Chapter 3

RESEARCH SUPPORT FACILITIES

3.1 Support laboratories

3.1.1 High vacuum laboratory

Chandra Pal, A. Kothari and P. Barua

High vacuum laboratory is primarily responsible for maintaining vacuum and vacuum systems in beam-
lines and experimental facilities. There are about 800 instruments (pumps, gauges, valves, diagnostic BPM,
Faraday cups, device controllers, etc.) installed and running in different beamlines and facilities. Faulty
instruments are replaced with available spares to reduce machine downtime. Indigenously designed and
fabricated instruments are repaired in house and others are maintained with available expertise in house and
manufacturer’s service support. Problems occurring in vacuum system and device (under our group’s care)
during experiment runs are attended on urgent basis. This lab provides support to different labs and users
in vacuum related problems.

3.1.1.1 Status of vacuum systems, diagnostic devices and their instrumentation

There are about 950 equipment which includes vacuum system, diagnostic devices, and their instrumentation
installed and under nonstop operation in different accelerators and experimental facilities. Of the 950
equipment, about 120 are designed, developed and fabricated in-house (mostly device controllers and vacuum
interlock systems). This year we have added about 50 equipment to the accelerator systems and beamlines
during the installation of the High Current Injector (HCI) facility. All equipment is operating in good
condition.

3.1.1.2 New installations in the HCI beamline

HCI facility installation was commissioned successfully but due to the late delivery of few vacuum com-
ponents, a stop-gap arrangement was performed with the available vacuum and diagnostic components.
Ordered equipments like turbo pumps, ion pumps, valves, gauges, and backing pumps have been received,
tested in laboratory, installed, and commissioned in the HCI beamline at required locations. The list of new
vacuum and diagnostic components added to the HCI beamline is tabulated below:

3.1.1.3 Design and development of Faraday cup suppressor unit

There are about 20 Faraday cup units installed at different sections of High Current Injector beamline and
LEIBF. To suppress secondary electrons in the FC a suppressor voltage of -380 V is required. Fabrication of
25 numbers of such suppressor units is needed. Communication between FC / Log Amp and FC controller
will also be done through this unit. A custom -380 V PCB mountable power supply has been purchased, the
design and fabrication of the main PCB has been completed and a compact housing unit has been designed
and fabricated for this (see Fig. . Assembly of 25 such units is in progress.
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Table 3.1: List of new additions to HCI beamline.

Equipment Quantity Location
Turbo pumps (with valves, backing pumps) 5 sets Spiral Buncher 2
and with vacuum interlock system Pumping Chamber PCH-05-1

Pumping Chamber PCH-06-1
Pumping Chamber PCH-08-1
Spiral Buncher 3

Ton pumps with manual gate valve 4 sets Pumping Chamber PCH-05-1
Pumping Chamber PCH-06-1
Pumping Chamber PCH-08-1
Achromat 3 Entry section

Motorized double slit 1 Achromat 4 Exit

3.1.1.4 New beamline valve controller for linac 3 exit valve

Linac 2 exit valve BLV 07-2 and linac 3 exit valve BLV 07-3 were being operated by a single beamline valve
controller. A new separate valve controller has been assembled and installed for BLV 07-3. Spare channels
in the CAMAC crate were located for the remote connection and new device controller was integrated with
CAMAC control system. Data entry for its operation was updated in the control system with support from
REC group. The controller was tested in local and remote mode and it is working fine.

Figure 3.1: FC suppressor assembly (left) and 3D model of suppressor cabinet and inner components
(right).

3.1.1.5 Maintenance of vacuum systems and diagnostic devices in experimental facilities

1. Maintenance work in the Pelletron (with the Pelletron group)

¢ Venting of high voltage terminal inside Pelletron tank for foil loading and leak check and vacuum
restoration after foil loading was done.

e Faraday Cup shorted head assembly replacement in Ion source room: Faraday cup at FCO1-1
location got shorted due breaking of insulating ceramics and was not able to read beam current.
Related area was isolated and vented for head assembly replacement. Vacuum restored and
Faraday cup working fine after that.

