Chapter VI

Related conversion products

INTRODUCTION

So far we have discussed mainly components which are used to convert synchro, resolver
and Inductosyn information into digital form and vice versa. However, a number of related
products exist and a few of these and their application will be discussed in this chapter.
These products are:

API 1620 Angle Position Indicator.
DTM 1716, DTM 1717 Digital Vector Generators,
SAC 1763 Synchro/resolver to D.C. converter.

DDU 1714 Solid State Dummy Director.

ANGLE POSITION INDICATOR API 1620

Introduction

The angle position indicator API 1620 is an instrument which is used for measuring and
setting synchro or resolver angles. The input is electrical signals in either synchro or resolver
form at any of the standard voltages and frequencies. Besides giving a visual indication of
angle with a maximum reading of 359.99 degrees, the API 1620 provides angular data in
either BCD of Natural Binary form at TTL levels. This output permits its use for setting up
digital angles. The schematic arrangement of the API 1620 is shown in Fig. 6-1.

S} o]

NPUT 2 ]
53— MODE 16 BIT

CHANNEL (52 —— SWITCH TRANS =1 | svncHRo
R, & e ]SYNCHRO{— e FORMERS 21 ResoLven DISPLAY
R, 7| cHANNEL RESOLVER[—e—] anD |+=—  TO BINARY CHECK
s1 SWITCH [—®— MAGSLIP e— vOLTAGE -®—] DIGITAL T0 SWITCH
52 "ol [&—] TEST [~*—1 swiTcH [ == CONVERTER 8co

INPUT POSITIONS] ) I DISPLAY

CHANNEL (554:1 —o]
2 R, =&

R, ~®
ANGLE 4 +5V + 15V - 158V
CHECK INE 1 ‘
INHIBIT

POWER SUPPLY

BUSY

BINARY OUTPU1 BCD QUTPUT
LINE TO REAR CONNECTOR TO REAR CONNECTOR
INPUT (OPTIONAL) (OPTIONAL)

Fig. 6-1 Schematic arrangement of the API 1620.

Applications of API 1620

Visual display of angles from synchro or resolver format inputs

In many fields of engineering:- aircraft, military, naval, radar, navigation etc. angles of
shafts are controlled and monitored by the use of servo control loops using synchros or
resolvers for sensing the angular positions. For servicing and testing, the API is as universal
in its application as the universal voltmeter is in other fields. The API has been designed to
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be portable and can be powered from any supply capable of giving either 220 volts + 15%
or 115 volts + 15% at any frequency in the range from 45 Hz — 400 Hz. This means that the
synchro or resolver system supply can often be used to power the API.

The front panel of the API 1620 is shown in Fig. 6-2.
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Fig. 6-2 Front panel of the API 1620.

The API has provision for two separate inputs (which may be working on different
reference frequencies). The different inputs can be switched so that the API displays either
of the angles represented by the signal inputs. This facility is very useful in checking
retransmission units where the reference is different and it is required to check errors in
retransmission.

The use of the API for setting angles in binary form

In checkmg computer interfaced synchro control systems it is often necessary to set angular
inputs in natural binary form. Often this is done by using a row of switches representing the
binary angle to be set; this method can be tedious for angles other than the ones requiring
simple binary codes. The API 1620 can be used for this purpose. A synchro or resolver with
a vernier dial is connected to the API and the required angle is set using the API visual
readout to indicate the angle. The Binary angular information is available at TTL levels
from the rear connector of the API. The synchro or resolver required for setting the input
angles need not be accurate since the API will produce an accurate binary representation of
the displayed angle independently of how it is produced. The BCD version of the API can be
used for producing BCD angular data inputs but since this can be done with BCD decade
switches with no decoding it does not give the advantages that are obtained for producing
binary inputs.

The API 1620 used for checking loading errors in synchro systems
Fig. 6-3 shows several control transformers connected to a single control transmitter.

In a practical system the wires connecting the transmitter to the receiver may be long and
as a consequence the individual wires may not be the same resistance. Also the CX is
permitted to have out of balance impedances (the control of the degree of balance on the
output winding impedances is not normally printed in the synchro data sheets and different
manufacturers have given widely differing figures). Due to the possible out of balance of the
source and loading resistors there will be a change of angle represented by the synchro data
between its loaded and unloaded condition. Balancing the loads, or making them match the
existing unbalance in impedances will be necessary to get the best accuracy out of the system.
The API is the ideal instrument for this purpose; its high resolution and accuracy make what
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Fig. 6-3 A single CX driving several CTs.

would otherwise be a difficult problem into one that can be carried out by relatively

unskilled personnel.
The procedure to be adopted in the case shown in Fig. 6-3 would be as follows:

Using the API connected across the CX, check the angle represented by the CX data
with no load and an exactly balanced load approximating in value the impedances of
the three CTs in parallel, if there are differences the CX winding impedances are not
matched and should be balanced.

At the first CT station the angle should be checked with no load and with the CT
connected. If the readings are not the same, balancing resistors should be inserted
between the main signal wires and the CT to give the correct angular reading when the
API is connected across the CT.

