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Abstract

The satellite is exposed to various launch environments such as random vibrations and shock. Accordingly,
structural design of electronic equipment mounted on satellite must meet reliability requirements at the box level.
In addition, it is essential to secure the reliability of the solder joint applied to electronic equipment. In this
paper, we performed a modal and quasi-static analysis for the purpose of satisfaction of the design requirements
of the CCB (Camera Controller Box) present on the 500 kg-class compact advanced satellite (CAS500). In
addition, structural safety of electronic components was verified by the Steinberg’s method and random equivalent
static analysis.
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Fig. 1 Configuration of CCB
((a)Assembled View, (b)Exploded View)
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2.1 CCB(Camera Controller Box)
2.1.1 CCB 7/i&

Mg gAA hdlet dapek=l CCBE AHAI
849l &AA AEISS-C(Advanced Earth Imaging
Sensor  System-Compact)®]  EOS(Electro-Optical
Subsystem)d] ]l ARSI CEU(Camera
Electronics Unit)e] F#A% o2 CEUWS Ao 7%
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Fig. 2 CM PCB Layout

< F33tH CCD(Charge Coupled Device)Z4-E]2]
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Fig. 1 (b)ell =AIgE ne} o] F9 8k /ol
RM PCB$ CM PCB(Redundancy)?} 2@ %m,
3F9-Aol= CM PCB(Primary)7} 23€ch, 7]
s 2 A= Al-6061 AAolH, CM
CBE= $HAdollA ol H8%+ Polyimide A
vt An sHtele A71%

L Sigraflex’} & g%t}

A~ O
A&

2.1.2 CCB PCB

CCBE 2709 CM PCB(Primary, Redundancy)$} 1
Hel RM PCB= ¥t} Fig. 2, 391 CM % RM
PCBe] A2z} 745 dEddth RM
PCB9 Comp. 18 #Hu#o] Ax}e] Ag- ¥R A
BEZle] AEHm HEE Foto] a4 AAHr
Comp. 199 7%-, DIP Typel & PCBel A#¥t},
Table 191 CM 2 RM PCB 22 ZRBZ A8}

LRSI

2.1.3 +Z=MA 7=x=A

© = —mON\
.

30ge]t). #@

574 AT

o ol ik,
570 130Hz o) eoln,

1O T

[e)
9 2% A%

A BEe

oA 15.7grmso| ¥,

SRS(Shock Response Spectrum) |t
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Table 1 CCB PCB Components Summary
No. Type Package Qty.
1 FPGA CCGA 1
2 1553B Gull Lead 1
3 MRAM TSOP 2
4 SDRAM TSOP 3
5 MUX FP 4
6 Transceiver FP 6
7 LVDS FP 6
8 Transformer DIP 2
9 Regulator CDFP 1
10 Comparator FP 1
11 Regulator CFP 2
12 422 Rx FP 1
13 ADC CFP 2
14 OpAmp CLGA 18
15 Choke SMD 4
16 MOSFET TO-208AD 1
17 OSC SMD 2
18 Relay Hook Type 18
19 Relay DIP 6
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Table 2 Structural Specification

Design Load
30g
Random Vibration
Freq. (Hz) Amplitude (g2/Hz)] RMS accel.
20 0.032
50 0.200
800 0.200 15.70
2,000 0.030
Shock
Frequency (Hz) SRS (g)
30 2
1,915 429
10,000 429

Fig. 4 CCB FEM

(b)
Fig. 5 CCB PCB FEM
((a) CM PCB, (b) RM PCB)

2.2 CCB =784 &4

2.2.1 CCB 78t 2H (FEM)

Figure 4= CCB FEM®| AAl 45 45 e
t}. FEM< Solid Element® JFAE™ 2z} FxAe
EE AZ5E Rigid Element (RBE2)E ©o]&3te] &
AFeRgith. CCB HE=9] &xki= Fig. 59 o] &xlol
I3+ FAS Single Point Mass (CONM2)E 9]
gate] 7 b FATAA wiA sl en, 7 4%
o] &5 WAF Rigid Element (RBE2)Z 4331
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& 21E Fo9 WA F 30513109 ===
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Table 3 CCB FEM Summary

