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Summary 

The Central Control Room for the *‘IT Linac is 
designed for simplicity of operation (one man) with 
an eye on future use of a computer to set the desired 
operating parameters. A natural summinE of local con- 
trols around the five RF driver/dual-modulators and 
the injector/master oscillator control room allows one 
to switch to the display and control of the six areas 
one at a time with a trunk line. The distributed para- 
meters (magnetics, radiation and RF phase monitoring) 
are mostly monitored and controlled directly from CCR 
with pushbutton selection of each parameter. Also men- 
tioned are the detailed results of RF processing the 
:m, S-band accelerator sections with lSns, 4’W pulses 
at repetition rates exceeding 1000 s-l and phase tuning 
the rectangular waveguide networks using a combination 
of the SLAC method and beam loading maximization. 

Introduct ion 

The final design for the central control room (CCR) 
of the Bates Linear Accelerator was formulated recently 
after examining our pocketbook, our construction sched- 
ule, available surplus instruments and cable, an air- 
plane cockpit and SLAC’s touch panel controls. Simple, 
direct, one-man control of the gun, RF power, RF pha- 
sing, triggerinK and beam centerline magnetics was 
deemed essential, To accomnlish this the nrimarv con- 
trols are located within a&s reach on a few panels in 
front of the operator. Secondary metering functions 
(vacuum) are easily viewed by turninS one’s head. The 
control console consists of fourteen, 2m high relay 
racks arranged in a bulging L configuration. (Fig. 1) 
It is probable that the accelerator, the beam switch- 
yard and the experimental areas will have their con- 
trols somewhat amassed together in an amorphous con- 
trol room, so only 50% of the rack space was initially 
allocated for the accelerator controls. In general 
the panels are laid out from right to left which is 
the beam direction from the operator’s viewpoint. 
Cable trnvs emanate out from the top and toward the 
hack of the console to run the length of the RF gal- 
lery, down into the accelerator and beam switchyard 
vaults over the machine and to various points associ- 
ated with the experimental areas. Future interfacing 
of monitoring and control functions to a ?DF 11,‘4S 
computer, for instance, either for reasons of better 
n”timizjng the beam into our spectrometer or for more 
automated control, should be cased considerably by 
the ,Tencral use of switched motor-driven controls and 
switched digital metering (selected as desired hy a 
combination of several nushbuttons). 

Control Console 

From numerous panel discussions and the above 
notpourri of considerations emerged a functional lny- 
out for the control console panels (FiSs. 2 and 3) 
that approximates the one-man, one-digital voltmeter 
principal. TF.at is to say, the operator’s focal point 
is a sinzlc digital voltmeter (DP?!), surrounded by 
function indicntins lights, pushbutton selector 
switches and several control switches (incrcase/de- 
cre35e, up/down and riSht/icftj . The Lone Rar.yer (WI) , 
hns his sidekick, Tonto, on his right in the form of a 
digital display for monitoring the RF frequency and 
the trigger generator pulse width, delay and repeti- 
tion rate. Supplementary monitoring is provided 
around the periphery by: 1.) oscilloscope displays of 
the hcnm pul so, the RF power to the accelerator loads, 
and the pulsed cathode currents of the ten high power 

klystrons, 2.) an FET-multiplexed oscilloscope display 
of 30, Compton battery, radiation detectors ’ located 
along the machine and into the switchyard for machine 
protection and to aid stcerinR control, 3.) a bank of 
52 edgemeters for simultaneous display alternately of 
horizontal or vertical steering coil currents, 4.) a 
digital temperature meter that monitors accelerator 
sect ion, rectan~gular waveguide and coolinE water tem- 
peratures using standard thermistors accurate to better 
than O.l’C, 5.) individual current metering of the 
vacion pump power supplv2 currents, 0.) metering of 
beam shut-off ionization chambers and residual radin- 
tion detectors, and 7.) several status light panels 
indicating the operational states of the transmitters, 
beam, steering detectors, panic circuit and search 
network. 

