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Abstract: - Electric vehicles are commercially developed with the intention of providing the range, pursuance, comfort to commuter, safety
and hassle-free operation at a fair and vying price range. It has become very much essential for the automobile industries to install batteries
performing at its best, available at low cost which are safe and reliable. Also, it is necessary to develop an interspersed propulsion system
to provide large power density, enhanced efficiency which could be very critical for the future Electric vehicles. The present PMBLDC
motors of 48V were employed in light vehicle applications which have disadvantages such as decreasing torque to speed ratio and decreasing
power to speed ratio. The torque and power of PMBLDC motors were tending to remain constant after speed. The characteristic of the
motor was studied using FEM. This work is proposed to build a 72V PMBLDC motor which will be replacing the existing 48V PMBLDC
motor for Light Motor Vehicle applications. The power output of the motor will be comparatively high. It has been proposing to design a
controller using INSTA-SPIN(BLDC) controller from Texas instruments which will be able to produce the required switching patterns
from the 3-Phase bridge in order to regulate the Torque and power produced, when compared to the existing 48V PMBLDC. The
characteristic of both the motors are to be compared using FEM. The torque vs speed curve is expected to remain constant with the increasing
loads applied on the motor. The motor is expected to produce power constantly with the increasing loads.
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I.  INTRODUCTION

The globe is looking at accelerated pace and high priority towards the concepts of energy management and
environmental security through the research and the development in the field of electric vehicle technology. The
long-term dreams of practical were sprouting to realize in 1990’s.

The concept of Electric vehicles (EV’s) was known and utilized by mankind since 1843.Apart from its use in
domestic applications they even sold reasonably well in the commercial world till 1918.The EV’s usage gradually
started to decline due to enormous research and Improvement in the field of gasohol powered internal combustion
engine (ICE). However, the EV’s had very poor performance and efficiency and heavier on pockets than the Internal
combustion engine counterparts. The edges which made the electric vehicles fail in its competition against ICE’s
are yet to be overcome to some extent. Recent developments in the field of Power Electronics, Microelectronics, Battery
technology, Materials production technology have made the performance of EV’s with ICE powertrains [1,2,3].

The momentous elements which stimulated the revitalization of EV’sare Tariff and dependence of energy and protection
of ecosystem. Due to the fore-coming crisis of fossil fuels and its bi products, its cost and shortage of supply
has propelled the man kind to investigate an alternate mode of transportation, possibly EV’s. The source of
energy for EV’s can be mustered from various energy sources which are freely and abundantly available in
nature and from power utilities, making them an extremely flexible fuel vehicle. The main reason behind the
revival of EV’s is environmental consideration as EV’s are able to reduce air pollution in city traffic.

EV’s can be more efficient in terms of energy in day-to-day traffic conditions, producing zero emission meeting the
strategies laid down by National Energy strategy board such as future energy which is secure, efficient and non-
hazardous to the environment.

The growing concern towards the deteriorating quality of air and emerging greenhouse consequence has pushed the
government to enforce scrupulous actions against gasoline powered vehicles, pushing the EV’s to the edge. All the
developed countries globally are enforcing Zero Emission Vehicles (ZEV) quota. Hence, automobile industry has
invested lot on the of research and development
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I1.OBJECTIVES OF DEVELOPING ELECTRIC VEHICLES

The perspective of EV’s has drifted drastically during 90’s; Popular automobile industries have floated combative
curriculums and base programs to build EV’s for commercial purpose, Government bureau and Educational
institutions have Initiated intense R&D programs on EV’s. The base developed EV performs better than the
converted EV. The later one adopts well to the state of art technologies. The disparity between the both are in terms
of curb weight, Body style and system optimization techniques.

The initial investment on the EV’s are about 3 times that on the gasoline power ICEV’s. lowering the maintenance
cost by about half of that of ICEV’s. The thick line that separates the EV’s from ICEV’s are fuel cost and the
efficiency. The developed countries spend an average of about 0.4-0.3 times the cost of fuels of ICEV’s on EV’s
over 10000 to 25000 kms respectively. In EV’s the cost of fuel per unit is inversely proportional to the mileage. The
present practical maximum range of a battery pack which is charged once per day will be around 25000 kms.

The energy management system of the EV’s are very carefully and critically designed to make sure that the energy
is controlled, and flow is regulated from the batteries in a legitimate manner [2,3]. The chargers used for charging
the batteries are made sure to be economical and charges the battery in the most economical and efficient manner.
In most cases, the batteries are charged during night or by using dedicated quick chargers in a short period. EV’s
also utilize regenerative method to During braking to charge the batteries during braking period.

