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Abstract

We have developed a digital control rod control system not only to improve its performance but also to
improve its reliability and speed of response so that it can replace the old fashioned analog system. However,
a new developed digital control system should be tested to prove the validity by using any prototype or mock-
up before application. The reliability prediction and the reliability block diagram analysis methods were
adopted to verify the reliability of the developed hardware. For the case of software, especially for a new
developed control algorithm, it has been tested to prove performances and validation by using a dynamic
simulator and mock-up of control rod drive mechanism altogether. Here we want to present some key factors
regarding to the new developed digital system with some verification procedures.
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Table 1 Result of RBD analysis for control cabinet

Rack Unreliability| MTBF[hour]
Primary controller 0.0000525 76,113
Sub controller 0.0000525 76,113
1/0 rack(1) 0.0000541 73,907
1/0 rack(2) 0.0000730 54,774

Power supply 2.21E-10 9.2292E+9
Control cabinet 0.000127 31,459
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Table 2 Parts list of cards

Parts DIC| DOC | DPC | PMC | SCC
Resistor 40 | 32 101 35 38
Capacitor 41 5 134 43 53
Inductor - - 2 - 3
p-IC 9 5 53 24 22
Diode 64 | 32 20 6 32
Connector 1 1 11 10 1
Optoelectronic | 40 40 22 33 3
Transistor - 32 - - -
Oscitlator - - 3 - -
Switch - - 2 2 -

Table 3 Failure rate of cards & MTBF

Cards Failre Connection MIBF
Rate Rate [hours]
DIC 4.59 0.057 217,810
DOC 3.86 0.049 259,067
DPC 14.74 0.191 67,856
PMC 5.22 0.060 191,571
SCC 4.13 0.041 241,950

Table 4 Failure contribution & change the parts

Cards| Parts |Contribut-| Recommendation
ion(%)

DIC |TLP521-4 46.24 JanTX grade parts
IN5234B 6.83 JanTX grade parts

DOC [TLP521-4 55.01 JanTX grade parts
15G820K 19.72 JanTX grade parts

DPC | K6R4016C 18.56 Class B grade parts
MC7905 13.16 Class B grade parts
CY7C027 8.16 Class B grade parts

PMC | TLP521-1 47.24 JanTX grade parts
AB-15 10.60 |Mil Spec grade parts

SCC TLO74 34.52 Class B grade parts
MAX292 24.85 Class B grade parts
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Table 5 Results of parts alternation & MTBF

Failure|Connect-{ MIBF Improvement
rate |ion rate| [hours] rate
DIC 2.70 0.057 | 371,009 1.70
DOC 1.71 0.049 586,017 2.26
DPC 9.52 0.191 | 105,070 1.55
PMC 2.95 0.060 | 338,733 1.77
SCC 1.95 0.041 | 513,740 2.12
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( 1:Upper controller master signal
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