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SST-1 Update - Long Pulse Discharges With LHCD

In the recently completed campaign (XXIV) of the Steady-state Superconducting Tokamak-1 (SST1), held in April-2019, a
new milestone of the longest plasma discharge of ~650 millisecond was achieved. The plasma current was sustained non-
inductively and assisted by lower hybrid waves (LHWSs) launched from lower hybrid current drive (LHCD) system.

This achievement surpassed the earlier long pulse plasma shot of ~480 ms obtained in 2015, assisted by the LHCD system.
The two pulses are shown below for easy comparison and displays distinguished features which are discussed below.

As can be inferred from the figure, the LH coupling was obtained at higher plasma current (~75kA), compared to earlier cam-
paign (~25kA). As plasma density was also high in this campaign, it provided better edge plasma conditions for efficient cou-
pling of LHWs from the launcher to the plasma. Also, in the present campaign, the entire loop voltage could be utilized and
nearly zero loop voltage conditions were obtained in the shots which was not the case in earlier campaigns.

Earlier, (in 2015 campaign), the target plasma was formed with the help of Ohmic system and the electron cyclotron reso-
nance heating (ECRH) system (used for pre-ionization) simultaneously. To sustain the plasma current non-inductively, the
LH pulse of 150ms was injected, immediately after the ECRH pulse. It is worth noting that in the present campaign, a very
short pulse of ECRH could pre-ionize the plasma and later Ohmic power supported the formation of target plasma. Once a
good target plasma was formed, the LHCD pulse was injected after sufficient delay of 200ms.

These improved conditions provided encouraging results in the present campaign and will help in planning the next cam-
paign.
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(Top) The record long pulse discharge in SST1 for ~650msec, obtained in the 24th experimental campaign (Bottom) Earlier
long pulse discharge with LHCD in SST1 machine from a campaign in 2015



Inauguration of Vigyan Samagam

The Vigyan Samagam, India’s first mega science exhibition kicked off on 7th May, 2019 at the Nehru Science Center, Mum-
bai. The exhibition was inaugurated by Dr. Vijay Kumar Saraswat. Member, Niti Aayog. The exhibition was also thrown
open to public. On 7th and 8th May, speakers from all of the mega projects gave presentations. From IPR, Dr. Shashank
Charurvedi, Director, gave a talk on “India’s Plasma Science & Technology Program and Spin-offs”, Dr. Laban Coblentz,
Head, Communications, ITER, France, gave a talk on “The ITER Project: “the way” to new energy” and Shri Ujjwal Baruah,
Project Director, ITER-India gave a talk on “India’s participation in ITER — Technology challenges and Industry response”.
For LIGO India, Prof. S. Mukherjee gave a talk on “L/GO India - opportunities for the industry”.

This was followed by a Panel Discussion on “Leveraging collaboration for Indian science and industry”, which was moderat-
ed by Shri Arun Chakraborty of ITER India. The participants of this discussion were Dr. K., Balasubramanian (Director,
NFTDC, Hyderabad), Prof. Rajiv Dusane (P. K. Kelkar Chair Professor in Nanotechnology, IIT Bombay), and Mr. Rajkumar
Panjwani (President, Cryo Scientific Division, INOX India Pvt. Ltd).

This exhibition will be open to public at Mumbai till 7 July, 2019. IPR / ITER-India week at this exhibition will be from 20-26
May, 2019.
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(Top) Dr. V. K Saraswat inaugurating the Vigyan Samagam (Middle) Releasing the exhibition booklet (Bottom) ITER stall at the exhibition
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(L) Dr. Shashank Chaturvedi interacting with Dr. Anil Kakodkar, Dr. Laban Coblentz and Shri Vithal Nadkarni (R) ITER Stall
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Fire Service Week-2019 @ IPR

Fire Service Week is observed every year to enhance general public awareness about the necessity of minimizing losses
due to fire. 14" April is also observed as the “Martyrs Day” in homage to those brave firefighters who sacrificed their lives
while discharging their duties. The Ministry of Home Affairs, Govt. of India, had decided the theme of “Fire Prevention is bet-
ter than Fire Fighting” for this year. In view of this, IPR observed the “Fire Service Week” by conducting short briefing ses-
sion at various work areas on “how to prevent fire and how to operate fire extinguishers”. Furthermore, practical demonstra-
tion of operation of fire extinguishers was conducted for the workshop team members, employees, security personnel, guest
house staff, etc. The security personnel at ITER-India laboratory building were also shown the demonstration of fire hydrant
system.

ok ™=
(L) Demonstration of the fire fighting system for the security personnel (R) Demonstration of fire extinguishers by the employees



Visit of Students of ISRO’s “YUVIKA” Young Scientist Programme

The school students from the north and western regions of India, selected for ISRO’s "Young Scientist Programme™" "YUva
Vigyani KAryakram" visited IPR on 15 May 2019, in tune with the Government's vision "Jai Vigyan, Jai
Anusandhan". The program is aimed at creating awareness amongst the youngsters who are the future building blocks of our
Nation. ISRO has chalked out this programme to "Catch them young". Thirty three of the 128 students selected this year vis-
ited IPR as part of the programme.