I1l. PMBLDC MOTOR
A. Determination of Characteristics of DC Motor

Electric Vehicle aims at building a successful merchandise over a protracted course catering performance, luxury,
security and improved performance over extended period, luxury, security, seamless functionality alike internal
combustion engine supplements at fair price [4,5,6]. All this turns out to be a dream come real when the EV’s are
supported by a high performing batteries and blended Electric train for propulsion.

The powertrain should exhibit constant torque characteristics for starting/climbing and shift to constant power
characteristics during cruising for optimal performance. The previous works reveals heavy vehicles demand lesser
torque, power and continuous speed. The downfall of EV’s started in 1990s when the EV’s couldn’t meet the growing
demands such as peak speed and performance with the oil fueled engines in rural and urban roads. The emphasis for
electric vehicle designers should be on the energy system and its effective management

This work concentrates on studying the possible characteristics of PMBLDC motor for its electromagnetic behavior
using FEM [6,7]. Based on the characteristics, PMBLDC motors are built with enormous power density suitable for
Electric Vehicle applications.

The fields created by the distribution of magnetic and electrical energy are analyzed using FEM. Finite Elements are
the sub-domains that make up the analytical domain. The computation time is greatly reduced as the analysis is carried
on field gradient, strength of magnetic field, saturation etc [8,9]. This analysis leads to very accurate results as it
considers the air gap.

The Two-Dimensional structure of PMBLDC motor is drawn using AutoCAD to the specified dimensions. The 2-
D figure is later Imported to FEMM software

B. Graph of Magnetic field intensity vs length of selected lines

Figure 1 Plot of magnetic field intensity vs length of selected line
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Fig.1. indicates the Magnetic field intensity plotted v/s length of selected line. The maximum field strength along the
chosen line is represented by the peak value on the graph [10,11].

C. Graph of magnetic field density vs length of selected line

Fig.2. indicates the Magnetic flux density plotted vs length of selected line plot. The first peak signifies the magnetic
flux density in the stator. The reduction in flux results from the conductive material cutting through the flux lines.
The immediate peak represents the flux value in the air gap [12,13].
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Figure 2 Plot of magnetic field density vs length of selected line
IV. MATHEMATICAL MODELLING OF ELECTRIC DRIVE SYSTEM FOR VEHICLE

PMBLDC motor is connected to Three phase inverter which receives DC Supply and converts it int three phase AC
supply.

A. Mathematical Modelling of PMBLDC MOTOR

The PMBLDC motor is fed from the output of the inverter as it runs on AC input. Fig.3 indicates the equivalent
circuit of the motor with the inverter output connected surface mounted PMBLDC motor. The literature survey
proves that the frictional constant is very negligible, But the present work takes the frictional constant into
consideration and the same will be reflected in the transfer function derived below [14,15]. The motor is star
connected. The frictional constant is considered in addition to the assumptions.

B. Assumptions:

¢ Inductance and resistance of the stator windings are equal
o Induced emf shapes of all three phases are same.

o Power electronic switches are ideal.

o Negligible iron losses.

o self and mutual inductance are constant.

e Armature reactions are negligible.

e The air gap is uniform

e Unsaturated motor.

e Zero power loss in the inverter
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Figure 3 Equivalent circuit of three phase star connected inverter

The equation that governs the Model is given by

Va=VNtVsa
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Vb=VN+VsB ()
Vc=VNtVsc

Vsa, Vsg, Vsc are the output voltages of inverter that supply power to three phase winding of motor. va, ve, vcare the
motor armature winding voltage. vy is the voltage at the terminal.

The matrix-form equation that governs the voltage of the motor winding, for the symmetrical winding and balanced
system is,

Va R, O 0 d Lo Lap Lacl[ia €,
[vb =10 R, O0[3|Lpa Lp Lpc|liv|+[en (2
Ve 0 0 RC Lca ch Lc ic €c
This takes the form of
. d .
Va= Ralat ELala + €, (3)

Considering Ra=Rp=R:=R, the matrix of the resistance takes the form

R, 0 0
Ra=1]0 Rb 0 (4)
0 0 R,

For the surface mounted permanent magnet motor with symmetrical winding, self-inductance and mutual inductance
are constant [16,17]

La=Lb=Lc=L; Lap =Lbc=Lpa=Lcp=Lac =M 5)

Thus, the matrix of inductance is,

L M M
L=(M L M (6)
M M L
By KCL, for the stator winding connected in star, the sum total of current is zero
ia+ig +ic=0 (7)
Now the equation takes the form
Va Ra 0 0 . La Lab Lac ia €a
Vbl =i{0 Ry 0|S|Lba Ly Lc||iv|+ [es (8)
Ve 0 0 R Lea Lo Lellic €c

[T t)

e” is the instantaneous angle between a phase and rotor [18,19]. The fig.4. shows the position angle where phase
A is taken as the reference to find e. With this reference axis the emf of phase A is
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Figure 4. Rotor Position illustrations
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sin 0,
E= e [sin (0 = 57) | & ©
sin (Oe - %)

For the power quality equation,
Input power = Output power for the inverter,

Thus, the input current to the inverter is given by,

_ (iavsa-ipvsp—icvsc) (10)
Vs

isk

By the Newtons second law of mation, the general torque equation of the electric drive system is defined by
Mechanical block shown in fig.5.