2. Replacement of faulty vacuum and diagnostic devices in different beamlines and facilities: Due to
continuous and non-stop operation of vacuum devices, few devices get bad and after the fault is
established faulty components are replaced from available spares for not stop operations. A list of
replaced vacuum and diagnostic devices is given below:

o Faulty turbo controller (SCU 800) replacement in phase 1 materials science lst experimental
chamber.

o Faulty Maxi Gauge controller replacement in Phase 1 Material science first experiment chamber.

o Installation of a new Maxi gauge controller in Radiation Biology beamline and interlocking with
existing vacuum system.

e Faulty scroll pump replacement in HCI RFQ.
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o Faulty scroll pump replacement in LEIBF atomic physics beamline.

e Faulty scroll pump replacement in LEIBF high voltage platform.

e Faulty scroll pump replacement in LEIBF in TP-02 vacuum system.

e Faulty scroll pump replacement in Re-buncher vacuum system.

e Faulty scroll pump replacement in general purpose testing chamber in vacuum lab.

o Faulty vacuum gauge (full range gauge PBR 260) replacement in HCI DTL 3, 4 and 5.

o Faulty MKS hot cathode gauge replacement in Re-buncher vacuum system.

o Installation of serviced rotary pump ED-18 back in the Ion source room turbo pumping system
TPO1-1

e Faulty rotary pump replacement in GPSC and GDA beamline vacuum system,

¢ Log Amp replacement in Faraday cup at HCI 08-1 location.

e Log Amp replacement in Faraday cup at FC 05-3.

o Turbo controller (DCU 300) replacement in LEIBF 90 deg chamber vacuum system.

3.1.1.6 Testing, repairing and servicing of vacuum equipment

Many vacuum and diagnostic devices were diagnosed for faults and repaired in-house. A list of the same is
given below:

1.

Calibration and testing of 35 nos. of Log- amplifiers with a current source meter.

2. Repairing and servicing of bad Cold cathode gauges- 12 nos.
3.
4. Repair of NEC make BPM 80: Unusual noise observed in its motion and problem diagnosed in bearing

Calibration and testing of Pirani gauges — 10 nos.

of magnetically coupled motor. Faulty motor removed and replaced with a spare motor. BPM tested
in vacuum with CRO, BPM selector and preamp and working ok.

Repair and servicing of Alcatel make rotary pump: Contaminated oil replaced and broken sight glass
replaced to make the pump working.

Repairing of Scroll Pump: Bad scroll pumps dismantled and cleaned thoroughly. New tip seals and
exhaust kit installed in the pump and assembled back. Tested and ultimate vacuum and bearing noise
found ok — 12 nos.

Repairing of NEC make BPM selector — 4 nos.

10-inch Vat make Gate valve repairing.

3.1.1.7 Miscellaneous vacuum maintenance activities

1.

2.

There were many calls related to vacuum problems that were attended in different beamlines and
experimental facilities. Some common calls are listed below: -

e BLV / FC are not closing - opening: caused by compressed air failure, problem in pneumatic
drives, CAMAC problems, radiation interlock problems, solenoid valves problems, Reset not done,
vacuum pump off / gauge problems, etc.

¢ Vacuum Problems: Gauge problem, pump off due to power failure, huge outgassing due to target,
leak from joints, pump electronics problem, pump failure, user mistake, vacuum accidents, etc.
Problems are identified and resolved, user is advised for leak testing and proper sequence of
operation to be followed.

o Leak detective and resolving issues: helping others in resolving critical leak detection problems

e Venting/ Vacuum Pumping: in beamlines / HCI area upon user’s request.

Vacuum failures in beamlines: Three vacuum accidents happened in different beamlines causing pump
shutdown in the following beamline.

e Bio-science beamline: Vacuum failure happened in Bio science experimental chamber side due to
aluminum foil rupture and due to sudden air inrush ion pumps of bio-science beamline (IP-L1-1)
and that in switching magnet -1 (IP-SW-1) got shut down due to high current. Both the ion
pumps were revived back by baking after dismantling the magnets and portable pumping system
was connected to take care of outgassing load. High vacuum was restored back for the experiment.

o Phase I materials science beamline: Vacuum failure happened in the beamline from experimental
chamber side probably due to accidental venting. Ion pumps of mat-science beamline (IP-L5-1)
and that in switching magnet -I (IP-SW-1) got shut down due to high current. Both the ion
pumps were revived back and vacuum was restored back for the experiment.
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e Vacuum failure in LEIBF ‘0’ degree and 90 degree beamline: A vacuum accident happened in
90-degree beamline of LEIBF and due to this the vacuum in zero-degree and 90-degree beamline
got bad to about 2 mbar. While venting the user/operator did not close the 2"¢ beamline valve
(near experimental chamber) and vented the chamber. Due to this the Ion pumps of 90 degree
and zero-degree beamline tripped and high vacuum gauges also got switched off. The vacuum in
both the beamlines was restored in 2 days to 1.0 x 10~8 mbar levels.

