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Simple Non-destructive Tests for Electroexplosive Devices
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Figure 1. Transient Pulse Circuitry

The problem:

There is a need to non-destructively test electro-
explosive devices (EED’s) quickly, efficiently, and safely.
Effective non-destructive test techniques that measure
the quality and expected performance of such devices
must yield meaningful data and not cause degradation as
a result of the measurement. The techniques should
accommodate 1-A/1-W no-fire devices in a simplified test
procedure that will detect abnormalities and defects
which could eventually result in a failure.

The solution:

By pulsing an electroexplosive device with a safe level
of current an¢d by examining the resistance variation of
the bridgewire, it is possible to define the electrothermal
behavior of the bridgewire-explosive interface. The
bridgewire, acting as a resistance thermometer, provides
a signal which describes the average wire temperature
and the heat sinking to the explosive and enclosure.
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Figure 2. Normal Display 5mV/cm
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Figure 3. Abnormal Display 5mV/10ms/cm

How it’s done:

The device to be tested is connected as one arm of a
Wheatstone bridge circuit, as shown in the illustration.
A square wave current pulse is applied to the bridge
circuit by a fast acting mercury switch driven by square-
wave voltage source E2. The switch, operating at 10 Hz,
closes for 50 milliseconds and opens (to allow for cool-
ing) for 50 milliseconds. A safe test current flows
through the bridgewire in the device under test. As the
bridgewire heats, the bridge circuit unbalances and pro-
vides a heating curve which is displayed on the oscillo-
scope screen. During the cooling cycle there is no signal
output since the bridge circuit is passive. A few simple
manipulations of the bridge circuit displays on the screen
will, when properly interpreted, indicate the cold resist-
ance, the thermal time constant, and the heat loss factor
of the device under test.
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The normal heating cycle is displayed on the oscillo-
scope as a smooth curve in the form of a simple ex-

ponential rise. Any deviation from this ideal shape is .

indicative of abnormalities such as poor bridgewire weld
connections, current crowding, or low explosive com-
paction pressure. These abnormalities obscure the normal
heating cycle and result in very erratic signals. Although
the details of the fault may not be fully understood,
these odd responses indicate the possibility of failure.

A self-balancing Wheatstone bridge may also be used
for testing. This technique yields a parameter indicative
of the thermal coupling of the bridgewire to the ex-
plosive. These measurements compare favorably with
values based on transient pulse testing.

A self-balancing bridge is a circuit arranged to auto-
matically maintain a Wheatstone bridge near balance.
If one element of the bridge can heat up (the squib
under test) and bring the bridge to a condition near
balance, a state of sustained oscillation can be main-
tained. If a thermally insensitive resistor is substituted
for the test item, the amount of adjustment necessary to
rebalance the bridge gives an indication of the power-
resistance relationship of the unit under test.

The self-balancing bridge can be used as a non-
destructive inspection tool. All units should behave in a
normal manner up to levels specified by the test (i.e.,
I watt in the case of 1-A/1-W no-fire devices). Any in-
stabilities should be treated with suspicion and the power
sensitivity (in terms of watts per unit change in resist-
ance), can be used as a meaningful classification para-
meter.

Another testing technique for electroexplosive devices
is the thermal follow display method. This technique is
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used to determine electrical and thermal performance.
A self-balancing bridge is used and the output appears on
an oscilloscope screen as a Lissajous phase display figure.
Such a method could be used as an incoming inspection
tool for 1-A/1-W devices to indicate cold resistance, weld
instabilities, and qualitative thermal behavior. The last
would be indicated by the area of the trace at a given ex-
citation level. A normal display or wax crayon outline on
the scope face could be used as a basis of comparison.
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