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This paper  desc r ibes  some  of the design,  
engineering,  construction and procurement  
details  of the Texas  A & M Universi ty Variable 
Energy Cyclotron (TAMVEC). All m a j o r  
engineering has  been completed,  and sys tem 
components a r e  present ly  under construction 
a t  va r ious  vendor plants throughout the country. 
Assembly and instal lat ion of the machine  will  
begin in  the l a t t e r  p a r t  of June 1966. It i s  
anticipated that construction and check out of 
the machine  will r equ i re  only 9 months .  

The TAMVEC machine  i s  funded by the 
United Sta tes  Atomic Energy Commiss ion.  
Engineering,  p rocuremen t ,  and construction of 
the machine i s  being pe r fo rmed  by the Bechtel  
Corporation.  

TAMVEC i s  a var iable-energy cyclotron 
basically s imi la r  in physics and a r rangement  to 
the 88-inch var iable  energy,  sp i ra l - r idge  cyclo- 
tron( ')  instal led a t  Lawrence Radiation Labora -  
tory (LRL) in  Berkeley ,  California.  However, 
a s  a resul t  of LRL,  Texas  A & M Univers i ty ,  
and Bechtel  staff exper ience  and recommenda-  
t ions,  the TAMVEC machine  has  s e v e r a l  i m -  
proved design f ea tu res  incorpora ted  in i t .  These  
a r e  d iscussed in  the following paragraphs .  

Machine Genera l  Arrangement  

Although the machine  genera l  a r r angement  
i s  s imi l a r  to the LRL 88-inch cyclotron,  
seve ra l  f ea tu res  of construction a r e  different 
f r o m  those In the LRL machine.  These  a r e  
shown in F igure  1. F o r  example ,  the dee  tank 
cover i s  welded di rec t ly  to the pole f ace ,  which 
has been inc reased  in thickness.  Also ,  the 
pole face i s  a single p iece ,  while, i n  the LRL 
88-inch machine ,  i t  i s  composed of a ring and 
a center  section.  This  a r r angement  e l iminates  
the need for the copper sea l  between pole face  
ring and pole p iece ,  a m a j o r  source  of sealing 
difficulty i n  the LRL cyclotron.  

The ion source  vacuum sea l  i s  made  
between the bottom of the ion source  s leeve  and 
the pole face ,  using a n  0 - r i n g .  This  reduces  
the surface  a r e a  exposed to the vacuum chamber. 

All  carbon s t ee l  su r faces  exposed to the vacuum,  
such a s  the pole f a c e ,  pole tips and r o s e  s h i m s ,  
and the respect ive  mat ing s u r f a c e s ,  a r e  
e lec t ro lys is  nickel  plated. 

The dee tank i s  const ructed  to p e r m i t  
complete r emova l  of the s ide  p la tes  and co rne r  
pos ts .  The double m e t a l  s e a l s  and the P e r m a -  
tex impregnation sys t em used a t  LRL have been 
replaced by a continuous Butyl 0 - r i n g .  The 
0 - r i n g  i s  made  by vulcanizing a molded co rne r  
gasket  (F igure  2)  to extruded Butyl rod.  The 
use  of the res i l ient  s e a l  will el iminate leakage 
due to permanent  deformat ion,  a weakness of 
the m e t a l  s e a l  sys t em.  Details  of the dee  tank 
co rne r  sea l s  a r e  a l so  shown on F igure  2. 

Valley and T r i m  Coils  

Valley Coils 

The TAMVEC i s  a th ree - sec to r  machine ,  
with each  of the three  valleys containing five 
coils .  The coils  a r e  connected in a wye 
a r rangement  s imi la r  to the LRL 88-inch 
machine.  A re l ay ,  controlled f r o m  the control  
console ,  v a r i e s  the phase angle in  10-degree  

inc remen t s  for coils  1 through 4 and 3-degree  
inc remen t s  fo r  coil  5. The coil  cu r ren t  
capacity has been inc reased  f r o m  250 a m p e r e s  
fo r  LRL to a max imum of 2000 a m p e r e s  f o r  
TAMVEC. The power supplies a r e  ra ted  a t  
350 a m p e r e s .  This  inc reased  capacity i s  
accomplished by using a water-cooled m i n e r a l  - 
insulated cable of a l a r g e r  ove ra l l  dimension 
that that used in the LRL machine.  The 
inc reased  cable s ize  i s  permit ted  by slight 
r ea r rangement  of coil  configuration and by 
maintaining a t ighter ove ra l l  s tacking tolerance.  
The increased cu r ren t  ca r ry ing  capacity pe rmi t s  
co r rec t ion  of l a r g e r  f i r s t  harmonics  and a l so  
enables the fu ture  introduction of f lutter .  The 
cable used was produced by Genera l  Cable 

