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This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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Lexington Project Eeport #163 

Title: Eeactot Control Considerations 
Date: September 20, 19kQ 
Place: Lexington Project 
Eeport by: G. S, Brown 

General 

This memo discusses certain problems Involved in the control of a 
nuclear-powered aitcraft from the start--up of the plant to the return Trf 
the vehicle to base. 

Lacking a specific design for a pile, certain assumptions as to 
likely trends are made. For example, it is assumed (a) that control 
will comprise rods of tapes containing absorbing material and moved 
relative to the fissionable materieil, or actual movement of fissionable 
masses in the active region, (b) that the operating temperatures exceed 
those nov encountered, (c) that the operating speeds of mechanism must be 
increased over those encountered in present piles, (d) that currently 
accepted safety practice is disallowed, (e) that flight conditions will 
require operation of the plant at various power levels, and (f) that the 
control of a fadt pile may involve more serious considerations than a 
thermal pile. 

While the need for a nev basic principle of closed-loop control in 
the automatic control of the pile is not foreseen at this date, it seems 
clear that no pile program of comparable difficulty has yet been engi
neered even to a pilot model stage. Neither has the theoretical process 
design been carried to the stage where engineering difficulties can be 
quantitatively evaluated. Simulator studies on the automatic control of 
piles have been conducted by NEPA. Mockups of a model of the system for 
a high-flux stationary Clinton pile have been made and studied by Newson. 
No prototype engineering design for an aircraft propulsion system has been 
carried very far because of the many veiried forms of reactor and heat 
exchanger still being considered. 

In terms of the real objective, this means that only exploratory 
studies have so far been made on the automatic control problem for this 
application. Construction of a prototype for a power pile including 
associated propulsion equipment is really needed in order to focus the 
effort. No factor appears at present to indicate that a full-scale attack 
on the control problem will not succeed, provided it is continuously re
lated to the entire effort and not merely thrown in as an afterthought. 

The principal problems group into the following general topics: 

(a) Materials for mountings, absorbers, and insulation of 
electrical circuits at high temperatures. 
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(b) Control instruments for measurement an.d energy-conversion 
elements used in the control mechanisms. 

(c) Coordinated engineering of pile, power plant and control. 

(d) Safety features and operating procedure. 

Alternatives 

Detailed discussion of specific control techniques is impracticable 
until it is known -sdiether the pile is thermal or fast, is used for direct 
heating of air, or whether it is a closed cycle with a heat exchanger, 
and many other matters relative to its configuration. Clearly the choice 
of pile cannot be made without some evaluation of the control problem, for 
the overall issue is a systems one, namely; the pile, the engine and their 
combined automatic control as an airborne power plant. Importajit to this 
problem is the influence of pile design on the effect of poisons and the 
limits that the poisons impose on the power rajige over -vdilch the pile can be 
operated and always restarted (see H. Newson's memo, LP-I56). Considerations 
of control may affect shield design, energy storage in the pile or in the 
heat exchanger fluid, or in the turbine and compressor as all these elements 
Influence the planning of a program aimed at the overall energy-release to 
energy-expend, equipment. The fact that a single pile may be used with a 
multijet plant effects considerations of pile design and control. 

New Problems 

The operations of an airborne power pile Introduce several new prob
lems of which the dominant ones are probably: 

(a) Operation of mechanisms at higher teng)erature and greater 
compactness than heretofore encountered in pile projects. 

(b) Operation under nuclear conditions that call for speeds of 
operation of mechanisms in excess of those encountered in exist
ing piles. 

(c) Operation under tactical conditions that will not allow 
the conventional start-up procedure and the customary expedient 
of complete shutdown for any of several minor or major mal
functions. The control must provide calibrated insertion or 
withdrawal of absorber adequate for the immediate situation but 
not in excess. 

