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Speed Control of IDDB and SVPWM Controlled
PMSM Motor in Fuel Cell Based Electrical
Vehicle

J.S.V.Siva Kumar, P.Mallikarjuna Rao

Abstract: The prominence of Fuel Cell Electric Vehicles (FCEV)
has been soaring in technologies being implemented in electric
automobiles due to their main advantages of eco-friendly nature,
bountiful efficiency and extreme reliability .In this paper we deal
with thesimulation of electric vehiclesthat arefuel cell based. The
voltage at the output stack of fuel cell isconsiderably low, henceit
is increased by rendering IDDB converter with closed loop
control. This type of boost converter with closed loop control is
also utilized to priorate the converter output voltage consistent
regardless of the pressure levelsin the fuel cell. The output of the
boost converter iscoupled to theinverter for developing AC to run
PMSM. Gating signals are produced to the inverter by the use of
Space Vector PWM technique and the inverter output is supplied
to the PMSM drive by means of an LC filter in order to diminish
theripplesin theinverter output . In thiswork, in order to achieve
better performance above induction motors such as higher speed,
torque efficiency PMSM drive has been proposed . Theresultsare
verified by simulation techniques using MATLAB/Simulink.

Keywords : Fuel cell systems, IDDB converter, SVPWM,
Inverter, PMSM, Electric vehicles

. INTRODUCTION

Nowadays pollution is increasing because of fossil fuels
which are used in most of the automobile industries. Hence it
isrequired for development of ecofriendly electrical vehicles.
Past few years, the fuel cell technology is expected to turninto
an aluring source of power for automobile applications dueto
their eco-friendly nature, reduced noise pollution, bountiful
efficiency and reliability. Accessibility to an innumerable fuel
cellsis available for utilization in electric vehicles but in the
case of electric vehicles priority is given to the PEMFC
because of their more-power density along with operating
temperatures at lower levelsin comparison to remaining types
of FC systems[1]-[2]. Power developed at output being in the
limits of limited watts to some more kilowatts and the open
circuit becomes the hurdle in the case of PEMFC.
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The range of voltage for the single cell isfrom 0.8V to 1.2V.
For getting high operating voltages & power a number of
likewise cells have been arranged and connected together in
theformsof cascade, parallel and series connection. Although
the fuel cell system’s output voltage is often low in
Henceforth, interfacing the Fuel Cells and the DC/DC
converter isadvantageous for the voltage boost of the fuel cell
and to adjust the DC-link voltage [3].

Inthe EVs, essentia requisites for an electrical drive include
lessweight, smaller size, bountiful of efficiency and low cost.
Present days IM s utilized for EVs.But these days PMSM
drive can bring about higher performance in comparison to
induction motors such as higher speed, larger

torque and greater efficiency. The main pitfall of PMSM
drive isthe torque ripples. So in case we use PMSM drivein
EV applications it won’t give any convincing operation.
Therefore, in case of PMSM drive those ripples are to be
minimized and vast speed range variation is needed. This
could be attained through proper tuning of Pl controller [4]
aong with the sequences of switching of inverter gate that are
under the control of Space Vector Pulse Width Modulation
(SVPWM) [5]-[8].

[I. PLANNED STRUCTURE

Below figure(Figl) depictsthe block diagram for fuel cell
converter-based EV .It consists of a Fuel cell, DC-DC Boost

SN

MODULATOR CONTROLLER

Figl.Block diagram for Fuel cell based electrical
vehicle
Converter, SVPWM controlled VSl and PMSM. A single
cell’s O.C voltage is in the range from 0.8V to 1.2V. For
getting the high operating voltage and power; number of
aforesaid cells are arranged and connected forming cascade,
parallel & series connection.
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Generally, the range of operating voltages of fuel cell
arrangement which is at ones disposal in the market is from
26V to 60V.In the present paper, 60V DC voltage is fed into
boost converter for stepping up the voltage up to 360v DC.
For getting the DC controlled output voltage, a IDDB
converter of closed loop is opted, and the PI controller is
utilized as a controller for the feedback circuit. This DC
output voltage of 360V is connected to the inverter to get AC
voltage.To minimize the ripple count, this output AC voltage
isfed into the PMSM through an LC filter. An error signal is
generated by setting the speed of a PMSM drive as feedback
and contrasting this speed with the reference speed. The
gating signals of an inverter are produced by utilizing
SVPWM technique.

