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ABSTRACT 

A constant current ulser with adjustable pulse width and current, is designed to evaluate .*. thermal charactensbcs o e ectro-explosive devices (EED). The thermal response in voltagekime 
profile is digitised and recorded on a PC. A software tor the analysis of this data has been developed. It 
computes the heat loss coefficient (y), thermal capacity (Ce) and thermal time constant (T) of the 
system. These parameters are used for the prediction of the performance EEDs during development 
stage and also in quality control. A computerised system developed for this purpose is also described 
in detail. 

1. INTRODUCTION delay and firing current, using oscilloscopes and 

In an electro-explosive device @ED), its firing countertimers. The NDT facility using a current 

current causes the bridge wire to heat up to the source and oscilloscope was used. However, the 
ignition temperature of the composition measurements of graphs and calculations involved 
surrounding it. To assess the characteristics of in thermal analysis were too complex for routine 
EEDs, non-destructive test (NDT) is carried out. In testing. With this system, it is very easy to test all 
this test, a constant current, less than its firing the EEDs under development or production. 
current, is passed through the bridge wire. This 
heats up the bridge wire causing change in its 2. CIRCUIT DESCRIPTION 
resistance which is measured as voltage drop across 
the bridge wire. The EED under test is a part of 
Whetstone bridge which is initially balanced, so the 
imbalance recorded is only due to change in 
resistance. This imbalance profile recorded in the 
voltageltime form is analysed to determine the 
temperature rise 8 , ,  heat loss coefficient (y), 
thermal capacity (Ce) and thermal time constant (T) 
of the EED'. 

Prior to the development of this system, the 
EEDs were destructively tested for their ignition 

The block schematic of the system is given in 
Fig. 1. The system designed is mainly in two parts - 
a constant current source and a signal amplification 
unit (Fig. 2) and one PC-compatible circuit board 
for digitisation of the signal (Fig. 3). The constant 
current source is designed using a voltage regulator 
integrated circuit (U3). The voltage regulator 
integrated circuit maintains constant voltage across 
a high stability potentiometer (PI) resulting in a 
constant current of amplitude as per the setting of 
the potentiometer. This current source is designed 
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CONSUNT 

SOURCE 

Figure 1. Block schematic of the system 

to deliver current up to 500 mA. During the current 
setup procedure, the current is passed through a 
high precision resistance of IR (R15) and the 
voltage across it is measured and displayed on a 
digital panel meter. A timer circuit (Ul) controls 
the duration of the test current pulse which can be 
set from 10 to 500 ms with the help of a calibrated 
dial potentiometer (P2) on the front panel of the 
unit. The unit can test EEDs having resistance up to 
12 R. The test current is applied to the Whetstone 
bridge circuit in which the EED is connected as one 
arm of the bridge. Initially, the bridge is balanced 
by passing the test current for a very short duration 

purpose. A trigger signal derived from the current 
pulse timing circuit is also provided for 
sy~chronisation. The digitiser circuit uses an 8-bit 
AID circuit (U12) for data acquisition. A 
crystal-controlled clock (U25, U24) and a 
programmable timerlcounter (U10) is used for 
accurate and software-programmed sample rate 
generation. The AID circuit outputs are connected 
to the PC bus through a programmable parallel port 
(U11). The acquisition is done through software 
control. A software programmable gain amplifier 
(U16, U17, U20, U21) is designed to facilitate 
signal acquisition with programmable range 
selection. 

Initially, the EED under test is connecced to the 
unit. The test current is set to the required level with 
the help of the digital panel meter. The bridge is 
balanced by zeroing the imbalance trace on the 
computer screen, caused by a 5 ms pulse of the test 
current. During the test, current is applied for a 
duration of about 200 to 500 ms and 500 samples 
are acquired. The data is displayed on the computer 
screen as voltageltime graph. The operator 
indicates the stable temperature with the help 
of a cursor on the screen. Slope is determined by 
applying straight line least square fit (LSF) to the 
rising portion of the voltage-time profile. A typical 
graph along with the computed thermal parameters 
of the EED under test is shown in Fig. 4. The 
software for the system is developed in Turbo C. 
The data acquisition and digitiser setup routines are 
written in Assembly language and linked to the 
system software 

