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Sumnary 
Tne original manual control system for the 12 

neutral beam injectors on the 2X1 IB Machine is being 
integrated with a computer control system. This, in 
turn, is a part of a multiple computer network com
prised of the three computers which are involved in 
the operation and instru^ntation of the 2X1 IB exper
iment. The computer control system simplifies neutral 
beam operation and centralizes i t to a single operating 
position. A special purpose console uti l izes computer 
generated graphics aid interactive function entry out-
tons to optimize the human/machine interface. Through 
the fac i l i t ies of the computer network, a high level 
icntrcl function ni11 be implemented for the use of 
the experimenter in a remorely located experiment diag
nostics area. In addition to controlling the injec
tors in normal operation, the computer system provides 
automatic conditioning of the injectors, bringing re
bu i l t units back to fu l l energy output with minimum 
less of useful l i f e . The computer system also provides 
detail archive data recording. 

Purpose 

The purpose of using a computer for neutral beam 
monitoring and control is to improve the quality of 
data available to the experimenter and to simplify and 
part ial ly automate the control of the neutral beams. 

Integration with the computer system results in 
significant improvement in the collection of diagnostic 
and operating data- In addition to logging the various 
control settings existing before each shot, at least 
84 signals must be monitored during the 10 millisecond 
experiment pulse. The computer system acquires this 
information threugh a high speed A/D converter and pro
vides i t to the experimenter and machine operator in 
a reduced summary format for ease of use, A permanent 
archive record of operations is kept on magnetic tape 
for analysis of source and control system operation. 

Normal operation of the neutral beams is simpli
fied by the use of the computer. The over 70 amplitude 
related controls are reduced to 12 parameters entered 
at a centralized operator console- Normal operation is 
improved by a more rigorous adherance to the mathemat
ical rules governing source operation and the corre
spondingly smaller dependence on human judgement and 
oemory. Improved quality of source operation results 
from computer control of the cr i t ica l but tedious pro
cess of conditioning the sources to their f u l l opera-
l ing potential. Useful l i fetime is increased due to a 
shorter exposure time to a lower probability ot acci
dental damage. 

Capabilities 

One of the principal advantages of the computer 
control system is i t s ab i l i t y to accomodate tne many 
combinations of modes of operation and modes of control 
that occur with the simultaneous operation of 12 neutral 
beam sources. 

For those sources which have been conditioned to 
their maximum operating potential, a semi-automatic 
mode of operation is provided. Operation of such 
sources is reduced to a single control parareter, with 
the computer calculating the correct coordinated values 
of the remaining controls and setting them to tr.eir 
proper settings. The computer bases ito settings en 
the individual source characteristics empirically de
termined during the conditioning phase of operation. 

Fo«' those sources which have recently been re
bu i l t and have not yet been brought back to their rax-
imum operating potential , the computer control systen 
provides en automatic conditioning mode of operation. 
A conditioning "strategy" is selected and the source 
(s operated at successively higher energy levels ac
cordingly to f i i s strategy. I f a particular 50-rce is 
reluctant to break in rapidly or reach theoretically 
optimum performance, the conditioning routine adepts 
the conditioning strategy and parameters to f i t the 
indi /idual characteristics of the source. 

At various times in the conditioning of each 
source, a test is made with a calorimeter to determine 
the optimum beam focus parameters and correct rechar,-
ical aiming. The program provides a special mode of 
operation, performing analysis of the calorimeter s ig
nal waveforms. 

Detail archive data collection is provided, with 
the conditions and results of each shot recorded on 
a magnetic tap, by the computer. This data is used 
by the experimenters to correlate neutral beam events 
with effects seen in other 2X115 diagnostics. The 
data is also used to analyze the operation of the beans 
and control system. 

Data collected by the computer is reduced on-line 
between experiment shots and presented in various tab
ular and graphical forms to the experimenter and ma
chine operator. 

Implementation 

The computer used to implement this systpm is a 
16 b»t Hewlett-Packard 2108* with 32K RAM memory. A 
magnetic tape System is used for archival data re
cording. A Tektronix 4010 graphics terminal is used as 
a system console. A block diagram of the system is 
given in Figure 1. The computer is a member of a dis
tributed system network, shown in Figure 2, which con
nects the three 2X1 IB corputers. Tne network f a c u i 
ties are used for program generation and for the pool
ing of shot result data. 

TReference to a company or product name does not i ro ly 
approval or recommendation of the product by the 
University of California or the United States Energy 
Research and Development Administration to the exclu
sion of others that may be suitable. 

•Hork performed under tne auspicious of the united States energy Research and Development Administration. 
Contract No. W-7405-Eng.-48. 



The machine operator uses a special purpose con
sole to communicate with the computer. This console 
contains a CRT driven in a slave mode by the system 
console, providing both text and graphic output to the 
operator. Dedicated function buttons with computer 
guided cueing are used to input data and control to 
the computer. 

