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HYPERVELOCITY TELEMETRY SYSTEM

Carlos M. Pereira
U.S. Army Armament Research, Development and Engineering Center

 Edip Niver
New Jersey Institute of Technology

Abstract

This paper presents the development of a very high shock telemetry system designed to
operate when subjected to acceleration forces of 50,000 g's in a 120mm gun environment.

This system consists of an RF transmitter, a ten channel FM/FM multiplexer, a very
rugged power supply, a microstrip patch antenna, and a sensor module. The sensor module
contains a tri-axial accelerometer designed to measure the projectile's low in-flight radial
and drag forces and two additional accelerometers to measure the projectile's high in-bore
setback and balloting forces. The sensor suite is located at the center of gravity of the
projectile. The patch antenna is incorporated into a radiating structure consisting of a
cylindrical metal tube and a plastic cover. To accommodate the antenna in the space
available, a microstrip antenna is built on a substrate material that has a dielectric constant
of ε = 10. Though the cylindrical metal tube, in which the antenna is housed, acts as a
cylindrical waveguide operating below its cut-off frequency, its relatively short length
allows for adequate power to be radiated for proper system operation.

The telemetry system uses standard off-the-shelf telemetry components that were modified
and repackaged to withstand the 50,000 "g" environment. All components performed very
well in preliminary high "g" (50,000 g's) tests in a laboratory gun at the Army Research
Development and Engineering Center (ARDEC).

Background

At Army Research Development Engineering Center, telemetry instrumentation has been
widely used in applications where the acceleration forces are below 25 Kgís. Above 25
Kgís,the instrumentation size and survivability have presented challenges due to packaging
limitation and shock survivability. In 1990 and 1992, ARDEC tested and evaluated
telemetry systems employing monolithic technology. Those devices operated during and
after the gun shock environment of a 105mm gun. The monolithic system fired in 1990, at
acceleration levels of 67,400 g’s, transmitted telemetry data inbore and after gun exit.



Following the success of this first phase, a second phase was launched. Its objective was
to develop a full monolithic six-channel telemetry system.

Both of these phases were completed successfully. In the first phase it was proved that the
ionized gases did not block the RF transmission in-bore and that internal transmitter
components survived and operated during the shock environments at accelerations above
60 Kgís. In the second phase, the FM multiplexer and the power supply were qualified to
survive hypervelocity gun shocks while powered and fully operational.

The effort conducted this year was targeted at repackaging standard available telemetry
components which do not require significant redesign. The system tested and evaluated
during this effort shown in (Figure 1), was limited to applications where the available real
estate for flight instrumentation is at least two inches in diameter and less than six inches
in length. This rather large physical size was expected to introduce survivability limitations
at accelerations of 100,000 g’s, however, in this case the setback accelerations are not
expected to be above 50,000 g’s. This instrumentation provided a less expensive option to
instrument numerous applications between the 155-mm inbore gun environment and the
inbore environments of 120-mm guns.
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Figure 1.   Instrumented Projectile

System Design Overview

Figure 2 shows internal components used to integrate this high ìgî system. There were five
hardware modules: the triaxial accelerometer module, the power supply module, the signal
conditioning and FM multiplexer modules and the RF transmitter module.



RF Transmitter gun hardened
in lab gun to 50 Kg’s

FM Mux packaged for/and qualified
in lab gun at 50 Kg’s

Power supply
Batteries / capacitors combination
capacitors qualified in 105mm gun at 67 Kg’s
Batteries qualified in Lab gun at 50Kg’s 

Tri-axial accelerometer module
Drag acceleration scale 0 to 50 g’s
Radial acceleration scale 0 to 20 g’s

The RF transmitter, module 1 operated in a standard telemetry S-Band at 2254.4 MHz .

The FM multiplexer, module 2 consisted of ten data channels with data frequency
responses of 0.5 to 5 kHz and a system signal-to-noise ratio of better than 40 dB.

The power supply module 3 consisted of a previously proven capacitor bank and dry-cell
batteries. Both the capacitors and the batteries were capable of powering the electronics
individually. The capacitors were qualified and proven successful during two previous
hypervelocity tests at 67 Kgís and 50 Kgís in a 105-mm gun. The batteries were tested in
the five-inch air gun at ARDEC at static conditions.

The accelerometer module 4 consisted of two high ìgî accelerometers mounted to measure
the in-bore environment. The accelerometer mounted in the axial direction (Z axis) was
capable of measuring 100 Kgís, the accelerometer mounted in the radial direction (Y axis)
was capable of surviving 50 Kgís in cross-axis and measure radial forces up to 50 Kgís.
Module 4 had three additional low ìgî accelerometers in a special shock absorbing potting
compound designed to absorb the in-bore high accelerations. These accelerometers were
mounted in the axial direction (z axis), in the radial direction (y axis) and a second radial
direction (x axis). They were designed to survive 50 Kgís in the orthogonal direction and
perform very low ìgî measurements at the gun barrel exit. The z axis accelerometer was
calibrated for a maximum acceleration of +/- 50g’s and both radial accelerometers were
calibrated to perform acceleration measurements of +/- 20 g’s in the radial direction at the
gun barrel exit.
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Figure 3.  High ‘g’ TM system showing nose cone and TM carrier

The RF antenna shown in Figure 3 has a diameter of 2.4 inches and is placed at the base of
the conical steel nose. The patch antenna has been tuned to provide better than 1.1
Voltage Standing Wave Ratio (VSWR). The rectangular patch antenna is probe fed and
has an approximate dimension of 1 inch by 1 inch. The thickness of the substrate is 30
mils and it is sufficient to provide adequate bandwidth for telemetry operation.

