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Optimization of Cooling Channel Lay-out for Wedge-Shaped Light Guide
Plate

Student : Yi-Fan Hsieh Advisors : Dr. Chung-Ching Huang

Institute of Mold and Die Engineering
National Kaohsiung University of Applied Sciences

ABSTRACT

In the injection molding process, the time for cooling stage is about 50 ~ 70% of
the cycle time, which is the impact of the most important key to productivity. The
current cooling channels design of injection molding, designers usually depends
experience rules or design principles with trial and error method to design the cooling
channels layout, Although test again can find out the design requirements, but it will be
make mold strength lower and spend too much idle time of wait mold repair. Especially
for varying thickness product is no guarantee that the best cooling effect.

In recent years, as computer-aided engineering analysis (CAE) has been widely
used in various industrial fields, help to improve the product and mold design. Let
engineers to know where the poorly design in product or mold, help to shorten repair
mold time and idle time. This study use a 14 inches wedge-shaped light guide plate,
materials is optical grade acrylic (PMMA), and have varying thickness of 0.54mm ~
1.36mm. Use based on the injection molding cooling theoretical formula, with the
boundary conditions of mold strength and uniform cooling to find the optimal design of
the cooling channels lay-out. In determine mold, use the optimization of cooling
channels design can make the varying thickness products to achieve the purpose of the
shortest cooling time without change any restructuring process parameters. Finally, use
the computer-aided engineering analysis software(Moldflow) to verify results. Hope to
shorten the production cycle as the goal, find the optimization cooling channels design
method for varying thickness products in the injection molding. Provide designers

different Cooling channels design options to improve the design efficiency of the

il



cooling channels and then improve product quality and reduce costs, increase economic
benefits.

This study combines the theoretical formula and the CAE analysis to development
of a optimization cooling channels lay-out process. It is can significantly shorten the
cooling time and meet the temperature uniformity by channels layout, flow control, and
temperature changes in different regions. This research with a 14 inches wedge-shaped
light guide plate original needs 50.09s to cooling but optimized arrangement of cooling
channels can be reduced to 28.46s after. Warpage can be reduced from 0.51mm to
1.43mm. If the temperature changes with the form of different regions, although the

warpage increased to 1.65mm, but the cooling time can be shortened to 7.98 seconds.

Keywords: injection molding * wedge-shaped light guide plate * cooling channels

lay-out * optimization.
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7. PER rﬁ“\?ﬁ#[i{iﬁé‘ﬁ'ﬁ’?@;ﬁ VB -

8. E;r%fjg['[ﬂﬁ 'F}Hiﬁﬁ«_if[l ) ﬁ,'Jﬁ};J'E;LEH'ﬁlf}{DJ‘?\ ?j’ﬁFE(static state) » [RIM=T T

Rl prid &+ VEIE -
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3.2 P HEG i Eﬂ]‘F'EF_JFETf’
ﬁj AR P F‘ Eéjf f Jﬁﬁ 77 Ballman » Shusman([ 18]
T o iR +rp P Eupl[19]%ppu[20] SR TSl
(RVIHIE = = AR A A s
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K @ BIFRE i (7 g (keal/mm-sec-C)
Ky Xy Ky 2 ST APl = (R ) > FHX EVRE ) -

T B A P A ﬁ} d;tl ‘ ;tz d;: L A [ A
FOTFb ™ g All= F‘Ji THEE YR AT YRR riﬁﬁé['ﬁ‘}ﬂ//pllﬁ* EIF[LJ
R Al o o ’“E'”ﬂﬁﬁim‘é F R RV A L g SRS
15 F[ IH%H'}E‘\_KA T ENEA IS F[ > PRI = R RS H RS

oT _ k 9*r _ 9°T

>z -2
ot pCp 0X3 aaxz2 (3-2)

k 7 2
Hiha = Et Q‘Eﬁﬁff‘]ﬂ?ﬁﬂf E\T(mm /sec)

BB B BEFFOIR 3-10201%7 1 B 5 SR R
(3-3)% 55 (3-4) [22] -

L P [ SR VI T [ FIRR R 15 -

S2 8 (Tw—Tm
e =g I P(TWTE)] (3-3)
2. AT FHE T B B G I T OB R 1
S2 4 (Ty,—T
be=rzg In [E<TW_TIZ>] (3-4)

ol

ti * IR i(seo)
o * W (C)
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Tt AT RE (C)

Tg * PHEIEE (C)
g

m [ ]qJ}‘

a BT

EIERES (}4)&%&@@@5@%@%@@ FEIER Ty 5% UKD 0 MR
PR RO T, SHERTEERNG A AT AR Ty B

RIS P gL

RIS | 22 B4 A I ﬁf’ - B BRCE Qap =Qu T R Alli
= ﬁj/ggf:ﬁggﬁﬁ s FELE IR Hj:uypqgﬂ 325 TR S%Pd/ﬂé,ﬁﬁp&%&ﬁ

