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SECTION 9
CONTROL SYSTEM
The control system for the Nimrod machine is now ,m.HBom‘
installation entering its final stages. Almost all items
operated under local control conditions and some large secti
as the injector, have been remotely controlled from the main

The control system embraces all the main items of plant 5]
its power supply, the injector, the vacuum system, the radio-f
cavity and its power supply, and the cooling plant, and in "2
common functioning machine, adding such interlocking and seguen:
required for personnel and equipment protection.

This report will take as examples for more complete descr .w&u.g.
aspects of the injector, vacuum system, coolant temperature and .
personnel and safety interlocking and the main control room, these
representative of the complete control system.

YA 3

9.1. Injector.
9.1.1. Introduction.

Since the injector may be regarded as a
complete in itself and is required %o operate as such, espec
commissioning stages of Nimrod, it was necessary to design
that it could either operate independently or be integrat il
Nimrod control system. With this end in view, a local contr 1 3
all control functions on the injector may be carried out fro
required the essential control functions can be extended to the
the operation of changeover switches. The injector loca:
manned during the operation of the injector alone but ‘when
achieved in the synchroton, the injector will need ¢
gmsmwuogﬁuouaooa. :

Figs. 9.1.1(1) and 9.1.1(ii) show the lay
injector control room, which is situated in the
H.T. platform and d.c. gun. Fig. 9.1.1(iii) sh
of the injector control system.

The injector first operated successfully

9.1.2. E.H.T. Supply, E.H.T. mw.m.,&HO\

A 600 kV d.c. su
This supply feeds the d.c. gun whi
into the linear accelerator. Since ¢
is at +600 kV with respect to earth,
and accordingly compressed
tubes to the platform. I



ther controls comprise E.H.T. voltage level d.c, <
d monitoring. / o owmumﬂgm

en frop a

coupled &H.moﬁ.‘\ from

rovides 30 kv pulses of
and ignitron from g
System. A11 aspectg
0 eéquence controlled ang interlocked to osm:MM
ration, and full remote operating and monitoring facilitieg are available
debuncher ig obtained vig pick-up loops from the
sed control are Provided for drive and phage

Tuners and Tilters.

—— - WBIS,.

2 The buncher, linac and debuncher each
 frequency of 115 Mc/s. Sections of the Deith
incorporate flexibly mounted pads (tuners and tilters), movement of

the effective physical dimensions of the vessels and so the resonant
‘the field configuration.

In the case of the buncher this ad justment
/ by push button from the control room but for the linac and
otorised servo-controlled tuners are provided. Remote indication of
for both manual and servo tuners, is given by position indicators in

form resonant cavities
liners of these vessels are

Doles and Steering Magnets.

he linac incorporates over 70 quadrupole focussing and ,E.wms
majority of which are water—cooled and contained within ﬂpm
er requirements of these magnets varies according en their
in all cases the supply must be stabilised within close

tage must be kept low. Voltage or current m.nm,cu..uwmmfmu
mnosuwo%mn wow the control of the .wumbmmcodowluwoﬁw..uww
apacity from 2 kW to 150 kW. Fast response is attain
x-reset half-cycle transductor circuits, and
) in the case of the quadrupole Emmﬂmﬁm.@oﬁ_ «m
flector magnets. The voltage stabilised units Msw oy
sensing circuits, while both mwcsdm.mba . ..w 2
the current stabilised power units. zom._T
current limiting or high speed shor
silicon diodes are employed.

! it
on to a common power unit,
: e ed in conjunction with
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Fig.9.1.1 (ii) General View of Injector Control Room
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9.1.6. Other Control Facilities.

