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Abstract

A uniform zero crossing magnetic field in a magee
be achieved by using bipolar power converter wibrf
guadrant operation. A high current bipolar switchel@
power converter (rated +27 . £7V flat top, £300A,

and g, for the negative portion of the load curreng, L
and R, represent the inductance and resistance of magnet
(load). In a typical voltage source converter, dperation
principle is same as dc/dc buck converter. For sitive
magnet current, switcheg 8nd $ are closed to deliver

100ppm) has been designed and developed indiggnouBPWwer to load for a period of Ton. After the periafdT,,,

at VECC Kolkata. Four quadrants operation

ighe upper switch Sis open for a period of of, while the

accomplished by using power IGBTs in an H-bridgéower switch $ remains closed. When, $ opened for

configuration with switching frequency around 20zkH
The switch-mode power converter is used becaubghbf
dynamic response, low output ripple, high efficigmand

Tofr, the magnet current freewheels through switchr®l
diode By. For negative magnet current switchgsaB8d S
and diode D are operated in a symmetrically opposite

low input current harmonics. In this paper, circuithanner.

topology, function of system components and keyesys
specifications of high current bipolar switch mqataver
converter is discussed.

INTRODUCTION

For the correction magnets, bipolar power supplie

(BPSs) are required to produce either polarity agnetic
fields. This power supply is equipped with a pasdiigh
frequency filter to reduce the ripple componentsutput
current. Danfysik make DCCT (model-866S) senses t
output current and provides a feedback signal BTGia
PWM controller for the regulation. The current sdacer
which has high precision and low drift (1 ppm) i®ds

CIRCUIT DISCRIPTION AND
OPERATION PRINCIPLE

This is to point out that for ac operation thereais
additional mode of operation. For positive di/dt,is
operated in same manner as dc operation explaimada
In order to increase the magnet current, the ON toh
upper switch §and g is longer than the OFF time (i.e.
'gon>Toff). For negative di/dt (in order to decrease magnet
current), the OFF time of the upper switch is miran
ON time (i.e. T#>Ton). It is point out that even with
100% off time (i.e. gcompletely OFF with SON), the

fpagnet current does not decay fast enough to follev

reference signal due to large time constant ofnthgnet.
Therefore, it is necessary to introduce another enod
operation by opening switch, ;). The stored energy of
the magnet return the source via diodg ahd Dy,
resulting the faster decay of magnet current.

Note that in this ac operation only upper switGh(S)
is controlled according to the PWM signal untieth

Figure 1 shows the schematic diagram of poweépagnet current no longer keeps tracking the reéeren

supply. The H Bridge is constructed of four IGBTsignal while lower switch £S;) remains ON, and only
switches § S, S and . DC voltage of around 40V is lower switch $(S;) is controlled while upper switch
derived from three phase transformer followed bl fuSi(Ss) remains OFF. Hence, only one switch is controlled
bridge rectifier and LC filters. A set of IGBTs vkimg as  at the time of ac operation.

switches in H-bridge configuration is employed for

regulation. $ and S, is used for one direction of load

current (say positive current), and other set afches,
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Figure 1: Schematic of Bipolar Magnet Power Supply.



PWM REGULATI ON SCH EME Figure 4 shows Stab|l|ty of power Supply for ~ ddbhs

o o with a sudden power dip in between.

The simplified regulator circuit used to generate\@
signals is shows in fig.2. In order to regulate thagnet CURRENT STABILITY CHART
current, the ramp comparison method and Pl coefroll  ssee | | (8V~ 300A)
are used. The magnet current information is fedk liac
an error amplifier input via a current measurinyide
(DCCT) as a feed-back signak)! Analogue reference
signal, Ve, is set from -10V to +10V corresponding to
magnet current -300A to +300A linearly with smoatro
crossing. A polarity signal, which determines a eét
switches to be controlled, is derived from errgnsil by
using a comparator. This PWM signal combined wlith t
polarity signal using an AND gate to determine \hhic
switch, § or S, is to be controlled. A logic low signal, 5989000 ‘ ‘ ‘ ‘ ‘ :
which selects switches &nd $ is obtained for a positive I T <
value. Similarly, a logic high signal, which sekect . . .
switches $and S, is obtained for negative value. The Figure 4: Current Stability Chart.
regulation is achieved by pulse-width modulatiok\({?)
method. Two dual packages Insulated Gate Bipolar
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Transistors (IGBTs) are used as switching deviaestd CONCLUSION
their ruggedness and simple drive requirement. In this paper a current controlled PWM bipolar powe
Different D ‘ @ supply for a magnet load has been presented. Aepte
Interlocks : : analogue PWM controller is designed and power suppl
operation could be tested at rated current witlistige
it ) ‘ st load. It is planned to replace analogue PWM comvert
¥ ; 2 ] with DSP based PWM converter and power supply will

be with actual magnet load shortly.
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Figure 3: Measured wave form of power supply.