Director IPR addressed the participants of the programme and gave a popular talk on IPR activities, with emphasis on socie-
tal applications of plasma. Outreach Division had also arranged interactive plasma experiments for the visiting students. The
students were also taken to see Aditya and SST-1 machines.

(Top) Director IPR giving his popular talk (Middle) Participants with Director IPR (Bottom) Participants at the technology Park
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MDSplus/WebScope for Experimental Data Analysis of SST-1 8

MDSplus is an open source data acquisition and analysis software library developed by MIT. It provides direct and uniform
access to different data types irrespective of their format, source and location. It stores data in a hierarchical tree format that
provides context for data, relationship between them and easy browsing of shot data.

To adapt MDSplus for SST-1's experimental data, MDSplus Python module along with MDSplus objects libraries are used.
For continuous data acquisition, the MDSplus datafile is being stored incrementally in a linked list of data segments. An index
of these data segments is maintained in such a way that retrieval of subsets of the data can be performed properly and effi-
ciently using start, end and optionally a delta time using provided libraries.

To access the SST-1 experimental data over the web, WebScope is configured, which is based on http protocol using Asyn-
chronous JavaScript and XML (AJAX) technology. Web based data access configuration has been implemented using avail-
able Python module via Web Server Gateway Interface (WSGI). Python interface and WSGI implementation allows the re-
quested experimental data access inside any modern browser with JavaScript API.
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Prevention of Liquid Nitrogen Fluid Losses of 80 K Distribution System of SST-1

In SST-1, sub-cooled LN2 fluid is used in various sub-systems of 80 K distribution for cooling to reduce the heat load. The
LN, returns from all 80 K applications via the phase separator to the sub-cooler vessel by gas and liquid separation process.
During past experimental campaigns of SST-1, frequent dripping of LN, was observed in the main vent line which was not
safe for persons working there and also was having cost implications due to wastage of LN,

Various in-house solutions were tested out, namely, problem analysis and heat load calculation, re-routing of return cryo
transfer lines to the phase separator, replacement of the phase separator supply valve, re-routing of the venturing piping and
dis-assembly and re-fabrication of the inner process pipe, vacuum barrier at 80 K efc.

In the present SST-1 campaign, no LN, fluid was seen to be dripping out from the vent line and the fluid consumption was
seen to have reduced from 1400 I/hr to 1000 L/hr, which resulted in cost saving. [Rajiv Sharma, SST-1 Cryogenic Division]

(L) Valve installation in LN, Phase Separator (R) Return LN2 from 80 K Applications




IPR @ Conferences ?

)

Dr. Sudhir Nema gave an invited talk entitled “Non-thermal atmospheric pressure plasma technologies for societal bene-
fits” at the 9th International Conference on Frontiers Of Plasma Physics And Technology (FPPT-9) 8-12 April 2019, Colombo
area, Sri Lanka. He also chaired a session at this conference. In the same conference, Mr. Amit Kr. Patel, Research Scholar
gave a poster presentation entitled “On the characteristics of argon plasma in a multi-pole line-cusp variable magnetic field”.
He received the “Best Poster” award for this presentation.

Visit of Dr. Banerjee to IPR

Dr. Srikumar Banerjee, Chancellor, Kashmir University and past Chairman, AEC and Secretary DAE, visited IPR on 6 May,
2019. He visited the SST-1 Tokamak and interacted with the scientists.
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Past Events @ IPR 10

¢ Dr. P. N. Maya, University of Greifswald, Germany, gave a talk on "Role of Fusion-Plasma Surface Interactions in Tokamaks:
Recent Results and Emerging Areas” on 30th April 2019

¢ Mr. Arun Pandey, Institute for Plasma Research, Gandhinagar, gave a talk on "Development of a permanent magnet based
helicon plasma source" on 1st May 2019

¢ Mr. Pravin Kumar Tiwari, Department of Physics, University of Allahabad, gave a talk on " Elemental analysis using spectral
emission from laser produced plasma" on 1st May 2019

