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ABSTRACT

This paper reviews the basic design and general characteristics of a family of standard
flash x-ray systems, used for obtaining small caliber ballistic data, ranging from 100-kV to
2.3-MV peak output voltage. The design emphasizes control and repeatability of x-ray
output and reliability in the field. Different system configurations and types of output
radiations are available to optimize fit to various applications. Selected applications are
briefly discussed to illustrate equipment use and performance.

INTRODUCTION

High-speed radiography became an important tool for the development of ballistic devices
during the 1940’s. Westinghouse Electric Company, working in the field of high-speed
radiography developed the Micronex flash x-ray system under a Frankford Arsenal
contract in 1941 with specifications for penetration of 1 inch (2.54cm) of steel with the
exposure time of 1 microsecond (1,2). The Micronex was a 360-kV system and was
marketed by Westinghouse in the 1940’s and 1950’s.

In the early 1960’s, the McMinnville Division of the Hewlett-Packard Company (formerly
Field Emission Corporation McMinnville, Oregon) introduced a family of standard flash
x-ray systems ranging from 105-kV to 2.3-MV. They are marketed as the Hewlett-Packard
model 43700 series of flash x-ray systems and have been designed with modular
capabilities. They share the same basic components, the same mechanical and electrical
configurations to maximize versatility, optimize performance and convenience. The flash
x-ray system described in this paper offers the scientist and engineer quantitative and
qualitative data not available by any other means.



BASIC DESIGN AND CONFIGURATIONS OF FLASH X-RAY SYSTEM

The basic design requirement of any flash x-ray systems used for the study of ballistic
phenomena is to provide high resolution radiographs with short enough exposure time to
erradicate motion blur. All Hewlett-Packard Model 43700 series systems meet this
requirement utilizing the same basic components and electrical theory. Figure 1 is a block
diagram of a typical system.

Gas pressure regulation is required in order to control dielectric insulation to the pulser and
tubehead chambers. The gas panel regulators are standard equipment depending on the kV
and current output.

All pursers are charged in parallel from an oil-insulated power supply. Single dial control
allows continuously adjustable pulser output voltage. A front panel meter indicates
charging voltage or current and has built-in protection against electrical overload.

Charging from the H.V. power supply is transmitted through a charging isolation resistor
to protect the power supply from transient feedback voltage and prevent a charged pulser
rapidly bleeding into a discharged pulser in a multi-channel system.

The delay unit and trigger amplifier provide a known reproducible time delay between the
occurrence of an event-associated trigger signal (30-200 volts) and the discharge of the
pulser. It shapes, delays, and delivers a 2500-volt signal to the trigger transformer.

The trigger transformer primary winding receives the 2500-volt pulse from the trigger
amplifier. The secondary winding delivers a nominal 17,500-volt pulse to the trigger gap
electrode in the pulser initiating by ionization discharging of the spark gap dielectrics in
series.

The pulser is an electrical energy storage and voltage multiplier assembly. It stores a
selected voltage in parallel capacitors and subsequently delivers the stored energy with
maximum efficiency at high voltage and current levels within an extremely short elapsed
time. This energy is delivered to a field emission x-ray tube through a coaxial structure to
minimize inductance with an ultra-fast rise time.

PULSEFORMING NETWORKS (PFN)

The Marx-surge circuit lends itself readily to the fabrication of very short duration pulse
generators with large voltage multiplication factors. A typical two-stage circuit of this type
is shown in Figure 2. The capacitor energy storage elements are known as lumped constant
pulseforming networks. The output of each pulser is controlled by the charging voltage and



the number of pulseforming network (PFN) stages. The output impedance is determined by
each PFN, with two stages in each module housing. For example there are 24 stages,
12 modules in a 300-kV pulser and 160 stages, 80 modules in a 2.3-MV pulser. All pulsers
are enclosed in grounded metal containers for operation safety and to promote coaxial
geometry for optimum electrical performance.

PULSED X-RAY TUBE

The most common Hewlett-Packard pulsed x-ray tube configuration is shown in Figure 3.
The field emission cathodes supported on a cylindrical shell are pointed radially inward
toward a conical tungsten anode. Peak powers of gigawatts are generated but since the
pulse duration is very short (30-100 nanoseconds), the usual forms of heat dissipation, i.e.,
conduction and radiation are not important. When the system is fired, the skin layer of the
tube’s tungsten anode is raised to a temperature determined by the electron energy, the
surface area of the cone, and the energy deposited. Since radiographic applications require
a small source size, the skin layer is heated to such a high temperature that significant
evaporation takes place during the pulse. Therefore, anode erosion, rather than cathode
erosion is the limiting factor in tube life.

