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P.O. Box 328, Newtown, PA 18940 Saab Missiles AB
(Presently, Technical Staff, S-58188 Linkoping, Sweden
G.O.I./M.O.D., RAFAEL, Haifa, Israel).

ABSTRACT

Aydin Vector Division has received an order from Saab Missiles AB, Sweden, to develop
an airborne, high shock, wideband FM/FM telemetry system.

During 1985 (within a period of eight months) three such systems (FMT-780) were built
and shipped to customer after successful testing in the plant. The testing included
acceptance and qualification. Later on, the three systems were exposed to high shock
testing/firing in Sweden.

This paper describes the specifications of the system, the design approach that was used in
order to meet these specifications, the systems conceptual mechanical and electrical
structure, the packaging technique and some of the test results.

As a result of the success of the program, Saab Missiles AB, awarded Aydin Vector
Division with an additional order for sixteen, computer based, specially designed,
miniature PCM/FM airborne telemetry systems.

A paper describing these systems and the overall program is going to be published within
the next two years.

INTRODUCTION

The usage of various telemetry systems for testing sophisticated vehicles is very popular.
The developers of these systems are investing a significant amount of money in
multiparameter telemetry systems in order to minimize the number of test objects as well
as the number of days that they have to spend in relatively expensive test facilities.



The usage of telemetry equipment in relatively small projectiles was less popular, but
today, even these small projectiles are becoming more and more sophisticated and their
testing without telemetry is less and less possible.

The situation is more complicated when a vehicle and the telemetry system have to be
exposed to a severe environment, such as very high shock, while the room that is left for
the telemetry system in small projectiles, is obviously small as well.

In this case the selection of the right technology and the packaging technique to be used, is
extremely important.

As a result of the above, the cost of such a system could be relatively high and in order to
minimize the cost of the overall program a requirement for reusage of this sort of system is
quite natural.

In order to design and build a high shock Telemetry System, a significant amount of
pretesting (including testing of potentially sensitive components) is required.

Aydin Vector Division has developed and built both analog and digital high shock
telemetry systems during the years. A lot of experience was acquired and significant
technical feedback from customers in the USA and overseas contributed even more to the
“Aydin Vector’s high shock library” (see ref. [1]).

As a result, there was not a lot of pretesting required to be done in the plant for this
particular system, but some special testing of super sensitive components. The packaging
approach (housing, wiring, ruggedizing, mounting etc.) that is very important while
building high shock systems, was a direct outcome of the experience Aydin Vector
Division had, developing other types of high shock systems in the past.

The electrical design approach depended completely on the special and unique
requirements that the customer has defined. Because of the relatively high number of
wideband data channels, a frequency uptranslating technique was used. As a result of the
requirements to reuse the system, a special nickel cadmium battery package was built so
the system could be recharged. Components, that were very sensitive to a high shock
exposure were preselected carefully and sometimes even pretested for meeting the special
acceleration requirements.



GENERAL SYSTEM SPECIFICATIONS

The telemetry system is consisting of:

Battery power converters;
Charge amplifier/filter section for 13 channels of piezoelectric transducers;
Constant bandwidth voltage controlled oscillator section for 14 data channels and one
reference channel;
Uptranslator, mixer amplifier and transmitter section.

The system withstands at least 5 test firings without any operational degradation.

The signal to noise ratio for each channel from telemeter input to discriminator output is
better than 30dB.

The total operation time for the telemetry (TM) system when voltage supplied from battery
is at least 180 seconds over temperature range.

The frequency range for the vibration measurements is up to 10KHz.

The data measured by the TM-system is valid under the high shock environmental
requirements.

The telemetry system is a 14 channel (plus reference) constant bandwidth FM multiplex
with signal conditioning for 13 channels of vibration data and one channel for monitoring
of the internal power supply (see Figure 1).

