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Study on the waterway layout on mold cooling efficiency and accuracy
of injection molded parts through the differences of the conformal
cooling size design
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Abstract

The injection molding process is one of the indispensable industrial mass production processes
today. Among them, how to manage and control the mold cooling mechanism and improve the
accuracy of finished products is the primary goal of this industry. In terms of traditional water
channels, they are limited by subtractive processing, which makes the water channel far away from
the finished product, and dead water areas are prone to appear at corners, resulting in a decrease in
cooling efficiency. In order to manage and control the mold cooling mechanism, special shaped water
channel molds produced by 3D metal printing have been developed. It is recognized by the industry
that it can effectively solve this need. Although the design flexibility of special-shaped waterways is
an important key factor, if people want to improve the cooling efficiency of special shaped waterways,
he can generally increase the pipe diameter and increase the coolant flow rate or increase the
waterway density. The former reduces the flexibility of the waterway, the latter must consider the
waterway design criteria to ensure the mechanical strength of the mold. To this end, this article uses
3D metal printing to design and develop three sets of molds with different pipe diameter structures
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based on the concept of reducing pipe diameter waterway design while meeting the needs of design
flexibility and increasing waterway density, and explores the benefits of pipe diameter differences on
waterway layout. The simulation analysis results of these special shaped waterway molds that apply
small diameter waterway and adjust the waterway according to the product structure can effectively
improve the mold temperature uniformity by more than 6%, the mold temperature cooling efficiency
by more than 20%, and the total product warpage deformation can be improved by 30%.
Furthermore, these designs have also been subjected to actual mold manufacturing and trial testing.
The experimental results, including: improvement in mold temperature uniformity, improvement in
mold temperature cooling efficiency, and improvement in total product warpage deformation, are
quite consistent with the simulation analysis results.

Keywords: injection molding, 3D metal printing, conformal cooling channels, differences in
waterway diameters, CAE simulation analysis

1. &
SRR WAL E R B EY AR LR I E2 - > AL HEY PR AR
FAFYTERER > FERE AL %§$1%ﬂ$yﬁimig$i R IRy TR -
3D 7 Er ek b A A A ¥ - FTARE Wi % R BARE ﬁlmi sehfa £ P
He g 3DF ez BADKEEII- T ARE P i | Eéiiré_r%%» ‘i R E N A SN e
Beik stz BRGE PN BALREH I SRR R 2 AN T A hgied 2 e 2
Bk 0 1998& Xu # A[I]# 3R ARER =2 - S RFWAFZAHOH G JFd &
73D RS Al E ITHCE o FFIORBEOY R R R 22 H 85 R B2 58 - 2000+ Sachs & 4
[2:5 87 %2 e A 47473 B ighat 2 W irgr 4o 2 W L > 2 é_ * A FERRE
Bafiz 2B 25T REAPKES L 25 0 JRIBIOERAL G 2 RPEET| 1 FRA -
2018# Liu % [3]»@@;%»&% P2 BEESRE o EAGIFREREELT HELRLFS &
RORBRA, > M A BN A FEPER G S ok i g o B € M;ﬁ%‘l’;‘&iﬁs‘i g
%%Tﬁ&%ﬁﬁﬁ’&%% JEIRRL AP R ST &R RS S %*%’
B ERE AR G F ek PRERLARETNE TR 4 b AR Y - F;h N

o}

oA ok AR E A uﬁﬂﬁ+¢xz$&ﬂ1w4q,mw**x ?mﬁﬁ%%%
TSN RS R D \’QLPiﬁ%QEW$m;%%B%Q%’%
LIRS B ARRCE A ASERRFELERFZ 0 R KRS LR L

A

m A ECAEH A TR HEA T ¥ - 2w 13115’“’5 PEC R BRI A A 2
FERAEFARIIEZ » 218 ST EABRCERA & GER - E- HRFS R
5 ;L ﬁ*/‘L ‘Q{@ f—*b?PﬁP o

5 i
2. BRI EAPM T3

FEPD R L AL > AT L B4 CAENRA 1T F R ES A0 2
£ CHEE- B AR BRI R A RBRE ER S R H 2T
BoRELA SN HEE f sy L - ka2 s A g B ECAER R A 178 F IR 2
Tt  PEFETRFIRE NI A g B S RIS £ e

21 A&EBFPEIICAAWETR
AFF 7 # % Moldex3D 20228t R (AL B AL o @, 7%, SA)EFH I S s 470 #
A &N /i%r“ EF o AeBl(@) w5 T BELR R EE EL2mm e e BlL (b)HrE 5 & &
Bieo e g3 BREMBERSH > AT g FHWS P ExTxF 4 5 5 80x40x

