
Superconducting Cyclotron 
  
K500 cyclotron magnet  
 
K500 superconducting cyclotron will be used to accelerate heavy ion beams to 
energy of upto 80 MeV/A for light heavy ions and about 10 MeV/A for medium mass 
heavy ions. It has a superconducting magnet. The magnet uses NbTi wire immersed 
in a pool of liquid helium. The cold mass is about 7 tonnes. The 80 tonnes magnet 
iron is kept at room temperature. The superconducting cyclotron magnet is operating 
reliably round the clock throughout the year. Internal beam is already accelerated in 
the cyclotron. Modifications of the cyclotron is being pursued for extraction of beam. 
  

 
 

K500 superconducting magnet and beam line 
 
 

K500 cyclotron magnet iron 
 
The magnet iron for the superconducting cyclotron is a pill box shaped structure 
having 3 meter overall diameter and 2.2 m height. The material of construction is 
AISI 1020 steel and the total weight is about 80 tonnes. 
  
The designed maximum magnetic field is 5.5 T, while the field repeatability 
requirement is <10-3 and quality requirement is <10-4. 
  
Inside the iron, the superconducting coil along with its cryostat sits. The poles of the 
magnet have hills and valleys that are spiral shaped. The pole gap at hills is 65 mm. 
Because of stringent tolerances in the material property and shape, the individual 
pieces were forged and machined. 
  
Thorough quality controls from the casting stage to the final machining of each and 
every component were done to conform to the design requirements. Chemical 
composition checks and ultrasonic flaw detections were done for every piece. The 23 
tonnes pole cap was machined down from a 90 T billet to ensure the uniformity of 
material properties in bulk. 
  
Material for the magnet is AISI 1020 as per IS: 1875. 6000 T press was used for 



forging to achieve uniform physical homogeneity and grain orientation. ASTM grain 
size no. 3-5 has been maintained with a suitable heat treatment process. 
  
Machining was done to achieve a dimensional tolerance of 130 µm in flatness, 250 
µm in parallelism and concentricity on each pole piece. Because of soft nature of 
iron, proper handling was crucial so that not to damage any piece during assembling 
and dis-assembling. Several jigs and fixtures were used to achieve mirror and three 
fold (120 Deg.) symmetry in the pole sectors. 
  
Vacuum testing of all the holes for trim coil leads were meticulously done for a leak 
tightness of less than 2 x 10-7 mbar-l/sec. The 80 tonnes assembly was dismantled 
at manufacturer’s site after acceptance testing and brought to the site and installed. 
Detail installation procedure was followed for repetition of the dimensional tolerances 
at site.  
  

 
  
  

K500 cyclotron magnet cryostat 
 
The main magnet cryostat houses the superconducting Nb-Ti coil immersed inside 
liquid helium (LHe) bath operating at 1.2 bar absolute pressure. The coil produces 
maximum 5.5 Tesla magnetic fields at the central region of the Cyclotron. 
  



The main magnet cryostat [Figure 1] is a fully confined annular chamber. It consists 
of three major subassemblies – the liquid helium chamber (bobbin), liquid nitrogen 
cooled radiation shield and vacuum chamber (coil tank).  
  
Bobbin is an annular housing made of stainless steel (SS316L). The α (small) & β 
(large) coils are wounded on its inner wall and the outer walls are welded to enclose 
the chamber. The liquid helium volume within the coil is about 300 litres and at 
above is about 40 litres. Seven level sensors read the helium level within and above 
the coils at different locations. 

The bobbin is surrounded by another annular chamber called coil tank. This chamber 
works as the vacuum enclosure for the bobbin. It is made of low carbon steel (AISI 
1020). The copper (CDA 110) radiation shield is placed in between bobbin and coil 
tank and is cooled by liquid nitrogen. 

Detail analysis was performed on the cryostat to estimate its performance at 
operating conditions. Figure 2 shows a result of thermal analysis on the cold mass 
assembly to the support link forces during cool-down of the coil. 
  
The bobbin, weighing about 7 tonnes, is supported inside the coil tank by three 
horizontal and six vertical support links made of glass epoxy material (scotch ply). 
The superconducting coils are wound over the bobbin [Figure 3]. There are three 
ports at the top of the cryostat for connecting the current leads, helium lines and 
safety devices to the helium chamber. There are also three ports at the bottom for 
liquid nitrogen supply, vacuum pump connection and over-pressure safety flange 
connection. A liquid nitrogen cooled thermal shield is placed around the bobbin for 
reducing radiation heat load to the liquid helium [Figure 4]. 
  
