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Study of Molding Process for Hybrid Optical Elements

by Concentrator Lens

Student : Hung-Wei,Liu Adpvisors : Dr.Chung-Ching Huang

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

There are many different kinds of Photovoltaic on the market so far, and each one
has different effective. HCPV has the highest efficiency of generator. HCPV system is
combined with power chips, collector lens and tracking system. The research of
collector lens is more concerned about structural design but less process integration.
The essay is made of collector lens which diameter are 70mm®. The design of lens is
Fresnel Lens. It contains with big serrated: plane of refraction which height is 0-2mm.
It can let the product to focus on forecasted location. and the mini serrated: diffractive
surface which height is 0-1pm can correct the location. The research is about each
stowing situation of different kinds of Serrated.

The design of collector lens is Fresnel lens, a traditional curvature of the lenses. It
can be light and thin while the construction of lens serrated will influence the
efficiency of light harvesting. The essay is about the special design of big and small
Serrated will influence each transcription rate by different cause. The cause of big
serrated is packing stress while the small is mold temperature. Besides, the residual

stress of plastic product will also influence the optics. To discuss the problem of each

il



cause, the essay the essay is basic of injection molding, and has three processing
methods : injection compression, Rapid Heat Cycle Molding and vacuum. It also
comes with Taguchi experimental method. Injection molding can have mass
production quickly, and it’s a traditional method. Injection compression has better
balanced power to produce products. In order to reduce stress, the system of Rapid
Heat Cycle Molding can add to Tg of material and freeze quickly. And the air
remained in cavity will cause the insufficient situation. To lift up the mini filling of
construction without add the circulation of time, and vacuum system can let mold be
under the minus atmosphere. It can reduce the problem that cavity will store air in the
point. Especially the serrated don’t have the exhauster. The essay is compared with the
four methods to find the best producing way, and measure the transcription rate of each
product for research. It will help the related industry.

According to the research, melt temperature can influence big serrated most while
mold temperature affect micro serrated. Injection molding and Injection compression
are in the same situation. High melt temperature can let pressure spread into big
serrated averagely. High mold temperature can fill micro serrated completely.

However, the higher mold temperature will enlarge the material while higher melt
temperature can cause etiolating. The vacuum cause nothing on transcription rate of
big and small serrated. While mold temperature can influence transcription rate of mini
structure obviously.

Keyword : Solar Concentrator ~ Hybrid Optical * Fresnel ~ Injection Molding ~ Injection

Compression Molding ~ Rapid Heat Cycle Molding ~ Vacuum of mold cavity
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N
STzzniz—CF (2-25)
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K;
Af
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S
Vo="7
fa (2-27)
fa=HFIRIN D FIF
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#3- 1 THSES R R

Diffractive(e) Refractive(B)
Front prism angle | Grating pitch(um) | Back prism angle | zone width(um)

Zone0 0 0 0 2
Zonel 2.678172 316. 249236 87.197 2.0028
Zone2 5. 329155 159. 1028 84. 423 2.0112
Zone3 7.930623 107. 1 81.698 2. 0254
Zoned 10. 46219 81.37729 79. 046 2. 0455
Zones 12. 906 66. 15983 76. 483 2.0718
Zone6 15. 2475 56. 18875 74. 026 2. 1046
ZoneT 17.47488 49. 2096 71. 685 2. 1446
Zone8 19. 57978 44. 09487 69.471 2. 1924
Zone9 21.55674 40. 2181 67. 388 2. 2488
Zonel0 23. 40294 37.20347 65. 44 2. 3151
Zonel1l 25.1178 34. 812 63. 628 2. 3925
Zonel2 26. 70253 32. 8847 61. 9506 2. 483
Zonel3 28. 1598 31. 312 60. 4057 2. 589
Zonel4 29.4934 30. 015 58. 9896 2. 7137
Zonel5 30. 7077 28. 94 57. 6981 2. 8617
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EI“ (Polymethylmethacrylate » [ PMMA - jg“'\r?l/ Acrylic) JJ{AFEAVES ) E JF"J
AT [REHESRE H R P o SRR ER e A
BRIA 3-2 qéﬂl 3-9 ~ [l 3-10 :

