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THE MARK 61 GUN FIRE CONTROL DIRECTOR 

PART I GENERAL 

A history of the development of the Gun Director Mark 61 

* up to December, 1944, was given in a report by Paul J. Larsen 

to Applied Physics Laboratory, The Johns Hopkins University, 

dated November 28, 1944. The report gives an account of the 

development from the initiation of the project in September, 

1943, including early work on stabilization, the fundamental 

design of the Director, and the various changes in design re­

quested by the Navy from time to time. For purposes of 

completeness and convenience for reference, the original per­

formance Objectives are restated here. 

1. Estimated Weight: 5670 lbs above deck, 3465 lbs 

below deck. 

2. Space Requirements: 74 inch diameter working circle, 

143 inch height overall. 

3. Computers: Designed to carry the necessary components 

of the Mark 57 Gun Fire Control System. 

4. Drive: t'ower, either hydraulic or amplidyne type with 

control of motion at the Director itself or from a 

remote station. • 
5. Operators: Space for the Pointer only. (This was 

later modified by Navy to provide space for the 

Control Officer as well.) 

6. Control: Both train and elevation from a single 

joystick or handlebars, whose displacement from a 

* Appendix A (Vol. II) DECLASSIFIED 
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"normal" position determines the angular velocity. 

7. Tracking: Optical and blind radar. 

8. Train Motion: 720 degrees to allow use of a cable 

twist for electrical supply. 

9. Elevation Motion: -20 degrees to +90 degrees from 

the deck plane. (This was later changed to -25 

degrees to +85 degrees). 

10. Tracking Rates: 1 mil per second to 20 degrees per 

second in train and elevation. 

11. Slew Rate: 45 degrees per second in train and 

elevation. 

12. Angular Acceleration: 30 degrees per second per 

second in train and elevation (original specification). 

13. Stabilization: Stabilization of the line of sight 

against ship roll and pitch, except no cross level 

compensation; residual roll and pitch amplitudes not 

to exceed 2 mils under the following conditions: 

Roll--25 degree amplitude, 9 second period 

Pitch--5 degrees amplitude, 5 second period. 

14. Tracking Error: On a normal straight line course with 

roll and pitch as in paragraph 13 tracking half 

circle not to exceed 2 mils. 

15. Maximum Range of Computation: 6000 yds. 

16. Radar: Mark 28 

17. Maximum Radar Range: 20,000 yds. 

18. Power Supply: Operation from ship's 440V and 115V, 

DECLASSIFIED 
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60 cycle supply, with power consumption not exceeding 

5 kw. 

19. Power Supply Variations: Performance not to be affected 

appreciably with voltage variations of ±15 percent 

from normal and frequency variations of +8 percent 

from the normal 60 cps. 

20. Ambient Temperature: Performance to be substantially 

independent of temperature from -10°F to +120°F. 

21. Mounting and Alignment: To be in accordance with 

established Navy practice and procedure. 

22. Accessibility of Components: All components to be 

arranged and mounted to facilitate servicing and 

maintenance. 

23. Structural Requirements: All components and assemblies 

to be designed to withstand 50 g acceleration and 

otherwise to conform to Navy structural standards. 

Components and finished structure to pass all 

standard Navy structural tests, such as vibration, 

blast, corrosion, etc. 

24. Servicing Personnel: Design to take into consideration 

the fact that the equipment is to be operated, 

serviced and maintained by Navy personnel after a 

short training period. 

The following changes have been made in these objectives to 

date (in the same order): 

1. Weight: 7125 lbs above deck, 3800 lbs (estima+.ed) 

below deck. 

DECLASSIFIED 
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2. Space Requirements: 74.5 inch diameter working circle, 

138 5/8 inch height overall with 30 inch Radar Dish. 

4. Drive: Hydraulic power drive, with control both local 

and remote. 

5. Operators: Control Officer and Director Pointer in the 

Director. 

7. Tracking: Optical, blind radar, automatic radar. 

9. Elevation Motion: -25 degrees to +85 d~grees from the 

deck plane. 

10. Tracking Rates: 1 mil per sec to 43 degrees per sec in 

train and elevation. 

11. Slew Rate: 43 degrees per sec in train and elevation. 

12. Angular Acceleration: 150 degrees per sec per sec in 

train and elevation. 

15. Range of Computation: 800 to 8000 yds. 

16. Radar and Target Acquisition Equipment: MK 47. 

17. Maxirau.t1 Radar Range: 30000 yds. 

24. Slew Sight: Means by which the Control Officer can 

take instant control of the Director in acquiring new 

targets, and means for automatically aligning the 

Director with the new line of sight. Instant transfer 

of control from slew sight to Pointer's Control at 

discretion of Control Officer. 

During the period from November, 1944, to March, 1945, three 

pre-production models designed in accordance with JHU/APL specifi­

cations and recommendations, were delivered by the Norge Division 

or' the Borg-Warner Corporation and underwent various structural 
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and performance tests. Following is a general description of 

the s erv.o system in the pre-production model at that tine: 

1. The power drive consisted of two Vickers variable 

displacement hydraulic pumps* powered by a double 

ended,constant speed, 1.5 hp, 440 volt, 3 phase 

electric motor and connected through high pressure 

copper tubing to 30°, 3600, rpm Vickers hydraulic 

** motors. One pump and hydraulic motor drove the 

Director in train, while the other powered the 

elevation drive. In order to produce a fine control 

of speed the rubber seal on the pilot valve of the 

pump was removed and replaced by a close fitting but 

free metal seal with approximately 0.0002 inch 

clearance. The resulting oil leakage was collected 

and returned to the oil sump by means of an auxiliary 

electric pump. A spur gear transmission in train and 

elevation gave a reduction of 492.8 between hydraulic 

motor and Director motion. The general scheme of 

gearing, except in some details, was the same as that 

for the final design as shown in Plate 13. 

2. The hydraulic pump stroke control+ was an adaptation 

and modification of the M2 stroke control as used on 

the Army 90 mm gun. The stroke motor was a Diehl 2 

pole, 2 phase, 20 volt, motor, driving an Elinco D.C. 

* Photo Vickers 20400 Pump - See Appendix A (Vol. II) 
** Photo of Vickers 30° 3600 r.p.m. hydraulic motor - See 

Appendix A (Vol. II) 
+ Photo of Apex second stroke control - See Appendix A 

(Vol. II) 
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stroke generator at one third the motor speed and 

actuating the hydraulic pump pilot valve through a 

gear reduction of 240 to 1. Train and elevation 

limit stops were provided by means of flexible 

shafts from the drive gear systems, which actuated 

segments to return the hydraulic valves to the 

neutral position at the limit of motion. The 

hydraulic pilot valve was arranged for adjustable 

dither amplitude at 1600 vibrations per minute. 

3. The amplifier for actuating the stroke control con­

sisted of three stages, the first of which was 

operated as a balanced amplifier with alternating 

potential applied to the plates. The second and 

third stages were conventional push - pull stages. 

This arrangement supplied a phase and polarity 

sensitive AC output voltage proportional to AC input 

and to DC input. AC control potentials and the DC 

stroke generator signal after being fed through an 

RC network were both applied to the amplifier input. 

4. Control of the Director was accomplished by a joystick 

which actuated rotatable transformers in train and 

elevation for angular rate control and tachometer 

generators for position control. Motion of the 

joystick generated two control signals, one of 

which produced Director angular velocity proportional 

to the joystick deflection while the other produced 

angular velocity proportional to the rate of joystick 
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deflection. To give the Pointer a sense of solidity 

about the joystick, viscous dampers were attached to 

each axis of the joystick gimbal system. 

5. The gyros were of the type used in the Computer Mark 

17 except that the damping was reduced to critical 

at the fixed range wire setting employed, which gave 

just full gyro deflection at the maximum desired 

tracking rate of 25 degrees per second. The range 

wire orifice was clamped permanently in this posi­

tion. Wheel speed was approximately 5000 rpm. 

Director Serial No. 1 was shipped to the University of 

Virginia (U of V) where it was placed on a roll and pitch plat­

form for stabilization and tracking tests. These tests were 

carried out both with optical and automatic radar tracking by 

University of Virginia personnel. Director Serial No. 2 was 

shipped to the Navy Bureau of Ordnance Test Unit at Dam Neck, 

Virginia, (DN) for firing tests with a dual 40 mm gun on a roll­

ing platform. Director Serial No. 3 went first to the U.S. 

Naval Gun Factory, Washington, D. C. for temperature performance 

tests and then to the Chesapeake Beach Annex of the Naval 

Research Laboratory (CBA) for precision tracking runs on 

stationary and rolling platform. A description of these tests 

and their results will be of interest in connection with later 

developmental changes in the Director. 

At the University of Virginia difficulties were immediately 

encountered with violent hunting in train. This was traced in 

part to torsional compliance of the roll and pitch table and in 
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part to compliance in the high pressure oil lines in the 

Director drive system. The former was reduced to unimportance 

when stiffeners were welded to the table. A computation 

showed that the remaining compliance c ould be accounted for by 

compressibility of the oil in the high pressure lines and 

elastic expansion of the copper oil lines themselves. 

The following project was set up to perform tests and 

measurements on these effects and to determine the conditions 

for their adequate reduction. Means were devised quickly to 

return the hydraulic pump pilot valve to a position near the 

neutral from any given displacement. The pump was connected 

by copper tubing to a hydraulic motor upon the shaft of which 

was mounted a disc whose moment of inertia was equivalent to 

that of the Director in train. Various lengths . and wall 

gauges of copper tubing could be used between pump and 

hydraulic motor. Also attached to the hydraulic motor shaft 

was an induction generator, by means of which instantaneous 

angular velocities could be recorded on a Brush recorder. 

Following are a few of the experiments which were performed 

in an attempt to locate the factors influencing this effect. 

1. Various methods of bleeding the system of air were 

tried with both long and short tubing and a trans­

parent window was inserted in the pump housing to 

determine when the bleeding was complete. The tests 

indicated that operation of the system while the 

hydraulic pump pilot valve was stroked periodically 

bled the system as effectively as any other method. 
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2. Pressure gauges were inserted in the high pressure 

lines to determine whether the transient pressure 

was rising high enough to operate the internal 

relief valves in the pump. Within the time 

constant of the dial gauges the indicated pressure 

was no more at any time than approximately one 

sixth that for which the relief valves were set 

(1250 psi). 

3. The pump was driven from a very low impedance power 

source (a 25 hp hydraulic motor) to determine whether 

the vibrations were caused by compliance of the pump 

drive system. The oscillation was substantially 

unchanged. 

4. In addition to 0.S. 2943 hydraulic oil the aircraft oil 

AN-VV- 0-366-B designed for use to very low tempera­

tures was tried. No improvement resulted. 

5. Plate 70 shows the angular velocity of the hydraulic 

motor as a function of time (a) with five-foot lines 

of light gauge copper tubing (0.032 inch wall) and 

(b) with lines of heavy gauge copper tubing (0.062 

inch wall) shortened t~ approximately fifteen inches 

each. In the latter case the oscillation has practi­

cally disappeared. 

It was concluded from these experiments that shorter and 

heavier lines would provide the best remedy for the oscillation. 

Shortening of the lines was accomplished in the Director by a 
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minor rearrangement of .the tubing and proved very effective in 

reducing the torsional cocpliance of the system. 

The system was used at the University of Virginia for 
tracking tests on a cub plane both with optical and automatic 
radar tracking, with the platform stationary and ·with the 
platform in motion with a 15 degree amplitude roll and 5 degree 
pitch. The automatic radar tracking unit was one developed at 
the University of Virginia. All the pertinent reports in the 
JHU files from the University of Virginia are included in the 

present report.* 

Director Serial No. 2 was received at JHU in March 1945 
where the vibration test was made on the assembled Director.** 

The complete Gun Fire Control System, consisting of the Director 
Mk 61, Computer Mk 17, Computer Mk 16, Radar Mk 29 and attendent 
power supplies, was set up and placed in working order. The 

Director System was then sent to Dam Neck where it was received 

on April 4, 1945, for firing run tests. After some preliminary 
difficulties, mostly with the Computer Mk 17 and the stabilizer, 
the system was placed in operating condition by the middle of 
April. The Director and a 40 mm dual gun were mounted on a 
roll and pitch table from which firing run tests were made during 
the last two weeks of April. The tests were carried out both 
with the platform stationary and rolling and with optical track­

ing, radar spot scope tracking and automatic radar tracking 

* Appendix B (Vol. II) 
** Appendix C (Vol. II) 
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using the U of V automatic tracking unit. The latter was in­

stalled and adjusted by U of V personnel. The targets consisted 

of both sleeves and TBD-8 drones for firing tests and of SBD, 

F6F and F4N piloted aircraft for photographic runs at high 

tracking rates. Results of these tests are given in the Appendix 

to this report.* 

Director Serial No. 3 arrived at the U.S. Naval Gun Factory 

in Washington, D.C., on April 17, 1945, for hot and cold operat­

ing tests. This test was under the official direction of the 

Naval Research Laboratory. Arrangements were made for operating 

signals to be supplied to the Director while in the temperature 

room. The Director was placed in operation and the temperature 

reduced to -10°F on April 24, 1945. All components were found 

to be in operating order except the hydraulic oil, O.S. 1113, 

which was too stiff to flow through the lines at this temperature. 

No further trouble with oil was experienced after it was changed 

to O.S. 2943. However, the slewing rate was reduced to 25 

degrees per second and the exposed gear lubricant became too 

stiff for proper operation. This lubricant (cardium compound No. 

10) was replaced with Lubriplate o.s. 1385, which remained soft 

and provided the correct lubrication. Power consumption was 

measured by means of a Weston Industrial Analyzer with the 

results shown in Table 1. The Director ran in train and elevation 

without further casualty at -10°F for approximately 24 hours, The 

temperature was raised to 95°F and the Director again cycled for 

24 hours. There were no casualties. 

* Appendix D (Vol. II) DECLASSIFIED 
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TABLE 1 

T r a c k i n g R a t e 

Zero0 /Se~ 
442. 

1.4 
0.60 

Slew - 25°/Sec. 
442. 

5.0 
3.0 
o.Bo 

Director Serial No. 3 was then shipped to CBA of the Naval 

Research Laboratory for precision photographic tracking tests 

by the NRL Group. Several troubles showed up when the system 

was reassembled at CBA, some of which probably occurred during 

the cold tests at NGF . The drive from the synchro box to the 

telescope had a considerable backlash of about 10 mils and the 

radar worm transmission had worn in such a way that motion 

occurred in steps and caused excessive vibration. It has since 

been necessary to redesign the telescope drive as well as to 

make changes in the design of the worm gear transmission. 

Tests were made on a stationary platform on piloted air­

craft with optical tracking and automatic radar tracking. For 

the latter tests, an automatic tracking unit was designed and 

constructed at NRL which later was adopted as an integral part 

of the Gun Fire Control System Mk 61. The University of 

Virginia automatic tracking unit was not tested at this time • . 
The following points which adversely affected the quality 

of the tracking were noted and recommendations made for their 
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correction. 

1. The joystick viscous dampers were designed with 

Sylphon bellows and were not rugged enough to 

prevent residual motion of the joystick at the 

neutral position. The lost motion between joy­

stick and damper made the joystick feel "loose" 

in the normal position. 

2. The position control tachometer potential was too 

low to give position control of the Director. 

3. Linear rate control as provided by the rotatable 

transformer made tracking at low angular rates 

very critical. 

4. The phases of the various potentials in the control 

circuit were not well matched. The result was a 

considerable input to the amplifier which was in 

quadrature with the actual control signals. This 

quadrature signal was large enough to saturate the 

amplifier at tracking rates above about 15 degrees 

per second. 

5. Noise and harmonics in the control circuit were large 

enough that the amplifier was about half saturated 

even with zero input signal. 

6. The stability of the drive system had a time variable, 

i.e., the adjustments of the system for stability 

were not the same at all times. This indicated that 
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sensitivities and circuit characteristics were 

not independent of such factors as line voltage, 

temperature, ageing of components, such as tubes, 

and so on. This unpredictable variation in 

stability was probably connected with. that of the 

amplifier, for the balance adjustment on the 

latter was also erratic. 

7. Lost motion and windup in the telescope drive made 

good tracking impossible, even when the target 

image was kept accurately on the telescope cross­

hairs. 

8. The slew-sight-controlled linear potentiometers 

introduced control potenti.als in the amplifier cir­

cuit when the operator closed the slew sight switch. 
-

It was found in practice that the linear character-

istic resulted under some conditions of acceleration 

in an unstable system when the slew sight servo loop 

was closed through the operator. 

9. Stability of the Director drive system could be obtained 

only at a fairly low servo loop gain. This was be­

cause, as shown later, the gain crossover frequency 

of the system was much too low, so that the loop 

gain was necessarily limited to low values if the 

system was to be stable. 

10. Because of dry friction in the system the low servo loop 

gain meant that the action of the Director was not a 

unique function of joystick position and rate. Thus 
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the tracker had to compensate continually for 

spurious and unpredictable Director motions, which 

resulted in quick operator fatigue. 

11. The control loop frequency response curves of the 

Director as shown in Figs. 1, 2, and 3, are very 

instructive. The first two characteristic curves 

were obtained with the control signals supplied 

by a side band frequency generator connected as 

in Fig. 4. The rotatable transformer (RT) in this 

unit, which is driven at an adjustable speed by the 

drive motor, is connected in phase opposition to 

the Control Transformer (CT), whose shaft is driven 

by t he Director itself. The voltage difference is 

amplified and actuates the Director power drive 

system to reduce the differential to zero. If the 

drive system response is independent of frequency, 

the amplitude of Director motion as the RT rotates 

depends only on the voltage amplitude of the RT. 

Because the system is a physical one this condition 

is not realized in practice; the amplitude falling 
-

off at high frequencies from a corner frequency 

which depends upon the inertia and torque character­

istics of the system. The results of the closed 

loop frequency response test are shown in Figs. 1 

and 2. 

In Fig. l the two curves marked "elev. = 0 11 
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were taken about a halt hour apart with no adjust­

ments having been made during that interval. This 

illustrates the variation of system response 

referred to in paragraph 6 above. The curve marked 

"elev. ;;; 60°" was taken with the Director elevation 

angle 60° above the deck plane. The curves should 

be straight, horizontal lines to the corner frequency, 

with perhaps a slight resonant rise before decreasing 

steadily at higher frequencies. Actually the 

amplitude falls off before the resonant rise to the 

corner frequency which is approximately 1.5 cycles 

per second. In addition to having a poor frequency 

response characteristic the Director was sluggish, 

since the corner frequency should be 4 or 5 per 

second for good response. 

There seems to be a definite tendency for the 

response to fall off at low frequencies as if from 

a corner frequency and then to rise in a resonance 

peak. This might be accounted for by play in the 

gearing to the stabilizer cradle or compliance in 

the stabilizer mounting, which in fact was quite 

appreciable at the time and has since been reduced 

considerably. Such a condition would reduce feed­

back at the higher frequencies and result in a 

motion of increased amplitude. 

Fig. 3 shows the frequency characteristic when 
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the Director ts driven by a cycling signal with no 

feedback from the synchro system of the Director. 

As shown later the slope from zero frequency should 

be -1 to the corner frequency and more rapid there­

after. These tests indicate two deficiencies of the 

system: (1) The servo loop gain should be increased 

for a "tighter" servo system and (2) The syster.a design 

should be modified to give a uniform frequency response 

at low frequencies . 

12. Tests on automatic radar tracking were surprisingly good, 

considering the above test results, as shown in the 

NRL reports. However, two things are worth mentioning. 

The velocity lag became objectionably large at high 

angular rates and the Director had a tendency to hunt 

when moving in one direction. The first is reduced 

when the servo loop gain is increased and the second 

indicates excessive phase or amplitude asymmetry in 

the circuits, which probably was in the amplifier. 

At this time a joint project was undertaken for the redesign 

of the Director drive system by the JHU/APL group and the Fire 

Control Section of the Naval Research Laboratory to reduce or 

eliminate the above difficulties. The remainder of the report 

is concerned with the redesigned system, its principles, the 

revised system with ideal components, the system with real 

components, the components themselves, test equipment and 

recommendations for further improvements. 
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PART 11 

T~IDEAL SERVO SYSTEM AND THE REAL SYSTEM 

For purposes of illustration, the complete Fire Control 

System Mk 61 is s hown in Plate 1. It is a "line of sight" 

system in which the Director and radar point to present pos i tion, 

while the gun points to future position, corrected for ballistic 

quantities. Radar target ranging and gun laying are both pro­

vided for. 

A photograph of the Director is shown in Plate 2 together 

with a rear view in Plate 3 and views of the basket through the 

open access door in Plates 4, 5 and 6. Views from the front, 

back and sides of the basket which rotates in train , are shown 

in Plates 7 to 10 inclusive. The various components are shown 

mounted upon the sides of the basket for maximum accessibility. 