The FM telemetry transmitter is crystal-controlled, S-band and has an output power of min
200mW. The deviation for each data channel is adjusted to meet the required signal to
noise ratio. The transmitter operates into 50 ohms.

The battery/power converter consists of an internal power source (battery) and an
internal/external power control. The battery is rechargeable. The capacity matches the
specified operation time. An automatic switch-off device is provided as an option, to
prevent from reverse charging of battery caused by a complete discharge of the battery
pack due to long operation times. It was disconnected at an early stage of the program.
When operated by external power there is no technical limitation of the operation time due
to internal warm up. Switching between internal and external power is without damage to
the system. Reverse polarity protection is provided.



The external power supply to the system is 22.8V. The duration of the internal command
pulse is one second at least. The battery is charged by 32 ±1 VDC voltage with a ripple of
no more than ±50mV for at least 14 hours by a current of 45 ±2mA.

Signal conditioning for monitoring of power supply through one VCO channel as well as a
power converter for internal supply voltages are included. The signal conditioning for the
13 piezoelectric vibration transducers consists of charge amplifiers. The amplification level
is presettable to x0.2, xl, x5 of nominal value for each channel by means of external
strapping. For 5 channels the measurement range is ±40000 m/s  (one of the transducers is2

mounted at the aft) at nominal amplification level (measurement ranges shall be ±20500,
±4100 and ±820 g’s accordingly). For the additional 8 channels the range is ±8000 m/s2

(two of the transducers are mounted at the aft) at nominal amplification level
(measurement ranges are ±4100, ±820 and ±164 g’s respectively). The measurement
frequency range is 50Hz to 10KHz (10KHz/3dB L.P. filtering). The charge amplifiers are
provided with saturation protection in order to accept an input overload without negative
effect to the measurements due to long recovery time.

The VCO section consists of a 14 (plus one reference) channel FM multiplex with one
channel for monitoring of the power supply voltage at the signal conditioning output of the
battery/power converter (VCO bandwidth: 0 - 1,000Hz), 13 channels for vibration data
from the charge amplifier section as described above (VCO bandwidth range 0 - 10,000
Hz) and the reference channel that is used in the ground FM discriminator for frequency
shift compensation.

The telemetry system is mounted in the available volume shown in Figure 2. The weight is
approximately 2.5kg with the center of gravity no more than 1mm from the center line
(x-axis).

The telemetry system meets the environmental specifications as following: Function during
shock and vibration while the acceleration is defined as: 100,000m/s  duration 6ms half-2

sine (x-axis) and ±5000m/s  peak, sine wave 500Hz duration 100ms (y, z-axis) and the set2

back is defined as: ±6000m/s  peak, sine wave 2KHz duration 100ms (x-axis). The2

vibration conditions define the sweeping in each of the x, y, and z directions with
sinusoidal sweep rate of 1 octave/minute in the frequency range 5 - 500 - 5Hz. Number of
sweeps in each direction is 18 and the test level is 10mm peak amplitude or 40m/s . The2

random vibration is defined as 20 - 2000Hz., 4m /s  during 60 sec for each direction.2 3

The system is functioning while being exposed to temperature, humidity and air pressure.
The temperature range is -25EC to 70EC with a relative humidity of 5 to 95%, the air
pressure range is 50 to 300 kPa.



For the battery operation time the temperature range is -10EC to +70EC.

The telemetry system has a calculated MTBF of more than 750h under the environmental
conditions.

TECHNICAL DESCRIPTION

The telemetry standards do not produce a sufficient number of standard subcarrier
oscillator channels to provide for a single multiplex which will accommodate 15 data
inputs having a frequency response of 0 to 10KHz. The maximum of standard channels
that can be selected from the list of available “proportional” bandwidth subcarriers is 3.
This based on the fact that adjacent channels cannot be used when the ±15% and ±30%
deviation channels are used. This judgement is based on operating the subcarriers at a
modulation index of 2 or greater. When subcarriers are operated at a modulation index of
2, the signal to noise ratio can be assured to be better than 34dB when the data is reduced
in the ground station.

