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Abstract - This paper deals with a three-phase voltage
source boost inverter, supplied from a DC source, driving a
squirrel cage induction motor. The main characteristic of this
topology is that the AC output voltage is increased and
inverted in a single stage. The RMS output voltage can be
greater than DC input voltage in opposite to classical
inverters where output voltage is always lower. Variable
speed was implemented using V/f constant technique. Theory
and experimental results from a laboratory prototype are
presented.

Il - INVERTER DESCRIPTION

This structure proposes to increase and invert input
voltage in one single stage. This principle has been
discussed in [1] and [2] using Cuk converter. It is achieved
by connecting three bi-directional boost converter each of
them operating 120 phased, load is differentially
connected, as shown in Figure 2.

The basic converter is composed of two power
switches S1 and S2, two diodes D1 and D2, boost inductor
L1, filter capacitor C1 and input source Vin. All the three
converters generate the same DC offset, always higher than

When it is desired to feed an induction motorinput voltage, then it is modulated by a voltage reference.
under variable speed from a bank of batteries (inpuEach converter operates individually producing a biased
voltage lower than motor voltage), two stages of powesinusoidal voltage.
processing are used, as shown in Fig. 1.

Depending on power and output voltage involved, in
spite of its simplicity, this solution has some disadvantages
as a high number of components, cost, volume and low
efficiency.

| - INTRODUCTION

This paper proposes a new voltage source inverter
with objective of reducing those problems and generates a
sinusoidal AC output voltage with variable level and
frequency.
The new structure has the following advantages if
compared to traditional arrangement:
¢ Voltage is increased and inverted simultaneously in
the same power stage;
¢ High quality sinusoidal output;
¢ Bi-directional energy flow;
¢ Current mode input;
¢ Lower number of power switches;
¢ Independent phase voltage;
¢ Lower volume and cost;
¢ Unique control strategy.
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Fig. 2 - Simplified schematics of proposed solution.
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Fig.3 - Equivalent model.

Converter operation is very simple and it is presented on
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Fig. 1 — Simplified diagram of current solution. - _

Fig 4 - S1 ON, S2 OFF



., and S2 complementarily. Switching frequency is variable.
Ly at =Vin-RallL1 @) Entire controller was designed using commercial
operational amplifier and comparators.
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dt = 3MRo 15[R,
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When S1 is closed current flows through boost inductor
L1. Energy is stored at inductor L1. At this time load is}]
supplied by capacitor C1 and voltage V1 decreasesSH
Current increases through S1 if current IL1 is positive or~
decreases through D1 if it is negative. If it is positive,

current IL1 increases; other else it decreases.
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c B9|V1 _ |L1+V2+V3 . vi ) The state space modelling of the equivalent circuit
1 3Ro 15[R, with state variable IL1 and V1 gives:
Where:
g E_&i 210 ovip 0 Vin O
¢ IL1 — Current through inductor L1; 50\1;15: 0 {-1 Iil o L%B %ﬁlgﬂm E‘VZIT}VS S
¢ V- Voltage across Cl; faB B mmod EaH Bromd
¢ Vin - Input source; ' ° °
¢ Ra - Series resistance of L1;
¢ Ro - Y connected load; V'=AV +Bd +C (5)
¢ C1 - Output filter capacitor;
¢+ V2 - Output voltage of converter 2 (phase 320 Sliding mode controller can be obtained applying
¢ V3 - Output voltage of converter 3 (phase 120 the procedures already shown in [3]. It results:
At the time that S2 is closed, energy stored in inducto1 , . 3[K2 [V2+V3
L1 is transferred to capacitor C1. Current flows through S211 in-vref- Ram‘mf)+2[o:1mog Tvref RODLref%O ©)
if current IL1 is positive or through D2 if it is negative. If
it is positive, capacitor C1 is charged and voltage V1,, K2 24V3
increases; other else capacitor C1 is discharged and voltage ffvin - RallLref ) + 15ClRo & 2 —Vr9f§>0 (7)

V1 decreases.

Where ILref and Vref are references of IL1 and V1.
Design procedure consists on finding values to K1, K2,

L1 and C1 that ensure that these inequalities are always

For_ purpose of optmlz!ng the inverter dy_nam|cs, W.h'letrue to any operation condition. Values calculated to
ensuring correct operation on any working condition, onverter 1 are the same to converter 2 and 3
sliding mode control was chosen due to its robustness to '

parameters variations, fast response to load changes and
simple implementation.

