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ABSTRACT

Since its inception, the Bevatron has been an ananoly controlled

machine, 1n 1968,

it was decided to convert one of the control

systems to i sm ll-computer based digital conirol systom. The
External Proton Becam was to be expanded and existing analog

controls werc not capable of oxpansion.

In 1970 and 1971, the

Guide Ficld and v€ acceleration syatems werc brought into the

digital rcalm.

This paper discusses thesce systems, their

development and expansion and the new systoems now undor

developmens.

EXISTING POP-8 SYSTEM

The existing PDP-B syst>o (Fig.3) consists of
ninc PDP-8's, eack wikth 4k of memory, jpower fail,
and EAE options. The three aperational (A,B8,C)
processors are utflized to control their respective
systems, without any non-processor oriented back-
up. If the processor is stopped, that part of the
accelorator ccasos to function and particles are
not delivered to the cxperimenter. These three
systems arc backed up by the D processor with an
cleven cable changeover. With a total of tch years
of on-linc processor time, we huve less than 30
hours of fcvatron down time due to processor failuve.

The E processor is used to communicate with
the magnctic tape for assembly tapex from the 18%
CDC 7600 and for DMA bulk storage access to the
G, H, and | processors until the nox bulk starage
interface is completed.

All programs utilize sbsolute cade with abso-
lute overlays where needed. All operating systems
arc foreground/backgraund (interrupt on/interrupt
off) orientated with foreground code resident at
all times. The background code, aostly human inter-
faca, is overlayed as roguired. The average amount
of orerlays required is 16 pages. Processors A
through D cach have a 12-hit pulse interrupt systes
attached for Bevatron timing pulses. Bulk storage
is by way of onc 52dknd Qisc.

External Proton Beam

¥hen the External Proton Beam was to e
cxpanded from 15 to 64 magnets (Fig, 8), it was
obvious that the cxisting analog system would be
inadequate. with four paramcters peoy aagnst, the
wmind Lnvisions a contvel panel with 250 unreadable
knobs. With the further constraint of uniek heam
mementum chunges, the presceting of up to 256 knobs
to srrive a2 a acw operating point was an operation-
ally insurmountable problem,

it was decidod to devise 5 soall-computer
based system to contrel and monitor the magnets
with good resclution, sccuracy, and a ainlmum delsy
for aajor changes of parameters.

Threo pavallel, 6d-word, (MA channels were
designed and tuilt to hamdle the 170 for this

system. The digital transmission channel autputs the
magnet contral words through a parallel demultiplex-
cr to the individual power supplics whore a 12-bit
DAC converts the word to a analog control sigaal.
The digital input channel brings in ¢hain status
and cperator controller status. The analog input
chapnpel uscs a muleiplexer and 12-bit ADC to convert
the magnet current wonitoring for operator informa-
tion and display. The update time for .l magnets
is about 6 muecs, which is the control worsd calcu-
lation time,

This sy¥stem usos two operator controllers
{Fig.5), a storage scope, and televtype for human
interface. Sysicm re.uning time due to momcntum
changes i3 reduced by tmlk storage of the magnet
caatrel parameners.

guide Field tControl

‘The Bevatron Guide Field Control System
provides five baste features to simplify the control
of magnot pulsing; (1) an isput procedurc that
alloxs an aperatoy to eaxily define various Bevatron
pulse profiles, (1) the ability to analyse the
powet supply responsc ta nny pulse profile prior
to pulsing the mapnet, (3) 4 mothod of sclocting
and swizehling ta a new operational mode, (4) the
abiliey to analyze the power supply response to the
operational swde, (5) a real-time closed-loop
ceomputer conetrol for cstablishing the magnetic field
at be“s 3pill time to an accuracy of 1 part in
15,000 guauss,

The Revatron Guide Field Power Supply includes
w0 3600 hopsepower induction motors, twa 70 ton
flyxheels amd two motor gepcrators. The gencrator
sutpnt by rectiffod in cight hipgh voltags ignitron
cublclez with o maxieus rating of 15,000 volts at
8300 amps with ztored energy in the magaet peaking
nt 7% megajoules.