The problems incidental to higher-temperature operation Involve 
materials, mechanical-design features, and servicing or maintenance of 
equipment. A guide to the solution of many of them will come from ex
perience with the development and operation of the main compressor and 
turbines at high temperatures, and from the materials research incidental 
to the pile proper. Many new developments on such elements as absorbing 
rods or tapes, high-temperature ion chambers, and so forth must be made 
before a plant can be built. 
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The reqiiired operating speeds of mechanisms for automatic control 
have not been quantitatively stated. Existing piles at Oak Eldge, Hanford 
and Argonne do not call for especially fast rod-drive mechanisms. Much 
effort has been directed toward the development of high-speed electronic 
equipment as sensing elements for emergency shutdown under nonstringeni; 
environment. It is fair to state that the dynamics problems now encoun
tered in mechanical and electronic equipment in military automatic fire-
control projects far exceed in difficulty and speed those encountered 
in the piles now built. The dynamic rest)onse of the servo systems 
mocked up for the Clinton high-flux pile was comparable with advanced 
fire-control servo performance. It is probably reasonable to assume "bhat 
little improvement in the performance of mechemisms now used in fire con
trol can be expected for incorporation into pile control in any two or 
three-year period. Wholly new kinds of mechanisms may be needed. This 
then establishes an upper limit on control equipment performance which 
can immediately be specified by the pile design. Stated briefly, the 
accomplishments in the field of fire control offer a good yardstick as to 
availability of equipment and techniques for solution of these newer power 
pile-control problems. Of interest here is the NEPA suggestion of tapes 
carrying absorbing material through the pile for its control. The NEPA 
ideas for the mechanical configuration of tapes are in the study phase. 
Elgidity, reliability, and maintenance cannot be evaluated at the present. 
Other possibilities for solution of the problem need to be proposed and 
explored. 

The question of an operating procedure for a power pile Is difficult 
to resolve. At the outset the conventional practice of scramming the 
pile in event of major or minor malfimction of equipment is intolerable. 
Eestraints on the pilot so that he cannot overload the reactor, initiate 
poison growth and possibly cause future hazard must be considered and 
evaluated. This has bearing on the kind of pile (see LP-I56). These 
matters inject into the control pictiire the question of the use of com
puters for full automatic control of the situation or for providing warn
ing or guiding data for a pilot or both. The problems can be quantita
tively defined only in relation to the tactical use of the plane, and 
bring up such factors as: 

(a) emergency destruction of plant, 

(b) emergency landing and restart, 

(c) petiod of inactivity after a flight, 

(d) range of power level necessary for takeoff and landing, 
and allowance for failure of a jet of a multijet system, 

(e) Inhabited or noninhabited craft, and 

(f) techniques for marnial overriding of automatic equipment. 

Obviously a broad gtudy of the whole problem is indicated as soon as some 
of the key issues on the kind of reactors and the heat-transfer principle 
take shape. 
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Scope of Effort 

A sustained research and development program under a Power Plant 
coordinating group with a complete power plant as objective, i.e., the 
pile, the compressor and turbine, can handle the problem. 

Sub-projects relative to pile control are of the following kind: 

1. Basic study of the dynamics of the reactor process considered 
from the point of view of closed-loop control. A consideration of the 
dynamics in an overall systems evaluation of the control problem. This 
would include the dynamics of nuclear phenomena, energy storage in mate
rials in the closed-cycle systems, in the compressor smd turbine, and the 
capacity of the aircraft to expend the energy at its jet. System atability 
requires the synthesis of techniques to obtain phase-compensation networks 
or elements, or feedback systems with phase-sensitive elements for use as 
components in the system. The work should make use of the control art 
of other fields such as the process industry, and militetry fire control. 
It should point toward pilot assemblies of prototype engineering designs 
for an aircraft power plant. 

2. Eeseaxch and development on components such as: 

(a) Ion chambers or thermopiles or their equivalent for use 
in small space at high temperature and with low time constemt. 

(b) The adaptation of known techniques for measurement of 
temperature, flow, velocity, under environment and dynamic -con
ditions encountered in this -plant. 

(c) The development of absorbers for use as tapes or rods or 
what other basic process seems indicated by the kind of pile 
and the environment to which the elements will be subjected, 

(d) Development of data-transmission for telemetering or ctm-
trol between towing and towed aircraft and ground stations. 

(e) The development of motors or other power-conversion ele
ments having dynamic response commensurate with the operation and 
stability considerations indicated by the pile selection. Ordi
nary electric motors appear inadequate or marginal for these 
problems especially when high temperatures are encountered. 
Clutches and hydraulic systems are under consideration but work 
on the problem pointed specifically at this application is not 
appreciable. The whole question of the use of pulleys, gears, or 
other mechanical members located in hot air streams or under 
high pressures and high neutron bombardment and not interfering 
with air or fluid flow represents a severe design problem. 

(f) The development of computers for incorporation in the con
trol system to serve functions over and abpve the instantaneous 
question of closed-loop stability. These instruments may be needed 
to allow a wide power range of operation. 
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While many suggestions and some engineering studies relative to 
these items have been made from time to time, no engineering has been 
carried to the state where full-scale difficulties have been qiiantita-
tlvely experienced. 




