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A PROJECTILE TELEMETRY SYSTEM FOR IN-BARREL DATA*

R. D. BENTLEY and C. J. RUTTLE
Instrumentation Applications Division

Sandia Corporation
Albuquerque, N.M.

Summary    Sandia Corporation is developing a projectile telemetry system and required
ground support to monitor the performance of components mounted in a 155 mm
projectile. The telemetry system is to provide the data link required to monitor
component performance during and following launch from a 155 mm “long-tom”
cannon. The projectile experiences a 16,500g setback acceleration of 15 msec duration
coupled with an angular acceleration of 328,000 rad/sec2.

A P band FM/FM telemetry system has been developed to provide a data link while the
projectile is in the barrel as well as out of the barrel. The technique has been successfully
tested in a 155 mm projectile with a setback acceleration of 12,500g 20 millisec duration
and in a 81 mm mortar round with a setback acceleration of 7,000g 7.5 millisecond
duration. A parachute recovery system is used to obtain a “soft” recovery of the 155 mm
projectile mounted components and telemetry system.

Introduction    To fulfill Sandia Corporation test committments an instrumented test
facility was required to monitor the performance of a 155 mm projectile and projectile
mounted components during and following launch from a 155 mm “long-tom” cannon.
The projectile and components were to be subjected to a maximum setback acceleration
of 16,500g of 15 msec duration coupled with an angular acceleration of 328,000 rad/sec2.
The projectile and components were to be “soft” recovered following launch to allow
postmortem analysis of any failure mechanisms induced by the launch and projectile
flight environments. The technique developed to fulfill the above requirements is
depicted in Figure 1. The test facility is located at Sandia Corporation’s Tonopah Test
Range in Nevada.

The projectile containing the telemetry system and test components is launched from a
155 mm rifled-barrel cannon at an elevation angle of 85E. The desired shock pulse and
angular acceleration is obtained by proper selection of the powder charge. The
performance of the projectile and projectile mounted components is monitored during
setback and flight by an on-board RF telemetry link. At an altitude of approximately



21,000 ft. the projectile passes through a radar window and is tracked to impact both to
provide trajectory data and to aid recovery. The spin stabilized projectile reaches an
apogee of 10 miles in approximately 45 sec. A noseup attitude is maintained past apogee
and a nose-mounted parachute is deployed shortly after the projectile begins its base-first
descent. This deployment method causes the shock experienced by the projectile to be in
the same direction as the launch shock and of much less magnitude ( 500g). Parachute
retarded descent requires approximately 450 sec. from chute deployment and impact
occurs base-first at a velocity of 80 ft/sec.

The launch shock signature experienced by a 81 mm mortar round was required to
document the environmental conditions experienced by components mounted in the
projectile. Soft recovery was not required and the out-of-barrel environment was not
required to be monitored. An approach similar to the in-barrel transmission technique
used on the 155 mm projectile was chosen to provide the required data.

155 mm Telemetry System    The gun launched 155 projectile is shown in Figure 2. The
projectile consists of:

1. A base section from a standard 155 mm M118 illuminating round that serves as a
housing for components that are being tested.

2. An electronics package mounted as an extension of M118 base section and
containing the required signal conditioning, batteries, and RF transmitter.

3. A fiberglass ogive containing the parachute recovery system and an antenna.

The assembled projectile is 32 inches long and weighs 73 pounds.

M118 Component Housing    The component housing was fabricated by modifying a
standard M118 illuminating round. Torque keys are machined in the interior of the round
to prevent rotation of the mounted components and the base plates have been replaced
with base plates of the same design but using a higher grade steel to provide greater
strength. (The yield strength of the standard base plate was exceeded at setback when the
load of the telemetry housing was added to M118 base section.) While no telemetry has
been attempted from components mounted in the base section, components have been
fired and successfully recovered using the M118 as the test bed.

On-Board Telemetry System    A block diagram of the on-board telemetry system is
shown in Figure 3. The system contains five data channels frequency multiplexed into a
4 watt phase modulated 230.4 MHz transmitter. While only five channels have been used
during the development phase of the system, expansion to fifteen channels utilizing the



same frequency multiplex technique should be possible. The data monitored during the
development phase of the system consisted of the acceleration, obtained from both a
piezoelectric and a piezoresistive accelerometer, and the battery voltage on both a center
line mounted battery and a battery mounted off of center line. The assembled telemetry
system is shown in Figure 4.