I11.MODELING OF PEM FUEL CELL SYSTEM

A device which converts the chemical energy directly into
electricity is called a fuel cell. There are diverse fuel cells
which are at hand for utilizationin EVs. But for EVs, PEMFC
is the priority because of high power density with
temperatures of operation at lower levels in contrast to
remaining categories of FC systems. The illustrative diagram
of PEMFC isdepicted in fig.2
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Fig2. Basic PEMFC Figure
In case of PEM fuel cell the start of electrochemical process
will be at the anode. The liberation of H, molecules at anode
from flow plate channels where the breakdown of hydrogen
into H" and € is performed by anode catalyst. Here through
membranesH* passes and € travel to cathode straight up the
external electrical circuit. At the cathode hydrogen protons H*
and electrons € react with oxygen O and by treatment of
catalyst leadsto formation of water H O along with liberation
of heat. illustrated reactions can be depl cted using equations:

Anode side H, — 2H* + 2e~ 1)
Cathode side 20,+2H* +2e” = H,0 (2
Overall reaction : H. + f 0., —H.0 (3)

The output stake voltage Vc is defined to be the function of
reactant partial pressures, fuel cell current, membrane
humidity and fuel cell temperature. The potential difference
between cathode and anode is calculated by the use of Ohms
law and Nernst’s equation

VFC_NO[E0+—(In r)] BInCH-R, .1 4

int
I:>H 20

The association among the partial pressure inside the channel
and molar flow of any gas via the valve can be given as
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q K
- K, (5)
PHz M H, z

K
qHzO — an — KHZO (6)
PHzo M H,0
Where

Q42 : Molar flow of hydrogen (Kmol/s)

OH2o : Molar flow of water (Kmol/s)

Py, : Partia pressure of Hydrogen (atm)

Phoo : Partial pressure of Water (atm)

Po, : Partial pressure of Oxygen (atm)

Kh2 - Molar constant of Hydrogen valve (Kmol/(atm.s))
Kh2o: Molar constant of Water valve Kmol/(atm.s))

Kan : Molar constant of Anode valve Kmol/(atm.s))

My, : Hydrogen Molar mass (Kg/Kmol)

Muso : Water Molar mass of (Kg/Kmol)

Where Ky, =4.22%10° K100 =2.11%10°°.

The hydrogen molar flow depends on three factors. They are
output hydrogen flow, input flow of hydrogen and hydrogen
flow whilst the reaction. The inter-relationship amongst these
factors can be written as

d R-r in oul r
ot Br) =, (@, —g%*—qf,) )

out -

Where qi}: is hydrogen input flow (kmol/s) is, Ay,

output flow of hydrogen (kmol/s), qHZ

(kmol/s).

Considering the basic electro-chemical equations, the
association among molar flow of hydrogen that is reacted and
fuel cell’s current is depicted by

O, = =2K I, ®

is hydrogen flow

2F

Where K,=Ny/4F is constant
(kmol/(s.A))(1.0883*10™).

Substitute equation (5) and (8) in (7) and implementing
Laplace transform, the hydrogen’s partial pressure can be
depicted as

modeling

d RT , ., ou
E(PH2)=V—(Q qHzt 2K, 1) ©)
(as, —2K, 1)
b _ K (10)
He 1+7,,S

In the same way, partial pressure of oxygen, partial pressure
of water can be expressed asin (11) and (12)

1 in

Kf(Qo2 lec)
P, =% (11)
o2 1+75,S

(2K, 1) )

P —_"HO 12
H20 1+7,6S
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Where time constant of Hydrogen( “+-),time constant of

oxygen (2'02 ),time constant of water ( “H=°) are 3.37,
18.418, 6.74 respectively.

IV. FUEL CELL SUPPLIED IDDB CONVERTER

Therefore, a converter of high power is required for increase
of the FC’s voltage profile for the high power applications
such as EV, that can handle the high currents and high
voltages at input and output respectively [8]. The efficient
way for handling this problem is to interleave conventional
boost converter. This paper takes through atopology which is
proposed with an aim of producing a gain of larger voltage
in contrast with the conventional boost converter, the
Interspersed Double Dual Boost [9].This topology was
selected amongst remaining which aso having more
properties of gain due to the scope of phase interspersing
which allows converter to ascend to applications of high
power.
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Fig3.Fuel cell supplied IDDB Converter Circuit

Diagram
The IDDB converter with two number of phasesis shownin
Fig. 3, where the load is represented by v. Each one of both
the phases of the converter is made of one the input voltage
and resistor Ro, inductor and it’s respective couple of
switches, for eg., phase-l consists of inductor(L;) and
switches D4, Tiand Dy, To. Here Phase-1 and capacitor(C,)are
given by “module-1,” whilst phase-2 and capacitor (C, ) in
this case are given by “module 2.”

