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ABSTRACT
The Compact Kinetic Energy Missile (CKEM) is currently being developed as the Army’s newest
hypervelocity anti-tank missile. The project has recently transitioned from the Science and
Technology Objective phase to the Advanced Technology Demonstration phase. Science and
technology phase flight testing required the development of a miniature telemetry system for
measuring the super sonic flight dynamics of the airframe, as well as, monitoring of the on board
flight computer. Design challenges included a small mechanical envelope, limited power budget,
numerous analog measurements, computer serial stream processing, and harsh launch and flight
dynamics. Two versions of the system were developed in support of the partnership effort between
the Army Missile Research, Development, and Engineering Center (AMRDEC) and industry. This
paper will focus on the successful design, development, and flight tests of the CKEM telemetry
system.
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INTRODUCTION
In support of the science and technology objective phase of the CKEM missile program, the
telemetry branch of the U. S. Army’s Redstone Technical Test Center (RTTC) was tasked to design
and build an airborne telemetry kit for the purpose of measuring in-flight airframe and
environmental parameters of the two test vehicles. Since the program is a combined effort between
the AMRDEC and industry, several variants of the missile were flight tested. RTTC provided
telemetry kits for two of the three variants.

The designs had to survive high launch shock g-levels, as well as, varying temperature extremes.
Both designs were required to monitor similar analog parameters such as high frequency vibration,
motor pressures, power supply voltages, and thermocouple measurements. In addition, each missile
variant required the monitoring of a digital serial stream from the flight computers. While the
physical mounting schemes varied slightly, the overall available volume was identical.
TELEMETRY KIT ELECTRONIC DESIGN
The two designs can be broken up into five major sections: the encoder section, signal conditioning
section, power conditioning section, the transmitter, and antenna. A simple block diagram of the kit
can be seen in Figure 1.

Figure 1. CKEM Telemetry Block Diagram.
In general, the power conditioning, signal conditioning, and encoder were each contained on a single
circuit card. The transmitter was a procured off-the-shelf Emhiser Research, Inc., channelized
digital 1 Watt transmitter and the antenna was a specifically designed wrap-around antenna designed
and manufactured by Haigh-Farr, Inc.
Signal Conditioning: The primary purpose of the signal conditioning board is to condition the
transducer outputs to acceptable analog-to-digital converter input levels and perform the desired
cutoff and anti-aliasing filtering. This was accomplished using standard differential input
instrumentation amplifiers, along with active anti-aliasing filter and gain amplifiers. All transducer
outputs were scaled to +/- 10 volts.
In order to measure the vibration and shock environment of the airframe, miniature piezoelectric
accelerometers had to be monitored. As a result, the signal conditioning design was required to

provide a constant current source and an AC coupled input. A traditional second-order voltagecontrolled voltage source active filter was used to set the -3 dB cutoff frequency and gain.
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Figure 2. Basic second order VCVS filter [1].
Similar signal conditioning was used for the pressure, temperature, and rate sensor transducers.
Most power monitor voltages were single ended measurements with operational amplifier isolation,
while some monitor voltages were measured differentially with an instrumentation amplifier to help
isolate grounds.
Power Conditioning: The initial version of the CKEM telemetry kit did not contain a power
conditioning board. All necessary regulated voltages were provided to the kit from the missile.
However, the second version of the kit only received battery power from the missile and therefore
was required to generate its own internal voltages. This additional requirement created a packaging
challenge since no additional space was allotted to accommodate the new power board.
The supplied battery voltage ranged from 12.5 to 20 volts at 3 amps. The telemetry kit required
seven different voltages ranging from 2.5 to 20 volts at various current levels. With the wide
varying voltage range provided, a combination of DC to DC converters and linear regulators were
necessary to provide all the needed voltages. Given the size constraints on the board dimensions, an
adequate single packaged DC to DC converter could not be used. Therefore, a custom, multiple DC
to DC converter power board was designed. With the relatively large size of the inductors needed
for higher current DC to DC conversion and the board layout issues associated with such designs,
the power board became one of the more challenging aspects of the design. High quality miniature
inductors were used along with ultra low ESR capacitors to minimize the DC to DC converter
frequency noise. The final design operated well over the battery input voltage range and pulled a
maximum of 800 mA at 12.5 volts under full load.

PCM Encoder: While there are slight difference between the two versions of the kits, each encoder
is basically made up of two high speed analog multiplexers, either one or two analog to digital
converters, and a field programmable gate array (FPGA) for data formatting and control.

