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Study of Efficiency Design and Mould Development for Solar Concentrator

Student: Yao-Chun Shih Advisors: Dr chung ching huang

ABSTRACT

Advantages of renewable energy are easily utilized and protected environment on
earth. For that reason, many alternative energy resources, which are clean and maintain
friendly relations with environment on earth, are incessantly getting stronger
development in the world in recent years such as solar power, wind, biomass, wave
power, etc. Concentrating Solar Power system, which is a fractional of solar-powered
resource, is used sunlight to be converted into electricity using photovoltaics to do
electrical generation. Main component of Concentrating Solar Power system is solar
concentrator panel, which is concentrated sunlight on photovoltaic. Moreover, to
consider economic aspect of plastic industry requires toward thinner and lighter
products. Flat-rounded concentrator panel with prism profile is designed and studied in
this research. This flat-rounded panel can be satisfied thin part and created great
focusing sunlight on solar cell similar to panel with aspherical profile that is terrific
focused. In other hand, manufacturing flat concentrator panel is considered some
problems as prism profile fulfill, cooling uniformity and ejection during injection
molding process. The rounded panel with 30mm radius dimension and 50mm focal

length is utilized to study optical properties.



Firstly, the flat-rounded panel with prism profile is analyzed from aspherical profile
by using TracePro. Secondly, CAE method is utilized to specify an appropriated
injection mold design and determine injection molding parameters by using Moldex3D.
Experimental results are implemented by using Taylor Hobson for prism profile design.
Comparison between CAE and experimental results demonstrate a relationship between
the injection molding parameters and the design of flat-rounded concentrator panel.

Advantages of renewable energy are easily utilized and protected environment on
earth. For that reason, many alternative energy resources, which are clean and maintain
friendly relations with environment on earth, are incessantly getting stronger
development in the world in recent years such as solar power, wind, biomass, wave
power, etc. Concentrating Solar Power system, which is a fractional of solar-powered
resource, is used sunlight to be converted into electricity using photovoltaics to do
electrical generation. Main component of Concentrating Solar Power system is solar
concentrator panel, which is concentrated sunlight on photovoltaic. Moreover, to
consider economic aspect of plastic industry requires toward thinner and lighter
products. Flat-rounded concentrator panel with prism profile is designed and studied in
this research. This flat-rounded panel can be satisfied thin part and created great
focusing sunlight on solar cell similar to panel with aspherical profile that is terrific
focused. In other hand, manufacturing flat concentrator panel is considered some
problems as prism profile fulfill, cooling uniformity and ejection during injection
molding process. The rounded panel with 30mm radius dimension and 50mm focal
length is utilized to study optical properties.

Firstly, the flat-rounded panel with prism profile is analyzed from aspherical profile



by using TracePro. Secondly, CAE method is utilized to specify an appropriated
injection mold design and determine injection molding parameters by using Moldex3D.
Experimental results are implemented by using Taylor Hobson for prism profile design.
Comparison between CAE and experimental results demonstrate a relationship between
the injection molding parameters and the design of flat-rounded concentrator panel.
The results showed that the design of prism profile, which is based on aspherical
profile, improved some significant issues, such as shorter focus length, smaller solar cell,
lower production cost. On other hand, sharp angle of prism structure could be arisen on
the design of prism structure at peripheral section of the concentrator panel. The angle
of prism profile is increased during mold design, because of added draft angle. As
consequence, the optical properties were reduced. The effect of injection molding
parameters on plastic concentrator panel quality was also investigated by using Taguchi
method L9 with factors, such as mold temperature, melt temperature, and holding
pressure and obtained melt temperature 285°C, mold temperature 100°C, holding
pressure 80%, and injection speed 30mm/s, as optimum factors, which are important
key factors affect on transcription rate. An appropriate parameters, therefore, is created
the prism profile of injection-molded solar concentrator panel is reached around
90%~98%. This means that the prism profile of solar concentrator panel is reached

minimizing shrinkage.

