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ABSTRACT

This report describes the construction, operation, and
typical uses of Topsy, the versatile, remotely controlled,
critical assembly machine at Pajarito.

Section 1 covers the mechanical design of the machine,
and the hydraulic and electrical operation 6f the various
components.

Section 2 describes how Topsy is used for investigating
reacting metal assemblies. Procedures for establishing a
delayed critical configuration and operation at delayed
critical are illustrated for the oralloy-tuballoy system.
Also included are brief descriptions of oralloy-nickel,
plutonium-tuballoy, and low density and concentration as-

semblies that have been made on the machine.
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1. Mechanical Design and QOperation

The original design specifications for Topsy were set
during the early stages of development of the remotely con-
trolled facilities at Pajarito. A machine was needed which
would assemble known amounts of potentially dangerous fissile
material by remote control, and would permit the safe inves-
tigation of reacting assemblies.

The design of Topsy was governed by two basic require-
ments: (1) The protection of personnel and equipment re-
quires that after the machine is "loaded™ by hand, the re-
mote assembly operation must proceed safely under controlled
conditions; (2) Sufficient precision must be built into the
machine to insure:

(a) The proper alignment and positioning of mating
active material pieces,

(b) Accurate position indication of moving parts,

(c) Rebroducibility of position of moving parts.

In the designing of Topsy, flexibility of operation was
constantly kept in mind. The term '"universal'" is frequently
applied in the sense that the machine is not restricted to
one particular setup, but can be adapted to nuclear compo-
nents of various sizes and geometries.

Figure 1 shows the final design and complete assembly

(XX T]

oveoee

[ ]
(XXX XL]

9)]
(XXX T ]

[
(XIX1X )

2 0o 0 o e 0 !ll!!
" e




dASvV3T3d O I'1dNd d04 d3aNodddv

Topsy, complete assembly, showing the carriage centered between the

safety test section on the left and the critieal assembly section
on the right.
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of the machine. There are five main subassemblies consist-
ing of: (1) the track section; (2) the carriage (cart);
(3) the safety test section; (4) the critical assembly sec-
tion; and (5) the hydraulic and electrical systems.

1.1 The Track Section. The track section (Fig. 2) is of

welded construction, built in four matching éections which
were doweled and bolted together before the running surfaces
and mounting pads were machined. Triangular-type rails in-
sure the accurate location of the carriage in operating po-
sitions, while dowel pin bushings in the track-end sections
maintain the position of the carriage with respect to the
platform structures. To help maintain the accuracy built
into the machine, the track assembly is bolted to a concrete
floor and carefully leveled.

1.2 The Carriage. The carriage subassembly consists of the

hydraulic lift cylinder (Fig. 3), the locating dowel pin,
the horizontal carriage drive mechanism, and the hydraulic
power system. The chief purpose of the carriage is to carry
and raise into position all or part of the active material
core unit. The double-acting hydraulic 1lift cylinder is
specially designed for smooth operation and maximum rigidity
in its extended position. When the 1ift is in the up, or
assembled, position, constant pressure is maintained on the

cylinder to keep the platen seated against carefully set

7
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Fig. 2. Sectional view of the track weldment.
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Fig. 3. Lift cylinder and vertical position indicator.
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positive stops.

The locating dowel pin is hydraulically operated, and
is lowered into the track bushing only when the carriage is
in position under one of the platform sections. Horizontal
motion of the carriage is obtained with a hydraulic motor
which drives one of the axles through a gear train. The
speed of the motor can be varied by changing the delivery
rate of the pump.

1.3 The Safety Test Section. During initial critical mass

determinations it is frequently desirable to establish, by
remote control, the safe mass limit for hand-stacking the
active material core unit carried on the 1lift. The safety
test section (Fig. 4) is designed to simulate the tamping
that would be provided by three oxr four people closely sur-
rounding the active material unit. Eighty gallons of water
are contained in a doughnut-shaped tank with a square cross
section, the water level at all times being indicated by a
float-operated selsyn. A large drain line permits rapid
"dumping" of the water in case of a scram.

1.4 The Critical Assembly Section. The critical assembly

section (Fig. 5) provides the means for obtaining critical
mass measurements, and for conducting studies under delayed
critical conditions. 1Its principal components are the safe-

ty block assembly, the control rod drive unit, the source

10
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’ ~&Fm"‘s :~

Fig. 5. Critical assembly section, showing the carriage in
position under the main tamper

12

L
APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE
U — '

rod assembly, and the main tamper.

A separate hydraulic system is used to move the heavy
safety block into position and simultaneously to compress
two large retracting springs. In case of a scram, the hy-
draulic pressure is released and the safety block is accel-
erated rapidly outward by the springs until a shock absorber
is engaged.