)

-4

\4\\‘3

Wi

E I Sy
4

v

R2NS
3 ™

bl

|

-

\



N4 TR ERT AT F 14 @ CEFEHLIEREDE

PERE1I3& 08¢ 22 p ()

20mm > B AL L15mm o 4e@L ()47 5 ¥ b O © 4370 x 320 x 320 mm > 4e@l1 (d)#

T

(d)

<

22 KRAUARPHE TR

ARG ARHERZ RN 0 R AT KRB (DB kR S0 mm o Flgk
B R R /A R R - @R EE 74 T e B2 ()5 5 kB (D)
BB AR (DR 2o dmmF R AVKE > 4oF2(0)7 1 KEAR (D) Y
REEAIFN (D)Ko T4 2 2mmp 2R FREE > 4o B2 (c)#for 5 2P o AREF] S () AR 30K
AN (M) 3% { 4T R { B KREA G R A NEEF o ¥ oho ke 52 B e
3457 > 04 Gokp 2R (1RA 4 kB IEA &2 6 5 103 15mm > 4oB3(@)-0) #7 ;
Gk B AN (DA e £ 454 mm 4 gek f 0 2%k FEEMA S 4 6 mmo 440 mm A&
BT RSB Ao 3(0)-(e) P Bk B IS (IDH 4 B E2mm 4 Frk o Rk E
FEA 45 S3mmo A40mm A SR AT o HLOT > heBl3(c)-(e) HfE e

(@) (b)
2. kB W () kB (1) (0) kB2 (T) 5 (©) ka2 3 (M)




@ SERHEIERESG

2024 -5 FR v A FHITH F A4
¢ EAR 113087 220 ()

. i

(b)

(d)

3
_ H_
o »
e— (h)

(2)
W3, KB 5 W () @ Sk AR () Sk B R 5 (O KBRS (1) o) AR



2004 HEE F R A LIS H L 6 JD) cAwmeigrgag
¢ oEAE 113 £ 08 7 22 p ()

(d) kB35S (1)2 BRI AR 5 () kB 2150 (1) 2 HoRIRIALE 5 (F)-k B 2058 (11)* H0R] RIAR
B (g) kB N ()= R ARE 5 (h) kg 38 (1) 2 550 RIALE

23CAEHE Z R TAATR

Bk * 114 d Covestro = 2 3% i > 4] 5L % PC Makrolon 2407(07 ™ @ #£PCH1#L) > = 4] i
Bhedl1arn s A & ¢ 35 LB LS5s 23 BE & 3000C ~ 555 JF & 100°C ~ %41 & 4 150 MPa -
ERPFRF2s s (RRE 4 80MPa-~ £ irpER30s o

F 1. A0 2 S dk
T
LEPER 15s
R 300 C
s R 100 °C
st R4 150 MPa
RPER 2s
®RR4 80 MPa
LR 30s

24 ABFHRLFRTHE U TR
]%d] 5 t:‘_i‘—/:r‘ O‘ﬂdﬂz ’#Bwﬁ:ﬂt‘]}kf? ’E“t%ﬂ. ~ 7k%1];‘?&%lﬁ$§|]ﬁ%—iiai‘?mﬁ CAE%%:*%A’\_%%/;% :‘ka
Foke o e 2.1~ 2.3 ] & ergy it o

25 #32 g R e

BAPEHEIE N 2 kBRI L Fran F B EFIFE AR 0 W e CAE BOBEA T RS 2
(4 4= COR)/* iRl (f§ H- CAV)4e » £ RI &8> 4] 6“7 > H ¥ 2 #0RI%5L 1 1 24> & 24
BRI OHCRIGIL2S 2 480 £ 24 B FAHERANFIARAL R EF 0 20 K
Fothd SR FeE R BHRE T RRIEE > R TR 0 T BRI Ry ¥
— GG AHTRTRERZ AT f 32 BORE R FLIR o A ke 7 R B 4oF
8 (@) o Bl mak B B pl 2D BB B ke 3D BRI KR E > 4oW 8 (b)2 8 (c)F o

g e

Bl 4. 54 &g 5




2004 HEE ERY A KIS H A @ CARELIERENE
¢ ER R 113 E 08 % 22 p ()

(a) RS
B S R fpid: (@ e 5 ()2 Hoa -

No.1~9 1 0 No.25~33
No.10~15 No.34~39
| ———
* No.16~24 1 y ' No.40~48
- ———

(a) (b)
Bl 6. ERIEE Bl () HoR 5 (b)) o

4040.10

200,10

@ @ [=]a.1]
14.55%0.10 |-H @ ”'ﬂ 14.55+0.10

45.05+0.10

(b)
Bl 7. 28R =8 () ARE (b)TAAE -



2024 WL FRT ALPIHF L E
¢ Ea 113 £ 087 22 p(n)

(a)

