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Abstract : In order to study the influences of melt—cavity heat transfer on the filling process in ultra-thin injection molding, by

using slit theometer and self-made dies with different slit thickness of 0.3,0.4,0.5,0.6 mm, choosing PC & PS as the experimental

materials, and according to the Fourier heat conduction law, the melt—cavity convection heat transfer coefficient of every die was

tested in different injection rates and different cavity thicknesses. The results show that there is a proportional linear relationship

between the heat transfer coefficient and the injection rate and a negative exponential relationship between the heat transfer coef-

ficient and the cavity thickness. Through data processing, the relation curve of the heat transfer coefficient, injection rate and cavity

thickness was fitted. Based on the Moldflow2012, numerical simulation of ultra-thin injection molding was processed respectively by

adopting the calculating values which calculated by the above relation curve and traditional default values of the heat transfer coef-

ficient, the simulation results were compared with the practice results of injection molding. It is found that the results simulated with

the calculating values are highly accorded to the practice results, the correctness of the research process is verified.

Keywords : ultra-thin injection ; convective heat transfer coefficient ; injection rate ; cavity thickness ; rheological experiment

Xof ¥ A% AR R BRAE it A 5 [ A 3 T 22 [R] 114 46
AR, HAH St B i AR g v I ik
T AR DA SRR I T S5 R B VI e &R o 7
A TR R, B S I 2 IR -
I XoF 38 A A R BRI AR S A A 1) M AN B
TERUHE AL (T Moldflow2012) 43 78 v b s 4 —
TR Jp Xof 37 A5 IR BB AS (B 5000 W/ (m” - K)o
(AR, FRRORE RN, e D 5
A — U J X I A5 B ZR B I R e A i AR A 52 i
WO, HAE A Lo R — R R

KIBBEW L/ T (L MRS . T 8RR ) KF
100( 1% 150) B4 RE A S A AL 1

Xif A5 B ZR KU 5% 1 SCRRAR 22, {0 245 TR ok
W EER R4, A0 M. Ghajar 25 PVEFSE T B4

#2011 AR HE T A G5 H (2011B090400381),2009
I HRE B EEIARAT AR RBEARBIFHR ST H (2009863024),
2012 JARBYE T RINAE LW 45 H

BRR A B RGP, -, 2R 05 1) A BT S A R
R A B A

Wk H - 2016-01-04


杨超


BRI, S I A A — R R BRI oY 55

EAEAR BB B G R FOE AT 1Y
P&, S. D. Farahani % P JH 3 $ 4% S 05 v 10 22 4l
K TE SIGE 18 R A FR R, 5 RUE 6 it 4
ARBOTAE R &, 5 30 PR B 5 R LR Lt ¢
Fo AHAE T ST BRSO, o 1 — TR R I A PR R B
WEFE A OC SCHR#E /D, K. Ainoya %5 ¥ i Z2f 34 A
FHAETTAE S 1200 W/ (m’ - K) HEH /N, FEE D
RIS 1% 27 P, DA TR 28 i 18 rh s A — A
i X6 A% B R Bk BT ) P9 eRESC, IR FH R AR 760 Xof
TR A9 FE IR T 05 L 9T, IR SE T RO AL R
FHOE e B R O s . TR A
i ke I T R R BERTENE - T
T — RO IRRE 3 R WA A B T A A A —
R I PR B, S5 AW, v Gl B R s 3
TR RELRE F32 (8 i A 780 i J2 B RSl /N, A R
TR — BB A AR B B R

R Y O X ) T v 0, R R T R
FEBE R TN , 2R FH v e e T A
FATTFEBIE AL, SRR E] H 7R 0.1~0.01 s 194, i
R AN i, PRI, V8 AR e S (AR — TR o)
TLAL I ZR B A OE SR HL D
1 B - B RTR A R R ET B T B R

R TR R — AU G UL AL B AR O
BA 3o R 520, 35 T Moldflow2012 HE 4T 50 43 #r
U it 3 MR IR A BT ALK (4, S 1 R SF 35
45 mm x 35 mm, J& & 53 % °4 0.3,0.6,1.0 mm, 40
K 1N, PRI H fusion PR BRI SR MG, ik
424 triangle T BLIT, JiLiE . 5é 14 beam LG, 225
MA% I 0.5 mm™, RO TR H AR A F
i) Panlite L-1225L kAR (PC).

