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ABSORBER ROD CONTROL CIRCUIT
by
L. CALDAROLA, G. DONDI and J. R, DEAN

INTRODUCTION

The Dragon reactor is controlled by twenty-four absorber rods, containing
boron carbide, arranged in the reflector as a curtain round the corse. The. rods
and their drive mechanisms are all identical.

The mechanisms are linked to the electrical control circuit through the
special stepping motors and the limit and load sensing switches, and the circuit
determines the way in which the rods are employed in controlling the reactor.
This reporit sets out the control functions of the system and particulars of the
electrical equipment and circuits. Items referred to briefly in the general
description (Section 2) are more adequately described in later sections.

The design of the control mechanisms is fully described in principle
in D.P. Report 1453 the most complete physical description is in the maintenance
manual., ,

GENERAL DESCRIPTION OF THE SYSTEM

Any mechanism may be controlled by suitably plugging in its circuit, so
that its rod falls into any one of the categories:

(a) safety rods. Normally fully raised snd adequate to compensate for any
incident envisaged. There will probably be three safety rods.

(b) operation rods. Manually operated, one at a time, for adjustment of
power. There will probably be twenty.

(¢) automatic rod. To keep outlet gas temperature at a constant value
during steady power running. There will be one.

The stepping motors are driven by sequentially energising two of three
phases with direct current: +the direction of movement is determined by the
gsequence. The motor and its mechanism may be held stationary by continuously
energising one or two phases. Completely de—energising releases the motor and
allows the rod to fall.

The sequenced feed to a motor is supplied from a "driving circuit" which
contains appropriate amplifiers, switches, etc. and a ternary ring circuit, which
is triggered by signal pulses. The frequency of the pulses determines the
average motor speed. There is one driving circuit for all of the operation rods
and the safety rods. Only one mechanism at a time is connected, by means of a
twenty~four way selector switch. When a mechanism is not connected to the
drive circuit, the same switch transfers it to a "hold line" at earth potential
which continuously energises one phase of the motor. A special "stop circuit"
ensures that a motor always stops on the same phase so that it can be transferred
without the energisation being interrupted.



3.

The trigrering pulses to the operation driving circuit are generated by a
capacity pick-up and motor-driven toothed disc, incorporated in a "limited
pulse generator", mounted on the control desk. This generator may be pre—set
to produce cnly enough pulses for 1%3 3, 6 or 12% of total rod travel, the
movement being initiated in either direction by raising or depressing a separats
hand lever and then releasing it. The movement is stopped by a circuit
controlled by a binary pulse counter; but if this fails, it will be stopped by
the limit switches in the generator or, if these also fail, by the mechanism
reaching the selected mechanical end stop.

Pre~-setting the generator to a position called "inching" enables the
operator to move the rod only so long as the hand lever is held raised or
depressed. In this case, movement cannot exceed 12% without being re-started.

The automatic rod is driven by its own drive circuit fed from nulses
produced in the same way by a continually running generator. The on-off
controller will receive a signal derived from tachio-generators on the primary
circuit hlowers and from a potentiometer setting equivalent to the demanded gas
temperature rise across the core. This signal will be the equivalent of
multivlying helium mass flow by temperature rise to represent demanded power
and it will be compared with measured flux, representing power being produced
in the core. It will operate to keep constant the outlet gas temperature,
vhich it measures in effect by dividing the power by helium mass flow. This
method gives considerable anticipation compared with measuring the gas
temperature directly. A small integral term derived from direct gas temperature
measurement will compensate for variations in the fission product decay heat
after reducing power from various levels.,

A switch is pnrovided to couple the automatic drive circuit to the manual
controls instead of the controller, at the operator's will.

Various interlocks and inhibitors are built into the circuit. These are
mentioned in various scciions below and in the Table Section 4.1. The secondary
guard lines for reactor safety are not included in this circuit but the primary
guard lines are. These incluvde the final trip relays which break the supplies
%0 all of the motors, allowing the rods to fall.

The position (along its travel) of the particular mechanism selected for
manual operation is shown on a "fine position indicator" on the control desk.
The switch which selects the mechanism at the same time couples a 400 cps
synchro~transmitter to the display unit which incorporates a matching synchro
in a position servo driving numbered discs, giving a "digital® display. The
automatic rod has an identical display unit to which it is always coupled.

The position of every rod is displayed at all times on one of the '"coarse
position indicators", which are vertical voltmeters in a horizontal bank on the
wall panel behind the control deslk., Each meter is fed from a 400 cys rotary
magnetic pick-off (variable transformer) in the rod mechanism. One side of the
meter needle is illuminated with red light and the other with green.

DESCRIPTION OF ELLCTRICAL UNITS

For this description it is convenient to divide the units into five natural
groups, vizs~

3.1 Equipment in the control mechanisms
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3«2 Transistorised equipment
3.3 Circuitry
3+4 Equipment on thé control desk

3+5 Equipment provided only for experiments.

Lquipment in the Control lMechanisms

The mechanical arrangement of this equipment is described in the
Maintenance Manual for the Control Mechanisms.

3.1.17 Motors in Control Mechanisms

Eaéh mechanism is driven by a stepping motor, made by Sperry and
designated "Vernier motor Type 2." The performance of these is speocified
in D.P. Specification 21. The principle of operation is illustrated in Fig.1.

The simple laminated iron rotor has 50 teeth and the six salient
poles of the laminated stator have teeth at spacing equivalent o
A8 teeth on a complete circle. The poles can be energised with DC
current in opposite pairs, When poles AN are energised the rotor
teeth alisn themselves at these poles, in the position of minimum
reluctance. The teeth at BB/ are then displaced by a third of a
tooth pitch and at CC/ two thirds (or one third in the opposite
direction).

Sequentially energising the poles causes the rotor to rotate in

360°
3 x 50
A, By, C gives one direction of rotation, A, Cy B the other. The
proposged sequencing frequency of 12.5 changes per second will give a
60 x 12.5
150

steps of a third of a pitch, i.e. = 2.40. The sequence

speed of = 5 rpm.

If one or two phases are energised continuously the motor remains
magnetically locked and if de~energised completely it runs free. This
free—running when de—energised is used to release the control rods
to drop under gravity for emergency suppression of reactivity. The
motor will also run free if all three phases are energised
simultaneously, but this condition is not used in this application.

In order to reduce the electrical heating of a locked motor, a
resistance in the "hold" line will reduce the current to about half
the value it would have with the motor resistance alone. The 'break-
away" torque of the stationary motor will still be adequate to
support the load, since no torque is required to overcome inertia
forces. Moreover, the reduced current is easier to break, and it
will take less time for the magnetic flux in the motor to decay when

the rod is released,

So that at least one phase is energised at any time during
switching, the phases will be energised in pairs, i.e., AB, BC, CA or
AB, CA, BC for reverse.



3+%.2 Bwitches in Control Mechanisms

3.1.3

Because they will operate in pure helium and must be very
reliable, tilting mercury switches are used throughout the mechanisms,.
The normal glass container, filled with nitrogen, is encapsulated in
an epoxy-resin capsule, set on a Tufnol base. This encapaulation
provides strength against pressure differences, protection against
damage, and would retain the mercury in a cracked glass container.

