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Analysis of On-Orbit Performance of Solar Cells for Sun Vector
Determination
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Abstract Solar cells can be used as coarse sun sensors, and sun vectors can be determined for the entire sky by combining
several coarse sun sensors of the same specification. The accuracy of the sun vector is determined based on the on-orbit
performance of the coarse sun sensors. On the basis of a large amount of on-orbit data of TZ-1 (TianZhi-1) satellite over an
extended period, this study analyzed the angle error between sun vectors determined using coarse sun sensors and
differential sun sensor. The output of the coarse sensors was inverted, and the installation angle error and performance
attenuation of the coarse sensors were analyzed. The Kelly cosine curve corresponding to the triple junction GaAs solar
cell was fitted by combining the output of the multiple coarse sensors. The analysis results show that the installation error
of the coarse sensor is slight, the obtained sun vector error is smaller than 5°, and the performance attenuation rate is
approximately 0.0621 V/a. The proposed sensor can achieve the all-sky acquisition of the sun vector within a specific
accuracy range.
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2.2 MAXBELENE

TR R PR i1 % 222 74 A5 UM K BH R Tt
CRHLACHE) o AP UE B2 A 2% T 32 ] SRR B, P 3 3
5 6 A L K A0 2 AR K FH WL T T A A R
HIE Y THT 52 R R R BT A o A M R R a4
A 0 77 2ORT S LK BH A% R 9 4 R R o LR 2
B 1) B30

1 0 0
Cix=|0 ’CY1C¢Y2{1:|aC<Z|:O]’CX
0 0 1
—1 0 0
0 ],Cy: —1,C,=| 0 |- (D
0 0 —1

RO i b B R DL T SR, BU(E 8 [ o [0,
+51 Vo RS UTEDHR B o e L Ly
Loy Lo I Iy I 45 BAR =l g it 2 0 L, KT
BOE 1T BRI, DL R S0 H0 AT 280 R OR 8050 1 29
TE LG TR B OASR # A% 508, AR Al HC i s AT R B %
N
Sbh:{[1+Sgn(I+X7]7X')J'I+X'Cl+[17

sgn(I,y—1 )]l x+C,}/2+{[1+sgn(l,y—

Ify)]‘l+x'cz+[1*Sgl’l(IJrY*I—y)]‘I—x'

Cs}/ZJF{[l+Sgn(l+z*1—z)]'l+x'cs+
Sbb
I Su

(2)
Ao, S B R A K R 5 1 K BH 2R & o #1820, 1,
N S, =[000]".

2.3 HAHLEBETM

25 FHL K BICTE R BH L S B R O B S IR 2 AN i

100, 4 H Y225 0 22 — /b T 10, el 6 ook 22

[1*sgn(hz*1 z)]'I X'CG}/Zv She =

O B i 1 EAT VEAS . DURLR B 2(FE AR — Y I )
S i, HE 16l mees, 15 AR RSP TN B Y e R 2 4%
5 AR — Y Y e A 2 BCAE e R o (B2 /), an
B2 B o LR S0k 1 b ] i ik

cosessin o 0
Resy=|—coseecosd |=|—1|o (3)
— €

—sine
normal |

CSS

normal /o‘ &
o
4

norrhal

) Y v
z’ normal

P 2 R R Ak 1 il R 2R
Fig. 2 Schematic diagram of normal direction corresponding to

coarse sun sensor (CSS)

DA 22 3 OB A Ry VP o 2 43 R B )
FEEEZY o 10 0 HG 1A Py il £ 25 R AT S A M A
& R e B B 1M AR IV £ 2 i 22 R G0 15 2

R S, 1E X [ F1 Z 1) b1 435 50 508 S, 1S,
FH ARk a1 il 5 K BH R B 22 AR 0% R

CoS 0= ncsy* Sy = Sy — Sipe€ — Sipo (4)
MR 4fE 22 20 D s 5080 X = (4) e AT 97 58 A

1725001-2



F£ 6055 17H/2023 F£ 9 B/BAERBEFZHE

St (1) — Sy (1) cos 0, + S, (1)
: : = : ,(5)

| cos 0, + Sy, (n)

B

S
— Sy ()]

Sl)m ( n )

