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Influence of processing parameters in injection molding
on replication fidelity of microstructure parts

JIANG Bing-yan, SHEN Rui-xia, SHEN Long-jiang, HU Jian-liang
(College of Mechatronics Engineering » Central South University, Changsha 410083, China)

Abstract: In order to improve replication fidelity of microstructured parts, the influence of different
processing parameters on the part weight of microstructured parts was studied by taking the micro
lens array as the application case and the part weight as the preliminary quantitative index of replica-
tion fidelity. A simplified analysis model of PMMA micro column arrays was set up and the effects of
different processing parameters in injection molding on the weight of microstructured parts were stud-
ied. Results of the single factor experiments reveal that the influence degree of process parameters on
part weight can be ordered in packing pressure>melt temperature>mold temperature>packing time
“>injection time, and it can be proved that the part weight increases about 1% with increasing packing
pressure, while the change of runner system weight do not exceed 0.2%. This results show that the
increases of melt temperature and mold temperature can make the packing pressure transfer to micro
cavity more effectively through runner system, and can increase the part weight. From the images of

measuring apparatus, it is discovered that the weighter the part weight, the better the filling of the
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microstructures. In conclusion, the part weight can be used to evaluate the replication fidelity of mi-

crostructure parts primarily; the investigation of the influence of processing parameters on the part

weight can be used to improve the replication fidelity of microstructured parts.

Key words: microstructured part; replication fidelity; injection molding; processing parameter; part

weight
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Fig. 1 Simplified model of micro lens array and its mold insert
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Fig. 2 Fabrication sequence of micro-column array
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Fig. 3 Fabricated micro-column array mold insert by

LIGA technology
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Tab.1 Properties of CM-205 type PMMA
Properties Values
Specific gravity 1.19
Elastic modulus (GPa) 2.74
Poisson ratio 0. 355
Transition temperature —¢,(C) 95
Refractive index 1. 491
Light transmission (%) 92
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Fig. 4 Assembly view of actual micro-lens array mold
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Tab. 2 Schemes of single factor experiments

Processing parameters Variations

Melt temperature ('C) 220 225 230 235 240 245 250 255 260 / / /
Mold temperature (C) 40 45 50 55 60 65 70 75 80 85 90 95
Injection time (s) 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 / /

Packing pressure (MPa) 70 75 80 85

Packing time (s) 0.4 0.8 1.2 1.6

90 95 100 / / / / /

2 2.4 2.8 / / / / /
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Fig. 6 Influence of melt temperature on part weight
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Fig. 7 Influence of melt temperature on runner sys-

Runner system weight/mg

tem weight

73.5
73.4
73.3
73.2
73.1
73.0
72.9
72.8
72.7
72.6
72.5
72.4
72
35 40 4550 5560 6570 7580 85 90 95 100
t°C

/'ﬂ\./ .

Part weight/mg

o/‘\ .’o—a‘/.\

LN I B L B B B B B B Ea ]

PR 8 AL IR X ] i AR 4 2 )

Fig. 8 Influence of mold temperature on part weight

13707
1365}
1360}
1355}
1350}
1345F e—e, . .

1340} ~e—TN
1335} Se—e
1330} *
1325]
1320}

Runner system weight/mg

1]
35 404550 5560 6570 75 8085 9095100
#/°C
O L TR B X R U AR G0 I A T
Fig. 9 Influence of mold temperature on runner sys-

tem weight

(2) B 5 B I 0 388 0, 9L 3B AR G5 1Y T R
G T A A I A T A 0 S T I R A T S
[f] k0.8 s B 3 e KB 3 2 fy 7 5 sf [a] 2o
S B Y B T R R A A it RS L T 4



