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Life Prediction of Failure Mechanisms of the CubeSat Mission

Board using Sherlock of Reliability and Life Prediction Tools
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ABSTRACT

A cubesat classified as a pico-satellite typically uses commercial-grade components that
satisfy the vibration and thermal environmental specifications and goes into mission orbit
even after undergoing minimum environment tests due to their lower cost and short
development period. However, its reliability exposed to the physical environment such as
on-orbit thermal vacuum for long periods cannot be assured under minimum tests
criterion. In this paper, we have analysed the reliability and life prediction of the failure
mechanisms of the cubesat mission board during its service life under the launch and
on-orbit environment by using the sherlock software which has been widely used in
automobile fields to predict the reliability of electronic devices.
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Fig. 2. Exploded View of the MEMS Thruster
Module
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Table 1. Part Lists Summary

i Packag | Package
Part Confio- | ¢ Type | Mount
MCU 64-lead
ut) m TQFP SMT
RTD / B
Sensor ' 8PI|§|an T
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u1e) DIP H
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Regulator . 3 D|(|9F<’§1d H
(VR1, VR2)
MOSFET | 4
(Q1~Q5) Qs D2PAK | SMT
RS232 *
Transceiver 1T68_Sl%ag SMT
(U2) ;
Inductor
(L1, L2) DFN SMT
Crystal /
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Resonator N o TH
(Y1)
DC/DC i
Converter E/I éegg SMT
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Diode C-BEN
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Table 2.

= Aolncel WS AFE

&o JEERY g F g
Aw, o9} o] FoE FI
g =AY J2& IF5 73
PCB 7%
A%

& As 8 9A, &9

N oo A

Qualification Test Level

Sine Vibration (Direction: X, Y, 2)

[-9dB — -6dB — -3dB — Full Level]
Frequency Amplitude Sweep
(Hz2) (9) Rate
5 1.3
8 25 2oct/min
100 25

Random Vibration (Direction: X, Y, 2)

[-9dB — -6dB — -3dB — Full Level]
Frequency Amplitude Sweep
(Hz) (@ /H2) Rate
20 0.009
130 0.046
800 0.046 120 sec
2000 0.015
Sine Burst (Direction: X, Y, 2)
Amplitude (g) Duration
12 6 cycle @ full level (800ms)
Table 3. Acceptance Test Level

Random Vibration (Direction: X, Y, Z)

[-9dB — -6dB — -3dB — Full Level]
Frequency Amplitude Sweep
(Hz) (@%/Hz) Rate
20 0.026
50 0.16
800 0.16 60 sec
2000 0.026
Sine Burst (Direction: X, Y, 2)
Amplitude (g) Duration
18.75 6 cycle @ full level (800ms)
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Table 4. Vibration Analysis Results
After Qualification Test
Ref Side Max. Disp. (mm) Max. Strain Failure Prob.
Des SB RV sv SB RV SV (%)
D13 BOT 1.2e-3 3.9e-2 3.6e-4 4.0e-6 1.4e—4 1.2e-6 0.0
L2 TOP 1.2e-3 3.8e-2 3.5e-4 1.2e-3 1.4e—4 1.1e-6 0.0
Q4 TOP 1.1e-3 3.5e-2 3.2e—4 1.1e-3 7.3e-5 6.9e-7 0.0
C25 BOT 1.0e-3 3.3e-2 3.0e4 2.1e-6 8.9e-5 6.8e-7 0.0
D12 BOT 9.3e-4 3.0e-2 2.8e—4 2.8e—6 1.0e-5 9.6e-7 0.0
L1 TOP 8.8e-4 29e-2 2.6e-4 1.9e-6 8.6e-5 5.9e-7 0.0
C24 BOT 9.8e-4 2.8e-2 2.9e-4 2.4e-6 8.3e-5 7.1e-7 0.0
Cc22 BOT 8.8e-4 2.7e-2 2.6e-4 1.8e-6 6.5e-5 5.3e-7 0.0
Qb5 TOP 9.0e-4 2.7e-2 2.7e—4 3.0e-6 1.1e-4 8.9e-7 0.0
T5 TOP 1.0e-3 2.7e-2 3.1e~4 2.8e-6 9.4e-5 8.3e-7 0.0
After Qualification Test + Acceptance Test
D13 BOT 1.2e-3 5.7e-2 3.6e-4 4.0e-6 2.2e-4 1.2e-6 0.0
L2 TOP 1.2e-3 5.7e-2 3.5e-4 3.6e-6 1.6e-4 1.1e-6 0.0
Q4 TOP 1.1e-3 52e-2 3.2e—4 2.3e-6 1.1e—4 6.9e-7 0.0
C25 BOT 1.0e-3 49e-2 3.0e-4 2.4e-6 1.2e—4 6.8e-7 0.0
D12 BOT 9.4e-4 4.5e-2 2.8e-4 3.3e-6 2.1e-4 9.6e-7 0.0
L1 TOP 8.8e-4 4.4e-2 2.6e-4 1.9e-6 1.6e-4 5.9e-7 0.0
C24 BOT 9.8e-4 4.2e-2 2.9e-4 2.4e-6 1.3e-6 71e-7 0.0
Cc22 BOT 8.8e—-4 4.0e-2 2.6e-4 1.8e-6 9.7e-5 5.3e-7 0.0
Q5 TOP 9.0e-4 4.0e-2 2.7e—4 3.0e-6 1.6e-4 8.9e-7 0.0
T5 TOP 1.0e-3 4.0e-2 3.1e~4 2.8e-6 1.5e-4 8.3e-7 0.0
SB: Sine Burst, RV: Random Vibration, SV: Sine Vibration
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Table 5. Thermal Analysis Results

Ref Max. 3 cyclg_ ‘ 8 cycle
Probability of Failure
Des DT (%)

C13 70 6.77e-12 1.83e-10
C15 70 6.77e-12 1.83e-10
Cc17 70 6.77e-12 1.83e-10
C18 70 6.77e-12 1.83e-10
C20 70 6.77e-12 1.83e-10
C22 70 6.77e-12 1.83e-10
C23 70 6.77e-12 1.83e-10
ci1~c12 70 2.70e-12 7.28e-11
C14 70 2.70e-12 7.28e-11
C16 70 2.70e-12 7.28e-11
C19 70 2.70e-12 7.28e-11
c21 70 2.70e-12 7.28e-11
C24 70 2.70e-12 7.28e-11
C25 70 2.70e-12 7.28e-11
R17R23 70 2.70e-12 7.28e-11
T17T10 70 1.68e-12 4.52e-11
VR1, VR2 70 3e-13 8.2e-12
Y1 70 2.33e-13 6.36e-12
u1o, 15 70 7.77e-14 2.03e-12
ute 70 6.66e-14 1.84e-12
u2 70 4.44e-14 1.14e-12
Ut 70 3.33e-14 8.44e-13
SWi1 70 0 777e-14
utt, 14 70 0 2.22e-14
D1, D2 70 0 1.11e-14

L1, L2 70 0 0

Q17Q5 70 0 0
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