% 3 - 2PMMA GH-1000s #1] <25

Physical Properties

Density 1.19 g/cc ISO 1183

Water Absorption 0.3% in water, 23°C, 24h,
ISO 62

Melt Flow 10 ¢/10 min ISO 1133

Shrinkage 0.2~0.6% ISO 1183

Mechanical Properties

Tensile Strength, Yield 62MPa 50mm/min; ISO 527
Elongation at Break 2% 50mm/min; ISO 527
Flexural Modulus 90MPa 2mm/min; 1ISO 178
Flexural Strength 3300MPa 2mm/min; 1ISO 178

Thermal Properties

Deflection Temperature at 0.46 MPa (66 psi) 95°C ISO 75
Vicat Softening Point . 50°C/hr, 50N; ISO
104°C
306

Optical Properties

Refractive Index 1.49 1SO498
Transmission, Visible 92% ISO 13468-1
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Specitic Yolume [em™3{qg]

Viscosity [Pa-s]

0.97007 Specific Yolume vs Temperature & P=0[MPa]
HP= Pa]
+ P=150[MPa]
| + P=20[MPa]
0.9200
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0.87007
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0.8200 T T T T T 1
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[#l 3 -~ 9PMMA GH-1000s 1] PVT iz
10000. 7 & T=230[C]
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) ® T=263.3[C]
| + T=280[C]
1000.0
100.0 7
10.00 7
1.000 T T T T 1
1.000 10.00 100.0 1000.0 10000. 1.000E+05

Shear Rate [1/s]

q%‘[' 3 - 10PMMA GH 1000s 2‘#—[@’ Ellﬂ‘%l
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0 R EE B R IR R A T R S F
o SR A UM BB ] » Tl b - F*ﬁﬁﬁﬁf LIRS
S SRR o pSTATRICR 0T - e EERRR RS dsec(f 3-12) » i R
EPFVHTES 1.322sec o i 154 R US> FRREED 3.692 % 1 250 3-1 1 32
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125.0 Pressure at injection IuZliun:XY Plot
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4.2 HEEANE R
4.2.1 SRS EHS
o i ATLE W B ] ARBURG 320C 18 BIRS Y™ [
42 > GEEHTSS R S SR R I SR VIS » ST T A
0 SRR 4-1

Hoa- LSRR

Rheological properties Value Unit
Clamping Unit

Max. clamping force 600 kn
Tie bar distance(WXL) 320 x 320 mm
Platen dimension(WXL) 446 x 446 mm
Open daylight 350 mm
Mold open close force 25/130 kn
Ejecting force 30 kn
Ejector stroke 125 mm

Plasticization and injection unit

Screw diameter 35 mm
Max. injection pressure 182 mPa
Theoretical injection volume 144 cm’
Injection rate 154 cm’/s
Plunger stroke 150 mm
Max. injection speed 110 mm/s
Nozzle pressing force 70 kN
Unit traveling stroke 240 mm

Machine dimension weight

Machine dimension 3420x1605x1425 mm
Machine weight 2330 kg
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F 5 - 1TSS RIP I SR e A2l

Experimental Factor Prpfp A Prfp AT
run A B C D  HHF LTS S/Nration  S/N ration
1 I 1 11 91.38 80.06 39.21 38.07
2 122 2 97.99 83.77 39.82 38.46
3 1 333 97.16 82.28 39.75 38.31
4 2123 98.57 84.66 39.87 38.55
5 2.2 3 1 96.45 86.61 39.68 38.75
6 2312 96.80 87.44 39.72 38.83
7 3 e 2 97.96 88.52 39.82 38.94
8 3213 97.53 91.35 39.78 39.21
9 3 A 1 96.62 92.53 39.70 39.33
152 GRS BT SN [k
A C D
Lecel 1 39.5933 39.6346 39.5681 39.5292
Lecel 2 39.7566  39.7602 39.7980 39.7859
Lecel 3 39.7656  39.7208 39.7494  39.8005
Range 0.1723 0.0394 0.2299 0.2713
Rank 3 2 1
BEST A3 B2 C2 D3
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39.8