The same procedure must be repeated at each CT station.

The API should be used to check the angles at each CT station and at the CX; if the
balancing has been carried out correctly they should all be the same.

Use of the API for checking Scott connected transformers
Since the API can take as inputs either synchro or resolver form signals it can be used for
checking the accuracy of Scott connected transformers.

The test method is shown in Figure 6-4. The input to the transformer can be conveniently
provided by a Synchro CX. The two inputs to the API are connected; one to the synchro
side of the transformer and the other to the resolver output side. Appropriate loads are

applied to the resolver outputs.
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Fig. 6-4 The API 1620 used for checking Scott-connected transformers synchro to resolver.

By rotation of the CX the input and output angles can be compared for various input
angles. Fig. 6-4 shows the arrangement being driven from a Synchro CX, an alternative
arrangement showing the transformer being activated from resolver form signals is shown in
Fig. 6-5.
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Fig. 6-5 The API 1620 used for checking Scott-connected transformers resolver to synchro.

This application again demonstrates the usefulness of the two input connectors to the
API, all the changes necessary to compare the input with the output are carried out by
means of the switches on the API front panel.

Checking tuned systems using the API :

It is often convenient to drive several CTs from a single CX; when this has to be done it may
be necessary to use tuning to reduce the loading effect of the CTs. The tuning is carried out
by putting capacitors across the CT windings. If the CTs are local to each other three
capacitors will be sufficient to tune all the CTs which are in parallel. If there are long
interconnecting wires between the CTs it will be better to tune them individually. In either
case the angular accuracy can be upset if the tuning is not correct.

If the three windings of the CTs were driven from zero impedance voltage sources,
capacitors can be put across the windings to reduce the current taken from the source and
since the windings are from voltage sources no angular errors will be caused if the capacitors
are not equal. There would simply be more current supplied by the generator to one circuit
than the other.

In the real situation the CX is not a zero impedance source; Fig. 6-6 shows a typical system
with the values of the impedances shown.
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Fig. 6-6 A CX driving tuned CTs. The values of Z are for a typical 115 volt system.

When the windings of the CT are being driven from source impedances which are not zero
it is usual for the impedances to be equal or balanced. In this circumstance, i.e. with non
zero source impedance it is much more important that the capacitors should be accurately
chosen. The reason is that there will be differences in voltage drop in the source impedances
if the circuits are not similar.
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The required condition is that each winding should be tuned to be resistive and that when
this is done the dynamic impedances i.e. L/CRs of each of the tuned circuits should be the
same.

As will be apparent there is plenty of scope for angular errors to be caused by tuning. The
API can be used to measure any inaccuracy so caused; all that is necessary is to connect the
API across the synchro which is being tuned whereupon it will mdncate the inaccuracies and
thus enable the appropriate corrections to be made.

When resistors are used for balancmg there is a danger that quadrature signals will be
produced. The API has a high precision phase sensitive detector and an internal synthetic
reference generator. This means that the readings on the API will not be influenced by large
quadrature signals. The phase sensitive detector in the real system being tested may not be as
immune to quadrature signals and reference phase shift as the API itself. Separate checks
should therefore be carried out to observe the quadrature signals produced by any out of
balance in the tuning capacitors. This can be done by observing the CT rotor outputs on an
oscilloscope and rotating the CT shaft for minimum in-phase component. Tests should then
be carried out to determine the effect of these quadrature voltages in the presence of any
reference phase shift likely to be encountered. (See the section on ‘‘Quadrature errors and
reference phase shift’’ in chapter 4.)

Use of the API in general engineering

Apart from applications in fields of engineering where the use of synchro data transmission
systems is established the API can be used in general engineering where angular
measurements have to be made to a few minutes of arc. Before use can be made of the API,
signals must be available in synchro or resolver form. Synchros giving a few minutes of arc
accuracy are not very expensive and most mechanical engineers would have no difficulty in
coupling a shaft angular movement to rotate a synchro. Having done this there are six key
points about the API which could make it more useful than existing angular measuring
devices. They are:

The API gives a clear, easy to read digital display of the angle.

The displayed angle can be remote from the shaft being measured.

The API can provide outputs which are in BCD form suitable for driving printers to
provide hard copy of measurements.

One API can be used sequentially to display the outputs from several synchros. (This
means that the cost per channel is not high).

The API can provide pure binary output data representing the angle for making
tapes for computer inputs.

The BCD or Binary outputs can be decoded to give signals corresponding to
particular angles. This point would probably be more appropriate to the use of synchro
to digital converters in mechanical engineering where the decoders could give outputs
corresponding to particular shaft angles to replace cams etc.

APPLICATIONS OF THE DIGITAL VECTOR GENERATORS
DTM 1716 AND DTM 1717

Introduction

Function of the Digital Vector Generators

The DTM 1716 and DTM 1717 are modular devices which make use of the precision sine and
cosine multipliers developed for the synchro and resolver conversion products. The modules
are equivalent to high speed, high accuracy, solid state sine/cosine potentiometers. The
function of the Digital Vector Generators is illustrated in Fig. 6-7.