R,
—MA— JYYY\. \'g,

_L Vin
T

R,
_AVW_JYYY\.

13

J‘S‘z CJ-I—- 2

Fig4. Circuit Diagram of Two-phase IDDB
The parasitic resistances of the inductor and the switches are
represented by resistors R1 & R2.This sort of converter in
which every switch is made to implement with a diode and a
transistor will allow bidirectional flow of power, as usualy
required for interfacing with the energy storage devices such
as ultra-capacitors and batteries.
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The voltage output v, (i.e., the voltage across the load R o) is
given by Vo= U1+ Va- Ui (13)

The converter’s input current (i.e., the current that is being
delivered by source v;, )can be given by

iinz i1+ iZ' io
where io= Vo/Ro is the converter’s output current.
The dual phase IDDB converter with optimal switches is
being shown in Fig.4.At present the state vector x represents
the duty cycle ( 4i) of the switch (Si) can be written as
(henceforth, the average values of the variables are
represented by capital |etters)
Xoph=[l1 Vi 12 V,]' (15)

Here, the system have only one input, defined as
=[Vinl. (16)

The above said IDDB is for two phase, It can be extended
for N-phase based on the high power requirements. In this paper
al design considerations are done for N- phase and values of
the components are shown in below table For showing the
model’s application for the need of control designing, a
dual-phase IDDB converter, that has been shown in Fig. 5, is
taken into consideration. The parameters of the converter have
been givenin Tablel.

(14

Table 1 Parameter values

Vin I nput 60V
voltage

R Series 0.15Q
Resistance

L Inductance 535 puH

C Capacitance 470 pF

R, Load 59 Q
Resistance

fow Switching 10kHz
Frequency

) Duty cycle  0.73

Ve Capacitor 217.9v
Equilibrium
Voltage

leq Inductor 7.86A
Equilibrium
Current

Inreal, higher values of duty cycle are unwanted with the reason
that the current ishigh and efficiency islow and henceforth, the
duty cycleisrestricted to avalue 0.85.

For computing the converter’s small-signal model, nominal
equilibrium point is to be defined.

Ves (1)

+O

a(t) i(f)

v (/)

lref (L) Gils) Gus) Gs)

G, (s)

Current
Controller

Voltage
Controller

Fig5. control loop for DC-DC converter
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Voltage controller and Current controller values in the
closed loop can be determined by using small signal model.
This closed loop control of IDDB gives output voltage with
high gain, input current and output current can be controlled.
The advantages of this converter is number of phases of the
converter can be increased based on the requirements.

V. SYVPWM CONTROLLED VSI

Representational diagram of a three-leg VSl isiillustrated in
Fig6. Six switches are there in the inverter. Where the upper
switches are S1, S3 and S5 whilst lower switches are S2, $4
and S6. Switching network generate eight possible switching
combinations as shown in Fig7.0ut of these, six topologies
getting a voltage output nonzero are called as the non-zero
switching states and the other two topologies getting zero
voltage output can be defined as zero switching states.
Gating signals are provided by SVPWM technique. Variety
of switching combinations generate three-phase output
voltage waveforms.

+*
A

LOAD

Fig6. Three-Phase VVoltage Sourceinverter

For generating gating pulses for inverter various PWM
techniques have been evolved. The Tota Harmonic
Distortion (THD) of output voltage and the load currents are
controlled by these PWM techniques. Sinusoidal PWM
(SPWM) technique is the most known PWM technique for
inverter. But in case of SPWM, it is a hurdle to change
sinusoidal waveform’s sampling for the digital applications.
Because of this reason, for inverter applications, technique
like space vector PWM (SVPWM) is now-a-days exhibiting
popularity.

