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ABSTRACT

This thesis presents the study of maximum power conversion of a Switched Reluctance
Generator (SRG), which includes modeling of the SRG by using the program MATLAB/
Simulink. To study of the shape of phase current when operated at high speed range. And the
control system of the SRG. The SRG is operated in single pulse mode where the rotor speed is
above base speed. The turn-on and turn-off angle are varied to study the shape of the phase
current which is directly related to the power conversion. A 4 Phase, 2.2kW, 8/6 SRG is used to
collect the experimental results. The converter is the conventional 2-switched per phase and a
TMS320F2812 Digital Signal Processing (DSP) is a main controller. The result is the relationship
between conduction angle(Tumn-on ,Turn-off) with a speed that the SRG makes the maximum
power conversion. The application of this data is an optimal control of the Switched-Reluctance

Generator.
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Modeling of a Switched Reluctance Generator
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Abstract

This paper presents the modeling of a switched-reluctance
generator (SRG) by using Cubic Spline Coefficient of the Flux-Linkage
Equation. The model consists of three parts which are flux linkage
model, inductance model and back electromagnetic force model. The
proposed model has been implemented in MATLAB/Simulink.

Keywords: Switched Reluctance Generator (SRG), Cubic Spline
Coefficient, flux linkage model , inductance modele, back

electromagnetic force model
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Study of Maximum Power Conversion
of a Switched-Reluctance Generator

P Kerdtuad', S.Kittiratsatcha >

Department of Electrical Engineering, Faculty of Engineering

King Monghut's Institute of Technology Ladkrabang
Chalongkrung Road, Ladkrabang, Bangkok, Thailand
‘paiwaker@honda.th.com
*kksupat@gmail . com

Abstract— This paper presents the study of maximum power
conversion of a Switched Reluctance Generator (SRG). The SRG
is operated in single pulse mode where the rotor speed is above
base speed. The turn-on and turn-off angle are varied to study
the shape of the phase current which is directly related to the
power conversion. A 4 Phase, 2kW, 8/6 SRG is used to collect the
experimental results. The converter is the conventional 2-
switched per phase and a TMS320F2812 Digital Signal
Processing (DSP) is a main controller.,

Keywords - Switched-Reluctance Generator ( SRG), Single Pulse
Operation, Digital Signal Processing ( DSP), Asymmetrical
Converter.

I. INTRODUCTION

Switched Reluctance Generator (SRG) is an attractive
solution for worldwide increasing demand of the renewable
energy systems. It is high efficiency, low cost manufacturing
and maintenance [5]. It has many applications of SRG that
included hybrid electric vehicle, power system in acrospace,
uninterruptible power supply and wind-turbine applications
[2]. Many researcher are considered the optimal control for
the maximum power conversion of the switched reluctance
generator, [3] is presented an optimizing performance in
current-controlled mode, [4] is presented an analysis of a
switched-reluctance ~ generator for ~maximum  power
conversion. [5] is presented the design and control
characteristization of switched reluctance generator for
maximum output power. This paper proposed to study of
maximum power conversion of SRG in single pulse mode at
rotor speed is above base speed. The turn on and turn off
angle are varied to study phase current which directly related
to the power conversion. The proposed machine is a 4 phase,
2kW 48V and 8/6 poles SRG. by using the TMS320F2812
digital signal processing (DSP) for a main controller.

II. ANALYSIS OF SRG OPERATION

The voltage equation for a phase of switched reluctance
generator is given by

. dA(1,0)
v=Ri+—— (1)
dt
g oy dL(,6)
v=Ri+L(i,0)—+io—— (2)

dt

di
v=Ri+ L(i,0)—+e (3)
dt

where v is the phase voltage, i is the phase current, R is the
phase resistance, L is the phase inductance, & is the rotor
position, e isthe back-EMF and @ is the rotor speed.
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Fig.1. A phase circuit of switched reluctance generator

In case of single pulse mode operation, the currents flowing
during &, and 9%,- is called excitation current( 7, ). And the

currents flowing during QUJT until €, , is called generation

currents( cen)- Fig. 2 was show phase current waveform in

gen
single pulse mode operation. The excitation and generation
currents are given by

Bogy

ic’.\'(' = J.ip."ldg (4)
gﬂ"
6?]'

foen = z‘p,,de (5)
oy

I11. STUDY OF MAXIMUM POWER CONVERSION

To find maximum output power of the SRG at above base
speed operation, the phase voltage depending on switching
angles, turn on and turn off. When ignoring the phase ochmic
voltage drop compared to de-bus voltage of (1), the phase flux
linkage and phase currents are given by
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Where, 6, is the position that the current drop to zero after

tuning off. Substituting (7) in (1), the average power will be
calculated by

N, ﬂf ©-6,)d6 _ BJ- ®,, -0, —0)do

p[ilh' = (8)
@ Oon L ph (9) L ph (9)
When the conducting angle was fixed, the output power is
proportional to vy, /a) [51.
N'v_i.f!
Pow = @ f(Lph (9)3 9{»1 4 guj]’ ) (9)

From (9), There is has many variable effect to output
power of the SRG, example are conduction angles, rotor speed,
de-bus voltage and phase inductance.

In this paper, the maximum power conversion was study
when constant the rotor speed and de-bus voltage, the phase
inductance is a fixed function of current and rotor position.

pour = f(gon s Huﬂ' )= @, Vp.': = const., L= L(i,uh )eph) (] O)

So the output power of SRG was depended on conducting
angles, turn on and turn off angles. Fig.2 is show phase
current waveform when maximum power conversion, The
back-EMF is equal to dc-bus voltage were optimal conducting
angles and rotor speed is above base speed.

I'V.EXPERIMENTAL SETUP

The parameters of the SRG is selected for this study are
recorded in Table I.

TABLE I
4-PHASE, 48V, 2kW, 8/6 SRG PARAMETER
Number of Phase  :4 Rated Power 1 2kW
Rated Voltage 148V Phase Resistance  :15mQ
Based Speed 16000 rpm  (La :340uH
Pole Configuration :8/6 Lu :62uH
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Fig.2 Ideal waveform of phase voltage and phase currents
in single pulse mode operation
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Fig. 5 Block diagram of the DSP controller

The software controls consist of two parts, the main
program and interrupt program. The frequency of swithching
used in the 10 kHz. The details are show in Fig.3 and 4,
respectively. The de-bus voltage are send from the voltage
detector and to be compare with reference voltage is set in the
program and maintain the voltage at 48V by using hysteresis
voltage controller. The phasc currents also used the hysteresis
current controllers. The incremental encoder is used for detect
the rotor position, output pulses from the encoder send to QEP
ports of the DSP. Then DSP calculated and changed to rotor
angle and four-phase electrical angle. The turn-on and turn-off
angle are fixed by the program control. The algorithms from
Fig.5 have been implemented on a TMS320F2812 DSP. The
experimental layout of SRG control system is show in Fig.6.
Fig.7 and Fig.8 are shows the completed hardware setup,

B. Experimental Layout
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Fig. 6 Experimental layout for the SRG control system
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Fig.7 Photograph of the four-phase 3hp 8/6 SRG (on the left) coupled
with a Shp induction Motor prime mover (on the right)

Fig.8 Photograph of a SkVA asymmetrical converter connected with
the EXB850 gate drive circuits and TMS320F2812 (DSP)

V. SIMULATION AND EXPERIMENTAL RESULTS

The conditions to verify maximum power conversion of
SRG used for simulation and experimental are shows as;

1. Constant rotor speed at above base speeds.

2. Self excitation

3. Adjust turn-on and turn-off angles to verify the shape of
phase currents and measurement output power.

Fig.9 and 10 are simulated results. The phase current
waveform in Fig.11 and 12 are show when SRG given
maximum output power at 6000 and 7200 rpm.