Other facilities on the injector
control and monitoring and safety interlocking are
general headings. 3




: The system is initially roughed by three two-stage mechansi
ts .‘cw,br comprising a Kinney Pump, a Roots pump and HmwmemH.mwwMu”Mw
8 u Ps are mﬁ.«oBmﬂwomHH% controlled and pump the 45 ft long linac
and the auxiliary vessels down to a pressure of 102 torr, Twelve
N pumps, mostly of 9 in and 24 in type, provide the E...mw vacuum
« Each pump has its own local control cubicle, with sequence
rotective features and Vacuum monitoring, which is capable of
atic remote operation. Fig. 9.2.2(i) is a schematic of the type
it used for all the Nimrod diffusion pumps, there being only slight
éen mercury and oil pump circuits. In all cases, the equipment is

6 pumps are fitted with refrigerated baffles and traps cooled by
iquid air is produced by four air liquefiers adapted for semi-
1. The liquid air is dispensed to the traps on the diffusion
7oir and vacuum insulated distribution main, on a time-controlled
' controlled by liquid air level-switches on the pumps .

diagram" and master control station in the injector room
Vacuum—pumping units, four air liquefiers, fifty solenoid-
d numerous pressure switches into a single operational
ol station indicates the status of the complete injector
d gives control from a central position. Additionally,
"ect operation must be ensured, the entire system is
h a way that only eventualities potentially

posed. This gives the required flexibility.

stem is integrated into the main synchrotron
X to the main control room. Isolation of the
ons is achieved by incorporating a high speed
ift space.

ible-walled construction.
e 0-6 torr for the
ential pressure
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MIMIC DIAGRAM ;

REMOTE CONTROL

PANELS Al“

Fig.9.2.3 (i) Vacuum System M



is continually roughed by a maximum of two roughing pumps

are capable of monitoring and controlling operation in a mammer
that already described for the injector pumps. These local cont
grouped together in the magnet room to provide a single control
point for the whole vacuum system. Finally, a minimum number
diffusion pumps only, is taken back to the main control room
with a "mimic diagram" and associated selector switches, cilit B
for stopping and starting any diffusion pump, opening or closing its
and displaying the working status of any selected pump in detail.

A. torr torr

STRAIGHT
SECTION

Fig. w.m.wﬁ.v is a photograph of the main control room

\Y selector switches for the remote control of the entire Nimrod va

@ A_ torr outer vessels to a minimum at all times considerable care is need
(] down because of the different pumping speeds and impedances encounter
] Fig. 9.2.3(ii) is a block diagram of the system employed at each str
It will be seen that inner and outer vessel pressures are continually
at many points and any excess differential pressure causes the opening
equalising valves. During initial roughing the operation of the vari
Sv4 sequence controlled so that at this stage all the equalising valves
the inner and outer vessels are pumped together. When the pressur
1 torr the equalising valves close and separate pumping continue
monitoring of the pressure switches. The system is designed to
9{ the event of any fault the equalising valves open. As a further
diaphragms are fitted across the equalising valves; these are
with excessive differential pressure and so equalise the inner an
pressures.

SvV7 sve

== = N
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ROUGH

PUMP Normally the inner vessel is a continuous vacuum space,
UNIT .>. vessel is effectively eight separate vessels since there is :
straight sections. This has involved considerable interloc!
operation and the maintenance of minimum differential pressv
dictated the early decision to operate the system as an
than in sections which could be out-of-step in a vaci

early commissioning of the vacuum system, single-octan
Necessary and temporary modifications have been car
A more permanent system to permit sections to be pum
closely controlled conditions has been worked o

W 9.2.4. Vacuum Gauges and Switches.

, a8 that for Nimrod, reliable methods are
, mwg of the many diffusion pumps is eq
doo+wo=5wum. Pirani and hot wire type,
i orr. These instruments provide
nterlock signals for the control circuits

n Interlock and Roughing - Peen specially developed
X System S



on at a fixeq pressure

on of pressure and i : s b el
s ey . ﬁ. St T wmmms ww._mmwwwmwwmmm“mww.ooasm ey 9.3 Cooling Plant, Temperature Monitoring and Flow Moni:
: ’ Te ins ing uni 20
on effects, alled in the cellars under the magnet T1t8 are 9.3.1. Introduction.

