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LABORATORY EVALUATION

Six equipments were wtructed by“ttie Engineering S&'vmes Division and laboratory
investigations were made with the number 6 equipment at this Laboratory using the NRL
receiver to determine some of the equipment characteristics. *Signals were supplied by
a Radux signal simulator (Fig. 21), and a General Radio type 139g2§ random noise gener -
ator was used to provide various signal-to-noise ratios. The equipment was arranged as
shown in Fig. 22. A field intensity meter type AN/JURM-6 was used as a microvoltmeter
to measure the signal-to-noise voltage ratio. The simulator provides two common-
frequency-type signals on a 40-kc carrier frequency with 200-cps frequency modulation.
The B signal spectrum, modulation, and r-f carrier can be phase-shifted relative to the
A signal. Each channel is provided with an attenuator so that the r-f signal levels can
be accurately set.

The signal-to-noise-ratio measuring circuits in the receiver -indicator were checked
by setting up various signal-to-noise ratios at the receiver input. The measured ratios
were converted to a bandwidth of 600 cps using the 250-cps effective bandwidth of the
AN/URM-6 as follows:

S/N in 600-cps bandwidth = 8/N in 250-cps bandwidth (4/250/1/600).

The results are shown in Fig. 23.
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Fig. 21 - Block diagram of Radux Signal Simulator
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Tests were made to check the effect of narrowing the indicator servo bandwidth. A
10:1 gear reduction box was connected external to the resolver gear box to provide the
bandwidth reduction, thus making the total reduction from motor to resolver (3/56,000)
(1/10). The closed-loop frequency responsemaf the indicator output shaft was then meas-
ured using a mechanical low-frequency sine-wave generator. The results (Fig. 24) show
that the gear box reduced the servo bandwidth from 0.023 cps to 0.0086 cps at 3 db down.
The maximum servo speed with the 10:1 gear reduction was found to be 18 microseconds
per minute, and the maximum speed without the reduction was 200 micr onds per
minute. The indicator servo velocity lag error was checked by shifting thg B signal
spectrum at a constant velocity and noting how the phase difference readings followed
this velocity. A sample plot of the phase readings is shown in Fig. 25. The input phase
velocity of 49 knots corresponds approximately to 10 microseconds per minute along the
base line, and 194 knots to approximately 40 microseconds per minute, It can be seen that
the output phase readings without the gear reduction oscillate slightly around the input
velocity line with a zero average lag error. Using the 10:1 gear reduction, the output phase
readings lag behind the input velocity line by a constant lag error of about 10 microseconds.
A summary of results using various input velocities is shown in Fig. 26.

Tests were made to determine how much time is required for the commutator to be
synchronized under various noise conditions. The results (Fig. 27) show that if the signal-
to-noise ratio of both signals is less than 0.6, the commutator cannot be synchronized.

The effect of noise on the system was determined for both gear ratios. Six hour runs
were made for each signal-to-noise ratio used and the readings taken every six minutes
by means of an automatic data-recording camera. From these data standard deviations
were computed. The results of these tests are shown in Fig. 28. These tests also showed
that there was little or no shift of the average reading for various signal-to-noise ratios.
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Fig. 24 - Indicator servo frequency response
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Fig. 25 - Receiver-Indicator velocity tracking

FIELD CHANGES

After preliminary adjustments, five of the equipments were sent to the Navy Elec-
tronics Laboratory where they were prepared for use in the field. It was found, after a
short period of operation with Radux signals, that improved results could be obtained if
some modifications were made.

The 1.2-ke crystal in the reference oscillator was not satisfactory under field con-
ditions where a large variation of temperature occurred. It was decided to substitute
a 100-kc crystal oscillator and a frequency divider to obtain more stable operation.

The gear ratio in the resolver drive system was increased by a factor of ten to get
improved operation at low signal-to-noise ratios.