B AR

O3 AT R RO — B, I E R AT ELAR A
24 mm, $EATVE S E A 500 mm/s, KA T 22
BLFE 1.

AR — A Jlas X AL R B0 HIER 0.2 x 107,
1x10%,2x10%3%x 10" W/ (m”- K) if,3 Fff A [6] |2
JEE BRI A e R 3B ] 2 fios . DAEL 2
AL, YRR R 1 mm I, B — B i
PER PO B KPR R J7 52 M AR /0N, A% 34 2 B0

®1 BEUIZESH

MLERIE / C 110

WERIRSE / °C 310
V/P k" 95%
B /t 55
IR S 60%

{RIERTE] /s 0.5

T : 1) 73R TP A P A A O TS I AR IR (AR o AR i A AR
FRTE 38 2) R PR S ORI ) i A

0.2x 10 W/ (m*- K) i, F ¥ K J1°4 66.5 MPa, it
3x 10" W/ (m*-K) B, 7 ¥ J& F1 4 70.7 MPa, 2
HAN R 4.2 MPa, B a0 R EE DN, 5 1A — TR s
XU A% A FR O fe R B8 R A s i B S 38K, 4n
RS R 0.3 mm fEMAEFIE0.2x 10" W/ (m’
- K) B}, {98 1% 1R 220.6 MPa, B 3 x 10° W /(m®
- K) B, {3 R J R 281.2 MPa, 21E 4 60.6 MPa.,
AT LU, A — 0 B X 3t A% 4R B800T e T 98 1
U3 AR A5 ek B S, R IO A P A A — AR X
AL R B R T R U A BT

300 -
0.3 mm
&£ 250+
=
~ L 0.6
'R 200 D/O_/lﬁm,,_oz//o
% 150 +
sl
100 -
E[E 1.0 mm
50 . . :
0 10000 20000 30000
PR RRE/ [W - (m? + K)7]
B2 A — AU AL RO AN TR SR B A K 3 1 R 5

2 IR - BExiRf R R Bt
2.1 RKIERAE
HRYE G A B A O A LR A
9=K(T\-T,)/ AL (1)
A g —— (R ER AR — BTG
R G
T]—% 1 )‘J—IT\‘]EE;
T—55 2 s s
AL—1,2 P Z R IR
AR A= v A0 5 1, A — R0 O FAv
TG R R EERR N -
4=n(Ty-T,) ()
P g0 A P A A — LB R A
T
h——XF A R AREL
T— R 5

T,—JFEREE


杨超


56 TSR

2016 4F 5 44 4,55 3

B T, 1956 1 A S IERERY IR B Ly, D
T, W5 2 D S RER IR RN L, & L=20,, ]
T.=2T-T,,

% q,=q,, TR AT

h=q, / (T-T,)=q, / (T,2T\+T) (3)
2.2 RIERA

PR SRS Panlite L-1225L PC Fl&7 3%
SV A BRA R PG-33 RIK L0 (PS) PR A it
AT, R R SN 2 R

&2 PCHIPS HREXSH

AL S G/ (kg T A/[W-(m-K)'] p/(g-em?)
Panlite
PC L_1225L 1762 0.24 0.83
PS PG-33 2100 0.18 0.93

Ve o C, WA, kR, p W
2.3 RKEBiE&
BEFH B ] /R SR A FRA FI Y Rosand RH10
RIS BN AR, W 3a FroR, i AR de K3k
faf 100 kN, £ K JF 1200 mm / min, B 2N
19 mm, KR 290 mm. 2 A RS VL
Ji# WRE-01 %, I 7l 0 ~ 400 °C., #4 o7 i) /)N
F0.5 s,

