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ABSTRACT

Electric drive on an electric bike, consist of ¢éliecmotor, power
converter and electronic controller. These are thever of
electric vehicle system. This paper discussed tireetphase
inverter with Space Vector Pulse Width Modulati®VPWM)
method as a three-phase induction motor drive éctet bike
application. The discussed that are modeled by gusin
MATLAB/SIMULINK. The purpose of this paper is to géhe
analysis of the three-phase inverter SVPWM as aetphase
induction motor drive with specification 500 W, ¥950 Hz and
8 poles. Converter using a battery with a voltagé&/4Before the
battery voltage is converted by an inverter, battesltage was
increased through a boost converter up to 70.62Thfough
simulation with MATLAB software was obtained curveaf
sinusoidal voltage, current, and speed of the mbyoSVPWM
controlled system. In this paper also tested agaimsnges in the
value of the fundamental frequency inverter. Testults show
that the inverter can be set the speed of the nadtarfrequency
of 20 Hz to 50 Hz.

Electric drive on an electric bikes, consist ofcalie motor,
power converter and electronic controller. Thegethe mover of
electric vehicle systems. This paper discussedthiee-phase
induction motor supplied by Space Vector Pulse Widt
Modulation (SVPWM) inverter. They discussed tha arodeled
by using MATLAB/SIMULINK. The purpose of this papés to
get the analysis of the three-phase inverter SVPH¥¢Ma three-
phase induction motor drive with specification 380 50 V, 50
Hz and 8 poles. Converter using a battery withleage 48 V.

KEY WORDS: electric bike, three-phase induction motor,
SVPWM inverter

NOMENCLATURE

vgs Stationary Reference Frame Stator q Axis Voltage
Vis Stationary Reference Frame Stator d Axis Voltage
v('fr Stationary Reference Frame Rotor q Axis Voltage
v Stationary Reference Frame Rotor d Axis Voltage
Tem Electromagnetic Torque

las Statorg Axis Resistance

lys Statord Axis Resistance

r, RotorResistance

1.0 INTRODUCTION

Various types of electric bike have been producgdvarious
manufacturer in developed countries. Some typeagpdication
of electric bike can be distinguished by the typbike, the type
of electric motor used, the way the installatioret&ctric motors,
the type of transmission used, the type of throttle location of
the electric motor and the type of battery usede @i the
differences of the various types of electric bike the type of
electric motor that used as a driver of the bikesMelectric bikes
on the market using dc brushed and brushless dbinemeas a
driving force. The advantages of the two machimesassource of
electrical energy from the battery in the form tHctrical energy
direct current can be directly used by the dc maeRiithout the
need for converters as energy convert direct cupewer into
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electrical energy of alternating current [1-5].

Induction machine can be operated as a motor anérger.

Advantages of induction machine compared with otlype of

machines are : the construction is simple, do aqtire a brush,
reliable, and low maintenance cost. However, indacimachine
also has the disadvantages, that is, difficult dpmmtrol, power
factor is low at low load, efficient drops at lowald and poor
starting torque. In this paper has been the arsabsil design of
SVPWM three-phase induction motor drive inverteb&oused as
a driver on an electric bike.

Three-phase inverter with SVPWM (Space Vector Pulse

Width Modulation) technique is a converter that ¢enused to
control the speed of an induction motor. SVPWM rodtis the
incorporation of vector control the motor speedhwi PWM
(Pulse Width Modulation) which is used as a reguladf

amplitude and frequency. Space Vector PWM (SVPWNM)s w

originally developed as an approach vector for @Wgidth
Modulation (PWM) for three-phase inverter. This asmore
sophisticated technique to generate a sine waveptiozides a
higher voltage to the motor with a total harmonistattion is
lower. The main goal of any modulation technique gain
fundamental component output variable has a maximuith
minimum harmonics. SVPWM is advanced PWM method
calculation intensive and perhaps the best teclenifpn the
application of Variable Frequency Drive (VFD) [13].