The control rod drive unit (Fig. 6) permits the accu-
rate reproducible positioning of the two control rods by
electric motor-driven, lead screws. The rods can be op-
erated independently or together, and their position at all
times is indicated by selsyn transmitters to within 0.001
inch throughout the 10 inch travel.

The mock fission source used during the approach to
delayed critical is removed vertically from the assembly by
the source rod drive mechanism (Fig. 7). It may be raised
or lowered slowly by a motor-driven rack, or released quickly
from the down position by a compressed spring.

1.5 The Hydraulic System. When the heavy components of the

nuclear assembly are run into position, smooth positive ac-
tion and quick reversal of motion are necessary. These re-
quirements are best satisfied by a properly designed oil

hydraulic system. In addition to being a very simple means

of applying power, hydraulic systems permit safe application

13
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of power in that the pressure relief valve protects thé as-
sembly from excessive stresses which could result in possi-
ble damage to expensive nuclear materials.

Two separate hydraulic systems are used in the operation
of Topsy. The main system controls the horizontal movement
of the carriage, the vertical motion of the lift, and the
vertical motion of the locating dowel pin. All the hydraulic
equipment for this system, together with the necessary elec-
trical compoments, is contained on the carriage. Electrical
power is supplied to the carriage through a flexible cable
from the wall-mounted relay cabinet. The secondary hydrau-
lic system is mounted on the critical assembly platform, and
is used to control the horizontal movement of the safety
block. The second system receives its pressure from a power
unit located on the floor beneath the platform.

Figure 8 is a schematic diagram of the main hydraulic
system, and a table is included to indicate the operating
sequence of the valves. A variable delivery pump is used
to adjust the stroke velocity of the 1lift and the horizontal
speed of the carriage. The two selector valves, (1) and (3),
are installed in such a way that if some electrical failure
should prevent their operation the 1ift cannot be raised in-
to operating position. A large normally open valve BS) in

Fig. @] is used for the scram valve. When it is opened by

16

U B




L1

VARIABLE DELIVERY PUMP

RELIEF VALVE-TYR

—

N

r—-

1

¥ -

LIFT

CYLINOER

®

-

|
i

[
Ll

Fig. 8.

-
l

D - DE-ENERGIZE

soLH |

A%%

CART MOTOR

Schematic diagram of the carriage hydraulic system.

DOWEL
T PIN
VALV N!MBER
| 2 3 4 5
OPERATION tiolelolelolelole
CART TO ASSEMBLY
POSITION XX X1 X X
DOWEL DOWN X X X x I x
LIFT UP X X 1X X 1%
LIFT DOWN X X X X | X
DOWEL UP X X X X | X
CART TO TRACK
- CENTER XX X XX
[
L E - ENERGIZE

ASV3134 O 119Nd d04 d3aNodddv



APPROVED FOR PUBLI C RELEASE

the safety circuit, the 1ift is allowed to drop rapidly by
gravity.

1.6 The Electrical Control System. Topsy is operated by

remote control from a distance of 1200 feet by an electrical
(control) system consisting of three major sections: (1) the
control panel, located in the control room; (2) the relay
cabinet in the assembly building; and (3) the electrical de-
vices on the machine. Power for all primary control and
indicating circuits is supplied by a 120 volt single-phase
source at the control room. For all three-phase and other
single-phase circuits, power is supplied by a 208/120 volt,
three-phase, four-wire source at the assembly building.
Indicating lights on the control panel (Fig. 9) are
used to indicate the position limits of movable components,
and to show whether certain relays are open or closed. Selsyn
receivers that drive mechanical counters accurately indicate
the positions of the 1lift (to within 0.01 inch), the control
rods, and the depth of water in the safety test tank (to
within 0.10 inch). All circuits are designed for fail-safe
operation so that, in case of a power failure or faulty e-
quipment, all devices will remain in, or return to, a safe
position. Various electrical interlocks are incorporated
into the apparatus to prevent equipment damage and to insure

that a nuclear assembly will proceed as safely as possible.

18
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For instance, before the 1lift can be raised into the criti-
cal assembly section, the following interlocks must be en-

gaged: (1) safety circuit closed; (2) dowel pin down; (3)

safety block in; (4) mock fission source in; (5) both con-

trol rods at outer limits.

The safety (scram) circuit is a protection system which
causes rapid disassembly whenever the safety relay is opened
by the push-button scram in the control room or by the neu-
tron level monitors in the assembly building. This relay
has normally open contacts which are in series with the three
scram valves controlling the 1lift, safety block, and water
tank. None of these valves can be closed until the safety
relay is reset.