¢ Mr. Abhishek Sinha, Institute for Plasma Research, Gandhinagar, gave a talk on " Assembly of Michelson Interferometer Di-
agnostics with Acquisition & Signal Processing of Calibration Data" on 2nd May 2019

¢ Dr. Arkaprava Das, Inter-University Accelerator Centre, New Delhi, gave a talk on "Phase transformation studies for CdO based thin
films and nano-composites" on 2nd May 2019

¢ Mr. Mayank Rajput, Institute for Plasma Research, Gandhinagar, gave a talk on " Study of transmutation, gas production and
displacement damage in iron, tungsten and chromium for D-T neutron irradiation" on 3rd May 2019

¢ Ms. Sneha Gupta, Institute for Plasma Research, Gandhinagar, gave a talk on " Plasma flow equilibria in 2D cylindrically sym-
metric expanding magnetic field" on 7th May 2019

¢ Mr. Amitkumar M. Patel, of IPR, Gandhinagar, gave a talk on "Development of PWM Rectifier" on 9th May 2019

¢ Mr. Yogesh Sharma, Banaras Hindu University, Varanasi, gave a talk on "Studies on Dispersion Characteristics of Electro-
magnetic Waves in Magnetized One Dimensional Ferrite Photonic Crystals" on 10th May 2019

Upcoming Events

¢ 14th International Conference on Numerical Modeling of Space Plasma Flows (ASTRONUM-2019), Paris, France, 1-5 July 2019
http://irfu.cea.fASTRONUM2019/

¢ 46th European Physical Society Conference on Plasma Physics (EPS2019), Milan, Italy, 8-12 July 2019 https://
www.epsplasma2019.eu/

¢ International Conference on Phenomena in lonized Gases (ICPIG 2019), Sapporo, Japan, 14-19 July 2019 hitp://
icpig2019.qe.eng.hokudai.ac.jp/

¢ ASME Pressure Vessels & Piping Conference (PVP 2019), San Antonio, United States, 14-19 July 2019 https://icg-eac.org/event/
asme-pressure-vessels-piping-conference-pvp-2019/

¢ International Conference on Research and Applications of Plasmas, Opole, Poland, 15-19 July 2019 hitp://
plasma2019.wmfi.uni.opole.pl/

Know Our Colleagues

Mr. Jatinkumar Patel joined IPR in 2003 as an Engineer — SD in the RF-Group. Before joining
IPR, he worked in the industry for 6 years in the field of process control and industrial automation
using PLC, AC drives and microcontroller based instruments design. At IPR, he was responsible
for Data Acquisition and Control system application development, installation, testing and finally
commissioning with the LHCD and ECRH systems in RF-Group. He was also involved in installa-
tion and commissioning of Gyrotron tubes in ECRH division, designing DAC systems using PLC,
VME and PXle hardware. Recently, PXle based DAC system for ECRH operation has been com-
missioned in ECRH. He has supervised graduate and post-graduate students at IPR for their ac-
ademic projects. Presently he is working as a Scientific Officer — F in the ECRH division. He is
responsible for ECRH Data acquisition and control systems, its hardware selection and applica-
tion software development as well as upgradation of the same as per future system require-
ments. His areas of interest includes artificial intelligence and machine learning applications in
fusion and control systems, remote handling, IOT and drone applications.

Mr Bharatkumar Arambhadiya joined IPR in April 2003 in the Aditya Vacuum Section, where
his main activities were development of Aditya Vacuum Control System, Vacuum Measurement &
Control Instrumentation, Gas Feed system and the Tokamak Discharge Cleaning. During 2009-
2014, he was deputed to ITER France, where, he successfully completed the Conceptual Design
Review & Preliminary Design Review of Instrumentation of ICH&CD system and also was involved
in the development of ICH&CD Control System Prototype. He joined Electronics & Instrumentation
Division after returning back to IPR. He has developed several systems such as the Aditya-U vacu-
um vessel Baking Control System, Automatic High Voltage Capacitor Bank Charging System, Out-
gassing Measurement Control system, SST-1 Pellet Injection Control System, Aditya-U Glow Dis-
charge Control System, Aditya-U temperature monitoring system, Aditya-U Ground Monitoring Cir-
cuit, Aditya Vacuum Vessel Control System, Precision micro volt measurement circuit, SMBI con-
trol circuit for Aditya-U. His current areas of work are System Automation using PLC/SCADA, Vac-
uum Control Systems, Baking & Heating Control, Electronic Circuits using FPGA and Arduino,
High Voltage Pulse Circuits.
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