Ten Channel FM Multiplex Design

The FM multiplexer (Figure 4) consists of ten channels: channels 1,2,3 were designed for
a frequency response of 5 Khz, channels 4,5,6,10 were designed for a frequency response
of 2 Khz and channels 7,8,9 are internal DC power monitor channels having a frequency
response of 500 Hertz. The system signal-to-noise ratio was designed to be 40 dB.
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Figure 4.  TM system diagram

Laboratory Gun Qualification Tests

The power supply batteries were tested several times in the five-inch air gun at 50 Kgís. A
method to encapsulate these batteries was tested and qualified prior to its use in the field
tests. During the battery pre-qualification phase, it was learned that each cell needed to be
coated with a material compatible with the potting compound to ensure good adhesion. It
was also learned that after the 50 Kg shock, the battery voltage was reduced by a 25% of
the nominal voltage.

All Voltage Controlled Oscillators were pre-qualified in the five-inch air gun at 50 Kgís.
These devices were fired without packaging modifications. Consequently, some VCO
substrates cracked and other devices experienced electrical malfunctions. After the 50Kg
firing, it was determined that the internal mechanical structure of the VCO needed to be
reinforced and encapsulated for survival at hypervelocity setback forces.

The RF transmitter was also pre-qualified in the five-inch air gun. In this case, it also was
necessary to modify the mounting of internal printed circuit boards and modify the length
of a few bond wires on these boards. Some sections of the internal volume of the RF
transmitter were completely encapsulated with a very low dielectric material. The redesign
and repackaging steps were performed and several modified RF transmitter devices were
subsequently fired successfully at 55,000 g’s.



Tm Unit #1Tm Unit #1
Inbore z   + / - Inbore z   + / - 
100Kg’s100Kg’s
Inbore y   + / - 50Kg’sInbore y   + / - 50Kg’s
Radial y   + / - 20g’sRadial y   + / - 20g’s
Radial x   + / - 20 g’sRadial x   + / - 20 g’s
Drag   z    + / - 50 g’sDrag   z    + / - 50 g’s

Tm Unit #2Tm Unit #2
Inbore z   + / - 100Kg’sInbore z   + / - 100Kg’s
Inbore y   + / - 50Kg’sInbore y   + / - 50Kg’s
Radial y   + / - 20g’sRadial y   + / - 20g’s
Radial x   + / - 20 g’sRadial x   + / - 20 g’s
Drag   z    + / - 50 g’sDrag   z    + / - 50 g’s

Tm Unit #3Tm Unit #3
Inbore z   + / - 100Kg’sInbore z   + / - 100Kg’s
Inbore y   + / - 50Kg’sInbore y   + / - 50Kg’s
Radial y   + / - 20g’sRadial y   + / - 20g’s
Radial x   + / - 20 g’sRadial x   + / - 20 g’s
Drag   z    + / - 50 g’sDrag   z    + / - 50 g’s

Figure 5

120 mm Gun Field Tests

The telemetry system prove out phase was conducted at ARDEC’s cave gun shed facility.
Three projectiles (figure 5) were fired out of a 120mm gun at accelerations of 46,000 g’s
and velocities of 1380 meters per second. At this facility, the projectile travels for
approximately 350 feet and impacts into a cave filled with sand.

During these tests, the telemetry system was operating and transmitting while the
projectile was at rest in the breech of the gun. To charge the power supply capacitor bank
and energize the TM system, two wires provided DC power from an external power
source. As the projectile was fired, the external wires broke and the capacitor bank
provided power to the telemetry package. The TM package also contained a battery power
upply which was used to supply DC power when the voltage at the capacitor power pack
reached 25 Volts. Both the capacitors and the batteries were integrated in a manner that
each could provide sufficient DC power to operate the telemetry package inbore and
during flight.



The ground station (Figure 6) consisted of a mobile telemetry van fully equipped with data
collection and data reduction equipment. Four RF receiving antennas were placed at
specific locations. The positioning of the four antennas was calculated for expected
received signal strength as a function of the TM transmitter patch antenna (located in the
projectile) and each receiving antenna. These calculations were performed using a
Mathcad routine. This computer program calculates the angular orientation and physical
distance between the receiving antennas and the transmitting antenna. The free space path
loss and relative location is calculated and plotted for each receiving antenna. This
program provides a simple approach to locate the receiving antennas where the received
signal strength is a maximum. RF signal was received by each of the four receiving
antennas. All received signals were recorded on two 14-track magnetic tape recorders.

Figure 6  Receiving Station Set - up

Results

The objective of the first series of firings was to prove survivability of all telemetry
components and mechanical packaging throughout the flight. In-bore accelerations were
measured by TM units #1 (47,050 g’s) TM unit #3 (45,060). Additional measurements
were performed after setback as the projectiles exited the gun barrel. RF was lost at gun
exit because of an internal structural mechanical problem. This problem was identified
from the data collected and it has been corrected. Additional firings to prove the final
telemetry design will be conducted in August 1997.



Continuing efforts

The first three firings proved that the telemetry design can be packaged for very high
acceleration environments. The August 1997 firings will prove minor design changes and
decrease the flight instrumentation risk to the host program “Enhanced accuracy concept
for gun launched projectiles”. Instrumented flights are scheduled to be performed during
the 1997 fiscal year.
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