Plate 11 shows the shell with the main bearing spider and mount­

ing at the bottom and the bull-ring spur gear and roller pad for 

guiding of the basket at top. The gear faces are vertical - a 

feature which allows expansion of the shell vertically without 

affecting the gear mesh. Plate 12 shows the main controls in 

the Director basket accessible to the Control Officer and the 

pointer. The Main Switch and Stop and Start control is so 

located that both operators can reach it instantly and the True 

Bearing Dial and Cable Twist Dial can be read by both operators. 

The Director gear system is illustrated in Plate 13. All 

main power drive gears except the Radar Worm Drive are spur 

gears, to reduce the dry friction in the drive system to a low 
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value. All drive gears are of steel, precision made and shaved, 

with teeth properly shaped for low friction and long life. Bear­

ings are either ball or roller bearings properly sealed against 

weather where exposed. All gears and bearings are lubricated 

with Standard Nayy approved oils and greases. Plate 13(a) is a 

lubrication chart of the Gun Director. The couplings indicated 

in yellow in Plate 13 are micrometer couplings by which angular 

adjustments of shafts can be made easily and accurately without 

danger of future misalignment by slippage. Plate 13(b) is an 

axis alignment chart of the Gun Director based upon alignment 

checks as given in Ordnance Specification O.S. 3932. 

Plate 14 is a photo of the power drive system components, 

while Plate 15 gives the complete Train and Elevation Hydraulic 

Power Drive System in diagrammatic form. The 1.5 hp electric 

motor drives both train and elevation pumps as well as the sump 

pump, which returns oil collected from the pilot valve leakage 

to the filler tank. By-pass valves in the high pressure lines 

allow relative motion between the hydraulic system and the 

Director. High pressure hydraulic lines are of heavy gauge 

copper tubing (0.062 inch wa11) and are as short as possible. 

Hydraulic lines are zinc plated. Rubber seals have been elimin­

ated from the hydrau1ic pump pilot valves and close fitting but 

free (0.0002 inch clearance) metal seals substituted. The dry 

friction of the pilot valve is less than 0.5 oz, which compares 

with 12 to 16 ozs for the neoprene seal. The oil used in the 
system is Navy o.s. 2943. 

The AC and DC Power System schematic is shown in Plate 16. 
The entire system was designed for supply limits in accordance 

with the Objectives. Power circuits are arranged for maximum 
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safety to operating personnel without introducing chances of 

mis-function under emotional stress. To place the Director 

in operation the Train Lock Plunger must be disengaged, the 

Main Switch must be "on" and the "start" switch must be pushed 

before Director Drive will start. It is not possible to damage 

any equipment by a difference in sequence of the operations in 

starting the Director. When using the Power Drive the Manual 

Crank drive must, of course, be disengaged. A spring keeps 

the latter normally in the disengaged position. It is not 

necessary to wait for warm-up time, since immediate operation 

is possible before gyros are up to speed, although there will 

be no control until the amplifier tubes are warm, which requires 

about 15 seconds. 

Plate 17 is a simplified schematic of the Electrical Control 

System. The control potentials are supplied by three main 

sources in the sytem: (a) The control signal proper, which 

may be furnished by the Pointer's Control Unit (Manual Rate) 

Mk 31 Mod o, the Automatic Tracking Radar Unit in the Radar 

Console Mk 6, the Ta~get Acquisition Control Unit (Joystick) , 

or the Slew Sight, Mk 6 Mod o; (b) the external servo loop 

feedback potential furnished either by the Stabilizer Mk 1 

Mod O or a feedback tachometer provided for the purpose; and 

(c) the internal servo loop feedback potential, furnished by 

a tachometer provided for the purpose in the Hydraulic Pump 

Stroke Control as described presently. The control potentials 

appear across resistances connected in series in .the control 
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circuit as indicated by arrows in Plate 17. The Control IT¼lt 

Mk 31 Mod O provides two potentials, the first being the 

Director rate control, a function of joystick deflection, and 

the second the Director position control, which is proportional 

to rate of joystick deflection. The Control Officer may, by 

closing the finger switch on the Slew Sight, disconnect the 

Pointer's Control Unit Mk 31 together with all below decks 

controls, and put the control in the Slew Sight. Fig. 5 is 

a block diagram of the control signal circuit. 

Switching from Local to Remote is accomplished in the 

Director only, although the transfer from Remote to Local can 

be made from either above or below deck. The switching above 

decks is done in two stages, the first of which transfers train 

control below decks, while the second transfers elevation. The 

opposite sequence is not possible. This arrangement has been 

provided so that the Pointer can maintain control in elevation 

for one very common and important tactical approach of hostile 

aircraft - namely the torpedo run, when the attacking plane 

flies low and parallel to the water in an oncoming run. Re­

flection of the radar pulse from the water surface produces an 

interference pattern in the radar which makes the plane appear 

to rise and fall in the Radar Spot Scope. If the Pointer 

maintains control in elevation he can allow for these periodic 

excursions, thereby producing considerably ~etter tracking of 

the target. 

Transfer of control from Director to below decks gives the 

Target Acquisition Unit (TAU) Operator control of the Director 
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in train only or in train and elevation, depending on how the 

shift is made, as described above. The Ac~uisition Operator 

may look for targets either on his own or on instructions from 

Control Information Center (CIC), for he has an Elevation (E) 

scope, a Plan Position Indicator (PPI) scope (which by suitable 

switching may be made to show the Director radar pattern or 

Ship's Search radar pattern), and both true and relative bear­

ing dials. Upon acquiring a target he decides either (1) upon 

automatic radar tracking or t2) upon optical or spot scope 

tracking. In the former case he places his selector switch 

on "Radar" and depresses the foot switch from 11Search11 to 

"Track", pilot lights on the TAU console indicating the position 

of the switches at all times . In the latter case he warns the 

Director Pointer by telephone, shifts the selector switch to 

"Director" and depresses the foot switch. With the foot 

switch on the 11Search11 position the radar nutator is always in 

elliptical scan. In the "Track" position it is normally in 

conical scan. If the operator wishes to search with conical 

scan he places the selector switch on "Conica111
, leaving the 

foot switch on 11Search. 11 

Plate 18 shows the Gun Director Cable Diagram. The reader 

is referred to the Director Instruction and Maintenance Manual 

OP 1562 for schematic wiring diagrams of the various component 

assemblies and terminal cabinets . The Component List for the 

Gun Director is given in Pl ates 19 and 20. The Cable Diagram 

for the complete Gun Fire Control 3ystem Mk 61 is given in 

Plate 21, while the component list for the overall Gun Fire 
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Control System is given in Plate 22. Plate 23 is a Gun Fire 

Control System Flow Diagram of signals. 

The servo system is composed of the elements indicated in 

the simplified block diagram of the system. (Fig. 6) The power 

level from the Error Measuring element and the Control Signal 

is very low as compared to that required to control the Power 

Drive, so the Control Device contains amplifiers (both electri­

cal and hydraulic) as well as the mechanical means for controll­

ing the Power Drive. The problem is reduced to one of determin­

ing the properties of actual elements (in contradistinction to 

ideal elements) that will make the final performance of Director 

and Operator compatible with the Objectives as set down at the 

beginning of this report. 

In the design of any servo system whatever, no matter what 

its configuration might be, the following points are of prime 

importance if the actuated body is to obey the command supplied 

by the signal source both accurately and rapidly. 

1. The overall gain of the open servo loop must be large. 

With the correct type of feedback this results in a 

high primary stiffness or what is generally called a 

"tight" servo. The meaning of the term "Gain of the 

open servo loop" is discussed presently. 

2. The signal to noise ratio must be high, otherwise ex­

cessive random motion of the system about the equili­

brium position will result. Actually this is one of 
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the factors which deterrninE the maximum practicable 

gain for the servo loop. For this purpose everything 

which obscures the desired result is considered to be 

noise. Dry friction in bearings or gears, play in 

gear teeth, spurious electrical signals, and external 

vibration which directly or indirectly affects the 

electrical or mechanical circuits are all classified 

as noise. 

3. The open loop gain at the 180~ phase shift frequency 

must be less than unity in order that oscillation at 

this frequency will not be sustained when the loop 

is closed . fhis is the requirement for stability of 

the system. 

The_Ideal Sy_stem 

For the reasons enumerated above the frequency range of 

interest extends considerably higher than frequencies represented 

by ship roll or than those supplied by the Pointer as he tracks 

the target. This is because the maximum permissible gain at low 

frequencies (say less than 2 cps., which is the region used for 

stabilization and tracking) is directiy dependent on the proper­

ties of the system at higher frequencies. Let us consider first 

one example of an "ideal" system, i.e., one which has perfect 

components. These components would contribute no noise and 

would have uniform response char~cteristics over all frequencies. 

The gain of the open servo loop is a very useful ~oncept ~~d 
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is defined in the following ~ay. Let the circuit be interrupted 

at the point Fin Fig. 6. If a si~nal ei is applied to cause the 

system to move in sinusoidal motion c:1.t frequency f, a signal e 0 

will be generated by the rate gyro E. The open loop gain is 

defined as 
e 

0 

e1 

where all quantities are in general complex. 

(1) 

The gain f-1- is a function of the frequency f. To make the 

manner of dependence clear consider the type of the elements 

used in the Mark 61 Director. The Control Device is a hydraulic 

stroke control consisting of an e l ectrical amplifier, a stroke 

motor, and necessary gearing and auxiliary equipment. The ideal 

device would be one in which the instantaneous output angular 

velocity under all conditions would be proportional to the input 

signal to the amplifi er . This is just the condition to be satis­

fied by an integrator, for the total angular distance in any time 

interval is given by 

r1. -Ji d.:t- = ~,JE d..t- = -f{;;. J e i J.t 
Tco - cc 

and if e; -= i.t ~ iw't' 

the applied signal , 

where and f is the frequency of 

(2) 

The displacement, then, is a sinusoidal function of time with 

amplitude inversely proportional to the frequency and with a 

phase lag of 90° . Thus the gain~ is infinite for zero frequency 

and the system output would build up to infinity with a steady 

DECLASSIFIED 



- 26 - DECLASSIFIED 

signal input. 

For use later in the discussion the following is a more 

explicit statement of the ideal transmission characteristic. 

Consider first a ball integra~or in which the output angular 
• 

velocity~ is proportional to the input angular deflection 

4-i . If the input shaft is :no.de to follow an angular sinu­

soidal motion of amplitude~ , there results 

cf. . - 'ft e -ic,., r 
T:Tl -

, where k is a constant of proportionality. 

Then 

~ = f'(d.t ~ ~ J~ dx"' fz<p.-j ei~~ " 

or ~ ~ --i· JW 
' 

The angular fre4uency We , at which I ~o) = J VJi ), is called 

the gain crossover frequency or unity gain frequency of the 

unit. Since t 0 and ({;--,- differ in phase by 90 degrees, ~ 0 /9 i = - ;i 
at the gain crossover frequency, and the above equation becomes 

~~ We. l..Je-- = 1--"- -::: --:-- :::. -c:. 

~- J&J --F 
(3) 

where p. is the frequency transmission characteristic of the 

uni t , and 1~ = i w • 

In many devices used in fire control work the input quantity 

may. be an applied potential to which the output angular velocity 

is proportional, or vice versa . 
• 

Let the output angular velocity b~ ~ and the input voltage 
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be e. We may think of a ficititious input angle Which is 

proportional to e . Then 

-~• -:: f<- <(}./ -;,: ~ ~ I e 
;) 

where k and k1 are constants. As before 

f . f" ...() f.() il,Qt tr ~ 1) (lj- = 1'<. 1<, e o..:t ;;; {< ~ ,eo ~ = 
0 0 -

where the applied potential is sinusoidal. 

Rearranging 

~o ~ - . 
-k, e dW 

when 

\~le) - l ~ l 

we have 

and 
We. We.-

})- ~ Jw : 1° (4) 

where 
. cl t=JW == il and is the conventional operator. 

A similar argument gives~ for a differential element: 

u.= ± (5) 
,- Cvc.. 

The angular velo~ity of the Power Drive element is propor-

tional to the pilot valve displacement. The same analysis shows 

this element to be an integrator with properties similar to those 

of the Control Device. 

The Velocity Measuring element is a gyro so arranged that 
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the output electrical signal is proportional to the input 

angular velocity. In the ~deal case this relationship would 

be independent of the input fre~uency. Then if the input 

amplitude em is kept constant the output signal is given by 

(6) 

Thus the output signal is sinusoidal with amplitude pro­

portional to the frequency and with a phase lead of 90~. If 

these relationships are plotted on log log paper as in Fig. 7, 

the results for these ideal elements are straight lines of unit 

slope, positive for the differential type elements and negative 

for the integral type elaments. From the definition of the 

decibel it follows that the curve for the former rises 20 db 

per decade or approximately 6 db per octave of frequency change 

while that of the latter decreases at the same rate. 

If, now, the three elements are connected in series as in 

Fig. 6, but with F still open, and if a sinusoidal signal ei is 

applied, the combination frequency characteristic will show a 

decrease of 20 db per decade and a phase lag of 90~ (Fig. 8). 

The open servo loop gain t-J- at any frequency is defined as the 

ratio of the peak output voltage teo at that frequency to the 

-peak input voltage el . The gain crossover freguenQ.I f c. is 

defined as that frequency at which the magnitude of e
0 

is equal 

to e/ . 

The ideal system described above is one which would remain 
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stable at all frequencie~ when the servo loop is closed, i.e., 

when the circuit at Fis completea. This is evidently true 

because at no frequency are the necessary and sufficient condi­

tions for sustained oscillation satisfied, namely, that there be 

a frequency for which the phase shift is 180° and that at this 

frequency the open loop gain be greater than unity. 

This can be shown quantitatively by applying the well 

known feed-back amplifier relationship: 
µ. 

where in general all terms are complex, and 

External transmission characteristic 

Open servo loop gain 

Feedback factor (fraction of output 
returned to input.) 

(7) 

However, {:> = -1 since the total output of the gyro is fed back 

into the amplifier input. E~. (7) then becomes simply 

(8) 

and A as a function of frequency may be obtained by using values 

oft--'-- and the phase shift 19 from Flg. 8. For example the value 

A for f/fc = 0.5 is 

A-

The external transmission characteristic A is given as a function 

of frequency in Fig. 9 and the phase characteristic is given in 

Fig. 10. These figures show that the amplitude of the motion 
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never exceeds the applied amplitude of the gyro and, furthermore, 

that the phase shift approaches 90a at indefinitely high frequen­

cies. The phase shift never reaches 180°, and the system must 

therefore be a stable one for all input frequencies, amplitudes 

and system gains. 

To see how this transmission characteristic is related to 

the Director motion as a function of deck motion suppose the 

deck to move sinusoidally with frequency W and amplitude~~­

The control signal is generated by the gyro which is a deck 

velocity measuring device (as well as a Director output velocity 

measuring device). The input voltage e; is proportional to 
• 

~d. and ~ is proportional to f e-o d.--'t • Rewriting Eq • 
• 

(8): ~ 
eo = I'-'- -= -fo-
e; I+ f-'- fL 

• 
For a sinusoidal deck motion of constant frequency &- is 

proportional to <b- , so that finally 

(9) 

Thus Fig. 9 represents the closed loop trans~ission char­

acteristic of the system for stabilization to deck motion. 

For later purposes we find the transmission characteristic 

of the closed loop. Consider the low pass network shown in 

Fig. 10 A: 
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. 
z '2 

Then 

• I 
e-=- i - -

o ,e>C 

or 

The product RC is the time constant of the circuit and its 

reciprocal 1/RC is the angular frequency ~~ of gain crossover 

(i.e. , the frequency of intersection of the sloping part of the 

characteristic with the unity gain line) or the corner frequency 

of the network. 

Then 

(10) 

This equation is ~lotted out in Figs. 9 and 10. 

A similar argument shows for a high-pass network: 

(11) 
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The complex voltage error Eis given by 

from which the complex angular error G._,. is 

~J.. 
(12) 

To obtain JJ- for the overall idealized system it 

is only necessary to take the product of the separate t>­

characteristics. If the gain crossover frequencies of 

the Control Device, the Power Drive, and the Rate Gyro 

are, respectively, w,.,,, , CAJ,.. , and Wer , the error 

expression becomes 

If in this particular system (JJH is made approxi­

mately to equal CvG- , then 
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For angular frequencies of deck motion much less than WM1, 

, and 

(13) 

If the maximum roll amplitude and frequency to be ex­

pected are known and the maximum allowable stabilization 

error has been established the minimum acceptable value of 

w,.,, can be determined. Substituting the requirements in 

the original Objectives (Paragraph 13): 

0.12 degree error= 

or f = Z.3 e),s. 

a result agreeing with that obtained by other means (Fig. 

21). 

In a manner similar to that used previously the Control 

Device error can be determined for deck motion, 1.e., for 

stabilization against roll. 

We saw that the error between the deck motion and 

Director motion is 
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- 34 - DfCLASSIFfEu 

The Control Device error, then, is the derivative of this 

error, since one must go backward through the Power Drive, which 

is an integrator as used in the system; then 

E.sc::. (14) 

and the Control Device error is proportional to deck accelera-

tion. In the case of constant deck velocity ~c. = O and 

there is no input to the amplifier. 

The above analysis can be repeated for a system with a 

falling characteristic of 40 db per decade. Such a system 

would be represented by the above one except with the gyro 

replaced by a rotatable or control transformer. The system 

phase shift would be 180°--one 90° shift supplied by The 

Control Device and the second by the Power Drive. 

The open loop characteristic is given in Fig. 11. A as 

a function of frequency is given in Fig. 12 and the phase 

shift is given in Fig. 13. The interesting and instructive 

feature of this result is that the system is in phase with 

the driving signal for f/f 
C < 1 and the system is 

completely stable in this region. !he system is unstable at 

the gain crossover frequency. 
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This gives a clue as to how the 40 db per decade system 

may be modified or equalized to produce a stable system. If at 

some point such as K in Fig. 11 the slope of the line were 

changed so that the slope at gain crossover is 20 db per decade 

the phase reversal at gain crossover will be replaced by a 90° 

phase shift--a condition which we have seen is a stable one. As 

a matter of fact it is not necessary that the phase shift be 

reduced as much as 90° at gain crossover frequency to produce a 

stable system. This may be seen by calculating the closed loop 

characteristics of the ideal 40-20 db per decade system with the 

corner frequency placed at various positions with respect to the 

gain crossover frequency of the 40 db per decade system. Fig. 

14 gives the open loop phase relationship between input and out­

put as a function of frequency for three positions of the corner 

frequency as indicated in Fig. 11. The closed loop amplitude 

and phase characteristic is calculated from Eq. (8), the follow­

ing being a sample solution: 

Calculate the amplitude and phase at f;tc = 1 for curve A, 

Fig. ll. From this curve f- = 3.4 and from Fig. 14 the open 

loop phase shift c..p = 108° • Then 

A = fJ-- Li =------
l-+ p..ct 

3.4 1-108• = 
1 + 3.4 )-108° 

The amplitude and phase characteristics so calculated are given 

for the three cases in Fig. 15 and Fig. 16, respectively. 

The system is stable for all three cases, but with resonance 

peaks at which the amplitude of the system exceeds the input 

amplitudeo 

DECLASSIFIE!:I 



1 
9 

8 

7 

6 

5 

4 

3 

2 

9 

8 

7 

6 

5 

4 

3 

2 

1 
9 

8 
7 

6 

5 

4 

3 

2 

1 
9 

8 

7 

6 

5 

4 

3 

? 

~ 
'-=-'""' 

! ~-± -= = -- -
➔ ' '+ 

I- -i-----,--
· • • 

~ 

.__- L ·-~ 

1-1--L- I-

I 

l---cH--+-+-l--'--,
1
1-.L.!--HH--+-+-+-+-+--t-+--l-+-H--+-+-+-+-+--+-+-+-+-H--+-+-+-+--+--+--+-+--l-+-H--+-+-+-+-+--+-+-+-l---chll'l'-l~-1--i---+1/4----f 
I I I I I I 

'-'-;: E .: J:- -=! ~ ► 
'-" ~ 1f ,t-
F-t. ~~ ~~--::_­

-j .'..a 

I 

I 

E;:..= -;::: 

I 
I 

I 

ffi 

+---

' I ~ 

I 
I 

., 
I I 
I I 

I 

I= 

,,,,. 

~ 

m~ it~\~ d 

· 1 

..l 

1 
l 
I 

·= i::::::E 

===f 4=- -=f. l~- ~ 

-:- ~ 

0 
0 

0 

0 

, r ~ 
'----" ...... -'-J....1....1......1....J.....J.--'--'-L...L-'-J....1....1......1....J.....J.....,c!JU-'-....., ...... __.._ ...... _,_-:!:o,...__._ ...... ..._J....1----'-....1....o!,-l....1..-'-J.....J.--'-..!...JL-L--,1c.:>µ..L.J.....J.--'-..1....1....1. ...... ,,1,..,...1....J......1~..1....1...J.-1...J..Jod 

!!! CO ♦ ~ 2 CD 
I T I I I 

S!llUl930 l:IIHS 3SWHd 



DECLASSIFJEl!J 

1: -~ . ~ -· ·.➔+• -,--H •h, 'M'I 
t-

8 
· ---+-t· · · +- ~ • • ~R C ·• 

7 
, +tt tH 11 1 : 4 i r•1-1-1-1--t+H ..-......... -'-+o-+--,- ...i • • .., H~---, ++'-++ ·, ,...._h- t,_...--+-+·-t-+-+-+-ii-++-............... ,_,___"'_,..._......,_ .... 