« Vacuum Problem in LEIBF ‘0’ degree beamline: A vacuum leak (1.0 x 10~° mbar 1/s) developed
in the welding joint of a pumping chamber (TEE) installed 10 years back in LEIBF zero-degree
beamline. The location of the leak on the chamber was detected and marked for re-welding. The
beamline was vented and turbo and other connected components were dismantled to repair the
vacuum chamber. Welding on the leaking chamber was done in TUAC Workshop, again leak tested
found ok, installed back and vacuum re-established within two days.

e Through Leak Problem in BLV 05-2 at Superbuncher entry: This beamline valve was 30-year-old
NEC valve and developed a through leak of the order of 1.0x 10~° mbar 1/s and its operational
mechanism had also gone bad. This valve and another non-operational fast closing valve were
removed form Superbuncher entry location during Pelletron schedule maintenance and a new all
metal VAT valve was installed and commissioned.

3.1.2 Cryogenics

Poonam Meena, Rajesh Nirdoshi, Manoj Kumar, Suresh Babu, Joby Antony, Soumen Kar and Anup Kumar Choudhury

The cryogenic system of linac consists of five beam-line cryostats, liquid nitrogen (LN2) network and
helium refrigerator, liquid helium (LHe) network, helium gas management system and associated cryo-
instrumentation and data acquisition system shown in Fig. In this academic year, the linac cryogenic
system was operated for the beam acceleration through the RF-Superconducting linac. The helium refrig-
erator was also operated for testing a 1.5T superconducting MRI magnet for the IMRI project.

LN2 for LHe Distribution Line
e Distribution

LN2 supply

1 1
200001 || 20000
LN2 LN2

Figure 3.2: A schematic of the cryogenic system of the RF-superconducting linac.

3.1.2.1 Helium refrigerator

During this academic year, the helium refrigerator (Model-LR280, LINDE Kryotecnik) having a capacity of
750W@4.5 K was operated for ~ 1500 hrs. and the compressor was operated for 30000 hrs which is shorter
than the previous two academic years as shown in the left panel of Fig. [3.3] The plant was operated for the
beam acceleration, cavity testing in test cryostat and the testing of MRI magnet.
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Figure 3.3: Year-wise running hours of the helium compressor (left) and year-wise consumption of the
liquid nitrogen.

3.1.2.2 Liquid nitrogen network

During this academic year, the total consumption of liquid nitrogen was ~3,00,000 litres primarily for the
cooling of the thermal radiation shield of the beamline cryomodules during beam acceleration and cooling
the germanium detectors of the INGA facility. A substantial amount liquid nitrogen was used to precool the
MRI magnet from 300K to 80 K. The right panel of Fig. shows the year-wise consumption of the liquid
nitrogen.

3.1.2.3 Beamline cryostats of the linac

The beamline cryomodules, namely the super-buncher cryostat (SBC), three linac cryostats (LC1-LC3)
and the rebuncher cryostat ( RBC), were operated for the beam acceleration. The performance of all the
cryomodules was satisfactory during the beam acceleration. After the completion of all the experiments of
the beam accelerated through the linac, the cryomodules were warmed up to room temperature. In this
academic year, the effect of the superconducting solenoid magnet on the beam transport was tested in LC1
with '2C°t beam accelerated through the Pelletron accelerator. A significant improvement in beam size
was observed along with a steering effect, thereby signifying the need for proper alignment of the solenoid
magnet for its use in tuning the beam through the linac.

3.1.2.4 Cryogenic instrumentation and machine learning

Rajesh Nirdoshi and Joby Antony

CRYOGENICS CONTROL ROOM

Terminal-1 Terminal-2 Terminal-3
CADSPC Linde Control PC Fuji & TRV PC
For Fuji PID Controls (Levels &

Valves) and TRV Data-Logger (40
Instruments & Historical Trends Utility Linac Temps & Vacuums)

Monitoring & Control System

connected to 24 Smart Cryogenic For Liquid Helium

Plant Controls

Figure 3.4: The cryogenic control room terminals.