B 8.9 7+F % & | %

! (a) FLIR %=

3.1 -KETh B HB R A IR E R
Y7t faok A Pt il
iR

SEREAIF(D) > ()~ ()2 s %
25?76.7%0

c
A
R
M
A
R
| U

- b A AEHR 5 (b) 2D Bk E

.J_n—llﬁ_f'

(b)

%+ fritih

A R RE B A b,);k A RR £ L k356.7%

@ SR LEIERES ¢

PR CE3DEPRIRE -

A s A 452 BRI (COR) HE I (CAV) SR i 17 2
9 v d% % FLIR: F 404 ok B8 ) » w&rEIS(a)”TT : ,w%ar%\ 281 23575 > 3 E B ET
- S F9-d CAEN A 7 8 %+
NMA A RIE L9506 T ¥k J\fv‘ J‘\(H)fé » g "% 2100.79~100.87 C - 7 i)
B A AR ECRER A N (1)L 86.7 % 5 4o s ¥ R ERA| S (M) - H58 % 3 100.32 ~ 100.36
o 5 BIE L i ¥t KB (1) 083% 7 - %5 o 27 %
o ficip] g

B4 7 (1) 4 %+106.52 ~107.12 °C -

Ak kR R

#2. CAEfE A 47 - R 2 RS %

A54(T) R EEAIF(T) B4 3% (1)
en SR R SRR R SR
T 15(7C) 106.52 107.12 100.79 100.87 100.32 100.36
B £(TC) 0.60 0.08 0.04
21 (%) i 86.7 93.3
2339 % R ERESE
REAIFN(T) KA (ID) (KA 3 (I)
ABER AR AHCR SRR AR 2R
T 35(°C) 124.3 127.3 116.0 117.3 115.0 115.7
B E(CC) 3.0 1.3 0.7
i 4 (%) - 56.7 76.7




2024 R FRF A FERMTH Y F L E
¢ EAREI13£ 087 22 p(z)

Mold Temperature
108

OX

3106

S 104 acAl
2 X COR
3 102

=

&
(1)

100

(1)

HOE BRI % Lt (a)CABRSHEA 19 1 (b)

32 KT B HM IS SHRIE R
231 &7
R DL UL E S IO

IE,’I‘\_" ’ ‘fﬁ

BALZ KB
E SR ot S’rﬁ‘fi

Ekr;g"{tz

(b)""l’fl’ LS r%ﬁi..l} 1&'”&XE\‘Y%?’ e SE‘f‘f._

(€ 287 b kB INCE 7o A QAo 2
£ 'f@‘@\@é o #Eﬁ;&ﬁ«@‘i
TR S L l'lé%é"]"

SR MR FAEREH T F o

(lesg) 827 5 (Y%)=((F- & < -2 Rl < +)(HE

St BUER TR
®5 ® ﬁfgll()“r'r o JE B0V &> MEORER
e g5 HK o o A2 \(1)“!'# °

@ SHRHEIERELE

Mold Temperature

b

130

: X
= 125
g © oc4V
8120 X COR
B 15 8 %

110

(1) () ()
FALR o

93 R SR A Ak 0 AR

FEERETDEGERRE > 4-B8
ﬁiaim;liﬁwb,gm@g%@s
F I PR ERES > dokdER50 2P
szﬁ"ﬁ%@f%é%ptm, T
3154 (1) ~ (1) ~ (Im)

© 4))x100% (1)

# 4. CAEH# @ &+ & BfF & £ R

H +:mm:; S5k Z*:1.005%

Blo 2~ REEAIZN(T)  RERAIN(IO) kAN
@D 80.00 79.22 79.56 79.64
©) 40.00 39.91 39.91 39.91
® 14.55 14.17 14.33 14.39
@ 14.55 14.23 14.41 14.44
®) 45.05 44.94 44.96 44.96
® 12.79 12.69 12.73 12.74
© 20.00 20.08 20.04 20.02
20.00 20.09 20.05 20.03
©) 0.10 0.12 0.03 0.01

25 BRI A SRR
¥ ~:mm; Hgk Z:1.005%

Blo <~ RERFIFV(T)  AREAIFN(D)  AREAIFS()
@D 80.00 79.04 79.49 79.62
©) 40.00 39.94 39.95 39.95
® 14.55 14.18 14.37 14.44



2024 HE TR A EHMH Y F L §

¢ ERR 113 08 7 22 p ()

@ SHRHEIERELE

B0, $f & 55235 300 o (UPCH AL & 61): () & 4D (B#A 49) »
()2 1@ (A~ 17)

Y

1)

)

(d)=

1% 53D B
PzﬁHEWL%wT:

’L‘L‘”’

nﬂf'
76.7% -

5 1 S B 0

-

CEPRLE T om

(1)~ -kEe3)se ().

