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Analysis of Influencing Factors on Cell Size in Microcellular Injection Molding Process
Jiang Qingsong, Liu Hesheng
(School of Mechanical & Electronic Engineering, East China University of Technology, Nanchang 330013, China)

Abstract : Based on the cell model of microcellular growth, a center-gated rectangular plate was used to numerically simulate
the flow in the microcellular foaming injection molding process by using finite element method. The results show that with the in-
crease of injection time and melt injection volume, the average cell radius gradually decreases. With the increase of melt temperature
and mold temperature, the average cell radius gradually increases, but the influence of mold temperature is much less than that of
melt temperature. With the increase of supercritical fluid (SCF) mass fraction and initial cell radius, the average cell radius starts to
change less, and then decreases significantly. -With the increase of initial cell nucleus concentration, the average cell radius appears
to be the trend of rapid decline firstly and then-slow decline.

Keywords : microcellular foaming ; supercritical fluid ; injection molding ; process parameter ; cell radius ; numerical simulation

AL TR R A T 200 i S A (SCF) AR
SN, 5 CO, SR AEWIBIRIRA ARG T T
PR RIS BRI AR T PR A FE U SE SCF i34
7, AR I R AL G R S i T 2 1%
G T A M DR A, AT AR 2 AR
REVETHAE 4 J UL R 300 s 1 S B R ) 2 o
R BHERESEOLH, C R IZ B T b K HL R
e fpias AR AE R

UL & T 98 R T 25 5 iy SCF HR AR T
SRR T A R, G A a4 A SCE /
REWIEAIR G AR AR e, 8 5 7
F R E AT 8RS P R B iR &
ESWHE : REM T R=H1H4 (DHBK2019172)

N = AN
Re

(% SCF /™ Jsuifl fL45 4, SCF 7ER G W A h i it |
R KR E R, eI AL, i ALAs A L
K deE B SRl i B R S B v iy
T IR R AN &) AN A B AL
KA FAFAE2E 5, T BUSIY b A [F) A7 B AL
SRS, S AL S B A, I e
SN R ) T 2 PR RE B PR FLAS A K R
AFITRE AR A rERe 7 BRI, Al T
SSRAEE RS A BRI AL RCT, USRS AR )
AR RE A SRS ] ity i BB L A i 2R T
[ e 1,

ST RAERAUEA R AL R AR s ™,

BEMEE ILHER, WA U, EZEAFE S FREN TS E-mail : gsjiang@ecut.edu.cn

75 B HA - 2020-09-01

S1AMES IR MIRIE | LA ) 2 f LT e R A (9], AR BEHN T, 2020, 48(11):55-58,90.

Jiang Qingsong, Liu Hesheng. Three-dimensional numerical simulation on the fiber length distribution in injection molding of long fiber

reinforced polymer[J]. Engineering Plastics Application,2020,48(11):55-58,90.


杨超


56 TRBEHILI

2020 4,57 48 45,56 11 1

T IAL & W P R R T 25 LR ST s R 36
& H AT FIIR T 2SO LR A2 i L
AL I B R T2 S AR R 4R S
1 EFLKKIER

R TR E ALK KRR, TR A Amon i
Denson #& 1} 1Y 4 MUY ALK RS2 ks 1 5
SR

MR SCF 59 i At i b i) g - 25, T 452
ML TR 1

4nlg?/R = (P,— P)— 20/R M
Kb, HIEIREE P, M ALNE J150 R
SCF 5 A b R 15K 1 5 P ot FL 5 45 1A Bt inl
AR T
AL N R T B AL AR R AR RO R AT
R Hh Ve JEE A5 P85 IR ST A PR AR Ty oL b 0 J o
SPAECR L B Fick §H0eE Al 1Y .
Sonk-obalR)| @
K, D WY HEREL ¢ i SCF i 404k
5 Henry 2 HE, 0 FLEEAL A SCE R H 75X ¢,
5L S R AT E g
¢, () = c(R1)= HP,(1) 3)
K, H =R w5,
s M i AR AR 2, AT
P,(t) = (1000R,TIM)p (T = Ap, (0T (4)
Krf, R N SARE G TR ; M, =
PRRIXT S T4k 5 p, FUBAL IR IE 5 A=1 000R,T/M,,
XL SR A N EEL
R 6 FL NSRRI JoT 1t ST 1, YL RE Ak Y o o
T T R o U
= ook O
Eﬁééﬁ&sm) A1 (5) AT

