
This is a typical 3-phase inverter as described by Ranit 
Sengupta in this video which is inspired from this IEEE 
paper, Design and Implementation of Three-Level 
Space Vector PWM IP Core for FPGAs. The reference 
voltages are set to 230 V rms at a 50-Hz frequency. 
The inverter’s switching frequency is 30 kHz and the 
dc rail is 800 V. A 100-ns deadtime is inserted 
between the complimentary switches, S1-S3 and S2-S4.

This left-side schematic is an open-loop version of an 
inverter (there is no control of power) where the 
phase currents are not monitored. Three ac sources 
impose the modulating waveforms to the circuit.

Reference voltages
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https://www.youtube.com/watch?v=xolGGtl8PvQ
https://ieeexplore.ieee.org/document/4371544
https://ieeexplore.ieee.org/document/4371544


This is the modulation section with a 30-kHz 0.5-V 
triangular carrier authorizing 100% duty ratios.



The choice of a 1200-V SPICE model was 
critical to ensure good convergence and 
short simulation times.
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Gain to convert a 
time value of Tsw  to 
1 V (100% dc)



Magnitude and 
angle extraction

In which sector does the 
reference vector lies?

Slopes calculation for 
synthesizing the 
timings ta, tb and tc.



Angle relocation in sector I

Time table 
calculation for ta, 
tb and tc 
depending on the 
active sub-
triangle 1-4 or 
region.
In this circuit, Tref 
is the 20-ms of 
the input 
reference voltage 
(50 Hz).

All calculations are done in sector 1, sub-triangles 1 to 4. 
Depending where the reference vector lies, the angle is always 
brought back into sector 1 by adding or subtracting n x 60°
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Selection of ta, tb and tc sent 
to the timing generator



These are the generators providing 
the switching states for forming the 
above pattern in sub-triangle 2 for 
example.
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PPT from Ranit Sengupta

I noticed that the 
switching pattern 
adopted by Ranit 
Sengupta is half of 
the duration 
described in the 
paper, keeping 
identical switching 
sequences though. 
I did not 
investigate the 
reason and effects 
further.

https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqbVpXc3R4WjhmY1RIZ21TUGdlVU91RlRxcVlOUXxBQ3Jtc0tseWY2NjJtMV9XZFRHZG0yaVItbWZ4dEJ4XzJBakw4Q0lQVTMxZ2pxNlpnZlAtTmdwQV83V0ZJdTN2Rno2RHh2akxiMlUyeHNEWGJRQXN5VkdPdHBKRGNzZ09pMlI3V0plZlpWc1VUOWRzLWJKRXdtYw&q=https%3A%2F%2Fdocs.google.com%2Fpresentation%2Fd%2F1EpOj6dxcCsucVj6Dxc8mOp6OiaeED-KK%2Fedit%3Fusp%3Dshare_link%26ouid%3D105435102740774518087%26rtpof%3Dtrue%26sd%3Dtrue&v=xolGGtl8PvQ
https://ieeexplore.ieee.org/document/4371544


These sources generate the voltages sent 
to the pulse-width modulator to actually 
determine each power switch duration for 
phase a (G1/2-a), phase b (G1/2-b) and 
phase c (G1/2-c).

Switch S3 is complementary to S1 with 
some deadtime, while S4 is complementary 
to S2, also with added deadtime.

vga1(t)

vga2(t)

Typical 
switching 

signals



Simulation results for Vdc = 800 V, Vref = 230 V rms, Fsw = 30 kHz

THD = 0.112%
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These are the zoomed-in waveforms obtained for sector I and region/sub-triangle 2. They 
match what the diagram shows in the video and the paper. 
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This is the closed-loop version 
of the inverter where the 
input voltages and currents 
are monitored for regulation 
purposes. You choose the 
level of injected power in 
watts and the amount of 
reactive power you want, with 
polarity management 
(capacitive or inductive 
impedance). In this example, 
the circuit injects 20 kW with -
8 kVARs of reactive power 
from a 400-V dc rail.

ac grid



These calculations are necessary to verify that the 
programmed power levels in W or VARs with LTspice, match 
what is expected.

Sinusoidal signals





Currents and power reconstruction after the dq 
transform.