Corporation and has a 0. 560-inch outside 

d iamete r .  The inner  conductor has a n  
0. 385-inch outside d iamete r  and a n  0.186-inch 
inside d iamete r .  This  provides a c r o s s  section 
of 133,000 c i r cu la r  mi l l s .  
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TRIM COIL CWER PLATE 

Fig .  1 ,  Cyclo t ron  
C r o s s  Sect ion 

,,E[ TANK COVER PLATf 

Fig .  2. Dee  Tank C o r n e r  S e a l s  
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T r i m  Cpils 

The c i r cu l a r  t r i m  coils  in  the TAMVEC 
machine a r e  water  cooled a s  they a r e  in the 
LRL machine.  The outside d iameter  of the 
coils  (0.699 inches)  r ema ins  the s a m e ;  however, 
the conductor c ross-sec t ion  has been increased  
to 156,000 c i r cu l a r  m i l l s ,  thus reducing the 
power requi rements  and permit t ing a n  i nc rea se  
in  cu r r en t  capacity. 

Vacuum Penet ra t ions  and Cable Terminat ions  

The vacuum penetrat ion and cable 
termination ar rangement  used in  the LRL 
machine has been modified to reduce fabricat ion 

difficulties, improve  vacuum p rope r t i e s ,  and 
reduce the possibility of mo i s tu r e  degradation 
of the mine ra l  insulat ion a t  the cable te rmina l  
points. The coil  ex terna l  connections and 
vacuum penetrat ions a r e  shown in F igu re  3 .  

The lead assembly  plate i s  fabricated 
f r o m  s ta in less  s tee l  and copper.  P r i o r  to 
assembly  to the coil l e ads ,  the plate i s  furnace-  
brazed with a copper gold alloy. The leads  a r e  

vacuum sea led  by furnace  braz ing  using a 
copper - s i lver  alloy. Simultaneously,  c e r amic  - 
to-metal  cable terminations a r e  a l so  brazed  to 
the leads.  The cable terminations provide a n  
absolute hermet ic  s ea l  to pro tec t  the m i n e r a l  
insulation. The s ea l  between the lead plate and 
the dee  tank cover i s  accomplished with an  O -  
ring. This  0 - r i n g  i s  confined by two concentr ic  
r ings which a l so  es tab l i sh  maximum gasket  corn 
press ion .  The 0 - r i n g  s ea l  assembly  i s  used 
in l ieu of the me ta l  s ea l s  used on the LRL 
m a c h n e .  

T r i m  Coil Power  Connection 

On TAMVEC, the connections between the 
power supplies  and the t r i m  coils  a r e  made  with 
hollow, water-cooled,  r igid conductors  0.718 by 
0.718 inches in  c r o s s  section. Flexible solid 
conductors  a r e  used on the L R L  machine.  The 
conductors used on TAMVEC reduce the power 
l o s s  and i nc rea se  power car ry ing  capacity. The 
water  i s  introduced a t  the center  junction of the 
upper and lower coi ls  and i s  removed a t  the 
power supplies. Tempera tu re  i s  monitored on 
each water  outlet.  

. 0 5 0  DIA. BRAZE WIRE 

HEX. SOC. HD. CAP SCR. 
DEE TANK COVERS 

HEX. SOCKET HD. 