C—C ., pgR3 B ngRO3 6
3pk/60_cwrdr— o =c, (0)

BT, AT SCF W45 i 43 BORN BE T
A v A3 B0 FE I 2T e R X
«w—c _ (o r=S (7
G {[1 ~(r—R/IS-Rf R<r<s
ik A LR 155
d {Pglr}_ 6pDk,R,T(P,— P)’R' ®)
PgR3 o PgoRo3

di| RT

e SRR (1), (8) BRI ARAHE AL
FAL PR T S S L
2 RES5SH

BE A AR R FH PO 58 VB AR, RSH R
186 mm x 114 mm x 3.5 mm, [ ffj 242 5 6 mm,
iz R T AR HEA T A S 43, T RO 1169, =
AL EICEECH 2212, ot/ N LR 1.16, B
KU LA 1.60, FHIGRE LE 1.25, A& BTt 7 , 56
AR R TR A FROTEA AN E 1 Fs .

il i

R 100mm
B 1 RO BRCA

P BEEH ABS (il 3& i : Ineos 2\ H], 5
Lustran ABS H802), <UL N,o A 7 LR
Tz R R AR, S R R R 1, B
HES B ILAE I il U R — S8, R S 5E
PRFEANAE 43 B ST 4 SO LR S (R s, Ho
ST A, — I GRS TR T A A Y
T8, TSI [R] AR 5 2 SRR
BEEREE ; 55— 2RIl R W Y T 2R A 1)
244, Rl SCF ¥ il =4k, 4% SCF Jit & 73 20 I 4
WM TR FRES B E L 1.

F1 ESH

15 125
AT BRER AR BLR SCER e DAL
W /s B /% BE/C E/C /% RN -

(x10" -cm™) pm

0.4 90 250 80 0.5 2 1

3 HFREITE

F T AL B, 2T B LT B R
N Z SO R, R P 2493 LA m] 1 i LR
YR R e [R]S O  f) AR e A B, AR S 4 AL
R ER A v LB AR R SR 2, RIS 24996 £L
FARAA IR

P 2 SRy~ 249 LA AR B T S 1) S R T
AL B AR H E RSO R BT IR 2 o
AT LA - Bl TS I 1] A 58 o, S 203 FL R A2
P/ , R AR O S A [ B, B 1 A5 ] 38
T, A HE AL A 3908 ) , I PRt B8 B3 T
SN AR 1) BT D15 SRR A, DA T 7™ A2 5 A 1 8T )



杨超


VLT, A5« LA S T T 2L RSS2 [ 3R 43 57

LR / um
B8 B BB
& 4 % b 3

030 036 042 048 054 0.60 0.66
FESITA] / s
@

62 -
61 -
60 -
59 -
58
571
56
55+
54

FEREALKE / pm

/

84 8 8 9% 92 9 9%
SRR L / %

(b)
62 -

61 |-

59 -
58
57 |

S ALEAE / pm
3

56 I I i I 1 I L
230 240 250 260 270 280 290
JERILE / °C
(c)
598
gs%f
594+
$ 592 b
2 590+
2 |
5 58.8
B 586
584 ‘ ‘ ‘ ‘
60 70 80 )
MLELTERE / °C
(d)

T LB a—VERIIL; bR KBS s c— R IR ; d—BUFUR
P2 AL T L SR
A PR R B YL RO R A St T g4
FHIER, SECHFE AL AR08, A, SN T 5
JETIAHITF SCF ERE PR 93 , AT 4 SCF Jitit
SR HUE TE I BN EAZ Y SCF & B 2xisl 1 LI
KA IR SN ) BEAIR, LR FE 7 L AR 230800 5
W VR T S S A, P P L AR i
HAEPT LI RN, - f LA sz s PR T i
(RN W02, T IR Ay 6 AR T A ) 34