There are twenty numbers of radial penetrations in the median plane of cryostat to 
access the cyclotron beam space from outside. Various beam extraction and 
diagnostic devices like magnetic channels, deflectors, beam probe etc. pass through 
these penetrations to guide the beam into the desired path and finally extract from 
cyclotron through exit port. Rigorous tests and quality assurance program was 
adopted during fabrication of the cryostat. Figure 5 shows a complete view of 
cryostat. The overall size of the cryostat is about 3 meter in diameter and 1 meter in 
height and weighs about 12 ton. 
  
The cryostat had been successfully commissioned in the year 2005 and under 
operation over the years. 
 



       
Fig. 1: Cryostat vertical section                        Fig. 2: Thermal analysis of cold mass 
  

                       
Fig. 3: Bobbin and coil assembly                 Fig. 4: Bobbin & thermal shield    
 

 
Fig. 5: Completed cryostat assembly 

 



Cryogen distribution system 
 
Cryogen distribution system distributes liquid helium and liquid nitrogen to the 
superconducting cyclotron magnet and cryopanels. The process design, 
instrumentation and control of cryogenic system for K-500 superconducting cyclotron 
(SCC) were carried out. Cryogen Delivery System (CDS) for SCC (Fig. 1) was 
installed and commissioned. 
  

 
Fig. 1: Cryogen Delivery System for SCC  

The picture was taken before the installation of RF assembly 
  

Flow of liquid nitrogen in parallel branches 
 
The cryogenic fluid distribution system (Fig. 1) distributes liquid helium and liquid 
nitrogen to the cyclotron magnet and cryopanels of the K500 superconducting 
cyclotron. The liquid nitrogen distribution uses parallel branches (Fig. 2) to cool the 
thermal shield of helium vessel housing the superconducting coil and the cryopanels. 
Liquid nitrogen is supplied to the thermal shields from a pressurised liquid nitrogen 
dewar. Direct measurement of flow is quite difficult and seldom used in an 
operational cryogenic system. The total flow and heat load of the liquid nitrogen 
system was estimated indirectly by continuous measurement of level in the liquid 
nitrogen tanks. A mathematical model was developed to evaluate liquid nitrogen flow 
in the parallel branches. The model was used to generate flow distribution for 
different settings and the total flow was compared with measured data. 
  



 
Fig. 1: Layout of cryogenic fluid distribution system 

  
  

 
Fig. 2: Simplified liquid nitrogen distribution circuit 



K500 cyclotron radio frequency (mechanical) system 
 
Radiofrequency (RF) system provides high voltage RF power to the DEEs of the 
cyclotron.  This RF power in turn accelerates the charge particles to the desired 
energy. Superconducting cyclotron RF system is designed for variable frequency 
mode operation from 9 MHz to 27 MHz at a maximum voltage of 100 kV. The 
maximum power available for this operation is 80 kW. 
RF Cavity for this cyclotron is an axi-symmetrical co-axial /2 TEM structure, 
completely made out of copper. The maximum length of the cavity is at 9 MHz and is 
about 11 m, while the span of the total structure becomes about 20 m with the sliding 
shorts moved at two ends of the cavity. The upper half and lower half of the RF 
cavity are mirror symmetric to each other.  
  

A part of the RF cavity is in high vacuum (about 6 x 10-8 mbar) and some portion is 
at atmosphere. The high vacuum part is surrounded by a guard vacuum (about 1 x 
10-2 mbar).  
  

Mechanical engineering complexity, arises in assembly of RF cavity structure, is not 
only due to its long length and delicacy, but also due to its compactness in design, 
critical in shape, due to stringent dimensional accuracy and various interfaces with 
other components. There is also limited accessibility at the assembly site, where 
some other systems had to be assembled beforehand, needing detail planning of the 
activities. Number of critical fixtures and special assembly devices were developed 
for using at the time of fabrication as well as during assembly and alignment at site. 
Figure 1 shows the assembled RF cavities over the cyclotron magnet. 
  