20MATERIAL AND METHOD

Induction motors are widely used in industries, deholds and
traction applications. Both stator and rotor wirgdirare fed by an
alternating current. Stator currents in the dirsttpply of

electricity and the current source is obtained fritw@ induction

rotor stator winding. When the three-phase voltsogrce given
to the three-phase windings on the stator, it \gi#inerate a
rotating magnetic field. It has powerful rotaryl@iainiform and

moving at the same angle to the stator frequenojorRassumed
a state of rest, this rotating magnetic field ineRican

electromagnetic force to the rotor windings. Beeatl® rotor is
connected to a short circuit, then the current wiltulate in it, it

will produce a reaction. According to Lenz's lahistis a reaction
to counter the current source of the rotor, the imficed in the
rotor, and then rotating magnetic field itself.

2.1 The Three-Phase Induction Machine Equivalent Circuit
Three-phase induction machine model used in thadyais is the
model of stationary reference frame. Voltage equati
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From equation (1) - (6) can be made equivalentutirof an
induction machine as shown in Figure 1.
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Figure 1: Equivalent circuit of three-phase indaictimachine. (a)
g axis (b). d axis (c). zero sequence

2.2 SVPWM Three Phase Inverter
Three-phase inverter with SVPWM (Space Vector Pil4dth
Modulation) technique is a converter that can bedu® control
the speed of an induction motor. SVPWM method ige th
incorporation of vector control the motor speedhwi PWM
(Pulse Width Modulation) which is used as a reguladf
amplitude and frequency. Space Vector PWM (SVPWM)sw
originally developed as an approach vector for @uWgidth
Modulation (PWM) for three-phase inverter. This as more
sophisticated technique to generate a sine wawueptiozides a
higher voltage to the motor with a total harmonistattion is
lower. The main goal of any modulation technique gain
fundamental component output variable has a maximuith
minimum harmonics. SVPWM is advanced PWM method of
calculation intensive and perhaps the best teclenifpr the
application of Variable Frequency Drive (VFD) [13].

This design is planned in advance load invertetsianerter
sources. Inverter load here is a three phase imuatotor 50
V. and the source is a battery 48 V. In accordandb thie
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motor data, it would require an inverter with aripau voltage of

50 Vrms or peak output voltage 70.71 V. Then, bseahe DC

source (battery) only amounted to 48 volts, it wloutquire a

step-up converter (Boost Converter) prior to souf2€ is

converted into AC voltage. The data that is regliteen made a

block diagram of the study. This data collectionthod is to

determine the parameters to be processed. The etmamare

specified, that are:

- MOSFET NTB30N20, Max Rating: 34 = 200 V, | = 30A

- Battery voltage: ¥=48 V

- Fundamental frequency: f = 50 Hz

- Frequency PWM inverter; £ 3 kHz

- The PWM frequency converters riser = 25 kHz

- Modulation Index: a = 0.8

- Three -Phase Induction Motor Loaq;&= 500 Watt, \, = 50
Volt, P =8 poles, f =50 Hz, & 1,791Q, R = 1.2Q, X =
0.85Q, X;, = 0.85Q, Ry= 100Q, X,,= 11.62Q.

Modeling the whole system for three-phase inveBstPWM
method is shown in Fig 2 which this model considtblocks and
subsystems.
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Figure 2: Inverter SVPWM

In Fig. 2, subsystem boost converter is the invérjgut voltage
is equal to 70.62 volts. In the SIMULINK model dfet whole
system, the output voltage of the boost conves@onverted by
an inverter into AC voltage. DC conversion procdsgais is
done by switching ac MOSFET arranged by Space Vé&¥éM

subsystem. Meanwhile, for the manufacture subsyS¥RWM

is shown in Fig. 3. In this SVPWM, the gate volt{yes) is 10

Volt.
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Figure 3: Subsystem Space Vector PWM
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Figure 4: Subsystem switching time

In SVPWM subsystem contained switching time sulesysfFig.
4), where this subsystem is the time when the switdl “on”
and “off”, then also regulated by regulating thetees that plays
a role. Where six active sectors are will set timetof the
switching MOSFET.