S. S. CAP SCREW 

CIRCULAR TRIM COlL 

Fig.  3 .  Valley and T r i m  Coil  Externa l  VALLEY COIL 
Connections and Vacuum Penet ra t ions  TY P. 
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REAR DRIVE GUARD 
FRONT CONNECTING SHAFT 

MAIN DRIVE MECHANISM 

MAIN DRIVE SHAFT FRWT DRIVE SUB hssr  

REAR DWVE GUARD 

PANEL DRIVE SUB ASSV 

Fig.  4. Resonator  Pane l  Posit ioning System 

Resonator Panel  Posit ioning System 

The purpose  of the panel positioning 
sys tem i s  to accura te ly  locate the upper and 
lower panel a s sembl ie s  about the dee  s t e m  to 
es tabl ish  the cyclotron resonant  frequency. An 

i somet r i c  drawing of the sys t em configuration 
i s  shown in  F igure  4. The panels a r e  dr iven 
through the r e a r  panel a r m s .  The upper and 

lower panel a s sembl ie s  a r e  coupled together 
through a low backlash  gea r  t ra in  to provide 
a counter-balanced sys tem.  The f ront  d r ive  
sys t ems  a r e  floating. However,  the panel 
a s sembl ie s  a r e  coupled to provide tracking 
and counter-balancing of the upper and lower 
panels.  

The m'ain d r ive  i s  a dc  motor .  A harmonic  

dr ive  speed reduce r  i s  used between the d r ive  
moto r  and the horizontal  d r ive  shaft. Silent 
chains a r e  used to couple the d r ive  shafts  and 

the panel d r ive  subassembl ies .  A ro ta ry  
spring-loaded 0 - r ing  provides the panel shaft 
vacuum seal .  The s y s t e m  i s  constructed f rom 
commercia l ly  available components and i s  used 
in  l ieu of the hydraulic s y s t e m  in the L R L  
machine.  

Ion Source Positioning and Gas  Systems 

The TAMVEC ion source  is instal led in  
the lower yoke of the cyclotron,  instead of in the 
upper yoke a s  i t  i s  in the L R L  machine.  In 
addition, the overa l l  length of the ion source  
positioning mechan i sm i s  reduced to pe rmi t  

mounting i t  ent i re ly  above floor level .  The 
genera l  a r r angement  f o r  the ion source  

positioning sys tem i s  shown in  F igure  5. 
Through the u s e  of two eccentr ica l ly  nested 
cyl inders ,  the ion source  m a y  be positioned to 
within 0.005-inches repeatedly ove r  a n  extended 
90-degree quadrant.  
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Fig.  6 .  Ion Source  Tube Assembly and Ion 
Source Posit ioning Mechanism 

t -M MEDIAN PLANE 

P1 1 %-oin 

SOCKET HEAD CAP SCREW#8-32 

VACUUM TIGHT JOINT ALLOY BRAZE 

DRIVE MOTOR 
ION SOURCE AZIMUTHAL 
POSITION DRIVE MOTOR 

WATER 
WATER 

ION SOURCE TUBE MOVEMENT DIAGRAM ION SOURCE TUBE FILAMENT END 

As i s  shown i n  F igure  6 ,  the ion source  
positioning mechan i sm i s  dr iven by th ree  a c  
m o t o r s  (ma jo r  and minor  azimuthal  and ion 
source  angular rotation) opera ted  f r o m  the 
control console. The m a j o r  az imuthal  d r ive  
moves  the source  tube at  a constant  radius .  TO 
move the ion source  in a radia l  d i rec t ion the 
m a j o r  and minor  az imuthal  d r ives  a r e  operated 
simultaneously in  opposite d i rec t ions .  The ion 
source  tube angular orientation i s  controlled 
independently f r o m  movement  of source  posi  - 
tion. The ion source  position i s  presented in 
X-y coordinates a t  the control  console. 

The positioning sys tem i s  designed to 
provide easy servic ing and to reduce surface  
a r e a  exposed to the vacuum. It i s  surrounded 
by a safety cage and se rv ice  stand. The 
se rv ice  stand provides a hoist  to r a i s e  and 
lower the ion source  tube. The safety cage 
provides a convenient junction point fo r  utility 
connections and the ion source  gas  sys tem.  

The ion source  gas sys t em provides the 
machine  operation with six different gases .  The 
gas flow ra t e  i s  regulated f r o m  the control  
console. The control  i s  provided by monitoring 
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gas p r e s s u r e  a c r o s s  a n  or i f ice  in  the source  
tube with a capacitor manomete r ,  and by 

providing a feedback signal which automatically 
adjus ts  a precis ion gas leak valve. The sys tem 
was manufactured by Granvil le Phi l l ips  
Corporation.  

