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Abstract Desired regulated high voltage output is availatae

Regulated High Voltage Power Supply (RHVPS)q4 by selecting no. of switches which are made ON.
system has been developped at Institute for Plasrn@zntral controller decides a no. of switches amilaes
Research (IPR) for use with the Neutral Beam afd Routput.

applications. The highest ratings manufactured asoid The output voltage is expressed as:

80 kV, 130 A. The system is developed in houseasad N
being delivered at different research institutesviarious \/Ioad = Zvaj di (1)
applications. im1

Since it is a multi megawatt output power systeng a Where d; = 1; if switch Sis ON, otherwise 0.
the loads have very low fault energy tolerant, tfaul
protection system is mandatory. Protections areatoag Table 1: RHVPS Specifications
at each stage of coversion. Output fault protedsatone
in a variety of ways. Fast turn off at output ehigved g o
and test results are discussed.

Multi secondary transformers (5.6 MVA rating, w#b
outputs) are used in realising the power supplyeséh
special transformers need protection even for ouerent
at one secondary when the output fault currentds n
reflected to primaries to break the main circugdier. It
becomes difficult to bifurcate fault in such sifoas. Rise tim¢  ~5pS
Special technique is applied to sense it. Electroméans (Selectable up to 100 m Sec)
are used for fast detection and tripping the system

Parameter Value
Output 0-80kV, 130A

Regulation 1%

Ripple <1%

Duty Continuous

a|lbh|lw|N|F

: ; : 6 Turn off time < 2uS
This paper describes the basic RHVPS topology and
test results along with presentation on the inputl a 7 Fault energy <10J
output fault protection systems.
Main RHVPS output parameters are shown in Table 1.
RHVPS TOPOLOGY b

Requirement of turn OFF time and fault energy &sltaw
RHVPS topology is modular as shown in fig.1. Soarceand protection is to be designed in such a wayithease

of lower stage voltages (Va) are put in series @laith  of faults like break down in load (a short circuippower

free wheel diodes J~and switches Sto S These fast supply and load must be protected from damages.

switches are Insulated Gate Bipolar Transistor8{IS).
FAULT PROTECTION SYSTEM

N=No. of poier mod Protection at stage voltage level

40 secondaries of both multi secondary transforraess
connected to 80 rectifiers, which are represergat¥
stage voltages Va as shown in figure 1.

In case of

« short at input of one these rectifiers and

e no current is carried by other secondaries
main primary winding does not carry fault currenbrm
than its rating. A main circuit breaker does nqp &nd
particular secondary winding is damaged. To prdiech
this fault, a technique is applied as shown inriga.
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Figure 1:Basic scheme for RHVPS.



- In conditioning phase, frequent break downs make
RELAY; RHVPS output shorted. CT2 senses them, a fast
g comparator generates a fault signal and outputadem
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OFF. Turn OFF time, < 2 uSec, is achieved by chapsi
parts with low propagation delay in a path fromsieg
R2[]R3 fault to switching OFF fast IGBTSs.

In figure 4, RHVPS output (CH1) is made OFF in case
of breakdown (CH3).
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Figure 2: Current sensing at transformer input

A current transformer CT1, senses current sigraial 2
with burden resistors R1, R2, R3 and relay. CT1 Rad
are located at transformer primary which is at ¥1 khis
CT is properly isolated from mains power. R1 helpb
not to saturate in case of open connection betvémrk
1 and block 2. Block 3 is a control to take action
tripping the mains transformer. Relay is made ONemw 'TEHEISS;;BMP
output of RHVPS is desired and all secondaries are oy ;

. oo CHT 500my b 50.0ms CHZ 7 52.0m
applying power. Value of parallel combination R2idR3 CHE B0y 3 Sep—07 1824 A
is so designed that signal sensed by block 3 besome
suitable to trip the RHVPS only when there is aartbad Figure 4: RHVPS output made zero at break down.
at final output.

Now, in case of short at one of the rectifier aral nFigure 5 is a view of RHVPS and multi secondary
output is taken from RHVPS (no load condition)asels  transformers.
not made ON. R2 only, which is much higher in value
than R3, is sensing signal in this situation. Tiygpda is,
in turn, at higher value and sent to block 3 tp thie main
transformer. Thus, a minimal current is sensed and
shorted single secondary winding is saved.
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