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Testability Model of Fuze Based on Multi-signal Model

REN Yueqing, XU Lixin

School of Mechatronical Engineering, Beijing Institute of Technology, Beijing 100081, China

Abstract The modern weapon systems become more and more complex with the performance improvement. High integration and
miniaturization have increased the risk of the potential fault, while the number of possible test points is reduced, which reduces the
capability of test and diagnosis and affects the system security. Therefore, testability modeling and analysis technology are more and more
emphasized by product designers. A system with adequate testability can diagnose and isolate faults promptly, rapidly, and accurately, with
improved reliability and safety for specific tasks. In order to apply the testability technology to the development of weapons, an approach is
proposed in this paper to analyze and evaluate the system testability based on the multi-signal model, as a hierarchical model. On the basis
of the system structure, a hierarchical directed graph is used to indicate the direction of signals, the component of individual unit and the
mutual relationship. The characteristics of the system can be represented by defining its function, the pattern of fault, and by testing the
relationship between signals. Muti-signal modeling does not need detailed information about the failure mode, so it can be used to diagnose
and isolate unexpected failure mode. It does not need detailed information about the design of the system, so it can be used to model even
a conceptional product. In this paper, a multi-signal flow graph model of fuze is set up and the system testability is evaluated quantitatively
and some effective strategies for diagnosis are proposed, by use of the fault detection rate, fault isolation rate, fault isolation of ambiguity
group, unidentified fault and unused test. Meanwhile, testability suggestions such as the location of the test point, the location of isolation
point to eliminate the feedback loop can be tagged directly in the functional module. It also provides accurate graph or text format
testability reports. Simulation results indicate that a fast and accurate fault detection and isolation can be achieved by using this method,
with the following features: easy modeling, low distortion and high generality. Its application can improve reliability and save maintenance
cost of products.
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Fig. 1 Failure fault tree of fuze
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Fig. 2 Top level multi-signal model of fuze
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TESTABILITY REPORT FOR FUZE

TEST OPTIONS

Test Algorithm Near OPTIMAL(Breadth=1,Depth=1)
Test cost weightage=50.00%

Test time Weightage=50.00%

Test dollars per hour=10.00

Fault Isolated to LABEL Component

System OK probability:1%

Mean time to first failure: le+005(hours)
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, 2006, 14(2): 222-224.

Lin Zhiwen, He Zhe, Liu Songfeng. Computer Measurement & Conirol,

2006, 14(2): 222-224.
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TESTABILITY FIGURES OF MERIT

Percentage Fault Detection =00.00%(UW:90.00%)
Percentage Fault Isolation =(9.30%(UW:63.64%)
Percentage Retest OK’s =15.35%

Ambiguity Group Size =1.31%

Mean Weighted Cost TO Isolate =10.50

Dollar Cost=0.21 Time =2.08

Mean Cost To Detect =5.61

Mean Time TO Detect =1.11

SYSTEM STATISTICS
Number of failure sources =101 10 Components  y1STOGRAM OF AMBIGUITY SIZE HISTOGRAM OF TEST USAGE
Number of tests =8
Number of dependencies =22 100% 100%
Number of modules at level 1 =1 . -
Number of modules at level 2 =6 80% 69% 80%
ber of modules at | 3 =6
Number of modules at level 60% 60% 55%
TEST ALGORITHM STATISTICS 0%l 40%
Number of tests not used =0 ’ 27%
Number of nodes in tree =17 0% 208 >
Efficiency of test sequence  =93.62%
1234567 89>9 123 456789>9
AMBIGUITY GROUPSIZE NUMBER OF TESTS
4
Fig. 4 TFOM report
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