RAE A (5) Al 1%

X=(A"A) 'A"B. (6)
TE 53 Hr FEAB KL BB 22 e i, Al X (4) TP B9 mes $ JHE
SEMURB R A, T2 (5) i AT BAE I (19 2 itk Ay

JAAE AT T 2R FH X (6) 3R At T I 1) 22 2% 1 B A 2% o
2.4 EEXERBESESH

DL 25 43 R 0RO B 2% 2 S, oh FE 1, F KL K
BRI W S K PH 2K H S, AT TS, B 25 . W E 3 B,
W Sy, A1 S, 0] K S T 52, 5% 0] (0 I 1 ol — R = 1Y)
Ffifamzs, “KHARES & ARERNIMZ2ZR
R AEWEARAIRZE . A o f g H T RAES,, 1S, M
Yy G AT PN AT sl M S S O T U

Z >< Shp
Xpp — s
Xhe
H Zy >< Shp H
o ox X2y
18', — COS T . °
ENE

n H Zh >< Sl)f H '

_ Xy X 2y,
pr), , B =cos 1((’

zb>< Sl){‘ 1
a = coS (xbp -xhc>

(7)
Shr) B=p8— 8.

H Xpe X 2y, H

= ':F' :xhp$u xh(ﬁj\%ﬂfﬂ Shp 0 Sh«Ej zl;%ﬁ*@}ﬁ%ﬁ%$
/fj%g%ﬁ;aﬁxbp*nxbcﬁ/‘]%% ,,@D—lejjj pr*ﬂ SbcEj/ﬂ\:%’
FTEK P R e i 2 2% .

3 A [l BT 4 S A B < ki 22 1) A B R AIE 7R 1A
Fig. 3 Schematic diagram of angle error between sun vector

determined by different sun sensors
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Fig. 7 Variation curves of sun vectors determined by different sun sensors (2018-11-20). (a) Differential sun sensor; (b) coarse sun sensor
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Table 1  Angle error between sun vectors determined by different sun sensors (2018-11-20)

. Modifed
No. Time Sun vector (from Sun vector (from Sun vector Error / a/ error /
(2018-11-20)  differential sun sensor) coarse sun sensor) (modified) ¢y )y O ")

1 10:52:21  [0.1761 —0.9729 0.1494] [0. 1498 —0. 9828 0. 1078] [0.2151 —0.9604 0.1774] 2.88 1.59 2.42 2.84
2 10:53:06  [0.1808 —0.9729 0.1436] [0.1553 —0.98250.1029] [0.2200 —0.9600 0.1730] 2.81 1.552.39 2.90
3 10:53:51  [0.1850 —0.97310.1367] [0.1602 —0.9824 0. 0965] [0.2243 —0.9601 0.1672] 2.76 1.50 2.38 2.95
4 10:54:36  [0.1892 —0.97330.1292] [0.1643 —0.9823 0. 0902] [0.2280 —0.96020.1616] 2.70 1.51 2.31 2.99
5 10:55:21  [0.1936 —0.9736 0.1207] [0. 1687 —0.9821 0.0837] [0. 2320 —0.9602 0.1558] 2.60 1.50 2.14 3.08
6 10:56:06  [0.1973 —0.9740 0.1105] [0.1736 —0.9819 0.0760] [0.2364 —0.96020.1489] 2.44 1.432.05 3.24
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Table 2 Angle error between sun vectors determined by different sun sensors (2021-12-13)

Time (2021-  Sun vector (from differential Sun vector Sun vector Error/  a/ B/ Modifed

