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ABSTRACT

In the paper is described a control of inverter ltaw-voltage traction asynchronous
drive. In case such drive is important to take etcount inverter non-idealities: distortion of
inverter output pole voltages by dead times andtate voltage drops on switching elements
Paper deals with distortion by dead time and distorby on-state voltage drops. Analysis
and compensation methods of inverter non-ideal#tresdescribed in the article.

1 INTRODUCTION

The main requirement on electric drives in indegagrdraction is high efficiency of the
driving system. Independent traction often uses-Voltage level in DC link in the drive.
Typically 24 or 48 V nominal voltages of accumutatare used. Properties of low-voltage
system inverter — motor are described in the pagpeowledge of all spurious effects of this
system allows us to modify control algorithms targase the efficiency of the the driving
system. The basic researched effects are nontidsalif the inverter: output voltages by dead
times and distortion of inverter output voltages dny-state voltages drops at switching
elements. Dead times cause harmonic distortionwadrter pole output voltage and harmonic
distortion of motor voltage. The level of this didton depends on the ratio of dead time and
switching period of inverter. The impact of thesfieffect is independent on the voltage level
on an inverter and its compensation is simpler ttensecond one. Compensation of this
effect can be achieved in several ways. A hardwapport for compensation of dead time is
often implemented in DSP for inverter control. Thain attention is paid to the second effect,
which is more significant at low voltage levels amdportantly affects inverter output
voltages distortion, efficiency of the whole systanmd speed regularity. Harmonic distortion
by on-state voltage drops is the function of dufgtantaneous current size and current
polarity in each inverter pole. The smaller theerer DC link voltage the stronger the
distortion. The assumption is that the voltage drape typically about 2.5V at inverter
nominal currents. In inverters with nominal DC-linkltage is 400V and more (standard
inverter). The voltage drops usually achieve 1%haf voltage. At the other hand, in inverter
with low — level DC — link voltage (24V) voltageajrs are about 10% and it is necessary to
respect them. It can be compensated for them trgac@n of duty in each inverter pole. The
model for compensation uses state variables (pote, hhase currents) of the system and



parameters switching components (threshold voltagelsdynamic resistances of diodes and
switching transistors) In addition, switching compats parameters depend on temperature
and the compensation is difficult to carry out dkacThe article deals with the model of
inverter, which is used for compensation of preseérdffect in field oriented control of low
voltage asynchronous drive.

2 INVERTER NON-IDEALITIES

Many inverter models use ideal switching elemewith(zero switching times and zero
on-state voltage drops) and constant value of DVoltage. In some aplication while we
contol inverter is necessary to take into accoaat propertis of switching elements. One of
this case is low voltage traction drive. In thigpter are described impacts of these effects.

21 IMPACT OF DC-LINK RIPPLE

When we are considering inverter as system coettddly pulse signals as inputs and
pole output voltages are considered as outputsetiieltages depend on duty cycle in each
pole and also on DC-link voltage.

U, = (2d, -1)22

(1)

DC-link obviously consist DC voltage source andamjor with high capacitance. The
course of DC-link voltage depends on hardnessetturce a capacitance in DC link and on
instantaneous working state of the drive. Generdiliy voltage isn’'t constant, but contains
ripple. When we measure DC link voltage, it is plolesto make compensation of DC-link
voltage ripple effects. The simplest way of its gamsation is correction of duty cycle in

inverter poles.
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2.2 |IMPACT OF DEAD TIMESAND ON STATE VOLTAGE DROPSON
INVERTER OUTPUT VOLTAGES

Finite switching times of real semiconductor eletseim inverter cause necessity to
delay switch on of one transistor in pole behindtaving off the second one to protect DC-
link against short circuit. This delay is calledadetime. The configuration of one inverter
pole is shown on figure 1. Switching pattern inlthg dead time is shown on figure 2.
Distortion of pole voltage depends on ratio of déatk and switching period and on sign of
phase current. Distortion of pole voltage we capress as follow:

Aug, :UDC-l_I__—dE'Bgr(ig() (3.