I, AL RS A3 23 18] oy T8 e 22 (B A B 17 22
FNFR G, [FB, SCF FEM A i FEAR TR, T ARt fL
KARAYIRSN S B4 A5 Ak, TR AL AR, it
A, TS A TR ), A A T S 14 8 7 2 o
[LSREE T DA I S I WA B A SR e OK 3 (E M)
FLA I A 1) S s 0/ FH RS N, b 25 il S35 L
AR 5 B VAR TEEE BT, S E i fL A AR
WA, FLR R AR AT 1 T e 2 R BB AR
JEFREAIG , T AZ A4 -5 7 LA T 14 T 1 DS | X
A BT KR SCF Y SR, 9
FRORE JEE 1) T v W 5wk 6 0 21 SCF A L&k A
¥ L KRS K sy, Rl T — 253k
TR I FLA K R s AL A Rt e 1
Wi 25 AL T B 1 T, S LA AR S B R
R B (AR A DX (] AR AR BE () 52 /M S 22, 53X 3
LR PR A B B YT e AR AR [ BT 1 s ] S
K, PRIt )— B 2030 Lo sz A i 0 VR s N X
LA R (U AR L R T B B A s v
XA aze , AR L TR P 75 530 2o A% 0w T - 2493
FLAAR = A 5, DR, AR PR TR | A LR X
HPE B L AR 1 2 A /N
3 AL A2 KE SCF iR 50 W iR
B B PRI fL AR AR b e R Rl . A 3 ]
DLt BE% SCF i 0 5 3 n , 016 B B2
WAL AR A R AR, (R R S 4 B 3B, i
JEPR Y SCF it /3 AL IS, SCF RS %L
FHSte AR vt FL B, LA A M LA K i Bk sl 17
{HBEE SCF i /-t — 140, SCF i aiidz %
W B 380, R AL IO S B, BER B A
(14) 288 FEE RIS B S, Sl L G R, i 5 51
a8 B VIR L AR RN, )b
HFLAAR R/ NI, 343 FLAE AR AR AR AR /N, SR
LA 1.2 um 5, PRI R T
B, BRI AR P L AR A E— A AR 1 IX ], 7
ZIX ARG FLAEAR A A X - S F LA AR B AN
BRI, B WAL AR RS 1 R WAL T iR AR
(N e VAL (Y =1 s 3 WA ]
WA, WAL R B 1) B A - 4030 FL AR 0 )N 5 Bl
WG I AZ VR BE A 38, P-4 AL AR R BT RSP
Je M2 AR AR, B4 LA T A TR 5/ N Bt )
AR RN, SR L AR DR T (H 20 h
AR B BN B — 5 R B, P L AR Y T R


杨超


58 TR R 2020 4F, 45 48 4,55 11 )
20 (2) W% SCF FL A SLIRN , B0 84 B B P
£ s WAL A AT 8 B A5 A P B A2 3l
{86 W WA LR BN, AR AL AR N
3 84 AL A AR AR/, L) i AL ARk 1.2
e 5 ALK T R B T s B AT
S e 0 00 0 02 0 WL BN, S LA AR B BT RS 1 AR
SCEIT 7ML / % foied
(@) BExf FIRS5IE, i NIEIARERE | SCF S48 1A
. af TR . SCF % S HIALAS K3 27 16 5347 1
2 Gl GE G B, WO AL R M A T 2 S M
S I SCF SR RIS B
5 0 5% m
E gi i (1] SRESHE FRakds | LRI T 2 S B0 IR 2t L A2 (952 1)
szl [3]. ¥8%},2016,45(3):39-41.
1820222426283032343638 Zhang Mengmeng, Du Jitao. Effect of microcellular foaming
PUGHBAIREL / (x 101/ enr’) process parameters on cell diameter of typical part[J]. Plastics,
00 - ® 2016,45(3):39-41.
. 5] (20, A E S, A5 4 T Moldex3D it FLIRFEAS PP %
Z 500+ LTESH R A2 (], FRIERE, 2019, 33(1):58-63,128.
iﬁ 585r Li Shusong, Yan Baorui, An Hualiang. Study on effect of mold
g zi(s): temperature on PP-foamed injection-molded products based on
+ 57:0 | Moldex3D analysis [J]. China Plastics,2019,33(1):58-63,128.
e T [B] 5K, TAE, PR, &5 AR L Ve T 2 o e L
04 06 0fL0 12 14 16 RIS (7). TUREDRLR T, 2018 ,46 (11):62-66.
%ﬂgé?@i[jﬁ@ /m Zhang Xiang, Wang Heng, Jiang Tuanhui, et al. Effect of gas