12-13) sun sensor) (from coarse sun sensor) (modified ) ") ) (°) error /(°)
1 8:36:27  [0.1830 —0.96340.1958]  [0.1411 —0.9799 0.1435]  [0.2070 —0.9557 0.2091] 3.95 —2.56 3.19  1.63
2 8:37:12  [0.1937 —0.9626 0.1893]  [0.1519 —0.97940.1332]  [0.2167 —0.95550.2000]  4.12 —2.56 3.27  1.51
3 8:37:57  [0.2030 —0.96200.1820]  [0.1620 —0.97880.1250] [0.2257 —0.95500.1926] 4.14 —2.52 3.32  1.49
4 8:38:42  [0.2115—0.96150.1750]  [0.1712 —0.97820.1180]  [0.2339 —0.95420.1863] 4.11 —2.48 3.36  1.50
5 8:39:27 [0.2202 —0.9609 0.1675]  [0.1806 —0.9774 0.1102]  [0.2423 —0.95350.1793]  4.10 —2.44 3.36  1.50
6 8:40:12  [0.2280 —0.96040.1594]  [0.1887 —0.9767 0.1027] [0.2495 —0.95290.1726] 4.06 —2.42 3.35 1.51
7 8:40:57  [0.2348 —0.96000.1519]  [0.1958 —0.97600.0954] [0.2559 —0.95230.1661] 4.04 —2.40 3.30  1.52
8§  8:41:42  [0.2409 —0.95980.1439]  [0.2034 —0.97510.0881] [0.2627 —0.95160.1596] 3.95 —2.31 3.21  1.61
9 8:42:27  [0.2466 —0.9596 0.1348]  [0.2090 —0.9746 0.0803] [0.2678 —0.95130.1526] 3.89 —2.31 3.17  1.65
10 8:43:12  [0.2515 —0.95950.1263]  [0.2148 —0.97390.0734]  [0.2730 —0.9508 0.1465]  3.78 —2.25 3.09  1.76
11 8:43:57  [0.2549 —0.95980.1173]  [0.2187 —0.97350.0675] [0.2764 —0.9506 0.1411]  3.61 —2.21 2.92  1.91
12 8:44:42  [0.2575—0.96010.1083]  [0.2214 —0.97330.0608] [0.2789 —0.95080.1351] 3.50 —2.20 2.79  2.04
13 8:45:27  [0.2588 —0.96080.0990]  [0.2236 —0.97310.0554] [0.2810 —0.95080.1303]  3.29 —2.13 2.53  2.27
14 17:43:57  [—0.1623 —0.96140.2220] [—0.1205—0.97790.1710] [—0. 1885 —0.95390.2337] 3.90 2.56 3.00 1.70
15 17:44:42  [—0.1497 —0.96190.2286] [—0.1088 —0.97800.1779] [—0.1781 —0.95430.2399] 3.85 2.50 2.97 1.8l
16 17:45:27  [—0.1368 —0.96240.2345] [—0.0973 —0.97800. 1845] [—0.1679 —0.9546 0.2459] 3.76 2.41 2.94  1.95
17 17:46:12  [—0.1238—0.96280.2399] [—0.0861 —0.97780.1910] [—0.1578 —0.95480.2517]  3.64 2.29 2.88 2.11
18 17:47:07  [—0.1074 —0.96330.2458] [—0.0724 —0.97760.1975] [—0. 1456 —0.95520.2577] 3.52 2.13 2.84 2.34
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Fig. 10 Sun angle variation curves (2022-06-06)
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Fig. 11 Variation curves of sun vectors determined by different sun sensors (2022-06-06). (a) Differential sun sensor;
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Table 3 Angle error between sun vectors determined by different sun sensors (2022-06-06)
