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Abstract — This paper presents the development of Insulatee Gdlashover voltage (Vmax < VFO). This means thatthees

Bipolar Transistor (IGBT) based High Voltage (HV)vr supply
for Electro Static Precipitator (ESP) Applicatiowith the fast
switching power semiconductor devices like IGBT raus to
develop inverter based high voltage power supply ESP
application. Compared to conventional Silicon Colierh Rectifier

(SCR) based technology the average corona powerearckeased
to improve the precipitator efficiency. In this @ééspment, Digital
Signal Processor (DSP-TMS320F2810) has been uged®\i¢M

generation, protection, HMI interface and controigogithm

implementation for ESP operation. The developedesyss tested
on the existing 50 Hz High Voltage Rectifier (HVR)iuwith ESP
load. The testing is performed at various frequesicanging from
50Hz to 500 Hz for no-load, load and short-ciraondition. It is
observed that the average DC voltage has increagbdraguency
and at the same time de-rating of the transformsepbserved.
During flashovers the fast current control of IGBdwer inverters
improves the precipitator performance due to fadtage recovery
resulting in further increase in corona power.

Key Words:
Precipitator, Digital Signal Processor, High Vobkadrectifier
Transformer, Pulse Width Modulation, Inverter, Madi Frequency
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1. INTRODUCTION

The most common power supplies for the ESP ntiyre
feed by standard single-phase line-commutated dtoyri
based HV power supplies, which are not able to igeothe
optimal waveforms of the high voltage and curremppy.
The circuit diagram of line commutated Thyristorwes
supply is shown in Fig 1. The voltage rip@lg (AV = Vmax
- Vmin) of the precipitator voltage depends on ¢hectrical
capacitance and resistance of the precipitatorctwinésult

from the process conditions and from the mechani

dimensions. In addition, it is governed by the powepply
frequency, which unfortunately, is determined bg thains
voltage and can't be varied. It can be seen thatripple in
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Fig. 1. Thyristor based HV power supply system for ESP [1]

the voltage is quite high in Thyristor based powapplies
which is around 30% of the peak. Since flashovers
precipitators usually occur close to the peak vabfiethe
precipitator voltage, Vmax is

Insulated Gate Bipolar Transistor, Electrostatinﬁgﬂg"

limited by the Voleag

ripple increases, the maximum permissible voltagel, a
therefore, the average corona discharge power aeeseas
does the performance of the precipitator. The astfid also
point to the high flashover current even after tiodtage is
removed as shown in Fig 2. In spite of these drakdathe
main reason for using this topology is its simplicity of
operation and lower investment cost. Due to thee lin
frequency operation the control delay is in tt@ ms range
(50 Hz). Further, upon the detection of a spark, Thyristor
will switch off only after the switch current cease
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Apart from the Thyristor based HV power supply syss,
three other concepts are discussed in the literatutGBT
based high frequency system (hard switched), IGR$etd
resonant converter based system (soft switched)pafzkd
wer supplies [2]. A typical IGBT based power dypp

stem is shown in Fig 3[3].
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Fig. 3. Typical IGBT based HV power supply system

This paper presents the development of IGBT bassdium
frequency power supply system.
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2. IGBT BASED HV POWER SUPPLY SYSTEM

IGBT based HV power supply system has three major

components/subsystem viz. (i) 3Ph diode bridgéfieg DC
link Capacitor and 1Ph IGBT inverter (ii) High vafie
rectifier unit (Step-up transformer and high vo#tadiode
bridge rectifier) and (iii) DSP Controller with kegd and
display unit (HMI).

By using a 3-phase bridge rectifier,
loading of the mains can be achieved. The lineeniralso
improves from the point of power quality compared &
Thyristor based power supply system. . Initiallg gystem is

ii.
a balance
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Fig. 5.1s Control implementation in IGBT system

Intermittent charging: The ESP system is not energised
continuously because of back corona problem, so
intermittent charging is preferred to avoid thideef.
This control in implemented by selecting the charge
ratio. Fig 6. shows the output voltage for a chagg® of

energized with pre-charge circuit contactor and thkifts to 1:5.

main contactor to avoid inrush currents to chahgeDC link. I

The output of the diode bridge rectifier is filtdrey a filter < rant at [\ (\ [\ (\ [\ (\
capacitor bank. The filtered DC voltage is fedhe inverter. <.R. 1:1