6 +4 h- I I I I I ,:- .::: II ,I I'!' 4 LI ..!... , I I trit l "!" ..:.. ' ..J. ' I ~ .. 
I 

• t :- : I •. ..:..::: §F !±g :H? :£ i=:: • '-t ~ - +. ~ - f ' . :r:=, r+ ·. •• . 

Xl.d 

~ 

:; 

I 
I 

. 

I 
I 

:t: 

:j: -
• t=Et::l... .. I! 
~~-

2 -.,- ... • ' . . • -----+-- . • ~ 
~ 

-:fEEf+l ,.,.m.....,_m{ imrn:tf H$ ~'..- _ j+H-+~~.--

. s: . ; t::!:"~ ,.,.. 

XO.I 

X0.01 

+ ,- 14- 1 I+ 
H--if-+f->- ..... H-, 

I' I I I 

I I I : 
It-

I 

I . I I 
I I 

.. 
1'1 1 

• i I I 
I -
I 111 + +H H-l-+-t-++-t-++-l+H-1-tff-t-tttt+tt-t++H-t+l-t+1++-t-H-+-t+1 I 

~ 

' ... -
, ... 

I 
-, 

' 

!'IT""-

➔ 

I I -

-+-

~ 

t 

.ill t' 

,.., 
,...,.,.. •+i 

ltth i+ 

I 

I I 

. l 

+ lt4 f,.. 

H-c+ Ht+~ ~ ; 
:·fl Bfl ffl 

tt 
+t 

: .L 

::;:;:::; p 
,-'""t tf 

-
' 

i"1 1 

' 

-I 

I II I . +t I-I-~-+ ,. 

I I I I 11 I I I I: + 11 fl , I I I 

i::: -- -
--r-r-r- d: 

H 

~ 

~ 

,_ 

tl -
r+ ,_;. 

I 

I 

I ll UJ I !ill _µ1 . I l_;J lL . I I I I +-'--H 1+4,:,,~ 1~1 1~~'1-++l~H-lj 11,:!:';171ttL1+tl--i1--+~1~f+t1~~ttt't'~f+"ttifa~H-'lit111tJ:1tt+r..ra;:: JJjlrj.t-tt--1++-+f-<i-Nf'11H-H 
I I I l j1 J"":7 T I I I I I , I I t I I I I II I l I 

1 1.__ ......... __._ ................ 2 ....._....._ .... 3_ .......... _.._5 ..__.6......_.7__._8 .._9 .... 1 ... 0....,__ ......... __.__ .... 2 ................... 3 .............. 4 ......... ~!l ...... , ....... 7~ 8 ........ 9 ~10 .................................. 2 ............... ~ 3 ....... ~ .. ~-5--6~ 7~ 8 - 9- 10 

X 0 .1 X 1.0 X 10 

f 

fc 

DECLASSIFIED 



4 

3 

2 

1 

9 
8 

7 

6 

5 

4 

3 

2 

1 
9 

6 

5 

4 

3 

2 

1 
9 
8 

7 

6 

5 

4 

3 

., 

" 

~''· 

t-:--.F- _J.__~-

='- --F:$= r-

-~~ 

r:.= 

'l'.J::" .. =f='." 
:---i:::-:_:.:..:..1. :-·..:...____ 

~ 
'- -..-
'--

-,-

I 

Ii 

-. 

~~,~L-="":.! 
-F ' T~ 

--,- __; l- ~e- .=t::·1 

--.I--+- ,--

-,. ~ 

t­
-i=-r- ~--~ ~ 
~ ,. 

I 

• l-

= 

ffi 

II 

f:..;. 1-1=-- F:_: 

I I 
r.:.r= i..::: -- .,..; :F- i--:-:....:..,i_L ..f 

~ ·~r 
0 

1 -+--r-
r-;--~ =t.cT 

- !-; ~ ; :--: ..... ;- !-

=_f ~£!:=. -~ r:-1 f 
-+- - :::.Etl.::::E:" 

" "' 

' ::.,· 

~ 1 ;'­
. :1-i ' j:.. 

:=,=~.)Et 

.cc.j---±x ~ 
....:..i.=j_ , --.-

.:-1 ~ l I-

·~ 
, 1-~ ,­

~ ~ ,..:_:,--:,·~ 
•-~r n-~-~. ~ ... 

~ ---r r r- ~--4._ ,l ~ ­

,_. i }_,.. ::_· 
=tr-- -
1:..r­

➔ 

=r~1'="c f b 
:!::=~. --.;;-:, __ - L. 

:::l 1. -

--i= -- ~ t - = 
r-- - 1-t--- - r-- --r- ,_ 

--t- -

q 

II' 11 II 

1'---;l,;..l.-1.-'-L..J--'-'--'-',!;-......_....__._ ......... ._._.._._;l.-'__,_,_._..__,_...i...,......,:!;-l-..1...L....L..L...L...L...1.~i:-L-J..J....L.J...J....Ll..J-±~-l...J..J....L.J...J....L.¼.L..J....W-l...LL.L.l...J Q 
) g ~ g i ~ g o0 

• T ' ' tti3tt&3o - .1.,u'Hs 3SYHd ' ' 



DECLASSIFIED 

The system used in the Mark 61 Director is, as we have seen, 

a 20 db per decade system, at least at moderate frequencies--not 

so low that the gyro signal will be obscured by noise or so high 

that the Control Device or Power Unit will not follow the actuat­

ing signal. At a sufficiently high frequency, then, the open 

loop characteristic will change from 20 db per decade to 40 db 

per decade. We must in~uire into the effects on the s t ability 

of the system. The open loop characteristic in this case is 

shown in Fig. 17, where again three cases are assumed, one with 

the corner frequency at the 20 db per decade gain crossover 

frequency, one at 0.1 f~ and one at 10 fc• The open loop phase 

characteristic is shown in Fig. 18, the closed loop amplitude 

characteristic in Fig. 19, and the closed loop phase characteris­

tic in Fig. 20. Thus if the open loop gain crossover fre~uency 

is not too high the system will be a stable one. This factor 

limits the loop gain which may be used and hence the overall 

performance of the servo system.. Any method of extending the 

20 db per decade region would allow higher gain with stability 

and therefore a "tighter" servo loop. 

It is of interest to inquire what the gain crossover frequency 

of an ideal system must be if it is to satisfy the requirements 

for stabilization of the Director as listed in the Objectives. A 

2-mil amplitude residual roll with a 25° amplitude deck roll implies 

an open loop servo gain p-- of approximately 220. The gain JJ-, 

slopes off at 20 db per decade from 0.111 cps, and as shown in 

Fig. 21 reaches gain crossover at approximately 24 cps. The 

objective in the the design of a Director is to approach this ideal 

DECLASSIFIEO 



z 
c 
CD 

0.. 
0 
0 
.J 

0 
> a:: 
l&I 
(I) 

z 
l&I 
0.. 
0 

10 
9 

8 

7 

6 

5 
XI 

4 

2 

10 
9 

8 

7 

6 

4 

XO. 
3 

I 

2 

10 
9 

8 

7 

6 

5 

4 

3 

X0.01 

2 

' 

" I 

' -~ ., 5 ITT 
·'--' __ .__ - .j " 

1-1-

' r- I-

. l 

c:: :FE ...... 
.. 
~ 

I, 

' I 
I 

' 
f--:-,- -½'r 

f+j 
I I t1-, 

T ,..,.... 

,---,-----, §:1 +' ; 
~ 

'1 . ' I,-. :- . I 't ~ 

~} 
1 ' 

'-T-. • i=;.;R p-;=1-.. 

vH $ ;:F· 

:::~~ 
il.. I H I 

Ii:: 7 I I 

' 

1-i-+-rl 
I-

I I I 

-- LL:_ -t' 
, 

-
, __ 
1- --

I r -
•- .. ,. 

-l J - I 
1-1- -

I-

I 
2 

OECLASSIFIEt 

I 
I I 

t "'" r I .. l.:.l ■ 

I I :-,-1 H+ f 
I I I l ~j . .. l- ' ' Ill I I ,,, _,_ 

■r .I 
- ,_ n1 -

~ _.:rµ- ,- ~ +l 
-==· 

~;. ·z.-r - +-
~ 

4t+- ·--h ...., -r-t ~ 

,, 
t --· ,-,. 

' I 
I ' 

~ : -
' -

~ 
~t 
p: ~ 

' I I 
'\ I 

I ' I ,, I' , 
I I . I 

t+,. ' 
H t, I I 

,. 
rt '• I - , I I 

I I 1 1'\ " ! I I , ,, 
- I 

~ 

t':!:11=11 
Tt ,-;- . 

'' 

' .• ~ n ,,. I ' " ' I , , I I 

i:;: I+ .:t' ~H:....:. ½~.~.t-n-:r:i 
T::i~ --~-- .... I ., - ·- T1 4 '"--!·I>""': --j," ~ , t -➔ 

t , ~"' •T'7 .__ -i-

+-+ t ,.,Hl, f..-.. ~+i-+ t-+- '; ~ 

i ~' -+ r 1-H ... -~ 1--.::: i+r .i ++ I I-+ I 1 +· ·t I- +-H--i 
~ 

.11 I I 
~ 

I 
I ' I 

I I\ I 
I ! II I 

,. 
• 

I 

-

,, 
-c-

t::: ' --

, __ 
-

:fr '- 1- R- -f-

1-c-

4 ft! 
t -H 

3 4 
X 0.1 

5 6 7 8 9 10 

~ - 'AAtfflT~ '-t '-i :,11 - -. r -r- --i 

8}t -t +H ti l+!-+ .l ti+'-+ H 
; 

t 

il'l I I 
~ r+ r+1 I L 

·~ -; -4 - ' 1 ~~-' 
' I 

I 

2 

1t1-

-

-

1, 
3 

X 

,. 

I \ 
I I 

-t--' 

,,.,.p 
{;9 - ~ 

. 
' ,~ l'x .., ,_ 

I -
-~➔ lj I' ~ I 

. . I 

', 
.,. 

~ ' ' " ' I I 
I . 

I I'\ 

--

. : 
I 

, , 
~- ·-

..,. 

' I 
I 

' I " 5 6 7 8 9 10 2 3 
X 10 

Di:CLASSIF.ED 

I 

'' 

I 

' I 

I 

I 

I 

. r 
• I 

ct- .. 

' 
' I 

-, ~ 

II 
5 6 7 8 9 10 



w ~ <n m....,cotO...., N W _,:.. UI O'> -..IOOC.0""" w "' w .,1:1,, u, m "oot0 ... 

1-+-+--+++-+-+-++-+➔-+++H+>-<' I I l 

H-++-++H--++HI+ +-Hl+,r:++1.;r: : , 1 •lg., -~ I-H+H+H--H+t+H+H-tt-H+1H. Hi< .. 4.,HHI-Ht-l+tttH-!-lf'l"+i 1 I 

1-+-++++++1+-H+++Hl+HH!Hfl+ ' '.11",IJl~la' l--l--l+l~; u-1I !, ~ - - - . -1-1--1---l--l--l-->+l--l--l-l+l-l .fi:f tti++H+t-l-t+l+,l')ll~ril,f--+-t-+++-!-H---H +.-H-l-,++H -h-1-tfHl 1-++14+1-!i1H++l+l-l,II-W1llllllllil IUI 

- I-- H-+t-1-Hff!H+i!Hllll-J-l-Hjf-H-HIH-HlllllrnHH H-~l--t-l--!+-l+l+l+l++H+lfl+lHlrt+.H

1

~HllH 
1

Hl

1

I ++t+llff-ltll!11fll' i ~-1-1---1--+-1-1---1--:,

1

:::: : : ::l: cu. ttt'"H+.,•H-~---~"~~-; l'lr➔•::"".:" :~~~~~-~+--+::,~..._-H,..._f--H...._f--H~~•- j.je+m+l,..,.,l"'~~: : : : :,,::ttttt:ll+llll.Jll. 

,..,,__._,___._.....,_ - i jHH+ll-llflfl!Jl11--++++l--l--l--l+i.!41+11-l+l7 : m 1 f/r»:l\flll-!
1
11 11-++H~+H-fll++lfl-fil!HIHH 

H-++-++H--++l-<+1+++-IJ.IH+I-Hw.-!Hl™ll!ii!-I-H+I-H+H-.-l!4HI'+. HH
1
11-++--1--+-l-+l-l+l-!+H+l+l~µµ,;~1+ll!lll-l+Hl+l-!ll4tllll¾l+l-, l--4~-H++HI+++1 --f-HJ4H-f+!-i+!.,.h, 

Ji: ' ' I . 1· r '. 1· I - - - Ti I ' I: l ·• ! I ).;-ff l 
u, ::::::::::=:~:~:;::! r H+H-!-H-IH+mltlnlt+➔+t-l+Ht-ltl-Hh: h rl: H ~•l--i-+---,l-l----l-l-1---1---W--W--l-lfl-l i 1 l ' j ~ll+H l-1-HJjj,1!'1'1 rr,-l+lllnll-- ._ ......... - . _,_,,__,__.__,__...,__,_....,_,_,I_,_,_, :I r l, q .,,,H-tl:~:.wi·H,r-'-,1+1 t1~t--:t.-:t.-:t.t ttf!tft~1JtL.~.t 1! rffi ..... i' __ ,. ;t-t',uli~~~tt~:::: 
:-17a1-~H--H--1-H-++1-H-+.cl-+f-H+HHl+++l+1+41' l+H-14H+~IMMP1---++++-++l++--H+H+:-++:+,+,.,+i~IH+:l!llil-H,l,,!1!;H-ll+Hl44+,l~++++++++++++!+++++t+l-m-t~ llr,~l,l-H~Y¥-' ++i!'tllil-l' +H-+-Hi-++.J+l.-iH-1.J+,+J+.1+:--;j.,Hl +µ!I-.J.j.j,m-ltHHl,,Hlril! -llil 

- I ' 1 I I I l,'I, -!-+--1----l-l--+---l-+++L-1--1-1-11-l+H,l l+l-ll'l \lj / I I I I ' II f II ' I · ' I 1-+-+....+-+-++-+-+--H -++--t-+i'+!.,.,.,., HH1+l :H_l~ll4,m .+,~~,f.µi~; r1w·- I .i1+mlh4.l:ri+:,:+l+I-H+l I!: q :'"" - - IT +Iii' frfllj .. -lllfl--H---+-l-++++l---l.+-!++_1-jl'+f-.-11 '.l.Jt Hlr-~l+l+olif~~!i!i:t~:~:r:-ll-llll, 
w 1-+---H·++++-1+1--1-+---11-++'::' 1 

-1 I,, 1 I I , i .,,_ -~ ~ J :- f+1 iv ;1t1 ....... _._....-+-+___,___,___1--+--1--..........,--+-1-+-:i ;+1-J.M~·,µi~c1t14tl+H~11-HH I J 

o 1-+-+++-++-H+-1--1-++rt+,
1 
,Tt LI 1 : • 1 -+--+-+-+--+-- j 1~1111m11H++11+e1fi11:-!f1;1 1, 1 + 1

11 ,'' I'" -rr- 117-"''1,,.. 1 1 
rtttt11t' ,++➔+t-1+Ht1tt1,-1t1tt1Hiff 

1-1--++-t--t---H---t-t-tt--t-H: ·-~ • , , I , H1:; - 1-1-1--l---,l-4-l-++4 ~ r 1 , I I ': - )' 1;~ rt , -~ + , ~ , H 
; 1-!--+-+--H- I-H-H +H1·_+_·~ ;H·1➔-+l+H➔IH-Hi;+IH.,:\.H-l+H+++H+rn~H·J/---== • ~ I I " 'H,HHH,IHHIHf+I-H+!-ff.l++Hl 'fll'11H' 11--+--+---f-+++--H!-+~-lll-++H~ fl,IHl·ltt':-11i _ II '' r ~l;'.J;·,...-~ _- ~ r I 1+1+111-1-l-flll.;fHfllj 1 
... co, Dl tl-tt-H-ttt-llttttt•,t: .,,.,, i I T m f 'ulLJ....J..J..Ll...L.LIU, '1..U.1--1--U.U.U.I LllL.l1 t t I ' • l-i-+-+-•l-l--t-++-i,,+ -,.++1,-,., I tlH--HHHl·tlttl·tl1\tt 

cn-i5ot-:+-+++++1--H-ttt,mll+Hitm1ittttiitttt: Httlttlt+t+nif.ittl'it!t--++-++--t+b!, ~.1tttttttlJttltltf!tlJtl,itll1,:~1ttttffi~1"t: "l11,1f1111,tt-~--1-+c--i-i-t1~+~,raJJrf JtJ+JtJfj;Jt:,tfffillt'irH-tttt+H-H-t++-lrt-li+-+-+,-t-t+11ftttt'+++1ttt1+HtiH+tttttttfHrlfttttttttttmliftf.i-
"' ~I ~I rn_ 1:1~: ii) ~ l!!fllll~rjjjfjti.1-tH+H--H-+++l+H+~I' J I ti ll-l---1-!--+1,-ll'H-14-l-+-l-4+4+1-l->f-H-H-I-Hfil-Hl!HlHH-H++.H-H-ll+tltl1iffi 
Cl) !-+--;.-+-+---l__,__.__,__f--H-'-1+++++-1-1-1-1-l--!-+H·,,, . l 11· ll li ,- ,--+-~ ¼-+++H-l-'-'-'+-H-11-H+H++lfl\lHIH!ll++-!+!-l-Hl ' I ;"'" '""•t•++++>+++<o.+-101-1-+-+-4•-..,._...,__,_....,_,.,_,__,_,1 .LHIHtll:fllllttttt+-H+Htt+lttt+lttlt 
~ 1 : 1 

1 
I r- I' 1, _ _ .,"f·+ -i--H--H++++1-+-1++1-HHII-IHIH+Jlj;IJ!l++++1+~1111i;i;

1
11r m- 1--1-,,ir+-i-14-1-1-1 , IIHH-H-f--HffH-flfHtl-JiJC·'''llritt-+-h,iq..1r++++++++++++++;1+H+H+fHH!HIH~+1-H+oollifl1 

0.. r:::rrrt1~.r.:=':r1: l-t-~ll+ll4i· i!ll14,I rtl-!-+.f-Hl+Ht 4lill'I lh!jj H~hA~ .--l, ---+-l- 1 ' ' I "} ltlltl-1-+tttl+t++lf-Ttltllfim IH:~, ~ ---V,~l--+1--H++~l-l-+t-+HH l+t++lt-lli-ltWlt'l!II-H+H+l+Hmm 

1---+---+----1-t-t--;- [ .[ ' 1 1 If. J I • r !l. 1--H-H+fl+l-lll,liUll;Jlll.....,gj....l..-!----f-!---l-- ~t 7th19..t--+-t-H---t-++++i-t-1+:f-t--H I 
1-t-t--+-IH--t--t-, t-t-t,,',_r: l r 11 ~~ iij + 1 ' I 1------t--+-+-+-H-H--I--H--I--H j ,c1-1--1-U 1-U U.l j t 11111 111Ht+

1
1--Httl+t++llttttt'lJ! (-H-++++H-++++++t-11-H-t-1-lttt-HH➔f 

-1301-+-1-+-l-+++-.-+:li:---+.rr+ffl++l+\ifl!i1!!:;a.J+H-l+i-rf++-W ftl----l~-+++-l++H-1i-H-H™H+tfl-ff!1r lll!!Hi++H-i-Hff+fSlllf!Hi-H-++ttt~17ti:+1t-l:tt1tTu~1+Tu1411t~11l!~"tf1Ht.~, -H+H~++++++-l+-H-+++H+Hf+++HH+l+Hl-
i : I ~li1 ~,, : '. j + ~ 1: ;~11---+-+-+-IH--+-l-++l++f-H-4-f-H-fl-l-'-l,, l'll •f~lj41 I t,' ,; '=-+--H--H ++t++-t-H+t-ttttH!-tttt++H\i

111
tH

1
•
1
1~1-Ht Htttt~ f'~I it]!l ,-1-t--➔---t----H-+-++ l--+--:f--4+-'-:+I illllt-++.1-fl+l-HI 

1-1-++++-t++-rtl-f~I· 1 lh\lH+HI-H.l•,Ht_•1 j~ :i j '1 - - - H-H++-H+H4 1-t+ffllll1'i::~::,,..,_... ...... -H,.._w.m, I • 
1-l---t-t--+-H I I~~ ~ ' ' l ' 11, ., i:111-t--+---t--t+++4--++l+++++++H-H4H ttt1-11#1Hniltlf+-H-HH+Hl+--!l-+itl-+--+--+-+--t+H ""41++1-H-++-fHH!!l-fi --rr-'· 11. I I I " I I I ,111 I i ''"' 1111 
--

·90 o.o, 0.1 f 
7; 

1.0 10 100 



l&I 
0 
:. 
1-

-' 
Cl. 
2 
< 

10 
9 

8 

7 

6 

10 
9 

8 

7 

1--r-+-..--+-

- 1 l---t-; 
I I 
TTT 

i .. -

-+--, -

H ➔ -ri-i f' 

I 

Hr- II I 

-'--H-+- - , +t ;H 
h-H-~ ~ .. ,.1 

1· j 

+ 
f-r 

' ·' ·-

I 

µJ I I Ii . 
It h 

f 
, I 

• • 

=! 
,+'!""" 