TUBEHEADS

Operation of pulsed x-ray tube is not restricted to pulser-only configurations, since these
tubes can be housed in small, grounded enclosures known as remote tubeheads. Because
of the small tube size, it is possible to keep the tubehead small and still enclose it in a lead
shield for radiation protection. With the remote tubehead configurations and a given length
of match impedance coaxial cable, it is possible to obtain radiographs in confined areas,
such as hypervelocity gun chambers. The most desirable features of the tubehead are the
ease of positioning capability and the ability to isolate the rest of the equipment from
ballistic or explosive shock, blast, and/or flying debris.

TYPICAL APPLICATIONS

Flash radiography can be used to study all phases of ballistic phenomena. Some typical
applications are taken from two previous papers on flash x-ray studies of ballistic
phenomena (3,4).

The interior and transitional ballistic range in Figure 4 has two horizontal 150-kV systems
and four orthogonal 180-kV systems. A common power supply was used for all six
systems, but each system had its own delay trigger amplifier. A common trigger signal was
obtained from a transducer mounted on the weapon which sensed the firing pin striking the
cartridge. Each system was fired sequentially by using different delay times.



Figure 5 was obtained by taking two sequential interior ballistic radiographs (on the same
piece of film) of an experimental cartridge containing 16 projectiles. On the left side of this
figure, one can see the physical parts of the 40-mm M79 grenade launcher, as well as the
experimental cartridge case with short caliber .22 tubes. The projectiles have started to
move down their individual tubes, and two have reached the 40-mm tube. On the right side
of Figure 5, all of the projectiles are in flight within the 40-mm tube. Orthogonal views of
the projectiles in free flight are shown in Figure 6. This is an excellent example that
demonstrates the need for orthogonal views in order to  observe the true spatial positions
of particles. For example, in either single view, it appears that several projectiles are
touching one another, whereas the orthogonal view shows that they are not in contact.

Figure 7 shows a ballistic test range with 180-kV soft x-ray tubes for studying the launch
characteristics of 5.77-mm flechettes. Notice the lead collimators on the tubeheads which
prevent overlapping of the exposures. A straingaged hose clamp was used to detect the
passage of the projectile in the gun barrel and synchronize the flash x-ray to the event.

The high-speed soft radiographs in Figure 8 were taken after the projectile left the barrel at
intervals of approximately 100 microseconds. A stripper was used at the muzzle to remove
the sabot, and these radiographs show the separation of the sabot from the flechette.
Although hard and soft x-rays are produced simultaneously, the soft x-rays were used to
resolve the small flechette and the low-density plastic sabot.

CONCLUSION

Flash radiography is a scientific tool which can provide ballistic data of various ballistic
events. Throughout the world scientists, engineers and technicians are giving considerable
attention to the exciting field of high-speed flash radiography, interfacing their
instrumentation with the “instant analysis tool.” A variety of voltages are available as
multi-channel systems or as single-channel systems which can later be expanded or
combined in the field when the necessity for a multi-channel system occurs. The modular
design of the Hewlett-Packard model 43700 have the unique comparability of the majority
of parts regardless of kilovoltage, thus reducing the spare part inventory which must be
carried by installations.
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FIGURE 1 - BLOCK DIAGRAM OF FLASH X-RAY SYSTEM



FIGURE 2 - A TYPICAL TWO-STAGE MARX-SURGE CIRCUIT

FIGURE 3 - TYPICAL FIELD EMISSION FLASH X-RAY TUBE



FIGURE 4 - INTERIOR AND TRANSITIONAL BALLISTIC RANGE SETUP



FIGURE 5 - TWO INTERIOR BALLISTIC RADIOGRAPHS OF
EXPERIMENTAL CARTRIDGE

FIGURE 6 - ORTHOGONAL TRANSITIONAL BALLISTIC RADIOGRAPHS OF
EXPERIMENTAL PROJECTILES IN FLIGHT



FIGURE 7 - BALLISTIC RANGE FOR FLASH RADIOGRAPHY



FIGURE 8 - SEQUENTIAL HIGH-SPEED SOFT RADIOGRAPHS