27



3. RESEARCH SUPPORT FACILITIES

The primary activity of the cryogenic instrumentation
and machine learning group was to operate and main-
tain the cryogenic control and data acquisition system of
the linac. The members are also involved in maintain-
ing the electronics of the EBW machine and R & D in
AT/ML-based technologies for cryogenics and other appli-
cations.

Cryogenics control system and associated electron-
ics: Throughout this year, the IUAC Cryogenics Control
System and its associated electronics have undergone preven-
tive maintenance and have functioned reliably. The system
was continuously operated during the linac run, which con-
cluded in April 2024, As shown in Fig. the cryogenic con-
trol room is equipped with three primary control terminals
that facilitate remote control, data acquisition, trends mon-
itoring, operator interface, and various other critical func-
tions.

Figure 3.5: Dual channel impurity ana-
lyzer setup.

o LINDE control terminal : The Linde control terminal originally supplied by M/s Linde Kryotechnik,

Switzerland in the year 2010, runs on Siemens software and serves as a vital standalone controller for
the Liquid Helium Plant. In this academic year, the main control server (RMCS) encountered a
motherboard failure, which was successfully repaired in-house and has since been operating reliably.
However, the redundant PC located near the main plant has become completely non-functional. Plans
are in place to upgrade both systems with modern PCs equipped with updated operating systems and
compatible Siemens software.

Dual channel impurity analyzer for helium gas A new dual-channel impurity analyzer as shown
in Fig. has been successfully developed in-house for real-time monitoring of impurity levels of
nitrogen and moisture present in helium gas. The system utilizes a low-voltage raw signal from an
arc cell, which is filtered, amplified, and further processed through an ADC and a microcontroller.
Designed with user convenience in mind, the analyzer features a dedicated TFT display that provides
a continuous readout of impurity levels (in PPM) along with corresponding voltage values. It also
includes a 4x4 alphanumeric keypad for easy input of calibration parameters. One channel of the
system, configured for nitrogen detection, was tested in conjunction with the arc-cell setup at the end
of the last linac run and demonstrated reliable and satisfactory performance.

LSTM-based linac-cryogenics data forecaster system with advanced warning algorithm:
An LSTM-based linac-cryogenics data forecaster system with advanced warning algorithm was suc-
cessfully developed to enhance predictive monitoring during cryostat warm-up. This initiative was
carried out during the linac shutdown in April 2024, when the system’s temperature rose from 4.2 K
to room temperature. A Long Short-Term Memory (LSTM) neural network model was created and
trained using time-stamped temperature and vacuum data collected in real-time from TRV data de-
vices. The system utilized the latest 3 hours of data to continuously forecast the next 1 hour, enabling
the identification of any potential anomalies during the warm-up process. This forecasting mechanism
was set on an automated loop, running uninterrupted for several days until room temperature was
reached. Additionally, a user-friendly LabVIEW-based linac data forecaster utility was developed, al-
lowing easy visualization of the forecasted data, thereby equipping operators with timely insights and
early warnings.

3.1.2.5 Whole-body 1.5T superconducting MRI magnet system

Neha Sharma, Arpan Kumar Goswami, Farukh Khan, Rajesh Nirdoshi, Manoj Kumar, Suresh Babu, S. K. Suman, Joby Antony, S.

K. Saini, Rajesh Kumar, R. G. Sharma and Soumen Kar

A multi-institutional project on the development of a whole-body 1.5 T superconducting MRI scanner
funded by the Ministry of Electronics and Information Technology (MeitY) is going on at TUAC under the
coordination of SAMEER-Mumbai (nodal agency). TUAC is primarily responsible for the development of
a 1.5T superconducting magnet system for the MRI scanner. In the last academic year, the indigenously
developed MRI magnet system was successfully tested in the IUAC MRI laboratory. However, there were
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a few teething issues related to the cold leak and the instability in the PCS at the higher field, which were
addressed in this academic year.

Figure 3.6: (a) MRI cryostat leak testing at 77K (b) gradient coil going into the cryostat warm bore.