Time
No. (2022-06- . Sun VTsclor (from Sun vector ( from Sun v‘e.clor Error/ «/ f/ Modifed
06) differential sun sensor) coarse sun sensor) (modified) ) () (") Error /()
1 6:02:43 [—0.3541 —0.8653 —0.3546] [ —0.3274 —0.8917 —0.3126 ] [ —0. 3677 —0. 8596 —0. 3548 ] 3.23 2.09 2.55  0.85
2 6:03:28 [ —0.3806 —0.867 —0.3214] [ —0.3509 —0.8943 —0.2777 ][ —0. 3884 —0.8624 —0.3246] 3.41 2.28 2.63  0.55
3 6:04:13 [ —0.4054 —0.8686 —0.2846] [ —0.3773 —0.8948 —0.2387] [ —0.4117 —0. 8637 —0.2907 ] 3.43 2.16 2.73  0.58
4 6:04:58 [ —0.4285 —0.8698 —0.2443] [ —0.4047 —0.8932 —0.1974] [ —0.4360 —0.8632 —0.2547] 3.30 1.85 2.76  0.83
5 6:05:43 [ —0.4489 —0.8707 0.2005] [ —0.4285 —0.8876 0.1691] [ —0.4572 —0.85910.2300] 2.35 1.50 1.83 1.25
6  6:06:28 [ —0.4479 —0.8673 —0.2168] [ —0.4337 —0.8849 —0.1700] [ —0.4617 —0. 8565 —0.2307] 2.98 1.20 2.73  1.28
7 6:07:13 [ —0.4074 —0.8638 —0.2961] [ —0.4000 —0.8827 —0.2468] [ —0.4310 —0.8519 —0.2975] 3.06  0.87 2.94 1.52
8  6:07:58 [ —0.3537 —0.8644 —0.3571] [ —0.3549 —0.8816 —0.3111] [ —0.3914 —0.8497 —0.3532] 2.82 0.33 2.80  2.33
9 18:10:13  [0.4675 —0.8608 —0.2006]  [0.4637 —0.8730 —0.1511] [0.4880 —0.8462 —0.2141] 2.93 —0.53 2.88  2.88
10 18:10:58  [0.4510 —0.8619 —0.2313]  [0.4420 —0.8789 —0.1795] [0.4686 —0.8505 —0.2390] 3.17 —0.92 3.03  1.28
11 18:11:43 [0.4391 —0.861 —0. 2565 [0.4302 —0.8794 —0.2037] [0.4579 —0.8501 —0.2600] 3.24 —0.95 3.11 1.26
12 18:12:28  [0.4296 —0.8622 —0.2679]  [0.4216 —0.8810 —0.2146] [0.4502 —0.8513 —0.2695] 3.27 —0.91 3.15 1.34
13 18:13:13  [0.4172 —0.8618 —0.2882]  [0.4102 —0.8614 —0.2344] [0.4462 —0.8465 —0.2902] 2.97 —0.37 2.95 1.88
14 18:13:58  [0.4046 —0.8614 —0.3067]  [0.3987 —0.8815 —0.2530] [0.4298 —0.8506 —0.3029] 3.30 —0.82 3.21 1.59
15 18:14:43  [0.3863 —0.8611 —0.3304]  [0.3839 —0.8810 —0.2767] [0.4167 —0.8496 —0.3233] 3.28 —0.62 3.23  1.91
16 18:15:28  [0.3732 —0.8602 —0.3474]  [0.3755 —0.8795 —0.2925] [ 0.4093 —0.8479 —0.3370] 3.34 —0.33 3.32 2.26
17 18:16:13  [0.3566 —0.8597 —0.3656]  [0.3629 —0.8794 —0.3081] [0.3982 —0.8477 —0.3506] 3.50 —0.10 3.50  2.63
18 18:16:58  [0.3386 —0.8596 —0.3825]  [0.3443 —0.8820 —0.3217] [0.3821 —0.8501 —0.3625] 3.73 —0.18 3.72  2.80
19 18:17:43  [0.3174 —0.8591 —0.4014]  [0.3220 —0.8847 —0.3371] [0.3628 —0.8527 —0.3759] 3.97 —0.28 3.97 3.01
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Z Lo Me o —0.28 H —0.12° (Xf i () D=
5.0064 V),