Nimrod has many components, such as m Y
which dissipate large quantities of heat. In most cases th
1 indications of vacuum over a closed-circuit cooling water system, to the main coo

oron A Purther positi poen taken of this water cooling to reduce physical dimensio
e UﬂMu N.._.ﬂon a logarithmic output covering the range HOI#@&OW ums osn.w,ummm iricrease ourrent densities in conductors to a practical maximum.
S HMB the ion gauges are applied to three sﬁﬂ..lowm:zmwa a8 indicate that if a complete or even partial water flow failure oc
uated in the main control Toom, Ton s increases in temperature would probably result, causing damage

% so providing a cont
cuum conditions in the va 18 A mwwﬂmww MM“MM.M ow»u.« resulting in unacceptable changes in the length of magnet cond
-po

e s : hed to any of the ion gauges and fi i .
epeater slide-wire is used to provide vacuum Bmwmﬁwmmcmmowwwﬁwwwewmahwawmws AT e T

go,,os,.em.ww room, both at the control rack and on the main desk the main synchrotron magnet and associated pole face windings alone thi
: : respectively 672 and 512 separate parallel water circuits and the pe
power dissipated in the main windings is about 12 MW, with a mean dis
a quarter of this.

on of high vacuum in the range 103 to

-8 ; :
Ped ion gauges. These provide Hoowua to 10~° forr is provideq by

- Provision is made, at the racks i
&,eh,,m standby ion mm:mo.wown.. §
7S T3 SSE:

At ¢ Continuous temperature monitoring together with water flow

the main control room, for remote switching

3
+ ”M?_,.z,. employed to ensure the detection of faulty conditions.
3 i
3 B 9.3.2. Temperature Monitoring.
< oF o

operation on the Nimrod cooling systems. The first of these
thermostat type which is employed on individual water circuits
these are scattered. A high degree of accuracy is not
condition is for a change in temperature in one direction o
thermostats are used in this way, e.g. each of the 68 d
with at least 4 thermostats for monitoring the operating
parts of the pump. The thermostats are fitted with co
interlocking msm\ou. alarm and indication duties. No ac
temperature is possible with this system.

The second type is considerably more sophi
monitoring of large numbers of points for both hi
temperature, alarm and/or trip indications and
temperature as required. It is installed in tw
%as installed about 4 years ago for the
installed for the synchrotron magnet and po
thermistors as the temperature sensing el

Thermistors are available in a wide
bellets, beads, etc.) and a range of
1000 M Q. The permissible temperature
Some types), They were chosen in
Tometers because of overall advan
for the particular duty (e.g.long

- The chief disadvantage of th
Tresistance w.u and the absolu
wm.».n a exp (b/T)” where a and b

Uch minimige the effects

the




b/

are

conditions in the

by a sensitive moving coil relay.
m..o<MHm.u. years, and its performance
moving coil relay and t i i

S e > C e cycling rate for the uniselectors. The

coil relay. This is thought to be a 1i 20 for tho mogany

8 ance due to manufacturing t i i
e e et ng tolerance and differing lead

T the working Trange
o .

Cor +5¢C mmmm:&:@

otograph of this equipment.

erate at the nominal aoswumu.mdﬂam.& 29
on the application. Fig. 9.3.2(i) is a ph

The basic design used

for the injector was reconsidered when the much larger
systems required for th

e synchrotron magnet were being produced. The same basic

d switching units. These
Pletely static in nature and are driven by 10 way gas—-tube
counters of commercial design, and also provide indication (in the main

control room) of the actual points being measured. This system is capable of an
extremely high speed of operation (e.g. each 100 way unit could cycle, if
required, at 2000 ﬁoﬁim\mv and is economical both in equipment cost and cabling.
As with the previous scheme, facilities are provided for remote manual selection
of thermistors and individual temperature measurement. During normal monitoring,
any error signals detected by the bridges are fed to low—_drift transistor
amplifiers before operating alarm or trip relays. A cycling speed of 10 points/s
has been adopted with sixteen 100 way units running in parallel, so that 1600
points can be completely surveyed every 10 s,

Owing to the large number of ways involved,it was decided to dispense with
individual trimming for the thermistors, and accordingly types with a :
manufacturing tolerance of + 2% on resistance were chosen, together with circuit
values sufficiently high to swamp variations due to different lead lengths.

This has resulted in a minimum of components and has considerably reduced 26&.
setting-up time Hon.:»,ﬂo?oswduo:d increasing the maximum error over the m@mu.,ww ing
range to greater than + 1°C. This error could be reduced to mdA.Eﬂ + 0.5°C
individual trimming of each point were added to the current design.