TABLE 11
OPTIMAL ANGLE AND SPEED FOR MAXIMUM POWER
CONVERSION OF 8/6 SRG

Turn-on angle | Turn-off angle | Rotor Speed | Maximum Power

°] {17 [rpm] (W]
25.00 47.50 3000 370
25.00 45.00 4000 734
25.00 45.00 5000 1072
22.50 45.00 6000 1432
25.00 45.00 6200 1533

15.00 45.00 6800 1514
17.50 45.00 7000 1648

17.50 45.00 7200 1816
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Fig.9 Simulated waveform of phase current, voltage at speed 7200 rpm.
at turn-on angle = 17.5° and tumn-off angle = 45.0°
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Fig.10 Simulated waveform of phase current and voltage at speed 6000 rpm.
at turn-on angle = 17.5° and turn-off angle = 45.0°

&
\
i#)

gluna ..... o ' 0*"
§ 5004 . *g‘gm i

Theta-On Angle (degres) 30 30 35'1’hda-0ffAmg1e(degree)

Fig.13 Measured output power versus turn-on and turn off angles when
constant de-bus voltage at rotor speed =6000 rpm (self exeitation )

V1. CONCLUSIONS

In this paper presented, the results of study of maximum
power conversion of the switched reluctance generator. In
single pulse mode operation, the output power of SRG was
depended on conduction angles. In Fig.11 and 12 are show the
phase currents waveform during operation at 6000 and 7200
rpm. The optimal turn on and turn off angles and maximum
output power at any speed range was show in TABLE II. This
data can be applied in future research, such as an optimal
angles and output power control of SRG.
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Fig.11 Measured waveform of phase current and voltage at speed 7200 rpm.

at turn-on angle = 17.5° and turn-off angle = 45.0°
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Fig.12 Measured waveform of phase current and voltage at speed 6000 rpm.
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Fig.14 Measured output power versus turn-on and turn off angles when
constant de-bus voltage at rotor speed =7200 rpm (self excitation )
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L
// FILE: Example 281xCpuTimer.c

// TITLE: Switched-Reluctance Generator Drive

// SPECIFICATION :

" SRG => 48V, 2.2Kw, 6000 rpm.

R e
// $Release Date: August 10, 2010 : Switched Reluctance Generator Drive

L
#include "DSP281x_Device.h" // DSP281x Headerfile Include File

#include "DSP281x_Examples.h" // DSP281x Examples Include File

#include "DSP281x_Gpio.h"

#include "f281xgep.h"

#include "f28 1 xpwmdac.h"

#include "DSP281x Spi.h"

#include "DSP281x_Adc.h"

// Local Viable declaration
int16 check=0;

intl 6 CheckA=0;

intl6 CheckB=0;

intl6 CheckC=0;

intl6 CheckD=0;

intl6 ElecTheta;

int16 MechTheta;

int16 LineEncoder;

int16 PolePairs;

int16 RawTheta;

int16 QepPpr = 3600; /I QEP pulse per revolution
intl6 i;

intl6 j;

intl6 A;

intl6 B;

intl6 C;



intl6 D;

int16 ThetaA =0;
int16 ThetaB =0;
int16 ThetaC =0;
int16 ThetaD =0;
int16 ElecThetaA;
intl6 ElecThetaB;
int16 ElecThetaC;
int16 ElecThetaD;
intl6 ComA;
int16 ComB;
intl6 ComC;
intl6 ComD;
intl6 Ia;

intl6 Ib;

intl6 Ic;

intl6 Id;

int16 Iref;

int16 Imax;

int16 Imin;

int16 Thys;

intl6 Va;

intl6 Vb;

intl6 Vc;

int16 Vd;

intl6 Vdc;

intl6 Vref;

int16 Vmax;

intl6 Vmin;

int16 Vhys;

int16 Gate_Drive A,
int16 Gate Drive B;

int16 Gate Drive C;



int16 Gate_Drive D;

intl6 Gate Drives;

int16 Gate_Drive Lo;

int16 Gate_DriveA_Hi;
intl6 Gate DriveB Hi;
intl16 Gate DriveC Hi;
int16 Gate DriveD Hi;
int16 Gate DriveA Lo;
int16 Gate_DriveB_Lo;
int16 Gate DriveC_Lo;

int16 Gate DriveD Lo;

int]6 PwmDacChl = 0;
intl6 PwmDacCh2 = 0;

int16 PwmDacCh3 = Q;

/l For SRG Drive
int16 ThetaOn = 2000; /1 SRG, ThetaOn = 2350, Turn on angle at 55 Degree (ElecTheta)
intl16 ThetaOff= 50; // SRG, ThetaOff= 600, Turn Off angle at15 Degree (ElecTheta)

int16 ThetaOff Reg = 100; /# SRG, Turn Off angle, when DC-Bus voltage is over

// For SRM Drive

int16 ThetaOn_SRM = 1100; // SRM, [1100]
int16 ThetaOff SRM = 1800; // SRM, [1700]
QEP qepl = QEP_DEFAULTS;

PWMDAC pwmdacl = PWMDAC_DEFAULTS;

// Prototype statements for functions found within this file.
void delay_loop(void);
interrupt void adc_isr(void);

interrupt void EvaTimer2(void);
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interrupt void cpu_timer0_isr(void);
interrupt void PDPINTA_ISR(void);
interrupt void PDPINTB_ISR(void);
void main(void)
{
InitSysCtrl();
EALLOW;
GpioMuxRegs. GPAMUX.all = 0x0700; // Set GPIOA pin to primary function
GpioMuxRegs.GPADIR.all = 0x0FFF; /{ Set GPIOA pin as output function
SysCtrlRegs. HISPCP.all = 0x3; /I HSPCLK =SYSCLKOUT/6 (ADC Module)
GpioMuxRegs. GPDMUX.bit. TICTRIP_PDPA GPIODO= 0; // Set GPIODO to GPIO
function
GpioMuxRegs. GPDDIR bit. GPIODO = 1;  // Set GPIODO to output pin
EDIS;
DINT;
InitPieCtrl();
// Disable CPU interrupts and clear all CPU interrupt flags:
IER = 0x0000;
IFR = 0x0000;
InitPieVectTable();
//' ISR functions found within this file.
EALLOW,
PieVectTable. TINTO = &cpu_timer0 isr;
PieVectTable. CAPINT3 = &EvaTimer2;
PieVectTable ADCINT = &adc_isr;
EDIS;
InitCpuTimers(); // For this example, only initialize the Cpu Timers

// Configure CPU-Timer 0 to interrupt every 0.1 mSec:

// 150MHz CPU Freq, 0.1mSec. Period (in uSeconds)
ConfigCpuTimer(&CpuTimer0, 150, 100); // Switching Frequency = 10 kHz.
StartCpuTimer0();

// Enable CAP3 interrupt bits for GP Timer2

EvaRegs.EVAIMRC.bit. CAP3INT = 1;



EvaRegs. EVAIFRC.bit. CAP3INT = 1;
// Set up the capture pins to primary functions
EALLOW;
GpioMuxRegs. GPAMUZX all |= 0x0700;
EDIS;
/{ Initialize ADC Module
InitAde();
// Initialize PWMDAC Module
pwmdacl.PeriodMax = 2500;
pwmdacl.PwmDacInPointer() = &PwmDacChl;
pwmdacl.PwmDacInPointer1 = &PwmDacCh2;
pwmdacl.PwmDacInPointer2 = &PwmDacCh3;
pwmdac].init(&pwmdacl);
// Initialize QEP module
gepl.LineEncoder = QepPpr;

qgepl.init(&qepl);

// Enable ADCINT in the PIE; Group | interrupt 6
PieCtrlRegs.PIEIER 1 .bit.INTx6 = 1;
// Enable TINTO in the PIE: Group 1 interrupt 7
PieCtrlRegs.PIEIER 1.bit.INTx7 = 1;
// Enable PIE group 3 interrupt 7 for CAP3INT
PieCtrlRegs.PIEIER3.all = M INT7;
// Enable CPU INT1 which is connected to CPU-Timer 0 and INT3 for CAP3INT:

IER [= (M_INT1 | M_INT3 | M_INT?);

// Enable global Interrupts and higher priority real-time debug events:
EINT; //Enable Global interrupt INTM
ERTM; // Enable Global realtime interrupt DBGM
// Configuration of ADC Module
AdcRegs. ADCMAXCONV.all = 0x0004; // Setup 2 conv's on SEQI
AdcRegs. ADCCHSELSEQ1.bit. CONVO00 = 0x0; // Setup ADCINAO as 1st SEQI conv.