For purposes of remote control the machine is 
divided into eight zones or locations (Fig. 4): in- 
jector (I), master RF oscillator-amplifier (C), the 
five transmitter stations (1,?,3,4,5) and all the 
magnetics-steering, focus solenoids, lenses, and 
ouadrupoles - (PI) . Since these locations are geo- 
graphically somewhat distinct and the units at the 
locations were designed to be 1arBely self-contained 
and self-protectinS (Fig. S), they are selected one 
at a time for control and metering by a row of eight 
interlocking pushbuttons above the control console 
Ix?1 . A second pushbutton must be depressed, either 
on the magnetics panel ahove, if the ?1 button is 
chosen, or in the row below the DPM if one of the 
other seven locations is desired. .k few toggle 
switches above appropriate buttons in the bottom row 
provide further suhdivision or refinement of control. 
Electrical release solenoids on the switch banks will 
pop out impermissible combinations of depressed but- 
tons. Two lights around the DPW will light up indi- 
cating which location and which function at that 
location is heing monitored on the DPM. The control 
switch or switches, appropriate for the DPbi, light 
UP 9 and furthermore change color when operated. 4 
cluster of four, doubly-lit, pushbutton switches are 
arranged in an X-Y coordinate configuration (up, down, 
right and left) for steerinS and focusing controls. 
Lighting of the horizontal or vertical pair of 
switches indicates whether a horizontal or vertical 
co11 reading is being displayed on tl,e El’“!. Transcer 
of control and metering to the other axis is achieved 
hv depressinS a button in the center of the switch 
cluster or by depressinc a switch on the desired axis. 
There are only two more control (increase/decrease) 
switches for the main part of the machine. One is to 
the left and below the DPb! and operates in conjunction 
with the ten selection pushbuttons below the DP’!, 
which control: the qun filament current, the gun h?sh 
voltage, the gun current, the chopper RF p\ase/yo;ier, 
the prebuncher *F phase/power, the two RF phase shift- 
ers at the input to each pa: r of high power klystron 
amplifiers, the drive klvstron voltage (Sain), the 
modulator switch tube drive (klystron cathode current) 
and the modulator high voltaye. The scccnd control 
switch is to the right and below the frequency dis- 
play. It is switched from RF frequency control to 
pulse width, delay ‘and rrpctition rntc. The tr; figcr 
generator functions are completed with a toERIe switch 
for GO Ilz line synchronization and a couple of thumb- 
wheel switches, which allow the modulator and ,Tn 
repetition rates to be divi~led by any power of 2 from 
zero to ei j:ht . 

Below the DP’I panel are the on!off controls and 
status liphts for the R’ln and five transmitters. ‘l-11 c! 
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gun controls are wired directly to the panel, whereas 
the five transmitters with identical controls are T- 
bar-relay switched onto a common trunk line, one at a 
time. Plug-in, PC board-mounted, relay trees and 
binary encoders are used extensively to route control 
to the appropriate function. jcetering on a single DP!l 
is accomplished with a combination of crossbar contact 
relay trees and crossbar contact pushbutton switches. 
Light emitting diode lamps are used in conjunction 
with most of the pushbutton selection switches and 
status lights because of their long life and soft hut 
distinct lighting capabilities. The machine road map 
panel, on which the summary status of all major sys- 
tems are indicated, uses standard miniature incandes- 
cent lamps to allow assignment of different colors to 
the vacuum, RF, video, steering, gun, search gates, 
et cetera, statuses. 3 

