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Hot Spot on Bridge Wire – Possible? 

Presenter
Presentation Notes
Note small red region - hotter



Factors that Might Lead 
to Formation of Hot Spot 

•Uneven resistance distribution 
•Brief pulse of current 
•Thin bridge wire (1A/1W less thin) 
•Little heat conductivity along bridge wire 



Our Investigation 

•Photograph Bridge Wires Activated 
by Short Pulses of Current 

•Compare EED Firing Sensitivity, 
Short & Long Pulses 
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Presentation Notes
Infrared film
Very fine wire, 0.0015 inch diameter, Neyoro gold wire & Tophet C wire
Look for hot spots, uneven heating
Both 1A/1W and sensitive initiators
Looked to see whether, for same energy, short pulse more sensitive



Compare Results, Keeping E/R Constant 
      Short Pulse of Current vs. Long Pulse 

•𝑃𝑃 =  𝐼𝐼2 𝑅𝑅 
•𝐸𝐸
𝑅𝑅

=  𝐼𝐼2 𝑡𝑡 
•Shorter time, set current higher 
•Longer time, set current lower 
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Short pulse or long pulse – intend to keep the energy the same – observe what happens
For given current, energy E proportional to R which varies from one DUT to the next
Better to take out that variation
Keep energy per unit resistance constant



Short Wire Sample, 0.0015” Diameter 
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I2t = 0.023 ampere2-second 

Presenter
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Note the entire length of wire is hot.
True both for long pulse (lower value of current I, longer t)
     and for short pulse (higher value of current I, shorter t)
We do not see any hot spot
6.8 amperes, 0.5 millisecond for this picture
We varied current from 4 to 11 amperes – always got picture like this



I2t = 0.035 ampere2-second 
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4.7 to 13.2 amperes
1.5 milliseconds to 200 microseconds
Various phenomena observed along entire length of wire
No hot spot
Entire wire explodes



I2t = 0.035 ampere2-second 
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I2t = 0.035 ampere2-second 
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No hot spot
Entire wire heats and thrashes around
13.2 amperes, 200 microseconds for this shot
CONCLUDE: in about 100 shots, we did not observe any hot spot



Observed no hot-spot in bare wire study… 

•Now fire some all-up EEDs 
•Different kinds of bridge wires 
•Keep energy constant 
•Long pulse? 
•Short pulse? 
•Same sensitivity? 



Mk 26 Mod 0 Initiator, Javelin Initiator 
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Mk 26 Mod 0 is sensitive, slender bridge wire
Javelin is 1A/1W, robust bridge wire



Some Javelin Firing Data 

Sequence s/n Ohms Amp Result ms I*I*t 

8 104513 1.034 5.66 O 0.50 0.016 
9 104546 1.035 7.55 O 0.50 0.028 

10 104624 1.039 10.57 X 0.50 0.056 
11 104539 1.063 7.55 X 0.50 0.028 
12 104532 1.062 5.66 O 0.50 0.016 
13 104514 1.022 7.55 X 0.50 0.028 



Javelin Results Summary 

I2 t, 
 A2 s 

Fired with 
 long pulse 

Fired with 
 short pulse 

0.016 0 out of 4 0 out of 3 

0.022 0 out of 3 0 out of 3 

0.028 3 out of 4 3 out of 4 

0.056 1 out of 1 1 out of 1 
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28 Javelin initiators
Sata for long pulses is practically the same as for short pulses
Conclude that sensitivity for these initiators only depends upon the quantity I2 t.
This means there is no reason to think that a “hot spot” forms
1W/1A initiator with robust bridge wire




Mk 26 Mod 0 Results Summary 

I2 t,  
A2 s 

Fired with 
 long pulse 

Fired with 
 short pulse 

0.0011 0 out of 1   

0.0018 0 out of 2 0 out of 2 

0.0028 2 out of 2 3 out of 3 
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Sensitive initiator, slender bridge wire
Data for long pulses is practically the same as for short pulses
Conclude that sensitivity for these initiators only depends upon the quantity I2 t
No reason to think that a “hot spot” forms



Conclusions 

• Fine wire heating, 100 shots, entire length always heated 
• 1A/1W initiators, identical sensitivity to long & short pulses 
• Sensitive initiators, identical sensitivity to long & short pulses 
• No reason to think brief current pulse can fire EED 
• Cannot fire due to personnel-borne ESD heating bridge wire 
• Cannot fire due to standard ESD test 
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We studied the heating of fine wires using very short pulses of electricity. We saw no evidence of any “hot spot.” In over 100 data shots, the entire length of wire heats. We never saw the wire heat in just one small place.

We fired lots of two different types of initiators, i.e. the 1A/1W Javelin (insensitive) and the Mk 26 Mod 0 (sensitive). For each type of initiator, we fired about half the lot using a longer pulse (0.50 millisecond) and the balance of the lot with a shorter pulse (0.25 millisecond). Each type of initiator showed identical sensitivity to long pulses and to short pulses. This is what we would expect if the entire length of the bridge wire heats, rather than just a small “hot spot.”

We conclude there is no reason to think that a very brief, low-energy pulse of electrical current might fire a 1A/1W electro explosive device (EED), or a more sensitive EED, due to bridge wire heating. If the energy in the current pulse is not enough to fire the EED, then the brevity of the pulse will not form a “hot spot” somewhere on the bridge wire.

These types of hot-wire initiators will not fire due to personnel-borne ESD heating the bridge wire.

The standard ESD test generates a spark which is similar to the worst-case spark from a human being. The ESD tester charges a 500-picofarad capacitor to 25,000 volts, then discharges it through a 5000-ohm resistor into the bridge wire of an electric initiator. We conclude this test cannot fire a 1A/1W initiator due to bridge wire heating.
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