I 

II I •. 
·~~ 

,. 

H-i •-•-

,_ 

:;: •-::: 

'-... 

~ 

I 

-
_;:: i 

J 
-t 

T 

~ 

·~ 

-

DECLASSJF~ED 

,. 

r ;-pf :+-H-
I -- , 

1 
~ 11 ~ I I ~-= .... ;: I r 

-- _; i: +--· tr :Ui:t ;-,-, . ~- ~ 
·' t I T-,-+-' 1-ili -Lt, -f- - k 

- '-+­
' 

I 

I 

I 
I 
I 

----
. 

I 

--~---
. 

-rt- t:1: 

~~ tt++ 
,, 

: 
I 

1, -· 
I 

-·i:.::=.; 

..,. -

+·, 

I 
.! 

I 

-+'-f-+ 
I' I 
I, I I 

1-iJI --j...,..- ,·t- . • f" :...+-;--J I 

'U -,_r-f- i~+-f t--!+• .J. I I 

'-..;. r++-H +t I 

t , , 
I 

j: J I 
; 

' ' I 

-

-

+ 

L 

:lll ,-•1 

=f-J-a±-~ 

T 

~ 

' 

I 

I H 
I 

I I 

' 
I 
I 

I 

' 

' 

,, 

I 

- - •--,. i: 

1 

' 
T ' ' I ; I 

l l . 
I 

I 

I I I 
I I I 

I 

I 

11 I I I I ~ 
1-1...u..73-'-'-.J..J..4~--'-:5L.l.J..-'J6~-:':,---'--!8---'--!9,-L1:':0:-'--..I...JL...LJ..1..U.~U..,..I.U.~~u.J..U..I.J..L~~"""-:':-1-.I..J..J..Jll......i.....L..J...J...L.1...J....l..U.2.I.J..L.ilJ.ll.L3~.1...Ll..J4L..L.Lill5lilil6....L..7.U..J.8.J..J.9 .u1 0 

Ti 
2 3 4 

I 
5 i 7 8 9 10 

X ~I X ~ X 1.0 

f 

~ 







DECLASSIFIED - 37 -

close enough to give the performance desired, together with 

stability of the system. 

Because of physical limitations the real components have 

characteristic curves which approximate the ideal curves only 

for very restricted regions of the frequency spectrum. Devia­

tions from the ideal curve are caused by such factors as noise, 

inertia of the moving parts, dry friction, deliberate restric­

tions such as limit stops, machine tolerances and other matters 

peculiar to real devices. 

The Real System 

The Gyro 

As an illustration of the difference in behavior of an 

ideal component and a real component, consider the actual 

(complex) frequency spectrum of the gyro used in the Director 

MK 61 in comparison with the ideal frequency response. The 

Director Objectives state that stabilization of the line of 

sight to a residual roll of ~2 mils amplitude is desirable. Fig. 

22 shows the gyro output as a function of frequency for such an 

amplitude, measured as described in Part III. The lower corner 

frequency is produced by gyro noise, while the higher corner 

results from the fact that the gyro gimbal is necessarily ·a 

damped resonant system. Fig. 23 shows the response on a log log 

plot of a typical damped resonant system and Fig. 24 shows the 

phase relationship between input displacement and output signal 

as a function of frequency. The important feature of this curve 

is that it departs practically linearly with frequency from the 
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idea1 +900 phase shift line. Therefore, to keep the phase shift 

near the desirable+90° throughout the working frequency range, 

it is essential that the high frequency corner of the gyro be 

far removed from the open servo loop gain crossover frequency 

of the system--much farther than one would assume necessary 

from the amplitude characteristic alone. The existence of a 

high frequency corner is a feature common to all components. 

The Control Device 

The control device is composed of an amplifier with 

equalizing network, a stroke motor with necessary gearing and 

dither arrangement to control the Power Drive and a feedback 

generator driven by the stroke motor, as shown schematically 

in Fig. 25. The amplifier is merely a power amplifying device 

whose gain and phase properties should be independent of 

frequency, over the range of side band frequencies to be trans­

mitted by the system. Care has to be taken to realize these 

conditions, as described in some detail elsewhere in this report. 

After careful experimental examination it becomes apparent 

that the stroke motor is the element most seriously limiting the 

performance of the system. This may be seen when the character­

istic curve (Fig. 26) is compared to the ideal characteristic as 

in Fig. 7. The c~rve of the real device as deter~ined by ex­

periment, drops off at 20 db per decade to a corner frequency 

of 5.5 cps. and then decreases at the rate of 40 db per d~cade.* 

This of course involves a change of phase shift from -90° to 

-180° in the limits. 

*Fora fuller description of the stroke motor see Part III. 
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The properties of the stroke motor and i t s role in the 

system are of considerable interest, so we shall examine them 

rather carefully. The stroke motor should be a device which 

operates in the system in such a fashion that its angular 

velocity is proportional to the applied signal over as great 

a frequency range as possible. 

The amplifier output is not of zero impedance; i n fact, 

it is designed to show an effective output impedance of about 

270 ohms. Figure 27 shows the relationship between various 

steady input signals and the resulting velocity with a signal 

source of 270 ohm impedance and with zero ohms impedance, while 

the dashed line shows the desired linear characteristic which 

is obtainable only by use of a zero impedance source and motor 

or by use of negative feedback as discussed presently. Evidently 

the stroke motor should not be used without some means of co~rect­

ing for this non-linear characteristic. The most satisfactory 

way of accomplishing the desired erid is by introducing negative 

feedback by means of a tachometer generator whose velocity is 

proportional at all times to that of the stroke motor, as in 

Fig. 25. This amounts to a reduction in the mechanical output 

impedance of the control device, as shown below. 

Consider the schematic feedback amplifier shown in Fig. 28 

with p.- gain as indicated and fractional feedback (!> • If a 

potential E
0 

is applied to the output with t' = 0 the current 

in the output impedance will be 

o~cLAGSIFIE..., 
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If, now, the {6 path is completed the new current I' in the 

output impedance is: 

The new impedance is, then 

gr= eo 
1-~~ 

(15) 

and, •since (-3 is a negative quantity, g, is less than e0 • A 

decrease in electrical impedance means a decrease in the effective 

mechanical impedance of the motor which is being driven by the 

amplifier. The reduction in impedance improves the load regula­

tion of the motor, thereby reducing the effects of temperature 

changes and changes of friction with time upon the performance 

of the stroke control system. 

The effectiveness in reducing the impedance by feedback 

means can be seen by considering the Control Device used in the 

MK 61. The I""- gain is approximately 5500 and the feedback 

factor about 0.04. The impedance g0 of motor and output trans­

f ormer is 960 ohms. 

Then g, = 960 
1+5500x0.04 

= 4.36 ohms, 

a truly impressive decrease. 

Fig. 29 shows the speed-voltage characteristic of a Diehl 4 

watt, 2 pole stroke motor connected in a feedback circuit for 

various values of the fractional feedback f . These data were 

taken with one of the standard BuOrd No. 903255 Stroke Controls 
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as used in the Director and the Tracking Amplifier BuOrd No. 

903259. 
A non-linear velocity characteristic is reflected in the 

frequency response characteristic in the manner illustrated in 

Fig. 30. Increasing feedback means a falling effective impedance. 

So the limiting case is that of infinite gain and 100 percent 

feedback, which gives essentially zero impedance and a uniform 

frequency response. The inclusion of generator feedback then, 

increases the range of the 20 db per decade characteristic and 

allows the use of higher gain without impairing stability. This 

is at once seen from Figs. 17 and 19, for the higher the corner 

frequency the greater the gain may be at the "useful" frequency 

(normal tracking and stabilization frequencies) without produc­

ing instability at the gain crossover frequency. 

In order to obtain as close to the theoretically desirable 

characteristic at gain crossover as possible, it is necessary to 

equalize the transmission characteristic of the motor to reduce 

the phase shift at gain crossover and improve the transient 

response. This is accomplished by U$ing a network which com­

plements the existing motor characteristic in such a way as to 

reduce the slope of the 40 db per decade section, thus obtaining 

a reduction in phase shift at gain crossover for the open loop. 

As a consequence higher gain is allowable before instability is 

approached. This also reduces possibilities for parasitic 

oscillation and erratic behavior caused by variations in gain or 

loading of the amplifier. 

DECLASSIFIED 
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Such a network is the Bridged Parallel T Pad (Fig. 31) 

described in more detail elsewhere in this report. Fig. 32 shows 

the side band transmission of this circuit element, indicating 

the rising frequency characteristic from a lower corner frequency 

of approximately 9 cps. Because of the upper corner the charac­

teristic never rises faster than 15 db per decade. Hence, when 

the composite open loop characteristic for the Control Device i's 

obtained by adding (on a logarithmic scale) the curve for the T 

pad to that for the Diehl motor the curve decreases not 40 db 

per decade but about 24 db per decade. (Fig. 33) The resulting 

phase shift, then, is approximately -110° instead of -180~. The 

appearance of the phase shift characteristic is sketched in Fig. 

34, which gives an approximate idea of the curve and was not 

plotted from calculations. 

Because the carrier frequency is 60 cps. the actual ampli-

tudes and phase shifts higher than about 30 cps. are not truly 

represented by these figures. However, the use of them is 

validated by the fact that the frequencies to be transmitted 

through the system are less than 30 cps. The slope intercepts 

with the unity gain axis and the phase shift at the point of 

gain crossover are significant because they establish the error in 

following an input signal as well as the band pass of the system. 

The transmission characteristic of the Control Device can 

be calculated analytically by applying principles discussed above. 

The transmission characteristic of the Parallel T sidebands can 

be approximated by 

DECLASSIFIED 
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(16) 

and is illustrated in Fig. 33. 

That of the stroke motor is given by 

(17) 

and is also shown in Fig. 33. 

The composite open loop transmission characteristic of the 

Control Device is then 

(18 ) 

The closed loop transmission characteristic of the Control 

Device output is 

~.Sc. A= 
I - ~, C. f., ,SC 

and c.JT is the gain crossover frequency of the tachometer. 

If the constants of the network are chosen so that IIJ, = w.,, 
the transmission characteristic becomes 

A= (19) 
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That the closed loop is stable at all frequencies is assured 

by the fact that the phase shift in ,-,.;aaoes not reach 180° for 
. 

any frequency, since f' = Jc..> occurs only t o the first power in 

the denominator. 

The Hydraulic System 

Because the output angular velocity of the hydraulic motor 

is proportional to the displacement of the pilot valve from the 

neutral position the frequency characteristic is that of an 

integrator at low frequencies. Fig. 35 shows the measured 

frequency response for a system driving an inertia wheel equiva­

lent to the Director in train. The high frequency corner is at 

approximately 18 cps. 

The Complete System 

The measured frequency response of the Director with the 

Drive system described in Part II is given in Fig. 36 and Fig. 

37 . These data were taken with equipment simil ar to that in 

Fig. 4 and the Director feedback level was adjusted in Fig. 36 

for approximately a 2 db resonant rise. In Fig. 37 the zero 

elevation curve was adjusted for a zero resonant rise. Conse­

quentl y when the elevation was increased to 60 degrees the gyro 

output level was decreased 50 percent and a strong resonant rise 

appeared . The initial decrease at low frequencies followed by 

the resonant rise as obtained in Figs. 1 and 2 had disappeared, 

and the measured Director acceleration when a step input function 

was applied had increased to over 200 degrees per sec2• 
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Measurements of stabilization were made with the Director 

moving through a 15° amplitude roll, 15 second period. The 

residual roll was approximately 3 degree s amplitude, indicating 

that the system response is not uniform with frequency down to 

the region of 11useful11 frequencies. A very rough estimate of 

the contribution of noise in the system to this failure was 

made in the following way: 

It had been observed that if the Director angular velocity 

were zero and the joystick were moved very slowly until motion 

started the velocity suddenly changed to approximately 0.5 

degree per second. If this is taken as the system noise and 

divided into the slew velocity of 43 degrees per second a maxi­

mum signal to noise ratio of about 100 to 1 is obtained. A 

deck roll amplitude of 10 deg.rees, with 20 sec. period was 

assumed and plotted in Fig. 38. The velocity curve, then, is 
• 

indicated by the curve marked "Sin" with amplitude of 3.14 

degrees per second. If the velocity characteristic is as in­

dicated in Fig. 38 the resulting Director velocity curve will 

be that labelled "8Director" and a numerical integration of this 

curve yields the curve marked "Director Motion." The form of 

this curve agrees significantly well with observations o~ 

Director motion during stabilization tests. For example, it 

was noticed that the "Director Motion" peak always occurred 

later than the "Deck Motion" peak, i.e., that the Director 

continued to move after the deck had come to rest. This over-

shooting, then, produces the residual ro..l.1-,pJ..G.t.t.ed in Fig. 39 ____... 
... &ii 4 

OECLA(' .... -:: -
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which is simply the difference between the two displacement 

curves in Fig. 38. 

Fig. 33 indicates that the system, without noise, should 

give stabilization to 0.02 degree or better. It has been shown 

(Eq. 13) that the constant velocity lag·c in degrees is given by: 

• 
if cfr,.· is the maximum angular velocity in degrees per second 

and We in radians per second is the angular frequency at gain 
0 crossover, the observed velocity lag of 3 , means an angular 

frequency of 1.05 radians per second. Since the maximum signal 

to noise ratio is 100 the angular frequency corresponding to 

zero n~ise would be 105 radians per second, which, by the above 

formula, would correspond to a velocity lag of 0.03 degree at 

"useful" frequencies. The velocity lag implied by the Objectives 

would be: • 

G = c?t' = 3.14 = 0.02 degree -
r.,J C. 2 7r X 24 

The elimation of noise. then, should produce a system which 

would almost satisfy the original objectives. 

Stabilization while tracking rapidly moving targets is con­

siderably better t han that for stationary targets. This is be­

cause the signal to noise ratio is markedly improved by the fact 

that the system is not working around zero tracking velocity 

where the noise is important. 

..... •i;., 
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Analysis of the Entire Syste~ 

The Control Device. 

Fig. 40 is a schematic diagram of the Control Device. The 

various (complex) characteristics are, according to the deriva­

tions previously performed: 

~ualizer: 

where W, is the low corner frequency and 

w~ the high. The first term represents a 

flat frequency response to w, and 20 db per 

decade rise thereafter, while the second 

represents a flat response to W& and 20 db 

per decade decrease thereafter. 

Amplifier: p., A= cons t. 

Motor: 

where WM, is the unity gain angular 

frequency of the 20 db per decade charac­

teristic and WM is the motor corner fre­

quency. Two terms are required here, the 

first representing the ideal 20 db per 

decade decrease of the integrating device 

and the second the corner frequency in­

troduced by inertia of the motor. 

DECLASSIF'C,.. 
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SCHEMATIC CIRCUIT OF CONTROL DEVICE 
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Tachometer: 

where WT is the unity gain angular frequency. 

The overall r'- characteristic is the product of the 

individual characteristics, or 

and the feedback factor f is 

A:~ 
,- WT 

(23) 

(24) 

(25) 

If t.JJ
1 

is made equal to WM and if <.>J 1.s assumed to be 

limited to values small compared to W2. the (-A characteristic 

(Eq. 24) is reduced to 

The closed loop response becomes 

Wt-t, 
~ -

A= ~ = ~ 

1+(~):t- l+ 
(jJl"'II -"'f> uJT WT 

To a good approximation we may assume c.J,.>> fJJ,.,,, 

so that 

(26) 

(27) 

' 

(28) 

and it is seen that the gain characteristic of the Control Device 
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is limited by the stroke motor. 

Hydraulic Pump and Motor Loaded with Inertia of __ Director. 

If the corner fre~uency of the Power Drive with inertia 

load is assumed high enough that the unity gain frequency 

lies in the 20 db per decade region 

Here the characteristic rises 20 db per decade to 

unity gain and then falls 20 db per decade (See Fig. 23). 

The complex gain characteristic t->"t is, accordingly 

and, again if CJ<< GJO' the characteristic becomes 

(29) 

LL - .:t. 
.,- d" - Wa,- (30) 

Closed Loop Response to Deck Motion 

For purposes of analysis the system can be considered to 

be that shown in Fig. 41. Then from the inverse feedback 

relationship 

(31) 
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where w1-1 -t :: -2- w,-- (32) 

then 

'&"., 
w,.,, (JJH 

:::r e..J~ - -
~N I -\- v.JM,vJH 

-t' <,J t" 

(33) 

The closed loop then is equivalent to a simple feedback 

loop (Fig. 42 (a))whose open loop ~ characteristic is 

J) (,.J f'"1 I 

p--=1"(:z.-
~ 

(34) 

where k2 is defined above (Eq. 32) 

It ha-s been shown before (Eq. 12) that the error G is 

given by 

9-,,.., 
I-+ P,. 

If the input angular frequency (i.e., the deck roll 

frequency) is low, fJ'- >> I , and 

If the gyro unity gain frequency is the same as the 

hydraulic drive corner frequency, k2 = 1 and the equation 

DECLACSir= .:: .... 

(35) 
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becomes 

(36) 

As shown before (folfowing Eq. 13) the original Objectives 

imply that the unity gain frequency is some 23 cps. 

Closed Loop Response to Joystick Motion. 

Fig. 42 (b) shows the entire servo loop including the 

Pointer, who moves the joystick to reduce tracking error to as 

low a value as he can. From Eq. 33, the Director response can 

be written 

(37) 

For angular frequencies contained in tracking motions 

and 

(38) 

If the joystick potentiometer shaping is ignored~ · .:.a 

frequency characteristic of the joystick unit, including the 

position tachometer, becomes (See Eq. 11): 

(39) 
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Tests, as yet incomplete, at the Naval Research Laboratory 
~ 

indicate that, within limits, a man responds as a simple integra-

tor, i.e., that the frequency characteristic~~ of the 

Pointer may be represented by 
6J 

JJ.. - ~ 
I 17- 1° (40) 

The combined fJ.. characteristic is the product of Eqs. 38, 

39 and 40, or 

and the closed loop response, assuming a uniform response for 

man over the range of frequencies contained in tracking,is 

- - (41) 

Because 1' appears to the second power, Eq. 41 implies a 

system of 40 db per decade breaking into one of 20 db per decade 

before or at gain crossover, providing Wi < l>J~ • 

The error expression is, from Eq. 12, 

~ C. 

But at very low frequencies 

so that 

, and 

DECLAss,:r:-:::,.. 
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.. 

(42) 

This equation indicates that for low angular frequencies 

of the target motion, the Pointer will track with negligible 

velocity error and with an acceleration error inversely pro­

portional to the corner frequency of the Pointer himself, i.e., 

a quick human reaction will produce better tracking. 

At higher frequencies (above 0.5 cps, see Fig. 67), the 

error is 

c(wr3/( ev,::) (43) 

and rapidly becomes a velocity error unless t,.JJ' is increased. 

However, tracking frequencies above 0.5 cps are rarely en­

countered except for aircraft traveling at supersonic speeds. 

If "position control" is eliminated by removing the joy­

stick tachometers from the circuit, the J-A- characteristic 

becomes 

(44) 

-



- 54 -

The closed loop response is 

(45) -

and the error is 

6= 
(46) 

For values of the applied angular frequency l>.J approach­

ing 1/uJt wj the error becomes 

~IN 

I - I (47) 

and the system, which includes the Pointer, becomes unstable 

at this frequency. 

If, on the other hand, the applied frequency is low, 

p->> I and the error is 
•• 

(48) 

The system, therefore, is stable for low target frequen­

cies, i.e., long range, but unstable for high target frequen­

cies. 

The system with position control is stable for all input 

frequencies within the capabilities of the Pointer with velo­

city lag negligible at low frequencies, while the system 

without position control is unstable except for low input 
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and the closed loop response is 

At low angular frequency 

c.t,nd. ?' >> I 

The error~ is 

--

The automatic tracking performance requirements have 

been established as follows: 

(51) 

(52) 

O 0/ 1. Steady-state velocity error= 0.1 at 10 sec. 

2. Steady-state accel eration error= 0.l~ at 

1°/sec2 . 

Substituting these requirements in Eq. 52, there results 

Wf :.: 100 rad per sec (53) 

CJ, W3- = 10 (rad per sec) 2 
(54) 

The resonance frequency of the gyro is adjusted to 20 cps 
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(Fig. 22), which gives t,.J} = 125, satisfactorily close to 

the required value. From Eq. 54, w, = 0.1. This extremely 

low corner frequency provides a very desirable feature, 

namely a long coast period during which the Director con­

tinues to track the target even though no signal is received. 