E R D

IR

(=
—

=
40

(®)
a—PREE TR AR IR b— R

B3 Heski AR (R A
B B AR, LA HG e 4% ) JEE E Sl 3 8 S Bk
(1Y e JEE R, LA RE R 4Cr3, # T R R 29 W/
(m - K), HBR ML B, HESNERSE
40 mmx40 mmx20 mm, H B4 K (IR E)
910 mm, %% B K 10 mm, JE B s 43 54 0.3,04,

0.5,0.6 mm, BEEMLE Fim AT 5 mm &b, /2
)22 2 AR 1 (030Gt B2 A ), B e 4 A RE T
A 1 mm (L)), A7) e iy 2 (IS B2 T0),
PR B P AT BE I AL 2 mm, BREE IS T 8 mm %,
10 mm KAY75EHE, BARRSHNE 3b iR,
2.4 RKIxgik

B X T TR AR e T A ey | TR s SR /N
Fa, BTN PC M PS ABHEAS G AR I ( R
SR EE ) AR P4 SRS (BB SRR ) LB RY
XA R BT I, I T R A, B 5eHs PC
A1 PS hnFt s o TR, PC IR R 310°C, PS
BT R 250°C, AH Y 1S i AR B 43 il i i =2
110°CHI 45°C, e AR RS J5 , R R Rl 44
AT Bl AR S, DA AR AR A 1 R 0
2.5 RIEHIELAI (VA PC AH))

e AR, DUAS 1 ASE IR B Bt et ] A2 £k pth 2 4n
K 4 s HRARE (D), A BIBLE (DB -
T (Pedt ) Pt g sl 5 s .

220
200+

o 180F

#:,( 160}

% 110}

120+
100

0 1 2 3 4 5 6 7
AffE] /s

P4 AR BE R ] A2 T 2k
250 -

200
150 -
100 -
50 -

PUEE /(W - cm™2)

-50

HFiE] /s
P s A sk

i P 4 18 5 AT, T OB R AR K R 4
GITEL 0~ 1.3 s B T, B$ KT T, Bl i e, 1.3
~3.0 s I, SR IATT G S, T, T, s EAHH
T, KT T, BeihHGm stk B, 2476 3.0 s B AR
U IS, T, T, I Rl $0E s R, 7F
2.0 s~2.7 s ZIa], T,, T, Z [a] 0 i B 22 LA A 45
FEH DR RO (8] BEAZ I 51 7 A, S IUZ T ] Bt
W T, T, A T,=2T-T, 153 T, 32 BUZ X [A] $4
Wi g, fOAR 3) HHHEIE A - BRI IR O


杨超


BRI, S I A A — R R BRI oY 57

SRICEIEAE e A 4528 IIEL 6 P

M
- 1.62

)

E 160}
1.58
1.56 F
1.54
152}
1.50 -

1448 1 1 1 1 1 1 1 1 |
2 1.9202122232425262728

] /s
—REEE; —F¥ME
B 6 ARG — B RAE AR EL

3 B - BRENRERRBNZMEZERR

Fie B AR B0 0 IR, w e v Ak e TR
0.5 mm B EAE, A A B A 1 v 3 B0 v S 3
5 HL 300,500,700,900,1100 mm /s, X} Panlite
L-1225L PC (T,=310 C, T,=110 °C ) }% PG-33 PS
(T,=250°C, T,=45°C ) BiFpprRlZE UGS, S PC,
PS PRI A W 0 A — B X AL AR B S T
HIER R, WK 7 BrR. WE 7 7] LLE T,
PC, PS (WA — TR Jis X A5 30 R 5005 TR S U i
IR OC 2R, Bl G B ) i i i i i k.
HF PC, PS MIZERE 5 B A SR A R AN )
FBPEH R AE AR BRI 22 57

SFFRAERAREL / [x 10* W -

—
(=]