The inverter is operated with PWM switching techuggto

obtain a 1-phase variable voltage and variable ukaqy

ranging from 50 Hz to 500 Hz. The 1l-phase outputhef Rectifier

inverter is stepped up by the transformer of theRHnit and g”;ﬁ”; o

converted to DC using a high voltage 1-phase dimidge
rectifier. The DC output of high voltage rectifisrconnected
to positive and negative plates of ESP. The emstygem is

Rectifier

controlled by Texas instrument DSP TMS320F2810 dascyrent at
controller. The schematic of the developed systershown CR.1:3

in Fig 4.
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n Current at
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— Fig. 6. Intermittent and base charge Control
DSP Corrllr and 2 Pone
ot iii. Base Charging: This is similar to intermittent charging
but the amount of energisation is less in magnitude

Fig. 4.Block diagram of the developed IGBT based HV
power supply system

3. CONTROL TECHNIQUES IMPLEMENTED IN IGBT v
BASED HV POWER SUPPY SYSTEM ’

The following controls were implemented or the @ien of
ESP system.

Is Control: To vary the ESP load current, the value will
be selected based on the quality of the coal used f
combustion. This control is achieved by varying the
Modulation Index (M.1) of the inverter (shown ing=5.)
with the pot mounted on the front panel of the dgved
system at different frequencies ranging from 56Q6Hz.

order to maintain minimum ionization. This is actdd
by firing the inverter with a less and fixed Ml r@gular
intervals of time based on the base charging ratigig
6. base charge is also shown.

S&T Control: This control is required to control the
spark rate that eventually controls the performasfabe
collecting efficiency. This control is implementda/
sensing the ESP load currents and also based timgset
of S-control and T-control. Suppose, if a spark has
occurred, then the ESP load current (lesp) at that
particular instant will be sensed and reduced $p*@ -
(S-control*l(rated)/100)] and the same will be ramped
up to next spark in T-control time (Proportional the
time and increment of lesp will remain same). The B
control implementation is shown in Fig 7.



“ICESP XIllI, September 2013, Bangalore, India”

Spark =4 STEF(S)
Is TIME(T)
T/
=} Tirme(rms) = 5 ] ___________E‘:___________;___________'___________j_‘
Fig. 7. S & T Control implementation 0 ' ' " '
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These control techniques were implemented in theP DS _ mA]
controller. The control software was written in @od Fig. 9. Response of 50Hz supply system [4].
Composer Studio IDE for the operation of IGBT bastd . . _ _ _
power Supp]y for Electrostatic Precipitator_ The simulation studies were carried out using
MATLAB/Simulink tool. The Simulink model of IGBT
CONTROL HARDWARE: based HV power supply is shown in Fig. 10. The pseg

The control hardware consists of a) DSP (TMS320B281development is simulated fay dontrol with HVR parameters
controller b) ESP interface Card, c) LCD & keypatkelface similar to test setup. The PI controller is usedtfacking the
card d) LCD & Keypad (HMI) unit and e) Is settingtpThe current in the ESP and the inverter is set to gaae83VPWM
user settings are set through LCD & keypad unigséh (3 harmonic injection) wave and is switched at 6 Kide

parameters are communicated to DSP controller bialse different frequencies ranging from 50 Hz to 500Hz.
communication, the controller inturn process the

requirements and generates the firing pulses ferirkerter

operation. The sensed signals (voltage and currard)

conditioned through ESP interface card. The inte&xfa ="

between DSP and HMI system is shown in Fig. 8. IGBT Imrter Elecuostasti

3 Ph Diode bridge rectifier! HVR Unit Precipitator
= al—
LCDKEYPAD Interface - "
Controller J A _J
Parallel interface oo 2
Lap =) \; e
TMS320F2810 Microcentroller
I3Y
?:dﬁ" Parallel interface
interface
Keypad Interface LCD interface

Parallel l Parallel interface l

Controller

16 Kev, Kevypad

Display Fig. 10.Simulink model of IGBT based HV power supply

Fig. 8.Interface between DSP and Keypad/Display unuit . . . . .
The simulation results are given in Fig. 11 — 1BeTplots

4. SIMULATION RESULTS contains § Reference and actual current, inverter output

voltage and current, DC link voltage, ESP actual average

In order to study the performance of the system ‘ﬁad voltage and current waveforms respectivelypnithe

simulation, a suitable model for ESP load needsbéo plots, for the 50 Hz supply, the system respongears to be
; ' . . . stable and the control is well established. Theaeturrises
implemented. The ESP is a highly non-linear systan