AdcRegs. ADCCHSELSEQ1.bit. CONVO01 = 0x1; // Setup ADCINAI as 2nd SEQ1 conv.
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AdcRegs. ADCCHSELSEQ1.bit.CONV02 = 0x2; // Setup ADCINAZ2 as 3rd SEQI conv.
AdcRegs. ADCCHSELSEQ1.bit. CONV03 = 0x3; // Setup ADCINA3 as 4th SEQ1 conv.
AdcRegs. ADCTRL2.bit EVA_SOC_SEQI = 1; // Enable EVASOC to start SEQI
AdcRegs. ADCTRL2.bit.INT_ENA_SEQI = I; // Enable SEQI interrupt (every EOS)
/I Assumes EVA Clock is already enabled in InitSysCtrl();
EvaRegs. TICMPR = 750; // Setup T1 compare value
EvaRegs.TIPR = 1250; // Setup period register
EvaRegs.GPTCONA.bit TITOADC =1;  // Enable EVASOC in EVA
EvaRegs. TICON.all = 0x1042; // Enable timer 1 compare (upcount mode)
// To reset QEP counter
// EvaRegs. T2CNT = 0;
// Step 6. IDLE loop. Just sit and loop forever
for(;;);
}
void delay_loop()
{
short 1
for (i=1;1i<2500; i++){}
}
interrupt void adc_isr(void)
{
/I To check actual value of Current and DC-Bus voltage
while (AdcRegs. ADCST.bit.SEQ1 BSY == 1);
{¥
la = AdcRegs. ADCRESULTO >>4;  // Changed to 12 bits value.
Ib = AdcRegs. ADCRESULT]1 >>4; // Changed to 12 bits value.
Ic = AdcRegs. ADCRESULT2 >>4; // Changed to 12 bits value.
Id = AdcRegs. ADCRESULT3 >>4; // Changed to 12 bits value.
Vde= AdcRegs. ADCRESULT4 >>4;  // Changed to 12 bits value.
// Reinitialize for next ADC sequence
AdcRegs. ADCTRL2.bit.RST SEQI = 1; // Reset SEQI
AdcRegs. ADCST.bit.INT_SEQI CLR = 1I; // Clear INT SEQI bit
PieCtrlRegs.PIEACK.all = PIEACK_GROUPI; // Acknowledge interrupt to PIE
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// GpioDataRegs.GPDDAT.bit. GPIODO = 0;
}

interrupt void cpu_timerQ_isr(void)

{

// S I —

/I To check maximum range of the ISR program "

!/ GpioDataRegs.GPDDAT.bit. GPIODO = 1; /

[ — S aa——

// To find maximum and minimum value of phase current
Iref = 1365; // Reference current at 1.0V [ 1365 = 4095%(1.0V/3.0V) ]
Ihys = 10; // Hysteresis band
Imax = Iref + Ihys; // Maximum current ( ADCIN )
Imin = Iref - Thys; // Minimum current ( ADCIN )
// To find maximum and minimum value of DC-Bus voltage
Vref =4095; // Reference voltage at 48V
Vhys = 20; /{ Hysteresis band = 2V
Vmax = Vref + Vhys; - // Maximum voltage at 53V

Vmin = Vref - Vhys; // Minimum voltage at 43V

] ==nmee - --- --
// Check Pulse Counts from QEP Encoder ( 4*3600 = 14400 Pulse / Rev. )

// o - -
gepl.cale(&qepl);
MechTheta = EvaRegs. T2CNT;  // Maximum counts = 14400
RawTheta = MechTheta;
// To find ElecTheta of Phase A
if ( MechTheta >=0 & MechTheta <=2399 ) /I Angle = 60 degree => 2400 Pulse
RawTheta = MechTheta - 2399;
else if ( MechTheta > 2399 & MechTheta <=4799 ) // Angle = 120 degree => 4800 pulse
RawTheta = MechTheta - 4799;
else if (MechTheta > 4799 & MechTheta <=7199 ) // Angle = 180 degree => 7200 pulse
RawTheta = MechTheta - 7199;
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else if (MechTheta > 7199 & MechTheta <=9599 ) // Angle = 240 degree => 9600 pulse
RawTheta = MechTheta - 9599;
else if (MechTheta > 9599 & MechTheta <=11999) // Angle = 300 degree => 12000 pulse
RawTheta = MechTheta - 11999;
else if ( MechTheta >11999 & MechTheta <=14399) // Angle = 360 degree => 14400 pulse
RawTheta = McchTheta - 14399;
//******************************=!=******************************************//
ElecTheta = RawTheta + 2399;
ThetaA = ElecTheta;
ComA = ThetaA;
// To find ElecTheta of Phase B
B = ThetaA;
B =B +1800;
if (B >2399)
ThetaB = B-2399;
else
ThetaB = B;
// To find ElecTheta of Phase C
C = ThetaB;
C=C+ 1800;
if (C >2399)
ThetaC = C-2399;
else
ThetaC = C;
// To find ElecTheta of Phase D
D = ThetaC;
D =D + 1800;
if (D > 2399)
ThetaD = D-2399;
else
ThetaD = D;
// Connect to DC-Bus voltage regulation module

/*



*/

if ( Vdc >= Vmax )

ThetaOff = ThetaOff Reg;

else if ( Vdc <= Vmin )
ThetaOff = ThetaOff;

/1'1f Vdc => 48 Volt, Reduced ThetaQff

/' If Vdc <= 48 Volt, Used old ThetaOff

/! To find the Commutation of Phase A

ComA = ThetaA;

// For SRG control [ Soft Chopping Mode ]

/*

if (ComA >= ThetaOn & ComA <= 2399)

{

if (CheckA == 0)

{

if (Ia <= Imin )

{

Gate_DriveA Hi=1;

Gate_DriveA Lo = 1;

}

else if (Ia >= Imax )

{

Gate DriveA Hi=0;

Gate_DriveA Lo = 0;

CheckA = 1;

}
}

else if (CheckA == 1)

{

if (Ja <= Imin )

{

Gate_DriveA Hi=1;

Gate_DriveA Lo =0;

}

else if (Ia >=Imax )
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{
Gate_DriveA_Hi = 0;
Gate_DriveA_ Lo =0;
}

}
else if (ComA >= 0 & ComA <= ThetaOff)

if (CheckA == 0)

{
if (Ia <= Imin )
{
Gate_DriveA Hi=1;
Gate DriveA Lo = 1;
i
else if (Ia >= Imax )
{
Gate_DriveA Hi=0;
Gate_DriveA Lo = 0;
CheckA =1;
}

i

else if (CheckA == 1)

{
if (Ia <= Imin )
{
Gate DriveA Hi=1;
Gate_DriveA Lo =0;
H
else if (Ta >= Imax )
{
Gate DriveA Hi=0;

Gate DriveA Lo =0;



¥
}
else
{
Gate_DriveA Hi = 0;
Gate_DriveA Lo =0;
CheckA = 0;
}

s
//'For SRG control [ Hard Chopping Mode ]

if (ComA >= ThetaOn & ComA <= 2399)

{
if (Ta <= Imin )
{
Gate DriveA Hi=1[;
Gate_DriveA Lo=1;
H
‘else if (Ia >= Imax )
{
Gate_DriveA Hi = 0;
Gate_DriveA_Lo =0;
}
i
else if (ComA >= 0 & ComA <= ThetaOff)
{
if (Ia <= Imin )
{
Gate DriveA_Hi= 1,
Gate_DriveA_ Lo = 1;
b

else if (Ia >= Imax )

{



Gate_DriveA Hi=0;
Gate_DriveA Lo=0;

}
}
else
{
Gate_DriveA Hi=0;
Gate DriveA Lo =0;
}
/' ==>For SRM control
/* if (ComA >=ThetaOn_SRM & ComA <= ThetaOff SRM)
{
if (Ia <=Imin) // Current Regulation of Phase A
it

Gate DriveA_Hi = 1;
Gate_DriveA Lo =1;
}
else if( Ta >= Imax )
{
Gate DriveA Hi=0;
Gate_DriveA Lo =0;