Cabling 

The linac building is small enough, as accelerator 
facilities go, to avoid remote multiplexing for most 
of the controls. The transmitters and parts of the 
injector control room (ICR) share two 57 conductor 
cables that run from CCR to ICI: with five transmitter 
drop-offs, alternately selectable thru 96 poles of T- 
bar switching at each location. Additional navy sur- 
plus, armored, 57 conductor, #18 AWG wire in the form 
of 19 shielded triplets that are directly connected 
from ICR to CCR, bring the total to about one kilo- 
meter for the spinal cord for the accelerator mag- 
netics, transmitter and injector controls and moni- 
toring. Six kilometers of RG-So/lJ allows for direct 
connection of the vacion pumps to their power supplies 
in CCR and another five kilometers of ?C-59/U bring 
steering radiation detector video signals from dis- 
tributed points along the machine to CCF. Three and 
one-half kilometers of DG-Z23/l~ carry trigger signals 
to the five transmitters, PIN diode RF modulator and 
gun pulser and bring back on separate lines video 
current signals from the ten high newer klystrons. 
Over two kilometers of Spirafil II, semi-rigid co- 
axial cable provide direct access to twelve RF 
monitoring points (mainly RI: loads on the accelerator 
sect ions). Finally, two kilometers of shielded, ‘122 
AWG, twisted triplets bring temperature information 
from 20 thermistors taped on to water headers. 

Accelerator RF Processing 

The accelerator sections and rectangular waveguide 
networks were processed in place after final connec- 
tion to the transmitters and evacuation. The proces- 
sing was found to go most quickly if it was started 
with a very short DF pulse width, T, (usually 1 .Sus 

from pulse turn on to-onset of pulse decay) and a 
very low PDF (usually 2 s-l). With the transmitter 
set for a saturated output of l’lW, the Pi: drive is 
?rought on at a low level resulting in less than 
1OCkW Peak into the rectangular waveguide network 
(RW<N) and its one-half wavclcngth, rectangular win- 
(!I w/J At the above T and ?l’.F the peak power is brought 
UPI to its maximum (il!lV) as ouickly as outgassing, 
arcs, multi”nctoring nrd sputtering at the window and 
in the accelerator sections (CWC) allow. The PRF is 
then increased to 500 to IOnn s-’ wjth T = 1.5~s. 
T!le next step is to drop the PRI: to 2 5-l and trv to 
edge the T nut to 3 or 4es, and then jr-crease the PRP 
to .5?n to lODO 5-l at the new 7. The process is con- 
tinued, always droppinE the PRF as the width is in- 
creased. It is not unreasonable to sit at T’S of 3 
to 49s. 5 to 625. and 9 to 103~s on the way to the de- 
sired 18:s (13~s flat top) width, The shove procc- 
i:iii-e i; r,ot t’ic or.ly hay to process <inil indeel vari- 
ations arc ofton ccsirable or necessary. The primary 
effect of incrcascd PRF is an increased rate of out- 
Enssin?: however, high YSWR shut-offs will occur, 

too, especially due to effects at the RWCN window. 
During the initial stages of processing some sudden 
bursts of pressure can take five or more seconds to 
subside from, and may reouire temporary reduction in 
RF peak power and a slow return to keen the window from 
“sizzling” at a “poor” vacuum level for an indetermi- 
nate length of time. The high power klystron YSWR pro- 
tection circuit is set conservatively to turn off video 
triggers to the series switchtubes for a reflected peak 
RF signal of 80kW (\‘SlVR = 1.33 for 4~flV peak). The vac- 
ion pump power supplies, which are interlocked to a 
mechanical RF switch with an 0.1 s switching time at 
the input to the drive klvstron, are set to trip at 
6 x lo-’ Torr for the RWCN window pump and 3 x 10m6 
Torr for the CWC: aumps. Provisions are usuallv made 
to monitor the reflected signal during processing in 
order to watch for particularly unpleasant-lcoking 
arcing. Additional processing is needed when the 
solenoid focus coils are turned on and not only at the 
maximum peak power level, but over all desired running 
powers. The processinn time for 4YV ., I~US, lm P?S 
takes at least 20 to 30 hours to reaib a processing 
level that will allow the machine to run for a half 
hour between trip offs. 