V4

39.75
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39.7
39.65 I,

39.6 J

39.55
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/
%

39.5
39.45

394

39.35 . T

Al A2 A3 Bl1 B2 B3 C1 C2 C3 D1 D2 D3

[fil'S - LTRSS RIPTHED SN sl

e 5 - 3 FFTAS B[P i i By T P& (ANONA results of Refraction parts)

SS DOF Var ACABEY S Contribution%
A 0.056415 2 0.028208 0.056415217 18.26%
B 0.024772 2 0.012386 0.024771765 8.02%
C 0.088112 2 0.044056 0.088112115 28.51%
D 0.139725 2 0.069863 0.139725355 45.21%
Error 7.28E-12 0
Total 0.309024 8 0.309024452 100.00%
e 5 - 4 A B 1 S/N [Pl
A B C D

Lecel 1 38.2776  38.5197 38.7046 38.7146

Lecel 2 38.7110 38.8079 38.7786 38.7445

Lecel 3 39.1602 38.8212 38.6656 38.6897

Range 0.8826 0.3015 0.113 0.0548

Rank 1 2 3 4

BEST A3 B3 C2 D2
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39.2
39 /[
38.8 / /eI ——A
38.6 / o =B
38.4 c
38.2 4 —<Db
38
37.8 T — ———
Al A2 A3 Bl B2 B3 Cl C2 C3 DI D2 D3
[ 5~ 2 LS B EL SN [l
e 5 - 5 FRUAY BIGER F A E BT P
SS DOF Var ACTREREY) S° Contribution94
A 1.168694 2 0.584347 1.168693817 85.49%
B 0.174078 2 0.087039 0.174077684 12.73%
C 0.019772 2 0.009886 0.019771564 1.45%
D 0.004509 2 0.002254 0.004508631 0.33%
Error -1.8E-12 0
Total 1.367052 8 1.367051695 100.00%

Z 5 -6 Ff 'ﬁk}fﬁ’lj’é%:‘éﬁ’@(conﬁmation Run)

P il
FLYEE 96.01% 88.766%
B 98.12% 95.326%
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F 5 - 9 VSRS BIFTH ] 1 IR

Experimental ~ Factor Prgre s P SRR
run A B CDETF G s s S/Nraton SN ration
1 11111 1 1 9489 94.20 39.54 39.48
2 122222 2 958] 93.30 39.63 39.40
3 1 333333 9559 94.88 39.61 39.54
4 2112233 9560 95.28 39.61 39.58
5 2223311 09515 94.31 39.57 39.49
6 2331122 9573 95.98 39.62 39.64
7 Ly VW 95.16 39.62 39.57
8 32 321 3 1 9496 96.20 39.55 39.66
9 3313212 9566 96.00 39.61 39.64
10 1 133221 9529 94.20 39.58 39.48
11 12 1133 2 9591 95.67 39.64 39.62
12 1322113 9527 95.88 39.58 39.63
13 212313 2 9495 95.92 39.55 39.64
14 2 23121 3 09481 96.62 39.54 39.70
15 2312321 09555 96.50 39.60 39.69
16 313231 2 955 95.02 39.60 39.56
17 3213123 9522 96.30 39.57 39.67
18 3321231 09631 96.80 39.67 39.72
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F 5 - 10 FF VISR BIFTHET SN [