}
}
else
{
Gate_DriveA_Hi — 0;
Gate_DriveA_Lo =0,
j

*/
/{ Connected to Gate Drive Module of Phase A

GpioDataRegs.GPADAT.bit. GPIOAO = Gate_DriveA_Hi; // Gate DriveA Hi;
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GpioDataRegs. GPADAT.bit. GPIOA1 = Gate_DriveA_Lo; // Gate DriveA Lo;
// To find the Commutation of Phase B
ComB = ThetaB;
/I For SRG control [ Soft Chopping Mode ]
/*
if (ComB >= ThetaOn & ComB <= 2399)
{
if (CheckB == 0)
{
if (Ib <=1Imin )
{
Gate_DriveB_Hi= 1,
Gate_DriveB_Lo = 1;
}
else if (Ib >= Imax )
{
Gate_DriveB_Hi = 0;
Gate_DriveB_Lo = 0;
CheckB = 1;
}
b
else if (CheckB == 1)
{
if (Ib <= Imin )
{
Gate_DriveB_Hi=1;
Gate DriveB Lo=0;
}
else if (Ib >=Imax )
{
Gate DriveB Hi = 0;
Gate_DriveB_Lo = 0;
H



}
else if (ComB >= 0 & ComB <= ThetaOff)

if (CheckB == 0)

{
if (Ib <= Imin )
{
Gate_DriveB_Hi= 1;
Gate_DriveB Lo = 1;
}
else if (Ib >= Imax )
{
Gate_DriveB Hi=0;
Gate DriveB_Lo = 0;
CheckB = 1;
}

}

else if (CheckB == 1)

{
if (Ib <= Imin )
{
Gate_DriveB Hi=1;
Gate_DriveB_Lo = 0;
}
else il (Ib >= Imax )
{
Gate_DriveB_Hi — 0;
Gate DriveB Lo =0;
h

else
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Gate_DriveB_Hi=0;
Gate DriveB_Lo = 0;
CheckB = 0;

%
// For SRG control [ Hard Chopping Mode ]
if (ComB >= ThetaOn & ComB <= 2399)
{
if (Ib <= Imin )

{
Gate_DriveB Hi= 1,
Gate_DriveB, Lo =1;
}
else if (Ib >=Imax )
{
Gate DriveB _Hi=0;
Gate DriveB Lo = 0;
h

}
else if (ComB >= 0 & ComB <= ThetaQff)

{
if (Ib <= Imin )

{
Gate_DriveB Hi= 1,
Gate DriveB_Lo=1;
}
else if (Ib >= Imax )
{
Gate_DriveB_Hi = 0;
Gate_DriveB_Lo = 0;
}



else

Gate_DriveB_Hi = 0;
Gate DriveB_Lo = 0;
}
//'==>For SRM control
/* if (ComB >= ThetaOn_SRM & ComB <= ThetaOff SRM)

{
if (Ib <=Imin)

Gate DriveB Hi=1;
Gate_DriveB_Lo = 1;
}
else if{ Ib >= Imax )
{
Gate_DriveB_Hi = 0;

Gate_DriveB Lo = 0;

else

Gate_DriveB_Hi = 0;

Gate_DriveB_Lo =0;

*/

// Connected to Gate Drive Module of Phase B
GpioDataRegs. GPADAT.bit. GPIOA2 = Gate_DriveB_Hi; // Gate DriveB_Hi;
GpioDataRegs. GPADAT.bit. GPIOA3 = Gate_DriveB_Lo; // Gate_DriveB_Lo;
// To find the Commutation of Phase C
ComC = ThetaC;
// For SRG control [ Soft Chopping Mode ]
/¥



if (ComC >= ThetaOn & ComC <= 2399)
{

if (CheckC == 0)

{
if (Ic <=Imin )
{
Gate_DriveC_Hi= 1,
Gate_DriveC_Lo = 1;
}
else if (I¢ >= Imax )
{
Gate_DriveC_Hi = 0;
Gate_DriveC Lo = 0;
CheckC=1;
}

}

else if (CheckC == 1)

{
if (Ic <=Imin )
{
Gate_DriveC Hi=1;
Gate_DriveC Lo =0;
h
else if (Ic >= Imax )
{
Gate DriveC_Hi = 0;
Gate_DriveC Lo = 0;
}

h
else if (ComC >= 0 & ComC <= ThetaOff)

if (CheckC == 0)



else

}

if (Ic <= Imin )

{

Gate_DriveC_Hi= 1,
Gate_DriveC_Lo = 1;
}

else if (Ic >= Imax )

{

Gate_DriveC_Hi = 0;
Gate_DriveC_Lo = 0;
CheckC = 1;

}

else if (CheckC == 1)

{

if (Ic <= Imin )

{

Gate_DriveC_Hi = 1;
Gate_DriveC_Lo = 0;
b

else if (Ic >=Imax )

t

Gate_DriveC Hi=0;
Gate_DriveC Lo =0;
h

Gate_DriveC Hi=0;
Gate DriveC_Lo =0;
CheckC = 0;
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// For SRG control [ Hard Chopping Mode ]
if (ComC >= ThetaOn & ComC <= 2399)
{

if (Ic <=Imin )

{
Gate_DriveC_Hi = 1;
Gate DriveC_Lo = 1;
H
else if (Ic >= Imax )
{
Gate_DriveC_Hi= 0;
Gate_DriveC_Lo = 0;
F

1
else if (ComC >= 0 & ComC <= ThetaOff)
{
if (Ic <= Imin )
{
Gate DriveC_Hi=1;
Gate_DriveC Lo=1;
}
else if (Ic >= Imax )
{
Gate DriveC_Hi= 0,

Gate DriveC_Lo = 0;

else

Gate_DriveC_Hi = 0;

Gate DriveC_Lo = 0;



// ==> For SRM control
/* if (ComC >= ThetaOn_SRM & ComC <= ThetaOff SRM)
{
if (Ic <=Imin )
{
Gate_DriveC Hi=1;
Gate_DriveC Lo = 1;
}
else if( Ic >= Imax )
t
Gate DriveC_Hi=0;
Gate_DriveC Lo =0;

else

Gate_DriveC Hi = 0;

Gate_DriveC Lo = 0;

ki
// Connected to Gate Drive Module of Phase C
GpioDataRegs GPADAT.bit. GPIOA4 = Gate_DriveC_Hi; //Gate DriveC Ii
GpioDataRegs. GPADAT.bit. GPIOAS = Gate_DriveC Lo; //Gate_DriveC Lo
/I To find the Commutation of Phase D
ComD = ThetaD;
// For SRG control [ Soft Chopping Mode ]
/%
if (ComD >= ThetaOn & ComD <= 2399)
{
if (CheckD == 0)
{
if (Id <= Imin)
{



Gate_DriveD Hi=1;
Gate DriveD Lo =1;
}
else if (Id >= Imax )
{
Gate_DriveD Hi = 0;
Gate DriveD Lo = 0;
CheckD = 1;
}

}

else if (CheckD == 1)

{
if (Id <= Imin )
{
Gate DriveD Hi=1;
Gate DriveD Lo = 0;
}
else if (Id >= Imax )
{
Gate_DriveDd Hi=0;
Gate_DriveD Lo=0;
}

}
else if (ComD >= 0 & ComD <= ThetaOff)

if (CheckD == 0)

{
if (Id <= Imin )
{
Gate_DriveD Hi= 1;
Gate DriveD Lo =1;
;



else if (Id >= Imax )
{
Gate_DriveD Hi = 0;
Gate_DriveD Lo =0;
CheckD = 1;
}

}

else if (CheckD == 1)

{
if (Id <=1Imin )
{
Gate_DriveD_Hi= 1;
Gate_DriveD Lo = 0;
}
else if (Id >= Imax )
{
Gate DriveD Hi=0;
Gate_DriveD_Lo = 0;
}

else

Gate DriveD Hi=0;
Gate_DriveD Lo = 0;
CheckD = 0;

L7

// For SRG control [ Hard Chopping Mode ]
if (ComD >= ThetaOn & ComD <= 2399)

{
if (Id <= Imin )
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Gate_DriveD Hi=1;

Gate_DriveD Lo=1;

}
else if (Id >= Imax )
{
Gate_DriveD_Hi = 0;
Gate DriveD Lo=0;
}
¥
else if (ComD >= 0 & ComD <= ThetaOff)
{
if (Id <= Tmin )
{
Gate DriveD Hi= 1;
Gate DriveD_Lo = 1;
}
else if (Id >= Imax )
{
Gate DriveD Hi=0;
Gate DriveD Lo = 0;
}
}
else
{
Gate_DriveD Hi=0;
Gate_DriveD Lo=0;
}

// ==>For SRM control

,/*

if (ComD >= ThetaOn_SRM & ComD <= ThetaOff SRM)

{
if (Id <= Imin )
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{
Gate_DriveD Hi=1;
Gate_DriveD Lo = 1;
H
else if{ Id >= Imax )
{