RlVCX! Phasing 

Phasing the 20 to 4(lm long double and quadruple 
output rectangular waveguide networks was done two 
ways. The last three quarters of the machine were 
phase using the SLAC method.4 The three networks on 
the front end were phased, using a motor-driven, 
waveguide-wall squeezer while the heam was on, by 
monitoring the peak power in the RF loads associated 
with the two CWC’s on a single network and operating 
the squeezer until the maximum beam loading dip was 
ohscrved on each load for the same setting of the RF 
phase shifter (nhase relative to the previous net- 
work). By checking + 6’4 on both sides of the beam 
loading null, with an 8mA, 10~s heam and using a hot 
carrier diode detector signal of a few volts blown up 
to SmV/cm sensitivity on an oscilloscope, phasing to 
withi.n one or two degrees was possihleSs The greatest 
attraction of the heam phasing method is that it can 
be done any time (when running) by connecting to the 
couplers on the desired RF loads, and also accurate, 
mechanical alignment in the longitudinal direction is 
not needed since that can be compensated for by net- 
work arm adjustment. The disadvantage is that it can 
not be done until the machine is running, and thus 
makes the initial beam threading more difficult and 
very time consuming, if stable operation of all RP 
systems has not vet been achieved. 

.2ckncwlcdgcncsts 

The desi.En and successful com?lction of the CCR 
were very heavily depcndcnt upcn the &forts of the 
whole lab and in particular L. Stinson, F. Fav, .l. 
Fish , .I. Gnno, .‘I. tlainson, P. Keating, K. !‘.icc, K. 
Richard an<1 II. Piordnn. 

Footnotes 2nd Refrrences 

1. This detector system iqas developed by r. ‘!nscc, 
K. Pichard and “I. Semo of this :nboratory and is vet 
to be puhlj shed. 

2. Contrary to thr pzneral control philosophy of 
locatiq the power supplies near their loads, the 
vncion pump sunplics were located in CC? because it 
was cheaper and easier to remote the ymp thar. to 
remote the metering and control. 

3. Not completed for the p'lotns shown in Figs. 1 and 
?, hut tn he installed above the b.ank of 37 edge 
maters. 
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4. J. Weaver and R, Alvarez, “A.ccurate Phase-Length 
“easurements of Large \!icrowave Networks ,1’ IEEE 
Trans. VT-14, pp. 623-9, December 1066. 

5 . See photo of beam loading pulse in J. Haimson’s 

Fi?. 1 - Accelerator Control Console in CC!? 

article in these same transactions. 

Work supported by U.S. htomic Energy Commission and 
‘fassachusetts Institute of Technologv. 
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Fig. 3 - Block Diagram of Gun, Transmitter and 
i’apnetics Controls; nnti ‘icterinq in CCP 

Fig. 2 - .!ccclerntor Control Pnncls in CCR 

578 



_--. 
I 

1 STEERING 1 
EDGEMETERS 

I 
SPARE STEERING SPARE 

RAD @ OET 

TEMPERATURE MAGNETlCS PULSE 
SELECTION SELECTION 

BEAM 

0 

fl 

CONTROL RF B VIDEO 

scope 
MONlTORlNG 

- SCOPE 
RF / BEAM 

STATUS SIGNAL CABLES 

VACION 
PUMP 

POWER 
SUPPLIES 

+ 
FAST 

VALVE 
CONTROLS 

I 
I 
I L?“‘“” _ - _ J 

L-------------.-----, CCR Accelerator Control Console 1 

Fig. 4 - Block Diagram of Accelerator Controls 

I MACHINE PROTECTKIN PNO BEAM MAGNETICS (Owds.Steerlng and Focus Gals Power Supplies) 
I I 

I, Radiation I’ i-w /(Rodlotion is H20 I Rodmtian ,, 

I ACCELERATOR STRUCTURES 
1 GUN 

, ““20 I “HZ0 I, “H20 1’ “Hz0 \I “HZ0 I, ,< 
VSWR VAC VSWR VAC VSWR “AC VSWR VAC VSWR ‘VAC 

Nste I A Block will stay on only when all Blccks ’ Upstream’ 

in the Interlock Network are not Open or Off. 

Fig. 5 - ?lain 4ccclerator Interlock Loops 
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