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Reliability analysis of power supply and distribution system for
directional polarization camera
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Abstract: As an important part of the spaceborne directional polarization camera, the power supply and
distribution system not only needs to meet the functional requirements of converting the primary power
provided by the satellite platform into the various secondary power supplies required for the loads, but also
needs to meet the requirements of high reliability and long life when the loads are on orbit. The stress
analysis procedure is an important method for analyzing the reliability of electronic systems. Based on the
stress analysis procedure and according to GJB/Z 299C-2006 "Electronic Equipment Reliability Prediction
Manual", the failure rate calculation of the electronic components in the power supply and distribution
system of the directional polarization camera is carried out, and the reliability of the power supply and
distribution system is analyzed by combining the structural block diagram of the system. The analysis
results show that the redundancy design of cold standby can significantly improve the reliability of the

system.
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Table 1 Characteristics of each reliability prediction method
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Table 2 Calculation of failure rate of electronic components used in the power supply and distribution system

Component Calculation model Electrical stress ratio (S) Calculation result
Solid tantalum capacitor A= ATTGTT T o T T, S =0.071 A,=0.000356 x 10°/h
S=0.214 A,=0.000393 x 10°/h
S$=0.343 A,=0.000356 x 10°/h
S =0.600 A,=0.001181 x 10%h

Non-solid tantalum capacitor

Ceramic capacitor

Apz )\b7TE7TQ7TCV
A= AT T (T o\ T, S =0.280
S =0.025
S =0.075
S =0.150
S =0.060

A,=0.001478 x 10%/h
A,=0.000161 x 10%h
A,=0.000103 x 10%/h
A,=0.000103 x 10%/h
A,=0.000129 x 10%h
A,=0.000103 x 10°/h
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Continued
Component Calculation model Electrical stress ratio (S) Calculation result
Chip film resistor A= AT oy A,=0.00035 x 10%h
Wire wound resistor A= A TyTr oy A,=0.01221 x 10°/h
Electrical connector A= AT Ty 7T A,=0.02617 x 10°/h
Inductor A= A TTyTr o A,=0.0021 x 10°h
Diode A= AT T (T T (T, A,=0.000027 x 10°/h
Fuse A,=0.003 x 10%h
Metal-oxide-semiconductor field A= AT (g A,=0.000047 x 10°/h
effect transistor
Magnetic latching relay A= AT T (I A,=0.000347 x 10/h
Filter A= AT A,=0.096 x 10°/h
DC-DC convert A= Uity

Prototype phase: A,=2.342 x 10/h
Flight model phase: A,= 1.289 x 10/h
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Fig.1 Function diagram of power supply and distribution module
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Fig. 2  Reliability block diagram of main and standby switching circuit
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Fig. 3  Reliability block diagram of protection circuit
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Fig.4 Reliability block diagram of surge suppression circuit
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Table 3 Calculation of failure rate of each DC-DC conversion circuit in prototype phase
DC-DC output Filter Output protection Conversion
+5V A, =2342%10% A, =0.002643x10%h A, =0.000727 x 10%h A= A,"A,+A,) = 2.3454 x 10%h
+30V A,'=2342x10%  A,'=0.002643 x 10%h A, =0.000377 x 10°h A" = A,'+A,+A,, = 2.3450 x 10°/h
+15V Ay =2342x10%  A,'=0.005731 x 10%h A, =0.000727 x 10%h A} = A, '+Ay,'+A,, = 2.3485 x 10%h
+12V A, =2342x10% A, =0.002628 x 107h A, =0.000441 x 10%h A, = A,+A,+A,, = 2.3451 x 10%h
k4 EHFRYEHRDC-DCH#BELRZETH
Table 4 Calculation of failure rate of each DC-DC conversion circuit in model phase
DC-DC output Filter Output protection Conversion
+5V A, =1.289 x 10%h A, =0.002643 %10 A, =0.000727 x 10%h A, =A,+ A+ A, =1.2924 x 10%h
+30V A, = 1.289 x 10%h Ay, =0.002643x 10%h A,y =0.000377 x 100 A, = Ay + Ap+ Ayy = 1.2920 x 10%h
+15V Ay, = 1.289 x 10h Ay, =0.005731 x 10%h A, =0.000727 x 10%h A, = Ay + Ay+ Ay = 1.2955 x 10%h
+12V A, =1.289 x 10%h A, =0.002628 x 10°/h A, =0.000441 x 10°/h A=A+ AL+ A,=1.2921 x 10%h
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