of 5 ms and adjusting a potentiometer (P3). During 3. THEORY OF OPERATION 
test, the bridge imbalances due to heating of EED's 
bridge wire. This imbalance is of the order of Considering EED as one system consisting of 

fraction of a millivolt due to very small change in explosives in the vicinity of bridge wire and 

resistance (SR) of the EED values. An neglecting the temperature rise due to chemical 
instrumentation amplifier circuit (U4-U7) amplifies energy is given by 
and converts this differential signal into a single 
ended, low-output impedance signal of about 1V I 'R,  (1 + a0)dt = Cede + y0dt (1) 
amplitude. This signal is acquired by the 
PC-compatible digitiser board designed for this where 
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I = Test current 

Ro = Resistance of the EED bridge wire 

The voltage developed across bridge wire (R, ) 
due to current I is given by 

a = Temp. coefficient of bridge wire material t 
V = IRo(l  + a 8 )  

8 = Temperature rise above ambient 
(3) 

C, = Thermal capacity of the system This expression also gives 

y = Heat loss coefficient for the system. v,, 8 ,  =- 
The solution for 8 in terms of 1 with Ce and y as a IR, 

unknowns works out as 
Substihiting the expression for 8 as per Eqn (2) 

IZR0 (*-exp- ( y  -a12Ro)t  8 = above in Eqn (3) one gets: 
y - a 1 2 ~ ,  c, 

v = IR, + 
A s t + a ,  y -alz Ro 

The first term, IR, is zero as the bridge is 
(2a) balanced, initially. The bridge unbalance, i.e., the 
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Figure 3. PC-compatible circuit board for digitisation of the signal 

voltage developed only due to temperature rise is 
r = c, 

measured and would be y -a12Ro (7) 

(y -a12Ro)t 
AV = - e x -  ce 1) where r is thermal-time constant and can be 

y -a12Ro 
(4) determined from the voltage-time profile as 

explained here. 
This voltage is digitised and recorded. With 

this voltage-time profile, constants like Ce, y and r Ce and y can be computed from Eqns (6) and 

can be computed. (7) as given 

The Eqn (4) is of the exponential form 
d3 R,ZZ c, = (L'3Ri +aI2RO and y = - 
v,, v,, 

A V = Vma (1 - eXp (:)) 
(5)  Thermal-time constant r is computed by 

finding the time (tllz), up to V,, 12 from t = 0. Then 
where 

and 
Alternately, Ce can be computed by 

differentiating Eqn(4) wrt time. This. leads to 
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Figure 4. Voltage-time graph and computed parameters of a 
typical EED. 

where S is the slope at t = 0. Slope is determined by 
applying straight line LSF to the rising portion of 
the voltage-time profile. The curve fitting is applied 
to the data points up to V,,,,/4 level. Frcun the slope 
T. can also be calculated as 

where Ce and r are constants for the EED, and the 
maximum temperature rise due to the current can be 
determined using these. 

4. EXPERIMENT 

Different types of EEDs of known 'no-fire' and 
'all-fire' currents were tested for thermal analysis at 
below 'no-fire' currents. Tables 1 and 2 show the 
results of two types, calculated for each of the EEDs 
when subjected to different test currents. The tables 
show two columns each for Ce, T and Om,,. Ce and T 

are computed by both the methods (slope and tllz) 
described above. The last column shows computed 
temperatures determined from Eqn (2a) using y 
values determined experimentally. The Om, at any 
safe current can be predicted by Eqn (2a) and to 
show the accuracy of prediction, the Om, values 
calculated at the same currents are tabulated in 
Tables 1 and 2. 

CURRENT ( m  A )  

Figure 5. Temperature vs current graphs of type-1 and type-I1 
EEDs. 

Five EEDs of type-I were tested for five 
different test currents from 80 to 160 mA at five 
different occasions. Thermal parameters O,,, y, Ce 
and T were averaged for a specific test current and 
are shown in Table 1. Four EEDs of type-I1 were 
tested for 8 to 13 different test currents for one 
occasion and the parameters are shown in Table 2. 
A typical graph of imbalance voltage-time profile is 
shown in Fig. 4. The straight line at the start of the 
graph is the LSF line. Figure 5 shows graphs of 
calculated and measured Om, values vs test current. 