Most of the RF cavity components are delicate, precisely contoured and need 
special attention for quality assurance. Their required dimensional accuracies lead 
the manufacturing process to CNC machining and measurement processes to the 
CMM inspection. The surface finish, cleanliness, joining technique (e.g. helium leak 
tight ceramic to metal joint), copper spinning, etc. are the crucial aspects of RF cavity 
fabrication. Figure-2 gives a view of the critical components inside the cyclotron. The 
Dee assembly is a 3D contoured copper piece made by sheet metal forming and 
brazing. They went through stringent quality assurance programme for achieving 
dimensional control, leak tightness and surface finish. Vacuum testing of its water 
cooling lines were done rigorously.  
  

Inner conductor, one of the most important parts of the RF resonator assembly is a 
5.3 m long co-axial copper structure. Fabrication and assembly of inner conductor 
[Figure-3] needed special attention because of its dimensional accuracy, typical 
configuration and joining procedure. Main challenges were the close proximity of 
some of the joints and non-accessibility of previous joints in case of any failure while 
doing the next.  
  

Ceramic insulators [Figure 4] separates between vacuum and air side of the cavities. 
The cavities were coupled with the coupling and trimmer capacitors for feeding the 
power and fine tuning the circuit respectively. A hydraulic drive system for them is a 
precise positioning control and monitoring system that control the coupling and 
trimmer capacitor positions with the feedback taken from the cavity from the voltage 
pick-ups. The actuators and servo valves are driven from a common power pack 
[Figure-5] with computerized control system to give the trimmer capacitor paddle / 
coupling capacitor plunger the precise movement independently and simultaneously. 
  

The RF system is under operation over the years. Necessary updates and 



modifications of the system are taken up, as and when required, along with the 
regular maintenance of the cavities. 
  

   
      Fig. 1: Part of the copper RF cavity on the top of the K500 cyclotron    
                

     
Fig. 2: Three DEEs inside the cyclotron                   Fig. 3: Inner conductor during fabrication 
  
                  



      
      Fig. 4: Ceramic insulators in position             Fig. 5: Hydraulic power pack  
 
Inf lector for K500 cyclotron 
 
Charged particles from the ion source enter axially at top of the inflector and exits at 
the median plane. Spiral inflector for superconducting cyclotron consists of two 
electrodes, RF shield and electrode holders (Fig. 1). The surfaces of electrodes 
facing each other form a spiral helix. The gap between the electrode surfaces is 
about 4 mm and the electrodes are placed inside a rf shield made of copper kept at 
ground potential. Electrodes were made of aluminum and connected to the power 
cable through two feed-throughs mounted within insulator base. The inflector was 
developed in the departmental workshop. 
  

 
Fig. 1: Components of Spiral Inflector  

  
Mechanism for online vertical movement and rotation of  inf lector 
Spiral inflector for superconducting cyclotron consists of two electrodes, RF Shield 
and electrode holders. The charged particle beam is injected vertically at the center 
of the cyclotron and exits at the median plane of the cyclotron horizontally by 



applying an electrostatic field across the inflector electrodes. The inflector assembly 
is inserted at the compact central region of the Superconducting cyclotron through 
the central plug hole at the bottom of the main magnet. The distance between the 
central region connectors at rf potential and the inflector shield are very important for 
tuning the initial beam trajectory. The vertical offset between magnetic median plane 
and the exit plane of inflector causes vertical oscillation and loss of beam intensity 
during acceleration. In order to maximize the beam current after the central region, 
the entire inflector assembly was required to rotate and move vertically during the 
beam tuning. The bottom of the inflector shaft is therefore added with a bellow 
sealed manual drive mechanism. The assembly consists of one geared drive with 
gearing ratio of 1:5 for rotation and a ball screw mechanism for vertical movement. 
Two high torque stepper motors were used for driving the mechanisms 
independently and rotary encoders were used to obtain the position feedback. The 
carriage for the vertical drive slides on two guide shafts connecting the end plates. 
All components of the rotary drive were mounted on the carriage plate whereas the 
components for vertical drive were mounted on bottom end plate. The drive system 
has to be installed at the bottom of the magnet through the restricted aperture 
between the hexagonal RF panels. The compact drive system was designed to fit 
into the space constraint. The entire assembly (Fig. 1) was covered with a hollow 
cylindrical shell of mild steel to shield the effect of magnetic field at the vicinity of 
magnet. The system was calibrated with the actual position of Inflector exit inside the 
cyclotron and limit switches were set at terminal points. The inflector drive 
subassembly was fabricated and installed to provide additional degrees of freedom 
for vertical motion of ± 6mm and rotation of ± 20. 