Thus the target is not lost during moderate periods of radar 

fading. 

The angular frequency W,_ = y uJ, w,-
so that 
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Part III - Components 

Stapilizer MK 1 Mod 0 

The Stabilizer Mk 1 is shown in Plate 24 and a sectionalized 

view of one of the gyros in Plate 25. The gyroscope is adapted 

from those of the Computer Mk 17 with as few changes as possible 

and is so designed that the output electrical signal is pro­

portional to the rotational rate of the gyro about the input 

axis. 'rhe wheel is air driven from a constant pressure source 

provided by a diaphragm type air pump. The pressure is main­

tained constant by means of a regulator vaive and an air chamber. 

The wheel, whose moment of inertia is 7312.92 gm-cm2 , rotates at 

8500 rpm on ball bearing races. The wheel is maintained in a 

gimbal which is suspended on wires through the gimbal axis and 

which likewise forms the output axis of the gyro. The input 

axis is perpendicular both to the output axis and to the wheel 

axis. The purpose of the wire suspension for the gimbal is to 

reduce gimbal friction to a minimum. The gimbal axis is main­

tained in the normal position by means of the range wire, which 

in the Computer Mk 17 is adjustable in length but in the Stabilizer 

is clamped at a fixed length. The moment of inertia of the gimbal 
2 about the out put axis is 5340 gm cm , and together with the range 

wire forms a resonant system, whose frequency depends upon the 

stiffness of the range wire. In the gyro stabilizer the resonance 

frequency is fixed at approximately 20 cps, for with this range 

wire stiffness, the maximum gyro deflection occurs at slew 

velocity. In order to avoid undesirable vibration of the gimbal 
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system, viscous damping is provided in the gyro about the gimbal 

axis and is so adjusted as to give the proper gyro response 

characteristic as discussed below. 

The above gyro arrangement is one which gives a constant 

angular displacement of the gimbal system from the normal posi­

tion for a constant input angular velocity. The sense of the 

displacement depends upon the direction of rotation of the 

wheel and the direction of the input angular velocity. If the 

range wire spring has a linear characteristic, the angular de­

flection of the gimbal will be proportional to the input angular 

velocity for constant wheel velocity. 

An electric signal is desired which tells in which direction 

and how rapidly the gyro is moving. This information is supplied 

by the electrical pick-off shown in Plate 25. 

The Pick-Off 

The pick-off consists of two coils connected in series-aiding 

and mounted to move with the gimbal as in Fig. 44. As the gimbal 

deflects, a voltage is produced whose phase sense depends upon 

the direction of deflection and whose magnitude is proportional 

to gimbal deflection. 

Proper operation of the Director demands that the electrical 

signal from the pick-off accurately represent the motion of the 

gyro gimbal system at all frequencies. Vibration tests with the 

pick-off bracket designed for the gyro show that the resonance 

frequency of the pick-off system is 20 cps and that the value 

of Q for the system is 1.4. An attempt was made to increase 
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the stiffness of the bracket by a slight redesign which added 

stiffened sections. The redesigned bracket gave no improve­

ment and the ~reject was dropped when further tests indicated 

that this was not a major source. of spurious signals. 

A more serious fault with the pick-off is the fact that the 

induced signal in the coils has a very considerable quadrature 

component, as shown in Fig. 45. A complete redesign of the 

pick-off system would be required to eliminate this fault and has 

not been attempted. 

An idea of the linearity of the pick-off system is given in 

Figs. 46, 47 and 48, the first of which shows the output voltage 

as a function of deflection, the second the output as a function 

of torque applied to the gimbal and the third the deflection as 

a function of torque. 

The pick-off output voltage should be either in phase or in 

phase opposition with the supply line voltage. A simple resistance 

capacitance network corrects for phase shift in the pick-off field 

magnet. 

Gyro Sensitivity and Noise 

The sensitivit~ of the gyro has been so adjusted that the 
• 0 

gimbal deflection is the allowed maximum of 2 from the normal 

position for an angular input velocity of 43° per second which 

is the slew velocity of the Director. In the original Objectives 

for the Director, smooth tracking to 1 mil per second was speci­

fied. This would correspond to a signal of 1/750 the maximum 

signal. The noise generated in the gyro by vibration and other-
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wise should be small compared to the minimum signal--say 1/3. 

With maximum signal of 213.mv as obtained with this gyro, a 

tracking velocity of 1 mil per second would produce 0.28 mv of 

signal. The noise then, should be not greater than 0.1 mv. 

Tracking control is maintained for all angular speeds up to the 

slewing speed. Fig. 49 shows the output signal voltage of the 

gyro as a function of angular velocity about the input axis. 

The lower tracking limit will be determined by the noise 

generated in the gyro, both through third harmonic produced in 

the pick-off field magnet iron and by vibration generated by the 

gyro wheel. Fig. 50 shows both these effects--the upper curve 

being that taken with the wheel at r es t and the lower with the 

wheel rotating at 8500 rpm. The curves were taken with a General 

Radio frequency analyzer which was fed from the gyro pick-offs. 

The main features of the gyro vibration curve are the large peak 

at 85 cps and the somewhat higher peak at 200 cps. The total out­

put voltage as measured by vacuum tube voltmeter is approximately 

4 mv. In an effort to reduce the total noise the following 

filters for the pick-off were designed and tested: Filter No. 1 

consisted merely of placing 20 mf of cap~citance across the pick­

off input. The sensitivity was reduced thereby about 20 percent. 

The result is shown in Fig. 51. Because the signal level from 

the gyro is so low, it was not considered desirable to r educe i t 

further, so the use of this type of filter was abandoned. Filter 

No. 2 was an M-derived filter with constants shown i n Fig. 52 which 

fed into the matching impedance of 3400 ohms. The filter curve is 

shown in Fig. 53 and the gyro noise curve using this filter in 
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Fig. 54. Although the noise output was greatly reduced by means 

of t he latter filter other difficulties were introduced, namely, 

that the filter impedance match to the gyro pick-off was poor, 

that the large component at 85 cps was unaffected, and that there 

is a rapid change of transmission in the region of 60 cps. This 

change in transmission introduces a serious change in phase shift 

with fre~uency in the operating range from 55 to 65 cps. Filter 

theory shows that no simple filter will provide a sharp enough 

cut off to reduce appreciably the 85 cps component, without at 

the same time introducing this undesirable change of phase shift 

with frequency. Any filter to be successfully used must have 

uniform transmission characteristics in the neighborhood of 60 

cps, since it is the nature of the servo system to work on side­

band transmission. The only solution to the noise problem is 

redesign of the gyro to eliminate the noise. 

In order to function correctly in the stabilizing circuit, 

the frequency characteristic of the gyro as a transducer should 

rise 20 db per decade from zero frequency. It is particularly 

important that this relationship hold true in the lower frequency 

ranges if the system is to stabilize for ship's roll, since the 

latter is of very low frequency--as small as 0.05 cps. On the 

other hand, the resonance frequency of the gyro must be large 

compared to the 11useful 11 frequencies in order that phase shifts 

in t he gyro be maintained at a minimum. Input frequencies greater 

than 5 cps are very unlikely and the chosen resonance frequency 

of 20 cps accordingly should be satisfactory. (See Fig. 24) 
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To test the gyro for these requirements, an arrangement was 

prepared whereby the gyro could be given an angular simple 

harmonic motion of constant amplitude and variable frequency 

about its input axis. The pick-off output was recorded on a 

Brush Oscillograph recorder and the maximum voltage was 

measured as a function of input frequency. The form of the 

result is shown in Figs. 55 and 56 where frequency and output 

are plotted on a log-log scale. For low frequencies the graph 

is seen to be a straight line with unit positive slope and to 

behave near resonance in a manner depending upon the gimbal 

damping. With damping considerably below critical, there is a 

resonant rise followed by a rapid decrease. If the damping is 

greater than critical the slope becomes less than unity at 

frequencies lower than resonance. (Compare with Fig. 23) Cal­

culation shows that the curve follows the +l slope to the highest 

freQuency when the damping is o.65 of critical.* This method 

affords a convenient means in production for adjusting the 

damping to o.65 of critical. For this purpose a test unit using 

the above principle has been designed and constructed to be used 

by the manufacturer not only to adjust damping to the correct 

value, but to make other performance tests on the gyros. 

Test Unit MK 27 Mod 0 

The gyro Test Unit MK 27 is described in BuOrd Specification 

o.s. 3916. The test unit is illustrated in Plates 26, 27 and 28 

and consists of a welded stand upon which is mounted duplicate 

units, one to hoid train and the other to hold elevation gyros 

for test, a control panel and mounting provisions for recording 

* Appendix G (Vol. 11) --
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instruments on the top. Each unit is arranged to rock the gyro 

about its input axis at any of three desired amplitudes and at 

continuously variable frequencies from 0.1 to 30 oscillations 

per second. On the lower shelf is mounted the air pump for the 

gyros together with the variable displacement pump for the 

hydraulic motors which operate the individual units. Provisions 

are made for maintaining the gyro under test at the specified 

ambient temperature. 

Plate 29 is the complete circuit for the test unit, while 

Plate 30 is a typical record for a single frequency. Complete 

instructions for operation of the test unit and performance of 

the production test are given in the Specifications. 

When peak output voltage as a function of gyro input 

frequency has been determined the results are plotted on log­

log graph paper as in Fig. 57 which shows the test results for 

a gyro acceptable for use in the Stabilizer Mk 1. Because of 

machine tolerances in the gyro dampers the result sometimes 

shows a resonance peak as in Fig. 55. This requires that the 

quantity of damping fluid be readjusted to give the correct 

characteristic. 

Other Tests 

Fig. 58 shows the characteristic for all three amplitudes 

of motion. For the larger amplitudes A and B the frequency 

range does not include the resonance frequency because the 

gimbal amplitude becomes so great before that frequency that 

the gimbal hits the stops. Also illustrated is the effect of 
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gyro tmperature on the characteristic. The factory adjustment 

uses the quantity of damping fluid as a rough adjustment and the 

thermostat setting for the final adjustment of damping. 

The amplitude A in Fig. 58 is useful for measuring the 

static deflection as a function of angular velocity. The result 

is shown in Fig. 49. 

The gyro as used in the Computer Mk 17 has a moveable 

orifice through which the range wire passes-, by means of which 

the range wire length is made a function of target range. When 

the stabilizer gyro with this range wire arrangement was tested 

the record was asymmetrical as in Plate 31, indicating that the 

gyro sensitivity was different in the two directions of rotation 

about the input axis. A number of records at various frequencies 

were made and the pick-off potential was plotted as a function of 

gyro angular velocity, as in Fig. 59. The sensitivity near zero 

angular velocity was abnormally high in one direction and about 

the same for the two directions at higher angular velocities. The 

effect of this asymmetry on the Director motion was to produce 

a sharp discontinuity in velocity in one direction, making the 

accuracy of tracking of slow targets in that direction much less 

than in the other. In the search for the cause of the asymmetry 

the output voltage was measured as a function of the torque 

applied to the gimbal axis with the gyro wheel not moving, with 

the result shown in Fig. 60. The actual gimbal angular deflection 

was then measured as a function of the static torque (See Fig. 61). 

It was obvious that the gimbal suspension wires provided enough 

torque normally to keep the range wire pressed against one side of 
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the orifice. This finally was verified by a measurement of the 

resistance between range wire and orifice plate. There was no 

difficulty in detecting the play by this means. From the width 

of the steep portion of the curve in Fig. 59, the calculated play 

was 0.0008 in. Inspection of the range wire after its removal 

showed unmistakable signs of Brinnelling at the point of contact 

with the orifice plate. 

A clamp for the range wire accordingly was designed* and is 

shown in Fig. 62. Clamping the wire in this fashion changes the 

form of the stress under which it operates, since now it operates 

as a double cantilever spring. This accordingly changes the 

length of range wire for a given spring constant. It turns out 

that the stress for a given gimbal deflection is actually less 

-for the range wire clamped at both ends> than for the single 

cantilever wire. 

QONTROL UNIT_(Manual Rate) Mark 31 Mod Q 

The (Pointer's) Control Unit, Mk 31, Mod O is illustrated 

in Plates 35, 36, and 37, and has been designed with a number of 

practical factors in mind. Several exhaustive conversations were 

held with workers at MIT, Naval Research Laboratory, Naval Gun 

Factory, The Arma Corporation, and others, who have been asso­

ciated with the development of anti-aircraft fire control equip­

ment, as to the type of Pointer's Control best suited for accurate 

tracking of an airplane on a generalized approach course. There 

are at least two rather definite schools of though, one favoring 

the so-called handle-bar control while the other favors the 

* Appendix G (Vol. II) 
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joystick control. In the handle-bar control, two different types 

of motion are required to produce Director motion in train and 

elevation, namely, a rotary motion about a vertical axis, and a 

rotary motion about a horizontal axis. While the actual motion 

of the joystick gimbal is identical with that of the handle-bar 

control, the method of producing this motion is somewhat different, 

for the Pointer grasps a handle pointing directly forward and 

away from himself. The motion of his hand forms a king of polar 

coordinate system in which the radius vector determines the 

Director line of sight angular velocity in both direction and 

magnitude. Thus motion in train and elevation re~uires the same 

type of motion of the Pointer's hand--that for elevation being in 

a vertical plane, while that for train motion is in a horizontal 

plane. It was on this basis, and the fact that a satisfactory 

joystick gimbal had been developed by the Ford Instrument Company 

for the Mk 49 Director, that it was decided to incorporate the 

joystick type of control in the Mk 61 Director. In the design 

and production of the gimbal system great care was taken to reduce 

play and dry friction to the limit, since these would impair the 

ability of the Pointer to track a target accurately. Since this 

decision was made the authors have become convinced. that it makes 

little difference from all standpoints which system is adopted. 

The train and elevation gimbal motions are transmitted by 

means of levers and gears to rate potentiometers and position 

tachometers. (Plate 37) Considerable care has been taken in 

the design and construction to reduce mechanical play and dry 

-
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friction to a minimum. Play -in _the system, of course, destroys 

the linear relationship between joystick deflection and the desired 

output signal. The objection to dry friction in the system arises 

from the fact that the frictional drag is independent of velocity 

so that the force required to track simultaneously in train and 

elevation is greater than that for train or elevation tracking 

alone. fhe effect of this is that when one tries to move the 

joystick in a circle, the actual motion is more in the form of a 

square and motion along a diagonal is resolved into step motion 

along the train and elevation directions. 

On the other hand, if dry friction is reduced to the point 

where it is not noticeable, the joystick feels loose in the hand 

of the Pointer and he finds some difficulty in keeping it at a 

constant deflection, the tendency being to overshoot all motions. 

For this reason, viscous dampers were placed on the train and 

elevation gimbals (Plate 36), care being taKen that here too the 

dry friction was held to a minimum. The viscous dampers consisted 

of three discs moving between other stationary discs and separated 

by approximately 0.005 inch. The construction is shown in Plate 

39. The space between was filled with Dow-Corning Silicone fluid 

of high viscosity, the highest obtainable at the time being 30,000 

poises. 

Fig. 63 shows the torque versus velocity curve for this 

damper at the temperatures indicated in the figure. In the Director 

the dampers are thermostated at approximately 140°.F. Silicone 

fluid has the advantage that the viscosity varies rather slowly 
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with temperature and, therefore, does not become so stiff at 

minus 10°F that the mechanism would be unduly strained when 

the joystick is operated. The construction and design provide 

a structure rigid enough that the viscous drag is felt immedi­

ately when the joystick is moved. 

To give the Director Pointer a sense of the direction of 

displacement of the joystick from the neutral and to arrange 

that the Director velocity falls to zero when the joystick is 

released, springs are provided for returning the gimbal to the 

normal position with a time constant of about 4 seconds. The 

dampers and springs are shown in Plate 36. 

Each gimbal drives a rate potentiometer and a position 

tachometer, the former to control the Director angular velocity 

and the latter to provide position control as described presently. 

The form of the output voltage vs. deflection curve for the 

rate potentiometer was a subject f.or some consideration. It 

would be convenient if the Pointer were required to move the joy­

stick at a constant velocity in tracking an airplane on a 

generalized crossing run between the maximum range and crossover. 

The joystick displacement, then, should be a linear function of 

time and the potentiometer output should be proportional to the 

instantaneous angular velocity of the target. This requires, 

then, that the potentiometer output voltage be the same function 

of joystick displace~ent as the angular velocity is of time. 

The form of the angular velocity - time curve is shown in Fig. 64. 

Of course, a good fit over all portions of the path would involve 
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a complicated arrangement. Accordingly, the region for which a 

fit was attempted was that between the more or less arbitrary 

points A and B (Fig. 64), where the point B was made to occur 

near the central or normal position of the joystick. 

The circuit is shown in Fig. 65 and Plate 38. The dual 

potentiometer AB is a Leeds and Northrup two inch model con­

structed for the purpose. The resistors R4 , R6, and Rs were 

chosen to give the correct form of output curve and the 

resistor R12 to give the voltage required to slew the Director 

at maximum potentiometer deflection. Impedance of the trans­

former is such that the phase difference between the supply 

voltage and the tracking circuit output is not more than one 

degree. Fig. 66 shows the joystick output. Shaping of the 

joystick characteristic in this fashion eliminates the excessive 

sensitivity experienced with the Mod O Director near zero track­

ing rate. 

Tracking a target with the joystick controlling a rate 

potentiometer alone is a very difficult task. This is true 

because two quantities relative to the line of sight (LOS) and 

the target must be matched, namely the position and its first 

derivative. The tracking potentiometer governs the angular 

velocity. The Pointer's judgment must supply the position 

through anticipating as the target approaches the crosshair in 

the telescope, for he must bring the LOS on the target at the 

correct angular velocity. To aid his judgment, there is pro­

vided a rate integral device or a position control. The 
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position control signal is supplied by a tachometer also driven 

by the joystick motion. The tachometet output, which appears 

in series with the potentiometer potential, is proportional to 

the rate at which the joystick is moved. 

The necessity for position control can be seen in another 

way. Let the target move from side to side in sinusoidal motion 

and let tne Pointer track the target with potentiometer control 

only. The motion of the joystick will be 90 degrees out of phase 

with the Director motion. So long as the period of the motion is 

large the Pointer will be able to track the target with moderate 

success but he will find it quite impossible to preserve this 90 

degree relationship at high frequencies. If, now, position control 

1s added, the 90 degree phase relationship will remain at low 

frequencies, but will become zero degrees at high frequencies. 

In other words, for quick motions of the joystick, the Director 

will act as if it were fastened directly to the end of the joy­

stick. Fig. 67 shows the frequency response of the Director to 

a joystick sinusoidal motion of constant amplitude and variable 

frequency with rate and position control. The corner frequency 

was placed at about 0.5 cps, which was found subjectively to be 

quite satisfactory. In designing the mechanical coupling between 

the potentiometer and tachometer, care was taken to use as high 

a gear ratio as space would permit with a simple arrangement of 

gears. This assures a go0d signal to noise ratio and, with the 

chosen ratio of 36 to 1, does not introduce excessive inertia on 

the joystick handle because of the very low inertia of the 

-·-
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Kollsman incuction generator. 

The position tachometer is so connected as to aid the 

derivative of the rate signal, i.e., when the joystick is 

moved in the direction to increase velocity, the position 

control aids the increase, and when the joystick moves to 

decrease velocity the position control aids the decrease . 

In fact, the position control can be made to override the rate 

signal so that the Director actually moves in the opposite 

direction to the actuating rate signal. This is an ideal 

arrangement for putting the LOS on a moving target accurately 

and with a minimum of time, for the crosshairs can be brought 

onto the target at high speed and then the angular rate of the 

Director adjusted by the rate at which the joystick is moved 

toward the correct angular rate position. The high acceleration 

capacity of the Director aids in such a maneuver. 

TACHOMETER GENERATOR 

The tachometer generator gives a signal whose phase sense 

depends upon the direction of rotation and whose magnitude is 

proportional to the speed. The generators used in the Director 

are BuOrd No. 257468, manufactured by the Kollsman Instrunent 

Division of the Square-D Co. They are used for three purposes: 

In the Control Unit, Mk. 31 to provide position control, in the 

Hydraulic Stroke Control to close the internal loop, and in the 

Synchro Boxes to close the external loop without the gyros. 

To function properly in the circuit a rate generator must 



- 73 - DZCLASSIF.2..: 

have certain properties in addition to those mentioned above. 

The signal with the rotor at rest in any angular position must 

be inappreciable, the harmonic content of the induced signal 

should be low, and the phase shift through the generator should 

be zero, when feeding into the correct impedanceo All these 

quantities should be independent of speed, temperature and other 

physical conditions. 

The tachometer generator gives approximately 100 mv residual 

signal with 75 volts on the primary winding with the rotor at 

rest. There are two sources of this residual: the first results 

from poor balance of the magnetic flux and the second from 

capacitance between primary and secondary. An adjustable lamina­

tion in the iron core is provided for balancing out the magnetic 

flux. The following experiment shows the magnitude of the capaci­

tive feed-through. The circuit shown in Fig. 68 was arranged and 

the potential across the 125 ohm resistor measured for some 40 

generators. The values ranged from 4 . 3 to 7.5 mv, giving a 

current of about 0.04 ma. Since the generator is to be used with 

a resistor of this order of magnitude shunting the secondary this 

gives about the zero rotation residual--too much for use in the 

input circuit of the amplifier. 