Gate_DriveD Hi = 0;
Gate_DriveD Lo = 0;

}
else
{
Gate_DriveD Hi = 0;
Gate_DriveD_Lo = 0;
}

*/
// Connected to Gate Drive Module of Phase D
GpioDataRegs. GPADAT.bit. GPIOA6 = Gate_DriveD Hi;
GpioDataRegs. GPADAT.bit.GPIOA7 = Gate DriveD Lo;
// Connected input of the PWMDAC Module
PwmDacCh1 = MechTheta;
PwmDacCh2 = ThetaA;
PwmDacCh3 = ThetaB;
// Call the PWMDAC update function
pwmdacl.update(&pwmdac1);
/I Acknowledge this interrupt to receive more interrupts from group 1
PieCtrlRegs.PIEACK .all = PIEACK_GROUPI;
// End of programe lenght check
/I GpioDataRegs.GPDDAT.bit. GPIODO = 0;
}
interrupt void EvaTimer2(void)

{
// Connect to QEP driver to update with next ISR
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gepl.isr(&qepl);
// Enable more interrupts from this timer
EvaRegs. EVAIMRC.bit. CAP3INT = [;
EvaRegs.EVAIFRC.all = BIT2;
/I Acknowledge interrupt to recieve more interrupts from PIE group 3

PieCtrlRegs PIEACK.all |= PIEACK_GROUP3;
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wan1snAAedunEil SRG iy 6, = 125°, 6, =35.0°

A157199 9.1

Speed (rpm) Vo(V) To(A) Po(W)
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 0.00 0.00 0.00
2400 0.00 0.00 0.00
2600 0.00 0.00 0.00
2800 0.00 0.00 0.00
3000 0.00 0.00 0.00
3200 0.00 0.00 0.00
3400 0.00 0.00 0.00
3600 0.00 0.00 0.00
3800 0.00 0.00 0.00
4000 0.00 0.00 0.00
4200 000 0.00 0.00
4400 0.00 0.00 0.00
4600 0.00 0.00 0.00
4800 0.00 0.00 0.00
5000 0.00 0.00 0.00
5200 0.00 0.00 0.00
5400 0.00 0.00 0.00
5600 43.82 6.70 293.59
5800 44.83 7.20 32278
6000 45.13 7.30 32945
6200 48.89 8.30 405.79
6400 53.03 11.30 599.24
6600 5548 11.90 66021
6800 56.09 12.80 717.95
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
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Han1sNAasvnE i SRG iy 6, = 12.5°, 9, =37.5°

15199 9.2

Speed (rpm) Vo(V) To(A) Po(W)
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 0.00 0.00 0.00
2400 0.00 0.00 0.00
2600 0.00 0.00 0.00
2800 18.99 7.70 146.22
3000 20.64 8.40 173.38
3200 2273 9.20 209.12
3400 24.72 10.00 247.20
3600 26.64 11.00 293.04
3800 28.45 11.60 330.02
4000 30.27 12.60 381.40
4200 31.52 13.10 41291
4400 34.56 1440 497.66
4600 35.62 14.90 530.74
4800 38.10 16.00 609.60
5000 3995 16.80 671.16
5200 41.29 17.40 718.45
5400 43.29 18.40 796.54
5600 46.02 19.80 911.20
5800 47.56 20.50 974.98
6000 4933 21.10 1040.86
6200 51.68 22.60 1167.97
6400 0.00 0.00 0.00
6600 0.00 0.00 0.00
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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HansnAaBIvaIEil SRG iy 6, = 12.5°, ¢, =40.0°

A157199 9.3

Speed (rpm) Vo(V) 1o(A) Po(W)
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 13.61 4.70 63.97
2400 15.53 5.60 86.97
2600 17.38 6.40 111.23
2800 19.19 7.30 140.09
3000 21.14 8.00 169.12
3200 22.93 8.80 201.78
3400 24.95 9.60 239.52
3600 2691 10.50 282.56
3800 28.87 11.30 326.23
4000 30.71 12.00 368.52
4200 32.16 12.70 408.43
4400 3477 14.00 486.78
4600 35.96 14.70 528.61
4800 39.53 15.80 624.57
5000 40.55 16.70 677.19
5200 41.87 17.30 72435
5400 44.61 18.40 820.82
5600 46.98 1970 ~ | 92551
5800 48.13 20.10 96741
6000 49.93 20.90 1043.54
6200 51.33 21.90 1124.13
6400 55.52 23.90 1326.93
6600 57.52 24.60 1414.99
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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NaMINARBIVREil SRG iy 6, = 125°, ¢, =42.5°

A15719% 0.4

Speed (rpm) Vo(V) lo(A) Po(W)
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 11.44 4.10 46.90
2200 13.51 4.80 64.85
2400 15.56 5.60 87.14
2600 17.65 6.60 116.49
2800 19.54 7.40 144.60
3000 21.31 8.20 174.74
3200 23.31 9.00 209.79
3400 25.43 10.00 254.30
3600 2749 10.80 296.89
3800 29.16 11.50 335.34
4000 3141 12.70 398.91
4200 3385 13.20 440,22
4400 35.75 14.70 525.53
4600 36.57 14.90 544.89
4800 40.19 16.80 675.19
5000 4131 17.20 710.53
5200 4293 17.50 751.28
5400 45.33 19.10 865.80
5600 48.65 20.50 997.33
5800 49.01 20.80 1019.41
6090 50.03 21.10 1055.63
6200 52.52 22.40 1176.45
6400 56.24 24.10 1355.38
6600 58.57 25.50 1493.54
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00

105



NamInaaesvaizil SRG nuiiyn 6, = 12.5°, 6, =45.0°

A1519N 9.5

Speed (rpm) Vo(V) To(A) Po(W)
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 8.88 2.60 23.09
2000 11.72 3.70 4336
2200 13.98 4.70 65.71
2400 16.26 5.70 92.68
2600 18.56 6.80 126.21
2800 20.45 7.50 153.38
3000 22.07 8.20 180.97
3200 24.18 9.10 220.04
3400 26.49 10.10 267.55
3600 28.74 10.90 31327
3800 29.73 11.50 341.90
4000 32.12 12.60 404.71
4200 33.52 12.80 429.06
4400 36.53 14.70 536.99
4600 36.83 14.80 545.08
4800 40.91 16.50 675.02
5000 42.49 17.30 735.08
5200 43.77 17.80 779.11
5400 46.03 19.00 874.57
5600 49.49 20.60 1019.49
5800 49.84 20.90 1041.66
6000 50.80 21.20 1076.96
6200 53.94 22.30 1202.86
6400 0.00 0.00 0.00
6600 0.00 0.00 0.00
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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a15197 9.6
HAMINAAOUTYY 6, = 17.5%, 6,, =47.5°
Speed (rpm) Vo(V) Io(A) Po(W)
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 9.18 3.10 28.46
2000 12.24 440 53.86
2200 14.00 520 72.80
2400 16.64 6.20 103.17
2600 18.71 7.20 134.71
2800 20.97 8.10 169.86
3000 22,95 9.00 204.75
3200 24.67 9.80 241.77
3400 26.91 10.70 287.94
3600 29.14 11.60 338.02
3800 30.52 12.50 381.50
4000 32.64 13.30 43411
4200 33.91 14.20 481.52
4400 3632 15.20 558.14
4600 2 NATATS 15.80 596.77
4800 41.14 17.20 707.61
5000 42.40 18.00 763.20
5200 43,71 18.60 813.01
5400 46.74 19.70 920.78
5600 49.55 21.10 1045.51
5800 5035 ?21.50 1082.53
6000 51.44 22,10 1136.82
6200 54.32 23.30 1265.66
6400 57.60 24,20 1393.92
6600 0.00 0.00 0.00
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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Hamsnadeuiiyy 6, =12.5°, 6,, =50

