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Development and Application of 3-Dimensional Shielding
Analysis Program to Analyze Total Ionizing Dose Level
depending on the Satellite Structure Model

Young-Jun Cho*, Chang-Ho Lee**, Choon-Woo Lee***, Do-Soon Hwang****

Abstract

Space radiation environments depend on satellite mission orbit, period, and date, and it
can be predicted by simulation. Total lonizing Dose(TID) can be predicted by Dose-depth
Curve which only inform the dose level depending on the shielding thickness. So detail
effective shielding analysis considering real structure is necessary to predict part level TID.
For this purpose, program is developed to calculate shielding thickness distribution by
structure modeling and ray trace from certain point in the structure. Finally TID at certain
point in the 3-dimensional structure can be calculated by integration of shielding distribution
result and dose-depth curve data. Using this program, TID is analyzed at part level certain
point by modeling of equipment box structure in the satellite.
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- Mission orbit:
* 550Km polar orbit, 5 years of lifetime,
98° Inclination
- Simulation model:
* Trapped proton: APSMIN model
« Trapped electron: AESMAX model
* Solar proton: JPL91 model
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of AgatA Bk AR FA zAE dojHe % 3% 2 FXIRE HAE HAE YYD

F13 2}

E 1. Dose-Depth Curve Data il A|

o} BXo] F3d HAxurre FxRe 1H8H
2t} module 1, module 2, module 38} 3¢o &
o]Fo|A 9, Z+ EE top cover?}t bottom
cover’} EAgT. YA AHELL HdAGz

Shield Trapped Trapped Solar Total B
Electron{year) | Proton(year) { Proton{year) | Dose(5year) 7}'7@ 3]’%@
100 1.15E+03 4.02E+02 |  7.59E+02] 1.16E+04
101 1.13E+03 3.98E+02| 7.52E+02]  1.14E+04
° -
102 T11€+08 | 3.08E+02| 7.45E+02| 1.12E+04 321 T =H 2dE
103 1.08E+03 3.04E+02 |  7.37E+02]  1.11E+04
104 1.06E+03 3.94E+02 |  7.30E+02| 1.09E+04 A FzAd 23 FHE TE FRIo| o}
105 1.04E+03 3.91E+02 | 7.23E+02| 1.07E+04
% Al =2 5 ol & &}
106 T.01E+03 | 3.01E+02| 7.19E+02| 1.06E+04 W @13 go] AWUgE 3T dEAR
107 9.89E+02 3.87E+02 | 7.12E+02| 1.04E+04 = 129 2ok Y9AA 2del v 2 o], O
108 9.67E+02 3.87E+02 | 7.04E+02| 1.03E+04 . _
o = = ZANAXE

109 9.45E+02 3.83E+02 | 6.97E+02] 1.01E+04 g N, olAE, Sl U FAL FAHAR
110 9.23E+02 3.83E+02 6.90E+02|  9.98E+03 2 gEgez 3o
111 9.02E+02 3.80E+02 | 6.83E+02] 9.82E+03
112 8.80E+02 3.80E+02| 6.79E+02] 9.69E+03
113 8.58E+02 3.80E+02 | 6.72E+02| 9.54E+03 E 2. Satellite Structure Input Parameter
114 8.36E+02 376E+02 | 6.64E+02] 9.38E+03
115 8.21E+02 3.76E+02 6.61E+02]  9.29E+03 Parameter Value
116 8.07E+02 3.72E+02 | 6.53E+02| 9.16E+03 Radius 1730mm
17 7.92E+02 3.72E+02 |  6.50E+02]  9.07E+03 - 50
118 7.74E+02 3.72E+02 | 6.42E+02| 8.94E+03 Height 1720mm
119 7.59E+02 3.69E+02 | 6.35E+02] 8.81E+03 Radial Wall Thickness 1.27mm (50mils)
120 7.48E+02 3.690E+02 | 6.31E+02| 8.74E+03 Top Cover Thickness 1.27mm (50mils)
121 7.34E+02 3.65E+02 | 6.24E+02| 8.61E+03 - -
100 7 19E+02 3 65E+02 6.21E402|  8.52E+03 Bottom Cover Thickness 1.27mm (50mils)