=)
N=)
=}
@]

o
%

e
“

o

2345678910112
VESHIETE / (x 102 mm - 571)
7 b R A 5 R
SR AR SRS 700 mm /s AN, Sk B4
JEJEN 0.3,0.4,0.5,0.6 mm ff EAEgEAT IR, 75
PC, PS WiFPi R A YRR — RIS X IR AL R ES
PR 4 JEL 3 56 2 AN &) 8 Firn ., DAL 8 ml 1, PC,
PS [RJE AR — T8 XoF I A2 A 3R B I e 5% J2 2 /N3
AH 38, LR iR Tl B LA R O R, X
JE T AEAR R A AR | B BT B i
JIN e A R T AL P LB R, AR o8 L i A
LR TR, SR PR B = 3 K
X B 5% L M 0.3,0.4,0.5,0.6 mm (1) I, 43
W% 500,700,900,1100 mm /s 5973 5 B 64T

XA EEL / [ x 10* W + (m? - K)™']
(=]
N

K]

0‘(‘)1.30 0..‘35 0.4‘10 0.;15 0.50 0.‘55 0.60
PR AE R RE / mm
K8 XA IRRES DA IR R
I K s a4 U 133 PC, PS AR 1A —
R R AL PR ZR B TS B R 1 BB R 3 O R
&, aniEl 9 Fios .

SHRAEIREE/ [x 10° W + (m?

SK)]

XL FREL / [x 10° W + (m?

“K)]

SHRAERERE/ [ x 10* W + (m?

®
a—PC ; b—PS
PO X i A A ZR M T S i R R 1 RO 5 32 5 2% ot v

NI W, AR — B AL R B S T
R AR ORI A, Hhy TR T 2 e 3 g T
PV SRS I PR AR — TR J o U A AR R B 52 e
T LA & BN ELE I A — B R AL PR L
5 IR E IR S AR RO 2, U 2 P4 5
JERZ/INT 1 mm B, HAR S48 B K, R 28
PRSI — A 0.1 mm HCREZ, B AY JR BRI
— BRI AL AR B LI T L5


杨超


58 TRBRLI

2016 4F 5 44 4,55 3

4 SKIOTIE

T BE IR TR A A — TR X AL IR L
5 S R R R 1 G R i B A M L 1T
IR S BT P A RE (1 R e i R g R ST n
10 s FEAFIREE ¢ 735724 0.3,0.6,1.0 mm,

16

| |
b
= |
| |
1

10_] .8

62

P10 SRkp i LR R LR

TE Y3 44 B} % £ Panlite L-1225L PC, 7 ¥ HL
AR SI-80IV A S i i BIHL, S T 238
DL 1o U VE S R 43 1 A 300,400,500,600,
700 mm /s, KA U SE I A5 A B R i B (.
SRS FAR Fo A, A 11 s o P Dl PR AL
T Moldflow2012, #514 — AU X i AL R B3R
FATHEAE Ay (BRI 9 (6 R il w545 50 514
BB b, [h=5000 W /(m’ - K)].

MNP 11 AR, A — 00 Js o e S ER B A
(ELIS, ASLAUL 25 SR 5 52 06 45 R MW A, T I — A fi
XL R BOPUL SR (R, 5550 2R A K
P25, U Bl 25 FE A RE R () DA B S5 B 1 38 R
Hoff 22 ORI B SFEERREN 0.3 mm . 4 T
£k 300 mm/s B, SEEIAS At KT 98 R S5 R
T SR AR (EABAL NS 2 A EAH 25 33.2 MPa, {3 41
JEoR 700 mm/s B, P AH 2% 48.8 MPa ; Bifi &5 A4
JEL B (14) 14 A o 3 S 0 JRE P DR/ )N, VR 1) 2 S ok
I, BYREREE RS R 0.6 mm I3 S1EE Jy 700 mm/
s B, P A 22 15.2 MPa, FESHEE A 300 mm/s i,
PIE A 2E 7.6 MPa ; AR 1.0 mm, 13 53
J£°A 700 mm/s B, PR AH 22 5.7 MPa, 3 9138 58
300 mm/s I, W AHZE 2.6 MPa,

NS 8 R RO 8 SR HE R R R — AR
XFiAL R FOT AR A, HAESZ S F R B 5 0 5
FEf 2R, JUHCY SRR AR B /NT 0.1 mm B, HAH
A AR B 5, O TR A A B D BT
PIHXHER R YA R A s e L . E S 9 R
FERE KT, XA IR B A AR B /N, HAB AR
By S PR 22, B LA HG R 3 1 9 ok R ) S R S
A .