The maximum number of standard wideband “constant” bandwidth channels is 5.
However, these five channels have only a bandwidth of ±8 kilohertz. This limits the data
bandwidth to 0-4 kilohertz when operated at a modulation index of 2.

Due to the above limitation, it was necessary to develop a set of special subcarrier
channels to handle the 10 kilohertz data channels. The type of configuration is based on
the 0-10 kilohertz requirement on all channels, and is, therefore, constant bandwidth. Since
the channels are operated at a modulation index of 2, the deviation on all channels is ±20
kilohertz, except for the power supply monitor channel which is discussed later. The
frequency of the lower subcarrier oscillator is selected based on a conservative limit
having to do with the ability to filter the output signal and dispose of the harmonics of the
multivibrator circuit in the subcarrier oscillator. Although ±30% channels are used for
channels in the high end of the multiplex, where the harmonics is out of the multiplex,
placing such a channel at the lower end will cause interference with other channels.

Based on the above, the lowest channel in the multiplex was selected to be 80 kilohertz
(see Figure 3). The selection of the next subcarrier is based on standard rules of spacing.
The channels are spaced at frequencies separated by an increment which is 4 times the
deviation of each channel. This leaves a guard band between channels which is equal to
the total bandwidth of each channel. The increment will then be 80 kilohertz setting the
center frequencies at 80, 160, 240, 320 up to 400 kilohertz. At this point, we reach another
limit. It is best to limit the minimum deviation on high frequency subcarriers to ±5%. The
reason for this is that the actual stability in a subcarrier is a function of center frequency 



and reduction of bandwidth increases the error as a percent of deviation. This factor is
more critical at higher frequencies such as 480 kilohertz.

In order to generate above 400 kilohertz, a group of subcarriers from 160 to 400 kilohertz
are translated up to a higher frequency band. This method has been used in systems
delivered by Aydin Vector to other development projects such as the F-15 fighter and the
B1 bomber. Translated channels are usually de-translated in a ground station during data
reduction. The translator nixes a low frequency multiplexer with a reference to generate
upper and lower sidebands. The resulting output is filtered to remove the upper sideband
frequencies and the residual 880 kilohertz reference signal. The subcarriers generated, are
spaced from 480 kilohertz to 720 kilohertz. The system is consisting of the baseband
group of five wideband subcarriers and two translated groups of four wideband subcarriers
each. The third group (second translated group) utilizes a 1200 kilohertz reference and
generates sideband subcarriers. The input is filtered to remove the upper sideband
frequencies and the residual 1200 kilohertz reference signal. The resulting subcarriers are
spaced from 800 to 1040 kilohertz (see Figure 4). All subcarriers are maintained at equal
amplitude up to the point of summing the two translated groups with the baseband
subcarriers. A 6dB per octave taper is then introduced to set the pre-emphasis of the
subcarriers for equal signal to noise at data reduction. The function is introduced in the
summing amplifier.

A fourteenth subcarrier is added to multiplex to provide for the desired power monitor
function. Since the data response requirement is greatly reduced for this function, an IRIG
channel 1A is inserted in the multiplex below the first wideband channel. A fourth input to
the summing amplifier is the filtered 1200KHz reference channel.

The configuration is limited to a total of fourteen channels. The reason is that the 80
kilohertz channel could not be used in the two translated groups due to filtering limitations.
The highest frequency lower sideband must be passed while the residual reference and the
lowest frequency upper sideband must be rejected.

The system’s charge amplifiers are a modified version of Aydin Vector standard model
MPCA-10 charge amplifier. The new version is defined as model MPCA-40. The
modification was made to provide the presettable feature for the gain of the amplifier. The
standard model MPCA-10 consists of two active circuit stages. These stages consist of the
charge converter and an output amplifier. The MPCA-40 consists of an additional
amplifier stage to accommodate the strapping. The lower frequency cutoff (-3dB) is
10KHz.