g5 A A% 4 R 32 5 5 Ay B, Tl A o A e a3 il
—0.28F10.16°(D=5.0044 V) , 1% & WK /N T 2 5%
KA B 78 B 22, BV (R REL R SECBCHE B, AT LA 220 R
KA FR B e i 22 o SR FHZSAU T 5 40 A A JL A HHL
KA e f B 22, vT LIS BRI 2598 .
4.5 BTSN

Wi 5 A BH ' A R i) FR S 2 B b A 1 400 1k AR A R
WP RE B W & A ARk . T T AF X E A R — Y
TAT B K 2 (CSS-2) Ml + X T KL K B 5(CSS-5)

1725001-7



F£ 6055 17H/2023 F£9 B/BAERBEFZHE

Fd MRS AR AT (20194F 1 H 20 H)

Table 4 Data analysis of outputs of coarse sun sensors (2019-01-20)

No Time Sun vector (from Outputs of 7 coarse Maximum output
(2019-01-20) differential sun sensor) sun sensors (CSSs) /V of CSS-2 /V
1 6:44:56 [0.1041 —0.97320.2046] [0.0862 4.8229 0.0813 0. 7710 0. 3639 —0. 0066 0. 0487 4.9557
2 6:45:41 [0.1129 —0.97310.2003] [0.08384.82720.07550.0752 0.4076 —0. 0093 0. 0511 4.9606
3 6:46:26 [0.1224 —0.97290.1957]  [0.0813 4.8299 0. 0630 0. 7280 0. 4497 —0. 0081 0. 0508 | 4.9644
4 6:47:11 [0.1309 —0.9729 0.1903]  [0.0822 4. 8348 0. 0581 0. 7109 0. 4887 —0. 0084 0. 0465 4.9695
5 6:47:56 [0.1397 —0.9727 0.1850]  [0.0813 4.8372 0.05330.6783 0.5272 —0. 0093 0. 0484 ] 4.9730
6 6:48:41 [0.1470 —0.9727 0.1791]  [0.0786 4. 8437 0. 0526 0. 6517 0. 5675 —0. 0102 0. 0505 ] 4.9796
7 6:49:26 [0.1541 —0.9728 0.1729]  [0.0783 4. 8571 0. 0505 0. 6203 0. 6056 —0. 0090 0. 0499 ] 4.9929
8 6:50:11 [0.1606 —0.9727 0.1669]  [0.0783 4. 8653 0. 0462 0. 5931 0. 6401 —0. 0099 0. 0517 5.0019
9 6:50:56 [0.1658 —0.9727 0.1608]  [0.0771 4.8736 0.0362 0. 5641 0. 6673 —0. 0072 0. 0548 ] 5.0104
10 6:51:41 [0.1712 —0.9731 0.1536]  [0.0777 4. 8802 0. 0285 0. 5336 0. 6935 —0. 0035 0. 0514 ] 5.0151
11 6:52:26 [0.1762 —0.9734 0.1461]  [0.0819 4. 8840 0. 0249 0. 5013 0. 7259 —0. 0084 0. 0526 ] 5.0175
12 6:53:11 [0.1808 —0.9736 0.1386] [0.07924.8968 0. 0203 0. 4720 0. 7500 —0. 0121 0. 0523 ] 5.0296
13 6:53:56 [0.1845 —0.97410.1302]  [0.08224.91230.01750.4396 0. 7710 —0. 0102 0. 0526 ] 5.0429
14 18:52:26 [—0.2537 —0.9667 0.0333] [1.18764.88400.0157 0.1930 0. 0663 —0. 0087 0. 0627 ] 5. 0522
15 18:53:56 [ —0.2487 —0.96730.0479] [1.15194.86660.0124 0.19120.0627 —0.01300.0618] 5.0311
16 18:54:41 [—0.2447 —0.9680 0.0552] [1.12694.85590.01750.1936 0. 0627 —0.0151 0. 0560] 5.0164
17 18:55:26 [—0.2413 —0.96830.0629] [1.10154.84950.0139 0.2055 0. 0594 —0.0124 0. 0563] 5.0083
18 18:56:11 [ —0.2365—0.96900.0701] [1.0707 4.8458 0. 01389 0. 2202 0. 0624 —0. 009 0. 0587 ] 5.0008
19 18:56:56 [—0.2311 —0.9697 0.0782] [1.0390 4.8449 0.0136 0.2391 0. 0597 —0. 0145 0. 0548 ] 4.9963
20 18:57:41 [—0.2253 —0.9704 0.0858] [1.00694.84520.01750.2617 0.0563 —0.0136 0.0514] 4.9930
21 18:58:26 [—0.2192 —0.9711 0.0939] [0.9682 4.8461 0. 0203 0. 2858 0. 0587 —0. 0124 0. 0529 4.9903
22 18:59:11 [—0.2127 —0.9717 0.1023] [0.93254.84120.0179 0. 3130 0. 0542 —0. 0096 0. 0490 4.9822
23 18:59:56 [—0.2053 —0.9724 0.1102] [0.89224.8428 0.0169 0. 3429 0. 0590 —0. 0096 0. 0536 4.9803