-
M19190 2.7

o

Speed (rpm) Vo(V) TIo(A) Po(W)
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 9.35 4.10 38.34
2000 12.63 5.40 68.20
2200 14.99 6.40 95.94
2400 1726 | 740 12972 _|
2600 19.47 8.30 161.60
2800 1\ 9.30 20246
3000 23.76 10.20 24235
3200 25.61 11.00 28171
3400 28.14 12.10 340.49
3600 2942 12.70 373.63
3800 31.18 13.70 427.17
4000 33.49 14.40 482.26
4200 34.93 15.40 537.92
4400 37.50 16.50 618.75
4600 38.85 17.00 660.45
4800 41.42 18.20 753.84
5000 43.22 19.20 829.82
5200 44.75 20.00 895.00
5400 47.74 2130 1016.86
5600 49.64 2220 1102.01
5800 50,99 22.70 1157.47
6000 51.98 23.40 121633
6200 54.84 24.40 1338.10
6400 56.74 25.60 1452.54
6600 0.00 0.00 0.00
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0,00
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A1519 2.8

A o o
Nﬁﬂ?‘i“ﬂﬂﬂ'ﬂﬂ‘l’lﬂgu 8,=15, QDH =375

Speed (rpm) Vo(V) Io(A) Po(W)
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 1430 5.90 84.37
2400 16.17 6.70 108.34
2600 18.16 7.60 138.02
2800 19.95 8.50 169.58
3000 22.04 9.40 207.18
3200 24.06 10.30 247.82
3400 2625 11.20 294.00
3600 28,01 12.00 336.12
3800 29.89 12.80 382.59
4000 31.93 13.80 440.63
4200 33.70 14.70 495.39
4400 36.17 15.70 567.87
4600 38.09 16.90 643.72
4800 40.01 17.70 708.18
5000 4235 19.10 808.89
5200 4531 20.10 910.73
5400 46.98 21.00 986.58
5600 48.99 21.70 1063.08
5800 50.86 22.70 1154 57
6000 54.17 24.40 132175
6200 0.00 0.00 0.00
6400 0.00 0.00 0.00
6600 0.00 0.00 0.00
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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110

A15199 0.9

HansnAaeINyY 6, =15°, 6, =40°

0]

Speed (rpm) Vo(V) Io(A) Po(W)
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 0.00 0.00 0.00
2400 0.00 0.00 0.00
2600 0.00 0.00 0.00
2800 0.00 0.00 0.00
3000 21.64 9.10 196.92
3200 23.88 9.50 226.86
3400 2643 10.60 280.16
3600 28.00 11.50 322.00
3800 30.06 12.20 366.73
4000 32.00 13.50 432.00
4200 34.18 14.10 481.94
4400 36.17 15.20 549.78
4600 38.47 16.10 619.37
4800 40.27 17.10 688.62
5000 42.09 18.20 766.04
5200 45723 19.20 868.42
5400 46.90 19.80 928.62
5600 48.29 21.00 1014.09
5800 50.92 21.70 1104.96
6000 54.32 23.60 1281.95
6200 0.00 0.00 0.00
6400 0.00 0.00 0.00
6600 0.00 0.00 0.00
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00




@159 9.10

HamIneResfiyu 6, =15°, 6, =42.5°

Speed (rpm) Vo(V) To(A) Po(W)
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 9.78 0.50 4.89
2000 12.26 0.80 9.81
2200 14.14 1.10 1.5.55
2400 16.30 2.00 32.60
2600 18.61 2.90 53.97
2800 20.49 3.70 75.81
3000 22.18 4.50 99.81
3200 24.59 5.60 137.70

| 3400 2712 6.60 178.99
3600 28.78 7.30 210.09
3800 30.56 8.10 247.54
4000 33.51 9.20 308.29
4200 3447 9.80 337.81
4400 37.03 11.30 418.44
4600 39.49 12.20 481.78
4800 40.87 12.70 519.05
5000 43.63 14.10 615.18
5200 46.47 15.60 72493
5400 4791 16.10 771.35
5600 4924 16.70 822.31
5800 < f Wy 17.80 917.95
6000 54.42 19.80 1077.52
6200 0.00 0.00 0.00
6400 0.00 0.00 0.00
6600 0.00 0.00 0.00
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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A15719% 9.11

o]

NaNSNARBINYN 6, =15°, 6, =45
Speed (rpm) Vo(V) To(A) Po(W)
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 9.77 4.10 40.06
2000 12.54 5.40 67.72
2200 15.34 6.50 99.71
2400 17.18 7.40 127.13
2600 19.98 8.50 169.83
2800 21.77 9.40 204.64
3000 23.72 10.30 24432
3200 2581 1120 289.07
3400 28.36 12.60 357.34
3600 29.82 12.90 384.68
3800 31.94 13.90 443.97
4000 3425 15.10 517.18
4200 35.89 15.80 567.06
4400 38.30 17.00 651.10
4600 40.86 18.20 743.65
4800 41.70 18.60 775.62
5000 44,02 19.60 862.79
5200 47.89 21.30 1020.06
5400 43.87 21.90 | 107025
5600 4999 2240 [119.78
5800 52.55 23.50 1234.93
6000 56.42 25.40 1433.07
6200 0.00 0.00 0.00
6400 0.00 0.00 0.00
6600 0.00 0.00 0.00
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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M15199 .12

(o]

HAMINARDINYY 6, =15°, 6,, =47.5
Speed (rpm) Vo(V) Io(A) Po(W)
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 9.73 3.70 36.00
2000 13.52. 0.54 7.30
2200 15.01 6.30 94.56
2400 18.30 740 13542
2600 20.46 8.40 171.86
2800 22.58 9.30 209.99
3000 25.01 10.20 255.10
3200 27.22 11.30 307.59
3400 29.18 12.20 356.00
3600 30.97 13.00 402.61
3800 33.08 13.90 459.81
4000 85 D% 15.00 530.55
4200 3745 15.90 591.00
4400 39.68 16.90 670.59
4600 4131 17.50 722.93
4800 4238 18.30 775.55
5000 45.40 19.60 889.84
5200 48.20 21.00 1012.20
5400 4955 21.60 1070.28
5600 50.68 22.20 1125.10
5800 53.40 22.40 1196.16
6000 56.78 25.10 142518
6200 0.00 0.00 0.00
6400 0.00 0.00 0.00
6600 0.00 0.00 0.00
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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s

A1519% 9.13

Tufinwamsnaaesiiyu 4, =15°, 6,, =50

(o]

Speed (rpm) Vo(V) TIo(A) Po(W)
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 10.12 0.20 2.02
2000 13.46 1.60 21.54
2200 16.17 2.60 42.04
2400 18.63 3.60 67.07
2600 20.82 4.60 95.77
2800 13.08 5.50 71.94
3000 2527 6.50 164.26
3200 27.72 7.60 210.67
3400 29.08 8.20 23846
3600 IG7 9.30 291.74
3800 33.40 10.30 344.02
4000 35.56 11.30 401.83
4200 37.17 12.00 446.04
4400 3947 13.20 521.00
4600 41.79 14.10 589.24
4800 4333 14.80 641.28
5000 45.00 16.00 720.00
5200 48.20 17.00 819.40
5400 49.70 17.70 879.69
5600 S5 18.50 946.28
5800 54.07 2010 1086.81
6000 56.60 21.20 119992
6200 0.00 0.00 0.00
6400 0.00 0.00 0.00
6600 0.00 0.00 0.00
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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wansnaaesfiyy 6, =17.5°, 6, =37.5

A15197 2.14

(o]

Speed (rpm) Vo(V) Io(A) Po(W)
0 0 0 0

1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 0.00 0.00 0.00
2400 0.00 0.00 0.00
2600 0.00 0.00 0.00
2800 0.00 0.00 0.00
3000 0.00 0.00 0.00
3200 0.00 0.00 0.00
3400 0.00 0.00 0.00
3600 0.00 0.00 0.00
3800 30.59 12,70 388.49
4000 31.81 13.10 416.71
4200 3595 15.10 542.85
4400 36.49 15.50 565.60
4600 38.76 16.60 64342
4800 42.79 18.40 787.34
5000 43.00 18.80 808.40
5200 45.76 19.60 896.90
5400 48.63 21.00 1021.23
5600 52.06 22.00 1145.32
5800 5331 23.50 1252.79
6000 54.43 24,00 1306.32
6200 0.00 0.00 0.00
6400 0.00 0.00 0.00
6600 0.00 0.00 0.00
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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15199 9.15