SCF 5128 : a—SCF B0 b— W ; c— Wik
3 SFEFLRARbE SCF il 240 (ke
G T V5%, 3 S A 2 24 SCF ot it 43 B0 728
I, 00 G A e ey D S A PRI AR SCF %
SR/, BRSO AL A KA R T R A SR 3l ) )N,
PRLHA) B v A% v B T e 2345 B T/ N i L
T8 AR, Bt v A2 R A 2 1 I, vl T A e
2 LR G ROR 2%

4 Hit

PLrt5e BHE EARCH BRI XS 4, 3 TR (B A
A T AT T 3L R i S R T 2 AL
RO s R 3R ML, 458 00T -

(1) Bt S BT[] PR3, P 2 L AR 28 i
0N TG VR T S G0, P YA L AR
W, BAERTEEEIX BN, - L AR 2 I AR T
SRR SE T3 s B AR EE B T, T
WAL BTG 5 bl G BT HE IR BE 1 T ey, P 3430
FLoP AR A 2 I R e (E 8 A DX ] s (R Tk

FERI /MG 2

counter pressure on the foaming behavior of microcellular injection
products[J]. Engineering Plastics Application,2018,46 (11):62—66.

[4] FOREAS, BCRETE, ATAERR 25 RIS A B AL A TR B R
B B R 047 (0] DA R4, 2018, 54(18):42-48.
Dong Guiwei, Zhao Guoqun, Guan Yanjin, et al. Supercritical
fluid assisted microcellular injection molding and the melt foaming
behaviors[J]. Journal of Mechanical Engineering,2018,54(18):42—
48.

[5]1 "L, EL07, AUt . ROR LML A i A R % A
FERIB (3], AR, 2018,35(5):1 182-1 191.
Yan Qingguang, Wang Huifang, Zheng Yongfu. Numerical
simulation of bubble growth and solidification in microcellular
foamed polystyrene[J]. Acta Materiae Compositae Sinica,2018,35
(5):1182-1191.

[6] FEAME, S0, BERERE 45 IR A6 PP/ PTFE &b )1 2= 1t he
FMES R [J]. TSR, 2019,47(5):71-77.
Wu Minghui, Guo Qiang, Qin Kangpei, et al. Effects of annealing
on mechanical properties and microstructure of PP/ PTFE foams[J].
Engineering Plastics Application,2019,47 (5):71-77.

[7] E5HT, EMEAGE, 5% . BAWIREM U A i
FRIGEUE ST [1]. LRI, 2019,47(9):68-71+76.

(TH#E 90 TT)


杨超


90

TREIERL

2020 4%, 56 48 4,56 11 1)

(8]

[10]

(1]

[12]

molding machine[J]. Plastics,2016,45(2):121.
XUPER: . R BORS %5 4 e sh TR B ALY B AR ) (7], BHECRIRT
S H,2015(5): 19-20.
Liu Yangyang. A brief analysis on electrical control system of
precision all-electric injection molding machine by Guangshu[J].
Technology Innovation and Application,2015(5): 19-20.
PRI . & T A SN BT (0], st
2016(6): 255-257.
Jiang Xiangshuai. Disscussion on humanized design of all-
electric injection molding machine[J]. Equipment Manufacturing
Technology ,2016(6): 255-257.
Ji K FANUC 0i-MD 5t (4 B4 LR T HILIC 7 [ 22 £ i o
WS IER [J]. BREEAR SHLAR, 2010(11):103-104.
Lian Liangchong. CNC return home fault and fault diagnosis of
FANUC 0i-MD system[J]. Manufacturing Technology & Machine
Tool,2010(11):103-104.
WA, MASRAT, X2, 45 . A8 SRS HLAS A Il 258010 40 B
[J]. $FTLRAAAAM . TAER, 2013, 47(2):345-352.
Chen Weihai, Chen Quanzhu, Liu Rong, et al. Homing algorithm
analysis of a cable-driven humanoid-arm manipulator[J]. Journal
of Zhejiang University : Engineering Science,2013,47(2):345—
352.
FAR B, 0048, A BT, 45 ONC AR LR [ i Bt 72 (1] T
TR SCHE , 2015(5):79-82.
Chen Fuming, Fan Ming, Shi Mingming, et al. Research on