3.0RESULTSAND DISCUSSION

The result of the data analysis is an implemematiethod of
SVPWM. There are three steps in the implementa89iPWM
determined.

1. Thevalue of ¥, Vg, Vies anda
To determine the value ofgW, Vs anda can be calculated
using:

1
e Y/
v, 2 1 5 5 Van o
Vq - 30 \/5 3 bn ( )
ERREAC
_ 2
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a =t Y4 (12)
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2. Switching time T, T,, and §
To determine the duration of,TT,, and T used
equation:
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where,n = 1-6(sectorl-6
OTy, =T, -T, -T,,

O<a<60°

3. Switching time each switch in each sector.
Analysis Result of Three Phase Inverter Simulation
a. The inverter output voltage phase to phasg (Visc, Vica)
Inverter converted DC voltage to AC voltage. In.Fgit can
be seen the simulation results is sinusoidal veltagveform box
and phase to phase voltage peaks measured inntlwatbn is
70.62 Volt. The frequency of AC voltages is 50 Hz.

Line to line voltages (Viug, Vige: Vin)
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Figure 5: Inverter Output Voltage Phase to Phase

b. Load current inverterfj ig, ic)

By disregard the motor starting current, motor peakrent
rating when frequency 50 Hz is 3.16 A (Fig 7.). Sburrent is
steady state current for inverter.
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Figure 6: Load current

c. Motor speed (W
Figure 7 (a) is the result of a simulation of theeload speed
of three phase induction motor at frequency 50\Mhich can be

seen at the time t = 0.5 rated speed (nr) is 760 Figure 7 (b) is
the result of a simulation of the loaded speed loéd phase
induction motor at frequency 50 Hz. Which can bensat the
time t = 0.7 rated speed (nr) is 700 rpm.
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Figure 7: Motor speed, (a) no load (b) loaded

d. Effects of Changes to the Frequency Motor Spedtb-load.

SVPWM Inverter can be applied as a rotation speedrol of
three phase induction motor, namely by adjustirgubitage and
frequency values. In this three-phase inverteresysto make the
bike speed variation it takes control of the ratatby regulating
the electrical frequency given on the motor. In[€abare shown
the simulation results of testing the effect oftingtthe value of
the frequency of the current and speed

Table 1: Simulation results Frequency Changes To
Speed Without Load

No Frequency N:(rpm)
1 20 223.¢
2 25 299.8
3 30 374.8
4 35 450.2
5 40 525.6
6 45 599.8
7 50 674.2

e. Characteristic of induction motor torque undeded.
Electric bike when under loaded is meant here ignwthe
electric bike ride. In this simulation, the electhike loading is
simulated by giving a variation input mechanicalgtee on the
motor. Torque is a style that is used to drive ¢bimg with a
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certain distance and direction. In Figure 8 (a) W& shown the
electromagnetic torque when the motor without aradl (torque
load = 0) and (b) the electromagnetic torque whes motor
loaded.
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Figure 8: Motor torque, (a) no load (b) loaded.

4.0 CONCLUSION

This paper presents simulation of three phase SVPWiMrter
fed induction motor drive for electric bike applica. Technical
specifications of three phase induction motor argP= 500
Watt, V. = 50 Volt, P = 8 poles, and f = 50 Hz. This spexifion
aims to create a system without transformer. In dimeulation
results, the three-phase inverter can run threeeplduction

motor 50 \{_. Where the inverter using the battery with input

voltage 48 V, which are then subsequently raisesd fiy a boost
converter that is equal to 70.62 V. SVPWM Invertem be
applied as a rotation speed control of three phrathection motor.
In this three-phase inverter system, to make tHes lEpeed
variation it takes control of the rotation by regtihg the
electrical frequency given on the motor. Speeddfiction motor
at no load, frequency 50 Hz, is 750 rpm and thatecu is 3.16
A. Speed of induction motor at loaded, frequencyHa) is 700
rpm and that current is 5.0 A.
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