The subcarrier oscillators (SCO’s or voltage controlled oscillators VCO’s) for the system
are contained in 3 MPO-40 modules and 1 MPA-40 module. Each MPO-40 module



contains 4 SCO’s. The MPA-40 module contains 2 SCO’s (also contains 2 amplifiers) for
a system total of 14 SCO’s.

The MPO-40 and MPA-40 are new designs required to condence the package to a
minimum to fit the space available. The MPO-40 is design using the basic circuit of the
MPO-10 oscillator. Features not required such as input mode control and input amplitude
control are removed from the design. The power line isolation regulator is made common
for all four SCO’s.

The MPA-40 is designed using the same oscillator circuit as the MPO-40, for the two
SCO’s that it contains. In addition, the package contains two amplifiers. The design of
these circuits follows Aydin Vector conventional techniques, using operational amplifier
circuits.

The purpose of the SCO is to convert an input signal to a discrete FM frequency which
deviates within a limited band around the center frequency in accordance with the input
intelligence to produce an FM band which can easily be multiplex (summed) with other
SCO’s operating at other center frequencies. This signal is transmitted over a single RF
carrier link. The thick-film technology used in this unit has been extended to provide the
smallest and most reliable SCO produced to date. This technique provides the advantages
of micro circuit technology, yet most SCO parameters are comparable to a discrete
component oscillator. All of the circuit elements are fabricated on an alumina substrate.
The substrate is then bonded within the metal case.

The Mixer Amplifier and Summing Amplifier are contained in the MPA-40 module (also
contains 2 Subcarrier Oscillators). The Mixer Amplifier provides impedance and voltage
transformation between the untranslated multiplex and the Summing Amplifier. The
Summing Amplifier provides for the summing of the untranslated multiplex signal, the 2
translated multiplex signals and the 1200KHz reference oscillator. In addition, it provides
impendance and voltage transformation to the modulation input of the transmitter.

The two translators are contained in a MTX-40 module. One translator operates with a
reference frequency of 880Khz and the other with a reference frequency of 1200 KHz. The
function of the translators in this application is to allow the use of three relatively low
frequency multiplexes instead of one multiplex containing some prohibitively high
frequencies. A single multiplex, with the bandwidth required, results in subcarrier
oscillators at frequencies up to 1040KHz. This is unsatisfactory since the stability and
accuracy requirements of the system prohibit the use of SCO’s above approximately
400KHz. By using the translators effective SCO frequencies of up to 1040 KHz are
obtained with the good stability and accuracy of performance of SCO’s operating at
400KHz and lower.



The 880KHz translator accepts a multiplex containing center frequencies of 400KHz,
320KHz, 240KHz and 160KHz and translates these channels to a multiplex of 480KHz,
560KHz, 640KHz, and 720KHz. The 400KHz input frequency corresponds to a 480KHz
translated output frequency. The 1200KHz translator accepts a multiplex containing center
frequencies of 400KHz, 320KHz, 240KHZ, and 160KHz, and translates these channels to
a multiplex of 800KHz, 880KHz, 960KHz and 1040KHz. The 400KHz input frequency
corresponds to an 800KHz translated output frequency (see Figure 4).

The major sections of the translator are input amplifier, reference oscillator, balanced
modulator, output filter, output amplifier and power supply. The output filter allows only
the frequencies in a designated passband to pass through to the output. The passband for
the 880KHz translator passes channels with center frequencies of 480KHz, 560KHz,
640KHz, and 720KHz. The passband for the 1200KHz translator passes channels with
center frequencies of 800KHz, 880KHz, 960KHz, and 1040KHz.

