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Fig.1 Working site of the Antarctic astronomical telescopes
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Name Symbol Meaning

O The event that indicates

Bottom event X
v the cause of the failure

Top event/ .
Intermediate event : The output of the logic gate
OR Q Occurs when at least one
AND D Occurs when all
XOR Q Occurs when only one
Other events <> The event needs
further prove

2 HRERR AT R X

Fig.2 Common symbols and meanings of a fault tree
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Fig.3 Structural schematic of AST3-3. Left: front view; Right: side view
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Fig.4 Schematic diagram of the spindle control system
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Fig.5 General drawing of the fault tree for the spindle system
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Fig.6 Schematic diagram of the fault tree for the declination axis subsystem
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Table 1 The instruction of the fault marks of the declination axis

Labell = Meaningl Label2 Meaning?2 Label3 Meaning3
Mprc:  DEC1 X5 = Xresolver1 Resolverl X11 = Xrotor1 Rotorl
Mprc2 DEC2 X6 = Xresolver2 Resolver2 X12 = Xresolver Resolver3
Mophaser  Phasel X7 = Xencoderl Encoderl X13 = Xresolverd Resolver4d
Mmotor1  Motorl Xg = Xgear1 Gearl X14 = Xovercurrent2  Overcurrent2
Mphase2 Phase2 X9 = Xovercurrent1  Overcurrentl  Xi15 = Xstator2 Stator2
Mmotorz  Motor2 X10 = Xstator1 Stator1l X16 = Xrotor2 Rotor2
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Fig.7 Schematic diagram of the fault tree for the ascension axis subsystem
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Table 2 The instruction of the fault marks of the ascension axis

Labell  Meaningl Label2 Meaning?2 Label3 Meaning3
Mra1 RA1 X17 = Xresolvers Resolverb Xo3 = Xiotors Rotor3
Mgrao RA2 X18 = Xresolver6 Resolver6 Xo4 = Xresolver? Resolver7
Mphases Phase3 X19 = Xencoder2 Encoder2 Xo5 = Xresolvers Resolver8
Muotors Motor3 X0 = Xgear2 Gear2 Xo26 = Xovercurrenta Overcurrent4
Mphasea Phased Xo1 = Xovercurrents  Overcurrent3  Xor = Xstatora Statord
Mmotora Motord Xoo = Xtators Stator3 Xog = Xiotora Rotor4

A= b4 & GE 1 R U AL RS A A S P RR: 220 VA4V, 220 VI HEALAE
24 VUKD SR AL L, AT R G DL S (b 5 1 B L3R 3).

R 3 RIREREERR SRR

Table 3 Instructions of the power module fault codes

Labell Meaningl Label2 Meaning2

X1 = Xoxv 220V Xo=Xosv 24V

AR AR R0 T R Bl AR X 3 ) Dy R 5 SR SR LR A L
LUMACIEAS FL2E. X PG DLAR 2 T SO LB B dy & A &, e LI 3 &
GEANREIE W I Fe iR IS . TR b DL IR (Wiehaid 5 B W] ML #4).

HEAS T RIR I R G R AL EI10.
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Fig.8 The fault tree diagram of power subsystem Fig.9 The fault tree diagram of communication

module subsystem
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Table 4 Instructions of the communication module fault codes

Label Meaning

X3 = Xsoftware Software crash

X4 = Xcom-block IPC and UMAC communication barriers
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Fig.10 General drawing of the fault tree for the spindle control system
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FIE. BHA T

T = Mpgc + Mra + Mpow + Mcom + Morn ; (1)
Mprc = Mprci1Mprc2; Mra = Mrai1Mraz;
Mpow = X1 + Xo; Mcom = X3 + Xu;

Mpeci = Mphaser + X7 + Xg + Xg + Muotort ;
Mprce = Mphase2 + X7 + Xg + X4 + Muotor2 5
Mrar = Mphases + X19 + Xoo + Xo1 + Miotors ;
Mgra2 = Mphases + X19 + Xo0 + Xog + Minotors ;
Mohase1 = X5X6; Mmotor1 = X10 + X113