Key Word: Solar Concentrator -~ prism profile ~ Injection molding ~ Mould
Development - Transcription rate
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TR -
(SYF
P T 8
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AEEHE IR R
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S/IN= — 10log ((y — m)®+S?] (16)
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BT S | 8+ R TV O RS K (T T S T 40)
SN B

Z:Yi2
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Ff# Tiﬁqﬁj (A B »Jja*j:fuﬁ} Tiﬁqﬁj ESINE Py e 'ﬂaq\(l@%ﬁ Wﬁ‘j ST

Bp) > E OSIN =t

L1
27

SIN= — 10log Yt =y (18)
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DOF.=mx(n-1)+1 (19)
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Al By #r(Analysis Of Variance, ANOVA)
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Fe 3-1 N[ AL SRR A

W= Wavelength (u m)

increment center weight factor
0.295 ~ 0.400 0.348 0.0267
0.400 ~ 0.430 0.415 0.0275
0.430 ~ 0.450 0.440 0.0244
0.450 ~ 0.470 0.460 0.0291
0.470 ~ 0.490 0.480 0.032
0.490 ~ 0.510 0.500 0.0327
0.500 ~ 0.530 0.515 0.0323
0.530 ~ 0.550 0.540 0.0322
0.550 ~ 0.570 0.560 0.0319
0.570 ~ 0.600 0.585 0.0473
0.600 ~ 0.630 0.615 0.0473
0.630 ~ 0.660 0.645 0.0475
0.660 ~ 0.690 0.675 0.0456
0.690 ~ 0.730 0.710 0.0537
0.730~0.780 0.755 0.0591
0.780 ~0.830 0.805 0.0562
0.830 ~ 0.890 0.860 0.0623
0.890 ~ 0.990 0.940 0.0606
0.990 ~ 1.060 1.025 0.0565
1.060 ~ 1.210 1.135 0.0621
1.210 ~ 1.520 1.365 0.0645
1.520 ~ 2.200 1.860 0.0681
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Fe 3-3 5 ShH AR A

FIR

FIJP ] B Sk H A SR B 2 5.5X5.5mm’ USRS gL -

BURIRIF AR BN HA AYEFE | EOA AMLSG
ST |56 (mmd) | AR fil =%
Ao I o= 70mm? AL 60 mm?)
BAEE 1.5 mm
;ﬁlﬂ%fﬂfﬁ R ffi# 120 # (60 “BY)
Pitch 0.5 mm
7 £, 55.01° ~ 89.52°
ARG 0.01 mm ~ 0.35 mm
FALE| ARG 0.5’
& i HEER 2
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| Ubject Nemne | Surface Wame | Tupe | Source | Distribution | Totel Rays | Min. Rayvs | Emissvity
| |SOURCE  Surfoce | Imadisnce (Win2) 1000  Nommel to Surface 10000

Tupe - ) 3 -
Helection |D.348 LI Add | Dielete | Belection |D.348 ;I Add | Delets |
- Wavelengths ~ Wavelengths
Walne () Weight I~ Walue (o) Weight i~
0.348 00267 0.56 0019
0415 00275 = 0.585 00473
044 00244 = 0al1s 00473
046 0.0291 045 00475 =
D48 0032 0a7s 0.0456 ||
05 00327 o7 0.0537
0515 00323 0.755 00591
0.54 00322 3 0.805 0.0562 W
qgﬁl 3-5 CAE ﬁr«ﬁgﬁ%@@ﬁ% ﬁ'kﬁ%ﬁl
¥
FRESNEL LENS SOURCE
DETECTOR
I z

50 mm .-‘_.- ..

! : :
Lz ..'.. 5.5 ..':

¥ -" DETECTOR SIZE

.......

|5.5 X

[ﬁl 3-6 @ﬁ;@g;}%q 2 [ﬁl
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Total - Iradiance Map for Incident Flux
DECT Surface 0

Wimn
130000-

120000-

275 4

110000

100000

20000

80000
0.5 0000

70000

60000

50000

40000

30000

l25

275

25 2 -5 4 05 0 05 1 15 2 25 Left/Bottorn RightTop
X (millmeters) — Horizontal —  Vertical

20000

10000-

Irradiance Min'31 723 W/m? Max 1.3178e+006 VWim? Ave: 78820 Wim?
RMS:1.974e+005, Total Flux2.3873 W 213314 Incident Rays

[ 3-12 £ A 53 Bl

Total - Iradiance Map for Incident Flux
Object 3 Surface 0

Wimo
19000

18000

17000-

16000

15000

14000

13000-

12000

11000

10000

5000

Y (millmeters)

8000

7000

6000

5000

4000

3000
LeftBottom RightTop

— Horizontal —  Vertical

0.5 a
X (millimeters)