  

   
Fig. 1. Drive system for online vertical motion and rotation of inflector  

  
Beam diagnostics 
Main probe and viewer probe are the main beam diagnostic elements inside the 
acceleration chamber. The complete system for the radial beam probe consists of 
probe, probe train, stationary tracks placed on the RF liner inside the cyclotron and 
transition pipe, isolation valve, vacuum chamber and drive system placed outside the 
cyclotron. 



Beam line diagnostics are used to measure the qualitative, quantitative and 
positional information of ion beam. Un-cooled faraday cups are used in the injection 
line of the superconducting cyclotron. Water cooled faraday cup, beam viewer and 
un-cooled slit are used in the external beam line. These beam diagnostic elements 
have been developed at the departmental workshop. 
 

   
  
 
                               
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     
  
 
 
Main probe and viewer probe are the main beam diagnostic elements inside the 
acceleration chamber. The complete system for the radial beam probe (Fig. 1) 
consists of probe, probe train, stationary tracks placed on the RF liner inside the 
cyclotron and transition pipe, isolation valve, vacuum chamber and drive system 
placed outside the cyclotron. 
 



     
 Fig. 1: Main probe assembly on track                   Fig. 2: Main probes with differential probe 
 

                  
Fig. 3: Exploded view of main probe 
  
The probe (Fig. 2 & 3) is electrically isolated from the probe train and allows 
measurement of beam current.  Main probe is moved in and out of the cyclotron 
using a linear drive system of travel 2.2 m. The end of the probe is connected to a 
carriage. The carriage rests on a pair of linear bearings and slides over a pair of 
ground shaft. A ball nut is fixed at the middle of the carriage. The assembly moves to 
and fro as the ball-screw is rotated by a stepper motor. A linear encoder is used to 
monitor the position of the probe continuously.  
  
Development of  additional probe and drive system for measurement of  
internal beam centering of  SCC 

In order to centre the beam within acceleration chamber an additional probe was 
required along with the existing diagnostics probes. The additional probe was 
inserted through the ports at 7O after removal of the first electrostatic deflector. An 
insulated aluminum finger mounted on the tip of the probe to measure the beam 
current. A vacuum feed through was used to take the current signal outside of the 
cyclotron. The bellow sealed probe is moved radially in or out with the help of a 
compact linear drive system (Fig. 1). The drive system comprises a set of parallel 
guide shafts and a lead screw driven by a stepper motor. Position feedback was 
obtained from a rotary encoder mounted coaxially with the lead screw. The entire 
system was developed, installed and successfully operated.  

  



  
Fig 1. Additional probe with drive system for internal beam centering  

Extraction system of  K500 cyclotron 
 
After the ion beam is accelerated up to the extraction radius, it is guided through a 
pair of high voltage electrodes, eight passive magnetic channels and an active 
magnetic channel. 
The electrostatic deflector is used to apply electrostatic force to the ions so as to 
facilitate the extraction process. The first deflector is 55 long and the second is 43 
long. They are positioned in the successive hills of the magnet. The deflector is 
made of titanium (Ti). The septum is tungsten. The high voltage electrode is 
supported by three insulators. The whole system can move radially by two actuators. 
The high voltage is brought in via a feed through. 
 

    
Fig.1: Electrostatic deflector assembly    Fig.2: Electrostatic deflector without septum 
  
The deflector electrodes are shaped with smooth contoured surfaces to avoid any 
electrical breakdown as it is kept at very high potential of approx.100 kV. Fabrication 
of such components with all around machined surfaces with high surface finish of Ra 
0.4 micron and required accuracy is a challenging task. A prototype of the 



component was successfully fabricated in the departmental workshop from 
aluminum alloy plate using multiple job settings. 

Switching magnets for SCC beam line 
 
After extraction of beam from the K-500 superconducting cyclotron, the external 
beam line guides and focuses the beam to different experimental stations. Fig. 1 
shows the layout of the beam lines in the superconducting cyclotron. Two switching 
magnets shall be used to guide the beam through the desired channels. Switching 
magnet 1 (Fig. 2) will bend the beam by an angle of about 42 degree to transport 
the beam. Switching magnet 2 can bend the beam in both directions by an angle of 
about +/-32. The maximum field that can be produced in the pole gap is 16 kG with 
better than 3 x 10-4 field homogeneity at all excitations. The total weight these 
magnets will be around 12 tonnes and 16 tonnes respectively. This division is 
responsible for mechanical design and testing of the magnets to meet the stringent 
specification. Fabrication of the magnets were completed by a vendor. 
 