Fige. 9.3.2(ii), 9.3.2(iii) and.9,3.2(iv) show various elements of this

. transistorised version of the temperature monitoring system as applied to the

i It has been installed and is
synchrotron magnet and pole-face windings. : )
oﬁudbgﬁ being commissioned. A report (NIRL/R/48) describes the system in
greater detail.

9.3.3. Coolant Flow Monitoring.

In addition to temperature monitoring, continuous water flow
monitoring is also carried out on all important circuits.

Fig.9.3.2 (i)

«Jﬂ%ﬁﬂ‘%u{.
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Fig.9.8.2 (ii) Thermistors Mounted on Pole Face Winding Connections
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ii) Transistorised Gating and Error Sensing Equipment
e 2.2 ) for 1600 Way High Speed Temperature Monitoring System




MAIN MAGNET COOLING
WATER THERMISTOR

7 WAY WATER FLOW SWITCH
Fig.9.3.3 (i) Seven-way Water Flow Monitor
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Two main types of water flow relay have been used. The first of these, N
employed for the monitoring of single circuits, is of standard commercial design
available in a wide range of flow rates. In this type a diaphragm

d is
Mwsasb»omaom with the opposite sides of an orifice through which the cooling water
flows. A reduction in flow causes the pressure differential across the orifice to
£all and the diaphragm deflects, so operating a micro-switch.

A seven way flow switch, working on the stainless-steel wuom«\¢wwouoﬂ glass
tube principle, has been especially developed for the magnet circuits, where
large numbers of parallel water circuits are grouped together. The tapered part
of the tube has flow graduations and the lower parallel portion of the tube
corresponds to the trip setting. It is thus possible to match flows to accurate
1imits in adjacent conductors. Two different flow-rate settings are obtained by

using floats of different weights.

Fig. 9.3.3(i) is a photograph of one of these units capable of monitoring
geven flow circuits simul taneously. A flow rate above the set minimum raises the
seven floats in the unit clear of a beam of light passing through all seven
tapered glass tubes which are carrying the cooling water. The spacing of these
tubes allows the light to refocus on adjacent tubes (i.e. each tube acts as a lens)
thereby achieving maximum output from the cadmium sulphide photo-cell at the end
of the unit. A number of such seven way units are grouped together in an alarm circuit.
Water failure in one or more circuits causes a float to drop, so interrupting the
beam of light in a unit and causing the alarm circuit to operate. Release of an
alarm relay stops the magnet power supply pulsing and also raises an alarm and
indication signal, This system has worked very reliablvy for about two years.




' 9.4(1) shows a layout of the main control room and F
are photographs taken during construction.

9.4(114]
8% ezi’)
The control e

igs. 9.4(1i) ang

i quipment is housed in about
except for minor modifications to the desi
5 in wide interspace between the racks whe
incoming multi-core control cables are t

actual control panels mo

T0 racks which are of st
gn of the top covers which D
n they are butted together.

erminated in these interspaces,
unted in the racks.

andard type
rovide g

All

and then
All terminationg in the

om the cable trencheg

The control racks accept panels of standard 19 in

One of the main features of the Nimrod control system is the use of local
control stations for almost every item of plant, with facilities for extension of

aou.«w.o“_..«o.«roBm»:oo:ﬁ.S.uooB. Thus nearly all plant can be run locally before
being switched through to the main control room.

: The main control room represents the focal point for operation of the machine
w‘ﬂ.wa.m,u. it is the only place where the operational status of all important parts of the

3T

machine are assembled and can be assimilated.

The quantity of information displayed is formidable since it is necessary to
provide the operating staff with all the controls required to run the machine and
adjust its important parameters, which in most cases must be done remotely since
B@m&oﬂarwswo_ugowmEwooomm»du.onﬁ.gm wﬁ,mu..sm.

