
R PRI, BEJEE /I8 A S /N, 2 T ooy KR
HERE 40% ,B/NEHIET 0,52 P1,P2 BIEERA
JiE PN

(b) 2.0r —&- Total wall thickness
é —8- Outer layer wall thickness
E 1.6F f\iﬂ;mckness
2
3
Z 1.2F
£0.8¢
<
=
= 0.4f
2]
(]
= 0.0
’ Pl P2 P3 P4
Location
@) g2
E
% 1.6f — e
(]
=]
S
210t !/§/4'/1
= —m-Total wall thickness
‘c_; 0.8F —o—-Outer layer wall thickness
= —&—Inner layer wall thickness
-
0.4+
n
o
2 0.0
' Pl P2 P3 P4
Location

Residual wall thickness of G-PACIM pipes with different mass fraction of glass fiber along the penetration direction: (a) 10% SGF/
PP; (b) 20% SGF/PP; (c) 30% SGF/PP; (d) 40% SGF/PP

Fig. 11 Ay 4 Fi A [a] 3% £F J5 12 20 508 1 ) Ak i
ARBEIR B AT T o B, SRR TR 5 A 2 R R
RS N VN R NS S )=
GGy N AR R 0.1 mm,

Sy BT LR, — T B 2T 5 A B s ARG
FERGK 208 i BB 8 K o — T I, B A
BN, BEEFVR R Bh O I B B 2%, HLAEKE AR N 43 A
SRS AR VR I B ) [ — 48 T BY U4
SR, TR SEE R BELE 2 A E AR, (1457
WA B 22 1 A1 2 A R, T EOER A RE TR
FED LT T 43 B 10% 35 K H) 20% B 96 74 %k B 3
KAFAT P JZ 6 PR 55385 S0 2 PR B 338 K, e Ast 33 £F
22 [ P AFEC AR FH 0 52 0 /N T s A 8 88 348 K iy ok 114
SO, DRI R JRE R A1 2 R JRL B L E R
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A .
> © » o

(9]
N}
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10 20 30 20
w(Glass fiber)/%

Fig. 12  Effect of short glass fiber mass fraction on pressure

resistance of G-PACIM fittings
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Effect of Glass Fiber Mass Fraction on Gas-Powered Projectile-Assisted Co-Injection
Molded Fittings of Short Glass Fiber Reinforced Polypropylene

Jinru Zhan', Tangqing Kuang®, Hesheng Liu®, Fan Yang’

(1. School of Materials Science and Engineering, East ChinaJiaotong University, Nanchang 330013, China;
2. School of Electromechanical and Vehicle Engineering, East China Jiaotong University,
Nanchang 330013, China; 3. Center for Basic and Engineering Practice, East China Jiaotong
University, Nanchang 330013, China)

ABSTRACT: The effects of short glass fiber (SGF) mass fraction on glass fiber orientation, residual wall
thickness, and pressure resistance of pipe parts formed by gas-powered projectile-assisted co-injection molding (G-
PACIM) were investigated through experiments. The results show that the fiber orientation is better in the outer
near-interface layer and intermediate layer, while the orientation is the poorest in the outer layer near the mold
wall. As the SGF mass fraction increases, the fiber orientation at the same location gradually worsens. For G-
PACIM pipe parts with 10%, 20%, and 30% SGE/PP as the outer layer material, the wall thickness shows a
consistent trend along the penetration direction, the total wall thickness and inner layer thickness decrease, while
the outer layer thickness increases. For pipe parts with 40% SGF/PP as the outer layer, there is no obvious trend in
the total wall thickness along the penetration direction; however, the inner layer thickness decreases and the outer
layer thickness increases. As the SGF mass fraction increases, the total wall thickness and outer layer wall
thickness first increase, then decrease, and finally increase again, whereas the inner layer wall thickness
continuously decreases. The pressure resistance of the pipe parts increases continuously with the SGF mass
fraction, though the rate of increase varies.

Keywords: gas-powered projectile-assisted co-injection molding; short glass fiber reinforced polypropylene; glass

fiber mass fraction; glass fiber orientation; wall thickness; pressure resistance





