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Lexington Project Report #l62 

Subject: Control Tapes 
Author: Keiineth Kasschau 
Date: September VJ, IShQ 
Place: Lexington 

Some HEPA reports (numbers 668 and 533) contain a brief description 
and rudimentary analysis of power requirements for a tape control for an 
aircraft pile. The control consists of ^k tape loops arranged in groups 
in such a matiner that the I08 straight sides form, in effect, 18 hexago
nal control elements, whose sides consist of the tapes. These tapes 
pass over pulleys beyond the ends of the pile, and contain neutron-
absorbing material on the straight portions passing through the pile. 
By applying a drive to one pulley, the loop may be rotated, withdrawing 
the neutron-absorbing material in one direction on one side, and in the 
opposite direction simulataneously on the other "leg" of the tape. In 
this manner, the mass of the control elements is balanced against longi
tudinal accelerations of the pile. 

The purpose of this memorandum is to point out two major difficulties 
of this control system which have not previously been brought to light. 
The first of these is the complexity of the control drive system needed. ^ 
It is stated (MEPA - 668) that it is possible to achieve a high degree 
of refinement in control by moving only one tape at a time. This carries 
with it the assuatption of an individual drive for each tape, or 5^ drives 
in all. Whether this is done by individual motors or by a few motors 
yith a drive-selection system, the overall mechanism is quite complex. 
This is accepted (HEPA - 533) and these driving motors are discussed; 
each motor drives one-third of the tapes. It is pointed out that it is 
possible to pair up most of the tapes so that only 30 pulleys are required 
to operate the 5^ tapes. Such a system is sketched in Figure 1, in which 
the double lines between adjacent "rod" locations represent tape pairs 
passing over single pulleys. The broken lines noted at three of these 
"rod" positions (indicated by arrows on Figure 1) represent internally 
closed tapes — that is, tapes which cannot be paired with adjacent 
locations and must, therefore, have both legs of a single tape passing 
throiigh the one "rod". 

It will be noted that there are 5 lines passing through the pattern 
in each of these directions. Three represent the centerlines of the 
shafts required to support and drive the ptilleys. All five shafts in 
any oiie direction must be geared together and driven by a motor. In 
order to provide clearance between parts these groups of shafts must 
be set on three levels separated by a distance approximately equal 
to the radius of the pulleys. Some idea of the size of pulleys can be 
gathered by assuming that the distance between two rods on opposite 
sides of the pattern will approximate 2/3 of the pile diameter. If pile 
diameter is assumed to be k2. in., then the radius of the pulleys must 
approximate 3i- in. Thus, the top and bottom levels of control shafts 
must be separated by about 7 in. 

In order to avoid the possibility of the neutron absorber reenter
ing the pile after passing over a pulley, the minimum distance between 
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the lower level of shafts and the face of the pile will be l/2 the total 
length over which absorber material is distributed. If the pile is 32 ^^-
long and if absorber is required for the full length of the pile, the 
nearest shaft must be 21 in. from the face of the pile, and the farthest 
shaft, at least 28 in. from the pile. Inasmuch as this is in the shield
ing region, it is probable that this equipment must be brought out beyond 
the ends of the pile shield (both on the drive and idler ends). Further
more, one set of shafts must be elastically supported in the longitudinal 
direction in order to maintain the required tension on the tape in spite 
of thennal expansion. It cannot be said that a design to meet these 
requirements is impossible, but it does not appear to be an attractive 
proposition. 

The second difficulty which should be pointed out is the stress 
problem in bending the tapes around the pulleys. If the radiiis of the 
pulley is R (inches) and the tape thickness t (inches), then the strain 
of the outermost fibre of the tape can be I written as:, 

(R-f t) -(R-̂ - t/2) - t/2 ^ t 
R + t/2 R + t/2 2R 

The stress is then: 

Assuming that the tape is made of steel, and that the pulleys have a 
radius of 3-5 in. as developed above, this reduces to: 

:: 30 X lO^t = 1̂ .28 x 10^ x t 
2 X 3.5 

Thus, a tape only 0.01 in. thick would have a bending stress of î 2,800 psi. 
Although, again, it is impossible to say that such a system will not work, 
a considerable amount of thought and testing would be necessary before 
confidence should be given to entrusting the control of a reactor to a 
handful of slender tapes. 

With regard to the estimate of power requirements for various types 
of controls (KEPA-533)» it should be pointed out that the assun5)tions 
made appear to be unduly severe and, in some instances, disproportionately 
seyere toward the rigid rod. It is assumed that rigid rods must be un
balanced with regard to longitudinal accelerations, whereas there seems 
to be no reason to believe that sufficient care in the design woiild not' 
lead to balancing the masses. The power requirements are calculated 
by imposing maximum longitudinal and treinsverse accelerations simul
taneously — a situation not likely to occur. Further, the density of 
material in the solid rod was assumed to be twice that of the tape 
material, whereas it is likely that the reverse wovild be the case. The 
tape is likely to use steel as the strength member, whereas the rigid 
rod may be able to use lighter-weight metals. Since the heat generation 
in the "rod" is due largely to gamma absorption, the use of lighter 
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materials is indicated frcaa the cooling Tiewpoimt with attendant re
duction in mass and power requirements. 

Figure 1 

Control Tape System 
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