Control operation is simple. Output voltage V1 and -
inductor current IL1 are measured and compared to i:%: laboratory prototype was built in order to test the

Il — CONTROL STRATEGY

IV - EXPERIMENTAL RESULTS

respective reference, error signals are multiplied b esign procedure The prototype had the following

constant gains K1 and K2. Adding them generates a slidi ra\r/net_ergf:j v
curve. This signal passes through a comparator (H) with ¢ Vin= !

histeresys & which output drives the power switches S1 ¢ Vo = 115 VAC@60Hz;
¢ Fo =15 to 60 Hz;



Inverter behaviour can be observed on Figures 7 and 8
when operating with no load. Output voltages V1, V2 and
V3 and current though inductor L1 are shown. Output

+ L1 = 800pH;
¢ C1 = 40pF;
¢ K1=0.15;

¢ K2 =0.025;
+5=0.3V;

¢ fs = 15kHz to 35 kHz;

¢ Vlref = 300 + 8/8bISin(wt);

¢ V2ref = 300 + 8/8bSin(wt+120);

¢ V3ref = 300 + 8/&bSin(wt-120).

Reference voltage levels are proportional to desire
output frequency. So the induction motor is controllec
using a constant v/f technique.

Voltage V1, V2 and V3 are directly measured on
respective filter capacitor and currents through inductor
L1, L2 and L3 are measured using hall sensors. Filte
capacitors must have the smallest series impedance a

current sensor must be the most reliable as possible. Hiq“ ¥

quality measurements are very important to keep syste
stability. S1 to S6 are 600V 40A ultra-fast IGBT with soft

voltages are all DC biased as expected.
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recovery diodes.

No soft switching technique was
implemented. All measurements were taken using a

commercial 1.5 HP three-phase induction motor.
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Fig.7 — Voltages V1, V2, V3 and current IL1 @ 15 Hz.
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Fig.8 — Voltages V1, V2, V3 and current IL1 @ 60 Hz.

V1,v2,v3 —-100 V/div IL1 -5 A/div 20ms/div

Fig.9 — Voltages V1,V2,V3 and current IL1 @ 15 Hz.
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Fig.10 — Voltages V1, V2, V3 and current IL1 @ 60 Hz.

Figures 9 and 10 shows inverter operating with nhominal
load. Output voltages V1, V2, V3 and current through
inductor L1 can be observed at two operation frequencies.
When operating at 15 Hz inverter is supplying % of
nominal power, full power is only achieved at 60 Hz. This
is the most critical operation point where are more reactive
flow and higher output power. Switches and diodes
specifications must be defined at this point.
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Fig.11 — Line voltages @ 15 Hz. Fig.14 — Current on motor phase @ 60 Hz.

VYAV VAYAVAVATA
YT

| Y \x} \Xj \KX \f
VAV VIVINNAVAVAVATA

100 V/div  5ms/div 100 V/div 4ms/div

Fig.12 — Line voltages @ 60 Hz. Fig.15 — Voltage across switch S1.

Figures 7 and 8 show line differential voltages V12, V23
and V31 when the inverter is operating at 15 Hz and 60 Hz
with nominal load. There is a very low harmonic content

anld no DC level applied to motor windings. Vi+Vv2 —v3
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Fig.16 — Voltages V1,V2, V3 and current IL1 (start up).

IS1,IS2 5 A/div_4ms/div Figure 13 shows currents trough switches S1 and S2 at
60 Hz and nominal load. Figure 14 shows motor winding
Fig.13 — Current through switches S1 and S2 @ 60 Hz. current when operating at 60 Hz. Figure 15 shows voltage



across switch S1; this voltage level is the same to all other
switches and diodes. Finally, Figure 16 shows output
voltages V1, V2, V3 and current through boost inductor L1

during start up process.

V - CONCLUSIONS

The topology presented on this paper differs from any
other solution applied to motor driving. It represents a gain
of efficiency, reliability, robustness and a reduction of size
and weight.

Sliding mode controller had an excellent
performance providing an effective way to obtain high
quality sinusoidal output with high immunity to load
variations. It has as disadvantage a variable switching
frequency.

Proper operation was verified by 1 kVA operational
prototype and it was successfully tested in the laboratory.

Finally, further works should study motor behaviour
under complex control techniques and compare it with
commercial products.
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