The MPCA-40, MPO-40, MPA-40, and MTX-40 modules are packaged in gold plated
kovar cases. The internally mounted substrates is subjected to a Parylene coating process
to insure reliability in a high shock environment. In addition, the package is hermetically
sealed by seam welding in a nitrogen atmosphere to protect against environmental
extremes and to insure long term operational stability.

The battery supplies the internal power. A DC/DC converter is used to produce +15VDC
for the charge amplifiers (see Figure 5). A capacitor network is used to prevent from short
battery dropouts during the severe in-bore high shock environmental exposure. The battery
consists of 19 rechargeable nickel cadmium cells connected in series to produce
22.8 VDC. The battery contains one tier of 19 cells which is held in place by foam potting.
The battery is capable of supplying 0.5 amps for a period of at least 180 seconds.
Recharging is accomplished over a 14 hour period with 45 mA charge current.

The RF transmitter used for this system is standard Aydin Vector model T-602S (HS) FM
transmitter. A small redesign effort is required in order to modify the transmitter for a
wider bandwidth. Because of relative simplicity and basic reliability the VCXO/PM type
exciter is utilized in the transmitter. To provide the stability and accuracy required by
IRIG-106-80, a crystal controlled oscillator is used as the sole frequency determining
element. The transmitter is used as a chassis, signal ground and system ground connective
point of the system. Those three points are connected together inside the unit.

The excitation power supply consists of a power converter with pre-regulation, full wave
rectifier, and regulator circuit. The input of the converter is filtered to prevent high
frequency noise from the converter leaving the power supply circuit on the power lines.
The output of the converter is rectified and filtered supplying the input to a +15 volt



regulator. The regulator is capable of supplying 350mA and maintain an accuracy of ±1%
over the temperature range.

The power steering network provides system power from the internal system battery,
whenever a command of 22.8 volts is applied to the “Battery Command” input. As an
option the battery power will latch “on” for 4±1 minutes. In this case, the period of time is
defined by an internal timer unit. The battery can be recharged independent of the
application of external power to the telemetry system.

The structure approach taken by Aydin Vector has been dictated by empirical experience
gathered in the field and reflected a design philosophy development for environments
considerably in excess of that demand by the Program (see Figure 2). All the telemeter
components are contained within a single structural member machined from hard
aluminum. The battery and DC/DC converter are located at the base. The battery terminal
assembly and the entire DC/DC converter are encapsulated. The DC/DC converter
assembly serves a dual role in that it functions as a secondary support for the transmitter
mounted immediately above it. The transmitter housing is machined from a solid aluminum
billet some 30 mm thick and machined to accept internal circuit boards. Internally, the
transmitter has integral strengthening webs and is fully encapsulated to ensure a reliable
operation. Additionally, the crystal oscillator is mounted using a technique specifically
developed by Aydin Vector for high shock applications. The subcarrier oscillator section
mounts atop the transmitter with the circuit boards adequately supported in all planes of
movement and a substantial top cover with a special mechanical interface unit for cable
routings completes the assembly (see Figure 6).

SYSTEM DESCRIPTION

The hardware of the telemetry system is comprising of the following major electronic
components (see Figure 2):

* Single Conditioning Modules - 13 Charge Amplifiers.
* Subcarrier Oscillators - 14 Voltage Controlled Oscillators.
* Mixers - 2 Mixing/Summing Amplifiers.
* Translators - 2 Up-Frequency Translators.
* Transmitter - One S-Band Telemetry Transmitter.
* Battery - One Set of 19 Nicad Cells.
* Power - One Power Supply/Steering Unit.

This system is mounted inside a special housing that was supplied by Saab Missiles AB.



The following mechanical subassemblies are building the system.

* Battery Subassembly and Cover.
* Transmitter Subassembly and Power Supply/Steering.
* FM Multiplex Subassembly and Interface Unit.