Ji

Load Inertia

Figure 5. Mechanical system showing Torque,Moment of Inertia and Angular velocity
From the above mechanical block, we know that,
Teq= Ji Wy FBwm+TL (11)

Where wn is the speed, T is the load torque, Teq is equivalent torque, B is the Frictional co-efficient, Jeq is the
equivalent moment of inertia.

The equation for the equivalent torque in relation with current, speed and emf is given by

= Ke (fa (¢e).ia + fo(de).ig +fc(de).ic) (13)

Where, fa (¢e) = sin 8, , fo(d) = sin (ee — 2 fu(¢) =sin (ee - %)

The equations that decide the state model of the system is,

d. (va—igRa—Ej3)
ala = % (14)
d. (vp—ipRp—Ep)
Liy = b bLb b (15)
i- _ (ve—icRc—E¢)
Gle=—"—1 — (16)

Hence the state model for the Permanent Magnet Brushless DC (PMBLDC) drive is given by,
x= Ax+ Bu

X=[ip 1p i o 6¢]
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The equivalent circuit for the PMBLDC motor is like that of conventional DC motor shown in fig .6.

Figure 6. Per phase equivalent of DC Motor

By Kirchoff’s Voltage law

Vi= Ri+LI+ e 17)
Rg 0 0 Ke(fa(@e)
L Lg
0 _& 0 Kg(b(de) 0
Ls Lg
4=l 0o 0 - KEU"L“("’Q) 0
Ke(fa (de) Kg(fb(pe) Ks(fe(gpe) D 0
] 7 ] 1
P
0 0 0 5 0]
Re-arranging the equation yields,
.o di
e=-Ri-L+V; (18)
From torque equation,
Te=Kr wm + J d‘(*l’—tm +TL (19)
The electric torque and back emf are given by,
e=Ke*wm
Te=K¢*I (20)

Where, K¢ and K; are emf and torque constants

Re-arranging voltage equations and torque equation yields

di_.R Ke 1
a—l E - T(Dm"‘EVs (21)
dom_ _; Ke K L
a1y ety (22)
Taking Laplace transform of equation
. .R Ke 1
SI=-1 E - Ta)m+EVs (23)
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Swn= - | % - ? wmt %TL (24)
At No-load, Load torque will be zero
(TL=0)
Swm+ —Kf‘]’)m
— (25)

Now substituting the value of equation, we get,

s?), s"Ke, SRI KfRy Key = _1,
{ K¢ * K¢ * KtL+Kt L)+ L J@m _LVS (26)
In the motor, the output is obtained in terms of rotational speed and the input to the motor is voltage, transfer function

is the ratio of output to the input, Hence the transfer function of the motor is given by

G(s)= 2= o 27)

s 52 JL+(RJ+KL)s+KeR+Ke K¢

On simplification the transfer function of the PMBLDC Motor with the above given assumptions is

1

G(E)= — e (28)

Tm Te S2+Tm S+1
3JR L
Where Tm = ﬁ and Te — 3R
et

For the block diagram reduction on re-arranging transfer function

1 1
_ m'Kt'sJH(f
G(S)_(SL+R)(SI+Kf)+KtKe (29)

The diagram illustrates the block diagram of the BLDC motor in fig.7.
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Figure 7. Block diagram of PMBLDC Motor
V. RESULTS

The below graph shown in fig.8. represents the magnetic field intensity plotted against length of magnetic field
intensity and fig.9. Magnetic flux density against length of selected line for a PMBLDC Motor with 2mm air gap.

42



J. Electrical Systems 20-2s (2024): 36-44

Figure 9. Magnetic flux Vs magnetic field intensity
VI. CONCLUSION

The model for the desired PMBLDC motor is obtained using the mathematical derivations with the standard
assumptions. The block diagram for the same is obtained establishing the relationship between the mechanical and
electrical models to suit the requirements. The graphs necessary for the foresaid application is also obtained and
plotted proving that the PMBLDC motor has characteristics when compared to the other motors. However, the
weight and space consumed will be a disadvantage which can be overcome in the coming future. The Battery
discharge time will be more as compared with the previous systems which can be overcome by designing the
controller in a proper fashion based on the requirements
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