2000

1000-

Irradiance Min:306.32 W/m? Max 2.0187e+005 Wim? Ave: 76311 Wim?
RMS:73016, Total Flux2.3084 W 205864 Incident Rays

il 3-13 53 Bl T
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Irradiance (W/m2)

81000
80500
80000
79500
79000
78500
78000

Pitch 0.5mm (60E8)

Draft angle

[l 3-16 348 £ Sk S gl
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Z. 4-1 Panlite AD-5503 $4]:%

HEE|
AD-5503
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» El 3 -
TERARREL cm®/10min 1ISO 1133 1 2kg 54
W kg/m? ISO 1183 - 1200
Tl 23°C 7
R jesk % SO 62 IF 2
1R <% 6 SO 6 1 2ah 0
. SRR
Tk % ASTM D1003 el 90
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Propfs - ASTM D542 - 1.585
TP (e MPa 1 mm/ min 2450
el i MPa 1SO 527-1 50mm/ min 63
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T e ISO 527-2
S F S TH
. gg i % 50mm/ min >50
AN El MPa 2mm/ min 2400
P 1SO 178 .
LIEER MPa 2mm/ min 96
=R ! NB
RREFIR EERG R kd/m? ISO 179 -
T B 3
ISO75-1and ISO  1.80MPa 124
gl °Cc
B 75-2 0.45MPa 138
AR °Cc 1SO 306 50°C/h 50N 143
SHIBEROEE T A 0.5~0.7
e R bl S
&S = 0.5~0.7
L e X10%°C ISO 11359-2 S 0.7
e =) 07
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Tavylor Hobson Form Talysurf Laser 635

X g &b AR 120mm
X il AT 0.1254 m
AR SR FieE -l 6mm
Z AT 3.2nm

E g

0.1~025~05~1~ 10mm/s

= g

0.54 m/ 120mm

B -7

R=22mm [& #Z 18 ¥& 5f

IR (W AR SR

Pt 7% 0.154 m

ﬁ I#%f[

UKAS 3 B ol % 9 B 4 2 0 4 7

A 52 KPR A A

o 53 LA R £

Model 96000
Simulator Type Full Spectrum Solar Simulator
Typical Power Output 1.3 suns
Lamp Wattage 150 W
Collimated Output Diameter 1.3 1n.

Type Solar Simulators
Light Ripple <0.5 % rms
Line Regulation 0.01 %

Lamp Type Xenon
Approximate Power @ 320 nm | 85.0
Approximate Power @ 280 nm | 27.0
Approximate Power @ 400 nm | 430.0
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Figure 72:  Schematic diagram of the phase grating Interferometric (PGl) gauge
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A 61 T BRI

1 1. 1 1-1-1-1-1-1 11
15 3
T EE
]
1565
1 2 3 4 5 6 7 8
irEd 95.6% 3% 95.8% 95.7% o5 4% 9A.2% 95.7% 3%
iEiE 03.4% Q37% 94.5% 95.1% 95 3% 95.8% 04 9% 05 4%
q 10 1 12 13 14 15
irEd 95.9% o6 2% 95.7% 96.1% o5 5% 95.3% 95.5%
mEO 95.9% 95 6% 95.7% 95.6% 95 .3% 95.1% O5.5%

Fo 6-2 Sl gy
HHREEEF%

oy 1y | BT 8y | 5y 15 #H
FYEE (30mm/s) | 80.2% 92.5% 90.0%

50mm/s 71.1% 93.8% 89.0%
70mm/s 88.5% 94.4% 88.8%
90mm/s 90.3% 93.4% 91.0%

e 6-3 UL ] AR B 2
[RUENES ) VB RSR %

SY1# | Y8 # | BV 15 #a
FLYERE (60%) 80.2% | 92.5% 90.0%

70& 80.8% | 90.7% 89.8%
80& 85.2% | 93.7% 91.4%
90& 94.3% | 95.9% 92.0%
100& 96.2% | 90.7% 91.7%
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e 6-4 Jo] ) S Py B

