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Research on Contact Lens Shell Mold with Fresnel Microstructure Groove
Filling Ratio Analysis by Injection Molding Process
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Abstract

In this study, a contact lens shell mold containing Fresnel microstructures was manufactured by
injection molding, and then the shell mold was used for secondary remolding to make Fresnel contact
lenses to correct high hyperopia. The thickness of contact lenses increases with the increase in optical
power, and it is difficult to produce light and thin high-power contact lenses. By adding microstructure
on the lens can reduce the thickness and maintain the optical performance. However, the dead angle
of the microstructure will cause light loss, which will affect the slight distortion and blur of the image.
In the injection molding process, using Moldex3D R16.0 simulation software to analyze important
process parameters, through Design of Experiment with three factors and two levels to reduce the
influence of forming errors and increase the filling ratio of the microstructure, also discuss and
analyze the process parameters. The simulation results show that the average displacement of the
optical zone of the microstructure contact lens shell mold is 1.2% of the design value, and concluded
that mold temperature affects the filling ratio the most among process parameters. In the measurement
part, because the scale of the microstructure and the shape of the shell mold, it will be difficult to
measure. This study uses laser confocal to measure the microstructure, and through post-processing
and data analysis, the measurement results show that the average microstructure filling ratio can reach
more than 70%. Results of this study can be extended in the field of smart contact lens design and
injection molding of micro structured optics for VR/AR imaging systems.

Keywords: Fresnel microstructure, contact lenses shell mold, injection molding, simulation and


mailto:M10903209@mail.ntust.edu.tw

analysis, microstructure filling ratio

L
1. %3

HERARA L AT BIEFF A o FE S N EE AR R BldoR e S R R ELE
WoR bR E X %“i’%; foprig Rig 12 FRM > FEBAERREERE D P EVRE
mﬁ:m G Z 2 &AL T ) E A pRA o "R 4L & & 5 A 5% (Hard Contact Lens, HCLS)
% i 7% (Soft Contact Lens, SCLs)r*v XHE A NEALRAR S S AW ALY Bl o BN R
B ELFPLEFHE > LREFEE BT LER R o B HY B SRR
&5 LKL 0 4Bl - 977 o AFT g R % R0 2572 (Cast Molding Method) » r2 # 53 i )
AR § LT MR L BETPEE R RECT el ST o L KRBT R R
PR ST UVERI A5 e 2 B g «’i‘iif}_ &;‘@Uﬂ‘r‘% CELF A G R iR
S AT WS ¢ B oo T AT L R S A58 S 4T o

<= <<=

P ]

Bl s ') efl]
B2 =R Mt HT L B[9]

2. By P ihgr ik

ARG S A GE R AR R BARE B2 o B RICA S g owaR
fozkats R ELE P R BT ARS o AREE FRLRES A M A2 W S eBle T
AT P BET M2 g & (Keyence CL-L(P)015) > 4o Bl & = #7771 » $Hici= » + BHIEA R
ﬁ—#ﬁ-—* PR FER 0 ATHCE A 3 1A 2 LR R R BB B
Mo A B 5 (Groove FiIIing Ratio, GFR) - £ 12 Moldex3D R16.0#57x » 17 #c 48 $ 7 =8 f Alc’s
B2 B e (TR DA R RRRS 2 R E A (T 5 WA e 7 R R

a1 e
' AW I AT ME Y a

O)asecuux®hERATRE pVL /0~
5 @

Sumarl 1100ne | arret of whue sud Inbmtag  Prosiiioe Masesesioinng §dbes sy ‘o) N
NTUST

N
NTUST NTUST NTUST NTUST
9 PML ‘o) PML 9 PML @) 3’ PML PML \v
ST o Ntust ST ‘ NT!
PML 9 ” ‘ ML ‘0) fMlT@) }
S e—— T
B3 e iR P AL AR i




Fl4 Mo g2 MR ()% 58 B (D) %0

' iﬂﬁ‘.n

5 ¢ = i £[10] F16 CL-PO15: ¢ * i7 & 457

3. B A 5 21 s ) A

F1* Moldex3D Studiofiiit & 7 i B8 i (7 "2 A PR AL B W2 S 2 S HER o BT %R 2
Wi A7 AR T o Aol ATor 0 FOME AR AR SRR S R AR R o B &Y FE )
5 V-Line s SRERFE L S K RRE-E LEEIR Y LA B o AR &K
NZFF R kB2 2FFF %L B W3R SFHLERRMNE FRES L2 FF
TR R R MR e S WA Sl A Sl Aok - AT %.%T#%‘i?ii?i ¥+
15 Bl4c Bl = om0 iR Eﬁf‘ AR A - e B AR RPMEF TR EC IR} "'fsPP633l ’
Tt g S A A g AN N B 7R R 80 Cengg 0%:': = A54% ¢ * Sodick GL30/¢ 7 /2 &
RALB R BAEHES FUILR R Y LS YPEYTARS LR miny
1‘#—~r~a%‘r d F K Tk ﬁ{wrﬁ WEEEF R mﬁfiﬁxr’g 5 HE WI§1462%’ 5%
R A 26.02% > & F F 5 Ak R 2.29% > %zrb?]{ gl ESRTRELEER

CE R A
grest g RO A RS BB o
GFR = 94.38 - 04765*Tmo]d - 0.4207*Ppack - l.OSS*VmJ
+0.007858*Tmotd™*Ppack + 0.01554* Timold™ Vinj (1)
+0.01250*Ppack*Vinj - 0000188*Tm01d*Ppack*VmJ



A1 BT & 22 P Hw

Moo

Filling | Piston () (B) (9] Result
Simwalation Tme Expersment Position
% {o) Exp. | Mold Temperature | Packing pressure | Injection velocity GFR
) (MPu) (mmsec) %)
226
Rl 401(-) 70 (-} 504-) 63.70
R2 401 70(-) 70 (+) 62.03
57
| R3 40(-) 100 (+) S0(-) 68.01
336 R4 401(-) 100 (+) T0(+) 69.34
P — - RS 80 (=) 70¢-) 50(-) 71.47
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. Teand 146 ! 1.AG6 2933
Vie* Prea 0.004 1 0.004 0.00
Pos® Tinent .13 |} 0.13 270
Vi ® Toets 00008 | 0.0008 .02
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Source Regression Coefficient Effect (%)
Constant 2.79 -

Vi -0.006 2.29
Ppl(k_ T I)K — 26,02
Tooud 0.14 46.2
Vin® Ppack 0.007 2.57
Poack * Tenla -0.04 14.03
Vinj ® Tanid \ -0.003 112
Vinj ® Ppack * Tanole -0.02 7.74
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