The (siie Field fomputer Coptrol Systom can
scb up, prodict, control and monitor all neceessary
parsactars to contral the guide fleld to one pare in
15,000, Humoan interface to these paramotors is via
telotype with bulk storape memory of the various
paramator dov.ups.

* work performed under the auspices of the Aramic
fnergy Comalssion.
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RF_Acceleration System

The historic rf system used a ferriie core
saturated with a current proportional to the magnet-
ic guide ficld. This core was also the magnetic
material for the variable inductance of the LC tank
circuit in the Master Oscillator which then
produced the neccded SOOKH:z to 2.5MIIz frequency
curve. At best, this system gave a 95% spproxim-
ation of the required curve and additional analog
correction devices werce necessary.

With the advent of aceelerating particles
other than protons, i more versatile and stable
device was requircd. A new system was developed
whick allows casier change over to heavy jons and
more accurate control. The old Master Oscillater
wus replaced by a voltage controlled osciliator
{VCO). The control voltage supplicd to the VCO is
developed by a 16-bit Jdigital to analog coenverter
(DAC). A now digital word is -cnt to the PAC at
each 1 gauss incremont of the guide ficid,

A plot of frequency versus ficld is precalcul-
ated and stored in onc half of a 32k by 16-bit core
memory.  Each @aemory addzess corrospends to &t
particular guide ficld value. ‘The data storud at
that address will be the value of the desired
frequency.
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The Bevatron guide ficld changes at the rate
of 10 G/ms at in,ccnon with a corresponding
1.2klz ch in rf fr The rnnge of
frequency to be covered ‘is 120kiiz to 2.5MHz. The
implication is that the frequency hns to be coptro-
iled to onc part in 60,000, which dictated a 16-bit
digital system with u corresponding 40Hz/bic.

‘The radial fecdback is of primary importance
to operation at the Bevatron. The signals from
the radius clectrodes (Fig. 9) are brought into the
processor BMA overy update cycle (I ms). The radius
is then calcwlated and put intc the fcedback calcu-
lacion and roiled off through a softwarc single
pole RC network. The radial fecdback (12 bits) is
added to the 16-hits of frequency data before the
datn is seat to the 16-bit DAC. This radius error
- signal can be written into part of the 32k memory
. and then played back to get an cffective increusc
in loop gain.

Another important featurc is resembering the

' radial error signal used in heavy fon acecleration.

. When hcavy lon particles of insufficicat intensiey
(less than 107) to be picked up by the radial
electrodes arc to he accelerated, another heavy ion
of similar c/m ratio, but with big,hcr intensity, i~
accelerated and the radial crror signal is remembered
The remembered crror signal is played back for the
low itntensity tons and acceleration is achioved.

The playback concept proved to be a valuable onc
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in the successful acccleration of carbon, cxygen,
nitrogen and ncon at the Bevatron.

FUTURE PDP-8 SYSTEM

The futurc PDP-8 system (Fig. 4), now under
construction, will utilize two 524kwd discs inter-
faced through a cache memory buffer systcm with 16
ports. When a processor requires data from the disc,
it requests it by disc number and track sector
address. ‘The 128 woerd cache is loaded with che data
from the disc and tauses a donc interrupt to the
processor. The converse Is to load the cache from
the processor, transmit the disc number and track
sector addross and a done interrupt will occur when
the data is transferred to the disc. This system
will allaw consccutive sector reads or writes from
differcnt processors.

A new 64 channel interrupt system wili also
be implemented which will have 40 chanmcls of
coamon interrupts and 24 channels of system
orientated interrupts for cach processor. Each
proecessor has !6 possible interrupts obrained by
renaming any of the 63 interrupts with iis own name
(7-17¢). Whew an interrupt occurs, the precessor
will ACC transfcr the interrupt name ard proccss
this name thorugh its interrupt jump list and scrvice
the interrupt. The interrupt rccognition time and
jump 10 scrvice routinc time is about 30 psecs.