The residual was reduced considerably by introducing into 

the secondary circuit a potential produced by reactance current 

in the primary, as shown in Plate 33. The amount of potential 

introduced is controlled by the potentiometer according to the 

need of the particular generator. The phasing condenser Cl is 
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included to provide zero phase shift between supply line and 

circuit output. The supply voltage was limited to 75 volts, 

for above this the iron saturates and introduces a considerable 

third harmonic. By means of this circuit the residual po~ential 

is reduced for most generators to less than 1.5 mv and the phase 

angle between input and output is less than 4°. 

Generators were found to vary considerably in their residual 

and their phase shift. In order to select the generators best 

suited for use in the Director the Test Unit Mk 29 Mod O illus­

trated in Plate 32 was developed. The circuit of the Test Unit 

is given in Plate 34. The Test Unit is described in Procurement 

Specification O.S. 5301 and instructions for the test in o.s. 

3923. One chassis contains the supply transformer, the fixture 

for holding the generator during test, a motor which rotates 

the generator in either direction at a known rate, and the test 

circuit proper. Circuit constants have been very carefully 

matched for all test units. The second chassis contains resonant 

filters for elimination of harmonies from the generated signals 

for purposes of accurate measurement. A Ballantine vacuum tube 

voltmeter, a cathode ray oscillograph, and a General Radio 

Strobotac complete the required equipment. The quantities 

checked in the test are: (1) Minimum Residual voltage for 

several angular positions of the rotor; (2) voltage output at 

a specified speed in both directions; (3) phase shift at the 

specified speed in both directions. 
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Accepted units are stamped BuOrd No. 257468-5 if they have 

a smooth shaft and BuOrd No. 257468-6 if they have a pinion 

shaft. 

TRACKING AMPLIFIER 

The Tracking Amplifier BuOrd Dwg . No. 903259, circuit 

BuOrd Dwg No. 903260 is a conventional one except for the 

equalizing network, which is mounted on the Amplifier chassis. 

The amplifier is shown in Plate 40 and the circuit in Plate 

41. 

The input transformer specific&tions are shown in Fig. 69. 

Primary impedance at low signals (order of 0 .010 volt) is 

appr0ximately 120 ohms and at high levels (0.25 volt) is about 

250 ohms. Secondary impedance is about 80,000 ohms. The use 

of Electric Metal or Mu Metal for the core is necessary because 

the transformer is used at such low input levels, since this 

is the nature of a servo system. It was likewise found necess­

ary to shield the transformer from external fields, principally 

that from the filament supply transformer by a complete Mu Metal 

shield inside the transformer can. The hum bucking construction 

was found to reduce magnetic pickup appreciably. All transformers 

are hermetically sealed. 

The input transformer feeds into the high impedance equaliz­

ing network, to be described in a separate section, and then to 

the grid of the first amplifier tube. The first stage uses a 

6AC7 in a conventional circuit to give a voltage gain of approxi­

mately 100. The circuit design is such that the gain is relatively 
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independent of plate supply potential. As shown in Plate 41 a 

condenser C3 shunts the plate of the 6AC7 to ground. A flat 

characteristic to a corner frequency of approximately 160 cps 

and then a fall-off of 20 db per decade is produced by this 

arrangement. This condenser is also the "phase tr.imming" con­

denser for compensating for phase shift in subsequent stages so 

that the output and input phase relationships are preserved. 

The second stage is a triode voltage amplifier with a gain of 

approximately 32. This is the first stage to saturate and it 

consequently limits the undistorted power output of the amplifier. 

The third stage is a triode phase inverter arranged in a 

circuit that presents relatively low impedance to the grids of 

the following 6V6 beam power tubes. This stage has a gain 

slightly less than two from input to grid-to-grid of the power 

stage. The self-biased power stage of 6V6 beam power tubes feeds 

into the output transformer shunted by condensers Cll and Cl2. 

The latter are inserted for the purpose of rendering the impedance 

looking back into the transformer from the output winding a 

resistive one. The values of the condensers are such that the 

resonance frequency is considerably different from 60 cps so 

that time delays and phase shifts with frequency, characteristic 

of resonant circuits, are avoided. A 10 percent negative feed­

back signal improves stability of the amplifier. Specifications 

for the output transformer are shown in Fig. 70. 

The output impedance of the output transformer is 500 ohms, 

but because of the amplifier feedback the effective output impe-

DECLASSIFIED 
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dance of the amplifier is reduced to 270 ohms. Since the impe­

dance of the load (one winding of the Diehl stroke motor) is 

700 ohms, this gives fairly good load regulation. The overall 

gain, including the equalizing network, is about 76 db at 60 

cps. Fig. 71 shows the frequency response of the amplifier with 

signal applied to the input transformer and to the first grid. 

The latter curve shows a flat response to 160 cps and the 20 db 

per decade decrease thereafter described above while the former 

shows the characteristic resonant dip of the equalizing network. 

The amplifier begins to saturate at approximately 55 volts 

output with the load connected and gives about one volt noise 

output for zero input. A typical gain curve is shown in Fig. 72. 

EQUALIZING NETWORK 

As discussed previously the equalizing network is for the 

purpose of extending the 20 db per decade frequency range of 

the Control Device (Ftg. 6). This is accomplished by inserting 

into the circuit a component with a rising frequency character­

istic from a corner frequency approximately matching that of 

the stroke motor. Such a network is the Parallel T pad (Fig. 31 

and Plate 54) Bu0rd No. 903184). 

Analysis of the unbridged parallel T pad shows that the 

impedance of the parallel path should be one half that of each 

element in the series path and that the resonance frequency is 

that frequency for which the capacitive reactance of each con­

denser is equal to the corresponding resistor in the circuit. 

If the attenuation at resonance is to be high the resistors and 
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capacitors must be well matched and if the resonance frequency 

is to be 60 cps the values roust be close to nominal. 

The first units to be made had carbon resistors, but it 

was soon found that time and temperature variations were con­

siderable. So wire wound resistors were substituted with a 

nominal tolerance of 0.1 percent with silvered mica condensers 

of 0.5 percent tolerance. These units are now considered satis­

factory for use in the Director. 

For experimental purposes one unit was prepared with 

resistor tolerances of 0.1 percent and condenser tolerances of 

0.2 percent. The carrier frequency response of this unit is 

shown in Fig. 73 for both the bridged and unbridged network. 

The resonance frequency is very near 60 cps and the attenuation 

at resonance for the unbridged unit is almost 80 db. 

As a demonstration of side-band frequency transmission the 

circuit shown in Fig. 74 was arranged. A resonant filter was 

used to remove harmonics from the source, for these higher 

frequencies experience little attenuation in the T pad. The 

input transformer was used better to match the high impedance 

resonant filter to the low-impedance rotatable transformer, 

Which generated the side bands . A Brush recorder provided a 

permanent record of the magnitude of transmitted signal. If 

the speed of the rotatable transformer is increased uniformly 

the resulting signal transmission is as illustrated in Plate 

55. 

A more satisfactory means of measuring side-band trans-
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mission is from plots such as those in Fig. 73 from which trans­

mission against fre~uency difference from resonance may be 

obtained. The side-band transmission for the unbridged T-pad 

thus obtained is shown in Fig. 75 and the transmission is seen 

to increase 20 db per decade. The side band transmission for 

the bridged T pad is given in Fig. 32. 

According to the Objectives the Director is to give satis­

factory operation over a supply frequency range from 55 to 65 

cps. Fig. 76 shows the frequency response of the unbridged T 

paid for various carrier frequencies. The transmission is in­

dependent of frequency to a corner frequency equal to the 

difference between the carrier and 60 cps, and rises 20 db per 

decade thereafter. This is because at low modulation frequencies 

the positive side band is decreasing while the negative is in­

creasing 20 db per decade, (See Fig. 73), resulting in a flat 

frequency response to the side band frequency, which when added 

to the carrier frequency gives the null frequency of the network. 

For higher modulation frequencies both branches rise 20 db per 

decade, resulting in the normal side band transmission slope 

from a very sharp corner. 

The side band frequency characteristic of the bridged ~ad, 

on the other hand, is almost independent of carrier frequency 

from 55 to 65 cps , as shown in Fig. 77. Fig. 33 shows that the 

slight variation of corner frequency of the bridged T pad between 

55 and 65 cps will affect the frequency characteristic of the 

Control Device inappreciably. For this reason the bridged 
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parallel Tis much to be preferred to the high Q, LC resonant 

filter sometimes used for frequency equalization. 

For purposes of production inspection the Parallel T Pad 

Network Test Unit BuOrd No. 909321 illustrated in Plate 56 was 

prepared. On the chassis is a parallel resonant 9ircuit to 

reduce harmonic content of the signal applied to the T pad, a 

suitable quick-change fixture for holding the unit during test, 

and necessary switches and connections for source, VT voltmeter 

and oscillograph. The load applied to the network is fixed at 

1 megohm. The wiring circuit for the Test Unit is given in 

Plate 56 (a). The tests consist of making the following 

measurements: (1) The frequency of maximum attenuation of the 

unbrfdged pad which must be 60 + 0.5 cps; (2) the attenuation 

of the unbridged unit at the resonance frequency, which must be 

55 db or greater; (3) the attenuation of the bridged unit at 

the resonance frequency, which must be 26 ± 1 db and (4) the 

phase shift of the carrier signal in the bridged unit at 60 cps, 
0, 

which must be less than 10. In addition, if it is desired, 

attenuation as well as phase shift as a function of frequency 

can be measured for both the bridged and unbridged networks. 

TRAIN AND ELEVATION HYDRAULIC POWER DRIVE UNIT MK 1 MOD O 

The hydraulic power drive system is shown in Plates 14 and 

15. It may be divided for purposes of description into three 

main parts, the stroke control (a part of the Control Device of 

Fig. 6), the hydraulic pump, and the piping and hydraulic motor. 

DECLASSIFIED 



DECLASSIFIED - 81 -

.. 
The hydraulic pump is a unit which not only produces oil 

pressure to cause oil to flow through the hydraulic motor, but 

also meters the flow of oil to control the speed at which the 

hydraulic motor rotates and hence the angular velocity of the 

Director. 

The Hldraulic Pump 

The hydraulic pump consists of two main parts, the pump 

proper and an amplifying or ~ollow valve. The pump, of which 

a cross section is shown in Plate 43, is a series of pistons 

mounted on a plate which is made to rotate about an axis per­

pendicular to its plane by means of a 1.5 hp electric motor 

rotating at the constant speed of 3540 rpm. These pistons fit 

into a cylinder block which rotates at the same speed as the · 

pistons. The cylinder block is mounted on a tilt plate in 

such a way that its axis can be made to assume any desired 

angle with that of the piston plate axis within limits pro­

vided. Thus, as the rotation of the assembly occurs, the 

pistons move in and out of the cylinders by an amount depend­

ing upon the angular tilt of the cylinder block. Valves are 

arranged in such a way that the motion of the pistons in their 

cylinders produces a flow of oil under pressure. The quantity 

of oil per revolution is directly proportional to the piston 

stroke and, therefore, to the angular tilt of the cylinder 

block. The tilt angle and the oil flow are adjusted by means 

of a lever system from the follow valve. The latter is shown 

in cross-section in Plate 44 and constitutes a hydraulic power 
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amplifier. The pilot valve is positioned by the relatively low­

power stroke control to be described presently and the follow 

valve reproduces this motion powerfully to position the tilt 

block quickly and accurately. Fig. 78 shows the hydraulic motor 

speed and hence the oil current as a function of the position of 

the pilot valve and, therefore, of the angular tilt of the 

cylinder block from the normal position, since the hydraulic 

motor speed is proportional to the oil current. 

In using a system of this kind for driving a device such as 

a Director the performance is of particular interest at low 

angular rates and consequently at low pumping speeds. Because 

most of the friction in the Director is dry friction, the torque 

required to drive the Director at constant speed is practically 

independent of the angular velocity. This means that the pump 

must be capable of generating high pressures even though the 

pump speed is low. However, it is just in this region that 

internal leakage past valves and pistons in the pump will be most 

effective in reducing the pressure. For this reason it is 

essential that machine tolerances be held to the minimum possible 

by the use of the most modern machining and finishing methods. 

Figs. 79 and 80 show the torque developed by the hydraulic 

motor as a function of speed for various constant angular tilts 

of the cylinder block. (Fig. 79 was taken with the Vickers 

20400 pump, which is the same design as that in the Power Drive 

Unit Mk 1, while Fig. 80 shows data using the Vickers 16801, 

which differs only in the form of the pilot valve and the fact 
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that maximum tilt block angle is limited to one-half that in the 

other units. Otherwise the pumps are identical.) It is seen 

that for small displacements of the pilot valve, that is, for 

low angular tilts, the torque decreases rapidly with tilt. This 

is true, of course, because the leakage oil current becomes an 

appreciable fraction of the total oil current. Fig. 81 perhaps 

illustrates better the larger percentage increase in valve open­

ing necessary at low speeds to maintain constant speed as the 

load is increased. Because of this unavoidable residual oil 

leakage it is essential to reduce the frictional drag of the 

Director as much as possible by using roller and ball bearings 

and by arranging the cable twist to give the least effective 

torque. It is for this reason also that spur gear transmission 

drives are used instead of worm gear, since the latter generally 

have more frictional drag for a given gear reduction. 

As indicated above the follow valve functions as a hydraulic 

power and force amplifier. Oil from an auxiliary constant pressure 

gear pump is metered by means of the pilot valve in such a way as 

to force the follow valve to move with the pilot valve. In order 

to reduce to the lowest point the force required to move the pilot 

valve, no tight seal was used but rather a metal seal with. 0.0002 

inch clearance. The resulting leakage oil around the pilot valve 

is collected and returned to the oil storage tank by means of an 

auxiliary sump pump pictured in Plate 46. The force required to 

move the pilot valve was reduced by this means from 12 ounces 

with a neoprene seal to less than 0.5 ounce. Considerable trouble 
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was experienced with this type of pump until metal pintle seals 

were substitut ed for the leather seals usually used. 

Not only is an accurate static response desirable, but 

also particular care must be taken that the dynamic response 

enables proper control of the Director for tracking purposes. 

The dynamic response properties perhaps are best illustrated 

and studied by means of the frequency response which, on a 

log-log plot, should be a straight line with negative slope 

of 20 db per decade to some arbitrarily high frequency. An 

accurately sinusoidal motion of constant amplitude and variable 

frequency is applied to the pilot valve and the amplitude or 

maximum velocity of the hydraulic motor measured. Fig. 82 

shows such a frequency response curve for the Hydraulic Power 

Unit Mk 1. 

The hydraulic motor, shown in cross-section in Plate 45, 

operates on the same principle as the pump, the tilt angle, of 

course, being fixed. 

Ihe~troke Control: 

The stroke control 903255 has been designed to use the 

Diehl 903257 two-phase, two-pole stroke motor, the Kollsman 

BuOrd #257468-5 rate generator, the 299574-4 Bodine Dither 

Motor, and to provide the stroke travel required by the Vickers 

903254 hydraulic pump described above. Fig. 83 shows several 

curves on the Diehl Stroke Motor and it is seen that the speed 

for maximum output power is about 2,000 rpm. It is desirable 

that the gear ratio from motor to pilot valve be such that the 
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motor will rotate at the speed for maximum output power when 

the valve is travelling at its maximum possible speed. Tests 

were made to determine this speed and the minimum time for 

reversal on several pumps was found to vary from 0.4 to o.8 
sec. If an average of o.6 sec. is assumed, the optimum gear 

ratio turns out to be approximately 60 with the stroke control 

linkage as adopted by Vickers. For practical reasons a gear 

ratio of 68.3 was used since this ratio is not critical. 

The stroke control gear diagram is shown in Plate 42. All 

gears are of the best precision, carefully mounted for free run­

ning with a minimum of backlash. 

The ideal arrangement t'or incorporating the stroke genera­

tor would be to have it mounted on the same shaft as the stroke 

motor. Because of space limitations in the Director this was 

found to be not feasible. The generator is coupled to the 

stroke motor by a 1 to 1 gear ratio, and the motor mounting is 

so arranged that the motor may be adjusted for the minimum 

practicable backlash to the stroke generator. 

The limit stop is operated by returning the pilot valve 

to the neutral position at the limit of Director motion by 

means of a flexible shaft which drives the worm gear and sector 

arrangement shown in Plate 42. This method has two desirable 

features: The deceleration when the limit is approached at 

full speed is smooth and not very large, and there is• no diffi­

culty in pulling the Director away from the limit stop. 
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Should the Director for any reason rotate beyond the limit 

stop position, electric switches open the main power circuit, 

and as a final precaution rigid mechanical limit stops are 

provided. In order to reduce strain on the stroke control 

gears, spring fingers in the stroke control open during stop­

ping process so that the stroke motor and generator are not 

forced to run backward by the action of the limit stop cam. 

The Dither Motor rotates at approximately 162C rpm and 

drives an adjustable eccentric by which the dither amplitude 

may be controlled. Ordinarily the latter is adjusted so that 

dither motion of the Director is just below the point of de­

tectability. Dither adjustment also has an effect upon fre­

quency response as shown in Fig. 82. 

The best practice was followed in the installation of the 

high- pressure piping in the system, care being taken that all 

corners were well rounded and that adequate oil f-iltering was 

provided. Drain pipes from the hydraulic motors were first 

carried up an inch or so in order to assure that some residual 

oil would always remain in the front bearing of the hydraulic 

motor for lubrication purposes. The complete hydraulic flow 

diagram for the Director is shwon in Plate 47. 

Many troubles of various kinds were encountered from time 

to time with the hydraulic pumps . Foreign material in the oil 

especially is to be avoided because such materials score the 

pistons and cylinder walls, clog the oil filter, and may even 

increase internal leakage by separating the valve plate from the 
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cylinder block. Several times retaining pins have broken and 

made the pt:l.IIlp useless until it was repaired. On some pumps 

received from the factory, the booster pressure for the follow 

valve was found to be set much too low. In order to perform an 

overall check it was decided to develop a test set on which all 

production units were to receive a final check. This test was 

to be performed in addition to all tests normally made during 

the manufacturing process at the factory. 

TEST UNIT MARK 26 MOD 0 

The test unit Mk 26 is pictured in Plates 48, 49, 50, and 

51 and the electrical circuit is given in Plate 53. It consists 

of a table made from angle-iron upon the top of which is placed 

the hydraulic unit to be tested. The hydraulic unit is con­

nected in a servo system which duplicates the Director drive in 

its essentials, except that the external loop is closed by means 

of a rate generator instead of a gyro. The hydraulic motor 

drives a disc whose moment of inertia is made to simulate that 

of the Director in train, and two rate generators, one of which 

acts as the feedback generator in the external servo loop; the 

other is used for measurement of instantaneous velocity by 

recording the output voltage on a Brush recorder. A control 

panel is provided on which are mounted the various controls, 

including means for driving the system in either direction at 

constant angular velocity and for driving the system in sinusoidal 

motion at constant amplitude and variable frequency. By this 
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means the frequency response of the entire servo system may be 

studied. Any deviation from the normal response usually is 

traceable to~ fault in either the stroke control or the 

hydraulic pump. Standards are set up for acceptance of all 

hydraulic pumps on this test stand to be incorporated in the 

Mk 61 Director. 

Plate 52 is a sample record of the instantaneous velocity 

of the hydraulic motor as a function of applied frequency for 

a normal unit. The response is practically flat with frequency 

to 5.5 cps, after which it falls off rapidly. A unit with 

excessive internal leakage in the hydraulic pump will give a 

frequency characteristic which falls suddenly at much lower 

frequency. If the replenishing pump pressure is low there will 

be a resonant rise at lower frequency than the normal corner 

frequency and then the usual decrease. If there is excessive 

friction in the stroke control the corner frequency will be 

lowered. While it is usually difficult to tell from abnormal 

results what the trouble may be, there is no doubt that a 

serious fault will manifest itself in an abnormal record. The 

cause of the faulty record must be determined from inspection 

or other tests. For this reason this test unit is recommended 

for auxiliary use as a final inspection test. 

Procurement Specifications for the Test Unit Mk 26 Mod O 

are given in o.s. 3917. 

THE HYDRAULIC SYSTEM ELECTRIC DRIVE MOTOR 

This motor is made by the Howell Electric Company and has 
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a double-ended drive shaft for driving both train and elevation 

hydraulic pumps. It operates on 440 volts, 60 cycles, 3 phase, 

and is rated at 1.5 hp at about 3500 rpm. Tests have been made 

to determine whether the sudden load changes produced when the 

Director is accelerated appreciably affect the speed of the 

motor, and it was concluded that speed regulation of the motor 

are adequate for the conditions under which the motor is being 

used. Characteristic curves for the motor are shown in Fig. 84. 