The containers have pockets at each end to give ™snap' action
to the mercury. Without this feature there would be a tendency for
the connections to be uncertain for a considerable time, causing the:
relays. they control to chatter.

3.1.2.1 Limit Switches in Gearbox

Duplicate up limit switches, U and U/ (Fig. 2) and
duplicate dewn limit switches, D and D' are arranged to
close at the limits of travel of the gearbox, which
determine the travel of the control rod. They in turn
energise relays UL and DL respectively. Only one of each
of the switches is connected into the circuit. The other
serves as a built~in spare and can be brought into operation
by one of a bank of toggle change-over switches located behind
the front panel (panel 16) in the control room.

3.1.2.2 Switches in Overwind llechanism

A load sensing switch Z is arranged to open if the load
on the mechanism, normally due to the weight of the control
rod, is reduced to less than about half its normal valuse.
This is called the '"slack wire" switch. When it opens it
de~energises relay SL whose contacts control acoustic
warnings and annunciators {not covered by this report). If
it is a safety rod which is faulty it will convert the
SHUTDOWN conditions to SCRAM, unless the reactor .is in the
initial loading condition or the charge machine is
operating.

A second switch O in the overwind mechanism is arranged
to close when the mechanism is used to wind the control rod
up to its fullest extent beyond the normal range of travel.
This is only done in order to remove the control rod from
the reactor. OClosing switch O directly lights a lamp in
the compartment in which the mechanisms are located.

Synchro~Transmitter

A Sperry slab synchro type 523 RS54 SL is driven by the gearbox
and transmits to a "fine position indicator" which incorporates a
matching synchro in a position servo so that the indicator
accurately shows the gearbox position, The indicator is located on
the control desk: it is more fully described in Section 3.4.6.



At any time, the only synchros connected to indicators are
those of the automatic rod and of the particular "operation" rod
which has been selected by the operator to be under manual control.

3.1.4 Rotary Pick=0ff

Every gearbox also drives a Sperry type No. 21142 rotary plck~
off, enermlsed by a 35 volt, 400 eps supply, which rotates 30, 07°
for full stroke between earbox end stops. The pick—off is a
variable coupling transformer whose output varies over the range
0-20 volts, approximately, and is fed directly to one of a bank of
moving coil meters on the instrument panel behind the control desk,
80 giving a coarse indication of mechanism position at all times.

The method of adjustment of the pick—off in the gearbox is given
in the Maintenance lanual for the Control Mechanisms, as also are the

measured sipnal voltazes for every unit.

3.2 Transistorised Iguipment

3.2.1 Control Rods Drive Unit

This equipment is incorvorated in a single rack-mounted unit,
located in the Apparatus Room. A complete spare is provided. The
unit incorporates the following separate circuits:—~

Operation rod driving circuit.

Automatic rod driving circuit.

Pulse counter.

-16 volt D.C. electrical supply.

3.2.1.1 Drivins Circuits

The two driving circuits, one used for the operation
and safety rods and the other oxly for the automatic rod,
are identical. The block diagram, Fig. 4 shows the
arrangement of elements in which square waves from a
"pulse generator" are fed through a differentiating circuit,
into a ternary ring circuit which, through a pre-amplifier
and amplifier, successively earths two out of three lines.
These lines are connected through a system of plugs to the
stepping motor to be driven. Pulses to the oreration drive
circuit are derived from the "limited pulse generator”
described in Section 3.4.1 while those to the automatic
drive circuit are derived from a generator in the automatic
controller described in Section 3.2.2.

The ternary ring circuit is shown in Fig., 5. In a atable
condition two transistors are cut—off and the third, say 1,
is in saturation. An incoming positive pulse changes 1 to
the cut-off condition and switches 2 to saturation. The
next pulse will change 2 to cut—-off and 3 to saturation,
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The sequence »f transistors in cut-off is consequently
1,2382,313,1. If the contacts RS~1 and RS-2 between the pre-
amplifier and amplifier are closed, the corresponding sequence
of the motor phases energised is AB:CA:BC, causing the control
rod to be raised. To lower the rod, contacts I~1 and 1L-2 are
closed instead and the sequence is AB:BC:CA,

So that a motor may be transferred from the drive circuit
to a "hold line" without the energisation being interrupted,
the "stop circuit" is employed. Relay ! in the stop circuit
is connacted to the -16 volt supply and its earth connection is
controlled by a transistor switching circuit receiving its
switching signal from two sources. One source is a =16 volt
line oponed or closed by the control signals and the other is
phase 3 of the ternary ring circuit, which has a negative
potential as long as transistor 3 is in cut-off. If either of
these negative potentials is applied relay N is energised
completing the ternary ring circuit through its contacts wl -1,
When the —-16 volt line is broken by one of the many switches
which serve to stop the motor, the circuit will continue to
operate until transistor 3 becomes saturated; then it will stop.

3.2.1.2 Pulse Counter

The electronic pulse counter counts the number of times
phase A of the driving circuit amplifier output is energised.
The circuit is shown in Fig. 6. It includes eight "divide by
two'" circuits in cascade. The counter is used to stop the
driving circuit when either 16, 32, 64 or 128 pulses have been
counted, the appropriate number of stages being selected by
connecting the inputs of either the first, second, third or
fourth stages to the amplifier by means of bank 3 of selector ’
switch S2 in the limited pulse generator (described in
Section 3.4.1).

Yhen counting is completed, the last stage, through a
switching transistor, de—energises relay C which stops the system
throuch the stop circuit.

If the automatic rod is under mannal control, the counter
input must be taken from its amplifier. This is selected,
instead of the operation circuit amplifier, by contacts X-2 of
relay X, which relay also transfers the manual controls from
the 'operation™ to the "automatic" driving circuit.

3.2.1.3 =16 Volt D.C. Supply

This consists of a regulator fed by the -30 volt D.C. supply
described in Section 3.3.3. The circuit for the ~16 volt supply
is shown in PFig. T.

3.2,2 Automatic Controller

This equipment has been described briefly in Section 2 above and a
separate report, D.P. Report 174, has been devoted to a thorough
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description of the design and principles of operation. This is not
attempted here. '

The output from the controller is in the form of pulses at a
constant frequency, switched on or off by the controller and fed to
the automatic rod drive circuit, whenever automatic operation is
selected. The pulse frequency will be slightly higher than that
for the generator feeding the operation and safety rods, at present
proposed at 12.5 pps. In the automatic system, reversal of direction
is not obtained by switching phases but by doubling the pulses
when the rod is required to move up, making the ternary ring circuit
move two steps in quick succession, too quickly for the motor to
follow, and so in effect, run backwards.

3.3 Circuitry
3.3.1 Connecting Box Fig. 8

This box contains the sockets connected to the three circuits,
the operation rod circuit, the safety rod circuit and the automatic
circuit, by means of any one of which a particular rod mechanism
may be controlled. The function of a mechanism is determined by
connecting its socket to one of the circuit sockets with a plug
link, or, if it is to he used as an operation rod mechanism, by
cross connecting in its own socket by using a suitably wired plug.
If no plug is fitted in a mechanism socket the mechanism will be
electrically isolated. With the exceptions of the overwind switch
and lamp, the mechanism can be tested from the socket.

