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Abstract

To increase the development and utilization of solar energy and reduce carbon emissions, the en-
ergy sector is the effective path to realize “carbon neutral”. However, solar energy faces practical
problems such as low solar energy utilization rate and extreme weather damage. Therefore, to
improve the utilization rate of solar energy, based on the principle of dual-axis sun tracking, an
intelligent sun tracking system for photovoltaic power generation with wind resistance is pro-
posed. In this paper, based on the fluid-structure coupling theory, the stress analysis of the key
parts was carried out, and an optimization model was constructed that took into account both en-
ergy generation and wind damage resistance. By adjusting the attitude parameters of the panels, a
compromise was reached between the unloading of wind load and the maximization of energy
generation, which reduced the damage of wind on the panels and effectively extended the life of
the mechanism. Results show that contrast, relevant solutions by developing view, attitude ad-
justment device, the surface of the initial Angle of 45° placed reasonably, and the best inclination
angle for tracking changes is concentrated between 0° and 20° when the initial position is placed.
The designed intelligent sun-tracking system achieves the purpose of maximum power genera-
tion, this research conclusion for the miniaturization, and automation development of photo-
voltaic structure provides a train of thought and a theoretical basis for photovoltaic power maxi-
mization.
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TERR AR SR, ARRIIAEIE AR R HARK DL “HaedR” F1 “Feeaeii” R ANE, HAERL.
TE A B R I REVR R R R . ik, VP2 S UK OK PH BB S5 T FEAE REJRAE N 2030 4F LS REVRAL N %
AME L], ANREWE (2EEZEAER RGP AEE B TR AR R (2021-2035 4)) (LA R
R ORI Y, BB REIRAE N C RIS B a2 —, KRG E R B K. KFHEEMA
YR REVU Kk [2].

T PHBEAE N —FhiE i o5 e mIRelR, A& BRI R 5. FRERRHREIRIER F5, FFE
AT 3] 0 K B B R 24000 50 % 10™° M. e rb 75 e SR X f oK PRAR S s ek, AT, &R R PR X T3k
V] P S 1t X PR 20 5 A 2 R R FL A B S AR 3 S X [3] [4]e

FLTE 1979 fESEE FLOHH H — P B R (5] 71 BURPH REE Bi A% . IXFHIB RS B AT, RARER,
{H R B R PR B, B ER AR B UG B, 4 50, 26 B AEAH OGN R 4% E TR HE K BH BRIE RSB B (5] [6],
ZIRTEEMRT FEERE, JRRAA .

2015 4F, Fevzi Kentli %5 \[7]%¢ it 17— Mol 84 1 i B =K B B XU B 2B 5 B, FI R 23 B
AFEIFIFEHR AR T, @ AT PR, (FILAERH YIRS R I E S AV, A HOR R R 187t
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B J5 » A PH RE R R AR I R R AR 3 7 2P 3 BRI 152 % 1) 772 4= , Fabio Moacir Hoffmann {# F LDR
K KPR O0, R 51 BRSO B ER T, NI SEIL T8N A BR B BRI IS, 43 ilik
F|T 20%F1 31.1% [8]. 4, HA, Hid, v7:ESEE KA KRR AT SR, MH T BaifkrR
FHIE BRI %%

FRE G H BB IW AR AP R, 2008 SEHEH R = AE B RS, RS, BRAEME, "R
P H 2544 R AN R B FEUE AR Ak, AT siBl H G sEi g i, (HRETEERBE AW, FHFTEA
AN — IR, ToVE R AL A = EESR 9], TR —4F, FAMURT A AR H 1 DL PSD R (1 =k 2%
KBHBEIEERAY, 35 DA FEPRIN A HEA 1) [10] [11].