         
      Fig. 1: Layout of SCC Beamline                  Fig. 2: Computer model of Switching 
magnet-1  
  
 Injection Line of  K500 cyclotron 
 
Based on the physics design, different type of magnets used to focus, bend and 
steer the ion beam were fabricated. The magnets were installed in the beam line. 
Fig.3 shows the injection line for transporting the heavy ion beam from ion source to 
SCC. 
  



 
 

Fig.3: Injection line of SCC with different beam line magnets  
  
 
Neutron shutter for K500 cyclotron 
 
Neutron shutter is used in the accelerator to reduce radiation in the experimental 
caves to acceptable limits. An improved neutron has designed and developed for 
K500 cyclotron. The improved design of neutron shutter (Fig. 1) has less volume, 
less surface area and the rotary drive feed through is bellow sealed as compared to 
the conventional old type of neutron shutter. The vacuum in the shield wall plug is 
expected to improve by an order from the old design, consequently improving 
transmission of beam in the beam line substantially. 
  

 
Fig. 1: Model of improved neutron shutter 

 
Magnetic f ield measurement for SCC 

A magnetic field mapping jig has been designed for K500 superconducting cyclotron 
to fit in the narrow gap of the RF liner. Carbon fiber composite having high weight to 



strength ratio was chosen as the structural material to keep the jig straight 
throughout the 1.2 mtr length of the jig.  A search coil is driven radially through the 
centre up to the extraction radius of the cyclotron. The moving search coil passing 
across spatially varying magnetic field generates a voltage proportional to the rate of 
change of magnetic flux through the coil.  

The search coil is moved along a straight track radially by a string and a timing belt 
assembly to measure the magnetic field of the cyclotron. The total track is rotated 
360 deg by a stepper motor. The angular position is measured by a precision 
angular encoder and radial position of the search coil is measured by linear encoder.  

The jig (Fig. 1) was assembled in the cyclotron and the errors were measured 
accurately. In order to obtain precise and accurate data, the deflection of the total 
assembly in the vertical direction was measured and found to be less than 0.25 mm 
and the jittering movement about a straight line was less than 50 micron in the 
median plane. 

The search coil is calibrated by passing the search coil through two points in the 
cyclotron where absolute magnetic field is measured accurately using a NMR (Fig. 
2). The calibration factor is again verified separately by flipping the search coil in a 
known uniform dipole field. 

  

 
Fig. 1: Jig that houses the search coil and NMR 

  



 
Fig. 2: Absolute field measurement by NMR Probe at centre 

Axial magnetic f ield measurement system for SCC 
 
A probe drive with high resolution and repeatability was developed along with the 
required GUI to map the field throughout this hole from median plane up to 3 meter 
above (Fig. 1).  Accurate knowledge of the Magnetic Field in the Axial-hole is 
essential in order to properly design the axial injection system for superconducting 
cyclotron.  
The drive mechanism has three lead screws and nuts. Stepper motor drives the lead 
screws up and down. Rotational movement of the lead screws is restricted by two 
plates carrying limit switches, fixed at the top and the bottom ends of the lead 
screws. Two hall probes, one axial probe at the centre and one transverse probe at 
the outer radius, are fixed to each of the end plates. The heart of the control system 
is a stepper motor. It drives the three gear mounted lead screws which eventually 
move the hall probe assembly. The system has a resolution of 15 micron. The control 
software communicates with the three-channel FW Bell hall probe monitor through 
serial port. The data from hall sensors are collected from the read buffer of the 
monitor and channel-wise separated by the software. Ten sets of data are collected 
and statistically processed to minimise the chances of error. 
 