Primary power for the system is furnished by model G2606-A2 liquid ammonia batteries
as shown in Figure 5. The batteries are activated by transferring liquid ammonia, stored
in an internal reservoir, into a laminated structure containing the metal anode plates; a
separator material which stores an electrolytic in the unactivated mode; and an organic
oxidant cathode structure. A primer initiated high pressure gas system forces the transfer
of the liquid ammonia into the laminated structure to initiate a chemical reaction and
produce the electrical energy. The base strength and hydrostatic condition of the active
cell portion of battery serves to resist damage by shock.

When these batteries were mounted in an eccentric position in the telemetry housing the
high cross axis forces induced by the spinning projectile caused a shift in the separator
materials. This shift coupled with the setback acceleration allowed some of the metal
anodes to short together and reduced the battery voltage. A center line battery was added
to the system and diode coupled to the 28V bus to provide a temporary solution to the
problem. Since center line volume will be at a premium in future applications, the battery
is being modified to withstand the high cross axis forces experienced in an eccentric
mounting.

Schematics of the active signal conditioning are shown in Figure 6. The active circuits
are fabricated on .0625" printed circuit boards and are potted in cylindrical assemblies
with the microminiature VCO’s. Scotchcase 8 is used as the encapsulate. The VCO’s are
hybrid thick film microminiature assemblies fabricated on ceramic substrates. As shown
in Figure 7 the substrates are supported on three sides with the wiring to the input/output
connector on the lower edge of the substrate. To provide support on the connector edge,
a bead of Scotchcase 8 is applied in this area after receipt from the manufacturer. No
potting is applied to the active areas of the substrate. The signal conditioning circuits and
VCO’s have survived and operated following shock pulses of 20,000g 1.5 msec duration.
The VCO’s have operated during the same signature shock pulse with no degradation in
performance.

The RF transmission link is a phase modulated 230.4 MHz 4 watt crystal controlled
transmitter shown in Figure 8. This transmitter was chosen based on performance on
another test program and has exhibited extreme resistance to both shock and load
mismatch (VSWR of 5:1 with no carrier breakup). A 20 MHz fundamental oscillator is
utilized with frequency multiplication to achieve the desired transmission frequency. The
transmitter is packaged in the telemetry system to place the crystal on the centerline thus



reducing the effect of the cross axis forces due the projectile spin. The transmitter has
survived and operated following shock pulses of 20,000g 1.5 msec duration.

Parachute Recovery System and Antenna    The parachute recovery system is housed
in a .060 inch thick fiberglass ogive and is deployed by igniting a shaped charge
mounted circumferentially at the base of the ogive. The ogive is cut and separated from
the spinning projectile causing the 6 foot guide surface parachute to deploy. The
projectile is suspended from a swivel plate that decouples the projectile spin from the
parachute. The P band antenna is taped onto the ogive using .100" copper tape and
coated with a .006" fiberglass protective layer. Following installation of the parachute,
the antenna is tuned at 230.4 MHz to obtain a VSWR of less than 2:1 both in and out of
the cannon barrel. The antenna pattern is shown in Figure 9.

RF Transmission Technique    When the projectile was out of the barrel normal RF
transmission techniques could be utilized. The in-barrel transmission link required a
special technique. Since the cutoff frequency for the TE11 mode in the 155 mm barrel
was 1100 MHz, the barrel could not be used as a waveguide for the 230.4 MHz
transmission. The attenuation in the 155 mm barrel for transmission in P band is
approximately 60 db/foot, thus no usable signal strength could be obtained at the muzzle
of the 20 foot barrel while the projectile was being launched.

While tests were being conducted with a P band transmitter in a cannon barrel, it was
noted that the external power leads to the transmitter were coupling the RF signal out of
the gun barrel and reradiating sufficient energy to be received on a telemetry receiver.
Under normal operating conditions the projectile is a closed system with no external
leads, thus an external wire had to be provided to couple the RF energy out of the barrel.
This was accomplished by loosely attaching a loop of wire to the ogive in close
proximity to the antenna. This wire was terminated at the input to a receiver to provide a
hardwire link for the RF energy as well as reradiating. No attempt was made to “catch”
the wire as the projectile traversed the barrel, rather the wire was “chewed up” by the
projectile. For this reason caution was required in selecting a wire of sufficient strength
to be handled and small enough to prevent damage to the projectile. An AWG#22
stranded insulated wire has been used successfully as the in-barrel reradiator.

