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Comparison of SVPWM and SPWM
Techniques for Back to Back Converters in
PSCAD
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Abstract—This article presents the simulation and
comparison between the space vector pulse width modulation
and sinusoidal pulse width modulation techniques for back to
back converters with a decoupling control strategy,
PSCAD/EMTDC for simulation purpose is used. Also, a study
of steady state and transient performance characteristics of the
system is carried out for both techniques. The simulation
results show that the transient response is similar for both
schemes, and the SVPWM technique has the advantage less
harmonic content, which it is useful in applications that require
a low harmonic level for avoiding overheats and malfunction in
sensitive systems.

Index Terms—Power electronics, PSCAD simulator, PWM
technique.

1. INTRODUCTION

OWER converters are increasingly important in many

applications areas; in the electric utility for example
many devices based on power electronics are used since
finer and ever more intelligent controls are needed to
improve the electrical grid performance in different voltage
levels [1-2]. They are essential for applications in emerging
generating systems derived on renewable resources. It must
ensure a robustness performance when are applied in
isolated operation or when are connected with the
conventional grid [3]. Their use is increasing in the industry
for machines regulation. Furthermore, consumer market
applications such as remote generating systems and quality
energy applications result in a growing topic for analysis
and improvement [4]. Electrical power generation with wind
and solar as source of power may be considered of the most
promising renewable energy sources, but the control
schemes are an important issue [5-6]. There are extensive
frameworks of various types of electrical machines and
controls algorithms that have been developed for wind
generator applications as are presented in [7-9]. Among the
schemes of wind energy conversion systems (WECS), the
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induction machine and permanent magnet synchronous
machine are seen as promising elements for energy
conversion. In all cases back to back (BTB) arrangement
based on power electronics is required to take advantage of
the benefits [9-11]. BTB converter is formed by two
identical voltage source converters (VSC) connected by a
common dc-link. This topology presents several advantages
in terms of power processing and allows bidirectional power
flow with quasi-sinusoidal currents. The load can be active,
passive or even another network, in such case achieve a
unity power factor is possible if it is required. The dc-link in
the middle provides decoupling between both converters; as
a result, they could be driven independently. Therefore, it is
possible to have a fast and independent control of active and
reactive power for both converters and improve the system
operation [12]. To attain simultaneously these benefits is
important to explore control strategies, which allow
obtaining the desired regulation.

These devices have as their main component a voltage
source converter, which uses pulse width modulation
(PWM) for controlling purposes. The switching elements
are power semiconductors that operate at high frequencies.
There are several techniques for controlling semiconductors'
converter; each one has its own advantages and
disadvantages. The sinusoidal PWM (SPWM) is matured
technology. In this method a triangular wave is compared to
a sinusoidal wave. The space vector PWM (SVPWM) has
been increasingly used in last decade. This modulation,
instead of using a separate modulator for each of the three
phases, the complex reference voltage vector is processed as
a whole. An aptitude for easy digital implementation is the
notable feature of space vector modulation, which can be
easily implemented in digital signal processor (DSP) [13].
Moreover, suitable control scheme is necessary to deal with
different operating conditions and uncertainties in the
network due to the parameters or load variations.

This article presents the performance comparison of a
back to back converter connected to a stand-alone load,
where the SPWM and SVPWM techniques are applied. The
two schemes characteristics and the implemented
methodology in PSCAD are presented. The simulation
results show some differences in the behavior of both
techniques. The system under study is a back to back
converter and is subject to different operating conditions and
load variations. This work addresses two main issues: a)
first, it presents a detail implementation procedure of PWM
techniques in industrial software and; b) it realizes a
behavior comparison for the analysis system.
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II. AC-DC-AC CONVERTER MODEL systems it is usual that the control block includes a scheme