Monitoring Functions 

The monitoring functions consist of monitoring 
and recording the control parameters before each shot 
and the pulse wai/eform data that constitutes the re
sults of "each shot. The pulse waveform data is re
duced to characteristic amplitudes and durations. The 
pulse waveforms are generally complicated by the ef
fects of internal arcs and the interruptions generated 
by arc protection electronics. Because the amplitude 
and duration information w i l l be used in control cal
culations, the algorithm which processes the waveforms 
is one of the more cr i t ica l components of the System. 
Figure 3 shows examples of typical waveforms* each of 
which should calculate to the same amplitude. All the 
mor.itored data is recorded on magnetic tape as part of 
the archive data recording function. Reduced data 
from the pulse waveforms is made available immediately 
to the physicist and the machine operator to guide 
them in the operation of the experiment. 

Seven signals per source are monitored during the 
shot pulse at a resolution of approximately 200 usee. 
Correlation between signals is used to provide c r i t i ca l 
timing data with derived resolution of approximately 
30 usee. A limited number of nigh resolution {^ 10 
^secj channels are available for neutral beam data 
through the video disk vacUity on the diagnostics 
computer. 

Automatic Conditioning 

For much of their useful l ives, sources are oper
ated in a mode known as conditioning, or burn-in. This 
is a process which occurs after a source has been re
bu i l t (generally, filaments replaced, with attendant 
handling) or after the system has been le t to atmos
pheric pressure. The process is one of slowly advan
cing the operating voltages(arc and accel), of the 
source in accordance with a conditioning schedule to 
bring i t to i ts maximum operating potential. As this 
process proceeds, the source wi l l l imit i t s own pro
gress by the amount to wliich -; • arcs internal ly, as 
microscopic imperfections and absorbed gasses are 
eliminated by arcing and ion bombardment. 

In the manual control system, conditioning has 
been a learned s t i l l and the conditioning schedule has 
been a loosely defined procedure, adapted to the i n 
dividual source characteristics as i t wss perforred. 
The automatic conditioning function introduces more 
rigorous use of conditioning schedules, while main
taining the adaptability of the manual system. Alter
nate strategies and alternate parameters are automati
cal ly selected in response to individual source re
actions to the conditioning process, figure 3 is an 
i l lus t ra t ion of the conditioniny process and the se
lection of alternate strategies. 

The individuality of tf*e sources is seen in their 
relative ab i l i ty to achieve the LSI predicted relation
ship between accel voltage and accel current, and in the 
reluctance exhibited in working to higher voltage 
levels. The automatic conditioning routine senses, by 
observation of the interrupt counts, inabi l i ty to oper
ate on the LBL line and automatically fal ls back to a 
preselected lower operating l ine, or accepts a slower-
rate of conditioning as indicated. The relationship 

between arc voltage ant) nccrl current is developed 
empirically as the conditioning process progresses. 

Seroi-Automatic Control 

The computer control system reduces control of 
the neutral b«ams in their normal node of operation 
to a single control pjra.TCter per De.in. The operator 
enters the desired accel voltage at tne operator's 
console. The computer system then calculates the 
values needed for-the other control parameters based 
on information developed during source conditioning. 
The computer sets the controls to their proper values 
and enables b?am operation when they have been ver i 
f ied. • 

Calorinetry 

Periodically, each source is operated against a 
calorimeter target. This is done for the purposes of 
mechanically aiming the individual beam to the da-
sired focus point in the plas.T* confinement regr'an of 
the 2XII8 Machine and to optimize the focus of the 
beam through fine tuning of the relationship between 
accel voltage and accel current (as determined by arc 
voltage). A calorimeter array is extended into the 
plasma confinement region and the beams are f i red at 
f t at various combinations of accel voltage and arc 
voltage. The signal outputs from the calorimeter 
arrays are processed by the computer and both graphic 
and numerical output are generated to give the spatial 
distribution of the beam and i ts total energy. The 
calorimeter array is not necessarily located at the 
beam centerline, and the program determines the actual 
location of the beam centerline and estimates, by as
sumption of beam symmetry tne. total beam shape and 
energy. 

Archive Data Recording 

The resul's of each beam shot, together with the 
conditions tha- existed before the shot and records 
of communications with the operator, are recorded on 
magnetic tape for the purposes of forming a log of the 
operation of the beams. The information recorded 
about the operation of each source is considerably 
more detailed than was possible with the manual system. 
This information w i l l provide insights into beam oper
ation and w i l l provide a means for the experimenters 
to review beam output data from previous shots. In 
addition, the program i t se l f uses the log data for 
reestablishing the operating conditions of the beams 
on i n i t i a l startup. 

Source Protection 

There are two principle hazards to the sources 
introduced by t.ie computer system. They may be oper
ated at some invalid combination of control parameters 
through an erro- in the algorithms used in the program. 
I t is also possible that at some -r-it ical point in the 
control operation the computer w i l l ha l t , loop, or 
jump out of the correct code. In either case, the 
source may be seriously damaged by the resulting con
t ro l error. The f i r s t of these hazards is accounted 
for by l iberal use of believabil i ty checks on the in
puts and outputs of tlie various calculations. The 
lat ter situation is accounted for with a watchdog 
timer function, which continuously checks that a l l con
t ro l parameters are within their correct tolerai.ces and 
holds a re)ay closed to allow the shot to commence. 
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