It is evident, the higher switching frequency i®disthe distortion rate is higher. The
dead time size is used by dynamics parametersan$istors. However, distortion by dead
time is exactly given by DC-link voltage and ratb dead time and switching period, the
distortion by on-state voltage drops is functiondoty cycle, phase current amplitude and
sign of this current. Distortion of individual pele voltages by on-state voltage drops we can



express as follow:
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Diode and transistor characteristics are possl@pproximate as voltage source with
internal resistance and can be expressed:

Ur (t) =Ur + Ry [ic(t)

o (£) = Upo + Ry (1, () )

The distortion rate isn’t depends on DC-link vo&aand the DC-link voltage is smaller,
the distortion rate is higher.

In case of low voltage traction drive are thesedf more affected, then common
drives with DC-link voltage 400V and higher. Onasen is low inductance of drive and high
switching frequency is necessary for low phaseerus ripples. Next, the ratio of distortion
by on-state voltage drops is high in case of lowtage drive. Using modern control
microprocessors is possible to make some compensaltjorithms to eliminate these effects.

3 COMPENSATION METHODSOF INVERTER NON-IDEALITIES

Method for compensation of distortion by dead timest know sign of pole currents
which are measured, dead time size and switchiaguéncy which are constant or are
controlled by microprocessor. This method correitte computed duty cycles of the
modulator before application to the inverter. Thigable modification of the duty cycle is:

dk,corr = dk +¥_dsgr(lsk) (6)
Method for compensation of distortion by on-statdtage drops is more complicated
than method for compensation of distortion by diaws. This method must by know duty
cycle, amplitude and sign of pole currents and eizen-state voltage drops on each pole in
inverter. The voltage drops on inverter elemenésamputed by equation 4. Correction of
duty cycle in each pole is:

Au,
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k,corr
DC
After all correction is necessary to make limitatiof duty cycle values into maximal
allow values for PWM modulator.

4 LABORATORY WORKPLACE

Described algorithms was implemented and validated/orkplace with programmable
laboratory inverter. The whole view is in figure The workplace consists set of traction
accumulators inverter and load which can be chd?®kerdoad or low-voltage induction
machine and measuring instruments.

Programmable laboratory inverter contains controtiie with digital signal processor
DSP56F803, measuring board, seven channel drivodute and IGBT module



5 EXPERIMENTAL RESULT

To confirm of theoretical possibility is used lahtmry workplace, with RL-load.
Parameters of inverter elements used in this cosgtiem schemes are shown in table 1.
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Fig. 1: Wor kplace and Programmable Laboratory Inverter

Task done during experiment was following: generatof sine wave with given
magnitude and frequency to PWM module.

To Effective Dead Time 2 10s
Ui o Switch On-State Voltage 1.1V
R: Switch On-State Resistance 0.15Q
Ug.0 Diode On-State Voltage 0.82V
Ry Diode On-State Resistance 0.055Q

Tab. 1. Inverter parameters used in compensation schemes

There were compared impacts of particular compenrsatethods with uncompensated
state. There were measured output currents and tiighier harmonics contents. Table 2
contain signals attenuation of each harmonics,ifyual decibels. In second column are
signals attenuation of harmonic on turned off conga¢éion of voltage drops. Third, fourth,
fifth columns consists signals attenuation of hammmn turned on compensation, in this
order: Dead Time compensation, Voltage Drop comgigms and compensation of all
distortion.



Frequency of output current is 50 Hz and switcHmegiuency of power devices is 12

kHz.
Harmonics Signal Attenuation
1 -36.6 -35.7 -33.9 -33.2
2 -57.3 -61.7 -81.5 -74.8
3 -64.3 -66.3 -72.2 -68.5
5 -68.8 -68.2 -69.3 -65.0
7 -71.9 -73.6 -75.9 -78.7
9 -74.3 -73 -79.3 -81.8

Tab.2: Sgnal attenuation of harmonics

6 CONCLUSION

Paper deals with analysis of distortions outpuener pole voltages by dead time and
by on-state voltage drops on switching elementpalkeh of these effects is shown. Paper also
describes algorithm for compensation of these &ffec

It is shown in Table 2, that amplitude of first lmmic of output current is increasing
when compensation is turned on and attends to feigni signal attenuation of higher
harmonic. Compensation of inverter non-idealitiexrdases distortions of inverter output
current and increases efficiency of whole systeveriter — motor.

It is evident, that compensation of described é$fas important especially in low
voltage drives, where is necessary high invertetckimg frequency which causes significant
impact of dead time and low-voltage in DC-link casissignificant distortion by on state
voltage drops on switching elements. This is cdseaotion drives fed from batteries.
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