 
 

Fig.1: Basic Electronic and mechanical setup 



Control system of  VEC Superconducting Cyclotron axial-hole magnetic f ield 
measurement  

Charged particle from the ECR ion source is injected axially into the VEC 
superconducting cyclotron. The ion beam passes through the vertical section of the 
axial injection system and the axial hole at the centre of the superconducting 
cyclotron before reaching the spiral inflector. An accurate knowledge of the magnetic 
field in the axial hole is essential to properly inject and accelerate the ion beam in the 
superconducting cyclotron. Three channel F. W. Bell tesla meter with both axial and 
transverse probes were used to measure the axial-hole magnetic flux density. A 
probe drive with high resolution and repeatability was developed to map the field 
along this hole from median plane up to 3m above. A stepper motor drives three lead 
screws which move the hall probe assembly and position them correctly at regular 
intervals. Two plates carrying hall probes are fixed at the top and the bottom ends of 
the lead screws. The basic hardware includes a stepper motor along with its drive 
electronics card, PC with National Instrument PCI-6052E data acquisition card and 
RS232 interface for tesla meter. The GUI developed using LabView takes care of the 
stepper motor drive control, measurement of the field and statistical analysis to 
estimate and correct the measurement errors. 
 

    
 

 
Instrumentat ion & control for SCC magnet & cryogen delivery system 

The cryogen delivery system is fitted with necessary field instrumentation and 
controllers to monitor and automatically control certain important process 
parameters. It employs a centralized approach to the tasks of control, monitoring, 
data acquisition and machine protection. It has three layer hierarchies with PLC at its 
centre. All duties related to process control, interlock generation are performed in 
this layer. The first layer consists of mostly field instruments of different make which 
acts as the gateway between process signals and the PLC. The topmost layer is a 
supervisory control and data acquisition software, operating in two different 



computers in two distant locations for controlling, monitoring and data 
acquisition. The PC-based consoles employ Wonderware SCADA software for 
cryogen delivery system monitoring and control. 
  

 
           Fig. 1: Hardware layout of cryogen delivery system                 

 

 
Fig. 2: HMI for cryogen delivery system 

  
The control system takes care of data acquisition and control in different operating 
modes through final control elements. In addition, this control system takes care of 
human as well as machine safety. A SMS based alert system has been integrated 
with the control system. 
 



                          
Helium level sensor mounted in K500 cyclotron     Temperature sensor mounted on coil of 
magnet.   
magnet cryostat. 
 
 

       
Strain gauge mounted on coil of magnet.                
 
Extraction drive control system 

The superconducting cyclotron extraction element drive assembly and its control 
system are fabricated in-house. The complete control system with associated 
hardware and software is successfully commissioned in October, 2009 and since 
then is in continuous operation. At present, this combined instrumentation and 
control system is running smoothly up to our satisfaction. The drive system takes 
care of precise movement of all the magnetic channels, two deflectors and M9 slit at 
the extraction port of the superconducting cyclotron. Four deflector drives, ten 
magnetic channel drives, one compensating bar drive are driven by synchronous 
motors and respective position feedback is received from rotary encoders. M9 slit is 
driven by pneumatic cylinders based control mechanism and the position feedback is 
obtained from linear potentiometers. Modifications of the hardware are felt essential 
in order to have distributed modules for each individual type of drive elements in 
order to facilitate better troubleshooting and minimum down-time in case one-to-one 
replacement is essential. Standard 19-inch rack mounted modules have been 



designed and developed. Component lay-out and power requirements have been 
optimized and the Advantech make ADAM 5000 distributed DAQ modules have 
been added to cater to the requirements. In-house developed GUI (Figure 1) has 
been upgraded in accordance with the feedback received from different cyclotron 
operators. 
  

  

 
Figure 1: Modified hardware and software for SCC extraction drive system. 

M9 slit  assembly control  

M9 slit assembly is placed in the extraction path of K500 superconducting cyclotron 
in high magnetic field region. Beam accelerated in the cyclotron pass through the 
electrostatic deflectors and eight magnetic channels and then passes through M9 slit 
assembly. The slit defines the width of the beam. As the slit assembly (Fig, 1) is 
placed in a restricted space, the design of the slit has been made to make it very 
compact. The jaws of the slit are bellow sealed and are moved inside the vacuum 
enclosure using pneumatic cylinders. The movement of the jaws is measured using 
a precision linear potentiometer. The slit assembly has to be remotely operated from 
the control room of the superconducting cyclotron. The slit assembly is placed in 
high magnetic field and a pneumatic drive was used to control its opening (Fig. 2). 

