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ABSTRACT

As part of an effort to reduce a projectile’s spin, a telemetry system was developed in
order to measure spin rate and position of a given point on a round during flight. The
telemetry system consisted of twelve special sensors (sensitive to sun light) which were
installed on the shell’s perimeter and an electronic system, that converted the sensors’
analog output into a conventional PCM stream that was transmitted, received, and decoded
into position and spin rate.

The telemetry system although exposed to very severe environmental conditions such as
high G’s, vibration and temperature, operated successfully.

INTRODUCTION

Cannon launched projectiles are not merely composed of metal and explosive, rather they
contain within themselves the ability to be guided.

In order to control the motion of the projectile, it is necessary to reduce its roll rate as a
first step.

A unique tool for measuring roll rate and position was, therefore, developed in order to
enable the telemetry link to track the above mentioned parameters’ status during a flight.



FUNCTIONAL DESCRIPTION

The system block diagram is described in FIGURE 1.

Twelve sensors were placed around the shell on its radial cross section as shown in
FIGURE 2.

The sensors are built and positioned in such a way that only one sensor at a time could
sense the sun.

The current output from each sensor is a function of both wave length and the area
exposed. This current is converted into voltage for the following reasons:

1.  To enable implementation with conventional components.
2.  To increase/decrease the signal strength in relation to the time of year (sunlight
intensity varies with the seasons).
3.  To overcome within sensor standard deviation limits (tolerances).

In order to differentiate between signal (sun) and noise (reflections, other light sources) ,
every signal conditioner (current to voltage converter) output is compared to a settable
reference voltage.

The comparator’s output is decoded into a four bit code which indicates the sensor
exposed to the sun at each moment.

The codes are shown in TABLE 1.

As can be seen each sensor has its code, and there are two additional codes, one for the
condition of no sensors activated, and the other code for the case where two or more
sensors are active. In normal operation it is not possible to have more than one sensor
exposed to the sun at any given time. If decimal output 14 appears, it is an indication that
one or more of the sensors are working incorrectly.

In case, only one sensor’s output happens to be fixed (logic hi or lo), it is still possible to
identify position and roll rate.

When more than one sensor is “stuck” it is possible to identify only the roll rate. The
coded output is available in two different forms.



In the first configuration two consecutive four bit code streams are stuffed into an eight bit
register. This eight bit output then enters a multichannel encoded (PCM encoder or
equivalent) and is transmitted out to a receiving station.

The second configuration combines the four bit code parallel output together with an eight
bit sync word to create a serial PCM stream that meets the IRIG STD. and may be used as
a stand alone system.

PERFORMANCE

Sensors : Wave length response: 350 - 1100 nm
Effective exposed area: 0.42 cm2

Beam width in roll axis: 4E
Beam width in yaw axis: 140E

System : Bit rate: 18 KHZ
Bits per word: 4
Words per frame: 32
Frames per major frame: 1
Sync. word: 10 11 10 00 (words no. 31, 32)

Environmental specification:
Temperature: -10 to + 70EC
Thermal shock: change from +20 to +70EC in 45 seconds. 10 times in one
hour.
Altitude: 20000 feet
Humidity: 90% relative humidity at temp up to 25EC
Vibration: random: MIL-810C curve AF Fig. 514.2-5 proc. V part 2

sine:       MIL-810C curve P Fig. 514.2-5 proc. V part 1
Survivability:
Longitudinal direction - 1 pulse 9000g amplitude, 20 msec

duration half sune wave positive direction followed by 1 pulse
1500 g amplitude 2 msec duration, half sine wave negative
direction.

Laternal direction - 1 pulse 3750 g amplitude, 3 msec duration half sine wave.



RESULTS

Position and rate of each sensor can be seen in FIGURE 3.

FIGURE 4 and FIGURE 5 describe roll rate as function of time, extracted from the above
mentioned system.

FIGURES 6 up to FIGURE 9 describe the system’s structure.

SENSOR NUMBER SENSOR CODE REMARKS

BINARY DECIMAL

none
1
2
3
4
5
6
7
8
9

10
11
12

   any two or more

0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110

1
2
3
4
5
6
7
8
9

10
11
12
13
14 error code



FIGURE 1 :  SPIN AND POSITION MEASUREMENT - BLOCK DI ABRAM.



 FIGURE 2 :  RADIAL CROSS - SECTION - SENSOR LAYOUT.

 












