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The number of current pulses to blowing N is determined by 

r al*a2 jl+m ”|I/c 

(2) 

where t is the on time; c, al, a2, K0 and m are constants. According to Manson - Coffin law, in this work, c = -0.5 is 
suggested. 

For current pulses with the same current value and different on times, two series experiments in minimum can 
determine the slope (1+m) of the number of current pulses with on time. The values of m and K0 are determined 
from experimental data shown in figure 4 to be -0.5 and 3.6* 108. The 5% value of K0 is 7.8 *107 which is 
corresponding to the 5% value of the number of current pulses. 

3.2 Comparisons with observations 

experimental results (al = 3, a2 = 4.5, m = -1/2, c = -0.5). 

4. General Discussion 

4.1 Difference between short and long current periods 
In the section 2 and 3, extensive studies have been performed for short current pulses and long current periods. Now 
it is time to give a general explanation and remarks for these definitions. 

As it has been indicated that the creep rate has a strong relation with time, therefore, a limit is expected to be 
significant for the dominance of creep. The exact indication is not known yet and probably not necessary, because 
of the complex of problems and the deviations from other parameters. However, examination of current - time 
characteristics snows that for the time above 10 seconds, the prearcing time is not precisely defined because of 
thermally activated creep (including oxidation). 

Therefore, for the time delay fuses under the discussion, the time of 10 seconds is taken as a criteria to 
distinguish the short and long time current pulses. For continuous currents, the model presented for long current 
periods can be extended. 
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Figure 3 Dependence of the average temperature 
rise on d.c. current 

“x": average temperature rise determined from 
displacement measurements 

Figure 4 Determination of material constants 
m and K0 

"x”: mean values of current pulses 
“o”: 5% values of current pulses 

By using values of al, a2 and m, exponents for current/and time t can be obtained to be -27 and -1. Figure 5 shows 
comparisons of the predictions of the number of current pulses as a function (equation 2) of time and current and 
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Figure 5 Comparisons of predicted lifetimes and observations 
“o”: observations for the on time from 10 seconds to 1 hour 

“x": observations of 5% values for the on time of 1 hour 

4.2 Comparisons with results from literature 

Generally, results above were comparable with the results in literature. The significant difference is that previous 
researchers considered that the fatigue of fuse element was mainly controlled by the plastic range [Arai, 1983; Costa, 
1991; Wilkins 1991]. For short current pulses, elastic strain plays an important role, while for long current periods, 
plastic strain may control the fuse lifetime. 

Moreover, in the former research [Arai, 1983], the shape effect of fuse elements was considered as a factor K. The 
rule was that K=1 for straight element; K>1 for local deformation; K<1 for bent element. From the photographic 
measurements, it indicates that the compression force induced by the thermal expansion may cause the buckling of fuse 
element, a part of thermal strain will converted to the apparent strain, therefore, the factor K should be less than 1 even 
for the straight fuse element. 

Results from long current periods can also be compared with the curve fitted function in the reference [Stevenson, 
1976]. On a double log scale, the literature curve slope was 0.045, the slope here found is 0.037 from physical models 
(1/27) presented in the section 3. 

If the temperature rises were normalised by the melting temperature, lifetime limits were found to be in agreement 
with the results given in the reference [Williams, 1981]. Where the temperature thresholds were directly related with the 
melting temperature of the fuse element, applications were restricted, because only the thermal properties were 
considered. 

In IEC publications, a very limited number (1000 pulses in IEC 127) of pulsed current is applied to the fuse to 
examine the quality of fuses. On the one hand, the magnitude of pulsed current will be too low to give a indication of 
pulse withstand ability of fuses; on the other hand, from this investigation it is clear that fuses may withstand some 
thousands of pulsed currents, but they may still fail after a long run in service. Therefore, the requirement in IEC is not 
enough to guarantee the long term behaviour of fuses, more specific values of lifetime should be carried out as a 
guidance of selectivity. 
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5. Conclusions 
In this work, physical models for lifetime predictions have been established for short current pulse and long current 
periods. Because no limitations are imposed for any specific constructions, they should be valid for any practical 
fuses, unless some material constants have to be different. 

Predictions for a typical time delay fuses have been demonstrated and compared with experimental observations 
and an excellent agreement has been found. 

The work is developed purely on the physical basis and results obtained so far therefore provide a significant 
understanding of fuse ageing problems compared with previous investigations. Concerning physical models 
developed, it should be of a great value to assist the evaluation of commercial products, new developments and 
applications of fuses. 
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