 
 

  
Fig.1: M9 slit assembly                                                     Fig.2: Control scheme for M9 slit 
 
Development of  SMS based alert system for Cryogen Delivery System 



A SMS based alert system for cryogen delivery system at superconducting cyclotron 
is set-up for sending event generated alarms to the persons on shift so that the 
person can come and attend to the problem. Persons on shift can otherwise be 
utilized for other work for rest of their time. The PLC communicates with the 
dedicated GSM modem and uses it for sending messages triggered by event based 
alarms as and when required. 
  
The developed software acquires the various process variables from the PLC 
through the communication protocol Modbus over TCP/IP and compares with the 
pre-set values. It alerts the operators by sending SMSs to their respective mobile 
phones in case the values are beyond the set values. There exists facility to insert/ 
edit/ delete mobile numbers as and when required in order to add or modify list of 
concerned operators who will receive SMS alerts (Fig. 1). 
  
The program can be run/set/closed by only the authorized persons with administrator 
level passwords. This SMS alert program can track whether the SCADA is running. 
The SCADA can also track this program, in the same way. 
The software is written in .NET which uses AT commands to send SMSs through 
GSM modem. 
  
  
  

   
 Fig. 1: Control console of software 
 
Estimation of  pressure in beam chamber of  K500 cyclotron 
 
Acceleration of charged particles is carried out in the beam chamber of the cyclotron 
(Fig. 1). The beam chamber is enclosed by the radio frequency liner at the top and 
bottom and the inner wall of the main magnet cryostat at the sides. The beam 
chamber has a volume of about 1.0 m3. The material for liner is copper CDA 101 and 
the inner wall of the main magnet cryostat is made of iron that has been nickel 
plated. The three Dees are major components in the beam chamber. The Dees are 
made of copper CDA 101. 
The beam chamber of superconducting cyclotron is pumped by liquid helium cooled 
cryopanels with liquid nitrogen cooled radiation shields (Fig.2). Performance of the 
vacuum system was evaluated by cooling the cryopanel assembly with liquid 
nitrogen and liquid helium. Direct measurement of beam chamber pressure is quite 
difficult because of space restrictions and the presence of high magnetic field. 
Pressure gauges were placed away from the beam chamber. The beam chamber 



pressure was evaluated using Monte Carlo simulation software for vacuum system 
and compared with the measurements.  
  

 
Fig. 1: Cross-section of K500 cyclotron showing beam chamber 

  

 
Fig. 2: Cross-section of lower Dee showing cryopanel, baffle, and radiation shield 

Vacuum chamber for Switching Magnet  
 
VEC K500 superconducting cyclotron will be used to accelerate heavy ion beams for 
basic science research.  The accelerated beam will be transported to different beam 
halls by using two large switching magnets. Switching magnet1 will bend the beam 
by an angle of about 42 degree to transport the beam in channel II. Switching 
magnet 2 can bend the beam in both directions by an angle of about +/-320 . The 
magnets have been fabricated by a vendor. Design and fabrication for the vacuum 
chambers of these magnets have been taken up. Fig.1 and Fig. 2 shows the vacuum 
chambers for these magnets.  Magnets have pole gap of 90 mm. The vacuum 



chambers for the are more than 1000 mm long. It has a height of 85 mm and width 
varying from 100 mm to 360 mm. The material for the chamber has been chosen as 
SS304. Preliminary Design of the vessel was done as per ASME Boiler and 
Pressure Vessel Code, Section VIII, Division 1. A uniform cross section equal to the 
largest cross section was considered for the design and the rules of Appendix 13 
were applied. Design was optimized using stress analysis software ANSYS. The 
fabrication of the chambers was very critical as flatness of the top and bottom plates 
have to be maintained within 2.5 mm with continuous welding at four sides of the 
chambers. All the welding needed to be full-penetration to get desired strength under 
vacuum. A detailed technical specification has been prepared and a strict quality 
control has been followed to fabricate these large vacuum chambers.  Proper fixtures 
have been designed and fabricated to achieve minimum welding distortion and to get 
proper curvature as per drawing. Welding sequence has been carefully devised to 
maintain the required flatness of the plates. During and after fabrication a series of 
tests have been carried out to assure the product quality. MSLD test (local and 
global) with helium under vacuum have been carried out for both the chambers at 
factory and at site to ensure helium leak integrity of the chamber under high vacuum. 

 
Fig. 1: Chamber for 42 deg magnet                  Fig. 2: Chamber for +/-32 deg magnet 
 

Large Switching Magnet 

 