HIR KT 2012 SE DRI H — A b SO B SCPESE G . BRI B)) 28 0 S5 A s P AR Y K BH e R A
ARG, RTINS R SOESETT THN H[12], WA w1 B AR A S R A
T T, KT E] AR = S o B A 1] R A R AR SR

BT LREw, ) UVFERA T2 AR IR E . 2019 4, d5)E S A IA[L3]HR 4 DY PR S
B, RH T EWIAAE TR RS, FOCHRER AR E UK g T 32.4%, MRk TAESERR
TR ORI R 2852 A 5 1 7R A O PRV R0 A i 1 R R B F T R AR 32.49% M. SR 7k B &5 [14]F 2021
AR UTERR, SH T Mg i, IR IS W RSB B AT TR LG, R
FHAT T BUERIIATE B B ) SR 2RI R S LR 1) SRR R B RN 22.7% 0, AR AR
EUASE ) 5 Al 2808 AR S0 97%~99% M1 i3 . £ U4 [15]F 2022 S HAT B B 5 6 LB BEARZE &, DA
FRRERLE N, RARAPILERACEENL, THH — R4 B 47208 B 5k B T — R4 H
ITERB B E .

AR SCHEET XA H A b, SRR K BH BE2E % 32 % 5 R M E I R R, PR T8, T
TAC TR A A ) S A L ) 23 R 2 A FH 5 i PO AAG S ZRY SR N AR 26 4% IR A e A 1) R i
BA R s 5 M E.

2. FRIEFRSERSH
RPN 2T OPHES 2PN TP PRI 5o €2 2l €T PNLEE e o NI UPAR NGO L

Rﬂ=8x{ﬂﬂg§ilﬁ}+D o)
sin
Hep, R, ABRDGREESI T KB RE SRS, S Jw/koP i KB ELATARAT&, D NlUtieit &, oy N
KA, g R BHREMIIAA -

KHEREMARQ)AR:

G= 5 x1x10° 2
3600

E¢,G%$ﬁﬁﬁﬁm%%mWE%EMNMﬂ,aﬁﬁ%ﬁﬁ%%wmﬁ,nﬁﬁﬁﬁ%o
ik, ATIREARHGER K BZBR, —2EE X KHGEH s IREE RS ML T — RV FHF 7 IFHE HAH
MNH T %
2.1. REARIEE
Har, KOS H3ERE: R G e ik RGBT LN S HPUTIRE RS, bR
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PEE T K PH BE R BEAE 1 [F) e SCIBE A 1 46 IX AN RS0 B B 3 i O 52 o
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PAALERE NER L, PRI IRK I ERAA N RER, 0 & A ag S5 AL yg KSR BEAL B R 2 [17]
[18] [19] [20]-

T 7R4i M o 2 E KA a; S0 yy EESE, H 2415 Spencer FikiRZ/N . KE
B I FRAEXS T E20], R A ST A Spencer FVEAE TR RKFH RS A BT LA I A @) AR

5= @[Clsin 0+C,sin(20)+C,sin(30)-C, cosd —C, cos(260) - C, cos(30)-C, | ®3)
T

Hrh, €, =0.070257, C,=0.000907, C,=0.00148, C,=0.399912, C,=0.006758, C, =0.002697,
C, =0.006981, 6 HAUWAXME)IIR:
ZTc(n —1)

9= @

Her, n AR
KA LA arg $8 R BRGNS 7 ) AT [ 2 [ S Sy, B S RBHARE A 6 « A o IR R A
KE)Frax[21]:

sinag =sin$sin d + €0s$Cos J Cos @ (5)

Heh, oo NRMIREEM, o NKBHI A, 9RNZMEREZ, 5§ ARHRG S,
KERTTLA yg AEFERBIYCELAE KT T L A E AN Z b1 2R i) S A % AR i 4 2K(6) s [22]

siny, = cososinw ©)
COS g
Hf, ooy o 6 FIEXEAKXG)FHFE, y NRFEIHLAA.
IR BAB T E A X (T)Frs:
T
@ =15x(ST —12)><ﬁ @)