The input angle covers the full revolution 0 to 360° and the digital input word defining this
angle is presented in parallel natural binary form. For the 14 bit DTM 1716 shown in Fig.
6-7, the LSB represents 0.022°. The speed at which the digital input can be changed is
limited only by the slew rate of the internal operational amplifiers and in a typical converter
this would be about 40 microseconds for the output to reach 0.1% of the correct value in a
case where the input required the maximum output change.

The input V, is the one that makes the important difference between this module and a
digital sine/cosine look-up followed by a D/A converter. V; is an analog bipolar input which
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Fig. 6-7 Function of the DTM 1716 and DTM 1717.

provides the multiplying input for the two outputs. The speed with which V; can be changed
is again determined by the bandwidth of the internal operational amplifiers. A typical
module will give full power output to 0.1% accuracy at frequencies up to 8 KHz. The
relatively high speed of the digital and analog response means that it is possible to multiplex
either the digital input and outputs for a common V, or to multiplex V; and the outputs for a
common angle, or a combination of the two, where both inputs and outputs are
multiplexed. As with any multiplexed system, it will only be applicable when the data inputs
are changing slowly relative to the scanning speeds.

DTM 1716 and DTM 1717 anti-glitch circuit

The DTM 1716 and 1717 provide analog outputs V; Sin 8 and V, Cos 6 from the analog input
V; and the digital input 6. At the major transition points of 0°, 90°, 180° and 270° the
internal operational amplifiers are required to slew through large voitages. The effect of this
is to produce glitches on the outputs at the major transition points in much the same way as
a conventional Digital to Analog converter. For most applications these glitches can be
removed by simple smoothing circuits on the outputs. However in applications where the
smoothing is not an acceptable solution, sample and hold amplifiers such as the Analog
Devices type AD 582 can be used to remove the glitches.
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Fig. 6-8 Circuit for removing the major transition glitches in the Digital Vector generator outputs.
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The AD 582 is put into the hold mode by a monostable which is triggered by either the 0 to
1 transition or the 1 to O transition of bit 4, Fig. 6-8 shows a typical arrangement using
sample and hold amplifiers to remove the output glitches. ‘

Applications of the Digital Vector generators

High resolution stepping motor drive
Stepping .motors are used in many applications for provndmg precnse position control
without feedback. The usual method of driving the motors is with square waveforms which
are shifted with respect to each other by 90 degrees.

There are two problems which result as a consequence of the nature of the drive. These
are:

(a) The possible angular positions are discrete.

(b) The pulsed nature of the waveforms under constant rotational velocity conditions can
give rise to torsional vibrations,

Both of these above problems can be overcome if instead of using square waveforms
shifted by 90 degrees, voltages or currents are used which are proportional to VSin8 and
VCos 8. Thus for each rotation of 8 through 180 degrees, the stepper motor angle will move
smoothly through half a cycle which may be 0.72 degrees up to 15 degrees according to
motor type. Fig. 6-9 shows how the DTM 1717 can be used for this purpose.
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Fig. 6-9 A system for providing continuous positional control using a stepping motor
and a Digital Vector Generator.

The precision with which the poles are interpolated is theoretically equal to the DTM 1716
accuracy which is + 3 Arc. Mins. However, the dimensional inaccuracy of the poles and the
fact that the reluctance paths do not accurately vary sinusoidally limits the practical
achievable positioning accuracy to much less than this. The lower resolution DTM 1717 (12
bits) is more than justified by the technique. In practice it is found that the resolution is for
all practical purposes continuous and the positioning can readily be obtained to 1/200th of
the step angle.

The torsional vibration at high speed is completely eliminated with no reduction in the
maximum slewing speed.

The technique described is capable of extremely high accuracy angular control limited
only by the mechanical precision and stability together with the law of reluctance variation
with angle.
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Polar to cartesian co-ordinate transformation for X Y Plotter inputs
Most plotters are of the X Y or X Time variety i.e. the mechanical means of moving the pen
are by means of gantry systems where the motions are at 90° to each other. The DTM 1716
Digital Vector Generator can be used to convert such XY plotters to take R, 0 inputs (see Fig.
6-10). ‘ :
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Fig. 6-10 DTM 1716 used to provide polar to cartesian coordinate conversion
for X Y plotter.

Low-frequency precision amplitude quadrature oscillator

For testing the frequency and phase response-of low-frequency control loops it is often
necessary to use oscillators with quadrature outputs. The frequency involved can be very
low; for control loops in chemical manufacture, for example, the periods may be hours. For
such applications and also for higher frequencies the Digital Vector Generator provides an
ideal solution. Fig. 6-11 shows how the DTM 1716 can be used as a quadrature oscillator to
produce the required resolved components of the response.
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Fig. 611 DTM 1716 used as a low frequency quadrature oscillator to test system response.

