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ABSTRACT

A data transmission system using fibre-optics data links has been developed to determine
the compatibility of weapon systems electro-explosive devices to radiated electromagnetic
environments. The EED’s are instrumented with temperature sensors which are as
sensitive to pulsed RF as to continuous wave RF. Significant progress has been made in
reducing the RF coupling of the sensors and in decreasing size, weight and power
consumption of the decentralized telemetry system. After the description of the system
some examples of measurements are reported. In coordination with the Military
Departments this specific data transmission system will become a Military Standard in the
near future.

INTRODUCTION

The response of electrically initiated explosive systems in weapon systems to
electromagnetic fields cannot be accurately predicted. These fields can fire the electro-
explosive devices or cause them to lose sensitivity. Therefore weapon systems have to be
tested during the development stage to determine whether their safety and reliability are
degraded by internal or external electromagnetic fields.

The electromagnetic environment of interest includes radio frequency and microwave
fields which cover a frequency range up to 18 (40) GHz and RF pulses with pulse width
down to 100 nanoseconds.

A data transmission system which can be used for such tests has to meet very high
electromagnetic compatibility requirements and it should be small enough to be assembled
inside the weapon without affecting the firing circuits.



A couple of years ago, after a careful review of the design criteria we decided to develop a
special data transmission system on the basis of a standard IRIG PCM Telemetry system
with fibre-optic data links and infrared temperature sensors. This “EED telemetry system”-
which is described below - has been successfully used for Safety Qualification Tests on
several missiles.

FIGURE 1 illustrates a typical EMC test configuration consisting of a weapon system
under test, a high power electromagnetic generator and the telemetry equipment.

SENSOR SYSTEM DESCRIPTION

There are different philosophies for evaluating the susceptibility of bridgewire EED’s. We
have chosen a common method were the explosive charges of the EED’s are completely
removed and substituted by an infrared temperature sensor. When RF power is picked up
by the firing circuit and supplied to the EED the sensor will sense the temperature rise in
the bridgewire. The output voltage of the thermal sensor is proportional to the heat
radiated from the bridgewire.

Two types of instrumented EED’s are shown in FIGURE 2.

Each individual type of bridgewire EED has to be instrumented in this way. It is important
that the instrumented EED will not be larger than the original EED. Also electrical
conditions such as grounding and shielding should not be changed too much.

The instrumented EED includes a temperature transducer for drift compensation. The cable
connections from the sensor are shielded by semi-rigid copper tubes.

The distance between the bridgewire of the EED and the IR sensor can be mechanically
adjusted.

A schematic of an instrumented EED is shown in FIGURE 3. It can be seen that
bridgewire and IR sensor have to be very close together. If the radiated heat is low the
distance between bridgewire and effective sensor area can be smaller than 1 millimeter.

The sensor area is the most critical point of the whole telemetry system: where RF
coupling can occur. Therefore the necessary precautions have to be taken using special
shielding and grounding and it is important to make corresponding laboratory tests over the
whole frequency range from 100 MHz to 18 GHz. In this range the RF attenuation must
exceed 25 dB.



The bridgewire delivers a broadband-spectrum with a maximum of radiation at a
wavelength of about 10 µm which can be calculated by the following formula:

8T = b (1)

where: b = 2,898 10-3 (mK)
constant factor

T = bridgewire temperature (K)
8 = wavelength of maximum of radiated heat (m)

The total radiated heat is:

P = *AT4 (2)

where: A = radiating area (m2)
*= 5,667 C 10-8 W/m2K4)

constant factor

In order to detect the total radiated heat P, the IR-sensor’s spectrum of sensitivity has to be
larger than the radiation-spectrum of the bridgewire.

The IR sensor consists of a thinfilm thermopile with a continuous sensitivity in a
bandwidth from about 0,1 µm to 40 µm. Its dynamic range is from 0,1 µ watts to several
milliwatts and so it is possible to detect a bridgewire temperature variation of down to
0,1K.

Calibration of the Instrumented EED’s

The use of instrumented EED’s requires careful calibration. There are two basic
calibration requirements:

- DC calibration: Here the bridgewire is heated by means of a DC current and the
output of the sensor is measured.

- Pulse calibration: Here the bridgewire is heated by a pulse. As with DC calibration
the EED characteristics must be well known. Furthermore, FIGURE 4 shows the
relation between pulse height and pulse width required to give the same IR sensor
output. One curve is for a rectangular pulse, the other for an exponential pulse.



In order to calculate these calibration curves a first order differential equation is used. This
equation describes the temperature rise of the bridgewire.

(3)

where: Cth = heat capacitiy
Gth = heat loss factor
t = pulse duration
T = bridgewire temperature

When data corresponding to recangular and exponential pulses are inserted in equation (3),
equation (4) results.

 p(t) = u2(t)/RZ (4)

where: u(t) = Ui for rectangular pulse
u(t) = Uc exp (-t/tc) for an exponential pulse
Ui = peak voltage of pulse
ti = pulse duration
RZ = bridgewire resistance
Uc = firing capacitor voltage
CZ = capacitor of discharge
tc = firing circuit time constant

The deciding factor for the evaluation of a firing circuit in relation to external interference
is the maximum bridge temperature caused by that interference.