Hrb, o BE X5 ARG) AR, ST OAFCKFHN 5iZ s 0], 252, I ZEA5E[23] [24].
23. REERNA
[ P K BH B AR AL 32 21 HoAth b R R SE M A B2 . DR R BEAROR T B A2 U4, AR ST T2 20T 5T R
JIXF R B REMR 5 K FH BEAR SCFE S M i) 4, R 2 B i S an A K@) o -
F:%CMN%1 8)
Hop, CoNERMMEE, p NAEAHEEEL1.29 kg/m®), V AYIKE S S FHIXHS SR, S ¥l X

TR
IR AR Sy WA () AT
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Figure 1. Horizontal rotating mechanical mechanism
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Figure 2. Track control system program flow chart

B 2. IREIEHRGREFRIEE

PLC i F AL AR BEKBH RERR A A1 E, 7 ORI i RaB 6 A i ) R DA/ RO R GE IR o 2 WG

HEHBRMERS, PLC PR LR A R BH REAR 5 A, OB H SZe BRIEZAT B ORI HILAE AR DRI [ R
{EA IR H UL ERER . [RII 7 PLC AR s in— o iR i&as Fl T REBIB B R S HPIRSE B . 238

B4 SuiEd . By B . ). iREZ,

4. FIRER. MASHSHK
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4.1. ENHSHh

WA 3, 4R R 30° B AR AT AR T B K /3 oh 153 Pa, {0 AA D 45° T AR T AR H B K 1 283.6
Pa. fHiffA 60° B ISR AGAR I 1 /18 kg 455 Pa, iy 30° MBI S K4 297%, BN
A5° TR N R 38K 2] 160%, PRI ANRE H 22 X1 JXUTEAH (7] BT A R AR R AR T 174 F A Bk, AR
RS .

M S EUE B =R E BT =R T U ) R A, IO BT XU o K BH A AR AT 2
MG 8, BT SCBERMAATE, ATE BB NS i AN, ) by B RREIA G 45, 75K
BEAR T TR A — AN I T e 4 R R IR X o DRIt 3 BT ARG X THT HH L TE R ) R4, 3 XD HE B4 R &R
K, JCHAEAESA N 30°F0 457 B X — IR RIL 5 9 &

MR S THAR 17, WA 457 T8CE I A 10 K BH REASCRR IHI o s T AR R K 20 90 #3070 I 1)
1.5 fi%, MU 60 BCE R IRL AWM 30T BRI 2 5. Ait— DUt FE 6% 777 A S RS i A
30°THCE I P AR IE IR X — %, 3 B okl wh il B RN AT, SRttt — D iR .
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Figure 3. 30°, 45°, 60° solar panel surface air pressure
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Figure 4. Air velocity vector diagram of solar panel surface at 30°, 45° and 60°
4.30°\ 45°, 60" ERTAPRREAR H = SIMERE X B E

e — D UL 7743 B s A [RIAR 7= AR 0 s 0 7 AR TR K /N5 47 7 1R 7 A 1 J5E RS T XS K BH e s 2t
AT FE 3T, AT aR XGHE A [ B 5] 1 462 1 5o Bl b s e BRI 4 Fras, ] ARG HiEiA
2 30715 B I R BH BEARCAR T (1) B R J# B2 20.17 m/s, {8 F1 y 45° 1B IS K BH BEARCAR i (%) e KT8 2 23.63 mis,
BB 30° T I TE B HE K2 117%, 0T 2 60° T E B (1% K BH BEAROAR HIT I XU B IR B 26.31 mifs, %
100 R 9 307 JHCEL I T8 FE I K 2 130%, A A1 45° T B I I LG K2 111%, 3X 5K 773 Hr i R B L
3.

M 5 R E s, Ay 60° 5CE I R BH REARR 5 JLF-BRA 1 IAIgitid, s > 3078 & F1
iR 45°THCE I KBRS 3 A, BB 9 30°T80CE LL iy 45°T8CE I K BH BE RS Rz i 2k
B, IR 5 )4 T SR B R — B
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Figure 5. Air velocity flow diagram of solar panel at 30°, 45° and 60°
[#]5.30°\ 45°. 60" ERTAPABEIR B = SURIE R ELE

4.3. Bt

1T F D 60°TBCE BAR AT ik, IR FFE R HURGE 10 m/s, HUGSCHEMESAER &4, vl 2 ik
FEER [FI gk il AS, R IEFE 6061 £5G PR R 205 Mpa, JH iR #EE 55.2 Mpa, 714 5%k 68.9 Gpa,
W) IR 5 55.2 Mpa 1E47 J5 207 ARk, 7 85 = 6 Frs.

