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Design and research of secondary microprism in dense matrix type

concentrating photovoltaic module

Yang Guanghui'?, Liu Yougiang', Wang Yumin®, Guo Limin', Chen Bingzhen', Wang Zhiyong'

(1. Institute of Laser Engineering, Beijing University of Technology, Beijing 100124, China;
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Abstract: For the problems that secondary concentrators structure is complex, process is difficult, and cost
is high, considering the actual engineering application, design of secondary microprism for dense matrix
type concentrating photovoltaic module was presented. The 3—D model of this design was established by
Solidworks and important parameters such as inclination angle and component height get optimized using
Zemax. The results show that the combination has the highest energy when secondary microprisms height
is 5 mm, upper side lengths is 7 mm and working face inclination is 67.38°. The energy of solar cell
surface can reach 2.466 9 W, increasing by 31% compared with that of without secondary microprisms. It
shows that the secondary microprism is very important in dense matrix type concentrating photovoltaic
module.

Key words: optical design; secondary microprism; dense matrix; concentrating photovoltaic module

K EH.2015-04-11; {&iT HH.2015-05-12

EE&T B . FR A KRB HE4 (61006040) 5 2009 4F 2 7 #2208 755 A A L HFHHRI(NCET - 09-0002)

EE T AEME976-), 5 BYBEMESE 51, W H2E |, RN T S ROE KRR R AR BOS Jr m ppkot
Email: yang3881 @sina.com

SImfE . R A970-), 5 W5 5L, T AR SN, WA FENF R ARG K I BE KRB S AEOGAR R ST

Email: zywang@bjut.edu.cn



3646 L9 8 k AR

% 44 %

0 5] §

B SR OCHAR R E 20 Kol A bR, 48 15
i, 3 2020 AFREREOLEPENL AR 750%"
TR BNARNE R R W S A, X S K BH
FiE L L2 IS0 O PR IR B | O R AR BE 8 5 Pk
RIGRIEWUR S EA EZER], ERIOGR S
WFFE A, Jodo Mendes—Lopes ¢ N2 H T —Fh
HISETR /R —FL#)) (9—fold Fresnel-Kohler) GG &
gt , Hoh IR BOGAR I B RERR 9 AN DX AR A
RN, KB TIRGF R AEOCHE 511 . Tian Gu
S N T — AR A A AR BUR RO 2R R
Jeas, TR FH AR H M B A2 0.1 mm ) MEPV
(Microsystems—Enabled Photovoltaics)* " Z& 4t /1, Ik
FOCAE S 2, B IR R B BB S
B, HA T8 m RO BBk ikl . 2%
FORE T A A RO AR G m
WS, SRkt AR OEBEY ST PE AN G i ), L
| B T R S I A B A ) P ) JE TR
IR RN T — Ml A SRR 2
JZ 5t =37 %t (Total Internal Reflection —Refraction) K [H
e FOLAy 1 ZUGE G MO RS GR  ZR
AR IR B T 84T i RO CRE SR BRI
S A N T — A AT R S R s S O
AT T GF R B BCRBT  X 8 TR RO a8 B
SRECIL T B bERE S5 4 I T T 2EMEEE R,
BAS g XE DL SEE R TR, SO R X E N
R AR MU RO 3T T —FhEE R fRT H |
T SAAR ROR A0 R B H R ROt .

1 ZREBHFHIRE

TR O IE VU A AR S5 R, R T
ZE Sp NS BV T TR TE  A R VB AT
5K FHBE R AR VT e , 37 T FE 1 7K 08 B2 19 £ i L
L R TS R g B (S TET I 25 o 1 R W
SN RE AR, BeTE I R K A G0O8
ZRAEMIBE - e Az — R 4 S5 3103 K BH AE Fi v 122K
Tl BT FN 0y, URICEATH N ny, H
PrihE AL SC A n]

m SinA]=n2 Sil’l B] (1)

K=A,+B, (2)
ARUEYCER FE M BE | BEWS 4 R g, W i 4 S B
EE, 1S,

Azaarcsin% (3)
2

it AR ()~(3) 1T

K= arcsin ™ +arcsin(™sin A,) 4)
ny ny

B 1 RS E I ROOL A
Fig.1 Optical path of the secondary concentrator
NI T R & U A LR i A ST
HISCAR , AR O Bt BT Y B AR 3l . 220
T 22 U0 S I IE 5 Z 26

2 TRRERIZIT
2.1 i&iHEN

ST O A Sy 2 AR R M RO A
R R, HFEAE 2 Ao JE R RS R
NS — 5 R AEFIRBHBE L MY Lo s/ aE
R, RGO B S ST R /N IR 5 K P RE H T
PRSI — 2, YRR AE IR O R BE R A R
5, B RETREBUS AT g, ARTEIE 1 PR A i B
G55 PR AR T A 2R, e IR
(9706 2%, 1 Solidworks &t v = 4ERE A S A
Zemax YA IR, Xoh TR o B 1 E B S Rk
TTARADs 3, 0 S LA
2.2 &t Lal

TR B G 1 SR B TR TR R B AN ] 2
7N, B 5 BT A 50mmxS0mm, A2 4 93.5 mm
TR B ) S SRR 3 B, S — MBI R
IEDURRHE R R EEIR . BRIy o, PR N
b, b, MEE T AR A K, K P fE F it 2 IS



% 12 21

&
o
‘E\:—]
B
B
b

EAp A X B AR A MRS R 3647

M 2.5 mmx2.5 mm,

P 2 e TR R B B

Fig.2 Dense matrix type Fresnel lens

3 R a g
Fig.3 Secondary microprism model
TIRBOERS AR KO, 4 T K 560 nm
AT 3 0, g 1,52, A1, AN KB R
JeJE A RO B LR T BB A S A A

arctan 2(]fl_h) A (4), 155,
K= arcsinn%+arcsin(n%arctan 2(fa—h) ) (5)
SEPIRCIP S
—ctan (@—D)
K=ctan o (6)

NG (6T HE K.a.h —FWXEER, LIE
AR A B

3 TREmEr AR

HAZ (5).6), LG I8 T RN H ik a8k
B T MR EER R HEHRSE b 4 2.5mm,
TR MR B 11 v B 4R (L B h=9 mm , ¢ Solidworks
oA ST B = 4E AR R S A Zemax Y E 4T fb B
P, B2 AR VIR 35 B 0 A S 0 K BE O e R 5 Ry
1 000 W/m?* , JUJ 45 > 375 5 5 o0 b 4 I A% K BH 5
e 2.5W,
3.1 ki

CVH R ke B2 i PR K b=2.5 mm, h=
O mm , B2 BT K a, BV AT BeAs v o 45 e i
i K, aBU5~13mm, FIRIHEHK o 5 KPHAE A%
W BE B R O ER LR N 4 B, TAIRE 1 mm B— 4>
{H, 81T Zemax FEA7 05 BT, 15 2K BH B H b2k
FIBER AR 1 PR,

w
™)
=)

2.4

Received energy/

2'25 10 15

Upper side lengths/mm
Pl 4 AN [a) G THT 32 1 — W Bl 5 45 4 WA k) X 1 DG 3R
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Tab.1 Energy received by secondary microprisms of different upper side lengths
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