The charge amplifiers, voltage controlled oscillators, mixing amplifiers and translators are
hybridized according to the following partition:

* 2 each, triple (±114.8pc) charge amplifier modules, Aydin Vector model MPCA-40-1.
* 1 each, dual (±114.8pc) charge amplifier module, Aydin Vector model MPCA-40-2.
* 1 each, triple (±574pc) charge amplifier modules, Aydin Vector model MPCA-40-3.
* 1 each, dual (±574pc) charge amplifier modules, Aydin Vector model MPCA-40-4.
* 3 each, quad voltage controlled oscillator modules, Aydin Vector model MPO-40.
* 1 each, dual voltage controlled oscillator and dual mixing amplifier module, Aydin

Vector model MPA-40.
* 1 each, dual frequency translator modules, Aydin Vector model MTX-40.

The modules are mounted on PCB’s. The partition is according to the following:

PCB No. 1:  MPCO-40-2 and MPO-40.
PCB No. 2:  MPCO-40-1 and MPO-40.
PCB No. 3:  MPCO-40-1 and MPO-40.
PCB No. 4:  Frame only - slot for wires and part of the interfacing unit.
PCB No. 5:  MPCA-40-4 and MPA-40.
PCB No. 6: MPCA-40-3 and some discrete components (7 stage 880KHz filter for the

translators and 3 stage 1200KHz filter for the reference channel).
PCB No. 7:  MTX-40 and some discrete components.

Additional PCB is used as a “Mother Board”. This PCB is acting as the electrical and
mechanical interconnection of the other 7 PCB’s. The small PCB’s (No. 8 and No. 9) are
mounted in the transmitter subassembly. These include the power supply, the power
steering and the timer circuitry.

The main housing has two openings - “Windows”, located symmetrically in the FM
Multiplex subassembly area. Under one of the windows the test point connector is
mounted and under the other, the programming card - PCB, for programming the charge
amplifiers level of amplification.

The telemetry baseband information is modulated and transmitted by a high shock S-Band
transmitter - Aydin Vector model SB-200.



TEST RESULTS

The telemetry (TM) system was designed and developed in close cooperation between
Aydin Vector and Saab Missiles AB. The qualification and acceptance testing of the units
was completed within eight months from program start. Upon delivery, the TM systems
were installed in actual projectile aft bodies, supplied by Saab Missiles AB.

When received, the TM systems were re-calibrated and installed in test projectiles, where
acceleration transducers mounted in different locations of the projectile were connected to
the systems inputs. The transducers used were:

- ENDEVCO, type 2291
- Bruel & Kiser, type 8309

The RF outputs were fed to a nose mounted slot antenna, delivered by Haigh-Farr (model
2194).

The systems have been used for a large number of test firings, using both a rail gun facility
(especially developed in Sweden for projectile testing), and real trench mortars. Good
quality test data has been gathered using fixed receive antennas, a TM receiver and a tape
recorder. The test data has been subject to post firing digitizing and evaluations using both
time and frequency domain analysis. Figure No. 7 and Figure No. 8 show a few typical
measurement signals. Figure No. 9 gives the photo of the system.

The rail gun facility is designed for a smooth recovery of the test projectile. For the trench
mortar firings, the projectiles were recovered after landing in 10-20 meter deep water with
sand bottom conditions. In all cases, the TM systems have survived and were proven to be
very reliable and consistent with respect to the technical performance. More than 10 test
firings have been successfully performed without degradation using the same TM unit.
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FIGURE NO. 1: CONCEPTUAL SYSTEM BLOCK DIAGRAM



Figure No. 2: Mechanical Outline Drawing

FIGURE 3 SYSTEM BLOCK DIAGRAM



FIGURE 4: SUBCARRIER SPECTRUM

FIGURE 5: NICAD BATTERY



Fig. No. 6: Telemetry Components

Figure No. 7: Test Results - Longitudinal Acceleration



Figure No. 8: Test Results - Transverse Acceleration

Fig. No. 9: Photo of the telemetry system