50 eV Injector

The new 50 Ma¥ injector to be used for the
8cvatron will usc a complete digital control and
monitoring system, contered around three PDP-8's,

chains

The chains for the injoctor is a paralled
indicating, current source and logic level system.
Al) chains are mor.torcd by a chain-scanper. This
device collects the status of all hains. The
technician can examine the starus of any chaip by
sclecting the desired chain with a sot of thumbwheel
switches. There are cight chains per bin, ten bins
per rack, and cight racks total.

The status of all the parameters arc scguent-
ially monitcced once cvery 15 ms by the chain-scanney.
The output of the scanner is also sent via PDM to
the computer wherc an operator can cxamine any of
the chains that have a change in status, ultimately,
displaying the actual paramcter that has been
changsa.

750 keV lon Gun - The Ton Source terminal contains
seven pawer supplies that have to be controlled
from a remote pasition. ‘The contrel of the power
supplios is in two stages; (1) o coursc contyol
ohtalned with a stepping motor and a Variac and (2)
a fine control using a 12-bit DAC.

A 12P-8 cowputer is used for control and
monitoring Ly a PPM optica) data link betweon the
computer and terminal, which is at 750 kV. In the
terminal, the data is received and transmitied by a
52-channel multiplexer nd de-multiplexer. The
multiplexer-demuitiplexey handles all data
comnunications Letween the computer, the semi-cond-
uctor memory and the power supplies.



The control system is centered around a high
speed calculator and a lk by 16-bit semi-conductor
memory. All data is stored in the semi-conductor
memory and multiplexed in and out to whichever dev-
ice neadsor has data. The calculator communicates
only with the semi-conductor memory as does any
other device. The calculator will determine the
control word using a micro-procesgor which is a
256 word 8-bit field programmable rcad only memory.
A new control word is calculated for all channels
once every 2 ms.

Bean Transport System - The Beam Transport System

for the 50 MeV injector will have 50 dc magnets

all operating under closed loop control through
the processor. This system will also have nine
segment faraday cups to determine horizonta) and
vertical position. The processor will read the

cup data and crecate a horizontal and vertical rep-
rescntation of the beam position on a storage

scope for opecrator information. Future plans call
for the processor to close the loop on beam position
using the nine segment cups.

BEVALAC

The Bevala: is the utilization of the output
of the Super Heavy lon Lincar Accelerator to feed
the Bevatron heavy ion particles that the Bevatron's
injection system cannot crcate. This system
consists of 26 d¢ magnets connecting the Super
HILAC with the SC MeV tramsport line (Fig. 7).
These magnets and four - 9 scgment cups will be
controlled and monitored by the processor control-
ling the 50 MeV rransport system.

The Bevalac projuct poscs some problems that
can be casily handlcd by the versatility of the
existing PDP-8 system av the Bevatron., Ome of the
proposcd modes of operation is te nperate the

Bevatron with protons in a somewhat normal mode
with hzavy ion pulses interleaved int: the proton
operation in some ratio. This mode will demand that
the External Proton Beam, Guide Field, rf System
and 50 MeV transport system processors will have to
switch modes of operation in a few hundred milli-
seconds. This mode change will be implemented by
bringing in from bulk storage the necessary
parameter changes to operate. The flexibility of
the processor system in this context is only
limited by the physical limitations of the Bevatron
hardware itself and should prove an intsresting
goal to achieve.

SUMMARY

The Bevatron Control System has been created
to allow the Bevatron to expand in its operational
concept. The ability of the system to evolve with-
out interrupting operation of the Bevatron is of
primary importance. The concept of adding another
processor, if the task requires it, is a valuable
one. The concept of a small processor doing a
dedicated task js gaining ground in the centrol
community.

The Bevatron was the first accelerator to be
operated under complete processor control and
processor control will be extended anywhere that it
can help us achieve our goals.

The first rule of processor control one has to
remember at all times in the development of this
type of system is;"The processor will make eviry
attempt to destroy the hardware and humans subject
to its control." Harware must be designed in such
a manner that the software cannot in any way cause
the dwctruction or damage to men and equiment.

Fig. 1| - Bevatron Main Control Room
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Fig. 2 - Computer Room
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Fig. 5 - External Proton Beam Control Station

Fig. 7 - BEVALAC System
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Fig. 9 - RF System Block Svsiem

-5-

ABL 72101379