There will be twenty-four mechanism sockets, one "automatic"
socket and, to begin with, three "safety" sockets, but space is
available to add to the number of special sockets if the circuit
is developed later. There will only be a sufficient number of
links and wired plugs to suit the sockets, so the numbers of each
type of rod must he correct.

The plugging arrangement is displayed on lamps around the rTod
selector switch, S1 on the control desk, described in Section 3.4.3.

3.3.2 Relay Panels

The two panels, located in the control room, contain eight
Londex heavy-duty relays to break significant currents and Clifford
and Snell relays elsewhere; all are plug-in type with individual
dust-proof covers. Those Clifford & Snell relays used to connect
the synchros to the fine position indicators have gold-plated
contacts.

The eight Londex relays are in the primary TRIP and SCRAM guard
lines, arranged as in Fig. 3, in which two relays at each end of the
line each have twelve banks of contacts, one set in the =30 volt
supply to each stepping motor. By cross connection through contacts,
when any one relay opens the other three in the same line are also
automatically opened. The arrangement guards against earth faults
in the line.
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The secondary guard lines controlling the Londex relays are not
included in this report. A report on this subjeot will be issued.

The need for two primary guard lines is due to differences in
the secondary guard lines controlling them. After a TRIP the safety
rods can be raised without the condition which caused the trip being
cleared, but after a SCRAM no rod can be raised until the fault is
cleared.

The panels and the wiring between the groups of electrical
units are specified in D.P.S. T7.

30303 -30 Volt D.C- supply

This is a standard unit capable of delivering 120 amps. It is
located in the cable handling area under the control room. A
complete stand-by unit is mounted in the same panel.

This supply is specified in D.P.S. 77.

3.3.4 Coarse Position Indicators

The bank of twenty-four, edge-reading, vertical, moving coil
voltmeters, made by SIFAM, Torquay, are located on the front panel
directly behind the control desk. Each one is always connected
directly to the magnetic pick-off on the same mechanism, the sequence
from left to right along the panel corresponding to the sequence of
the mechanisms round the reactor, beginning at the charge/aischarge
facility and counting clockwise in plan view,

The meters are described in specification D.P.S. 122, Fig. ¢
shows the outline and Fig. 10 the general arrangement., The pointer
arm carries an opaque mask which moves in a curved chamber bounded
by the Perspex graduated face. The two zones on either side of the
mask are illuminated, the lower by red light and the upper by green.
Hence, the band of red light rises to replace the green as a control
rod is drawn out.

The meters are arranged to indicate a rod fully withdrawn when
the signal is 20 volts and fully in when the voltage is in the range
0-0.7 depending on the pick=~off. Adjustments to range and zero can
be made to each meter to suit the individual pick~off, If the signal
should disappear altogether, the meter needle will fall beyond zero.
The appearance will then be of a rod fully inserted, which is
considered safe since the operator will have more reactivity
suppression at his command than he thinks, rather than less.

3.3.5 Lamps and Annunciators on Front Panels

Above each coarse position indicator meter is a lamp which lights
when the "up" limit of rod travel is reached and below each meter
one which lights at the "down" limit.

Below the down limit lamp is a lamp which lights whenever the
slack wire switch of the overwind mechanism opens (see Section 3.1.2),
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probably indicating that the control rod wire rope has broken, or
. possibly that the rod is stuck.

Luminous annunciators display which of the three states the
control system is in, OPERATION, SHUTDOWN or SCRAM.

3.4 Equipment on the Control Desk

-~ Fig. 11 shows the arrangement of that equipment on the control desk
which forms part of the absorber rod control circuit. The units included,
and described in the following sections ares-

Limited pulse generator 1o preset required travel,
Hand lever, to initiate rod movement,

Selector Switch 51 for choosing the rod to operate.
Auto-manual switch.

Various manual controls, such as buttons and key.

Fine position indicators.

3.4.1 Limited Pulse Generator (L.P.G.)

This is gpecified in D.P.3S. 123, For convenience of manufacture,
and servicing this unit is in two parts, a mechanism called the
"pregset travel assembly" and an electrical assembly in a self-
contained box, called ths "control box", which screws on to the back
of the mechanism. The electrical circuit for the whole generator is
shown in Fig. 12 and the outline in Pig. 13.

3.4¢1.1 Preset Travel Assembly

Fig. 14 shows the general arrangement, the part numbers
on it being referred to in the following description.

Pulses are generated by the rotation of & toothed disc
on the clutch/brake assembly 18 passing through a
capacitance probe 26, The disc is driven by a synchronous
motor 21 through gears on the indicator shaft assembly 18,
This assembly is built on the shaft which carries the pointer
which indicates, on the front dial, the amount the generator
has moved, in percentage of full rod travel.

The indicator shaft assembly drives a cam shaft in the
1imit switch assembly 3. The cams are arranged to operate
micro-switches at positiong of rotation of the indicator
shaft corresponding to approximately 13, 3, 6 and 12% of
full rod travel.

. The selector switch shaft assembly 9 can be set to

select these amounts of travel. The knob to do this must
first be pushed in to clear an interlock. When the assembly
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is set it does three things:-

(a) sets the circuit of the pulse counter described
in Section 3.2.1.2 by means of bank 3 in selector
S2 so that it operates the stop circuit and stops
the driving circuit when the desired travel has
been reached, The counter is quite accurate:
the number of steps may be 48, 296, 192 or 384.
The total rod travel being 3205, these correspond
to 1.498, 2.995, 5,991 and 11.981%.

(b) puts the corre~t limit switch into operation in
the preset travel assembly so that if the pulse
counter were to fail to stop the system the limit
switch would stop it a little later.

(c) moves a set of blocker plates, mounted on the
selector switch shaft so that the appropriate one
is in & position to engage with one of a group
of plates carried round on the indicator shaft.
If both counter and limit switches fail to stop
the system, the plate on the indicator shaft will
strike the blocker plate on the selector switch
shaft and stop further movement. The plates are
so arranged that the selector shaft is moved in
equal steps while the intervals of movement of the
indicator shaft, and of the control rod movement,
are logarithmic,

While the gzenerator is being driven by the
synchronous motor, a spiral spring, coupled to
the indicator shaft, is wound up. At the end of
the driven travel the synchronous motor is switched
off and the clutch CL? remains energised so that
the indicator shaft is held stationary by the
irreversible gearbox connecting it to the motor
through the clutch. The pointer consequently shows
the rod travel that has Jjust been applied.

When another movement is initiated the clutch
CL1 is de—energised to allow the spiral spring to
return the mechanism.

3.4.1.2 Control Box

A schematic circuit is shown in Fig. 12. Changes in
capacity induced in the probe 26 are transformed by the
"capacity transducer" into variations in D.C. voltage which
in turn is fed into the "square wave forming circuit". The
square waves form the output from the generator: they are
fed into a differentiating circuit forming the first stage
in the driving circuit described in Section 3.2.1.
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3.4.143 Operating Sequence of L.P.G.