Co-ordinate rotation by the use of Digital Vector Generators

In the control of guns, missiles etc, it is often necessary to obtain the co-ordinates of a point
relative to one set of axes from inputs which are the co-ordinates of the point relative to a
rotated set of axes. With more use of numerical control in industry and the use of robots for
welding etc. this type of problem is no longer limited to the aviation and military field. Fig.
6-12 shows a very simple part of a manipulator where the problem of axis rotation would be
involved. In the diagram of Fig. 6-12 there are four angular movements. The jib ‘A’ can be
rotated in azimuth and elevation relative to the base. The link ‘‘B"’ is able to hinge at point C
and also to rotate about its new axis. (Such linkages are often required for example in
positioning a small grinding wheel relative to a surface).
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2,1S PERPENDICULAR TO THE PAPER

Fig. 6-12 Part of a manipulator,

In Fig. 6-12 the point P will remain fixed relative to the co-ordinate system X,Y,Z, but the
co-ordinates X,Y,Z, can rotate due to the angles 8 and y relative to the co-ordinates X,Y,Z,.
Because of this the positioning of P by adjustment of the angles a, # and y will require the
use of axis rotation on the positioning control data. Fig. 6-13 shows the simple problem and
Fig. 6-14 shows how this is implemented by the use of the Digital Vector Generator. The
technique can be extended to cover any number of rotations.
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Fig. 6-13 Co-ordinate rotation. Fig. 6-14 Implementing co-ordinate

rotation using DTM 1716.

93

Digital angular shift of resolver form angular data
In the measurement and control of angles resolvers are often used. In such cases it is often
desirable to add or subtract an angle leaving the data in resolver form. The use of two Digital
Vector Generators permits this angular shift.

Fig. 6-15 shows how this can be accomplished.

High resolution spectrum analysis
In many branches of engineering it is often required to obtain the power frequency spectrum
of a time waveform, e.g. vibration of structures, airframes, engines, bridges, etc. Other
examples occur in medicine, EEG waveforms and ECG waveforms, in the study of surfaces
and also for finding hidden periodicities.

The DTM 1716 Digital Vector Generator provides a simple solution to this problem. Fig.
6-16 shows how with a digital converter, two analog multipliers and simple low pass filters, a
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Fig. 6-15 Obtaining an angular shift in resolver format data.

very high resolution spectrum analysis can be accomplished. By multiplying the input to be
analysed by Sin 2nft and Cos 2nft the energy of the input frequency is shifted so that the low
pass filters can be used instead of the more usual bandpass filters. This has the important
advantage that extremely high resolution can be obtained by simply reducing the low pass
filter bandwidth. Since the oscillator is a pulse oscillator, digital frequency division methods
can be used to count down from a standard high precision crystal oscillator. This leads to the
further advantage of precise control of the effective filter mid frequency.
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Fig. 6-86 High resolution spectrum amalysis using the DTM 1716.

In Fig. 6-16 the input waveform from which the power spectrum is required is g(t), an
analog voltage between + 10V. Multiplication of this waveform by Sin 2 nft causes the
energy in the waveform between f— A fand f+ A fto be shifted to lic between — Afand + A/,
(The energy produced near 2f is removed by the low pass filter.) This part of the input
energy is passed to the squaring multiplier. Two channels sine and cosine, are used for the
case in which g(#) contains periodic components. Without the use of the two channels, the
periodic component would produce an output dependent upon its phase. The use of two
channels avoids this problem.

Very narrow band pass filtering

In some communication systems very narrow band-pass filters are required. The facility of
being able to multiply by sine and cosine can be used to produce very narrow band pass
filters, with a mid frequency determined by the frequency of a pulse oscillator. The method
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is similar to the narrow band spectrum analysis, except that extra sine/cosine multiplication
converts the filtered signal back to its original frequency. Usually, the filter will be used in
high frequency systems where the input of the system has been reduced in frequency by
standard heterodyning methods to lie within the bandwidth of the Digital Vector
Generators.

Use of the DTM 1716 module in Nuclear Magnetic Resonance testing of crystals

An unusual application of the DTM 1716 has been its use in the Nuclear Magnetic
Resonance testing of crystals. By altering the digital input to the DTM 1716, the added
magnetic field can be rotated through 360 degrees using fixed coils. The field due to the
magnet can thus be modified in direction as well as magnitude by the fixed coil currents. Fig.
6-17 shows how this rotation is obtained.
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Fig. 6-17 Rotation of the sweep field in an NMR system by the use of the DTM 1716.

APPLICATIONS OF THE SYNCHRO/RESOLVER TO D.C. CONVERTER
TYPE SAC 1763

Introduction

Function
The SAC 1763 converts synchro or resolver information into a DC voltage representing
angle, where =+ 10 volts represents + 180°.

The unit is based on the SDC 1700 Tracking converter and therefore it possesses many of
the features of this unit such as ability to resistively scale the inputs, velocity output,
tolerance of reference frequency etc.