Mphase2 = X12X13; Minotor2 = X15 + Xi6;
Minases = X17X18; Mimotors = Xoo + Xo3;
Mphases = X24Xo5; Minotors = Xor + Xog ;
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X10X12X13 + X11 X102 X13 + X17X18 X206 + X17 X158 Xo7 + X17 X158 Xos+
X21X24 X5 + X2 X4 Xos + Xo3 Xos Xos + X5 X6 X120 X715 + X17 X138 X204 X05.
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Table 5 Comparison table of the structural importance

Bottom event Count Cut set order Bottom event Count Cut set order

X1 =Xoo0v 1 1 first X15 = Xstator2 4 3 second and 1 third
Xo = Xosv 1 1 first X16 = Xrotor2 4 3 second and 1 third
X3 = Xooftware 1 1 first X17 = Xresolvers 4 3 third and 1 fourth
X4 = Xcom-block 1 1 first X18 = Xresolver6 4 3 third and 1 fourth
X5 = Xresolverl 4 3 third and 1 fourth Xi19 = Xencoder2 1 1 first

X6 = Xresolver2 4 3 third and 1 fourth X0 = Xgear2 1 1 first

X7 = Xencoderl 1 1 first Xo1 = Xovercurrents 4 3 second and 1 third
X5 = Xgear1 1 1 first Xoo = Xtators 4 3 second and 1 third
Xo = Xovercurrent1 4 3 second and 1 third X23 = Xiotors 4 3 second and 1 third
X10 = Xstatorl 4 3 second and 1 third Xss = Xiesolver? 4 3 third and 1 fourth
X11 = Xrotorl 4 3 second and 1 third Xo5 = Xiesolvers 4 3 third and 1 fourth
X12 = Xresolvers 4 3 third and 1 fourth Xss = Xovercurrenta 4 3 second and 1 third
X13 = Xresolverd 4 3 third and 1 fourth Xo7 = Xstatora 4 3 second and 1 third
X14 = Xovercurrent2 4 3 second and 1 third Xss = Xiotora 4 3 second and 1 third

I WT S EH AT LLUA BN T S5 M 2, AT

1,(220 V) = 1,(24 V) = I, (software) = I,,(com-block) = I,(encoderl)
= I (gearl) = I, (encoder2) = I (gear2) > I, (overcurrentl) = I, (statorl)
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I,(rotorl) = I,(overcurrent2) = I (stator2) = I, (rotor2) = I, (overcurrent3)

(
I,(stator3) = I, (rotor3) = I,(overcurrent4) = I, (stator4) = I,,(rotor4)
> I (resolverl) = I (resolver2) = I, (resolver3) = I, (resolver4)

= I (resolverb) = I (resolver6) = I, (resolver?) = I, (resolver8).
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Fig.11  Result of MATLAB simulation
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Reliability Analysis of Main-axis Control System of
the Equatorial Antarctica Astronomical Telescope
Based on Fault Tree

LI Yun!?3  YANG Shi-hail2

(1 Nanjing Institute of Astronomical Optics & Technology, National Astronomical Observatories,
Chinese Academy of Sciences, Nanjing 210042)
(2 Key Laboratory of Astronomical Optics & Technology, Nanjing Institute of Astronomical Optics &
Technology, Chinese Academy of Sciences, Nangjing 210042)
(8 University of Chinese Academy of Sciences, Beijing 100049)

AsstracT The Antarctica astronomical telescopes work chronically on the top of the
unattended South Pole, and they have only one chance to maintain every year. Due to
the complexity of the optical, mechanical, and electrical systems, the telescopes are hard
to be maintained and need multi-tasker expedition teams, which means an excessive
awareness is essential for the reliability of the Antarctica telescopes. Based on the fault
mechanism and fault mode of the main-axis control system for the equatorial Antarctica
astronomical telescope AST3-3 (Antarctic Schmidt Telescopes 3-3), the method of fault
tree analysis is introduced in this article, and we obtains the importance degree of the
top event from the importance degree of the bottom event structure. From the above
results, the hidden problems and weak links can be effectively found out, which will
indicate the direction for promoting the stability of the system and optimizing the
design of the system.

Key words telescopes, fault tree, methods: data analysis
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