In order to assist staff to interpret the information displayed on the control
8, a number of "mimic diagrams" have been provided. These "mimic diagrams"
mounted on the top of the racks and display, by means of lamps, symbols and
diagrams, the state of various parts of the machine. In most cases these
‘diagrams" operate in conjunction with an alarm annunciator equipment and
the place of the facia display units usually provided on these systems.
cases the "mimics" are for display only but in the case of the vacuum

bhe cooling water system.
safety system, the extraction system and the beam handling

the control racks and not to provide extensive :
de The framework of this desk has been installed,

~such as those for the public address system, mﬂwn
be extended to the desk from the racks as dicta
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Fig. 9.4 (ii) General View of Main Control Room During Installation

Fig. 9.4 (iii) Control Racks Installed in the Main Control Room




9.5. Persomnel Control and Safety Interlocking.

When Nimrod is operating most of the machi
cleared of personnel because of radiation hazards
required to ensure the necessary safety of staff and
difficult to devise a personnel control system Wi ce
combination of circumstances and yet still be sufficie
effective commissioning and operation of the mac g
some extent on staff discipline and this is usually wher
arise.

During the machine commissioning stages various ,emporary 2

arT)
3

schemes have been employed. In the main these have e
personnel in local areas, such as the injector room,
hazards have existed for several years prior to the ]
These temporary systems have provided useful operating exp
of the permanent overall scheme, in addition to fulfil

The system chosen for the permanent personnel control
shortly be installed and it combines the simultaneous use
warnings of impending machine operation with doors ox
mechanically interlocked by a key system and electri
switches. Entrance is restricted by these systems bu
as to permit an easy exit at all times by any person
A closed-circuit television system covers certain o
areas such as the magnet room so that temporary entranc
individuals and under closely controlled conditions Dbe
of electric door locks remotely operated from the ms

The visual warnings are provided by a series of f1
around the machine and associated with emergency beam-—
" of any one of which stops machine pulsing. The leve
areas is also reduced Amco ,uo”_.osv.

warning announcements, four of which are nc
An oscillator produces three distinctive au
selected for distribution over the loudsp

A possible way of using the faci
cribeds the exact arrangement will b
machine., Machine start-up and
and control procedure by four de
(a) Machine off M:E:v. (b) Be
and (d) Beam on (Red). .

In the "White"




machine can operate again. When the "G:
; : . H.@@B.: . 2
am-on time, audible warning announcements E..wmuwon 1S withyy
people will bs told to leave. After g H.E,So, Bade uging
8t 1 outstanding (i.e. according to tally or Wmu.
he ,meg peaker system by name. As soon as all the ke g s
. the machine condition will change to "Yellow" e tallies

ondition denot i
s vlon denotes that the beam is off but expected o come op

search will be made of
ents and audible warni. plal
,w.ﬂm.»oﬂouﬁwsﬁogmu_.m.m:._uu.wuoo.«o Sumsmo_t..zm swmm soemmsﬁ_.u,um

= Vol H .U & B
any semi-authorised person entering must be moooswmzu.w.wmu.wwn mwo

' This reduced number of doors will be controlled remotely f:
oo After all the checks of the areas are complete, mu..st S
5 ﬁ ¢ .oHHM.owum,oM” mum m._.Monww_.“_. keys are returned to the key exchange
5 e closed. 'one-minute" warning is given ov
2 system, followed by an interrupted 1000 o\m note. Half dMM MWw
E.o.n off and the machine condition changes to "Red". g
' condition does not necessaril
1ly signify that a beam is actually bei
i H conditions and interlocks are correct for the wuonzoﬂws Mwsm
1» nn,rvum. lights around the machine occur for 1 minute before the
mn,o: and any person left in the area under these conditions
rate an "Emergency Off" push button.

rlocking and radiation protection system for Nimrod is more
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The Nimrod ancillary plant provides the serv

Many of the main components of Nimrod generate h 2

example, the heat generated in the magnet is dissi at

coils with water and by passing air between the magn t

convection. The cooling water must, of necessity be

and, before use, the raw water from the mains is ted

demineralise it and give it a low oxygen content. For m

the cooling water also needs to be temperature controlleds

involves the use of refrigeration plant. Where low elec ‘

important, the water used for cooling purposes is only

The magnet room temperature is controlled to ens
tilt beyond the acceptable limit due to differential tem
the foundation monolith. The relative humidity is alsc
electrical breakdown and to minimise condensation
large air conditioning plant employing refrigeration un:

Commissioning and development of much of this an
proceeded in parallel with the commissioning of th
preceding it. One reason was because of the impra
heat loads put out by Nimrod and associated exp
equipment is now functioning reasonably well, b
plant capacities and reliabilities is not yet kn
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