Relationship between input and output

The relationship between the input and output of the SAC 1763 is shown in Fig. 6-18.
Sometimes it is necessary to obtain a different relationship between the input and output

of the converter. Reversing the connections to S1 and S3 produces the relationship shown in

Fig. 6-19. Reversing the reference connections produces the relationship shown in Fig. 6-20.
Sometimes it is required that the output of the converter is 0 to 10 volts representing 0 to

360 degrees. This can be done with the circuit shown in Fig. 6-21.
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Fig. 6-21 Circuit for converting output of SAC 1763 to 0 to 10 volts for 0 to 360 degrees.
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Applications of the SAC 1763

Recording of synchro or resolver information
One use for the SAC 1763 is for recording angular information on X-Y plotters or FM tape

recorders. This information could typically have originated from navigational equipment
such as a gyrocompass. This is illustrated in Fig. 6-22.
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Fig. 6-22 Recording the output of a gyrocompass using the SAC 1763.

Using the DC voltage output of the SAC 1763 in a Servo system

A common use for the synchro to DC converter is for producing a DC voltage from a
synchro or resolver transmitter which is already in the system as part of a control loop. It is a
simple matter to connect the three synchro wires and reference to the SAC 1763 in order to
get a DC voltage which is proportional to angle. This voltage can then be used for a variety
of purposes; it can be fed to analog comparators for limit detection or mixed with other
analog voltages to give simple analog operations as functions of the angular motion. See Fig.

6-23.
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Fig. 6-23 The conversion of synchro data to DC voltage in a servo system.

Using the SAC 1763 in a servo where the input is analog
The SAC 1763 can be used in a servo system where the input is a DC voltage representing the
angle. See Fig. 6-24. Note that the availability of the velocity voltage output from the
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SAC 1763 eliminates the need for an electromechanical tachometer to make the system more
stable.
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Fig. 6-24 An analog input servo system using the SAC 1763.

SOLID STATE DUMMY DIRECTOR DDU1714

What is 8 “Dummy Director”*?

The term *‘Dummy Director’’ is naval in origin and refers to a piece of test equipment which
is used for setting up and checking mechanical servo mechanisms. Although primarily
designed for naval use, Dummy Directors are used in many other instances where it is
necessary to investigate some of the characteristics of mechanical servo systems.

How did the peculiar term ‘‘Dummy Director”” originate? In order to understand this
fully, let us examine the simplest possible naval fire control system such as that shown in Fig.
6-25.

TARGET
DIRECTOR
\ GUN
COARSE/FINE SYNCHRO AZHAUTH gCH PAOTION
COARSE/FINE SYNCHRO ELEVATION v
J777777777777 /////////////////////////77/////////7///////////( ROLL

MOTION
OFf SHIP

SHIP'S DECK

Fig. 6-25 A simple naval fire control system.

In the system shown above, the ‘‘Director’’, which is the device used to track or lock on to
the target, transmits the target’s azimuth and elevation angles to the gun mounting servos by
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means of synchro signals. This enables the gun to automatically align itself with the Director
and consequently keep trained on the target.

The Director, which is usually mounted on top of the ship’s superstructure, can take
various forms. On larger vessels, the Director is normally a tracking radar mounted on top
of the superstructure but on smaller vessels, such as Fast Patrol Boats, an optical, optronic
or television system may be used.

Let us consider the case where the Director is locked on to the target. The pitch and roll
motion of the boat, which is sinusoidal in nature, will cause the synchro inputs to the
azimuth and elevation servos on the gun mounting to be modulated sinusoidally in order to
keep the gun aligned with the director. This means that it is very important for the gun
servos to respond accurately to sinusoidally modulated inputs. Because the gun servos are
normally set up when the ship is not at sea and consequently not undergoing pitch and roll
motion, a piece of test equipment is needed which can generate the sinusoidally modulated
synchro signals normally supplied by the Director. This piece of test equipment, not
unnaturally, became known as a Dummy Director. Its use in the case of the simplified fire
control system is illustrated in Fig. 6-26.

DUMMY DIRECTOR

DIRECTOR
SINUSOIDALLY MODULATED
COARSE/FINE SYNCHRO SIGNALS GUN
| APPLIED TO AZIMUTH OR
ELEVATION
&> AZIMUTH
INPUT
ELEVATION — o
ELEVATION

7777777777 ST ST ST

Fig. 6-26 Using a Dummy Director in place of a Director to test naval Gun servos.

The Fire Control System described above is far too basic to ever be a practical
proposition; even the earliest Fire Control Systems had some form of ballistics computer
interposed between the director and the gun. However, the example does illustrate the
fundamental requirement for a Dummy Director which still exists even on the most
sophisticated naval weapons systems.

Electromechanical Dummy Directors

The original Dummy Directors were purely electromechanical in operation and were
constructed from cams, gear wheels and mechanical servo loops driving synchro
transmitters. The output of the unit, which was taken directly from a synchro transmitter,
could be modulated sinusoidally, rotate at constant velocity or go to an angular position
demanded by the handwheel control.