Center Position (0, 0, 0)
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A AN AFE o]t FAE EXFES T
st of7le] %19 AH FAY dose-depth o]
HE AHestd HFHoz TN Zo] F o
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Parameter Value ZAFS A sE E49 2ok
X Length 186mm
Y Length 120mm E 4 gogixlof o TID Y olE d
T i = EQ Analysis Minimurm Maximum Total Dose
X Wall Th{ckness 2.032mm(80mils) o :’ Shielding Shielding .
Y Wall Thickness 2.032mm(80mils) omn Thickness | Thickness
+7 Wall Thickness 2.286mm{90mils)
~7 Wall Thickness 3.175mm{125mils) Top center | 3.302mm 17.2276mm | 3759.43rad
RX Bottom Cover j
. 1.6mm(83mils) Top 1At |5 s0omm | 23.9973mm | 3851.86rad
Thickness side
Tx T i \ i j
X Top CO\./(?Y Thickness 1.6mm{63mils) Top right 3302mm | 24.0379mm | 3869.28rad
Center Position 0,0,0) comer
Middle
center 3.302mm | 44.8832mm | 3274.61rad
3.3 MAtEA LR TID Level o= Middle right
side 3.302mm 59.531mm | 3298.56rad
324N 2dad 9AAe A se Tz - -
=2 Middle right
AX & o]&3t AL EAMstuA stE A cormer 3.302mm 58.55mm | 3286.05rad
& A 2 ooy Lz = b=}
= HEZ P 2HeH 2 AT 22 BOUOM | 5 a0omm | 17.0076mm | 3431.02rad
Hol&S Atk F olest xAlY o AL B_tct:ente( _
7} module 1, module 2, module 39 FU4AH © Zinc]ieng 3.302mm | 23.9973mm | 3538.88rad
B 994y R 2UARE Adse] 2Ae ~
s - soee e Bottom fiaht| 4 s0omm | 24.0379mm | 3564.18rad
a8l o), corner
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This is RayPoint2 Value
v FH Cylinder 1TH Box 1TH 2TH [fotal Thickness
8 a 30008 Cylinder : 1.27 Box 2.286 1.6 15.15%6
423.282 a 2976 Cylinder : 1.28283 Box 2.30989 1.61616 T5.20888
422.367 26.5731 2978 Cylinder : 1.28283 Box 2.30969 1.61616 T5.20808
419.865 53.0413 2970 Cylinder : 1.28283 Box 2.39909 1.61616 T5.26808
¥15.706 79.3002 2970 Cylinder : 1.28283 Box 2.30909 1.61616 T5.20808
409.906 165.246 2970 Cylinder : 1.28283 Box 2.30909 1.61616
462.489 130.777 2970 Cylinder : 1.28283 Box 2.30909 1.61616 15.28808
393.483 155.791 2979 Ctylinder : 1.28283 Box 2.30909 1.61616 T5.28808
382.925 180.191 2978 tylinder : 1.28283 Box : 2.30909 1.61616 75.20888
370.855 203.879 2970 Cylinder : 1.28283 Box = 2.30909 1.61616 15.20868
357.321 226.763 2970 Cylinder : 1.28283 Box : 2.30909 1.61616 15.20808
342.378 248.752 2978 Cylinder : 1.28283 Box : 2.30989 1.61616 T5.20808
326.083 269.759 2978 Cylinder : 1.28283 Box : 2.30909 1.61616 15.20808
308.501 289.782 2978 Cylinder : 1.28283 Box : 2.30909 1.61616 15.20808
289.702 2088.501 2970 Cylinder : 1.28283 Box : 2.30909 1.61616 T5.20808
269.759 326.083 297e Cylinder : 1.28283 Box 2.30909 1.61616 T5.28808
248.752 342.378 2979 Cylinder : 1.28283 Box 2.36909 1.61616 T5.20808
226.763 357.321 2970 Cylinder : 1.28283 Box 2.36969 1.61616 T%.20868
293.879 370.855 2978 Cylinder : 1.28283 Box 2.30969 1.61616 T5.26868
180191 382.925 2970 Cylinder : 1.28283 Box 2.39909 1.61616 T5.208868
155.791 393.483 2970 Cylinder : 1.28283 Box 2.30999 1.61616 T5.20808
130.777 482 .489 2970 Cylinder : 1.28283 Box 2.30999 1.61616 T5.208868
105.246 4989.966 2978 Cylinder : 1.28283 Box 2.30909 1.61616 15.20808
T9.3002 415.766 2978 Cylinder : 1.28283 Box 2.309089 1.61616 T5.20808
53.0413 %19.865 2978 Cylinder : 1.28283 Box 2.30909 1.61616 T5.208408
26.5731 422 .367 2978 cylinder : 1.28283 Box 2.30909 1.61616 T5.208808
22 10. Shielding Analysis 22 =gl
Total thickness : 156011
Minimum thickness : 3.302
Maximum thickmness : 44.8832
Shield (mils) Totaldose Frequency Preb. Folded Dose
L] 9.75e+006 L] L] 8
1 3.53e+006 L] o
2 2.27e+006 L] [} L]
148 6240 60 0.080381477 18.8122
149 6180 100 0.08502462 31.6522
158 6188 S6 6.00281379 171681
151 6050 sS4 0.08027133 16. 4155
152 5998 28 0.00148689 B.42727
153 5930 36 0.00180886 10.7265
154 5860 68 6.80341674 20.0221
155 5860 ho 6.68200985 11.6571
156 5760 36 0.60180886 10.419
157 5700 2y 6.00128591 6.87369
158 5640 2y 6.00120591 6.80133
1710 1588 L] e ]
1711 1588 L3 0.0002068985 68.317556
1712 1580 ] [} (]
1713 1586 h 0. 000206985 8.317556
[] 8 (]

ag 11. Shielding #Hl4t2 ¢ &
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=

9k 18129 F2Aw 7

5.156mm%Y &

1715 1588

Total dose Sum :| 3274.61
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