24 19:00:41 [—0.1978 —0.9730 0. 1185] [0.8543 4.8418 0. 0145 0. 3691 0. 0584 —0. 0160 0. 0487 | 4.9762
# 5 CHURH B EdE 2 Hr (2022426 H 6 H)
Table 5 Data analysis of outputs of coarse sun sensors (2022-06-06)
No Time Sun vector (from Outputs of 7 coarse Maximum output
(2022-06-06) differential sun sensor) sun sensors (CSSs) /V of CSS-2 /V
1 6:02:43 [—0.3541 —0.8653 —0.3546] [1.56794.2699 0.1692 0.5684 0. 3706 0. 0008 1.4968] 4.9346
2 6:03:28 [—0.3806 —0.8670 —0.3214] [1.6988 4.3294 0.1930 0. 7411 0.4259 0. 2425 1. 3442 4.9935
3 6:04:13 [—0.4054 —0.8686 —0.2846] [1.85174.39110.20160.87480.42830.2367 1.1711] 5. 0554
4 6:04:58 [—0.4285 —0.8698 —0.2443] [1.99904.4189 0.1866 0.9084 0.3926 0. 2168 0. 9767 5. 0804
5 6:05:43 [—0.4489 —0.8707 0.2005] [2.12424.40050.1701 0. 8385 0. 3429 0. 1930 0. 7695 5.0540
6 6:06:28 [—0.4479 —0.8673 —0.2168] [2.13704.3600 0.1588 0. 7454 0.2773 0. 1698 0. 8376 5.0271
7 6:07:13 [—0.4074 —0.8638 —0.2961] [1.9658 4.33800.1509 0. 6862 0.2007 0.1369 1.2129] 5.0220
8 6:07:58 [—0.3537 —0.8644 —0.3571] [1.73634.31300.14480.61910.09750.1102 1. 5218] 4.9896
9 18:10:13 [0.4675 —0.8608 —0.2006] [0.0868 4.3188 0.0475 0.4332 2. 2942 0. 060 0. 7472 5.0172
10 18:10:58 [0.4510 —0.8619 —0.2313] [0.12254.3380.0618 0.4558 2. 1816 0. 0682 0. 8861 ] 5.0331
11 18:11:43 [0.4391 —0.8610 —0.2565]  [0.1427 4.3206 0.06450.4176 2. 1138 0. 0685 1. 0008 ] 5.0181
12 18:12:28 [0.4296 —0.8622 —0.2679] [0.1439 4.30840.07280.4039 2.0616 0. 0768 1. 0494 ] 4.9970
13 18:13:13 [0.4172 —0.8618 —0.2882]  [0.14334.2977 0.0832 0. 4128 2. 0000 0. 0902 1. 1427 4.9869
14 18:13:58 [0.4046 —0.8614 —0.3067]  [0.14724.2757 0.0969 0.4210 1. 9338 0. 1033 1. 2273 ] 4.9637
15 18:14:43 [0.3863 —0.8611 —0.3304] [0.15344.25590. 1134 0.4338 1.8547 0. 1180 1. 3365] 4.9424
16 18:15:28 [0.3732 —0.8602 —0.3474]  [0.1607 4.2504 0. 1262 0.4735 1. 8148 0. 1265 1. 4137 4.9412
17 18:16:13 [0.3566 —0.8597 —0.3656] [0.16924.27080.13320.5330 1.7623 0. 1317 1.4965] 4.9678
18 18:16:58 [0.3386 —0.8596 —0.3825] [0.18054.31850.14110.612 1.6857 0. 13600 1.5752] 5.0238
19 18:17:43 [0.3174 —0.8591 —0.4014] [0.20554.3584 0.1527 0. 6694 1. 5862 0. 1482 1. 6606 | 5.0732
Gy HT AR 3. 5 ARk LA I H] 55 10 B I B0 e T HI 5 6 AT, TLE B 3. 5S4, R IR A B AL/,
FEAERBH BT ke A A S EOHE A 6 i s Xof IO P A% 5% (B PE AR S, R 4 R R o s 4 AR R
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Table 6 Maximum outputs corresponding to CSS-2 and CSS-5

Sun angle /(%)

Maximum output of

Sun angle /(%) Maximum output of

Ne- Time (CSss-2) CSS-2/V (CSS-5) CSS-5/V
1 2018-11-20 13-13.5 5. 0405 78.5-80 7.0715
2 2019-01-20 13-15 4.9933 79.5-84 8.4682
3 2019-06-04 27-30 4.9946 62.5-64.5 5. 8074
4 2020-06-05 27-30.5 4.9573 60.5-64.5 5.5123
5 2020-12-10 13-15 4.8634 75.5-79.5 5.7639
6 2021-06-06 28-30.5 4.8619 60.5-64.5 5.3128
7 2021-12-13 15-17 4.8409 75-79.5 5. 6440
8 2022-06-06 29-31 5. 0064 62-71.5 5.5937
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