These electromechanical Dummy Directors, of which thousands are still in use today,
suffer from disadvantages which cause them to lose votes in the most popular piece of naval
test equipment competition! ‘

Disadvantages of electromechanical Dummy Directors

1)  The units, by virtue of their electromechanical construciion, are extremely heavy and
are not easy to move around the confines of a warship.

2) In order to change some of the parameters, it is necessary to adjust cams and levers and
in fact with some of the two speed output units, gear wheels need to be changed in
order to alter the coarse/fine ratio.
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3)

4)
5)

6)

It is difficult to set up the parameters with any degree of repeatability. For example an
indicated constant velocity rotation of 10°/sec may vary by 1 or 2% between repeated
settings. ‘

The dynamic range of the selectable parameters is limited.

The electromechanical nature of the units require them to undergo constant
maintenance.

It is difficult to use the unit to check for backlash in a servo system when the unit itself
exhibits backlash.

" In view of the foregoing, the introduction of a versatile solid state Dummy Director is long
overdue.

The solid state Dummy Director

The solid state Dummy Director, type DDU1714, is a microprocessor controlled instrument
and all of the parameters are selected from the keyboard on the front panel which is shown
in Fig. 6-27.
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Fig. 6-27 The front panel of the Solid State Dummy Director type DDU1714,

The DDU1714 has coarse/fine two speed synchro or resolver as well as opto-isolated
digital outputs with any ratio selectable from between 2:1 and 63:1.

The internal timing of the unit is crystal controlled and consequently the velocity and
Simple Harmonic Motion modes exhibit a very high degree of accuracy and repeatability.

There are seven modes which are user selectable from the front panel. These are:

D

2)
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Angular Command
The output can be commanded to go to any angle selected on the keyboard.

Constant velocity
The output can be made to ‘rotate’ with a velocity selected on the keyboard.

Chapter VI



"-GE1 puR G Je suonsod js9} [0uy (€ '
(reuondo ,10°0) sesabep [0 jo uoyn(osal yim spndut suyy pue SSIe00 [PUISIX (7 Il.lllwclm -
-peptacid (reuondo , [(°Q) S8RIBSP [0 JO UOHN[OSSI Yjim SNAINO auy pue 8I1e00 [PuIsiu] (| | S AOIVOIAND
st [eubis prea elep © pue Ae[dstp upo J0jROIPU] UOYISOJ B[buy 5 NOILISOd
cle
PeIFIEsteIo S NARO SNOLLONN AVIdSIA TIONY [+
’ ‘[sued juoy ITONY Ad
uo padeidstp aq ueo oney ‘mdino aaem s
[:€9 pue [:Z usemisq e It > AVIdSIAIOL
3|qeIo91ss SoRRI SUY /I8IB0D) arenbs pajosies Aue uc pesoduwiadns aq ued A0S JURISUCO PaO9[es AUy asre0ry
(ANII ANY ISIYOD) ALIDOTIA INYISNOD NO QISOdWIIAdNS IAYM IVYNOS (L [~ 77| SLOdNI
Ho TR (oueI suy/asIe0) = N) "008/5901D0p %Wd o} dn saIoo[a A = ORHONAS
g 91 “(on t =N + H -
° ALTIOVA TITHMANYH(Q | 7S TYNIL
‘sfealejut ea1bep [()'Q Ul pajoales ‘sdejs @81069p 0001 5 910 s |
ALITIOVA LNdINOHONI (S
autg "S[PAJSJUI PUCDSS | Ul PRjoslas 'spuooas OO [ O} [ JO spolad
poondo. [T T g ] ‘sfeatajur sa1bsp [ Ul pejosies ‘seaubep 009 O 100 jo sepnydwy (revoudo 24 00 104 92)
2H 00¥ 102H 092 HOA 61 1
Jlorg T esHoore |+ 5 | NOILYTNAOW IAYM TIVNOS (7 |
MO8 06 ®ZH OV 0FHO9 | o “S[PAISIUT PUODSS | Ul PBjos[as 'Spuooss 001 O} | JO spouad LNdNTZONIIEA3d
-pqede saup S ‘s[ealajul 9a1bep [ ul pajos)ss ‘ses1bep g1 O | jo sspryndury £ Obb Ol O
(ouy pue esieod) YAG | S NOILLYTNJOW JAYM ANIS (€ 10A OB 10¥OA G T
uo pakerdstp w.% mmoa wmww 1= s[ealsjur 088 /88100 [()°(Q Ul PejoRes '08s/s891bep 00'0TEF O 0 LNdNI @NIT) 33IMOd
Legpue [zusemaq | T g | ALIDOTIA INVISNCOOD (T
IRIOS[BS SOFRI BUY /FSTR0)) A|||||.ﬂm| ‘s[ealsjul 9a1bsp () Ul pejoses 'seetbap 0008 1% O 0
1NdLINO LYWIOA
L(JIATOSTH IO) OFHONAS | =51 ANYWNOD JVTINONY (1
(ENLI/FSIYOD) qdddSOML | |
, 'S SNOILONNJI LNd1NO ILOTTIS-QHYOHATN NIAIS

Fig. 6-28 Summary of inputs, outputs and available modes of the DDU1714.
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3) Sine Wave modulation (Simple Harmonic Motion)
The output can be made to change sinusoidally with an amplitude and period selected
on the front panel.