These curves show that under the rated conditions of 1.5 hp the 

speed is approximately 3450 rpm, the current is about 2.1 amperes, 

the torque is some 2.3 ft-lbs, the efficiency 78 percent, and the 

power factor 92 percent. The power required by the Director is 

much lower than this except under high velocity and acceleration. 

TELESCOPE MK 92 MOD 2 

The Telescope is of the fixed-operator line-of-sight type; 

that is, the Pointer looks in a fixed direction parallel to the 

deck plane, and the Director line of sight is elevated by a 

prism rotated by the Director elevation drive. Arrangements 

are provided so that the train and elevation radar scope is 

likewise visible in the telescope so that the type of tracking 

can be selected and used without moving the head. The optical 

elements of the telescope are shown in Plate 59. The various 

optical components can be identified by reference to Plate 60, 

which is a general layout of the telescope. The telescope is 

equipped with such necessary items as light-filters for better 
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contrast between target and background, polarizing plates for 

adjustment of total light intensity, reticular lines which may 

receive side illumination of' adjustable brightness for night 

work, and focusing means for the eyepiece. All optical 

surfaces except mirror surfaces are coated for low reflectivity 

and mirror surfaces are front coated. The telescope case is 

hermetically sealed and filled with dry nitrogen to avoid 

corrosion. 

Torque re~uired to turn the telescope drive as a function 

of temperature is shown in Fig. 88. The telescope drive is 

designed so that the total play in the drive and the windup 

due to all torques, including that necessary to drive the 

telescope, is less than one mil. 

SLEWING SIGHT MK 6 MOD 0 

The slewing sight is shown in Plates 57 and 58. Provi­

sions are made so the sight may be used in either of two ways: 

As an "open sight" by locking the sight to follow the motions 

of the Director, or as a slew sight for the local acquiring of 

targets. Plunger locks are provided for the former purpose, 

while for the latter potentiometers are positioned by the 

relative motion between Director and Slew Sight line of sights 

to give a signal. When the Control Officer, who normally mans 

the slew sight, closes his finger switch, the signal causes the 

Director to move to reduce the angular error. 

If the potentiometers are linear ones the sensitivity 
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about the alignment position is likely to be so large that 

sustained oscillation of the system will be produced when the 

servo loop is closed through the operator. To reduce this 

tendency and preserve the conditions which make for a low 

velocity error the potentiometers are shaped similarly to 

those of the Control Unit (Manual Rate) Mk 31 (Pointer's 

Control Unit) except that the motion to cause slewing is 

much less. This is accomplished with the circuit in Fig. 85. 

Fig. 86 shows the voltage output of the potentiometer. An 

angular displacement between Direc~or and Slew Sight line of 

sights of 14° in train and 28° in elevation will cause the 

Director to slew. The constant velocity error as a function of 

velocity is shown in Fig. 87. The field of view of the Track­

ing Telescope Mk 92 Mod 2 is approximately 6° in diameter. 

This means that targets moving at velocities greater than 3.5 

degrees per second in train or 1.7 degrees per second in 

elevation will be out of the field of the Pointer's Telescope 

when on the crosshairs of the slew sight. The Control Officer 

accordingly must "lead" high velocity targets if the Pointer is 

to be successful in acquiring them. Almost all targets will be 

acquired at velocities below 3.5 degrees per second, so this 

restriction is not considered very serious. 

Angular limits for the slew sight are set by stops to be 
0 O 0 

z60 in train and +90 to -25 in elevation from the deck plane. 
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AUTOMATIC TRACKING UNIT 

The Automatic Tracking Unit (ATU) is a component of the 

Radar and Target Acquisition Unit Mk 47. It is contained in 

the Target Acquisition Unit chassis. The circuit is shown in 

Plate 69. 

The principle of operation of the unit briefly is as 

follows. The 30 cps signal which normally feeds the spot scope 

circuits in the radar is brought to the grid of the first tube 

in the ATU. This is a cathode follower stage which feeds two 

ring modulators, one for each channel, train and elevation. 

The 30 cps signal from the lobing generator is used as reference. 

The resulting direct current in each channel is fed through the 

RC equalizer and then to a balanced modulator, which produces 

60 cps which is applied to the tracking circuit of the Director. 

Phase relationships, of course, are such that the resulting 

Director motion is in the direction to eliminate the line-of-

~ sight error with the target. Cross pointer meters in the direct 

current portion of the circuit indicate the tracking error to 

the operator. 

In designing the circuit, performance specifications were 

first decided upon and the design then made to sa tisfy these 

specifications. Without going into detail, the method by which 

these specifications were fixed is one of obtaining the frequency 

spectrum of the worst tactual situation that the fire control 

system is to be expected to handle and then to set up a trans­

mission band width for the automatic tracking system which will 
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transmit an acceptable portion of the band. The desirable 

band width turns out to be about 0.5 cps from zero frequency 

and if gain crossover for the entire circuit is placed at 

0.5 cps the response of the closed loop will be flat to this 

frequency whether the system is a 20 or a 40 db per decade 

system. In the former case the system will be stable for 

all frequencies and in the latter instability will occur at 

gain crossover. 

A 20 db per decade overall system would mean a flat 

frequency response for the ATU, since the Director is a 20 db 

per decade system. However, it is desirable that some provi­

sion be made for "coasting" to allow for short periods of fad­

ing of the radar signal. This can be accomplished by introduc­

ing an RC circuit in the direct current portion of the ATU. 

This, itself, is a 20 db per decade system and would make the 

open circuit response of the system fall 40 db per decade, 

which would produce an unstable system when the loop is closed. 

As shown previously (Fig. 15), such a system can be made stable 

if the characteristic is changed form -40 db to -20 db per 

decade in the neighborhood of gain crossover. 

The equalizer selected, then, is one with a flat character­

istic to the corner frequency required for coasting, a section 

of -20 db per decade to the second corner frequency (near the 

· gain crossover fre~uency for the open loop) and the third 

section which is invariant with frequency (Fig. 43 (a) . The 

circuit is shown in Fig. 43 (b). 
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As shown previously (Eq. 52) the error ~ 

using such an equalizer would be 
• •• 
~ 1--

e = + 
lv} ev,wJ-

and the values of t:AJ, and (,A)~ consistent with 

of a band pass of 0.5 cps from zero frequency 

100 rad per sec, respectively, so that 

/00 

.. 
~ 

-+ To 

for a system 

the requirement 

would be 0.1 and 

(55) 

. .. 
where~ is in degrees if 9 is in deg per sec and 8 is in deg 

per sec2 • 

Also, since 

< 56) 

there results 

which corresponds to a frequency f,_ = O. 5 cps, in harmony with 

the performance specific~tions. The angular frequency w~ , 

then, not only is the upper corner frequency of the network but 

mnst be made the gain crossover frequency of the open loop 

radar-ATU-Director system. 

The latter frequency is a function of the system gain and 

adjustment of the gain to satisfy the performance specifications 

(Eq. 55) is equivalent to setting the gain crossover frequency 

at w:J,. • 
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In practice means are provided for appl ying a signal in 

the ATU corresponding to an angular error of 0 . 1 degree . The 

gain in the ATU is then adjusted until the angular veloci ty of 

the Director is 10 deg per sec . There is no control for acceler­

ation error sensitivity since this is fixed by the network when 

the above adjustment has been completed . 
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Recommended Changes in Design - Considerations for 

Future Work. 

In the course of the developmental work and tests - both 

laboratory and field - certain desirable modifications became 

apparent. They are listed here as a matter of record and 

perhaps a starting point for future efforts in improving the 

equipment. 

GYROS 

1. There seems to be no reason why computing and 

stabilization should not be done by the same 

gyros. 

2. If heavy damping fluid is used in the computing 

gyros (as is done now), it should be the subject 

of an investigation to find one whose viscosity 

is independent of gyro frequency about the input 

axis. Curves similar to Fig. 22 taken on com­

puting gyros should show a departure from 

linearity downward at very low frequencies, with 

a maximum far below the 20 db per decade chara~ter­

istic, indicating that the effective damping beca~e 

very low at high frequencies. This might be the 

source of some of the amplification of trac~ing 

error observed in the Fire Control system Mk 57. 

3. Instead of using high viscous damping to smooth the 
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gun orders electrical networks might be sub­

stituted, using 6yros damped to o.65 of 

critical. This calls for a reinvestigation 

of CT as related to a fire control system of 

this kind. 

4. In addition, the following quantities might be 

introduced into the computer with networks: 

range, range rate, drift, superelevation, wind 

own ship's speed. 

5. The gyros should be electrically driven. 

6. The cross-roll gyro should be damped to 0.65 of 

critical. 

7. The cantilever type of restraint should be dis­

carded and one designed for the purpose which 

is clamped securely at both ends. 

8. The pick-offs should be redesigned to eliminate 

the quadrature co~ponent in the signal and to 

reduce third harmonic further. Maximum signal 

to noise ratio should not be less than 1000 to 

1. The maximum signal should be raised greatly -

perhaps to 10 volts - so that signal levels in 

the control circuit will not be so low. 

9. More care should be taken with the mechanical 
.4 • ..... esien. 

a. Natural frequencies of all parts and 

combinations of parts should be above 
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30 cps. 

b. The gimbal suspension wires should be 

eliminated, because th~y allow lateral 

motion of the gimbal. Perhaps oil­

under-pressure bearings can be de­

veloped for satisfactory use. 

c. More attention must be given to reducing 

gyro vibration if the required S/N 

ratio of 1000 is to be reached. Rotors 

should be dynamically balanced, ball 

bearings should be of the highest 

precision and adequately lubricated 

for low vibration as well as longer 

life. Exhaustive tests should be made 

of the effects of shock and vibration 

and designs modified to pass adequate 

tests. 

10. Pure 60 cps potential should be used for control 

circuits (or perhaps 80 cps to eliminate effects 

of pick-up from power circuits). Perhaps these 

should be generated and filtered for the purpose. 

STROKE CONTROL 

1. The stroke motor should be redesigned to have a 

lower impedance (see Fig. 27) and larger corner 

frequency. The maximum speed should be reduced, 

which would simplify the gearing in the stroke 
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control even- though this is contrary to 

original test data upon wh,ich present gearing 

was established. 

2. The rate generator should be redesigned for smaller 

inter-winding capacity to decrease residual 

voltage. There is no attempt whatever to shield 

the windings now. More work should be done on 

the drag cups to impr9ve uniformity so that 

residual will be independent of rotor position. 

3. The dither speed should be increased to upwards of 

3600 rpm. 

4. There should be continued rigid inspection of the 

stroke controls as well as the complete hydraulic 

systems at the point of manufacture with a continual 

effort at improv~ment of machine tolerances consis­

tent with operating requirements (temperature, 

vibration). 

5. Work toward (a) a maximum acceleration of 200 deg per 

sec2 and a slew velocity of 50 deg per sec. 
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Mk 16 Below Deck Computer and 

Mk 33 Fuze Time Computer* 

1. The computing system should be redesigned to provide 

adequate and stable computing elements to operate 

with the gyros as modified by the recommendations. 

2. The computers should be repackaged to eliminate waste 

space, large heavy drawers and to allow passing the 

standard Navy tests on shock and vibration. 

3. The complexity of adjustment should be reduced. 

4. Test facilities should be built into the computer circuits 

for quick overall tests in case of trouble. 

5. Methods employed in the Mk 33 for computing time of flight 

and secondary ballistics should be reconsidered from the 

standpoint of increased stability and suitability for 

shipboard use. The Mk 33 might be packaged with the Mk 

16 with fewer and smaller dials and controls on the 

front panel reduced to a minimum. 

6 . Cabinets should be redesigned for greater strength and 

better support of chassis. 

7. Electrical components should be carefully laid out to 

reduce electrostatic and magnetic coupling to the 

minimum. 

* See NRL Interim Report "Tests of Computers Mk 16 and Mk 33 11 

by Wm. N. Shaddix: C-S67-7(1163/NVNS), November 18, 1946, 
for system performance tests. 
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RADAR 

l. Attention is called to the fact that the present operation 

of the Mk 39 Mod 3 and the Mk 47 Mod O is not the best 

and difficulty will undoubtedly be encountered when used 

with automatic tracking. Recent circuit modifications 

of these equipments have resulted in considerable im­

provement but to provide really adequate operation 

extensive modifications are required. 

2. Provide a different receiver with AGC applied to plates 

and screens instead of grids. 

3. The band pass of AGC circuits must be considered more care­

fully. Interaction effects between video and AGC cir­

~uits must be eliminated. 

4. Careful attention should be paid to the video band pass to 

give fast recovery time and adequate AJ. 

5. Pulse stretching should be used as a means of separating 

amplitude modulation of video from video, thus improving 

S/N and bettering AGC action. 

6. Presentation: Adequate clamping should be provided of both 

fast and slow sweeps for position both in X and Y axes. 

Suitable blanking of the expanded notch keying pulse 

should be added so it doesn't appear on the main sweep. 

7. Angle separation circuits: These circuits should be con­

solidated to reduce duplication and to reduce effects of 

noise and harmonics. 
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8. Range Unit: The whole mechanical layout should be re­

designed for better operation. Attention should be 

paid to providing adequate slew control, a balanced 

range crank, a suitable time constant of the rate 

aiding to allow its use with high speed targets. A 

time constant of 0.1 sec is desirable. Automatic 

range tracking is needed with position slew. 

9. The cabinet should be redesigned so the operator can sit 

with knee room. 

10. The radar might be arranged so that the A scope is beside 

the TAU for one man tracking, if necessary. 

11. For search, the type of scan should be re-evaluated to 

determine preference between elliptical and spiral. 

The radar dish should be 48 inches in diameter to 

sharpen the beam and increase range; this change is 

being made but no test results are available as the 

4811 dish will not be ready for installation until 

August, 1947. 

TARGET ACQUISITION UNIT 

1. That the E scope - PPI presentation is the best has not 

oeen demonstrated. In preliminary work the E scope 

was found to be practically valueless except for fixing 

the Director elevation. 

2. Facilities should be added for push button target acquisi­

tion from designation - in bearing, elevation and range. 
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3. For search: The Director should be made capable of sector 

scanning a predetermined area automatically with the 

elevation held from drift by a vertical gyro, instead 

of the pendulous synchro now used. 
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BASIC ARRANGEMENT OF 

GUN FIRE CONTROL SYSTEM MK 61 

GUN D'REOTOR MK 61 
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PLATE 1 Gun Fire Control System Mk 61, Basic Arrangement 
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PLATE 2 Mk 61 Director with Eastman 30" Antenna (Front View). 
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PLATE 3 Mk 61 Director with Eastman 30" Antenna <Rear View) 



PLATE 4 
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Gun Director Mk 61 Mod 2 (View through Door showing Hydraulic Power 
Drive Mk 1 Mod O> Locked Position No. 9). 
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PLATE 5 
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Gun Director Mk 61 Mod 2 (View through Door showing Fuse Panels 

and Train Limit Switch) <Locked position No. 3) . 

n cr1 A cc,crcn 



PLATE 6 Gun Director Mk 61 Mod 2 <View through Door showing Electrical 
Controls) (Locked position No. 5). 
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PLATE 6 (a) 
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Gun Director Mk 61 Mod 2 (View through Door showing Computer 
Mk 17 Mod 3 and Stabilizer Mk 1 Mod 1) (Locked position No. 1) 



PLATE 6 Cb) 
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Gun Director Mk 61 Mod 2 (View through Door showing Elevation 
Gear ing and Limit SWitch) (Locked position No. 11>. 
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PLATE 7 Gun Director Mk 61 Mod 1 Basket (View of Computer Mk 17, Stabilizer 
Mk 1, Horizon Indicator Mk 4, and Air-Supply Units Mk 1>. 
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DECLASSIFIED 

Gun Director Mk 61 Mod 1 Basket (View of Hydraulic Power Drive and 
Synchrosl. 



PLATE 9 Gun Director Mk 61 Mod 1 Basket (View of Electrical Control and Amplifier>. 

DECLASSIFIED 



DECLASSIFIED 

-
-r:l!!:ell 

PLATE 10 Gun Director Mk 61 Mod 1 Basket <View of Fuse Panels with Covers removed). 
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.. 

Gun Director Mk 61 Mod 1 (View through door showing various switch 

and fuse boxes, water-pump and water-trough). 
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GUN DIRECTOR MK. 61 MOD. 2 
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FLOW DIAGRAM 

TRAIN AND ELEVATION 

HYDRAULIC POWER DRIVE MK. I MOD. 0 
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ELECTRICAL CONTROL SYSTEM 
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GUN DIRECTOR 
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MK. 61 
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'.:)03331 
908420 
908415 

908+ 13 
908417 

908411 

903324 
90332.6 
903307 
90~280 
903181 
9031,, 
90~2." 
9032.,e 
9032&4 
302712.. 
906470 

903~19 
903315 
90!>n2.. 
90"32. 
,03?01 
903?,2.I 

90~?,17 

903BE:, 
90~B8 

903277 

,03309 
903t42. ~2" 
903313 
903178 
'J03~ 

904077 
9032'J.Z. 
9032.94 
903'2.40 

903274 

903HO 
90?,214 
-,oe316 
907961 
908419 
90'B27 
qoq329 

goiz.s-, 
903282. 

l l:>8095 
l6S0% 
I2456~ 
124583 
12.4583 
12-4583 
12458.) 
124583 
12.4583 
124S&3 
12.4583 
124,S8~ 
(.8031 
lb8015 
17ZZl4 

<.OMPUTE.K CRADI.E ill'.alAL .. ATION ,ol♦# 
<.OMPUTE.k MK 17 MOD !I 4937Z7,U. 904-0')'J 

~03199. 
903570 

,08414-

~&412. 
908416 
90B409 
908326 
908+10 
<)012.2.o;! 

901319 
903~S 
9032.4(. 
904-07, 
903197 
903193 

904-\58 

.417054-l 
908?>1.5 
907960 
"10841& 
C,0932'­,o,aza 

90.U~ 
~!2.55 
901382. 
,03258 
9046S0 
901?.97 

903423 

l.'J, 31, 41 
"1.l( JJ_ 2:lPL,4. ______ ~---~------ ----' 

DECLASSIFIED · 

DECLASSIFIED 

PLATE 19 



fTEM 

98 
9q 
1~0 
IOI 
101 
103 
104 
105 
10(, 
107 
108 
109 
uo 
Ill 
II 2. 
11?, 
114 
II~ 
lib 
117 
118 
119 ,zo 
17-1 
12.2. 
12.~ 
12.4 
12.5 
12.C. 
ft7 
l28 
12' 
130 
131 
132. 
IH -
134 
13S 
ll(, 
l'.!17 
ill'; 
139 
\<4-0 
14 1 
142. 
143 
14-+ 
14-5 
14'-
147 
1+8 
149 
150 
151 
152. 
IS~ 
154 
155 
15" 
157 
158 
159 
1(,0 
J(,I 

'"2. lb~ 
1'-4 
loS 
l'-' 
'" 7 ,,e, 
ll.9 
170 
171 
172. 
17~ 
174 
175 
17" 
177 
178 
179 
180 
181 
182 
18~ 
184 
185 
18'-
187 
188 
189 
190 
191 
191 

I?} 
19 

GUN DIRECTOR MK. 61 

BASIC COMPONENT ASSEMBLIES 

(CONTINUED) 
auo--.0. !'ART N"ME 

A--...!,FMM.'f C.1ltC.VIT 

$KITC..'1 NO. HV"&EII.. NUl"lel.R 

1£,805'- HOR.JZ.o:~ INOIC.A1'0R. MK 4 M0 l• 0 '.::>•J:n: :,,?~~ II 

u,eo11o S1'AP,ILIZ.ER UNIT C.RACt~ IN!>T.ALL ATJON :/0~4:i 

1%79~ ~TA&lLIZf.R VH\T 11KI MOO I 494218➔<WZlZ ~3242 

$TAl!>ILIZ.!R. UNIT MK.I MOO 2. 

U,8017 C~AOLE. GEAR, INSTALLATION 903362. 

'-8019 ELEVATION L I-' T !,.,..I');.. .:•Je,- ASS'Y 904~97 

1<.eoto_ lolEVATtO>I QR.IVE TAKE - OFF 1N51'ALLATl!)N 904072. 

-1&8024- SJ(.HT5 MfD 1:LE.VATl0N DtAl ~klYf ll'l.STAL.LATION 9068 00 

1,0035 TRAIN $YNOiRO ~ Tli!AtlS. ,r;ST.:.. _LAT·OU 904150 

11.80:'>5 TRAIN T RANSMl'.>~ION A!>~'Y 9040i.2. 

IE,8039 WAIN SYNC.HI>') A<;,$'Y 903303 903~04 

1&803(, TRl,lfi !>YIIO!RO 4 TRANSMl5510N INSTALLATIOO 91>13249 

11-803" TR,l,11; TRANSMl5'5tON /15.S'Y 906473 

168037 TRAIN $YN(HRO A5S'Y 9 07~3'1 !/033/)4 

1&8038 TRAIN !.YNOiRO TAKE OFF lttS1AllATl'lll 908+74 

168044 !:>nlC.HRO ~ TRAN!:>Hl !>!>tCN ELEV. ,N!:>-.,~-i~·,u 90414-9 

IE.80♦4 ELEV. T~ANSMJ55Ji!i 4 TAICl OH A:SSV. 9040l.3 

1&8<>+9 E lE.V. 5Yrlc.r-tR!> A55'Y 90l301 91>.HOt. 