Figure 3. PCM Encoder Block Diagram
The sixteen channel multiplexers were chosen for their fast switching speed and low on-resistance.
To minimize crosstalk, signal conditioned analog inputs are arranged between the two multiplexers
such that no two consecutive parameters within the PCM frame are on the same multiplexer.
Additionally, one input channel of the multiplexer is connected to ground. This grounded channel is
addressed between every switch to another analog input. The ground addressing also aids to reduce
multiplexer crosstalk [2]. Multiplexer enabling and channel selection are controlled by the FPGA.
The analog to digital converter (ADC) is a 12-bit, 800 kHz, CMOS, capacitor based SAR with
parallel outputs. The device has a standard +/- 10 volt input range and is operated off of +/- 5 volts.
Conversion ‘start’ and data off-loading are all controlled by the FPGA in coordination with the
multiplexer addressing.
The heart of the encoder is the Altera FPGA. The initial version of the encoder used an
EPF10K30E, while the second version used an EPF10K50E. Each device contains 30,000 and
50,000 typical gates, respectively [3]. The FPGA directs all data controls, including multiplexer
enabling and addressing, ADC control, and flight computer serial stream communication. Within
the FPGA itself, all data formatting is accomplished to produce the PCM stream for transmitter
modulation. Bit rates for the two kits are 2.7 Mbs and 4.4 Mbs. The FPGA code was developed

using the Altera Max Plus II software development tool and is downloaded to the FPGA
configuration device via JTAG port.
The sequencing of the analog parameters and sample rates are established by the telemetry frame.
This frame also establishes the location of the serial stream information within the PCM stream.

Figure 4. CKEM frame format.
Each version of the encoder was required to receive an asynchronous flight computer serial stream
with specific formatting. Both serial interfaces were RS-422, burst mode and each supplied clock,
data, and frame synchronization pulses. One stream had a 100 Hz update rate with a 1 MHz data
rate and 150 32 bit words while the other had a 400 Hz update rate with a 2 MHz date rate and 151
32 bit words plus 16 bits of cyclic redundancy code. The latter stream used the Synchronous Data
Link Control protocol which forced the FPGA to remove inserted zeros from the data prior to
insertion into the PCM stream.
Complete serial data packets were transmitted within one single telemetry frame. Due to the
asynchronous nature of the serial stream, dual port RAM within the FPGA was utilized to buffer the
serial data. The serial data was buffered as twelve bit words to more readily fit in the telemetry
frame that is dominated by twelve bit digitized analog parameters. As can be seen in Figure 4, the
150 32 bit words are actually represented as 400 12 bit words within the frame.

TELEMETRY KIT MECHANICAL DESIGN
The mechanical designs for both versions of the telemetry system were very similar. Both consisted of
printed circuit cards and a transmitter enclosed in a 6061-T6 aluminum housing. The differences were
electrical interfaces and only one version having power conditioning. Both versions encompassed
approximately 6.3 cubic inches and weighed approximately one-half pound. Each unit had to operate
over a temperature range of -40°C to +95°C, at altitudes of up to 10,000 feet and each had to withstand
95g launch shock.
In the first version, the telemetry system was located in the center body of the missile sandwiched
between two other electronic units. The volume budget in this version of the missile did not warrant
a conventional wiring harness interface. The solution was two 1.75” diameter circuit card interfaces
and a pass-through card. The circular cards were located at either end of the telemetry system while
the pass-through card was internal to the unit. Signals from the forward and aft electronic units
interfaced and passed through the telemetry system through these circular cards. The second version
had the telemetry system housed in the nose cone of the missile and utilizing a conventional wiring
harness interface.
Since both versions had to sustain high vibration and shock levels the circuit cards were oriented
orthogonal to the axis of flight. The circuit cards in both versions were fabricated using 0.063” FR4
laminate and utilized solder mask over bare copper construction. All components were adhered to
the board prior to conformal coating with the exception of the 0805 discrete chip components.
The power conditioning card in the second version presented a design challenge not only
mechanically but also electrically due to the wide range of magnetics on the board. Component
locations, net lengths, trace routing and ground plane connections were critical for optimal electrical
and thermal performance.

Figure 5. Signal Conditioning Card, Encoder Card, Power Card.

Figure 6. Telemetry Kit Assembly.
FLIGHT TEST RESULTS
Four missile flight tests have been conducted with the CKEM telemetry kit on board, three with
version one and one with version two. On flights one and two, the telemetry kits performed
flawlessly and provided good telemetry data from launch to impact. In fact, the telemetry kit from
flight one was recovered and found to be in complete working order.

Figure 7. CKEM Missile Flight.

Figure 8. Chamber Pressure Flight Test Data
Flight three did experience an anomaly in that telemetry dropped out shortly after launch. Since the
version of the kit flown received its regulated voltages from the missile, it could not be determined if
the telemetry kit failed or the missile power supply failed. However, the fourth and final flight, to
date, was successful with the telemetry kit again providing good data from launch to impact. This
flight used the second version of the CKEM telemetry kit.
CONCLUSIONS
This effort has yielded a miniature telemetry kit meeting the needs the CKEM hyper-velocity missile
program. Kit capabilities included digitizing 30 analog channels, monitoring flight computer data,
and generating required DC voltage levels. Robust packaging met all environmental and mechanical
constraints presented in the design goals. The kit’s transmitter and antenna provided the necessary
RF link margin to meet the flight test requirements and provide the necessary data to move the
program forward.
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