4) Square Wave modulation :
The output can be modulated with a square wave of which the period and amplitude
are selected on the front panel.

5) Inch Facility
The output can be made to change by a fixed angle selected on the keyboard.

6) Handwheel Facility
The handwheel can be used to cause the outputs to change at varying velocities. The
more the handwheel is turned, the greater the output velocity.

7)  Superimpose velocity on square wave
Any selected square wave can be superimposed on any selected velocity.

All of the above facilities as well as the inputs and outputs of the DDU1714 are listed in the
table in Fig. 6-28.

Applications of the Solid State Dummy Director Type DDU1714

Testing large naval servo systems

The fire control system shown in Fig. 6-25 is too simplified to be used in actual practice. A
computer, called the predictor, is usually at the heart of the fire control system and the
arrangement might be as shown in Fig. 6-29.

DIRECTOR
{TRACKING
RADAR)

FIRE CONTROL
CONSOLE

SYNCHRO L)
FORMAT | ]
SIGNALS

GUN

RADAR PREDICTOR COARSE/FINE AZIMUTH SIGNALS

CONTROL
UNIT

I

COARSE/FINE ELEVATION SIGNALS
l & 4 SYNCHRO FORMAT

SYNCHRO SYNCHRO
FORMAT FORMAT
VERTICAL SHIPS LOG
Gvro AEFERENCE (SPEED)
COMPASS (GYRO)

Fig. 6-29 A naval fire control system.

In a system such as that shown in Fig. 6-29, it is necessary to ‘‘tune’’ the gun servo system
to suit the roll and pitch characteristics of the ship. This means inputting synchro
information into the gun mounting servo and modulating it sinusoidally with a period and
amplitude which are as near as possible to the ship’s natural roll and pitch motion. The
internal servo loop error can then be taken from the output of the servo’s phase sensitive
detector and displayed on a chart recorder. The resultant trace will indicate how well the gun
mounting is following the input demand and consequently how well it would follow the
target in the presence of the pitch and roll motion of the ship. Adjustments can then be made
to the servo loop circuitry in order to achieve the best possible accuracy at that particular
period and amplitude. The method of carrying this test is to use the DDU1714 in the ‘‘Sine
wave’’ mode in order to provide the stimulus for the servo system. Mountings of this type
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usually operate on a coarse/fine synchro principle and when responding to a sine wave
stimulus such as this, the mounting usually remains under control of the fine channel (see
the section on ‘‘Coarse/fine synchro and geared syStems’’ in chapter I). Therefore it is
important to measure the error signal with respect to the fine channel when performing tests
such as these. The DDU1714 can provide for any coarse/fine ratio between 2:1 and 63:1, the
change being effected by means of a thumbwheel switch. The method of performing these
tests and the resultant chart recorder trace is illustrated in Fig. 6-30.

GUN MOUNTING SERVO

cT
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UMY OUTPU 1\
DIRECTOR ——Jj

1 COARSE/
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- Nt CHANGE- SENSITIVE]
OVER DETECTO!
FINE cT uNIT
ouTPUT /’C“ E
CHART RECORDER %
DRIVE
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' | | =
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o INTEGRATOR
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LIMITS OF GUN
MOUNTING YRAVEL

+3 ARC. MINS P‘ : r X
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TYPICAL CHARY RECORDER TRACE FROM A GUN MOUNTING SERVO

AESPONDING 70O A S.H.M. MODULATED INPUT FROM A DUMMY
DIRECTOR. {EAROR IS REFERRED TO THE COARSE SHAFT.}

Fig. 6-30 Using the DDU1714 to provide sinusoidal inputs to a gun mounting.

Other tests which the DDU1714 can perform on the mountmg using the same test set up as
shown in Fig. 6-30 are as follows:

1) Response of the servo to a constant velocity input:
Servo systems which work on a type 1 principle will exhibit a velocity lag error which
can be measured using the Dummy Director in the ‘‘Constant Velocity’’ mode and the
same configuration shown in Fig. 6-30. The resultant chart recorder trace is shown in

Fig. 6-31.
TRACE PRODUCED
BY CONSTANT VELOCITY
OF V°/SEC FOR CLOCKWISE
ROTATION
« |
x = 2 x VELOCITY LAG ERROR AT V°®/SEC

TRACE PRODUCED
B8Y CONSTANT VELOCITY
OF V°/SEC FOR COUNTER
CLOCKWISE ROTATION

Fig. 6-31 Chart recorder trace showing velocity lag error for a constant velocity input.