81 mm Mortar Round Telemetry System    The projectile used to obtain the shock
signature in a 81 mm mortar is shown in Figure 10. An exploded layout of the internally
mounted instrumentation is shown in Figure 11, with a schematic shown in Figure 12.
The instrumentation package was mounted in the projectile with a .25" felt shock pad.
The accelerometers were mounted on a bulkhead directly aft of the nose cone. The
instrumentation assembly was potted in Selgard with the .080 mah nicad button cells
potted in a mixture of 10 pound Locfoam chips and Hysol.



The telemetry system was activated when the nose cone was attached and approximately
45 minutes of battery life was available from this point in time. The batteries could be
recharged without complete disassembly.

The in-barrel RF transmission link was achieved by soldering a #24 wire to the nose
mounted whip antenna and extending the wire out of the mortar tube. The receiving
station was located approximately 500 feet from the tube.

Test Results    Nineteen tests have been conducted in the development of the 155 mm
telemetry system with two additional tests scheduled for mid-July 1970. The primary
purpose of these tests has been to develop the in-barrel telemetry link. Telemetry data
has been obtained on six of the tests, with in-barrel data obtained on four of these six
tests. The telemetered launch acceleration pulse from the latest of these tests at 12,500g
16 msec is shown in Figure 13. The data obtained from the piezoelectric and
piezoresistive accelerometers differed only in the scale factor by approximately 10%.

On five of the early development tests the nicad batteries that were used failed due to the
high angular accelerations. This resulted in adoption of the ammonia batteries as a power
source. The recovery parachute deployed in the barrel on four shots resulting in loss of
TM. At least two of these deployments were caused by failure of the standard M118 base
plates. A base plate of higher quality steel was adopted to correct this problem. Tantalum
capacitor failures in the signal conditioning on two tests resulted in the loss of the
desired data and the exclusion of tantalum capacitors on subsequent tests. Transmitter
malfunction at launch on two tests resulted in data loss.

Future Efforts    Testing of the P band system will continue to demonstrate the system’s
capability at high g levels. Tests are presently scheduled for launch accelerations of
14,500g. The development of an L band transmitter to use as the RF link is currently
being pursued. The gun barrel will act as a wave guide at L band frequencies and this
will eliminate the need for the reradiating wire for in-barrel transmission. The reduced
physical size of the L band antennas will allow greater flexibility in the type of
transmitting antenna used. A modification of the “Halo” antenna developed by Ballistic
Research Laboratories is being incorporated in a cast ogive for L band transmission and
should reduce the cost of the ogive section of the projectile by approximately 25%.

A digital data system utilizing a recirculating MOS memory for temporary data storage
has been designed and fabricated with the first projectile mounted flight scheduled for
November of 1970. Use of this system will eliminate the in-barrel transmission problem
since the in-barrel data is not transmitted until the projectile clears the barrel. The data is
recirculated in memory and transmitted repetitively during projectile flight to insure the
data is received.



155 mm Telemetry Projectile
Figure 2



155 Projectile Telemetry System
Figure 3

Assembled 155 mm Telemetry System
Figure 4



Ammonia Battery
Figure 5

Piezoresistive Accelerometer and Amplifier
Figure 6a



Piezoelectric Accelerometer and Impedance Converter
Figure 6b

Microminiature VCO
Figure 7



Four Watt P Band Transmitter
Figure 8

Ogive Antenna Pattern
Figure 9



81 mm Telemetry Projectile
Figure 10

81 mm Instrumentation
Figure 11



81 mm Projectile Telemetry System
Figure 12

Shock Signature of 155 mm Launch
Piezoelectric Transducer

Figure 13a



Shock Signature of 155 mm Launch
Piezoresistive Transducer

Figure 13b

Shock Signature of 81 mm Launch
Unit #1

Figure 14a



Shock Signature of 81 mm Launch
Unit #2

Fi ure 14b