The back to back converter shown in Fig. 1 is formed for regulating the AC frequency and voltage. Therefore, in
by two shared VSC with a common DC bus. Both this article we are controlling the AC voltage and frequency
converters can operate as a rectifier or inverter depending on ~ values; also DC link voltage regulation is required. The
the power flow direction and the operation is VSC2 must keep constant AC frequency and voltage values
complementary. The source side converter is designated as for different load variables. In this converter the control
VSC1 and the converter connected to the load side as VSC2. ~ Problem is to determine the reference signal in th? PWM
This topology presents several advantages in terms of power control scheme to. allqw th? load Yoltage tracking the
processing and allows bidirectional power flow with quasi- ~ reference. The carrier signal is fixed in 5 KHz for 60 Hz
sinusoidal currents. load. Hence, the needed measurement is the three-phase

The control objectives which are set for the BTB voltage at the connection point. For control purpose a dq0

operation depend on the application, for example: 1) AC conversion is employed and its expression is the following,

voltage; 2) AC frequency; 3) active power; 4) reactive

power; and 5) DC voltage regulation. Two control tasks are  Vago = T Vabe 3)
assigned to each VSC and how they allocate can be
arbitrary. Fig. 1 shows the BTB converter control structure. where T is the transformation matrix.

A. Source side converter control

The source side converter objective is to keep the dc-link sin (wr) sin(a)t—z—”) sin( ot +2_”)
voltage constant. The vector control method is used with a

reference frame oriented along vector position, enabling
independent control of the active and reactive power
flowing between the source and the converter [14]. The

T= % cos(wt) cos((ut - 2—”) cos (a)t + 2—”)
3 3 3

1 1 1
PWM signals are obtained by current regulated scheme, Py 5 5
with d-axis current used to manipulate the dc-link voltage - - 4)
and the g-axis current component to regulate the reactive
power. The reference values for the grid-side converter V' 1y The angular velocity is acquired by phase lock loop

and V', are established with a PI controller, respectively. (PLL) strategy and the error signal employed for obtaining
The equations (1) and (2) show the development control the PWM reference signal takes the form,
scheme [15-16].

* ' . t _ Vd_ref Vd
Vi =_Vm+(sz|llq+Vm> (1) e(t) = , - 1%
q_re q
Q)
Vlz = _qu - (a)eLlild) 2

Defining the reference voltages, there are two separate
axes 90 electrical degrees. d-axis is in phase with the
reference vector, whereas g-axis is delayed 90 degrees
respect to voltage, similarly, into a d-g component the
current is decomposed. Therefore, v, =300V and
Vy_re~0V. For obtaining the PWM reference signal in dg
frame a PI controller is included, after that, an inverse
B. Load side converter control transform is applied from dg to abc. To obtain a PWM

The control targets can be choice and drivers depending  signal for VSC2 control a comparison between both
on the application. For example, in distributed generation techniques SPWM and SVPWM is carried out.

where V1, and V', are reference voltage for the d-axis and
g-axis, respectively; . is the AC frequency in the grid; L;
is the inductance of source side; i, and ij, are currents of
the d-axis and g-axis; V7, is voltage the source in the dq0
frame.

B =-P, ‘a
1 2 > iy L, R,
I + i L, R
vsCl1 Co o= Ve, vscz ——M"" amA—
- L, L R,
,T\ Back to Back lT\ Load =
PWM PWM
N
Ve ref
oy v
Fig. 1. Back to back converter schematic diagram.
ISBN: 978-988-19252-3-7 WCECS 2013

ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)



III. PROGRAMMING PWM TECHNIQUES IN PSCAD

A. SPWM implementation

Within the programming environment, the SPWM
technique is developed using some blocks that have already
been designed in master library. The configuration of each
block is based on the mathematical model. In Fig. 2 the
triangular wave (carrier) is compared with each phase
sinusoidal voltage, where the output variables represent the
pulses to switching the power electronic elements. The
carrier signal operates at 5 KHz and is compared with the
modulated signals at 60 Hz [16].
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Fig. 2. SPWM pulse generator scheme in PSCAD.

B. SVPWM implementation

The SVPWM technique in PSCAD/EMTDC is carried
out by five user-defined sub-systems, (A)-(E). These are
shown in Fig. 3. In sub-system (A): at first the magnitude
(Vmag) and phase angle (Theta) are determined from the
reference three-phase voltage. To find out the sector, the
range of calculated angle value must be between 0 and 27.
The equations (6) and (7) are programming in this block.