The unit will normally be in the state in which it
finishes its motor-driven travel, i.e. motcr switched off,
clutch CL1 energised, pointer shaft locked by the irreversible
gearbox and clutch/%rake CL2 de-energised so that the pulse
generating disc is held to the frame by the brake. From
this position, the next step may be either to select a
different travel for the next opsration or io initiate the
same travel once more,

Consider first the selection of a different travel and
refer to Figs. 2, 3 and 12, Pressing the selector knob
opens switch SWtA in the stop line, Fig. 2ywhich de-—energises
relay ST in that line and, if a control rod is moving, it
will be stopped by the stop circuit. Switch SWIB is also
opened when the knob is pressed. This opens the line
energising clutch CL1 and so allows the mechanism to spring
back, which it will do in less than a second, On reaching
zero position a cam on the limit switch shaft closes
switch SWA which shorts out the contacts H-~1 which are in
series with the relay H so that the relay can only be
energised when the mechanism is in this position. Further
operation is now initiated by operating a separate hand
lever described in Section 3.4.2 below. Throuzh the chain
of relays RS or L, the raise and lower relays, and N, the
stop circuit relay, this energises relay H. Relay H, through
contacts H~-2 energises clutch CL1 coupling the motor to the
indicator shaft, throuch contacts H~3 energises clutch CL2
coupling the generator disc to the indicator shaft, and
through contacts H-4 switches on the synchronous motor. When
the mechanism moves, switch SWA opens ovut the relay H remains
energised through its contacts H-1,

Vhen the pulse counter has reached the prescrihbed count
its relay C is de-energised, contacts C-1 stop the control rod
motor through the stop circuit and contacts M3 on the stop
circuit relay open, de—energising relay H of the L.P.G.
Contacts H-3 also open: they are in the feed line to clutch
CI1 but the clutch remaing energised at this stage through
the switch SW1B (operated by the knob) and contacts N=4 of
the stop circuit relay, both of which are closed. Contacts
H-3 open de-energising clutch/brake CL2 and contacts H-4 open
switching off the motor. The generator is now back in the
starting condition.

Consider next the action of initiating travel without
pelecting a different stroke. Moving the hand lever again
energises the relay chain RS and N, This time switch SWiB is
not opened by the knob, but it is in series with contacts N-4
which serve to de-energise clutch CL1 and allow the mechanism
to spring back. At the zero position, limit switch contacts
SWA close and complete the relay chain circuit so that relay
H is energised. The sequence above is then repeated, relay
H energises both clutches, switches on the motor and locks
itself in.
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If the selector is set beyond the 127 setting, to a
setting marked "INCH", the mechanism will stop running
whenever the hand lever is released to spring back to the
neutral position, With this setting, and the OFF getting,
bank 5 of selector S2 does not complete the -16 volt
gignal line to the stop circuit, as it does in the other
gsettings. This circuit is completed in the INCH setting
only when the control lever is raised or depressed, when
the lever contacts directly by-pass bank 5.

If the pulse counter should fail to stop the system,
the appropriately selected limit switch will change over,
closing contacts to light the lamp in the face of the
generator and opening contacts to de-energise relays K and
KM. Relay K stops the system through contacts K~1 and the
stop circuit, the L.P.G. being de-energised through relay H,
as above, Relay KM has an RC delay circuit causing it to
open after a few more pulses have been generated when it
independently de-energises clutch/brake CL2 and the motor.
This gives extra safety should the stop circult also fail
to work.

3.4.2 Control Lever, Pig. 15

This is a "joystick" lever made by Pye as a standard product.
It is mounted on a control desk face which is inclined at% 30o to the
to the vertical. It has four positions, the central spring-loaded
rest position, the lever raised, the lever depressed and the lever
pushed in axially. The raised and depressed movements correspond to
the "raise" and "lower" commands and pressing to "stop”.

The lever operates five micro-switches, Referring to Figs. 2
and 3, their functions are as followst-

(1) CLR~1, closed for "raise". If an operation rod is being
controlled the relay chain RS, N/, N is operated. If it
is the automatic rod which is being controlled the relay
chain is R3, RA, N’A, NA, These chains result in:-

(a) the contacts CLR-1 are by-passed

(v) the "lower" circuits, operation and automatic,
are rendered ineffective

(¢) the pre-amplifier of the operation drive circuit
is appropriately connected to the amplifier to
give the required direction of travel or, if it
is the automatic rod which is being ccntrolled,
either the single or double pulse circuit is
selected d

(a) the stop circuit (Section 3.2.1.1) starts the
ternary ring circuit
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3.4.3

(e) +the limited pulse generator (Section 3.4.1) is
started

(f) +the pulse counter (Section 3.2.1.2) is set
ready to count.

(i) CLL-1 closed for lower. The relay chains are LS, N,
N or LS, LSA, N'A, NA for operation and automatic rods
respectively. The only difference iu the results are
that the connections controlling direction are now
appropriate for lowering.

(iii) CLS, closed to stop a moving rod. These contacts
de-energise the relay chain 3T, N’ and so the stop
circuit stops the ternary ring circuit. The stop
relay ST is reset by contacts RS~7 or L-7 when the lever
is again moved to "raise" or "lower".

(iv) and (v) CLR-2 and CLL~2 used for "inching". When the "inch"
position is chosen on the selector switch of the
limited pulse generator (Section 3.4.1) the ~16 volt
simmal line to the stop circuit is channelled through
these two swiftcheg which are normally open and in
parallel. The rod will only move if either the CLR-2
switch is closed, when the lever is raised, or the
CL1~2 switch is closed when the lever is depressed.

If the lever is released to spring back to the central
position, the rod stops.

Ad jacent to the control lever on the desk are two lamps,
one of which is 1it whenever a circuit is completed to cause
a rod to rise and the other whenever a circuit is completed to
cause a rod to be lowered.

Selector Switch, S1

Figs. 16 and 17 show respectively the outline and the wiring
diagram. This is a rotary switch with twenty-six equally spaced
positions: twenty~four correspond to mechanisms and the two bottom
ones are spare. The switch can be moved right round in either
direction without restriction, but a mechanical interlock requires
that the knob is first pressed in before it can be rotated.

Referring to Pigs. 2 and 3, in pressing the knob, three contacts
are operated, C0-2 which breaks the line to the stop relay ST and
stops the drive circuit if it should happen to be running, and two
contacts CC-1 and CO-3 which break the supply to banks 1 and 2,
discussed below, so that all the transfer relays A and B wnich they
control are de~energised and ensure that every safety and operation
rod motor is connected to the "hold" earth line, and not to the
driving circuit. To make sure that the motor has stopped before
this transfer is made a delay is introduced by a static RC network
across the transfer relays Ai (where i may be 1...24 corresponding
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to any of the mechanisms). Rotatins the switch operates five banks
of contacts:—

Bank 1 The selected contacts energise one of the relays B, whose
contacts B-1, B-2, B=3 connect the stepping motor to th& hold
line. Contacts B—4 close in the control lines of relays A,,
. . . . i
in series with switch bhank 2,

Bank 2 The selected contacts energise the relay A,, corresponding
to the selected rolay Bj, which due to the contdcts B-4 is
sure to operate after the Bj relay, and due to its delay
circuit operates after a delay of about | second. The A
contacts A;—1 open the connection between the motor and
the hold earth line. At the same time the A{-2 contacts close,
shortin:;: out hank 1 so ensuring that when the selector is
next moved relays A, operate first, with the delay, and then
relays B; operate tﬁrough contacts A;j=~2. In this way the
motor can never he disconnected from both earth lines; if
it were the rod would drop.

