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SUBJECT: Some First Thoughts on the SPR-6 Reactor Control System 

ABSTRACT 

A pneumatic servo system and a general logic control 
scheme are presented as a method for controlling the 
SPR-6 reactor. Some pneumatic devices utilizing the 
techniques of fluldlc technology are examined. 

Electro-hydraulic or electro-mechanical control actuators for space 

power reactors have attendant weight and complexity due to the necessity 

for cooling and insulation. This added complexity can result in a re

duction of overall system reliability and performance. 

A relatively new approach for this application is the pneumatic con-
1 2 trol system. Recent studies * have indicated the feasibility of, operating 

these control systems at 1000 °K. Compensation networks which provide fre

quency shaping and signal to noise ratio reduction and servo valves which 

operate rotary typ^ servo actuators have been tested at this temperature 

with no cooling or insulation employed. Components are temperature limited 

only from the standpoint of materials and not from operational design. 

The advent of fluid technology has brought about the realization that such 

a pneumatic system can be Improved further through better reliability, in

creased operating temperature, and Increased capability to withstand shock 

and vibration. In addition, the fluldlc devices and circuits provide de

sign flexibility In that simple compensation and gain changes are possible, 

and additional control functions are easily added. 

SERVO SUBSYSTEM DESCRIPTION 

A sinrple block diagram of a pneumatic actuator servo loop system is 

shown in Figure I. This systan consists of a fluid state servo amplifier, 

a fluid state position transducer, a servovalve, and an actuator motor. 
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The input or demand to the servo loop comes from some compensation network 

and enters the simming amplifiers as a position command signal. This com

mand signal Is summed with the position feedback signal in the simraing 

amplifiers to produce a servo error signal. This error signal is amplified 

by jeV type amplifiers and used to drive the servovalve. The servovalve In 

turn operates the actuator which positions the position transducer on the 

output shaft to cancel out the error signal. Each amplifier stage operates 

in push-pull mode to eliminate pressure regulation requirements. Two ampli

fiers are needed in each amplifier stage in push-pull circuits in order 

that output signal signs may be reversed to control the direction of rotation 

of the actuator motor. 

The primary requirement of the summation amplifier is to provide a 

summation point for the various input signals. The command signal, or com

pensated input, must be compared to the servo position feedback and a 

position error signal must be formed before being amplified further down

stream. A device suited for this function is the vortex amplifier shown 

below. All schematics that are shown represent a convention adopted for 

components used in fluldlc system technology. They do not illustrate any 

internal or external configurations. 

(Control) 

Pg (Input) 

PQ (Output) 

Vent 
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A regulated supply pressure is supplied to the "P " port and a signal Is 

obtained from the "P " port. The output signal is controlled by "P " the 

control port, which is the tangential input to the vortex chamber. It is 

possi^e to have many separate tangential input holes around the vortex 

chamber, each one being separated from the others. These additional input 

holes can be seen as dotted lines on the schematic. Each input port then 

becomes an input to a summing junction which is the vor1:ex chamber. The 

output of the vortex amplifier then becomes the swnmation of all the Inputs. 

Subtraction and/or addition can be accomplished by the 1:angential direction 

of the input ports. If two ports oppose each other as they enter the cham

ber, their pressures will be subtracted. If two ports aid each other or 

enter the chamber from the same direction their signals will add to give 

an output equal to their sum. 

The jet amplifiers take the summation amplifier output or error signal 

and provide a pressure signal amplification required to drive the servo 

system. To provide sufficient gain, two of the amplifiers are cascaded 

together so that the output of the first one drives the input of the second. 

This staging is necessary to provide the proper pressunj to the servovalve 

input stage. A schematic of the jet amplifier is shown below: 

Vent 
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The supply pressure enters a concentric hole or nozzle to form a con

centric jet. The jet is recovered by a receiver and becomes the output 

port. The cavity around the jet is closed off and connected to a vent 

port. The vent pressure in this cavity determines the recovery pressure 

of the receiver or output pressure. By controlling this vent pressure, 

the output pressure of the device can be controlled from 50 to 90 per cent 

of the supply pressure. 

The conventional method of controlling the vent pressure is to utilize 

a vortex valve to throttle the vent flow. The output signal from the summa

tion amplifiers enters the valve and through this valve controls the output 

pressure from the jet amplifier. 