TR VR > PRSI AR B 3-3 H

RTR R Ff A e B
Qabzlo_ - [(Tn — TE)Cps‘Hm]Qm 2 « X (3-5)
Qu © P AR (i) T Al p L OB B
_ 1 1 -1
Qw = 1072 - ¢ [Astse . 1 ZnR] * (Tw = Twater) ~ (3-6)

o
Cps WL
im : f'},rif’g?ﬁ

e B

T F[ (A8 AR T
Age + ABLE B AL (Rl
Se + B\ HEEIR

@ I A B
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33 BB S IR
BRI [ A R AR By o~ BV ERSEVEIRII 34 B BT
S HREE > To BRI HREE > Ti > To AJAAZGRGRE Y R > fI [P IR gD - 20
J%\* PLFL Ty P4 i 1 SE7TE 8L (isothermal - line) & =5 i1 S573R AUAE 4 B 1 19 367 HEL AL
(uniformly spaced line)™5% 1 24 heat flow lane) o [ SV 7*'“’ e =
flat g [N 37— G A il R = {22y o e 1 Z ) e o
FU R <t

dn _ kl2(Taa=Thc)
L I

(3-7)

*l H|

CIn . EEH s Ti,lfmlﬁlﬁ*

Qn * SLRRE- ST AR
_ (ab —cd)
)
_(ab —cd)
2= 5
L BB R 1 JUTE 1A abed ELATASL- 7Y (curvilinear square) o [l = 1, » PP

L: "ET; R

= k(Taq — Tpc) (3-8)

USRI £ I MY - HISE S
EGRAEES

AT = T=To .
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H1(3-6)22(3-7)8 1

N
qu— T) = S K(T; — Ty) (3-10)

ol
Go * B EARPUE E
N o Bl s [t
: i—fﬁ TR Hagl [ Rlr(kcal/mm-sec-C)
N s T pe N - .
Se ™M Eb LV 2 7 TP K =" (Conductive shape factor)
M = s e
SN FU(3-8)kh— HT[ER R B s TSRS T SRS = SRV E R E
=R T e E9

1
i
s

Gl S Sl vy (3-11)

Hi1Q = %Fg%/l-
SebbAL H%\' 3-5 SRR IRV 21] > T 0) 3 IR

,EIFEIJE' ,EIFEU [?ﬁd °
2T
@l Se = —2T Y =~ d
q\%\ F © cosh‘l(%)
S, = 2r Y >2d
in| =+ /(%)2—1
S, = —2" Y » d
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o Se = ——=~ Y > d

l2Xsinh(2;Y)
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AP |- 3CE V1A EA S B & i ] EER315mmb r185mm -
B £0.54mm ~ 1.36mmEieh % Iﬁl » [P FTR] B SRR T (PMMA) - 7 [l 5
lzljﬁltr‘%ﬁj E[c[y@%a&g\f‘[/r}glﬁuj\ , [ ELErgF{!%’IE’ﬂ{—:JEJ‘{_?F[ B\Lﬁ:miﬁr :"
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I TPRIIRERT - AR RIS R A RA- 157 T 53 o (5 # e