A number of interlocxt circuits make banks 1 and 2 inoperative,
unless other controls are correctly set, by interrupting the supply
to them at relay contacts ZA~1 and J-1. Banks 3 and 4 are included
in the interlock circuits which may energise the relays and close these
contacts,

Bank 3 Relay 7ZA will be energised only if the master %ey is in
SHUTDOWIT and the supply line to it is fed through bhank 3
contacts connected to the safety rod nlug irn the counnecting
box described in Section 3.3.1.

Bank 4 Relay J will be energised only if the master “ey is in
OPTRATION, all three safety rod up limit switches are closed
and the supply line to it is fed throuch banlkt 4 contacts
connected to "omneration" rod plucss or the "automatic" rod
plug.

Other interlock circuits ostablish the conditions under which
the automatic rod may be controlled manually or by the auntomatic
controller. Dank 5 is included in these circuits,

Bank 5 The manual controls are transferred to the auto rol
drive circuit by enersising relay {. This is done by having,
the master ey in OPZRATTION, all three safety rod up limit
switches closed, the Auto-"nnual switch in IIAITUAL, so closing
contacts AN-2 through the relay chain AM-2, AN, and the
supply to the relay fed througsh the bank 5 contact connected
to the "automatic" plue.

If all these conditions are correct except that the
Auto—-i"anual switch is in AUTO, relay X will not be ener~iged
but relay ¥ will be and this males the "released rod selected”
button operative to release the auto rod.
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3.4.4

3.4.5

Two rings of lamps, twenty~four in each ring, are mounted round
the Selector knob. The lamps of the inner ring are engraved A, for
automatic, and the outer ring S, for safety. Some of these are
illuminated as a result of connections made in the connecting bhox
described in Section 3.3.1, when the rod functions are determined,
and so they indicate the rods connected to the special circuits.

Auto-Manual Switch, 83

The appropriate setting of the switch is required for the auto
rod to be operated either manually or by the automatic controller.

Referring to Pigs. 2 and 3 the switch energises relays AM and MA
in the AUTO and MANUAL Settings respectively. Relay contacts
energise relay ANl which has an RC delay circuit. The three sets of
relay contacts Al, A, AI7, between them connect the automatic drive
circuit to either the controller or the limited pulse generator and
other manual controls. The connection between auto drive circuit and
manual controls will not he completed unless relay X is energised by
the completion of the interlock circuit including bhank 5 of
gelector S1, as explained in Section 3.4.3. The delay in relay AN
ensures that, if either drive circuit is running before the transfer,
it has time to rcach the correct phase to stop.

Various }Manual Controls

In addition to the limited pulse generator and the main . hand
lever, there are on the control desk, arranged as in Fig. 11, the
following controls:-

3.465.1 SCRAM button to release all control rcds. A large red
button is pressed to break sprinc-loaded contacts in the
"manual SCRAM line" and so de-energise the self-holding
relays 181 and 1132, These in turn open contacts in the
SCRAM primary guard line. '

3.4.5.2 RAIZASE butten 4o release only the control rod selected
for manual control at the time. This button is pushed to
break the spring-loaded contacts in the actuating circuits
of relays G and GA in the "manual" and "automatic'" rod
release lines reanectively. The coutactis are by-passeld in
the "automatic" line by relay contacts Y-1 unless the
automatic rod has been selected on S1. Contacts G-1, G-2 and
G-3 open the connections between the stepping motor and the
operation drive circuit. Contacts GA=-1, GA-2 and GA~}
open the counections between the stepping motor and the
automatic drive circuit.

Note that a safety rod cannot be selected during
normal operation and so it cannot be released by this
button.

3.4.5.3 RISET button to re-establish many relays in their self-
holding state. DPressing the button energises the relays
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RyeeeesRqp whose contacts by-pass the self-holding contacts
in many relay circuits. The reset button is in series with
contacts 1iA-1 of the Auto-ilanual selector, S3, and with
contacts in bank 1 of the travel selector switch 52 in the
limited pulse generator. The reset button is consequently
ineffective unless the pre-set travel setting is OFF and
the automatic rod setting is MANUAL,

3.4.5.4 VASTER ¥EY to obtain "OFF", "SHUTDCWN'" or "OPERATION"
conditions of the reactor. A three position, four bhank
switch is operated by a tumbler lock key, which can only
be inserted or withdrawn in the OFF position. The contacts
of banks 1, 2 and 3 are in the SCRAM and TRIP primary guard
lines.

In the OFF position, both circuits are completely open-—
circuited and so all TRIP and SCRAM relays are de-energised.
The twenty-four mechanisms move to the lower limit, closing
their down 1limit switches. These in turn energise the
twenty—-four relays DL, all with one pair of contacts in
series with the OFF lamp, and the lamp lights.

In the SHUTDOWH key position, the TRIP primary guard
line is open circuited but the trip contacts in the SCRAM
primary guard line are shorted out leaving only the SCRAM
signals operative. This results in the TRIP relays T, T2,
T3 and T4 opening for all mechanisms except the saféty rods.
The operation and auvtomatic rods fall, the down limit
switches close, relays DL are energised and the down limit
lamps light for these mechanisms.

In the OPLZRATION %ey position, the switch contacts of
banks 1, 2 and 3 complete both TRIP and SCRAM primary guard
lines.

The master key hank 4 contacts form part of the inter-
lock circuits discussed in Section 3.4.3 (see Bank 5 of that
section) which establish the conditions under which the
selector S1 is effective, In the SHUTDOVI vosition, a
bank 4 contact encrgises relay W whose contact W-1 in
series with DL-3 of all twenty-one of the released rods,
lights the SHUTDOWN lamp. s

3,4.6 Fine Position Indicator

These units receive signals from the transmitter synchros in
the gearboxes of the control rod mechanisms and, by means of a
position servo, display the gearbox (and hence the control rod)
position on three numbered decimal drums marked in tenths, units and
tens percent of total travel. 100% indicates a fully raised rod,
and is equivalent to 3,205 motor pulses or 80.41 inches travel.

Coupled to the drums is a painted disc which moves behind a slot
so that as the rod is raised orange replaces black from left to right. ‘
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Since 100% does not correspond to one revolution of the disc, running
the drums through more than one cycle puts the disc out of phase
with them. If this happens the indicator must simply be run back.

The outline and face of the indicator is shown in Fig. 18.
The circuit, including the transmitter synchro is shown in Fig. 19.
The transmitter and receiver synchro stators are directly connected.
One of the pair of quadrature wirdings on the transmitter rotor is
energised, the other being shorted. Any lack of parity in the rotor
positions produces a signal in the receiver rotor which is fed to
the phase-sensitive transistor amplifier and from there to the
appropriate winding in the split phase motor M to give the direction
of rotation to null the signal. A tachometer T coupled to the motor
adds a negative feed-back signal to the rotor signal before
amplification: +this permits high gain and rapid response with
stability. The motor drives the display through a gearbox,.

