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summary 

A s  t he  capabi l i ty  of isochronous cyclotrons 
increases, and the  requirements of t he  experi- 
inentalist  become more sophisticated,  the  problem 
of beam handling and transport  become more com- 
plex and demanding. A t  the NRI, Isochroncus 
Cyclotron Fac i l i ty ,  these problems have been 
solved by using so l id  s t a t e  OR, AID, NOR, and 
NAND log ic  wherever possible. I n i t i a l  beam path 
se lec t ion  i s  through a select-safe c i r cu i t  which 
allows only one of 15 beam patns t o  be energized. 
After selection, it cannot be accidentally shut 
down. Diode, diode-transistor,  and t r ans i s to r -  
r e s i s t o r  l og ic  have been used for all beam 
handling and transport  devices, and f o r  l i g h t  
an8 readout switching. These c i r c u i t s  use dicde 
matrices t o  control voltage, r e s i s t o r  matrices t o  
uix currents, and t r ans i s to r s  as switches. 
Defective lvnps are  determined by a c i r c u i t  
which allows all l i g h t s  i n  the  control room t o  
be t e s t ed  simultaneously by pushing one button. 
Plug i n  boards and relays,  quick change ind i -  
cators,  9 - p i n  connectors, and miniature termi- 
na l  s t r i p s  are used t o  f a c i l i t a t e  trouble 
shooting and programming. A portable mock-up 
of the  control console was  produced f o r  c i r c u i t  
t e s t  purposes, for on s i t e  operation of a beam 
handling device, and a s  a t ra in ing  device fcr 
Eew operators. 

Introduction 

When f u l l y  operational, t he  NRL Cyclotron 
Fac i l i t y  k i l l  have provision f o r  eleven full  
beam paths which w i l l  service three  experi- 
mental areas, plus four p a r t i a l  paths which w i l l  
be available ir, the cyclotron vault .  The &ti- 
p l i c i t y  of ion opt ics  and beam handling appa- 
r a tus  along these f i f t e e n  beam paths requires 
some type of switching mad se lec t ing  controi 
system so t h a t  duplication i n  the  number of 
power supplies, monitoring systems, and remote 
controls can be reduced. 

Figure 1 shows a simplified block diagram 
of the control and switching system used a t  NRL. 

Beam Path Selection 

Beam path selection i s  made by meam of a 
group of f l f t een  indicator switches located on 
the  beam path display panel. 
o n l y  be operated singly, and w e  interlocked 
with a safety switch located on the operator 's  
console so t h a t  only one beam path can be 
activated at  a time, and it cannot be acci- 
dentally shut down. Choosing a par t icu lar  beam 
path automatically t ransfers  all controls t o  the  

These switches can 

elements alor,g t h a t  bean path. 

The paths shown i n  t h e i r  posit ions r e l a -  
t i v e  t o  the  cyclotron, vault ,  experimental 
rooms, and magnets i n  Fig. 2 .  

There a re  e ight  s ta t ions  along each beam 
path which a re  numbered according t o  t h e i r  
physical loca t ion .  
s ta t ions  i n  the  A ( c r  red)  section. There a re  
two i n  each of  the three B (or blue) sections, 
and there  a re  two i n  each of t he  eleven C 
(or green) sections;  i .e. ,  equipment closest  t o  
t he  cyclotron w i l l  be i n  s t a t ion  1; those items 
near t he  analyzing magnet w i l l  be i n  e i ther  
s t a t ions  4 or 5, depending on which side of the 
magnet tkey a re  located; and those elements 
c loses t  t o  the  experinental areas will be i n  
one of' the s ta t ions  numbered 8. Altogether, 
t he  eleven paths have 32 s t a t ions ;  i.e.,  four 
A ' s ,  s i x  B ' s ,  and 22 C ' s .  

Figure 3 shows the  basic d e t a i l s  of the 
select-safe c i r c u i t  f o r  the  f i f t e e n  possible 
paths. 

There a re  four beam path 

Figure 4 shows the way i n  which the  path- 
s e l ec t  buttons a re  capable of energizing only 
the  proper th ree  path sections involved i n  any 
path selection. 

Control and Control Display 

The beam transport  control system consists 
primarily of two par t s .  One pa r t  i s  the se t  of 
indicator l i gh t s ,  controls, and switches found 
i n  the  right-hand section of t he  operator 's  con- 
sole. The other pa r t  i s  a l a rge  beam path dis- 
play panel located a few f e e t  behind the console 
The beam path display affords immediate graphic 
information on the  conditions of t he  cyclotron 
and beam paths, as well as the  location m d  con- 
d i t ion  of a i l  elemer+ts along the beam path. 

