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Fault diagnosis of spacecraft propulsion system by using Livingstone

CHEN Zhi-zuo, LIU Xing-zhao, LV Gao-huan
(Department of Electronic Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Spacecrafts are usually expensive and can not be put into mass production, thus it is very
practical and necessary to do research on fault detection and diagnosis on spacecrafts. The Livingstone
software system, developed by NASA, employs a group of multi-level qualitative logistic models to
describe the behavior of the system, and detect and diagnose faults by comparing model prediction values
and sensed values of the sensors. This paper is aimed at explaining the usage of Livingstone software in
the area of fault detection and diagnosis on spacecrafts. The principle and working process of Livingstone
are elaborated in detail. A simulation experiment is performed on a simplified model of spacecraft
propulsion system. The reasonable fault causes and probabilities are analyzed. The experimental results
show that Livingstone is an effective and reliable tool for fault detection and diagnosis, which can find the
faults within system rapidly and correctly.
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Fig.4 Propulsion system model of the spacecraft
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Tablel Symbols, nominal modes, failure modes and Ra values of the components in the propulsion system model

component symbol nominal mode failure mode Ra
n . i . regulating high 1
when pressure in>=set point, pressure out=set point }
regulators 9 when pressure in<set point, pressure out=pressure in regulating low 1
unknown 10
helium tank tk pressure out>secondary regulator set point unknown 10
h d tooint. flows0 stuck open 2
. when open and pressure>=set point, flow>
solenoid valves sV when closed, flow=0 stuck closed 3
unknown 10
. . stuck open 1
vent relief valve wr when open, flow>0 and temperature in tank(lo2) mixture range stuck closed 1
when closed, flow=0 and temperature in ambient range
unknown 10
o stuck open 2
enaine inlet valve v when open, pressure>=pressurization indicator stuck closed 2
9 P when closed, flow in=flow out=0 u
unknown 10
pressure sensors mpre pressure reading=sensed pressure unknown 10
temperature sensors mrtd temperature reading=sensed temperature unknown 10
2 (EMREE R
Table2 Results of simulation tests
description of test scripts diagnosis Ra
mprel03p: rg01 pressure in range, rgll pressure above threshold
command: sv03 open mpre103p unknown fault 10
mprel04p: rg01 pressure below threshold, rgll pressure in range
rgl1 regulating high 1
. rg01 unknown fault 10
mprel03p: rg01 pressure in range, rgll pressure above threshold
P p-Tg0L pressure | g¢, TgLL pressu v rg11 unknown fault 10
mpre103p unknown fault 10
- - pv03 stuck closed 2
pv03: open indicator not open, close indicator closed 33 stuck closed 3
mprel07p: rg02 pressure below threshold, rg21 pressure in range
sv33 unknown fault 10
L L pv03 stuck open 2
pv03: open indicator open, close indicator not closed 5v33 stuck open 2
mpre202p: pressurization rate below threshold, boil off rate below threshold, bleed rate in 03 unk 10
range, venting rate above threshold pvO3 unknown
sv33 unknown 10
vr01 stuck closed
pv03 stuck open 13
command: sv31 open mrtd203t unknown fault
sv31: micro switch open vr01 stuck closed
mrtd203t: ambient temperature below threshold, tank mixture temperature in range sv33 stuck open 13
mpre202p: pressurization rate below threshold, boil off rate below threshold, bleed rate mrtd203t unknown fault
below threshold, venting rate in range rg02 regulating low
pv03 stuck open 13

mrtd203t unknown fault
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