The cryostat was taken to the factory of M/s. INOX in Gujarat for the repair of the cold leak. After
the systematic disassembly of the cryostat, the leak was identified. The leaky joint of the cryostat was
replaced with a new bi-metallic joint after a few trials of the vacuum brazing process. The PCS was also
replaced with a new one. The cryostat was then reintegrated. At every step of the reintegration, extensive
intermediate tests were performed in the helium vessel and the vacuum jacket to ensure no recurrence of
the leak in future as shown in the Fig. [3.6| (a). The gradient coil having a capacity of 35mT/m gradient
strength and slew rate of 120T/m/s was then mounted into the warm bore of the cryostat as shown in Fig.
(b). The cryostat was then transported and commissioned at ITUAC. The magnet was precooled with
liquid nitrogen after reaching a vacuum of 5 x 1076 mbar. Liquid nitrogen precooling reduces the amount
of liquid helium to be used to cool down the magnet to 4K. A GM cryocooler was installed in the CCR port,
and shield cooling was started. After attaining a certain temperature of the shield, the magnet was cooled
using liquid helium.

Figure 3.7: MRI magnet test in progress at IUAC.

The vacuum pump was isolated once the vacuum was improved to 8 x 1078 mbar. The improvement of
vacuum was observed, thereby the cold leak did not reoccur. The magnet was then ramped up to 1.5 T and
put into persistent mode for the first time. Power supply was ramped down and disconnected. A temporal
field stability of 0.07 ppm/hr was achieved. A spatial homogeneity test was also done using the NMR field
camera, which exhibited a inhomogeneity of around 650 PPM, which is reasonably good for an unshimmed
magnet. Fig. [3.7]shows the test set up of the MRI magnet at IUAC.
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To overcome certain technical challenges, the MRI cryostat was
refabricated and was integrated with additional critical components
such as multiple temperature sensors and a high-sensitivity vacuum
gauge. In tandem with this hardware upgrade, the MRI data acqui-
sition (DAQ) software was comprehensively enhanced to seamlessly
incorporate these new elements. Notably, the software update in-
cluded the successful implementation of the transfer function for the
vacuum gauge, ensuring accurate vacuum monitoring within the sys-
tem. Following these upgrades, control and monitoring tests were
carried out using the modified software setup, all of which were
successfully commissioned. These advancements have significantly
improved the system’s diagnostic capabilities and operational relia-
bility.

3.1.2.6 Development of magnet ramping unit

S. K. Suman and Rajesh Kumar Figure 3.8: Magnet ramping unit.

A magnet ramping unit (MRU) was developed in this academic year for testing of MRI magnet. The
MRU is equipped with the energy absorber unit, quench detection, and variable ramp rate was developed
using Lambda-TDK-based DC power supply. All the functionalities of the MRU The MRU was extensively
used for testing of the MRI magnet. The indigenously developed MRU is shown in Fig. |3.8

3.1.3 Beam transport system

Ashish Chamoli, Prem Kumar Verma, S. K. Suman, Rajesh Kumar and B. K. Sahu

The beam transport system (BTS) plays a crucial role in ensuring high-quality ion beams for experiments.
The real-time feedback system of the magnet power supplies (MPS), combined with high stability, estab-
lishes a steady magnetic flux that maintains a consistent beam profile and keeps the beam on the defined
trajectory. The BTS group, prioritize preventive maintenance and troubleshooting to maximize uptime and
performance. Additionally, the BTS group designs and manufactures power supplies as needed for upcoming
new accelerator facilities and to replace outdated imported units. Furthermore, the group collaborates on
development activities with other groups and contributes its expertise to various projects.

1. BTS components:

There are currently 153 magnets and 193 magnet power supplies (MPS) operational at various acceler-
ator facilities. Three major types of BT'S magnet power supplies are used in the system. The first type
is the model 8000 MPS from Danfysik, an older power supply installed at the Pelletron, linac, HIRA
and HYRA facilities. The second type, model 9000 MPS, is a relatively new model from Danfysik,
installed at the HCI and FEL facilities. The third type is the in-house manufactured MPS, which
includes power supplies for the steerer, scanner, and superconducting solenoid magnet, totalling 98
units, installed across all the facilities.

2. BTS operational status and breakdown handling:

During beam operations the magnet and power supplies worked well in terms of functionality and
stability performance, which contributed greatly to the smooth beam tuning and beam quality. The
BTS operation was majorly hampered by water leaks in transistor bank water cooled heat -sinks, and
rarely by electronic and electrical failures in the power supplies. Such faults were immediately rectified,
using spare parts and later-on the faulty modules were repaired in the lab.