Total Nodes 301,131
Solid Elements 722,321
(HEXA/TETRA/PENTA) | (80,494/636,767/5,060)
Rigid Elements (RBE2) 695
Single Point Masses 169
(CONM2)
Table 4 Material Properties of CCB
Housing PCB
Material Al-6061 Polyimide
Density [kg/m”3] 2,710 1,700
Elastic Modulus [GPa] 68.3 21.1
Possion’s Ratio 0.33 0.146
Strength Yield 234 276
[MPa] Ultimate 310 -
222 2E &4
CCB 44 a+x=719 4 17354 130Hz ©)%

CCB I AF4F 27%F712 130Hz o] 4d Ao 2
=39 olslgt}. w3, Fig. 6 (b), ()9 o] CM
PCB(427.5Hz) ¥ RM PCB(619.9Hz)= &}-9-4 wd
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(a)
Fig. 6 CCB Modal Analysis Results ((a) 1st Mode 374Hz, (b) 3rd Mode 427.5Hz, (c) 6th Mode 619.9Hz)

(©)

Table 5 Quasi-static Analysis Results

Load Material Yield Strength (MPa) Acceleration Ml\i/iz)s(' Sx(r):ss Safety | Margin
Direction Ultimate Strength (MPa) (2) (MPa) Factor | of Safety
234 1.25 11.38
X Al-6061 30 15.12
310 2 9.25
. 234 1.25 11.36
Housing Y Al-6061 310 30 15.15 5 0.3
234 1.25 1.77
Z Al-6061 30 67.60
310 2 1.29
. 276 2 37.23
X Polyimide 30 3.61
. 276 2 56.74
PCB Y Polyimide 30 2.39
. 276 2 24.41
Z Polyimide 30 543

Margin of Safety)E AF&3}3it}.
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Table 6 Allowable Displacement of PCB for Fatigue Life
Allowable Deflection (mm)
Comp. C t (mm) 1 (mm) d (mm) r Random Shock
CM 1 1 2 31.00 233.00 0.95 0.62 3.72
PCB 2 1.26 2 48.26 233.00 0.35 1.06 6.37
19-1 1 2 20.60 234.00 0.26 2.81 16.85
19-2 1 2 20.60 234.00 0.58 1.24 7.42
RM 19-3 1 2 20.60 234.00 0.88 0.82 4.90
PCB 19-4 1 2 20.60 234.00 0.22 3.33 19.96
19-5 1 2 20.60 234.00 0.49 1.46 8.79
19-6 1 2 20.60 234.00 0.75 0.97 5.80
Table 7 Margin of Safety Results for Fatigue Life
Com Allowable Deflection (mm) | Maximum Deflection (mm) SF Margin of Safety
- Random Shock Random Shock o Random Shock
CM 1 0.62 3.72 0.36 0.23 1.25 0.37 11.73
PCB 2 1.06 6.37 0.17 0.23 1.25 4.10 20.83
19-1 2.81 16.85 0.11 0.09 1.25 19.28 151.42
19-2 1.24 7.42 0.15 0.09 1.25 5.45 66.12
RM 19-3 0.82 4.90 0.18 0.09 1.25 2.63 43.29
PCB 19-4 3.33 19.96 0.07 0.09 1.25 35.90 179.52
19-5 1.46 8.79 0.11 0.09 1.25 9.19 78.49
19-6 0.97 5.80 0.14 0.09 1.25 4.51 51.46
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Fig. 7 Detailed FEM for Component ((a) CM PCB, (b) RM PCB)

Table 8 Random Equivalent Static Analysis Results

Ult. Yie. Max. Stress (MPa) Margin of Safety
Comp. Part Material | Strength | Strength S.F.
(MPa) | (MPa) | X Dir. | Y Dir. | Z Dir. X Dir. | Y Dir. | Z Dir.
Yie. 1.25 4.75 4.64 0.20
1 Solder | pp37/oNe3 | - 43 598 | 6.10 | 28.71
Alloy Ult. 2 - - -
CM PCB
Solder Yie. | 125 | 7.03 | 2429 | 0.03
2 PB37/SN63 - 43 4.28 1.36 33.25
Alloy Ult. 2 - - -
Solder Yie. | 125 | 178 | 200 | 128
RM PCB 19 PB37/SN63 - 43 12.37 | 11.46 15.08
Alloy Ult. 2 - - -
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