WamsnARDIyY 6, =17.5°, 6, =40.0°

Speed (rpm) Vo(V) To(A) Po(W)
0 0 0 0
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 15.73 5.50 86.52
2400 17.63 6.40 112.83
2600 20.20 7.40 149.48
2800 22.94 8.30 190.40
3000 24.06 9.20 221.35
3200 26.19 10.10 264.52
3400 28.16 11.10 312.58
3600 30.17 11.90 359.02
3800 32.53 13.10 426.14
4000 34.01 13.60 462.54
4200 3651 15.00 547.65
4400 38.76 16.00 620.16
4600 39.74 17.00 675.58
4800 42.49 18.20 773.32
5000 44.74 19.10 854.53
5200 46.40 20.20 937.28
5400 4872 21.20 1032.86
5600 51.82 22.50 1165.95
5800 53.43 23.50 1255.61
6000 55.62 2480 137938
6200 0.00 0.00 0.00
6400 0.00 0.00 0.00
6600 0.00 0.00 0.00
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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f15199 9.16

HAMINARRINNY 6, =17.5°, 0, =42.5°

Speed (rpm) Vo(V) To(A) Po(W)
0 0 0 0

1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 0.00 0.00 0.00
2400 0.00 0.00 0.00
2600 12.59 10.20 128.42
2800 : 13.34 10.80 144.07
3000 14.52 12.30 178.60
3200 16.32 13.30 217.06
3400 17.45 14.50 253.03
3600 18.85 15.60 294.06
3800 20.69 7.3/ 357.94
4000 21.13 18.10 382.45
4200 23.01 19.50 448.70
4400 2425 20.10 487.43
4600 L 21.50 545.03
4800 27.01 23.02 621.77
5000 28.20 2405 678.21
5200 29.30 25.10 735.43
5400 B1eds : 27.20 850.00
5600 2 1S 28.15 904.46
5800 3575 29.75 1004.06
6000 34.50 30.25 1043.63
6200 36.01 31.70 1141.52
6400 37.50 33.10 1241.25
6600 39.01 34.60 1349.75
6800 39.98 35.80 1431.28
7000 4278 37.85 1619.22
7200 4532 3945 1787.87
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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151N 0.17

HNINARDINYY 6, =17.5°, g, =45.0°

Speed (rpm) Vo(V) To(A) Po(W)
0 0 0 0

1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 9.19 7.30 67.09
2400 11.30 9.00 101.70
2600 12.60 10.10 127.26
2800 14.12 11.50 162.38
3000 15.50 12.80 198.40
3200 17.50 14.01 245.18
3400 18.19 5.7 275.58
3600 19.70 16.30 R2 1M 1
3800 1,34 17.80 380.03
4000 22.25 18.60 413.85
4200 23.89 20.20 482.58
4400 24.78 21.10 522.86
4600 26.11 22.20 579.64
4800 27.60 23.70 654.12
5000 28.90 2490 719.61
5200 30.00 26.20 786.00
5400 32.01 27.80 889.88
5600 32.89 29.30 963.68
5800 34.12 30.12 1027.69
6000 35.16 31.20 1096.99
6200 37.11 32.50 1206.08
6400 3845 34.00 1307.30
6600 39.56 3515 1390.53
6800 40.78 36.45 1486.43
7000 42.54 38.75 1648.43
7200 4535 40.02 1814.91
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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15199 9.18

Han1sNARRINYY g, =17.5°, g, =47.5°

Speed (rpm) Vo(V) To(A) Po(W)
0 0 0 0

1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 10.33 4.10 4235
2000 14.03 5.60 78.57
2200 17.19 6.90 118.61
2400 19.33 7.80 150.77
2600 21.9 8.90 194,91
2800 24.2 10.00 242.00
3000 26.12 10.90 284.71
3200 28.45 12.00 341.40
3400 30.62 13.00 398.06
3600 32.54 14.00 455.56
3800 34.63 14.00 484.82
4000 36.35 15.70 570.70
4200 38.78 16.80 651.50
4400 40.5 17.60 712,80
4600 42.09 18.30 7025
4800 45.62 20.10 916.96
5000 4745 20.90 991.71
5200 48.61 21.40 1040.25
5400 51.96 23.10 1200.28
5600 54.49 24.20 1318.66
5800 5722 25,60 1464.83
6000 58.19 26.20 1524.58
6200 0.00 0.00 0.00
6400 0.00 0.00 0.00
6600 0.00 0.00 0.00
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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M15199 9.19

Han1TNARRINY 6, =17.5°, 6, = 50.0°

Speed (rpm) Vo(V) Io(A) Po(W)
0 0 0 0
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 11.72 4.70 55.08
2000 15.52 6.30 97.78
2200 18.3 7.50 137.25
2400 20.83 8.50 177.06
2600 22.86 9.60 219.46
2800 25.51 10.70 272.96
3000 7.3 11.40 31122
3200 29.46 12.60 371.20
3400 31,54 13.50 425.79
3600 3391 14.40 488.30
3800 35.55 15.40 54747
4000 37.84 16.30 616.79
4200 40.1 17.30 693.73
4400 41.83 18.10 757.12
4600 44.2 19.10 844.22
4800 46.73 20.50 957.97
5000 48.23 21.10 1017.65
5200 49.66 22.00 1092.52
5400 5226 23.20 1212.43
5600 55.13 24 60 1356.20
5800 572 25.60 146432
6000 58.06 26.40 1532.78
6200 0.00 0.00 0.00
6400 0.00 0.00 0.00
6600 0.00 0.00 0.00
6300 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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915199 9.20

HamsnaaBIRyY 6, =20.0°, 6, =42.5°

Speed (rpm) Vo(V) To(A) Po(W)
0 0 0 0

1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 0.00 0.00 0.00
2400 0.00 0.00 0.00
2600 0.00 0.00 0.00
2800 14.07 11.30 158.99
3000 15.20 12.30 186.96
3200 16.30 13.30 216.79
3400 17.87 14.90 266.26
3600 19.25 16.30 313.78
3800 20.30 17.30 351.19
4000 2138 18.90 402.95
4200 22.89 19.70 450.93
4400 24.15 20.80 502.32
4600 ST 21.10 534.46
4800 26.60 23.00 611.80
5000 28.25 24.80 700.60
5200 29.80 26.80 798.64
5400 30.95 27.40 848.03
5600 32.09 28.30 908 15
5800 32.79 28.70 941.07
6000 34.98 Il 20 1094.87
6200 3543 32.40 1147.93
6400 37.50 98720 1245.00
6600 38.50 35.00 1347.50
6800 39.64 35.90 1423.08
7000 40.71 36.90 1502.20
7200 42.80 38.20 1634.96
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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A15199 9.21

HaN1SNARDINYY 6, =20.0°, §,, =43.75°

Speed (rpm) Vo(V) To(A) Po(W)
0 0 0 0

1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 0.00 0.00 0.00
2400 11.70 8.80 102.96
2600 .25 9.80 120.05
2800 13.85 11.00 152.35
3000 15.25 12.20 186.05
3200 16.40 15.1 0 214.84
3400 17.85 14.50 258.83
3600 19.15 15.70 300.66
3800 20.38 16.90 34442
4000 22,02 18.20 400.76
4200 28.98 19.50 565.11
4400 2435 20.20 491.87
4600 25.64 22.10 566.64
4800 26.70 22.58 602.89
5000 28.18 24.80 698.86
5200 29.56 26.10 771.52
5400 30.29 27.10 820.86
5600 32.20 2830 911.26
5800 32.70 30.30 990.81
6000 34.70 31.20 1082.64
6200 36.25 32.20 1167.25
6400 sl 33.80 1267.50
6600 38.70 34.60 1339.02
6800 40.07 35.80 143451
7000 41.05 37.80 1551.69
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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HaMsNARDINYY 6, =20.0°, 6, =45.0

~
AT 1NN 0.22

[e]

Speed (rpm) Vo(V) Io(A) Po(W)
0 0 0 0

1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 0.00 0.00 0.00
2400 10.26 8.80 90.29
2600 12.47 10.40 129.69
2800 13.97 11.60 162.05
3000 15.39 12.80 196.99
3200 16.77 14:00 234.78
3400 18.10 15.20 275.12
3600 18.92 16.20 306.50
3800 20.81 17.90 372.50
4000 2157 18.40 396.89
4200 23.79 20.30 482.94
4400 24 .46 20.70 506.32
4600 2591 22.30 577.79
4800 27.29 23.80 649.50
5000 28.13 24.50 689.19
5200 28.75 25.70 738.88
5400 30.86 27.60 851.74
5600 3,/ 28.50 904.88
5800 32.89 29.60 973.54
6000 3340 30.00 1002.00
6200 35.21 31.40 1105.59
6400 36.68 33.20 1217.78
6600 3175 34.50 1302.38
6800 38.88 34.80 1353.02
7000 40.10 36.00 1443.60
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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A15199 9.23