Three-Phase VSl Switching positions are presented in
fig7.
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Fig7.Switching states of Three-Phase Voltage Sour ce
inverter

There are 8(2%) possible states in the two-level inverter.
Except (000) and (111) which are zero state vectors other all
are active state vectors. Therefore, Space vector diagramis
divided into six

sectors.(sector-A,B,C,D,E,F) in the two-level inverter which
isshownin fig8.
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Fig8.Sector representation of Space vector

Whilst the implementation of the SVPWM for the
two-level inverters, subsequent steps are to be taken into
consideration:

o |dentification of the sector,

e Calculation of the switching times, T1, T2, TO

¢ Finding of the switching states
Voltage vector and angle for a three-phase can be expressed
as.

2 et _iiE
Vier = Vg +"Fq =§(vau +vb|:|e13 + Vene s ]
B
—_ -1
8 = tan {Vd) (17)

Where the three phase voltages are V 4, Vyn and V¢, and at an
angular speed of w = 2.m.f, V¢ rotates.

a) ldentification of the sector:
According to # , sectors can be determined as
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Table2: Sector deter mination

Angle (8) S\i"gg‘;e
0" = 8 = 60° Sector A
60 <@ = 120° Sector B
120% = 8 = 180° Sector C
180° < 8 < 240° Sector D
240% = 8 = 300° Sector E
300° < @ < 360° Sector F

b) Calculation of the switching times:

By the use of couple of active voltage vectors and single
zero voltage vector, Vref is caculated. Vref is
symphonized by V1, V2 and VO if Vref is situated in
Sector A. Accordingly by using this method of approach
T1, T2 and TO can be computed as follows:

VE . (®
T, = 3 Vs T sin(Z-8) (18)
V3 ., . w
T, —E'Irrﬁ-.l';.sm(;) (19
L =T.-T,-T, (20)

IF switching times T1, T2 and TO for every sector can be
theorized, they can be computed by;

VE T, o, . K k-1
T, = Fm._?lrpf-.sm(ﬂ -8+
3 - L .
Thiy _E"r?‘f' - .SI.I:I(E" -
a) Finding Switching Conditions:
The switching conditionsfor Sector A areillustrated in Fig 9.

r) (21)

-1

: n) (22)

E

-

Tk Tol2

:

T To | Tha

1
Fig9. Sector A Switching states

Table3: switching statesfor two level inverter

Sectors Switching states

Sector A Vo,V1,V2,V7,V7,V2,V1,Vo
Sector B Vo,V3,V2,V7,V7,V2,V3,Vo
Sector C Vo,V3,V4,V7,V7,V4,V3, Vo
Sector D Vo,V5,Va,V7,V7,V4,V5 Vo
Sector E Vo,V5,Ve,V7,V7,V6,V5,Vo
Sector F Vo,V1,Ve,V7,V7,V6,V1,Vo

The SVPWM technique generated switching control signals
has applied to the inverter. SVPWM inverter is used when
compared to the conventional SPWM inverter, as it provides
15% increment in low harmonic distortions in output and DC
link utilization.
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VI. CONTROL APPROACH OF PMSM DRIVE

The permanent magnet synchronous motor control system
includes two main components namely the control circuit and
the main drive circuit. The topology of main drive circuit will
be basicaly left unchanged, whilst the control system study
concentrates on the control circuit and control approaches.
The v/f strategy control of PMSM drive is depicted in figl0.

Fig10. Control Diagram of PMSM drive

Angular speed feedback

Speed | ‘e Torque
_.®_. =\
controller controller
Speed - -
Tequest li | Flux
controller

Mechanical
lﬂ, sensor

[J [,, abe
dy +—afp «—ahe

Error signal is generated by taking the feedback as speed of
PMSM drive and then contrasting this particular speed with
the reference speed. Signals are originated by taking this
particular error signal as Pl controller’s input and by the
appropriate tuning of voltage of PI controller. These voltage
signals are useful for signal formation in SVPWM.

VIlI. SIMULATION MODEL OF PROPOSED

SYSTEM &RESULTS

Figll Simulink M odel of Electric Vehicle
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Fig 16 Three phase output voltage of inverter
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VIIlI. CONCLUSION

In this paper the briefing of the simulation of the Fuel cell
based Electric Vehicle. Mathematical analysis of Fuel cell is
done, the closed loop control design for this converter has
been illustrated for two-phase IDDB. From the above it is
obvious that the number of phases and the power handling
capability of the converter are in direct proportion to each
other. Hence, the upgrading of converter can be performed
with a greater number of phases based on the load
requirements. And the pulses of the Inverter is obtained by
using SVPWM, PMSM s controlled by closed loop and the
control isdoneto achieve reduction in the difficulty of model.
Simulation results in MATLAB/Simulink were equipped for
backing the theoretical analysis.