300 -
£ 280+
p=
~ 260 -
.R
4 240 |
k=
220+

1\

z
12 200 |
180

300 400 500 600 700
HHHHE / (mm - s7h)
(2)
160
150+
140}

130

e RTIETT / MPa

)

120+

110 I I I
300 400 500 600 700

RS / (mm - s7h)
84~ ®
80F
76+
72+
68+
64|
60

FRAE RS / MPa

7

300 460 560 660 760
S / (mm - s7!)
()
n—p, AL e —hy, B, x—3%
FEFEE : a—0.3 mm ; b—0.6 mm ; c—1.0 mm

B AREX A AR BT BRI A5 5 5L g0 45 %
5 #Hig

(1) TEAB RS R AR — B XS AR
FOSEAE A 25 R e 2, HoR AL SE sk
B E AN 55 SEBR T S I AR AT (8 45 A K ) D
o

(2) JEAR — B A AR EOTEE |, 5T
AR R A B V)R R, S TR K
TE M AR T 5 B SRR RE IS R B &R

(3) AL S PR IR S Sk T T B A A A —
YRR AL PR ZR B8 T S R A s TR 1 5C = oty
LB RHERA L R H H1i200C R 2t B A3 B Ry X A%
PERB, 70 T SRR T ST BRI S e
BRAE PO o

5 % 3Bk

(1] RWEE, X, F R, 5 B P 2 R AR IR R 5T 5

AR [T UM T RE24402, 2008, 44(8):148-151.

Song Mancang, Liu Zhu, Yu Tongmin, et al. Experiment research


杨超


BRI, S I A A — R R BRI oY 59

and numerical simulation of injection molding characteristics for
ultra-thin wall plastic parts[J]. Journal of Mechanical Engineering,
2008,44(8):148-151.

[2] Ghajar M, Darabi J. Evaporative heat transfer analysis of a micro
loop heat pipe with rectangular grooves[J]. International Journal of
Thermal Sciences,2014,79(5):51-59.

[3] Farahani S D, Kowsary F, Jamali J. Direct estimation of local
convective boiling heat transfer coefficient in mini-channel by using
conjugated gradient method with adjoint equation[J]. International
Communications in Heat and Mass Transfer,2014,55:1-7.

[4] Ainoya K, Amano O. Accuracy of filling analysis program [C]//SPE
/ ANTEC conference proceedings. Texas:The Chemical Rubber
Company Press,2001:726-735.

[5] R e s s s R Sl B ie 5 T 2R W5 (D). KiE - K
EEHTRA%,2007.

Zhuang Jian. Research on filling flow theory and processing experi-
ment in micro injection molding[D]. Dalian: Dalian University of
Technology,2007.

[6] Tlalf, tRAe, EERI, 2 fRi Y SEREA Bl R A% BT
g [3]. AE T 2440, 2011, 62(7):1 8241 830.

Yu Tongmin, Xu Hua, Tian Huiqing, et al. Convective heattransfer.
behavior of filling flow in micro injection molding[J]. CIESC Jour-
nal,2011,62(7):1 824-1 830.

[7] 2838, FREE, 250, 55 RSB RE dl ek il B K st g R e
WS BR T [0]. #2r T B S T AR, 2013,29(4):109~
112.