4.1 S Fpl gt - AU SRR 1

B [ BT 40 b Ao S (RUBS H/F N2 RS &l
425« Il S ORI TR - R
KAV > PR R AR ARS050-150-150-100-s » FIASEE T =04 ¢ RIBE—"IL

Hin
o S — AP A — LY — SRR 43
Eﬁi’(d) 10 mm

. BURA R (T,,) ¢ 45°C

3, @?k‘%ﬁ'dﬂ’%” Ty mazy) © 85°C

4. R EVEELTH (A © 45 Wm - k

5. BUASEIE(H) @ 150 mm
PP VR T I VAT EUAS EL ] o 58T B EAREN R (A -

(185%315x2)+(0.54315)+(1.36¢315)+(0.54+1.36)%185=117500 mm?
E|EAIRE VAR (A ) -
nxdxL =mx10 X (315 + 60)=11780.97 mm? -
Wl%ﬁi“f‘ﬁ@ﬁ’ 117500+11780.97=9.97=10 > |7J by A Y L_Uﬁlflfia?f&ﬁ‘ fi= o A
[F=RRET Y S LJ;F;F? 59 ofRx F' JflfF['ﬂj:h , 7J~<ms<r[ ﬁ%ﬁ'?['ﬁ%ﬂ' 4-4 F73.
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1. <EEEVE 140 °C
2. (TJF[ ‘(T&;ﬁfﬁiﬂﬂ?(u) $1.2x107%m?/s
3. 154l F[ [FfEffi(v) = 1 m/s
4. 15 F[ &%F%grf ~ MW 2300< R, <10000
5. FEEE FREUE(Twater max) © 45 C
4.2 E‘fﬁfﬁﬁ[&l
ﬂﬁ [PV RPBAPR 2] [AIpa g 1~ Qﬁlﬁﬂﬁfﬁﬂfﬁ TPREPR
gl %lr’ﬁz%i:ﬁg\ VAR AL
l.ﬁfﬁp@@?ﬂ@[(s) : 0.54mm~ 1.36mm
2K BV (Ty) © 250°C
3HHHE S (Tg) = 85C
4K (i) © 130K) / ke
5.[73 % FENCps) * 2.27kI/kg - C
6HEHE(Q, )+ 1.06 g/em®
TR BEYE ) | 8.5% 10~* cm?/s
8IHLFFH I RUEE B (AT) 5T

4.3 &FF[}”’#JEJ@;?&
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£ = fi N 1.22mm > 0.95mm ~ 0.68mm » ') it i 18 T 7F TV HLYE > Yif4-55
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1000 - P - d? ( d? 0.15)

= 4-2
max L 32EL2+ G (4-2)

O

D RS TS (N/mm?)
P15 F[ (758 1 Ay % (mm)

U F‘ R SREEUR A L Y B ES(mm)

LR (R (N/mm?)

L g |'>f§(7(N/mm2)

fmax * S PRI RN & F V@ B (um)
rﬂ%fﬁmufll > PSP FEMoldflow 55 F7[ 1 # £5201.2Mpa=201.2N/mm? > [fi|

LS SRR 14 it (I REVE =70588 N/mm 2291 (757G =27147 N/mm* »
2 fifE4-67 > L=d = 10mm » 5EEEHET
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1000 - P - d° ( d? 0.15>

mer T L 2EC ¢ G
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H 4 1 IR ] S

ui

57— Wh[1(1.22mm)

J77 Bk H1(0.95mm)

ui

ST B [5(0.68mm)

?T 2 RERE(X)|  Sel Y1 Se2 Y2 Se3 Y3
10 0.38 28.27 0.23 44.42 0.16 64.19
11 0.42 27.96 0.26 44.1 0.18 63.87
12 0.47 27.62 0.29 43.77 0.19 63.54
13 0.51 27.28 0.31 43.43 0.21 63.19
14 0.56 26.92 0.33 43.07 0.23 62.83
15 0.61 26.55 0.37 42.69 0.25 62.47
16 0.65 26.17 0.39 42.32 0.27 62.09
17 0.71 25.78 0.42 41.93 0.28 61.69
18 0.76 25.38 0.45 41.53 0.31 61.29
19 0.81 24.97 0.48 41.12 0.32 60.89
20 0.87 24.56 0.51 40.71 0.34 60.47
21 0.92 24.13 0.54 40.28 0.36 60.05
22 0.98 23.71 0.57 39.85 0.38 59.62
23 1.04 23.26 0.61 39.41 0.39 59.18
24 1.11 22.82 0.63 38.97 0.42 58.73
25 1.17 22.36 0.66 38.51 0.44 58.28
26 1.23 2191 0.69 38.05 0.46 57.82
27 1.29 21.44 0.73 37.59 0.48 57.35
28 1.37 20.97 0.76 37.12 0.49 56.882
29 1.44 20.49 0.79 36.64 0.52 56.41
30 1.52 20.01 0.83 36.16 0.54 55.92
31 1.59 19.52 0.87 35.67 0.56 55.44
32 1.67 19.03 0.91 35.18 0.58 54.94
33 1.76 18.54 0.94 34.68 0.61 54.45
34 1.84 18.04 0.98 34.18 0.63 53.94
35 1.93 17.53 1.02 33.67 0.65 53.44

41




G 4- 1 157

sfeHX
I

] B

AT Sel Y1 Se2 Y2 Se3 Y3
36 2.02 17.03 1.06 33.16 0.67 52.93
37 2.12 16.52 1.11 32.64 0.69 52.41
38 2.22 16.01 1.14 32.12 0.72 51.89
39 2.32 15.49 1.18 31.59 0.74 51.36
40 2.43 14.98 1.23 31.07 0.76 50.84
41 2.54 14.47 1.27 30.54 0.79 50.3
42 2.66 13.96 1.31 30.01 0.81 49,77
43 2.78 13.45 1.36 29.46 0.84 49.23
44 291 12.94 1.41 28.92 0.86 48.68
45 3.04 12.45 1.45 28.37 0.89 48.13
46 3.18 11.95 1.5 27.82 0.91 47.58
47 3.33 11.47 1.55 27.27 0.94 47.03
48 3.48 10.99 1.61 26.71 0.97 46.47
49 3.64 10.54 1.65 26.15 0.99 4591
50 3.81 10.09 1.71 25.59 1.02 45.34