A B C D E F G
Lecel 1  39.5964 39.5841 39.5972 39.6052 39.5698 39.5740 39.5869
Lecel2  39.5815 39.5826 39.6028 39.5954 39.6070 39.6046 39.6086
Lecel 3 39.6055 39.6167 39.5833 39.5827 39.6065 39.6047 39.5878
Range 0.024  0.0341  0.0195  0.0225 0.0372  0.0307  0.0217
Rank 4 2 7 5 1 3 6
BEST A3 B3 Cc2 D1 E2 F3 G2
39.63
39.62
39.61 r ——A
206 P | oA X [ oo A
wse N L SN X ] -
.59 V ..‘ \ \( I l 1 ¥ == C
39.58 D
39.57 l =i E
39.56 =0—F
39.55 G
39.54 T T T T T T
A1A2A3B1B2B3C1C2C3D1D2D3E1E2E3F1F2F3G1G2G3

[l 5 = 7 el VEESHS BT SN il
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e 5 - 11 FRVES RS B[ hf = g oo T Pr(ANONA results of Refraction parts)

SS DOF gyl Vo ATigE) S” Contribution 96
A 0.00177 2 0.00088
B 0.00445 2 0.00223  0.00281 12.381%
C 0.00122 2 0.00061
D) 0.00153 2 0.00077
E 0.00547 2 0.00273  0.00382 16.836%
F 0.00375 2 0.00188  0.00211 9.287%
G 0.00181 2 0.00090
Error  0.00271 3 0.00090 61.496%
%&i?ﬁﬁ 0.00904 11 0.00082 ~ 0.01397
Total(St) 0.02271 17 100.000%
e 5 - 12 FRVESHERS B S/N [l
A B D E F G
Lecel 1 39.5238 39.5495 39.6135 39.6203 39.6217 39.5841 39.5857
Lecel 2 39.6235 39.5894 39.5736 39.5868 39.5855 39.5738 39.5820
Lecel 3 39.6368 39.6451 39.5969 395769 39.5768 39.6261 39.6163
Range  0.113  0.0956  0.0399  0.0434  0.0359  0.0523  0.0343
Rank 1 2 5 7 4 8
BEST A3 B3 DI El F3 G3
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39.66

39.64 r
s I A\ [ T =
SV U WY A
39.56 e
39.54 i =<0
39.52 —1 —E
395 —o-F
39.48 —+=G
39.46 T T T T T T T T T T T T 7T
A1A2A3B1B2B3C1C2C3D1D2D3E1E2E3F1F2F3G1G2G3

[ S — 8 HEIVESESS BT SN [T

e 5 - 13 FFVESHRY Bl g B ke

SS DOF gl Vv F##Es S* Contribution%
A 0.04579 2 0.0228934  0.0358 25.86%
B 0.02767 2 0.0138366 0.0177 12.78%
C 0.00481 2 0.0024041
D 0.00622 2 0.0031087
E 0.00678 2 0.0033887
F 0.00923 2 0.0046130
G 0.00426 2 0.0021276
Error 0.03366 3 0.0112194
?fi%ilq'ﬁ 0.06494 13 0.0049956 0.0849 61.36%
Total(St)  0.13840 100.00%

68




Fe 5 - 14 FRHVESHRS B e A iR

P ST
Flveqs 96.18% 94.22%
= JE 97.58% 96.99%

5.2.2 LB IR
o R | J 0P AR 2 S Vit )

drER > Fe 515 SUBHUE AL - SRR ICT AR OB SR

RO HIESEE 1 5-9 HLUSEIBUR £ A0 IO FRITRssf 2] E b L

SEHEIY 3.38% = [FTHEICH S-IOBIR 2 o RuE AR F A IS (] -

Fo 5 - 15 FHVESHS T REEN RS
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- FI R R
a SV B 1 IS R