In cases where water-cooled heat sinks punctured inside power supplies during beam operations, im-
mediate actions were taken to remove the water by dismantling the units and replacing them. For
transportable power supplies, spare units were used as replacements while the faulty units were refur-
bished in the lab. However, repairs for the bending magnet MPS, which are not transportable, were
conducted on-site.

3. BTS structural integrity:

Most of the magnets and power supplies are either water-cooled, forced-air cooled, or both, making
them more susceptible to oxidation from cooling water and corrosion caused by dust and humidity.
Poor quality of cooling water causing oxidation and resulting in partial blockage of magnet coils and
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punchers in the water cooled heat sinks of the power supplies. Some of the BTS areas are not fully
enclosed, the dust levels are high and sometime the humidity also increased causing condensation
inside water cooled power supplies. The dust together with condensation has resulted in corrosion of
the water cooled components, have resulted in significant damage to the power supplies and magnets.

4. Preventive maintenance of magnet and magnet power supplies:
The performance of the magnet power supplies relies significantly on their thermal performance and
physical conditions. During preventive maintenance, the environmental damages are restored by clean-
ing off corrosion and dust. The degraded, underperforming components are identified by electrical data
recording and analysis, and corrected either by repair or replacement.
During the condition assessment conducted as part of preventive maintenance, two types of issues
were identified with some of the magnets: overheating and current leakage to the ground through the
cooling water hose. Both problems were caused by poor-quality cooling water, which led to the build
up of copper oxide inside the coil, restricting the cooling water flow. The deposition of oxide in the
return water hose resulted in earth leakage, causing instability. To resolve the thermal and magnetic
field instability caused by leakage current, the coils were cleaned using sulphamic acid (HsNSO3), and
the water hose were replaced.

5. Corrective repairs and refurbishment:
Over time, we have understood the failure modes and identified the components that frequently fail in
all type of the BTS magnet power supplies

6. Power supply repair activities:
The primary cause of component failure is thermal stress, often resulting from dust accumulation on
the components. We have developed significant skills in component-level repairs and have successfully
repaired nearly every type of electronic and electrical sub-assembly, with no backlog in repairs. Re-
peated failures occurred on auxiliary power supply boards in system 9000 power supplies with similar
effects. After implementation of a RC snubbers and replacement of an overloaded resistor the systems
worked reliable over the whole operating period. To enhance diagnosis and enable component-level
repairs for the Model 8000 and Model 9000 power supplies, we have created test jigs and PCB extenders

7. Power supply refurbishment activities:
A total of nine magnet power supplies were refurbished and overhauled. Three of these experienced
breakdowns due to leakage from the water-cooled heat sinks, which resulted in water spilling inside the
power supplies. This led to damage to the control and power electronics. Additionally, the transistor
banks of three HYRA quadrupole magnet power supplies and two high-field scanner power supplies
were refurbished for corrosion. The transistors had corroded as a result of dust and condensation,
resulting in unstable output currents. When these failures occurred, extensive refurbishment and
repairs were needed, requiring a significant amount of man-hours and manpower

3.1.3.1 Developmental activities

1. BTS magnet power supply development activities:
Currently, several linear, water-cooled power supplies are in use to power the beam transport magnets
of these facilities. The cooling water corrosion has led to frequent failures of these power supplies.
Some of these power supplies are over 35 years old, and the obsolescence of spare components has made
repair and replacement increasingly difficult. Moreover, the use of imported MPS imposes several risks,
such as high costs for spare parts and dependence on power supply manufacturers for repair support.
Considering these, it has been decided to replace them with in-house developed, high-efficiency, forced
air-cooled switch-mode power supplies

2. Development of the first prototype of a 250 A / 50 V high-stability power supply:
In the design and fabrication of indigenous power supplies, a moderate approach has been adopted to
minimize in-house fabrication work. This involves utilizing commercially available voltage-controlled
AC-DC switch-mode converter modules as the DC power source. A prototype power supply rated at
250 A and 50 V, with a precision of £10 ppm, has been designed and assembled to validate the use of
commercial SMPS voltage sources for creating current-regulated power supply. An in-house designed
power supply controller unit and a current transducer have been added to the AC-DC switch-mode
converter voltage modules to convert it into a high-precision, current-regulated power supply. The
performance of this unit has been validated by measuring long-term stability, output ripple, and noise
levels.
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3.1.3.2 Participation with other groups in developmental projects

The BTS group collaborate with other groups in developmental projects and contribute in its area of exper-
tise.