Two cam operated switches 1131 and lS2 are arranged to open when
the indicator moves into the last 207 of travel at the lower and
upper ends respectively. These signals are used to warn the
operator if the automatic rod moves out of the middle 60¢% of travel:
he must then "trim'" it back nearer to the centre. The contacts are
by-passed by relay contacts MA-2, MA~-3 if MANUAL operation is
selected on the Auto-llanual switch., Otherwise they de-energise relays
AD and AU which cause an acoustic alarm to sound and light lamps
adjacent to the fine position indicator.

Three units are suopplied, by Sperry Gyroscope Co., who
desienate it type D. Two of these will be installed on the control
desk, as shown in Fig. 12, one connected to the automatic mechanism
and one to the operation or safety rod currently selected by means
of the selector switch S1. The third is a spare which can be fitted
easily in place of either of the others by means of Plessey plugs
at the back and the four face fixing screws, All the units are
identical and are identically adjusted to mero by a screw on the
back. They must not be re-adjusted indepeundently. The relationship
between the transmitter synchros and their mechanisms have been
adjusted within the mechanisms as described in the maintenance
manual, to suit the agd justment of the indicators as received from
the supplier.

3.5 Iquinment for Ixperiments

3.5.1 Rod Grouping Box

In this box are itwenty—-four manual toggle switches which make
it possible to drop any number and any combination of rods from any
combination of heights. The toggle switches each by-pass one set of
normally closed relay contacts in the =30 volt supply line of each
stepping motor, as shown in Fig. 2. The contacts are on two relays
RG~1 and RG-2 which are energised when the RELEASE pushbutton, also
in the box, is pressed, as showvmn in Fig. 3.

The hox is located in the experiments room and has a lockable
glass door.
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3.5.2

3+5.3

3:5.4

Control Rod Drop Timing Unit

FPig. 20 shows the schematic arrangement. Clock pulses derived .
from mains frequency (accuracy 0.27) are fed to two chains of scaler
decade units. One of these measures the rod drop time and the other
provides a delayed start signal to operate relay RLB, which starts an
"experimental neutron counting equipment" (not included in this
report). ' :

The required delay is set on switches SWA and SWB to a value up
to 9.9 seconds in 0.1 second increments. At the selected count a
coincidence unit is operated through the switch contacts, in turn
operating relay RLB.

Both scales are started simultaneously, their gates being
opened by relay contacts RLA=-1e Switch S can be positioned so that
relay RLA is energised by either the RELEASE button on the control
desk, which closes relay contacts G-5, Fig. 3, as explained
in Section 3.4.5.2, or by the RELEASE button in the rod grouping
box, described in Section 3.5.1, which closes relay contacts RGx—1.

The rod drop timing scaler gate is closed when contacts RLA~17
opens as a result of the down limit relay contacts DLs-4 or DIA,,.
Fig. 3, opening. The delay scaler chain runs on until its gate is
opened by the coincidence unit.

Fast Recorder

Provision is made to connect a fast recorder to receive the
signal from the rotary pick-off of the mechanism currently selected.
Referring to Fig. 2, relay contacts B-7 and B-8 connect the pick—off
to the fast recorder lines, the relay being energised when the
mechanism is selected, and the lines terminate in a plug located in
panel 52 in the experiments room.

It is intended that periodic checks should be made on the
functioning of the mechanisms by using the recorder. A suitable
instrument used in experimental work on prototype mechanisms is a
LUMISCRIPT ultra-violet light high speed recorder, type SE 2200.

Transfer Function Analyser (T.F.A.)

This unit is being designed and built under contract and it
will eventually be described fully in its own operation and
maintenance manual., It is described briefly here for convenience
Fig. 21 is a block diagram and Fig. 22 is a circuit diagram
of the connections to the absorber rod control circuit.

The T.F.A. consists of three parts, the control rod oscillator
system, the measuring circuit and the power supplies. The power
supplies are quite standard.

The rod oscillator system includes a motor with servo speed
control driving a continuocusly running pulse generator. The unit
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also contains the ring circuit, pre~amplifier and amplifier to feed
one of the standard stepping motors. For half a revolution of the
generator the rod will run upwards, for the other half downwards,

the reversal being effected by a switch which introduces a delay line
and produces multiple pulses, as for the automatic driving circuit
described in Section 3.2.2. It is clearly feasible to add further
switches if required later to give periods of dwell. A circuit
which divides the number of pulses will give various amplitudes of
rod oscillation, and the motor speed will determine frequency.

Sisnals from the reactor flux meter will be modulated and then
passed to the stator of a resolver synchro whose rotor is driven by
the generator dise drive. The two output windings of the synchro
will then give signals in phase and in quadrature with the control
rod movement, '

SUMMARY OF CONTROL OPERATIONS

This summary is in the form of the Table, Section 4.1. It should be possible,
by referring back to earlier sections dealing with the electrical units involved
t0o trace the circuit actions and the interlock circuits involved in each operation.

The sequence of operations in the Table is that most probable for an
uneventful start-up, power run and complete shutdown. Normal conditions are
assumed, i.e., no experiments involving special equipment or by-passes.

SAFETY ASPECTS OF THE SYSTLNM

The following features are considered to contribute to safety:-

5.1 The limited pulse @enerator will always fail safe and cannot produce
pulses for more than 12¢% rod travel.

5.2 No single operator action can cause upward (adding reactivity) movement
of a rod greater than 12% travel.

53 Rods cannot be ganged to move upwards, They can only be ganged for
experiments and then only to be dropped.

5.4 Only two drive circuits are available., The power of each is limited
to be able to drive only one rod at a time, Only the automatic rod and one
other rod can be moving at any time.

5.5 Rod driven speed is limited to 0.795 Cm/éec in either direction for
operation rods, the same speed upwards only for safety rods which cannot be
driven down, and about 0.875 cm/gec in either direction for the auto rod,
These speeds are limited by the pulse generator disc motors, If the stepping
motor sequencing frequency were increased by a factor of more than three the
mechanism would not be able to follow and the rod would drop.

5.6 The following order of priorities gives precedence to actions
suppressing greater reactivity:-

(i) Release twenty-four rods with SCRAM condition,
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TA3LT 4.1

TABLE OF CONTROL OPERATIONS
. Display Changes
Control X tate of i -
. - . Control Settings . X Initiating
Required Function| Settings to ; - Y¥ecLanisms to A s Remarks
Select to 4void Inhibition Avoid Inhibitions Aetion fore Action During Actioa At Complgtlon
° uf Action
1.|Condition Yaster key - - Tern ey Arnunciator CFF or - Annunciator -
SEUTDCTT to SEUTDOWE CPIRATION SHUTDOWY
2.|Reset - 5.3 at HANUAL - Press re-set "Auto control cut off™ - Annunciator
L.P.G. at OFF button laap 1it SHITDCTY off
"Auto control set-back” Release lamp off
lamp 1i% ‘
Release lamp 1it
3.{Select safety rod|Selector S.1|Master key SHUTDOWN - Sét S.1 - - - -
4.|Baise safety rod - L.P.G. set for travel - C.L. {comtrol Dowm limit lamp 1lit Down limit lamp{ Down limit lamp

o
.

o
.

o .
.