The ion source  tube di f fers  f r o m  the LRL 

configuration in that i t  has  been modified to 
reduce the volume and a r e a  exposed to vacuum 
and to provide for  the use  of c e r a m i c  vacuum 
sea l  plate.  The vacuum s e a l  plate provides the 
vacuum b a r r i e r  between the cyclotron and the 
a tmosphere .  The fi lament i s  accura te ly  sup: 
ported f rom the s e a l  plate. The plate i s  easily 
removed and replaced.  The ion source  tube 
assembly a l so  i s  shown in Figure  6. 

Vacuum System 

The high speed vacuum sys tem consis ts  
of a single 35-inch diffusion pump ra ted  a t  
50,000 1i tersJsecond fo r  nitrogen and 75,000 
l i t e r s / second  fo r  hydrogen. It i s  backed by a 
2250-CFM Roots mechanical  booster pump and 
a 300-CFM mechanical  pump. A second 140-CFM 
mechanical  pump provides backing fo r  the 
diffusion pump during standby operation.  The 
vacuum sys tem will evacuate the cyclotron to 
operating range - -  l e s s  than l X 10-5  T o r r  - -  i n  
l e s s  than one hour.  The net  pumping speed a t  the 
resonator  tank i s  13,000 l i t e r s l second  f o r  n i t ro-  
gen and 34,000 l i t e r s / second  fo r  hydrogen. 

A flow schemat ic  of the sys t em and p r e -  
dicted sys tem performance a r e  shown in F igure  
7. A freon-cooled,  ant i -migra t ion,  optically 
dense ,  chevron baffle i s  located between the dif-  
fusion pump and the m a i n  vacuum valve. The 
lower flange of the baffle i s  coated with teflon on 
the inner surface  to a c t  a s  a n  ant i -migra t ion 
b a r r i e r .  A mixed i s o m e r i c ,  f ive-r ing,  poly - 
phenyl ethe-r i s  u sed  a s  the  diffusion pump fluid. 
The diffusion pump f lu idwas  se lec ted  because  of 
i t s  l o w v a p o r p r e s s u r e ( 1  X 1 0 - l 1  T o r r  a t a  chevron 
baffle operating t empera tu re  of 0 degrees  F) and 
because i t  can be safely exposed to an  oxygen- 
r i ch  environment a t  operating t empera tu re .  

Control  System 

Control  Philosophy 

The LRL cyclotron u s e s  a single cen t ra l  

control  sys t em philosophy. The control  of a l l  
sys t ems  on the TAMVEC machine  i s  a l so  accom-  
plished f r o m  a cent ra l  control  console. However,  
each  sys t em has a local  control  panel f r o m  which 
i t  can be controlled f o r  testing and trouble - 
shooting purposes .  Each  sys tem a l so  i s  fully 
interlocked.  The individual in ter lock s ta tus  i s  
displayed on the local  panel ,  and the total s e r i e s  
in ter lock s ta tus  i s  displayed on an  annunciator 
panel in  the control  room.  The control  sys t em 
i s  point-to-point wired using multiconductor 
cables .  

Power  Supplies 

The power supplies a r e  constructed with 
a l l  so l id-s ta te  c i rcui ts  to provide max imum 
reliabil i ty and compact design.  Regula tors ,  
in ter lock controls ,  and cu r ren t  me te r ing  f o r  each 
m a j o r  subsystem a r e  contained within the source  
supply cabinets.  The control  and regulation 
philosophy i s  shown in  F igure  8 ,  the block d ia -  
g r a m  f o r  the ma in  magnet power supply. 

Main Magnet Power  Supply. The high-current dc  
ma in  magnet  power supply i s  regulated by a 
phase-angle si l icon-controlled-rectif ier  regu-  
la tor  sys t em.  The cu r ren t  stabil i ty of the supply 
i s  0.01 percent  a t  3,000 a m p e r e s ,  with a 1 p e r -  
cent voltage ripple a t  720 cycles  p e r  second. The 
supply was  manufactured by Ling Elect ronics .  