Another use of the constant velocity input provided by the ‘“Constant velocity'’
mode of the DDU1714 is for examining any errors which may exist in the mechanical
part of the servo mechanism. For example, cyclic errors in any of the gear wheels or
specks of dirt or swarf in a gear box. Fig. 6-32 shows a good constant velocity trace
produced by the chart recorder compared with that of a system in which an error is
present every 360° in the fine gearing of a 9:1 ratio system.
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Fig. 6-32 Using the constant velocity mode of the DDU1714 to check for
errors in the mechanical part of a servo system.

2) Run-in time:

A step input of say 60° is applied to the synchro inputs of the mounting and the time
taken for the error to reduce to zero (i.e. the time taken fior the mounting to reposition
itself to the new angle) is measured. This facility is easily accomplished using the
“Angular Command”’, ‘“‘Inch” or ‘“‘Square wave” mode and the test gives an
indication of how quickly the gun can track from one target to the next.

3) Response to a step input:
The synchro input to the mounting is modulated by a square waveform of very low
amplitude (e.g. 0.2°). The resultant chart recorder output will then provide
information on how well the servo responds to step inputs. This test can be performed
with the Dummy Director in the ‘‘square wave’’ mode.

4) Response to a step input superimposed on a constant velocity:
The ““Superimpose square wave on constant velocity’’ mode of the DDU1714 means
that the response of the gun to step inputs of small amplitude superimposed on the
constant velocity can be determined.

The type of fire control system shown in Fig. 6-29 is generally used for the control of the
smaller calibre guns with relatively high rates of fire. For the larger guns the system shown in
Fig. 6-33 is often used.

As can be seen in this system, the servo loop is closed through the predictor itself by means
of coarse/fine synchro transmitters on the gun mounting and synchro to digital converters in
the predictor. The Dummy Director can be used in this instance to simulate the director
inputs into the predictor. The error present during tracking with sine wave or constant
velocity inputs can be recorded at various points in the servo system as before. See Fig. 6-34.

Checking the performance of a Director

The director itself, when tracking a target, also requires a servo system which can respond
satisfactorily in the presence of the pitch and roll motion of the ship. The DDU1714 can be
used to provide the sine wave modulated synchro stimulus and the response of the director
can be monitored in a similar fashion to that of the gun mounting tests.

Testing naval retransmission units

Much of the synchro information generated in ships is distributed by means of
retransmission systems. These are often electromechanical and their function is to provide a
number of channels of the same information from one synchro input. For example, a
retransmission system is used to distribute the synchro format stabilisation data from the
gyro to the many stations requiring it around the ship. A retransmission system used for this
purpose is illustrated in Fig. 6-35.
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Flg. 6-33 A fire control system where the servo loop is made through the predictor,
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Fig. 6-34 Using the DDU1714 Dummy Director in a fire control system where
the servo loop is closed through the predictor to check the elevation servo.

Because the gyro in Fig. 6-35 is fixed in space and the ship is rolling and pitching in a
sinusoidal fashion, the retransmission unit servo mechanisms will need to respond
satisfactorily to sinusoidally modulated inputs in much the same way as the gun mounting.
The DDU1714 used in the ‘‘Sine wave’’ mode can therefore be used to check the response of
these servos. This is illustrated in Fig. 6-36.

Checking the backlash in servo system gearboxes
- The DDU1714 provides an extremely accurate angular reference and by the very nature of its
solid state construction is backlash free. It can therefore be used to ascertain the backlash
present in servo system gearboxes. A good example of this type of application is its use with
gun mountings.

The gun barrel is positioned at a fixed angle and the DDU 1714 handwheel control is used
to increase the demand angle very slowly until movement in the gun barrel is detected by
using say a laser beam. At this point the input demand is stopped and the existing angle, as
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Fig. 6-36 Checking the response of retransmission unit servo mechanisms.

indicated on the Angle Position Indicator of the DDU1714, is compared with the original
angle. The difference will be an indication of the backlash in the gear train. This is illustrated
in Fig. 6-37.

Non-naval servo systems

So far we have dealt mainly with naval systems, the reason for this being that Dummy
Directors were originally designed for naval use. However as can be seen from the above
applications, there is no reason why the DDU1714 should not be used with any servo system
where the inputs are in synchro, resolver or digital form. A few examples of other
applications would be in aircraft systems, steel mills, machine tool and robot control and
ground radar.

Testing Digitally controlled machines
The digital output of the DDU1714 means that the unit is not only limited to synchro input
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Fig. 6-37 Using the DDU1714 to check for backlash in a gear train.

servo systems. The unit can be used very successfully to provide the stimulus for digitally
controlled servos such as those sometimes encountered in machine tool control.

The digital outputs from the DDU1714 are 16 bits wide and opto-isolated on both the fine
and the coarse channels and although the maximum velocity referred to the coarse channel
of 320 degrees per second may not be sufficient in some cases, the effective speed of 320 % 63
or 56 Revs per second provided by the fine channel when used at a ratio of 63:1 should be
suitable for most purposes. See Fig. 6-38.
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Fig. 6-38 Using the DDU1714 with a digitally controlled machine tool system.
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