10.

11.

12.

13.

14.

Stop safety rod
manually

Rod stopped by
pulse countex

Rod stopped by
L.P.G. limit
switches

Release safety
rod

Raise safety rod
to up limit

Condition
OPERATION

Select operation
rod ‘

Raise operation
rod by pre-set
travel

Lower operation
rod by pre-set
travel

llove operation
rod by INCEING

Selector S.1

Selector S.1

Master key
to OPERATION

Selector S.1

Wlaster key at
OPZRATION

L.P.G. set to TICH

L.P.G. set for travel

L.P.G. set for travel

L.P.G. set for travel

All safety rods
fully up

All safety rods
up

lever) to raise
and then release
it

Preas C.L.
inwards

Preset number of
pulses counted

L.P.G. mechanism
reaches limit
switches

Press releass
button

C.L. to »aise and
action repeated
sufficiently to
reach limit of
travel

Turn key

Set S.1

to raise and
then release it

T
Vele

C.L.
then

to lower and
release it

C.L. raised or
lowered and held

Baise lamp off

Raise lamp 1lit

Raise lamp 1it

Raise lamp 1lit
L.P.G. warning lamp of?t

Release lamp off
Down limit lamp off

Tp limit switch off

Annunciator SHUTDOWN

Dowu limit lamp 1lit

off

"Safety rods ud
lamp lights

CPI and FPI
move

Raise lamp
alight

Raise lamp 1lit

Down limit lamp
off

"Raige” lamp on
CPI and FPI
move

"Lower™ lamp on
CPI and FPI
move

Raise or lower
lamp on

CPT ard FPI
move

off
"Safety rods up”
lamp alight

Raise lamp off
Raise lamp off
Raise lamp off

Raise lamp off
L.P.G. waraing
lamp lights

Release lamp lit
Down 1limit lamp
1lit

Up limit switch
1lit

Raise lamp off
Annunciator

OPERATION

Dowm limit lamp
off

Both lamps "Safety rod
up” and "down" are 1lit
unless all rods are at
one limit

Reset as function 2

Limit switch stops
systen

Bod stops when C.L.
released




' '

743LT 4.1 (Contd.)

- G2 -

Display Changes

Control i tate of :
t t
Required Punction| Settings to toczzzzgllizzb;:§:rs Mecharisms o IniZiioing 4% Complesia Bemarks
Select ““JAvoid Irhibitions Before Action During Action P e n
of Action
15. Stop operation As for safety rods
rod
16. Move rod to limit - L.P.G. set to travel - C.L. operated a {limit lamp off Limit lamp lit Limit switch stops
of travel or INCH sufficient numbex system
of times for rod
to reach limit of
travel
17. Assume manual Se3 to - - - -~ - -
control of auto JMANUAL

rod

RBaise or lower
auto rod
manually

19. Apply automatic

control

20. Release auto rod

21,

22, Manual SCRAM

23, Automatic SCRAM

24. Trip

25, Conditior QFF

Selector S.t
L.P.G. set
for travel

S.3 to AUTO

Select on
S.1

Master key
to OFF

S.3 to MANUAL

A1l safety rods
up

Control lever up
or down

Press release
button

lluto rod reaches
207 from end of
travel

Press SCRAM
jbutton

Signal from
secondary scram
ard line

Signal from
secondary trip
zuard line

Limit lamps may bve 1it

Release lamp off
Probadly limit lamps
of f

Limit approach lamp off
iAnnuzciator and
acoustical warning off

lAis for function 22

Raise or lower
lanp lights

As for function
22

FPI and CFI's
move down.

Limit lamps may
be 1it

Release lamp 1it)
Down limit lamp )
1it

Helease lamp lit)
Down limit lamp )
1it )]
"Auto control g
cut-off" lamp

1it g
Down limit
approach lamp
1is,

annunciator lit
and acoustical g
iwarning sounded

Limit approach
Jamp 1lit
Annunciator
lights and
(warning sounds
until stopped

411 down limit
lamps 1it

OFF lamp 1lit
SCRAX on
annunciator
FPI and CPI's
show rods down

As for function
22

A1)l down limit
lamps 1it

OFF lamp 1lit
TRIP on
annunciator

FPI and CPl's
show rods down

OFF lamp 1it
SCRA¥ annunciator
1it

Note that warning
switches 20¢0 from limit|
of travel are
ineffective

If S.3 st MANUAL

If S.3 at AUTO

Operator will trim
auto rod to middle
range of travel by
selecting and moving
an operation rod

1A11 twenty-four
lrods drop




(ii) Release twenty~four rods with TRIP condition,
(iii) Release selected rod.
(iv) Stop selected rod.
(v) Raise or lower selected rod (equal).
5.7 The automatic rod can be taken under manual control and/or rendered
inoperative under any conditions. It is always overridden by the safety
circuit but to avoid trips as far as possible some fault signals will

produce one of two responses in the automatic circuit, viz:-

(a) "Automatic control cut=off" in which the rod remains stationary,
and

(b) "Automatic control set-back" in which the automatic rod is driven
in at constani speed,

These reactions are considered more fully in D.P. Report 174.

5.8 Some interlocks from other parts of the reactor plant, such as the
charge machine, render the "Raise" control inoperative.

ILLUSTRATIONS

Many of the illustrations are reduced copies of the original drawings and
circuit diagrams. If a detailed study is attempted prints from the originals
are available from Dragon Project.
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for Absorber Rods Control Circuit,"

7.5 Dragon Project Specification 77 for "Absorber Rods Control Circuit,"
7.6 Dragon Project Specification 21 for "Type 2 Vernier Motor."

7.7 Dragon Project Specification 120 for "Transistorised Equipment."

7.8 Dragon Project Specification 123 for "Limited Pulse Generator,"

7.9 Dragon Project Specification 124 for "Control Rod Drop Timing Unit.,"

7.10 Manmual for "Transfer Function Analyser," (to be prepared).
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TRANSMITTER TO 8E SCREENED

TO
35v. a00~ ESEE NOTE A)