The problems excountered i n  the  design of 
control c i r cu i t s  fo r  the  numerous beam trans- 
port  system elements a re  solved by considering 
each elelnext i n  terms of i t s  separate componen$s, 
such as motor, solecoid, relay,  microswitch, 
illuminated indicators, and indicator switches. 
The sub c i r cu i t s ,  which are created t o  acconplish 
a spec i f ic  task,  a re  ther. combined t o  produce a 
t o t a l  c i r cu i t  which w i l l  s t i l l  s a t i s f y  the 
or ig ina l  design c r i t e r i a .  Severai constraints, 
such as a l i m i t  of four  switches on the oper- 
a t ing  indicators,  and the use of a rninimum 
number of relays and control wires, lead t o  the  
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subs t i tu t ion  of diodes and t r ans i s t c r s  f o r  
re lays  wherever possible. 

Circuit  design divides i t s e l f  na tura l ly  
i n t o  three  main phases. 
design of t he  actual control c i r cu i t s .  The 
second phase i s  the design of ind ica tor  l i g h t  
display, which shows the operator the exact 
condition of each element; and the  t h i r d  phase 
i s  any necessary interlocking or  ba i l i ng  of 
several  elements o r  controls. 

The f irst  phase i s  the  

All c i r c d i t s  a re  controlled with the  
switches which are available on t he  operating 
lnd ica tors  and relays.  It i s  always found pos- 
s i b l e  t o  provide the  necessary ba i l ing  c i r cu i t s  
and display indicator l i g h t s  by using the  
remaining switckes and holding c o i l s  on the 
operating indicators and relays,  plus inexpensive 
diodes t o  provide proper e l e c t r i c a l  i so la t ion .  

IC some cases of a p a r t i c d a r l y  corcplicated 
control requirement, such as the beam c c l l i -  
mator, it i s  necessary t o  mix d i f f e ren t  l i g h t  
colors.  For instance, a red or green l i g h t  i s  
p rac t i ca l ly  inv is ib le  when mixed with a white 
light; thus, switching o f f  the  white l i g h t  a l so  
gives the  e f f ec t  of swltching on E. red or  green 
light. 

I n  the  course of circuLt development, a 
special  ba i l ing  c i r c u i t  was developed which used 
only ha l f  t he  usual number of switches per 
operating indicator.  Since two a re  normally 
used on each operating indicator,  saving one of 
them ef fec t ive ly  increased by 9 percent t he  
number of snitches available for  other ixportant 
applications.  

Figure 5 shows t h i s  dc ba i l ing  c i r c u i t  
along with a t rans is tor ized  ba i l i ng  c i r c u i t .  

F i g a e  6 shows the  c i r cu i t s  associated w i t h  
t he  collimator controls. 

Monitcring and Dig i t a l  Readout 

The stacus of each controlled device are 
monitored and the posit ions of collimator jaws 

a d  qitadrupoles a re  measured and read cut on 
d i g i t a l  vcltmeters. 
collimator j a w  t o  read both jaw pos i t icns  s i m u l -  
taneously, j a w  center line (E) and width (W) 
can also be read. To read center l i n e  and width 
simultaneously, an automatic control c i r c u i t  
sequentiaily switches the  power supplies, DVM's 
and collimator jaws. To read j a w  width, 40 V dc 
i s  supplied t o  the  l i n e a r  potentiometers of each 
jaw and the difference i s  read. 
center l ine ,  one of the  j a w  voltages nas t o  be 
inverted and both voltages a re  reduced t o  20 V 
dc. 
the d i g i t a l  voltmeters and Dower supplies. 

A DVM i s  used fo r  each 

To read j a w  

Figure 7 shows the  c i r c u i t  f o r  programming 

Light f a i l u r e  i n  the  control room w i l l  be 3 
cms tan t  problem. In  order t o  lden t i fy  f au l ty  
lamps we devised a l i g h t  t e s t ing  c i r c u i t  wMch 
w i l l  allow all red, green, and amber lamps t o  be 
tes ted  ir. t he  control console and display panel. 
This c i r c u i t  i s  sham as pa r t  of Fig. 3. 

Portable Local Operation Control Console 

A portable mcck-up of t he  complete co r t ro l  
systen: has been made fo r  test and sinulatLon o f  
a l l  operation and malfunction modes. This szep 
i s  cecessary because many c i r c u i t  designs which 
look good on paper a re  found def ic ien t  i n  some 
respects, and additional desirable operating 
features can be discovered only by ac tua l ly  
operating the  prototype beam patk elements. 
Improvements i n  the  mechanical ar.d e l e c t r i c a l  
design of t he  beam-element prototypes a re  a l so  
made possible by use of the  portable control 
mock-up. It i s  expected t h a t  the mock-up w i l l  
be used l a t e r  i n  the  cyclotron vaul t  and the  
three  experimental rooms t o  grovide i n  s i t u  
Dperation for t e s t ing  w.d adjusting any beam 
path element. 

The gortable mock-up contains the  major 
fmc t ions  found i n  both the  beam path display 
and the  operator 's  console. 

Figure 8 shows a photograph of the gortable 
console along with a typ ica l  v e r t i c a i  co l l ina tor  
box. 
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