T CAEH A 452 % B » ki
] \(I) ﬁrgﬁﬁ:/ﬁ—r A b B R HCE I“\I"
ﬁﬁ%%@p%ﬁumﬁﬁAﬁaﬁwg—ﬂ,

-

™

KEE

i® (?Eé%)’

4.

ol s B AR RR

|35 (1) 2. 5 %

() 4@ (Hes17)

Ii«%}

@ 14.55 14.21 14.42 14.47
®) 45.05 44 95 44 .96 4499
® 12.79 12.66 12.71 12.73
D 20.00 19.97 19.98 19.98
20.00 19.99 20.00 20.00
© 0.10 0.04 0.03 0.01
§1 0 o § 1.50
% 1.00 o 5 % 1.00 © o
" (1) i) (i) e (1) (i)
(a) (b)
1.00 4.00
E .00 Q g 3.00
% 2.00 O ‘:E 2.00
B 1.00 = ©
(1) (i) (1) 100 (i i
() (d)
4.00 4.00
\:-_E 3.00 § 3.00
% 2.00 % 2.00
2 o 3
1.00 © 1.00 ° O
(1) (1) ) () (1)
(e) (H

b 4D (F %)
O 4D (7 %)

T A R DR

ﬂ“ﬂUﬁ«&ﬂﬁﬂDwm
% 4 86.7%2£793.3% ;

5] &

J ﬁ'CAE’fﬁ-i}%A}’}‘r J’%g‘&%‘—‘? bt A LA FRE KB
¥ B FRAE G 3.10%‘2.00%‘1.59%,




2024 HE FT A LHITH F 4 ¢ @ CARHELERELE
¢ ELFE 113 E 087 22 p(e)

EEFIF %A S BCAE A 74Ty - R FERF AN 5 3.03% -
173%~1.25% % 2 » § 7% J* 2D 23D k so® PR A @45 £0.05%4 F -
FERAE o
LLF?{'EE“m FASZ RADKBR P MAZF R o FR[E T B N i 2 AR
R SRR Y R RBWE AT E  PERFHD SRR APIREL Y fﬁgm
f’l‘/{,‘,él"_iﬁ‘:ﬁ & ,._,)'tfé‘_ EAVE JER “{m)‘z’*,i_—& % o

(A= &&p b4, (2024) 8« B 81 e pd1 28 %4 STH R 2 [7])
5. k3

-\\}

KEFREARL P L FER @ AL BRI B -

6. 34 %
Xu, X., Sachs, E., Allen, S., & Cima, M. (1998). Designing conformal cooling channels for tooling.
Sachs, E., Wylonis, E., Allen, S., Cima, M., & Guo, H. (2000). Production of injection molding
tooling with conformal cooling channels using the three dimensional printing process. Polymer
Engineering & Science, 40(5), 1232-1247.
Liu, C., Cai, Z., Dai, Y., Huang, N., Xu, F., & Lao, C. (2018). Experimental comparison of the flow
rate and cooling performance of internal cooling channels fabricated via selective laser melting and
conventional drilling process. The International Journal of Advanced Manufacturing Technology, 96,
2757-2767.
Tuteski, O., & Kocov, A. (2018). Conformal cooling channels in injection molding tools—design
considerations. Machines. Technologies. Materials., 12(11), 445-448.
Wang, Y., Yu, K. M., Wang, C. C., & Zhang, Y. (2011). Automatic design of conformal cooling circuits
for rapid tooling. Computer-Aided Design, 43(8), 1001-1010.
Park, H. S., & Dang, X. P. (2017). Development of a smart plastic injection mold with conformal
cooling channels. Procedia Manufacturing, 10, 48-59.
P . (2024). 7 1 ¥ F VML LSS BRI KRB S L RFER KRG HEHEEL S
Frac E 8 bt sk %E;NP Lok A gl Fapaiila g kAL sT R 4

10