REF. DESCRIPTION VALUE
POLARITY OF POWER SUPPLY
PLESSEY SOCKET 2C283289/0 (PINS 4 2 8) MUST UNDER NO
(TO MATE WITH PLUG 2€184787/0) CIRCUMSTANCES BE REVERSED h ) ° ) :
RI_ | RESISTOR WELWYN AW31IS 33K ¥ 5%, 3w
R2 . ERIE TYPE 16 68ON * S5, Kw
10
3 . . PRITIES p
115V.400~  EARTH -l6vV.DC. . . 2 . + 5% v
R4 . . . 4-7¢0 ts%, Gw
. - . . . . - - - . RS R . R S-6KQ 5% 4w
c R6 . . N 1k0 2 5Y pw
q Ri8 A2 R RS R7. 7 RItS R7 . L 10KQ 5% 4w
< I a RE . N . 47kQ t 5% 4w
| [k Rk} [0
|
LA 1 ! RIO | RESISTOR ERIE TYPE 16 1XQ 5% aw
N v : i T VT3
PR Y T c2 m cs ' Rit WELWYN AW 3101 4700t 5% law
] H ] I 2 -_— .
3 ' 10 7 ‘o 'co I : ’—1|—‘ 1 RI3 V75 Q12 \ ERIE TYPE 16 1oR t 5% 4w
! ! 1 ' s RI3 008 5% Y4w
2 -——“. ;DO i : a < - 2 [3 =2 . N N ot ‘5-,. ;'
r o—E "V\M_"_" T_ . L U =Sh 4
: = : ; : ' l— vTé ais RC7-K 22k £10% %W
I ; 2
. . . G ' 1 v v VT 18 . j (SHORTED) 33KR $10% aw
t - I
: ! Lo { - - M a7 . . 22k L10% 4w
)
! : e :n : ; ! R ' RI18 ., RWVA-J 15k 1S% 3w
K TO RELAY AD. COIL !
! : o : 0 : C { AD. { o | Mﬂl‘ MR2
g | | g 1o T8OV DE Lo
1 —
| g Mo ITO RELAY AU CQIL cr ca| e ca
7 o
| ¢ lbg (TOSOU DC+ ®3] [ [
t T !
! L‘l—J—“J T T T C1  [CAPACITOR PLESSEY CE286 SOpF *1839/s 12v ARV
A —————— S ) + 108 o
SRR eSS : BELLING LEE CONNECTOR e - 2 “ SopF 2 Yo_12V REV
l TYPE L8547 8 . c3 . . cE20 SOuF 7380/, i2v.
[italal it c4 . " . sopf 11989k 12v.
s ] 1o (sl cs , DUBILIER 412 iyF__¥ 100, 150V
]
e 1o ise | N - . . c6 . . . HpF 2 10% 150v
1 - .
sTaTOR 1 l o 'Cg koo 2 <7 . ~O2pF
| H | D | : AMPLIFIER c8 , <O5uF
0 7
i ‘o lEg .| 1 [ B AW
v T ' o= ] |
| o iFe ! | |
; | ! : ' |4 - PLESSEY PLUG 2C783302/0
| } o 6@ }_,4 | ! (TO MATE WITH SOCKET 2C184800/0) Ti TRANSFORMER SPERRY N? SKB918-322 INTERSTAGE
| o 1 HO ) !
t ! 1 ! l
| ! | | |I
i i kg | | P1_ | HELIPOT TYPE T5P BECKMAN 1KR  LINEARITY $-2%,
Pi O————
i 1 : 1
1 i Lg . !
i LI——IO_‘—;—W "N\~ LEADS BETWEEN F. P12 RVi | VARIABLE RESISTOR oon 1w
) MO 1
! .
|
1

FINE POSITION INDICATOR

NOTE_ A

THE VOLTAGE ACROSS THE TRANSMITTER ROTOR LEADS YELLOW 1 GREEN
MUST BE IN THE SAME PHASE RELATIONSHIP AS THE VOLTAGE
ACROSS PINS. A 8B OF THE ALLG OF THE ©NE PONTION  NODICATER

NOTES FOR ‘SETTING UP FINE POSITION INDICATORS. :

I WIND N | ROD TO NORMAL ‘UP’ POSITION, SET TRANSMITTER TO READ 99-9%.(OR NEAREST
POSSIBLE FIGURE TO THIS ILE 99-8%) ON OPERATION ROD F.P.L

2. SELECT N#2 ROD. WIND ROD TO "UP POSITION SET TRANSMITTER TO READ AS N% I.

3. REPEAT FOR REMAINDER OF 24 RODS

4 SWITCH N? 1 ROD TO AUTOMATIC AND 8Y MEANS OF SCREW AT 8ACK ADJUST AUTOMATIC
F.P.1. TO AEAD AS OPERATION F. 0.1

s THE REMAINDER OF THE RODS SHOULD READ AS N?| WHEN COMNECTRD AB AUTGMATC ROD.

3 NS 4 1S SHOULD BE REPEATED FOR THE 'SPARE’ F.P.1.

TO
DATA LOGGING - N
EQUIPMENT ———— -

]

s3

STATOR

PRESSURE I.

VESSEL
CONNS

G /BOX
BREAK

G /sox
T.8.

TRANSMITTER

vT1 TRANSISTOR TYPE OC?5

vT2 . ocss

VT3 . Vv30/l201P

VT4 . v30/01p

VTS .  OC3s

VT ., 0c3s

MRt [DIODE TYPE 0A200

MR2 N Y N

MS1 | MICRO SWITCH HONEYWELL TYPE 11SMIT

MS2 " . " 0

MICRO FINE POBITION INDICATOR TRAVEL.,

SWITCH ©-20% 20% - 80% 80% - 100%

e 1 PINS K4 T OPEN [PINS K & T CLOSED [Pius K § T CLOSED
PING K& C CLOBED [PiINS K& C OPEN [PINS K& C OPEN
PINS Mé L CLOBED [PILS M¢ L CLOSED [Pius ME L oPell. |

MS.2 Pius M2 D OPEN. |PIUB MAD OPEU  |PIUS M4 O CLOSED.

Fig. 19 FINE POSITION INDICATOR TYPE D & AMPLIFIER Cl: WIRING DIAGRAI - DRG. MO, C112/001/DD33732.
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METER METER METER
HUNDREDTHS
OF A SEC (TENTHS OF A SEC (secs)
METER METER METER
HUNDREDTHS
o ( Aty ) (TENTHS oF A se] (secs )
~PLG. 19/C Q\\}
o ° =0 POWER 3 DECADE FOR
| CONTROL ROD
Pl 19/0 Z\,’\c D SUPPLY DROP TME.
{
ONO\l\>—o><o—— b
OPEN/ ‘ -
§cLose ~
GATE 00pps| SCALER ] SCALER =] SCALER
SELECTED S rops GROUP DECADE UNIT DECADE UNIT DECADE ONIT
] BOX
18, [:5 q@ L L l
PRI RLA
3 DECADE
/////<7G®RSMRT$ka
|
/
cLosE | |
CFF’LG 19/8 ~ aare . SCALER o SELECTOR ops|  SELECTOR
o DECADE UNIT DECADE UNIT DECADE UNIT
: ,
oy T I T
.}F’LG, 19/H
RLB-I = -
PLG (9/6 "8
&
PLG. 19/F
N\ G. 19/
2 L3646, 2P 008,
DELAYED START NA 7] | oeLar ive S 7
SIGNAL . ° Sw A ‘G| SELECTCRS swB 8
T\Y = °s
NOTES ~ ) ALL COMPONENTS MUST COMPLY WITH DEF 5000
e COINICIDENCE
WHERE OBTAINABLE . ALL EXCEPTIONS MusT BE TO
EGUIVALENT STANDARDS & APPROVED BY DRAGON. UNIT
2)A PLESSEY M4 BRASS COARSE THREAD PLUG PART No. I
2CZ 84787/0 18 TO BE FITTED TO THE UNIT. —

3 RELAYS RLA AND RLB MUST BE HIGH SPEED RELAY

TYPE SMB RCSC SPECIFICATION.

Fig. 20 CONTROL ROD DRCP

TIMING UNIT - SCHEMATIC - DRG. 1NO. Cl16/001
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