John Schönberger, Space Vector Control of a Three-Phase Rectifier using PLECS®, PLEXIM 2013

*
.PARAM Fline=50 ; network frequency
.PARAM Tref={1/Fline}
.PARAM Vgrms=110 ; per phase line-neutral voltage
.PARAM Vdc=400 ; dc rail value
*
.PARAM Vgpeak={Vgrms*sqrt(2)}
.PARAM Vamp={Vgpeak*2}
*
.PARAM PWinj=20k ; injected power in watts
.PARAM PQinj=-8k  ; wanted VARs
.PARAM RL={(Vgrms**2/PWinj)*3} ; equivalent load resistance per phase
.PARAM Ri=0.1 ; current sense value per phase
.PARAM KVin=0.1 ; voltage sense per phase
.PARAM Fsw=30k ; switching frequency
.PARAM Tsw={1/Fsw}
.PARAM DT={150n}
*
.PARAM w={2*pi*Fline}
.PARAM L=500u
.PARAM t1=5m
.PARAM theta=t1*Fline*2*pi ; angle in radians
.PARAM Va={Vgpeak*sin(theta)} ; phase a voltage at time t1
.PARAM Vb={Vgpeak*sin(theta-2*pi/3)} ; phase b voltage at time t1
.PARAM Vc={Vgpeak*sin(theta-4*pi/3)} ; ; phase c voltage at time t1
.PARAM ia={Va/RL} ; current at time t1 in phase a
.PARAM ib={Vb/RL} ; current at time t1 in phase b
.PARAM ic={Vc/RL} ; current at time t1 in phase c
*
.PARAM vd={sqrt(2/3)*(sin(theta)*Va+sin(theta-2*pi/3)*Vb+sin(theta+2*pi/3)*Vc)}
.PARAM vq={sqrt(2/3)*(cos(theta)*Va+cos(theta-2*pi/3)*Vb+cos(theta+2*pi/3)*Vc)}
.PARAM id={sqrt(2/3)*(sin(theta)*ia+sin(theta-2*pi/3)*ib+sin(theta+2*pi/3)*ic)}
.PARAM iq={sqrt(2/3)*(cos(theta)*ia+cos(theta-2*pi/3)*ib+cos(theta+2*pi/3)*ic)}
*
.PARAM IdSET={(PWinj-id*vq)*Ri/vd} ; calculated setpoint [V] for the d value
.PARAM IqSET={(id*vq-PQinj)*Ri/vd} ; calculated current setpoint [V] for the q value
*

V and I scaling

Scaling

Scaling

This is the control section for the closed-loop operation of this inverter as 
a PFC. Both d and q are decoupled with the L term. Scaling is important 
to limit the sensed signals on the current and voltage sides.

https://www.plexim.com/sites/default/files/plecs_svm.pdf


Vin = 110 V, P = 20 kW, Q = -8 kVARs, Vdc = 400 V, L = 500 µH, Fsw = 30 kHz

6.67 x 3 = 20.01 kW

A negative average power from the 
ac source implies power absorption.



Vin = 230 V, P = 20 kW, Q = -8 kVARs, Vdc = 800 V, L = 1 mH, Fsw = 30 kHz

A negative average power from the 
ac source implies power absorption.



Vin = 230 V, P = 20 kW, Q = -8 kVARs, Vdc = 800 V, L = 1 mH, Fsw = 30 kHz



This is an inverter in which you 
program the power in watts, 
positive (absorption) or 
negative (injection). You can 
also decide what impedance 
you offer, inductive or 
capacitive, by programming 
positive or negative VARs.

You set P and Q

dc source
battery



Vdc = 400 V, Vac = 110 V rms, P = 20 kW, Q = 0

Voltage and current are in phase, this is a resistive power absorption
Phase current



Vdc = 400 V, Vac = 110 V rms, P = -20 kW, Q = -10 kVARs

Voltage and current are in phase reversal with some shift, this is power injection. Pavg = 6.68k x 3 =20 kW, Irms = 67.81 A
S = 110 x 67.81 x 3 = 22.38 kVAs → Q = sqrt(22.38k²-20k²) =10.03 kVARs 



This is a 400-V 110-
V rms PFC 
delivering 30 kW of 
of power and the 
Q in VARs can be 
adjusted via the 
macro to offer an 
inductive or 
capacitive 
impedance.

You set Q



The output power is 30 kW, Q = 0, Vin = 110 V rms. The THD is below 2%. 

Between HB and Vdc/2

Between HB phases and a-b

Between HB phase a and N



Between HB and Vdc/2

Between HB phases and a-b

Between HB phase a and N

The output power is 30 kW, Q = 0, Vin = 230 V rms. The THD is 3%. 



This is a closed-loop 
PFC with an 800-V dc 
link voltage. The power 
is stepped from 15 to 
30 kW. The simulation 
time is long and the 
raw data file did 
amount to 20 Go : )



Transient response, Vin = 230 V rms, Vdc = 800 V, P from 15 to 30 kW in 10 µs.
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