[13]

[14]

[15]

[16]

returning home fault of CNC machine tool[J]. Construction
Machinery Digest,2015(5):79-82.

R, PR, BN, A5 BT A R EE IR ALK [l 5T (1],
HUR S W ,2009,37(6):7-9,44.

Gao Jianshe, Tao Zheng, Cheng Li, et al. Homing research of
a new type of 5-DOF parallel machine tool[J]. Machine Tool &
Hydraulics,2009,37(6):7-9,44.

ARG, e, AR SCUR . BT AL ARBIAR 12 [l B £ 434
Lt iz i (). A PUR A s T AR, 2006(11):63-64,
74.

Zou Jingiao, Jiang Xiaoqiang, Xu Wenyuan. The analysis and
fault diagnosis of returning home with grid method based on
CNC machine tools[J]. Modular Machine Tool & Automatic
Manufacturing Technique,2006(11):63—64,74.

HEERLL, AR . B LR P e 0] 2 g s o D B 0 6 L dc e
SrdT 0], SRS A S THAR , 2009(3):52-54.

Huang Denghong, Xiong Yina. The principle of CNC machine
tools return home with deceleration dog and its fault diagnosis[J].
Modular Machine Tool & Automatic Manufacturing Technique,
2009(3):52-54.

FRBENT, 535, PNAn I . B LR Y 10 2 K i HY (7], BLA e 5
il ,2009(5):193-194.

Ren Xiaohong, Wu Fang, Sun Jianye. Reset of CNC machine
tool and its application[J]. Machinery Design & Manufacture,

2009(5):193-194.

(8]

[9]

[10]

(LE#EES8TT)
Wang Xiaoyu, Wang Lixia, Yang Xuecheng, et al. Numerical
analysis of cell morphology evolution process of polymer batch
micro foaming[J]. Engineering Plastics Application,2019,47
(9):68-71,76.
Chen Shiachung, Liao Wonhsion, Chien Reander. Structure
and mechanical properties of polystyrene foams made through
microcellular injection molding via control mechanisms of
gas counter pressure and mold temperature[J]. International
Communications in Heat and Mass Transfer,2012,39(8):1 125~
1131.
Amon M, Denson C D. A study of the dynamics of foam
growth: Analysis of the growth of closely spaced spherical bubbles
[J]. Polymer Engineering & Science, 1984,24 (13):1 026—1 034.
Han S, Kennedy P, Zheng R, et al. Numerical analysis of
microcellular injection molding[J]. Journal of Cellular Plastics,

2003,39(6):475-485.

[12]

[13]

[14]

Feng J J, Bertelo C A. Prediction of bubble growth and size
distribution in polymer foaming based on a new heterogeneous
nucleation model[J]. Journal of Rheology,2004,48 (2):439-462.
g Y RA W R LRSI (7], 3R T, 2007, 35
(11):37-39.

Ma Xue, Jiang Tao. Control of final bubble radius in polymer
foaming [J]. China Plastics Industry,2007,35(11):37-39.
Arefmanesh A, Advani S G, Michaelides E E. A numerical
study of bubble growth during low pressure structural foam
molding process [J]. Polymer Engineering & Science, 1990,
30(20):1330-1337.

KA, I, AR . RGO AR AR A AL R S Wl 4
FR A (3], AR, 2005, 135(10):33-37.

Zhang Jianwei, Wang Lan, Wang Peizhang. The application
of supercritical fluids foamed technique on foamed plastics[J].

Guangdong Plastics, 2005, 135(10):33-37.


杨超