52 P9 L G < T AR ORL T2 2 00T Gl 2 ) 2 52 ) B 1) 5 i) 253
742 1370
741 o 1365F
74.0 g 1360 F
o0 73.9 r fb l 355 L
e o
R Z 1345]
15} .-, &2 13401
= 73.5}F .\ ;
Z paf . 7 1335} . ..
= 733} * g 1330p e
732F J S 1325}
731} % 1320f
730 1 1 1 1 1 L L Il 1 1 1 Il 1 315 1 ! 1 1 1 1 1 ]
02 0406081012 141.6182.0222426 65 70 75 80 8 90 95 100 10
Injection time/s Packing pressure=(Injection pressure%)
10 T S B TR 1 o B 42 14 52 0 13 R He 0 % B8 5 40 5 d 14 52 1
Fig. 10 Influence of injection time on part weight Fig. 13 Influence of packing pressure on runner sys-
tem weight
1370
o 13651 7441
g 1360 743}
= .
5 13551 742}
'g 1350 . 74.1F
Z 1345) s @ 740}
S 1340f e S 739}
2 135F " 5 738} e e
5 1330} " 2 1t — TN
S 1325) T 736}
“ 1320} & T735¢
5L 7341
02 0406081.012141.61.82.0222426 733 ¢ .
Injection time/s P20 04 08 12 16 20 24 28
N ‘ o ’ Packing time/s
P LT S e I o 8 T R 9 5 ek 5 )
Fig. 11 Influence of injection time on runner system B 14 £ B R % ] 5T A 5 )
weight Fig. 14 Influence of packing time on part weight
73.51 1355
P ° 2 1 2as)
733} £
w 73al 2 1340}
g ST B 1335} .
2 731t ® 1330} -/
= g —
g 730y 2 1325¢ ./'
£ n9} . = 1320f -
& s 3 1315} /
72.8 g
= 1 310 I .__/'
727 [ L] m 1 305 L
726 1 1 1 1 1 1 1 ) 1 300 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
65 70 75 80 8 90 95 100 105 00 04 08 12 16 20 24 28
Packing pressure=(Injection pressure%) Packing time/s
B 12 R H He %o il i Jo g 1 52 i 15 R e B AL AT B8 A 2R 40 5 dat 19 5% 1)
Fig. 12 Influence of packing pressure on part weight Fig. 15 Influence of packing time on runner system

weight

| A AT A P SRS ol A TR RS Y SR A ’

FRRZ » B0 SR 1 S A T o 3 G A AR L o AR
ik BB L B A BT HOR

(3) Bl P T s 3 19 189 o A28 45 B 47 Jo i 52

b EFHIREEZ R 106 R R 1 X i IE R

G 11 5 VR Y 2 - 2% L i T8 AR 48 o AR AL IR A
F 0. 200 X R WIAEDE T R BT OL T L R
s 3 RE A S A A5 i A UL T 2R 8 A% 28 2 o L

il ity

=}



254 e K TR

%16 &

(4) LRI [E] 0. 8 s I il fh o 48 AN P A2
A s T A G AR ST 14 T A B PR T A [R] 358 o i 2R 9
s B TR 2920 2,106 3% & R O B8 1 AE AR R B
6] 2 0.8 s MF 2 28 5 DA 384 o £ Hs s i) XoF 36
HAE AN 2 AR R (HA RE R R E AR G T
4.5.2 {6 R B R M AT

T SE VRS Hr i A As K R B0 R S
A O AR R B B SOR 4R T A R T A

(a) t=0.4 s,W=73.15 mg

[ T B R A DA T 16 iR . pl R RS
DIB W TE TSI g 0. 6 ~1.2 s I, (454 7
SELACUT o BV RSB 5 ek K 0 o o R ) T L A —
B GRS R A R R — 2, PR DR R R A R
Tt W A T S R A2 A 1 AR PR A R AR A T
TESHMMRRE AR H /N L SHE D, iq
4G SEMAFM 45 i3 #4028 7T DA 4% 31 52 3 i
il f s 2 W LS4

\ 3 2 B 5 0

(b) t=0.6 s,W=73.58 mg

(c) t=0.8 s,W=73.72 mg

(d) t=1.0 s,W=73.62 mg

(e) t=1.2 s,W=73.55 mg

(g) t=1.6 s,W=73.32 mg

be o PO AR N, T e
..,';S- B S b

.
5 Faae o o OB

() t=1.4 s,W=73.46 mg

(h) t=1.8 s,W=73.30 mg

=R S IA] . W 5
PR 16 A ] S I o) i 2R o] S L

Fig. 16 Side views of molded parts vs. injection time
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