Main Osci l la tor  Power  Supply. The m a i n  osci l -  
la tor  power supply consis ts  of a n  adjustable,  
prec ise ly  regula ted ,  high voltage dc  power sup- 
ply f o r  the anode; a regulated grid bias supply; 
and a current - l imi ted  fi lament power supply. The 
m a i n  osci l la tor  power supply provides a l l  nec-  
e s s a r y  in ter locks  and controls  f o r  the osc i l la tor  
sys tem.  The anode output voltage i s  adjustable 
f r o m  500 volts  to 20 kilovolts a t  a n  output c u r -  
r en t  of 20 a m p e r e s  a t  8 to 20 kilovolts. The 
voltage stabil i ty i s  0. 1 percent .  Silicon diodes 
a r e  used a s  r ec t i f i e r s  and water-cooled vacuum 
tubes a r e  used a s  s e r i e s - p a s s  regula tors .  Load 
protection i s  provided by a fast-acting ( 1  m i c r o -  
second) c roba r  c i rcui t .  This  supply a l so  was 
manufactured by Ling Elect ronics .  
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Fig.  7 .  Vacuum System Charac te r i s t i c  Curve  
and Vacuum System Schematic 

T r i m  Coil Power  Supplies. The 17 t r i m  coil  
power supplies employ solid s ta te  c i rcui t ry .  A 
t r ans i s to r  bank a c t s  a s  a n  emit ter - fo l lower-  
regula tor  with the r e su l t  that the emi t t e r  poten- 
t ial  "follows" the base  potential. The base  
potential i s  regulated by a wide band ampl i f ier .  
The t r ans i s to r  bank a l so  al lows a r e sponse  speed 
considerably f a s t e r  than 0.1 second, which would 
be the l imi t  fo r  a si l icon controlled rec t i f ier  o r  
magnetic ampl i f ier  sys tem.  

The output meter ing i s  accomplished by 
u s e  of a t ransductor ,  which has a n  output voltage 
of 10 volts a t  design cu r ren t .  By using this 
method, the high voltage signal  i s  l e s s  subject  to 
the noise pickup problems usually encountered 
with shunt monitoring sys t ems .  The power sup-  
plies a r e  manufactured by Temesca l  Meta l lurgi -  
ca l  Corporation.  

Ion Source Power  Supply. The ion-source  a r c  
and fi lament power supplies a r e  regulated.  The 
a r c  power supply i s  cu r ren t  regulated.  The a r c  
voltage i s  regulated by varying the emiss ion  of 
the f i lament.  This  i s  done by regulating the 
f i lament cu r ren t  with a feed-back signal propor  - 
tional to the a r c  voltage. The fi lament power 
supply has a n  adjustable cu r ren t  l imiting c i rcui t  
which ove r r ides  the a r c  voltage feed-back signal 
a s  soon a s  the f i lament cu r ren t  r eaches  i t s  l imi t  
Transient  cu r ren t  l imiting i n  the a r c  supply i s  
achieved by a n  inductor in  the output, a f ter  the 
r ipple f i l te r .  The a r c  cu r ren t  and a r c  voltage 
a r e  regulated to 0 .1  percent  of max imum 
rating. 

The a r c  power supply i s  r a t ed  at  600 
volts and 5 a m p e r e s .  The fi lament supply i s  
ra ted  a t  500 a m p e r e s .  All in ter locks ,  regu- 
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Fig.  8. Main Magnet Power  Supply Block Diagram 

l a t o r s ,  and controls for  the ion source  sys tem 
a r e  contained within the ion source  power 
supply cabinet. 

R F  Frequency Regulating System 

Frequency regulation i s  accomplished with 
a digital  sys t em.  The frequency of a n  rf s ignal ,  
coupled f r o m  the gr id  line of the resonator  tank 
c i rcui t ,  i s  m e a s u r e d  by a digital  frequency 
m e t e r .  The output f r o m  the digital  frequency 
m e t e r  i s  compared in  binary -coded-decimal 
f o r m  with a se t  point. An e r r o r  signal  i s  gener-  
ated in  a comparator  which provides  a t rapezoi-  
da l  -S haped pulse to control  a t r i m m e r  capacitor. 
This  i s  accomplished by amplifying the pulse in  
a wide-band power ampl i f ier .  The output pulse 
controls a printed c i r cu i t  moto r  which d r ives  the 
t r i m m e r  capaci tor  actuator.  