Ve =|vile™ (6)
TS

. (7N
6, = tan™' (st)

Sa

where V" is the magnitude and 6, is the phase angle; (B):
this sub-system is designed to calculate the turn-on time of
two adjacent active vectors and the zero state vectors; sub-
system (C): the transition time of active and zero vectors are
calculated; (D): in this block the duty cycles generation
procedure is established; finally, sub-system (E): the
switching pulses for power electronic devices are generated.
The technique was taken from [17].
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Fig. 3. SVPWM technique in PSCAD.

IV. SIMULATION RESULTS

In order to verify the control scheme applicability for the
back to back converter the PSCAD software is used. To
analyze the results two cases are presented. Case A and B
are described below. The system data are: the voltage source
is 380 V operating at 60 Hz and the load to 25KW, 300 V.

A. Case 1

In this case, initially the system is inactive; all variables
have a value equal to zero, after a transient period they are
stabilized around of a constant value at steady state.
Through the feedback control strategy the DC voltage
achieves, Vpcrr = 700V. Fig. 4 shows the DC voltage
performances when the SPWM and SVPWM control
strategies are applied. These techniques implemented by
software determine the sequence and duration of the time on
and off the switches. One can see that the steady state and
transient responses have similar characteristics for both
algorithms. The control strategy also allows regulating the
power factor, which must remain closed to one, thus the
reactive power is equal to zero. Fig. 5 exhibits that the
source side converter is operating at unity power factor,
since the reactive power tracks the reference zero for both
modulation strategies.

The control of the load side converter regulates the AC
voltage and frequency. Fig. 6 presents the voltage
performance in phase A, for both algorithms. The
modulation techniques show a fast evolution, allowing that
the converters are operated properly and the interest
variables reach the desired steady state value with fast
transient response.
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Fig. 4. DC bus voltage evolution.
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Fig. 5. Reactive power output in the source side converter.
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Fig. 6. Phase voltage output in load side converter.

B.Case 2

The second case illustrates the system’s evolution when
the load is increasing from 15 to 25 KW, at # = 0.5 s. One
can see that the transient period is short and quickly
response is exhibited before the steady state condition is
achieved. The load voltage attains the reference value at
300V, before and after the load changed, Fig. 7. By
increasing the load value, the current takes a new value and
it is established around 90A, Fig. 8. It is clear that the
transient response is similar for both schemes and the
settling time is same for two cases. The modulation
techniques display very well performance allowing that the
converters operate properly and the interest variables reach

the desired steady state value.
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Fig. 7. Load voltage when the load is increased.

The waveform distortion according to FFT analysis in

Fig. 9 is exhibited. Using the SVPWM scheme the harmonic
current components of phase A is less that with the SPWM
technique. In general, drive systems with low harmonic
content are better than that with high content. The two cases
validate the appropriate system evolution under
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perturbations. The simulations of back to back structure
under different operating conditions demonstrate the
effectiveness and robustness of PWM techniques. Transient
and steady state response were analyzed.
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Fig. 8. Load current when the load is increased.
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Fig. 9.FFT analysis of phase current A: a) SPWM; b) SVPWM.

V.CONCLUSIONS

This article developed the simulation and comparison of
space vector pulse width modulation and sinusoidal pulse
width modulation for back to back converters with a
decoupling control strategy in PSCAD/EMTDC. Both
steady state and transient system performance are presented.
The simulation results show the control scheme
effectiveness. The SPWM is simpler to implement than
SVPWM in the software. Very similar results are presented
with both control algorithms. However, the most obvious
difference is displayed in the harmonic current content. The
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SVPWM has advantage of less harmonic content with this
scheme has a value of 3.66%, whereas 6.05% with SPWM,
it is useful principally to avoid malfunction of sensitive
equipment by harmonic excess, as well as, problems of
transformers and wiring overheating.
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