IE,8045 ELEVATION 5YNCH~O 4, TRANSMISSION JN$TAlcATIOH 9082.62. 

11.&o♦S ELEVAT10tf H.All~/'l;SSION 4 TAKE Off A~~ 908+75 

l&B04'- ELEVAilON SYNtHRll A!.S'Y 908~03 9033!>1 

1'-804 7 E LE VAT ON SY!l(HIW TAl(E IJFf IHSTAU tTIOI 90&47l, 

IE.80?,0 TRAIN D A._ DRIVE lllSTALLATION 907&9C. 

1 (,8054- WAVE GUlt>E i CASLE TWl5T 1N5T .>.l LAT I.)•~ 90-4091 

IC.8054 WAVE GUIPE (LOWER) 

168054 INTERMEDIATE WAVEGUIDE 

1&&054 ROTARY JOINT "L" TVrE 
1(,6054 WAVE GUll>E SUPPORT 

IE.801,7 WAVE GUIDE ASS''( ~o- RUAll. 1>1511 f.S(.Slt. 

J(,80',7 UPPER W'AVEGUIOE 

1(,80(,1 ROTAR'I' JOINT - U - T'l'l"E A!>S 'T 

1(,80(,7 UPPER C.OIIVEUER WAVEGUIDE 

l(,80(,7 FLE.l.18LE WAVE6Ull>f. 

l'78067 UPPER ADAPTOR 

J(,80(,7 AHrEHNA 80~ llk5 MOD O USED WlfH I.IDl,t STSI01114l E,07044 9032.<,4 

1'-8072 WAV£6UI PE AS!.'Y -48. ~ADAR :OISH 

'"8072 UPPER. WA\IE(,UIDE. 

1"8072 ROTARY JOIIIT ·u• TYPE AS5'Y 

1"8072. UPPER CONVEUER. WAV!:6UIO( 

1'-8072. rLEXIBLf .WAVEGUIDE 

1'-8072 UPPER ADAPTOR 

1'-M72. ..... .. ... . ... ,,, .... -,.., l 
1680(, 7 30" RADAR. OISH !>I.IPF'ORT~ 4 fQu1P,.flt1 ••~TAltUooo, 9C74 70 

168072 45"R.AOAR OISH 5UPPCR.TS t ftWIPMfNT IN:,1ALs~Ti1H '.;l;eS91 

1&8068 RADAR, &f.ARUI(, lfOUS.INC. (<ASLE} 9040&'> 

1(,BOE.O R.AOAR WOR.M TR.AN'>Ml~SION INSTAL1.. 907840 

JE,80~ )O' RAPAR DRIVE ~HMT A',S'Y - UPPfl1 Hl<LF 9:,B'-4 

l(',SOS9 48" RADAII ORl~E SHAFT A!:>S.'Y - t r PEil HAlF 91)8~41 

1&8057 RADAR DR I VE ':>HAFT A'>'>'Y -LOWE ~ >tAlF '>044 n 

16800, R.IIH:. 6EAf< ?.EARi"" 4 SEAL INS TJ..L~ATIOII I 9 04054 

168070 OPEN d PRIS.M TELE.S(OPE !.16•1 IHS.TAlLAl•,N 9'♦4(,(. 

1(,7919 MAIN A'>S'Y • PR.l!>M TElE'><~PE Ml\ 92. MO!> 2 9 )9997 

122702 AUXILIARY EYE GUARD ASS' Y 904~00 

IE.8 082. ~TOWA6E &Olt ASS'Y 904~!)9 

ll,&071 OPEN !>IC,HT AS.S'Y 9 04 101 

1(,8090 SLEWIN6 S.;C.tiT 
I"( ' 

MOD 0 9 0 ~ 10 ')O.BII 

lb8090 ~LEW C.ON TROl CHASSIS ,OU49 

168 100 :>AFETY Mll 30" ~Alt 1)1:0M 'J07495 

I (,P,JOO CAMOPy c.ovErrMG 30- Ji:A1>).i;: 0\$" 

1"8 ~~TY 81!:LT 1 48• lt4Po\li? Pl'-~ 

,,a. CAMON COIIU~ 48" fP:AtlollE: D~ 

'"°~ OIR£C.10R. (AaLINC. 

1'2.4 575 SPAR~<; HVD~AULIC:. -~,-,a, SPARES· (.UN DIIIEC.TOR Ml( 61 MCD t 

168~ ~11\oc.1.1\.A•~ Mt<. 3-, MO'O I 49391& 

11,8231 ~ ~ILTLli? CA-ET <JO~& 9040~ 

DECLASSIF ED 

DECLAss,FIED 

COMP'OMLIIIT 
,11t,H&t't 

90:,42.4 

(,(,OHi 

,a<.S•3 
4BOIS-I 
3',B~•7 

,<.oHt. 
4'3!>1S-1 
''-Ol.H 

C!HlU/u(~ 
(.7 M,}(. 

493015-2. 

qo}.X! 

90~246 

PLATE 20 



INTERCONNECTING CABLE DIAGRAM 
GUN FIRE CONTROL SYSTEM MK61 

ii 11 

ff~ •~ l ;:t.; - == =:! I F~l ff~.·-~ ~[_ ... -·~ 
m 'f [ r, 11 -- --~ r-- --r--r 

.... "" ...... ~!,-JI..._ 

'•"--~~f) M!::P 
--...., .. ,... 

C 
m 
0 

~'= 

i 
ti) 

:!:! 
m ,-

lt1~11GWO' 
MIIU. ■¥ ..... 1 ♦ 

11) ,c.. t,OMO -ii:, 
IIJ'W ei.,..,.. ) t 

"WCA NMIR. ... 1· -0•.o':"':f..at -8-
~ ~ · 
-l 
rn 
N 

,.:::-:.u-:TIC.. 

l'Grll ~ ....,.,,.&I, 11S Pa;lfiCO .,_.,...£4 ,S~f.. 

~.J=' 
L Cf~ 

~:-, 

[4.f"" 

~ --1~~, ...... 
I 1'0,J)Ol ~J"II I 

' 1 • ; J !i 
11 -•~'~ ll /WI,,. , 

Of~ .. _ 

nw~1 
~~."."'.... 18 F~~ 

'l'O ..... ) l\,lit,'NC, -~­'fOOl'lll't *41 -
~.....,,_ ls-7" I : ... ""I ~ ""':"',__ 

l ot~I,. 
ou: --

li::iil -""""~l't,'m..­r;;;J - -e-- ~~ .. bl ~ lh' 

C 
m 
(") 

~ en en -:!! 
m 
C 
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DECLASSIFIED 
BASIC COMPONENTS FOR GUN FIRE CONTROL SYSTFlv1 MK. 61 

Gun Director 
T&E Hydraulic Power System 
Control Unit (Manual Rate) 
Horizon Indicator 
Stabilizer Unit 
Computer 
Telescope 
Slewing Sight 
Binoculars 
Air Supply Unit (2 required) 

Computer 
Computer 
Train Parallax Corrector 
Amplifier 
Radar Equipment 

Radar Console 
Radar Modulator 
Radar Range Unit 
Radar Indicator ( Console) 
Radar Power Supply 

Radar Console 
Radar .Amplifier (Servo) 
Radar Tracker (Automatic) 
Target Acquisition Unit 

Radar Antenna (30" Dish) 
Radar Transmitter Receiver 
Waveguide Fittings 
Regulating Transformer 

Range Indicator 
Wind Transmitter 

Motor Controller 
Motor Generator Set (2?0V DC) 
Filter & Fuse Cabinet (2?0V DC) 
Push Buttcm Station 
Fuse Box 
Fuse Box 

Bu of Ships No. 
CIM 55 AJU 
CIM 50 AGH-1 
CIM 23 AJU 
cm 55 AJR 
CHI. 20 AFU 
cm 55 AJT 
CIM 50 M:F 
CIM 50 AKE 
CH! 55 AJS 
CAJS 66 ANA 
CB.f 43 AOO 

NT-301496 

Bu. Ord.No • 
500302 
292366 
904068 
500300 

Bu of Ships No. 
Connection Box (20 wire ) 4 req'd.) 9-S-4302-1 
Disconnect SWitches Fused 3 pole 440V. 

( 3 req' d.) 

DECLASSIFIED 

Mark 

61 
1 

31 
4 
l 

l? 
92 

6 
39 

1 
16 
33 

5 
10 
47 

3 
1 
6 
7 

11 
6 

35 
5 
5 
5 
4 

5 
4 

3 
4 

Mod. 

2 
0 
0 
0 
1 
3 
2 
0 
1 
0 
2 

1 to 6 
0 
0 
1 
2 
1 
2 
2 
2 
0 
0 
0 
1 
1 
0 

1 
5 

1 
0 

Mfr. 

Norge 
Vickers 
USNGF 
Norge 
Eastman 
Eastman 
USNGF 
USNGF 
GFM 
GFM 
Sub. Sig. 
Sub. Sig. 
Reeves 
Reeves 
Sub. Sig. 

" 
" 
" 
tt 

" 
n 

tt 

tt 

n 

" 
" 
tt 

GFM 
GThl 
Sperry 

Sub. Sig. 
" 

USNGF 
Sub. Sig. 
GFM 
GFM 

GFM 

GD.! 

PLATE 22 



WIND TRANSMITTER 
.----~K4 MOD.5 

OWN 
SHIP•~ n., 
SPEED Af O □ 0 D 

~-------:a!...:::.!....-~::::....:l 

rr1 
N 
(>I 

E'b (2 a 36 SPEED) 

RADAR RANGE UNIT 

ARIABLE 
SPEEO 
DRIVE 

RANGE 
ZEROING 

POT. 

FUSE TIME 

0□ RANGE 
POT. I 

a 
a FUSE TIME 
a □ RANGE 

a POT. 2 

0 ~ 
ao~ 
Cl 

□ alee"'snc DS CONVERTER 
RANGE POT, 

SIGHT 
SENSITIVITY 

ooo::rO. 
~ DIAL g 
~~ a 

MOTOR s"'~~ DD□□ CI 
• a 

t:d 
□ 

□ 

o r 

CROSS R0U. Gl 



V 

(IN RADAR fQU\PMEHT Ml<.47) 

-
-
-

COMPUTER MK 17 
( IN GUN DIRECTOR Ilk 61) 

'.EVAmN ROLL 
~E ,----,---,-, 
MOTOR EI.E'ATtON I 
■■ GYRO 

PICK Off , 

TRAIIE'9l 
.l Cl DCID ~ QHO 

,,ell °" 
I 

e 

* t 

. .. 

,UAUTO 

·. j l/'RANGE 

AMP. 

INITIAL 
VELOC 

POT 

CROSS 
ROLL 
AMP .• 

B'r (IS 36 SPEED) 

■ 

□ • 
I 

SCOTT I 
TR.lNs. 

10 VOLT 
TRANS. 

I 
I 

~ 

11 I -
■ 

-

= 

ii ~ 

~ 
S,t.c.no.3 

' ------
Sec. no.6 

-----
Sec.no.!5 

- ---. Stc.no. 2 

, _ -
-

COMPUTER MARK I 
r, 

= i 



6,MOD.2 

"lLE 
TRANS. 

DECLASSIFIED 

COMPUTER MK 33 

FUZE TIME 
g,;,i alflll ■ lllllll!Jllllllllll!■-

CAM SHAPEO TO 
FORM R2 FROM T1 

Ra:TIFIER 

CONVERTER --•iiiiiiiiiiiiii_, ·• 

TRAIN 

B'gr (la 36SPEEDI 

E'g (2 a 36 SPEED) 

TO PRIMARY GUN 
5'!.35, 5"-54, or 6u-47. 

B'gr (Ia 36 SPEED) 

A~IFIER 

••••••••• DAMPING 
GENERATOR 

AMPLIFIER 

o<S 
Cl□□ IJ□ □ 01:.0 

FLOW DIAGRAM 

ION • 
VO a 
11 

GUN FIRE CONTROL 
SYSTEM MK 61 MOD 2 

DECLASSIFIED 

Ti 
TO FUSE SETTER 

E'g (2 Q 36SPEED) 

TO SECONDARY G~ 
40 MM. or 3'-50 

8'gr ( 1 Q 36 SPEED J 
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PLATE 24 
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Stabilizer Mk 1 Mod O. 

' '~-

& 
f 
Cl) 
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PLATE 25 Elevation Gyro of Stabilizer Mk 1. 

DECLASSIFIED 



DECLAss,FIEO 

PLATE 26 Test Unit Mk 27 Mod 0, for testing Elevation and Train Gyros of Computer 
Mk 17 and Stabilizer Mk 1. ____ ..,,. •~ 

DECLASSiF!i:D 
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-
PLATE 27 Test Unit Mk 27 Mod 0, for testing Elevation and Train Gyros of 

Computer Mk 17 and Stabilizer Mk 1; top-rear view, covers 
removed. 



DECLAss,F,eo 

DECLASSIFIED 

PLATE 28 Test Unit Mk 27 Mod O, for testing Elevation and Train Gyros of 
Computer Mk 17 and Stabilizer Mk 1; side view, covers removed. 
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lusv. 

TEST UNIT MK. 

(GYRO TESTER 

[ 

6Ytto HUTER I, 
PltK•OFf' !>WITCH 

l>.C.. <iUUATOll 

~ 

27 MOD. 0 
CIRCUIT) 

DECLASSIFIED 

FRl!'.0.UENCY f9\___i (ONTROL 

y ELECTttlC. IIYl)tt-uuc. 

115 v. Ac.. !,U,.h.Y 

j_ 1111.IVl MOTO!t 

l";y~~ f";yp~ 0$~ --I I\IOTOR t- - 7 PUMr r- - ~ 2 2.0 Y, ~c\> t....::_:..J L_-1 
POWf.lt 
!>WITCH 

r · 
t. 

oEC\..~ss\f\tc.O 
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OECLASS\F\EO 

SAMPLE RECORD OF TEST - 1.5 CYCLES PER SECOND 
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SAMPLE RECORD WITH RANGE WIRE UNCLAMPED 
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DECLA.SSIFIED 

DECLASSIFIED 

PLATE 32 Test Unit Mk 29 Mod O and 60-cycle Band-Pass Filter, for testing 
Kollsman Generators. 

<i.'· 

~e 



TACHOMETER { KOLLSMAN ) INDUCTION GENERATOR 

BASIC CIRCUIT 

TACHOMETER 
KOLLSMAN GENERATOR 
BUORD. DWG. NO. 257468-5 OR-6 

EXCITING COILS 

BY PASS 

CONDENSER 

OUTPUT COILS 

RESIDUAL 
BALANCING 
TRANSFORMER 

PHASE SHIFTING 
CONDERSERS 

TOY. 60'\, oo ♦ 
POWER SUPPLY 

DECLASSIFIED 

BALANCING 
POTENTIOMER 

OUTPUT 

DECLASSIFIED 

PLATE 33 



,, 
r­
► -4 ,,, 
ul .,. 

TEST UNIT MK. 29 MOO. 0 

KOLLSMAN GENERATOR TESTER CIRCUIT 

REVERSE I 
!.WITU1 I 

DECLASSIFIED 

~-----------------------------------'--• o.~·1,1 ,-\FO 

SOOA 

POWER 
!,WITCH 

115 V. (,O"-' 

... 
VOLTl>\ETER 

1,0 MFO 
---
0,'15 l'\F0 
---
0,02. lolFD 

I Iv. 0,02. MF0 

0,12. MFD 

O,lt MF0 
SEL~<.TO~ • 

0.02 MFO 
$WITCH 

• 
I 0.01 MF~ I l 

DECLASSIFIED 

o.s MFPI 

PUL~E 
TRANSFORMER 

100 SI. 

IOOA 

DRIVE 
MOTOR 

C:.liNE~ATOR SUO'-D. NO. 2S74,6 • 5 or. b 

TO BE. TE!!Tf.P 

..___ ______ -J\J'Vv\~~1,, 

r --t- ---t - . 
I ,o"' BAND I 

!$!~ 
I ~" 
~~LO$C.0P~ 

r--t--!-7 
11!,~LLl<NTINE 1 I VTVH I 
L ___ J 



''-'f.: 
DECLASSIFJEC' 
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PLATE 35 Control Unit (Manual Rate) Mk 31 Mod O; front view. 

OECLAS'5\f:=JEO 



OECLASSIFIEl1 ,, 
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DECLASSIFIED 

PLATE 36 Control Unit (manual Rate> Mk 31 Mod O; front cover removed. 



oECl-ASS\f\ED 

PLATE 37 Control Unit (Manual Rate) Mk 31 Mod O; rear, cover removed. 

DECLASSIFIED 



CONTROL UNIT ( MANUAL RATE ) MK. 31 MOD. 0 

TRAIN Cl RCUIT 
{ELEVATION CIRCUIT SIMILAR) 

70 V. 60'v O o + ►>-----
BALANCING TRANSFORMER 
BUORD. DWG. NO. 90324!5 

....---- --, 0.5 

KOLLSMAN INDUCTION GENERA 
BUORD. DWG. NO. 2!57468 ·6 

AIDED TRACKING 

75 i., RATE CONTROL ( DUAL POT.) 

· -~~•o• ~ ~I I _______ ,"/\~--~____..._______._--=-__.c------ --
75 w 

2 .4<,J 

CONTROL GROUND 

DECLASSIFIED 

AIDED TRACKING 

LOAD RESISTOR 100 <-> 

OUTPUT 

RATE TRACKING 

LOAD RESISTOR 22c..J 

PLATE 38 
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~ 
(11 

t,I 
(D 

t,.__._ 
DECLASSIFIED 

VISCOUS DAMPER UNIT CROSS SECTION 

( BUORO. OWG. NO. 903182) 

THERMOSWITCH 

DOW CORNINI 

FLUID -..Czoo 

II ti!~ ~· ~ Fn=~ti ~ F ~ : 

RING HEATER 

DECLASSIFIED DI SC S "---'--STATIONARY DISCS 



OECLAss1F1e:o 

~ ~t - -. . -
- ~/_ 

PLATE 40 Tracking Amplifier, Top and Bottom views. 
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+ 
270 V DC 

Tl 

TRACKING AMPLIFIER 
(BUORO. OWG. NO_ 903259) 

(,!) 
II.I 
~ 
C\I C 
N \I. o 2 

FOR 

GUN DIRECTOR MK. 61 

T3 
,------- 7 

~ ~} 

DECLASSIFIED 

Lil]-~-: 
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GUN DIRECTOR MK. 61 

STROKE' CONTROL DIAGRAM 

TRAIN AND ELEVATION HYDRAULIC POWER DRIVE MK. I MOD. 0 

BODINE ELECTRIC-.:... 
MOTOR 

L.H. SINGLE THD.- - -L 
WORM 11 SPEED 

LIMIT STOP -\.. 
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PLATE 43 Train and Elevation Hydraulic Power Drive Mk 1 Mod O <A-End Cross-Section>. 
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PLATE 44 (a) Dither Adjustment. 
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PLATE 45 Hydraulic Motor; B-End of Train and Elevation Power Drive Mkl Mod. 0. 
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PLATE 46 Sump Pump. 
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PLATE 48 Test Unit Mk 26 Mod 0, for testing Train and Elevation 
Hydraulic Power Drive Mk 1 Mod O. 
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DECLASSIFIED 

PLATE 50 Inertia Wheel of Test Unit Mk 26 Mod 0. 
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PLATE 51 Test Unit Mk 26 Mod O (Cover removed). 
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PLATE 54 Parallel-T Network (BuOrd 903184). 
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PLATE 56 Parallel-T Network Test Unit (BuOrd 908452). 
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PLATE 57 Slewing Sight Mk 6 Mod 0, with Binoculars Mk 39 Mod 1; front view. 
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PLATE 58 Slewing Sight Mk 6 Mod O, with Binoculars Mk 39 Mod 1; rear view. 
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PLATE 59 Layout of Optics: Telescope Mk 92 Mod 2. 
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PLATE 61 Power Supply for Testing Train and Elevation Scope. 
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PLATE 62 Electrical Control Chassis (BuOrd 903246) 
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DECLASSIFIED 

PLATE 63 Target Acquisition Unit Console for Radar System Mk 47 APL Design 
Incorporating Wind Transmitter Mk 4 Mod 5. 
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PLATE 64 Target Acquisition Control Unit (Joystick); front view, APL model 
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PLATE 65 Target Acquisition Control Unit; rear view, APL model. 
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PLATE 66 Test Unit Mk 34 Mod O <"Dummy Director">. 
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PLATE 67 Test Unit Mk 35 Mod O (Synchro Dial Box). 
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PLATE 68 Test Unit Mk 36 Mod O (System Test Unit>. 
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ANGULAR VELOCITY OF HYDRAULIC MOTOR VS. TIME 
SHOWING EFFECT OF COPPER TUBING ON OSCILLATION 
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