AN

Run X Xe Xs y MSD SIN F=
1 94.52 90.33 89.30 91.38 | 0.0001200 39.21
2 96.38 98.90 98.69 97.99 | 0.0001042 39.82
3 96.04 96.98 98.46 97.16 | 0.0001060 39.75
4 97.45 98.55 99.72 98.57 | 0.0001029 39.87
5 93.66 97.14 98.54 96.45 | 0.0001077 39.68
6 95.52 96.69 98.19 96.80 | 0.0001068 39.72
7 96.64 98.15 99.10 97.96 | 0.0001042 39.82
8 95.45 91.57 99.57 97.53 | 0.0001052 39.78
9 95.11 96.14 98.60 96.62 | 0.0001072 39.70

b1 B 1 1 W B

Run Xi Xe Xs y MSD SIN
1 79.30 80.38 80.50 80.06 0.000156 38.07
2 84.37 84.65 82.29 83.77 | 0.0001426 38.46
3 81.82 82.54 82.47 82.28 | 0.0001477 38.31
4 85.44 85.69 82.85 84.66 | 0.0001396 38.55
5 86.95 87.41 85.48 86.61 | 0.0001333 38.75
6 88.67 86.56 87.08 87.44 | 0.0001308 38.83
7 88.59 88.62 88.37 88.52 | 0.0001276 38.94
8 91.15 91.88 91.01 91.35 | 0.0001198 39.21
9 92.14 92.32 93.14 92.53 | 0.0001168 39.33

7




C T VESHS TSHE 1] 120 B

Run Xi Xe Xs y MSD SIN
1 95.30 94.72 94.64 94.89 | 0.0001111 39.54
2 96.16 95.43 95.83 95.81 | 0.0001089 39.63
3 95.55 95.66 95.58 95.59 | 0.0001094 39.61
4 95.75 95.33 95.72 95.60 | 0.0001094 39.61
5 95.02 94.90 95.54 95.15 | 0.0001104 39.57
6 95.96 95.80 95.44 95.73 | 0.0001091 39.62
7 95.93 95.72 95.49 95.71 | 0.0001092 39.62
8 95.26 95.42 94.21 94.96 | 0.0001109 39.55
9 95.40 95.70 95.87 95.66 | 0.0001093 39.61
10 94.88 95.77 95.23 95.29 | 0.0001101 39.58
11 96.24 95.60 95.89 95.91 | 0.0001087 39.64
12 95.03 95.37 95.41 95.27 | 0.0001102 39.58
13 94.94 95.27 94.62 94.95 | 0.0001109 39.55
14 94.65 94.58 95.18 94.81 | 0.0001113 39.54
15 96.28 94.98 95.38 95.55 | 0.0001095 39.60
16 95.40 95.73 95.42 95.52 | 0.0001096 39.60
17 95.80 94.74 95.12 95.22 | 0.0001103 39.57
18 95.77 96.56 96.59 96.31 | 0.0001078 39.67
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A5 VS RE TOE 1 I R

Run Xi Xe Xs y MSD SIN
1 92.76 95.33 94.50 94.20 | 0.0001127 39.48
2 93.23 91.96 94.70 93.30 | 0.0001149 39.40
3 95.91 94.03 94.69 94.88 | 0.0001111 39.54
4 95.07 95.65 95.12 95.28 | 0.0001102 39.58
5 95.41 94.82 92.70 94.31 | 0.0001125 39.49
6 96.66 94.63 96.64 95.98 | 0.0001086 39.64
7 96.38 94.13 94.96 95.16 | 0.0001105 39.57
8 96.41 96.39 95.81 96.20 | 0.0001081 39.66
9 95.41 97.13 95.45 96.00 | 0.0001085 39.64
10 93.01 92.70 96.88 94.20 | 0.0001128 39.48
11 95.51 95.10 96.40 95.67 | 0.0001093 39.62
12 95.93 96.00 95.72 95.88 | 0.0001088 39.63
13 96.36 95.54 95.87 95.92 | 0.0001087 39.64
14 96.74 96.76 06:57 96.62 | 0.0001071 39.70
15 96.96 96.41 96.13 96.50 | 0.0001074 39.69
16 95.12 94.80 95.15 95.02 | 0.0001108 39.56
17 97.21 95.83 95.87 96.30 | 0.0001078 39.67
18 96.23 97.04 97.11 96.80 | 0.0001067 39.72
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