1. Development of superconducting magnet control (SMC) system for I-MRI magnet:
The Superconducting Magnet Control (SMC) is a comprehensive and customized system, specifically
designed to power, control, and protect the 1.5T MRI magnet. The control algorithm, quenching
protection circuit, and interlocking logic function are designed considering the operational requirements
of this particular magnet. The architecture and construction of the SMC is modular, with particular
attention given to maximizing both auto and manual operation options to handle various conditions
during the excitation and demagnetization of the magnet.
A commercial 12V / 600 A DC voltage supply serves as the voltage source, to which an external current
control feedback loop is implemented to convert it into a current regulator. Additionally, an energy
absorber unit (EAU) is included to de-energize the magnet at 3.5 V. Two 0-500 mA adjustable current
sources are provided for persistent current switches of the main coil and external interference screening
(EIS) coil. The quench detection function, as one of the primary protections, features adjustable
quench sensitivity; it detects a quench and promptly stops power from being delivered to the resistive
magnet while simultaneously activating the EAU to safely discharge the magnet.

2. Development and testing of super-conducting MRI magnet:
During the testing phase, the BTS group is specifically responsible for powering the magnet. To power
the magnet, the in-house developed superconducting magnet control (SMC) system was employed, and
the magnet was successfully ramped to 1.5 T, entering persistent mode, and was then ramped down
without experiencing a quench. Throughout these modes of operation, the coil voltages were monitored
to observe any loss of superconductivity or current decay within the passive quench protection circuits
of the magnet. The SMC system’s advanced current control feedback loop effectively managed the
magnet during persistent mode activation, despite changes in the magnet’s time constant due to the
varying resistance of the main coil’s persistent current switch, which can lead to instability in the
current control loop. However, last year, an imported power supply failed during the activation of
persistent mode and was unable to maintain the magnet’s current stability.

3. Design and development of high voltage pulse generator for ion-trap:
An Ton Trap is currently being developed at TUAC, which requires a bipolar High Voltage Pulse
Generator (HVPG) for the switching of ion beams. The HVPG must meet the following functional
and electrical specifications: it should produce square pulses with equal rise and fall times, a variable
amplitude ranging from 100 V to 500 V DC, a variable frequency between 1k Hz and 200 kHz, and a
variable duty cycle. Customized HVPGs with these specific functionalities are rarely available on the
market and often come at a high cost. For the design of the HVPG, a MOSFET-based half-bridge
topology has been selected, as it ensures equal rise and fall times. To prevent both the high-side and
low-side MOSFETs from turning on simultaneously, incorporating a dead time is essential for safe and
efficient operation, especially at high-frequency operation.
In the first phase of development, a prototype dead time control circuit was built using programmable
delay ICs and flip-flops. This circuit has been tested for the independent adjustability of rise and fall
dead times, which can be set up to 50% of the duty cycle. It can also manage variable frequency
and duty cycle functions. The circuit requires only an external trigger of the desired frequency for
synchronization; both the duty cycle and dead time can be adjusted using accessible controls while
observing the transition, while operating with the reactive load impedance.
The design of the half-bridge section has also been completed. High-voltage MOSFETS equipped with
necessary snubbers are utilized in a half-bridge push-pull configuration and are driven by isolated gate
drivers. The half-bridge will be mounted on a forced-air cooled heat sink. Currently, the PCB designs,
component procurement, and the high-voltage bias power supplies are in progress.

4. Fabrication of plate tuner for the HCI-RFQ:
A 48.5 MHz Radio Frequency Quadrupole (RFQ) cavity is currently operational at the High Current
Injector at ITUAC. To achieve the desired frequency of 48.5 MHz, a plate tuner is inserted between
the vane posts. The existing plate, made of pure copper, is ductile and prone to plastic deformation,
which leads to poor electrical contact. As a result, the RFQ power is limited to 15 kW. In order to
improve the electrical contact between the vane post and the tuner plate, spring finger contacts made
of beryllium copper have been soldered to both sides of the tuner plate. Beryllium copper was selected
for its excellent combination of electrical conductivity, mechanical strength, and spring properties. The
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