Li Shuang, Wang Lixia, Li Qian, et al. Analysis of molding abil-

ity of the micro thin wall parts and some flow phenomenain filling

B SR R T & B TR IR AT RIS = R kT

VRIITT A BT A BB 00 BR A w1 3 A 1 20 i
B AR BORER AU BSL T 2007 4F, T 2015
AE 12 H ek,

TR HA R — G F B EER R A = i Al A
) FTE T LA BB TR} | 1 iR B A AN AR R
ERFN G NS A KA AR AR

R URATI A 7 BB SR B DN R AT 43k
WEEE LR IR R R R R T2
B BRI I8 L GOREAE , A S B n] 23 S BEARRE L sk |
TR DR IR DR 2 R AR 7 AN A B A
AT [F]E I T LA™ S (R o il 2 M (e e e ek
FEFIME S A — T el LA R RE (EmM)

4 YE PET WAETHE F iRl £ 7=

K EALIMNBERITRY Anellotech Inc 23 7 458 sh—4>
B LT, AR RS 2AEYHE PET M. AR MA1E
FRAEATHE R —> B g B R AR W il 1 T % — 2R AR5
72 (HATA XK RS PET [ SBJFRL ), AN 3R
AL TR E R B AN A 2B 2

stage of micro injection molding[J]. Polymer Materials Science and
Engineering,2013,29(4):109-112.

[8] B, EHEA, TR, 5. SO B AR AR S Ak et
[7]. BEE T, 2013,39(5):48-50.
Ruan Yuhuang, Wang Xiongcai, Ding Huanhuan, et al. Numerical
simulation and optimization for guide-light-plate moulding[J]. Die
& Mould Industry,2013,39(5):48-50.

[9] SRMLME, AR w0y TRPEHAE S [M]. JUat S8 AL,
2002.
Wu Qiye, Wu Jingan. Polymer rheology[M]. Beijing: Higher Edu-
cation Press,2002.

[10] FhokJE, ¥ Bk, Bk K, 5. TR R/D REREITL L5
WU AT (). EPLE TR, 2014,25(22):3 017-3 021.
Sun Yonghou, Xiao Wei, Huang Meifa, et al. Fitting method of
tooth profile curve for involute cylindrical gears based on MLS[J].
China Mechanical Engineering,2014,25(22):3017-3 021.

[11] KFES: . MATLABAUE M [M]. JEaT : HUBC T i ik, 2012.
Zhang Defeng. MATLAB numerical analysis[M]. Beijing: China
Machine Press,2012.

[12] #3iE, E4kE, B, 5 T A SHO AR B I e T R
RIS [3]. 06 SR, 2013, 21(7):1 825-1 830.

Xu-Zhen, Wang Jizhan, Lii Zhibin, et al. Effect of processing pa-
rameters on micro-mini parts in injection[J]. Optics and Precision
Engineering,2011,21(7):1 8251 830.

[13] Zhedd . oM Beit XlifE s (D] KN - AR,
2009.

Li Xiaojian. Research on design and fabrication of light guide

plate[D]. Zhengzhou: Zhengzhou University,2009.

AR A P R AT R AR —o 51—
VEOREESE H A 0985 B OB A P i = A5 FIAE. = 130 2
He HACRML B AR 100% A=Wk, HRTHE] T 30% Y4,
=A13FFIR % Anellotech JF & TR A0 AT Hp 22 A9 FILELA B
¥ N ENIAEL /B S Y W R SR =N

Anellotech 533 &5 i $447T B David Sudolsky 5 i, H:
T2 FTREN JE b B RRITR TR S SR L AE 7= S it A 3k
Bk (PHBEZX)

H R AR T KRR 6 & A& =2k i R IR

AT ARA™ 5 J7 ¢ @ R0 7K R IE 2R A o) A 7 4 T
H T 2015 4F 3 AP T, 8%t 1.6 4250, HAl, —H 6
SBRA LI EHROTKEM B A TR S5 SR O ERCTTIK
T A A T2 3 SR NI SR R A AR TR 3 AR T
AR PR B AR, SEBUA A 5140 1ot BT
TRREHT I 3 F% im0 2 5 IR M WUBE e SO 45 A PR R 3 2%
W22 B AR R O AR T L, BT IEFE#EA TR AR, R
A3 AT, 10 AR ATE R ™. =8 22 M2 w4
I E T 2017 4F FARAESE . T E ARG, AR ] SR
B 71478, (KB H R )


杨超