REFERENCES

1. S.R.Chaitany,].S.V.SivaKumar,M.Rambabu “Fuel Cell Supplied
SVPWM Controlled Inverter Fed PMSM Drive in an Electrical Vehicle”
International Journal of Engineering Research & Technology, Vol. 3
Issue 9, September- 2014

2. Maria Teresa Outeiro and Adriano Carvalho “Methodology of
Designing Power Converters for FuelCell Based Systems”
http://dx.doi.org/10.5772/54674, April 2013

3. JSV.Siva Kumar, P.Mallikarjuna Rao, “Design and Simulation of
Front End Converter For Fuel Cell Based Electric Vehicle
Applications”, IEEE International Conference on
Power,Control,Signalsand Instrumentation Engineering(ICPCSI-0070),
Saveetha Engineering College,

Published By:
Blue Eyes Intelligence Engineering

Exploring INNoOvation



I nternational Journal of Engineering and Advanced Technology (1JEAT)
e, O Joot 0 I SSN: 2249-8958 (Online), Volume-8 | ssue-6, August 2019

Chennai, September 2017

4. JSV.Siva Kumar, P.Mallikarjuna Rao, “Design and Simulation of
DC-DC Converter For Fuel Cell Based Electric Vehicle With Closed
loop operation”, Springer International Conference on Soft Computing
in Data  Analytics(SCDA  2018), Sivani Engineering
College Andhrapradesh,10th - 11th March 2018.

5. J.S.V.SivaKumar, Potunuru Venkata Sateesh, “Design and Simulation
Of A Current Fed Full Bridge Voltage Doubler Converter With High
Voltage Gain For Fud Cell Based Electric Vehicle”, Journal of
Advanced Research in Dynamical and Control Systems, Vol. No.x,
Issue No.16, pp 110-121, November 2017

6. Permanent Magnet Synchronous and Brushless DC Motor Drives by
R.Krishnan,1% edition, CRC press, September 2009

7. A. A. Salam, A. Mohamed, and M. A. Hannan, “Modeling and
Simulation of a PEM Fuel Cell System Under Various Temperature
Conditions,” 2nd WSEAS/IASME International Conference on
RENEWABLE ENERGY SOURCES (RES08)
Corfu, Greece, October 26-28, 2008pp. 204209, 2008.

8. FdlipeS. Garcia, José Antenor Pomilio, Giorgio Spiazzi,” Modeling and
Control Design of the InterleavedDouble Dual Boost Converter,” IEEE
TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL. 60, NO.
8, AUGUST 2013

AUTHORSPROFILE

Sri JSV SivaKumar currently functioning as
Senior Assistant Professor in GMR Institute of
Technology has received his B.Tech degree in
first class with distinction from JNTU,
Hyderabad in 2002 and M.Tech degree in first
class with distinction from Vellore Institute of
Technology, Velore, Tamil Nadu in 2005. Heis
having a remarkable 14 years of experience in
the teaching profession. Also pursuing his PhD

\ / a Andhra University, Visakhapatnam, A.P,
India with his research interests that include power electronics and

renewable energy sources. And striving to attain laurels and always stands
for up growth of the society and students with his helping hands.

Dr. P. Mallikarjuna Rao, Presently working as
Professor  in  Electrical Engineering
Department, Andhra University college of
Engineering, Andhra University,
Visakhapatnam received his M.Tech & Ph.D
degree from Andhra University, Andhra
Pradesh. Heisin the teaching
Profession for past two decades. His research
interest includes Control systems, advanced
control of Electrical Machines and Control
System applications in Electrical Engineering. He published various papers
in National and International Journals and Conferences. He submitted
various DST projectsto NSTL, DRDO, ISRO.

Retrieval Number F8385088619/2019©BEIESP Published By:
DOI: 10.35940/ijeat.F8385.088619 Blue Eyes Intelligence Engineering
Journal Website: www.ijeat.org 1251 & Sciences Publication Exploring Innovation