1.7 The Nuclear Assembly. The original program of critical

mass studies layed out for Topsy called for a flexible tamp-
er and active core assembly that would provide the versatil-
ity needed for many different types of experiments. An as-
sembly built of various sizes of cubes and blocks was adopted
because of its flexibility, relative ease of fabrication, and
economical use of materials.

A sectional view of a typical critical assembly on Topsy
is shown in Fig. 10. The active core is a pseudospherical
configuration constructed of small blocks of oralloy (93.5%

U-235), and surrounded by a tuballoy (normal uranium) tamper.

20
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In the particular assembly shown, half of the core is sup-
ported on the 'stove 1id" within the main tamper, and half
is contained in the tuballoy inner can (Fig. 11) which is
secured to the 1ift platen. This split type of assembly is
necessary whenever hand-stacking multiplication(l) limits
would be exceeded if the entire core were placed in the in-
ner can. The stove lid arrangement also provides a means
for inserting a 7/8 inch diameter access hole into the geo-
metrical center of the complete assembly.

The main tamper is built up with tuballoy blocks to the
desired configuration around the stationary outer can and
safety block. For ease of handling, the largest size tub-
alloy block was limited to a 32 pound, 2 x 4 x 6 inch piece.
The smallest block used in either tuballoy or oralloy is a
1/2 inch cube.

The mechanical stability of a critical assembly con-
structed of so many pieces is of considerable importance
since reactivity is sensitive to cracks, especially those
close to the core. Reactivity changes caused by the devel-
opment of cracks during operation at delayed critical would

result in poor reproducibility of the critical point. It

(1)Mu1tip1ication is defined as the ratio of the external
neutron flux produced with a moclk fission source centered
within the active material to the external flux produced with
the active material replaced by an identical unit of tuballoy.

22
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was necessary, therefore, to machine the oralloy and tub-

alloy pieces to close tolerances (+ 0.0005 to 0.005 inch),
and to take precautions to prevent warping of the can and
control rod plates. Frequent tests during Topsy's history
have shown that the tuballoy-oralloy assembly is capable of
reproducing the critical point to within 1/20 of a centﬂl)
This is equivalent to a change in critical mass of approxi-

mately 0.2 surface gram.

(l)See Section 2.1, Control Rod Calibration, for defini-
tion of cents.

24
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2., Assemblies Operating at Delayed Critical

To determine the critical mass for a given assembly,
steps are first taken to insure personnel safety during the
hand-stacking of the active core unit. A preliminary series
of multiplication measurements is made remotely on succes-
sively larger core masses in the water-tamped safety test
section (Ref. 1). The complete core may then be stacked in
the tuballoy inner can on the lift, or a split assembly, like
that shown in Fig. 10, may be made.

The critical mass determination proceeds by remote con-
trol in the main tamper section (Fig. 13), and consists of
making a series of neutron multiplication measurements as
the core mass is gradually increased. By plotting the re-
ciprocal of multiplication, 1/M, as a function of core mass,
the critical mass, Mc, can be determined by drawing a curve
through the points and extrapolating to 1/M = 0 (Fig. 12).

With the establishment of Mc’ the active core may be
stacked for operation at delayed critical. Should the first
of these stackings be slightly subcritical, the mass is in-
creased until it is possible to '"catch' delayed critical by
running in the control rods. Further mass adjustments may
be necessary at this point to utilize the linear reactivity

response region of the control rods. To bring the assembly

25




APPROVED FOR PUBLI C RELEASE
W T

0.4

pd

MULTIPLICATION ()
o
N

RECIPROCAL

//

0 ] |
18 19

| |
7T 8 9 10 Il 12 13 14 15 16 1
Oy MASS (Kg)

~

Fig. 12. Typical reciprocal multiplication vs. mass curve,
showing the extrapolation to critical (QOy-Tu as-
sembly).




APPROVED FOR PUBLI C RELEASE

Fig. 13. Main tamper assembly with blocks removed down to
the control rod plate.
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up to a desired power level (600 watts maximum for 1 hour
runs since noc forced cooling is provided), the control rods
are run in until a slightly supercritical condition is reached.
The neutron intensity is allowed to increase slowly to a pre-
determined value, at which time the excess reactivity is re-
turned to zero by adjusting one or both control rods. The
power level is indicated in the control room on recording
meters operating from ionization chambers located near the
machine.

A basic experimental program for the assembly under de-
layed critical conditions consists of:

(1) Time behavior (alpha) measurements of prompt
neutron chains by the Rossi method (Ref. 2). The alpha value
(e-foldings per second) leads to the determination of neu-
tron lifetimes.