HH XU 10 m/s Xof R XU R LA 5 G, WU o 60°T5CE I [T HE & 07 BLAE XUE 5 RIS LT,
KBHBESE AL e KON 0.545 mm,  JE M SCHE B AT AR 5 7543 11 0.148 mm &5 5.35 MPa, i85+ H
T 5% K B BEAR BHL 34 S B AR T AR 5 8 185/ 3 0.221 mm 5 1.78 MPa, [K I TS 18 /& T AR Bl At B 1)
BN, m/NT R R EE 55.2 MPa, (HE AR E BB B AR . Bk, X RRIARERE, BRI 10 2%, &
BT P AT
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Figure 6. The result of fluid-structure coupling when the dip Angle is 60°
6. fiif 60" M ERTREIRELESR

Rk, @it ik 2.1, 2.2 AXKRZFIH MATLAB #BHifS5MN R, TR, B—FFhE
Iy BEL K. KB NEREAR, TH%(RE4 107.40°~109.49° F1IL 4 33.42°~34.45° WU HL 4 4 108° L4
BANWE NP ERHL X M FEAT BAEAS, AR XU R G vt-45 58, 76 22 3 XU DL E AU (33.719%) A WSW L[]
(14.459%) 7, HUKPHEEMIE M Sy =1.25 m? .

Table 1. Changes in the optimal solar altitude angle during tracking at different seasons
%= 1. FRINTRIEEFKHREESERTK

il /h 8 9 10 11 12 13 14 15 16 17 18
%’Eﬁgiﬁié -9.03 257 2.37 5.50 6.59 5.57 251 -237 879 -16.42 -24.97
Efgﬁﬁﬁfi%i% —4229 5387 -65.64 -7735 -8592 -77.09 -6538 -53.61 -42.03 -30.79 -20.05
%\%@Eﬁ? 4.06 12.47  19.06 2326 2462 2296 1849 11.70 3.13 -6.72 —17.49
Eiﬁji%i% 4432 5347 6209 69.02 7184 6875 61.69 53.03 4387 3476 26.00
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Table 2. The stress generated by different wind directions under the change of optimal altitude angle change
% 2. ERMEEATUTAREXIERXE LMK

A [)/h 8 9 10 11 12 13 14 15 16 17 18
4 g v
B3 BTN 2561 732 675 1564 1874 1584 7.14 676 2493 4612 68.88
71K/INMpa
4 WSW R 2%
RUSE A1/ MMpa 16.67 477 439 1018 1220 1031 465 440 1623 30.02 44.84
4 v
EL B 2N 102.88 12350 139.30 149.20 152.52 149.04 139.00 123.08 102.37 78.27 52.43
F1K/MMpa
B & WSW KA +2%
2422 29.07 327 12 . . 272 2897 2410 1842 12.34
RS 79 Mipa 9.07 3279 35 3590 3508 3 8.9 0 18 3
KAy 4] Y,
Aoy B DA F2AL 1146 3493 52.82 63.89 6740 6311 5131 3280 884 1892 4861
J1K/NMpa
K> WSW R+ 2%
RS 79/ Mipa 8.05 2452 37.08 4485 4731 4430 3601 2302 621 1328 34.12
3 Y
CEE R TR 109.40 119.38 127.03 131.83 133.45 131.79 126.95 119.27 109.26 97.62 85.14
J1K/MMpa
23 WSW R[]+
RUSE 1/ MMpa 7139 7791 8290 86.03 87.09 86.00 82.84 77.83 7130 6371 5556

MRAEZ 2 FIBAE, E AR ) B R & T WSW U], BB E XUAL, 3 2 JE IRGE & 55.2 Mpa,
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