The complete servo amplifier system is shown in the schematic in Figure 

II. Included are the vortex and jet amplifiers and vortex va'lves for vent 

pressure control. The flow path through the amplifier is determined by the 

sign associated with the position feedback signal. A positive feedback 

signal will be transmitted through the amplifier system as Indicated by the 

dashed path and the negative signal will be transmitted along the unbroken 

path. 

The servovalve is a pneumatic four-way spool valve actuated by a pres

sure signal received from the jet amplifier. The input signal displaces 

the spool in a direction dependent on the differential pressure in the 

system. The schematic diagram (Figure III) shows its internal arrangement. 

The basic approach used for stroking the spool is to use vortex flow in 

the ram chambers. The end lands of the spool become the buttons of vortex 

valves as represented on each end of the servovalve. As the input signal 

and su^ly pressure are introduced, the annular clearance between the spool 

and body provide the output signal from the supply pressure land. 



SPN NO. 230 - August 2, 1967 Page 5 
Subj: Some First Thoughts on the SPR-6 Reactor Control System 

Because the valve is a flow control valve, spool position must be a 

function of input signal. This requirement can be met by providing a 

spool position feedback signal which is sinnmed with the input signal at the 

vortex valve. The vortex valve may now function as a summing amplifier as 

previously mentioned. A tapered ramp on the spool varies the nozzle area 

which provides a pressure signal that is a function of spool position for 

the feedback signal. Here again, the flow path through the servovtlve is 

determined by the position transducer feedback signal. The dashed path is 

taken when the signal is positive, and the unbroken path taken when the 

signal is negative. 

An actuator motor which looks particularly attractive for use in an 

all pneunatlc system has been developed for the Air Force and employs four 

basic components as shown in Figure IV; they are: (1) the ring gear, (2) 

the ground gear and housing, (3) the center output gear, and (4) the vanes. 

Displacement chambers are formed between the ground gear and the ring gear 

mesh by the vanes. This gear mesh provides displacement motion without ro

tation because both gears have exactly the same number of teeth. The inter

nal portion of the ring gear forms the transmission between the motor and 

the output shaft. 

A force vector is generated by pressurizing three adjacent chambers 

and venting the remaining three. The vector is made to rotate by pressuri

zing a vented chamber adjacent to the original three pressurized chambers 

while simultaneously venting the diametrically opposite one. • If the force 

vector on the ring gear is located at approximately 90 degrees tq the ring 

and output gear contact point, the ring gear will move, causing the output 

gear to turn and tlie contact point to move. If the force vector is also 

rotated and remains 90 degrees to the contact point, the motion will be 

continuous and the output sh'aft will turn continuously but at a much lower 

speed than the force vector. The ratio will be determined by the difference 

in the number of teeth between the ring gear and the output gear. 
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Some specific advantages of this actuator motor include: 

1. The operating principle of the motor reduces its inertia thereby 

promoting good dynamic frequency response. 

•2. The motor is extremely light. 

3. The extremely low velocities that exist between all moving mem

bers reduce wear to a minimum. 

4. ^ The low number of parts results in high reliability. 

A rotary position transducer will be required to convert actuator 

angular position to a fluldlc signal and provide a feedback source to the 

pneumatic control system. The transducer must perform reliably and with

out drift or permanent changes. 

Several devices are available to provide a differential pressure for 

position measurement including flapper nozzles, jet-on-jet oscillators, 

and several analog configurations with static pressure taps sensing a pres

sure gradient that is a function of position. 

Figure V shows the complete servo subsystem in scheiTiatlc form including 

the servo amplifier, servovalve, actuator motor, and feedback position , 

transducer. The positive or negative feedback path is selected by the 

position transducer and converted to a feedback signal that is forwarded 

to the summation amplifier. 

REACTOR CONTROL SYSTEM 

The general logic of the integrated reactor control system proposed 

for SPR-6 is shown in Figure VI. The system is comprised of three basic 

sections: (1) The pneimiatic power supply system containing the necessary 

components to supply the required amount of gas to the actuator servo 
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system. (2) The actuator drive system comprised of the servovalve, 

fluldlc amplifier, pneumatic actuator, and the fluldlc position trans

ducer. (3) The demand system containing both fluldlc and electronic 

control elements. 
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