; gy g X radually and appears to follow the reference curr&or
shown by-i characteristics [4] of Fig. 9. A simpler model o 00Hz supply system, actual current is not follayithe
an ESP is assumed to be a parallel combination of

; ) réference current because of the increase in inmpedaf the
Resistance and a Capacitance [4]. The electrodeersys /R system and hence, the rating of the power suppl

provides the capacitance and the Corona compopesi®e  system is reduced. It is also observed that rifpliecreased
the resistance. The corona current is influencedth®y gng ESP average output voltage is increased. Témomee
properties of the flue gas. This is the model us®dour for spark condition is also simulated and founds&attory
studies, the values for the RO and CO are decidesedon (created at 0.8 sec). The intermittent energisatibrthe
field experience. The mean load current is 1000 mMhAe system is done for a charge ratio of 1:6 and theesa shown
values used for simulation are in Fig. 13

RO = 60 K2,

C0=120nF
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5. EXPERIMENTAL/TEST RESULTS

—— , The developed IGBT system (shown in Fig 14.) is
mm“mﬂmmmm' designed for output voltage of 95kVp. This system i

i ; . | integrated with the existing HVR (52 k), 600mA) and
~navanranansann AV WV ESp joad setup of BHEL test bed at Ranipet.

Fig. 14.Developed IGBT power supply system (front & back
view)

The following tests are conducted on the develoli28T
based HV power supply system.

i. No load Test with variation in M.l and switching
frequency at various frequencies ranging from 50 to
500Hz.

o P ALE < __ 8 . Load test (connected to ESP load setup) with
- : Dot variation in M.l at various frequencies rangingnfro
50 to 500Hz.

iii. Short circuit Test with HVR secondary terminals
shorted with variation in M.l at various frequerie
ranging from 50 to 500Hz.

Thewaveforms of the above tests are shown in Fig1¥5-

The no-load and short circuit test results areltbd in table
1 and 2 respectively.

Fig. 13 Intermittent energisation of the system.
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Table 1: No-Load Test Results
50Hz Output 500Hz Output
M1 V DCayq iN % of rated V DCayq iN % of rated
' (HVR Secondary) (HVR Secondary)
0.15 2115 28.85
P I—— : 02 3269 3846
i = o i i 03 46.15 55.77
- ML (O d 1) Hh, JLULDLL H 1\ 1\ ﬂ 0.4 65.38 75.00
I T B 1 [[M‘HJM 1] =553 9531
i 0.5 ’ )
06 92.31 109.62
\«{f;}«f’\4$\ﬂ: I Audaiitem et e b s
Wow oW W Wi W W LW W Les W wEr b o 0.65 100.00 115.38
g O WA Feg B SOTIR freq (O 2K Freo OB M

Table 2: Short circuit Test Results

, 50Hz Output 500Hz Output
e I DCaygiN % of rated I DCavgiN % of rated
Ik M.I (HVR Secondary) (HVR Secondary)
0.16 36.67 3.33
02 51.67 5.00
0.28 83.33 9.17
98.33 11.67
AT 0.36
AAARAARARA
NN \;”’ \/ \/\/\/‘ / 0.48 16.67
m-;x"f*’;i;':;m IR HE B '5"5'5” R 056 1699
’ & ’W R — - i M A 1 0.64 21.67
Fig. 16.SC waveform @ fs = 6kHz, for F=50 & 500Hz. 0.68 23.33

6. CONCLUSION

The developed IGBT based HV power supply system is
tested for loaded, no-load and short circuit caoodg. It is
observed that with increase in frequency the ouipliage of
HVR contains fewer ripples compared to thyristorsdzh
power supply. Hence, average voltage is 15% hiffre500
Hz system. This will benefit ESP for low dust résity
application like Soda Recovery Boilers / Biomags.short
circuit condition, the HVR secondary current hasrdased
with increase in fundamental frequency from 50 HZ00
Hz for the same M.l. With the increase in M.l (fillimary
rated voltage) under 500 Hz operation, the secgncarent
has increased. This concludes that the deratinibeoystem

2 . we| IS happened with increase in frequency. Due toebegpark
Fig. 17.Intermittent charging waveform with a charge ratio quenching (because of DSP & forced commutated ddikie
of 1:3. IGBT), there is an increase in average corona paowech
leads to better dust collecting efficiency.

i e
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