FIEEHB %
571 | avsd | 5115 d

FYERE (270°C) 80.2% 92.5% 90.0%

280 93.4% 89.9% 89.8%

290 95.5% 93.9% 91.9%

300 95.2% 95.2% 92.4%

65 FLE BRI P Ry
BB EHD %

ST18 | 5184 | 5Y15 &

FYEE (60C) 80.2% 92.5% 90.0%

70 91.4% 93.5% 90.8%

80 91.7% 92.0% 94.2%

90 93.2% 92.1% 89.7%

100 94.8% 94.8% 89.7%

o 6-6 PN R

NEEEISEN ) | TSR (Pm) BATE o
FpE A 13.67% 4.14 1.00
FERE (30mm/s) 15.30% 187.88 4541
50mm/s 15.30% 182.27 44.05
70mm/s 15.40% 187.53 45.32
90mm/s 15.60% 222.64 53.81
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e 6-7 [ FE Ry

(U B A FIsak
WIS ) | TPl (Pm) bylE
g A 13.67% 4.14 1.00
FLYEE (60%) 15.30% 187.88 4541
70% 15.30% 205.14 49.58
80% 15.50% 206.38 49.88
90% 15.60% 200.57 48.48
100% 15.70% 211.18 51.04
e 6-8 RIS P 2
B B A EEsE
WEEPE ISR ) | TPl (Pm) bylE
e A 13.67% 4.14 1.00
FL¥ERE (2707C) 15.30% 187.88 4541
280°C 15.60% 205.17 49.59
290°C 15.70% 210.47 50.87
300°C 15.80% 211.17 51.04
e 6-9 fELEI BP0 IRy
OE B A ESSS
WIS ) | P (Pm) Byl
FUIE A 13.67% 4.14 1.00
YR (607C) 15.30% 187.88 4541
70°C 15.60% 204.25 49.36
80°C 15.60% 206.30 49.86
90°C 15.60% 206.95 50.02
100°C 15.70% 210.51 50.88
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Fnen ?i‘fg ¥l ¥2 ¥3 MSD S/N
RUN1 30 87.309 87.158 88.432 0.00013023 38.853
RUN2 45 97415 94.805 92.044 0.00011156 39.525
RUN3 60 97.870 95.503 94.532 0.00010865 39.640
RUN4 60 97 476 92.833 91.801 0.00011331 39.457
RUNS 30 97.536 99.995 98.781 0.00010254 39.891
RUNG6 45 94.168 96.535 97.719 0.00010827 39.655
RUN7 300 60 100% 45 92,620 96.656 88.675 0.00011693 39321
RUNS 300 80 60% 60 95.685 98.113 90.648 0.00011160 39.523
RUN9 300 100 80% 30 99448 98.447 98.750 0.00010228 39.902

AVE. 39.530

RUN 10 285 00 | 0% 30 98.2345 99.9643 | 99.7822 | 0.00010138 | 39.941

A B C D BB

Level 1 39.339219 | 39.210262 | 39.3437 | 39.5487 108

Level 2 39.66779 | 39.646509 | 39.6281 | 39.5003 397

Level 3 39.582079 | 39.732317 [ 39.6173 | 39.5401 206
Effect 0.3285712 | 0.5220547 | 0.28437 [ 0.04841 195 / ——

RUN10 A2 B3 c2 Dl zz:

39.2
RS> > 7 > B
389
Al A2 A3 Bl B2 B3 (=8 c2 c3 Dl 2 -3 D3
F 6-11 PI[ R i gaso e
BHE|BEEE|RER |std
Tshen | ATHE(n)| HFEMHE HE
*lEw | E® | A© | ED) 7
i A0 5 56 B - - - - 13.67% 4.14 1.00
RUNI 270 | 60 [ 60% | 30 15.87% 166.33 40.20
RUN2 270 | 80 [ so% | 4s 15.28% 173.52 41.94
RUN3 270 | 100 [ 100% | 60 15.63% 22127 53.48
RUN4 285 | 60 [ s0% | 60 15.49% 186.23 45.01
RUNS 285 | 80 [ 100% | 30 15.44% 187.77 45.38
RUNG 285 | 100 [ 60% | 45 15.23% 202.82 49.02
RUN7 300 | 60 [ 100% [ 45 15.55% 209.13 50.54
RUNS 300 [ 80 [ 60% [ 60 15.48% 210.27 50.82
RUN9 300 | 100 | s0% [ 30 15.21% 208.20 50.32
rRuN10 | 285 | 100 [ 80% | 30 |  1573% 222.86 53.86
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