(2) Investigation of neutron distributions in the
core and tamper by various detection schemes.

(3) Material replacement studies (Ref. 3). Deter-

| mination of the reactivity effect of foreign materials in
; the core leads, for example, to information on the absorption
and transport cross sections of the materials.

2.1 Control Rod Calibration. The two important functions

of the contrcl rods are; (1) to make small changes in re-

activity, and (2) to indicate the effect of any assembly

28
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changes on reproduction of the delayed critical point. Re-
liable experimental data depend, therefore, on a control rod
calibration that is as complete as possible.

Starting with a delayed critical condition, one con-
trol rod is run in to produce a positive period which is
measured and plotted against control rod position. After a
series of positive period measurements has been made, the
period values. are converted to units of reactivity in cents
by means of calculated curves based on delayed neutron pe-
riods. These calculations are made with the Inhour equation
which relates the assembly period, T, excess reactivity, and

the delayed neutron periods:
6
AK _ 21 Y
cents = 100 —Qf = 100 ;;_1_T_—
i=1

where a; and T; are the abundance and periods, respectively,
of the six delayed neutron groups. The resulting calibration
curve of reactivity change in cents vs. control rod position
is shown in Fig. 14. Specific measurements have shown that
there is very little interaction between the two control rods,

so the total travel of both rods is then equal to 35 cents.
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2.2 Other Typical Critical Assemblies on Topsy(l)

2.2.1 Oralloy-Nickel Assembly. In one assembly, the

tuballoy pieces of the nuclear assembly on Topsy were repro-
duced with commercial Type "A" (99.4% + Co) nickel, machined
to the same dimensions and tolerarices as specified for the
tuballoy assembly. Critical mass determinations were made
(Table 1) and the assembly was operated at delayed critical
to permit investigation of its nuclear behavior under these
conditions.

2.2.2 Oralloy Cores of Various Densities and Concentra-

tions (Ref. 4). Using an 8 inch thick tuballoy

tamper, oralloy cores of various concentrations and densities
are stacked in the inner can to obtain a series of measure-
ments relating critical mass and oralloy density and concen-
tration., For low concentrations, the pseudospherical cores
are built up with tuballoy and oralloy blocks in the correct
proportions. Low densities are obtained by leaving 1/2 inch
cubic voids, produced by thin—wélled aluminum cylinders, ap-
propriately spaced throughout the core assembly.

Critical mass measurements are made in each case
by first taking central source multiplications up to approx-

imately 100. The cores are then sitacked on up to delayed

(l)See also: Paxton and Linenberger, "Polythene-25 Crit-
ical Assembly and Neutron Distribution Studies,'" LA-749 (1949).
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TABLE 1
TOPSY DELAYED CRITICAL MASS DATA

Core Tamper
o . Mate- 3
Reference Material p(gm/cm”) Shape rial p(gm/cm™ ) Shape
LA-1114 0y (94%) 18.7 pseudosphere Tu ~ 19.0 pseudosphere
(1950) ~ 11" thick
LA-1251 Oy (67.6%) 18.75 " " " pseudosphere
(1951) 8%" thick
" 0y(47.3%) 18.8 " " " pseudosphere
7-3/4" thick
" 0y (94%) 15.8 n " " pseudosphere
5" cubes ~ 8-3/4" thick
at 18.7
" 0y (94%) 9.35 " " " pseudosphere
L' cubes 7-1/4" thick
at 18.7
LA-1114 0y (94%) 18.7 " Ni 8.35 pseudosphere
(1950) ~ 8-3/4" thick
Not yet Pu alloy 15.7 sphere Tu ~ 19.0 pseudosphere
reported (central source ~ 9" thick

cavity-0.4" diam.)

Critica

mass (kg

17.2
30.73

5 ?" gao

2,34
393%

21.20

5.81

3ASv3134 O 1I'ldNd "04 d3IN0dddV
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critical, thus permitting determination of the exact crit-
ical mass without extrapolation. Core densities range from
50 to 100% of normal, and concentrations vary from 47 to
94%.

2.2.3 Plutonium-Tuballoy Assembly. Only minor modifi-

cations are needed to adapt a plutonium core to the Topsy
tuballoy tamper assembly. The core consists of a four-piece,
true, spherical ball, a protective tuballoy shell, and 10
plutonium mass adjustment buttons, all of which are carried

on the 1ift. The 1/8 inch thick shell contains cavities for
holding the close-fitting buttons next to the core, thus
providing reactivity adjustments for different operations.

The assembly has been operated at delayed critical to obtain
critical mass information, neutron distributions, and measure-

ments of alpha by the Rossi method.
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