ﬁ%t : Eﬂ i (mm)
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4% 1 - MALAB

clear all
close all
cle

format long

nel=input('How many segments do you want? =");

s=zeros(nel,1);
for i=1:nel
fprintf('Input Thickness of Segment %g \n',i);
s(i,1)=input('Thickness of Segment =");
end
Tw=zeros(nel,1);
tk=zeros(nel,1);
d=10;
R=d/2;
Tm=250;
Te=85;
Twater=40;
Twmax=Te;
im=130;
cps=2.27,
rhom=1.06;
a=8.5e-4;
nuy=1.2e-6;
u=1;
lamdast=45;
H=150;
ymax=H-d;
fmax=15;
Qmin=10;
Remin=2300;
Remax=10000;
P=201.2;
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tk_init=2;
E=70588;
G=27147,
deltaX=1e-2;
deltaY=1le-2;
deltaTk=1e-2;
deltaTw=l1e-6;
x_init=10;
x_max=50;
nx=(X_max-x_init);
X=zeros(nx,1);
Y=zeros(nx,1);
f=zeros(nx,1);
Qab=zeros(nx,1);

Se=zeros(nx, 1);

X=X_init;

X(1,1)=x_init;

for i=1:nx
X(@i+1)=X(@{)+1;

end

Secompletedata = [X, zeros(nx+1, nel)];
fcompletedata = [X, zeros(nx+1, nel)];

Ycompletedata = [X, zeros(nx+1, nel)];

Twcompletedata=[1, zeros(1,nel)];

tkcompletedata=[1, zeros(1,nel)];

Re=0.001*u*(d/nuy);
anpha=(0.031395/(0.001*d))*Re™(0.8);
k=1,

for j=1:nel
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sel=s(j,1);

for i=1:nx+1
x=X(i);
Qab(1)=0.001*((Tm-Te)*cps+im)*rhom*(sel/2)*x;

end

flag=0;

fferror=10;

while flag==0
[Tw,tk]=calcTwtk(Tm,Te,Twater,sel,a,tk_init,deltaTk);
Se=calcSe(Qab,Tw,Twater,anpha,R,lamdast,tk);
[X,Y]=calcXY(X,Se,x_init,d,nx);
if min(Y)>1*d

f=calcfmax(P,Y,d,E,G); % (micro meter)

fferror=100*((max(f)-fmax)/max(f));
end
if fferror<$
Secompletedata((1:nx+1)', j+1) = Se;
fcompletedata((1:nx+1)', j+1) =f;
Ycompletedata((1:nx+1), j+1) =Y;

Twcompletedata(1, j)=Tw;
tkcompletedata(l, j)=tk;
flag=1;
end
tk_init=tk+deltaTk;

end

end

xIswrite('completedata.xls',Secompletedata,'Se Data');
xlswrite('completedata.xls',fcompletedata,'f Data');
xIswrite('completedata.xls',Y completedata,’X Y Data");
xIswrite('completedata.xls', Twcompletedata, Tw Data');

xlswrite('completedata.xls',tkcompletedata,'tk Data');
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function[ Tw,tk]=calcTwtk(Tm,Te,Twater,sel,a,tk thin,deltaTk)
Tw=0;
tk=tk_thin;
while Tw<Twater
aa=tk*((pi"2*a)/(10"-1*sel)"2);
bb=exp(aa);
cc=(pi/4)*bb;
Tw=abs((cc*Te-Tm)/(cc-1));
tk=tk+deltaTk;

end

mt FIFHTIPN=(Se)
function[Se]=calcSe(Qab,Tw,Twater,anpha,R lamdast,tk)
for i=1:length(Qab)
Qw=Qab(i);
aa=(10"-3*tk*(Tw-Twater))/Qw;
bb=aa-1/(10"-3*anpha*2*pi*R);
Se(i)=1/(lamdast*bb);

end

Se=Se';

SHETLE @ (
function[fmax]=calcfmax(P,Y,l.E,G)
n=length(Y);
fmax=zeros(n,1);
for i=1:n
fmax(1)=((1000*P*1"2)/Y (1)) *((1"2/(32*E*Y (1)"2))+(0.15/G));

end

S < R (X e 2R BHEE(Y)
function[X,Y ]=calc XY (X,Se,x_init,d,nx)

for i=1:nx
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X@+1)=X(i)+1;

end

for i=1:nx+1
aa=2*pi/Se(i);
bb=exp(aa);
cc=(pi*d*bb)/(2*X(i));
dd=asinh(cc);
Y(D)=(X(1)*dd)/(2*pi);

end

Y=Y
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