If it has been shown that the measuring system meets the requirements of linearity and
frequency response as regards the instantaneous temperature, then it can be used for any
kind of transient disturbance.

TELEMETRY SYSTEM DESCRIPTION

Each weapon system is normally equipped with several EED’s which are distributed
throughout the system. In accordance with the distribution of the data sources we need a
decentralized telemetry system. The telemetry configuration is shown in FIGURE 5. It
consists of the data acquisition units, a central telemetry unit and a telemetry receiving
station.



Each data acquisition unit contains a sensor, an amplifier/filter, an encoder and a power
supply with a lithium battery. The electrical digital output signal is converted into a fiber-
optic signal for transmission to one of the eight fiber-optic input ports of the central
telemetry unit. On-off switching of the data acquisition system occurs by the central unit
via additional fiber-optic command links. By this telemetry configuration with non-metallic
cables between the single units the RF integrity of the weapon system can be preserved.

The central telemetry unit converts and decodes the data input signals. These signals are
then fed to a eight channel standard IRIG PCM-encoder which generates a biphase-L
serial data stream.

The data are brought out of the weapon system through a glass fiber optic cable to the
telemetry receiving station. This telemetry receiving station consists of fiber optic receiver,
bit and frame synchronizer, digital-to-analog converters and power supply. Three outputs
connect the decoded data to analog tape recorder for data storage, to a computer for data
analysis and to analog equipment for real time data monitoring.

The most important technical data of the telemetry system are the following:

Instrumented EED and one channel data acquisition:

- sensitivity at least 32 dB below EED DC-Nofire threshold
- parameter bandwidth 55 Hz
- amplification factor up to 10000
- accuracy ± 5% over all environments
- electromagnetic interference requirements 200 V/m
- performance time longer than 500 hours without changing the batterie

Eight channel telemetry:

- PCM format
8 data and 1 sync word per frame
8 information bits per word

- sampling rate 20KBPS
- word rate appr. 280 WPS
- fiber optic receiver sensitivity -40 Dbm
- fiber optic wavelength range 600 nm to 1000 nm
- performance time longer than 24 hours

without charging the battery
- temperature range -20 EC to +60 EC



APPLICATION

A weapon system consisting of a helicopter and anti-tank missiles is shown in FIGURE 6.
It is an example of a weapon system that has been tested with an “EED telemetry system”.
In this special case only one of the missiles was instrumented.

Two different kinds of interference tests have been performed. In one case an external RF
power was radiated to the weapon system. In the other case the interference was produced
by the internal electric and electronic equipment of the weapon system.

FIGURE 7 shows a schematic of the weapon system and the total instrumentation. The
distance between weapon system and telemetry receiving station can be up to one hundred
meters.

The RF power absorbed by one EED is shown in FIGURE 8. It is an example of a
telemetry plot where the RF frequency was swept up to 10 GHz. In this special test the
radiated power of the external field was kept constant as far as possible. But often the
radiated power is controlled by the output signals to avoid damage of the EED’s. In
addition to that individual test are performed at resonance points.

An example of an output signal caused by an external or system internal electromagnetic
pulse is shown in FIGURE 9. The peak value of this output signal is a measure of the heat
radiated by the bridgewire. The shape of this output pulse is almost independent on the
shape and on the duration of the input pulse when the pulse duration is smaller than the
time constant of the bridgewire. By this fact the sampling rate of the telemetry can be
relatively low.

All applications-where this telemetry has been used- have demonstrated that the main
advantages are given by the sensitivity to continuous wave RF and to pulsed RF and by the
possibility of a quantitative evaluation of the EED’s.

CONCLUSIONS

By using an infrared temperature sensor for bridge wire EED measurement in combination
with a decentralized low power PCM telemetry system with fiber optic cable connections
all requirements for EMC tests on EED’s in weapon systems could be met.

But these instrumentations can be very critical dependent on the mechanical complexity of
weapon systems and on sophisticated calibration procedures. To obtain comparable test
results standardization is necessary.



In the FRG the described system is in the planning stage for the military standard
“VG0095379 Elektromagnetische Verträglichkeit von Anzünd- und Zündkreisen mit EED
in Systemen” and it will become the German contribution to the NATO working group
AC310, sub group III as shown in FIGURE 10. This group requested all members who
work on this subject for their recommendations.
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Figure 1. Schematic of a General Test Configuration
for EMC Tests on EED’s in Weapon Systems



Figure 2. Examples of Instrumented EED’s
(1/4 inch and 3/8 inch diameters)

Figure 3. Schematic Diagram of a Hot Bridgewire EED
instrumented with an TR Temperature Sensor
(Diameter: 1/4 inch)



Figure 4. Pulse Energies for Calibration

Figure 5. “EED Telemetry System”
7 Instrumented EED’s, Cylindrical Transmitting Unit,
Fiber Optic Cable and Receiving Station



Figure 6. Electrical Environment Tests

Figure 7. Application Example: Weapon System with an
instrumented Anti-Tank Missile



Figure 8. Sensitivity of a Bridgewire EED in a Weapon System
to Radio Frequency CW Power (1000 Watts /m2 ) ;

Figure 9. Sensor Response to a 10 µs/1 Amp. DC Pulse
TM Output Voltage VS Time



Figure 10.  Responsible NATO SERVICES Group

 


