




Table 1: Summary of measurements of arc temperature at different times during the arcing period. 

Arc time (ms) Temp. (K) I arc (Amps) 'arc (volts) Inst. MW arc 
0.090 21,600 1365 2768 3.7783 
0.833 19, 775 1183 1456 1.7224 
0.925 19, 205 1170 1200 1.4040 
1.965 18, 725 876 856 0.7499 
2.263 17,555 768 848 0.6513 
2.302 18, 745 770 728 0.5606 
2.979 17,417 566 466 0.2638 
3.650 16, 840 255 440 0.1122 
4.102 15,000 114.5 320 0.0366 
4.400 18, 585 10.7 424 0.0045 
4.446 19, 946 55 352 0.0194 

A summary of temperature measurements as a 
function of time are shown in Table 1 which also gives 
the instantaneous arc current, instantaneous arc 
voltage, and instantaneous arc power. The arc time 
was obtained by subtracting the pre-arcing time for 
each shot (the average value around 5.3 ms) from the 
time at which the spectrum was recorded. Arc 
temperature as a function of time is also given in 
Figure 8. 

VI. DISCUSSION 

During the measurements care was taken to ensure 
that each sample fuse was identical and was energised 
under identical conditions so that a variation of 
temperature with time could be measured on a shot-to- 
shot basis. The spectrograph enabled us to record 
spectra from 300 nm to 800 nm. Since intensity 
calibration using the tungsten lamp was reliable above 
420 nm only, we were forced to ignore the 412.8 and 
413.1 Si II lines. As shown in Table 1 temperature 
varies in the range 15,000 K to 22,000 K. However it 
is clear from Figure 8 that the temperature falls slowly 
during the arcing period from a approximately 22,000 
K at the start to around 18,000 K towards the end of 
the measurements. This contrasts with the findings of 
Chikata et al [2] and Cheim and Howe [4] who 
concluded that temperature remained constant around 
20,000 K during the fuse arcing. 

The fuse arc plasma was assumed to be in local 
thermodynamic equilibrium: this was confirmed by 
finding that plots of log {l?J{gA)} versus E did not 
deviate significantly from a line of best fit. According 
to Lochte-Holtgreven [18] there is no self-absorption 
in plasmas above 10,000 K, so the fuse arc plasma is 

optically thin. This has also been established 
experimentally by Bezborodko and Fauconneau [6]. 

As shown in Table 1, the arc temperature falls during 
the arcing period at a significantly slower rate than 
does the instantaneous power dissipation in the arc 
suggesting that other factors such as arc volume and 
arc density may be important. 

Our investigation of arc temperature during fuse 
arcing gives arc temperatures significantly higher than 
those recorded by Barrow and Howe [3]. This is not 
inconsistent with the significantly higher power 
dissipated in the arc in our experiments. The values of 
temperature obtained by Bezborodko and Fauconneau 
[6] do not correspond to the hot region of the plasma 
and cannot therefore be compared with the results of 
the present study. Cheim and Howe [4] measured 
temperatures comparable with those reported here, 
even though they used interference filters which 
cannot be corrected for the presence of neighbouring 
lines and high background levels. 
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Figure 1: Electrical circuit to energise the test fuse. Figure 2: A simplified block diagram to synchronise 
OMA with the test fuse. 
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Figure 3: Plots for voltage across and current 

through the fuse. OMA head is opened at 
7.265 ms to record the spectrum. 

Figure 4: A spectrum of the tungsten lamp; 
background level is also shown. 
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Figure 5: Fuse spectrum at 9.402 ms, ie, arc time of 
4.102 ms. 

Figure 6: Fuse spectrum at 7.602 ms, ie, arc time of 

2.302 ms. 

24000 - 

3.0- 22000 - S< II: 634.7. 637.1 

20000- 

Arc temperature = 18,745 K 18000 - 

3 6 
16000 

14000 - 

12000 - 

c 10000 - 

8000- 

Si II: 595.8. 597.9 6000 
3 2 

4000- 

2000 - 

Si II: 504.1. 505 6 

10.0 12.0 12.5 10.5 11.0 11.5 

Energy in the upper level (eV) Arcing time (ms) 

Figure 7: Deduction of temperature using relative 
intensity technique. 

Figure 8: Variation of arc temperature during the 
arcing period. 
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