5. CONCLUSION 

The instrumentation system developed for 
NDT of EED is working satisfactorily and is 
very useful for the thermal analysis of 
EEDs. This system tests EEDs up to 
500 mA of test currents and for 500 ms test 
duration. A separate current Pulser unit for 
higher test currents can be developed if 
required. The software developed will be 
useful for analysis at higher currents also. 

From the tables it is observed that there is a 
good correlation between experimentally 
measured and theoretically calculated 
temperatures at the respective currents. The 
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Table 1. Test results of type-1 EEDs 

No./R, Current ~%,,OX Y ce T CO t 0, 
(0) (mA) ("0 ( ~ W I  OC) (pJl°C) (ms) (pJI0C) (ms) ("C) 

LSF method tin method 

IC11.86 80 9.6 1.268 46.832 36.270 38.940 30.470 9.5 
IC11.86 100 14.5 1.294 42.508 32.846 40.436 31.162 14.8 
IC11.86 120 22.1 1.222 35.934 29.404 34.476 28.218 21.4 
ICI 1.86 140 28.6 1.285 38.664 30.132 35.690 27.874 29.1 
ICl1.86 160 38.8 1.238 41.412 33.552 37.822 30.644 38.1 
Averages 1.261 41.070 32.441 37.473 29.674 

2Cl2.26 
2C12.26 
2CY2.26 
2C12.26 
2C12.26 
Averages 

3Cl1.86 
3C11.86 
3Cl1.86 
3C11.86 
3C11.86 
Averages 

4C11.86 
4Cl1.86 
4Cl1.86 
4C11.86 
4C11.86 
Averages 

5c12.04 
5c12.04 
5c12.04 
5c12.04 
5c12.04 

Averages 

temperature vs  current graphs are showing 
good agreement between measured and 
computed values. 

From this analysis, it is seen that 
temperatures at other higher currents below 
safe current can be calculated to a 
reasonable degree of accuracy. 

be due to limited availability of data points 
for determination of slope by LSF method. 

The temperature-time curve being 
exponential, the thermal-time constant +r 
may lead to determination of the ignition 
delay. 

The temperatures given by this method are 
average temperatures of the EED across the 
bridge wire. Actual temperature rise at the 
centre of the bridge wire is likely to be at a 
higher level, as reported. This is due to the 

From the experiments, it is observed that 
there is considerable variation in Ce and .r 
values computed by slope method compared 
to those computed by tllz method. This may 
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%Me Z Test mstll2s of type-II EEDs 

No.IRo Current %,ex 

(Q) (mA) (‘'(3 

ID11.04 100 2.89 
IDll.04 125 3.92 
ID11 .04 I S  4.48 
IW1.09 175 7.61 
ID11.04 200 9.32 
IDf 1.04 225 1 1.62 

LSF method 

3.60 11 5.38 32.09 
4.14 183.59 44.33 
5.23 273.53 52.38 
4.18 180.15 43.10 
4.46 232.98 52.26 
4.53 241.04 53.25 

IDl1.04 
IDl1.04 
ID11.04 
ID11.04 
IDl1.04 
ID11.04 
ID11.04 

Averages 

2Dl1.00 175 8.52 
2Dl1.00 200 1 1.36 
2Dl1.00 225 14.45 
2W1.00 250 17.22 
2Dl1.00 300 24.80 
2Df 1.00 325 29.74 
2Dl1.00 350 33.69 
Averages 

3Dl1.04 
3Dl1.04 
3Dl1.04 
3Dl1.04 
3D11.04 
3Dl1.04 
3Dl1.04 
3Dl1.04 
3Dl1.04 
Averages 

SDl1.01 
4D11.01 
4Dl1.01 
4Dl1.01 
4Dl1.01 
4Dl1 .O1 
4Dl1 .O1 
Averages 

ce '5 

( P J ~ C >  (ms) 
r,n method 

129.67 36.07 
191.19 46.17 
293.83 56.27 
198.99 47.61 
212.26 47.61 
248.17 54.82 



DEF SCI J, VOL 49, NO 1, JANUARY 1999 

heat sink effect of the connection wires of 
the br idge and the composi t ion.  
Determination of the highest temperature 
along the bridge wire for a specific current 
may be attempted with the parameters made 
available by this test. 
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