The printed c i r cu i t  moto r  d r ive  t ime i s  
10 to 15  mill iseconds.  This  provides a f requen-  
cy response  of the control  loop of 20 cycles p e r  
second. The tracking ra t e  of the sys t em i s  
4000 cycles  p e r  second. The closed loop f r e -  
quency response  fo r  TAMVEC i s  twice that fo r  
the LRL cyclotron. 

To reduce  the possibil i ty of frequent o r  
continuous "hunting" about the se t  point a 
SLEWIVERNIER mode of operation has been 
provided in the sys t em.  The SLEW mode (10 
mill isecond measuremen t  t ime followed by the 
15 mill isecond d r ive  t ime)  i s  used until the se t  
frequency i s  reached.  When this o c c u r s ,  the 
sys t em automatically changes to the VERNIER 
mode wherein the measuremen t  time i s  in-  
c reased  to 100 mil l i seconds  ( f  10 cycles p e r  
second of cyclotron frequency).  The longer 
measuremen t  t ime e l iminates  fa lse  movements  
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of the capaci tor  due to the.l imitat ions of the f r e -  The machine  u s e s  fully engineered,  s tandard  com-  
quency measur ing  device.  Removal of "hunting" ponents which a r e  purchased on a specification 
cha rac te r i s t i c s  f r o m  the sys t em des ign i s  made  bas is .  Thus vendors  will provide war ran t i e s  and, 
a t  the expense of the control  loop frequency r e -  in  the fu ture ,  components can be eas i ly  replaced.  
sponse which i s  reduced to approximately 5 The techniques outlined above,  combined with the 
cycles p e r  second in  the VERNIER mode. If this  ove ra l l  capabil i t ies of a l a rge  engineering-man- 
response  should prove to be too slow in  s o m e  agement f i r m ,  have allowed a n  a lmos t  "off - the- 
operational  conditions, i t  i s  poss ib le  to lock-out shelf" cyclotron to be constructed f o r  the f i r s t  
the VERNIER mode and remain  continuously i n  t ime. 
the f a s t e r  SLEW mode. 

In addition to the engineers  and specia l -  
The t r i m m e r  posit ion can be manually i s t s  ass igned di rec t ly  to the projec t ,  i t  has been 

controlled by application of a dc  bias voltage. The possible t o  bring other specia l i s ts  f r o m  the 
moto r  speed in the manual  mode i s  adjustable but l a r g e  pool available f o r  work in other f ields to 
will be initially se t  a t  a nominal 5,000 cycles  p e r  a s s i s t  with specific problems on TAMVEC design.  
second. 

The exper ience  gained in conducting a 
Role of the Engineering-Management F i r m  l a r g e  year ly  volume of bus iness  and in the 

resul tant  broad contact  with vendors throughout 
The Bechtel  Corporat ion has contracted the country a l so  i s  a valuable a s s i s t  in prepar ing 

with Texas  A & M Universi ty to del iver  and in -  specifications,  S electing vendors ,  controlling 
s t a l l  the cyclotron machine  on a cost-plus-fixed- cos ts  and schedules ,  and advising the cus tomer  
f ee  bas is .  Bechtel  furnished the cos t  ana lys i s ,  on subcontract  awards .  In gene ra l ,  this  encour- 
planning, des ign,  l ia ison,  p rocuremen t ,  etc. , ages  a healthy competi t ive at t i tude among the 
and awarded subcontrac ts  to vendors  fo r  manu-  vendors and re su l t s  in cos t  savings to the cus tom- 
facturing sys t ems  and components. All e f for ts  e r .  
a r e  being coordinated with and approved by 
Texas  A & M Universi ty and the U. S. Atomic 
Energy Commission.  

Unless difficulty i s  encountered,  i t  i s  an-  
t icipated that the total t i m e  on the projec t ,  f rom 
the award of the contrac t  to the online beam,  will 
be only 27 months.  

The manner  in which the TAMVEC m a -  
chine i s  being designed and built should be of 
in t e res t  to those institutions who do not have the 
manpower of ma jo r  national l abora to r i e s ,  but 
wish to obtain f i r s t - r a t e  r e s e a r c h  fac i l i t ies  on 
a contracted t ime  schedule. 
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