HAMINARDITIYY 6, =20.0°, 6, =46.25°

Speed (rpm) Vo(V) To(A) Po(W)
0 0 0 0
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 0.00 0.00 0.00
2400 10.54 8.50 89.59
2600 12.20 9.90 120.78
2800 13.82 11.20 154.78
3000 15.25 12.10 184.53
3200 16.55 13.70 226.74
3400 W7 % 14.50 256.94
3600 18.93 15.40 291.52
3800 20.90 17.00 355.30
4000 21.49 17.70 380.37
4200 2851 19.50 458.45
4400 2423 20.10 487.02
4600 2592 21.40 554.69
4800 27.01 23.20 626.63
5000 27.95 23.70 662.42
5200 29.09 24.50 712,71
5400 30.90 26.30 812.67
5600 32.08 2730 888.62
5800 33.29 28.60 952.09
6000 33.61 29.20 98141
6200 35.91 30.60 1098.85
6400 36.90 52.30 1191.87
6600 38.00 33.00 1254.00
6800 39.96 34.00 1358.64
7000 39.96 35.20 1406.59
7200 41.29 36.30 1498.83
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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A15199 9.24

WamMInaaeafiyy 4, =200°, g, =47.5°

Speed (rpm) Vo(V) Io(A) Po(W)
0 0 0 0

1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 0.00 0.00 0.00
2400 10.50 8.80 92.40
2600 12.40 10.20 126.48
2800 13.90 11.50 159.85
3000 15.30 12.70 19431
3200 16.80 13.90 233.52
3400 17.70 14.70 260.19
3600 18.90 16.10 304.29
3800 20.70 17.50 362.25
4000 2140 18.40 393.76
4200 23.00 20.00 460.00
4400 24.20 20.70 500.94
4600 25.50 22.00 561.00
4800 27.30 23.30 636.09
5000 28.00 24.20 677.60
5200 29.10 25.30 736.23
5400 30.70 26.60 816.62
5600 32.30 2820 910.86
5800 3320 29.20 969.44
6000 33.60 29.90 1004.64
6200 35.70 31.70 1131.69
6400 37.50 32.80 1230.00
6600 38.10 34.20 1303.02
6800 39.30 34.90 1371.57
7000 40.60 36.00 1461.60
7200 41.30 36.70 1515.71
7400 42.00 38.10 1600.20
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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A15719% 9.25

HamInAaeafiyy 6, =20.0°, 4, =48.5°

Speed (rpm) Vo(V) Io(A) Po(W)
0 0 0 0

1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 0.00 0.00 0.00
2400 10.14 9.00 91.26
2600 12.03 10.50 126.32
2800 13.75 12.10 166.38
3000 15.19 13.10 198.99
3200 16.70 14.60 243.82
3400 17.98 15.40 276.89
3600 18.87 16.50 311.36
3800 20.89 18.20 380.20
4000 21.39 18.80 402.13
4200 23.10 20.20 466.62
4400 24.46 21.50 525.89
4600 25.70 22.70 583.39
4800 27.03 23.90 646.02
5000 28.10 2480 | 696.88
5200 29.09 25.80 750.52
5400 30.91 2740 846.93
5600 31.87 28.70 914.67
5800 33.06 29.70 981.88
6000 33.84 30.40 1028.74
6200 35.14 31.80 111.7:45
6400 36.79 33.20 1221.43
6600 38.44 34.00 1306.96
6800 38.89 3490 1357.26
7000 40.00 36.00 1440.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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#15199 9.26

HANINARBINYY 6, =22.5°, 0, =43.75°

Speed (rpm) Vo(V) To(A) Po(W)
0 0.00 0.00 0.00
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 0.00 0.00 0.00
2400 0.00 0.00 0.00
2600 0.00 0.00 0.00
2800 0.00 0.00 0.00
3000 0.00 0.00 0.00
3200 0.00 0.00 0.00
3400 16.50 15.40 254,10
3600 17.60 16.90 297.44
3800 19.15 18.20 348.53
4000 20.20 19.20 387.84
4200 21.10 20.70 436.77
4400 22.60 22.00 497.20
4600 23.50 22.80 535.80
4800 24.75 24.50 606.38
5000 26.25 29.50 77438
5200 26.70 30.00 801.00
5400 27.50 31.00 852.50
5600 29.50 32.70 964.65
5800 30.50 34.20 1043.10
6000 31.30 35.80 1120.54
6200 31.50 36.60 1152.90
6400 S0} 37.20 1194.12
6600 33.40 38.50 1285.90
6800 34.00 40.30 1370.20
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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#1519% 0.27

wamsnAaesiiyu 4, =22.5°, g, =45.0°
Speed (rpm) Vo(V) Io(A) Po(W)
0 0.00 0.00 0.00
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 0.00 0.00 0.00
2400 0.00 0.00 0.00
2600 11.50 13.70 157.55
2800 13.30 15.20 202.16
3000 14.50 1630 236.35
3200 | 1585 17.70 280.55
3400 16.80 18.90 317.52
3600 18.00 20.20 363.60
3800 19.50 21.60 42120
4000 20.50 22.50 461.25
4200 21.50 2330 500.95
4400 22.93 25.20 577.84
4600 23.90 26.30 628.57
4800 25.20 27.30 687.96
5000 26.30 29.40 773.22
5200 27.50 30.20 830.50
5400 28.70 3140 901.18
5600 30.00 33.10 993.00
5800 31.00 33.80 1047.80
6000 32.50 35.80 1163.50
6200 33.60 36.80 1236.48
6400 34.50 38.20 1317.90
6600 34.90 39.10 1364.59
6300 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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A13197 .28

HAMINARDINYY 6, =225, 6, =46.25°
Speed (rpm) Vo(V) To(A) Po(W)
0 0 0 0.00
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 0.00 0.00 0.00
2400 9.75 8.70 84.83
2600 11.50 10.50 120.75
2800 13.20 11.90 157.08
3000 14.50 13.10 189.95
3200 1520 14.50 220.40
3400 16.90 15.80 267.02
3600 18.20 17.10 311.22
3800 20.00 19.10 382.00
4000 20.30 19.50 395.85
4200 21.50 20.90 44935
4400 22.80 22.10 503.88
4600 23.75 23.40 555.75
4800 25.20 25.70 647.64
5000 26.40 26.10 689.04
5200 27.60 27.50 759.00
5400 28.50 28,50 812.25
5600 30.20 30.10 909.02
5800 31.10 31.90 992.09
6000 3150 33.50 1055.25
6200 32.70 35,20 1151.04
6400 33.00 34.80 1148.40
6600 34.00 36.50 1241.00
6800 36.40 37.20 1354.08
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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135197 2.29

NansnAaediiyy 6, =22.5°, g, =47.5°

Speed (rpm) Vo(V) Io(A) Po(W)
0 0 0 0.00
1000 0.0 0.0 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 0.00 0.00 0.00
2400 9.90 8.90 88.11
2600 11.50 10.50 120.75
2800 13.10 11.90 155.89
3000 14.50 13.40 194.30
3200 15.50 14.90 230.95
3400 16.90 15.80 267.02
3600 18.30 1720 FR1476
3800 19.40 18.90 366.66
4000 20.50 19.40 397.70
4200 21.58 21.10 455.34
4400 22.90 22.40 512.96
4600 24.00 23.50 564.00
4800 25.30 25.20 637.56
5000 26.50 26.70 707.55
5200 27.60 27.80 767.28
5400 28.50 28.70 817.95
5600 29.90 30.10 899.99
5800 31.30 31.80 995.34
6000 32.20 33.00 1062.60
6200 32.50 34.50 112125
6400 ' 33.30 35.90 1195.47
6600 34.40 36.70 1262.48
6800 35.50 38.10 135255
6900 36.30 39.00 1415.70
7000 0.00 0.00 0.00
7100 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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A15799 9.30

HamINAaediiyy 6, =25.0°, 6, =45.0°

Speed (rpm) Vo(V) To(A) Po(W)
0 0.00 0.00 0.00
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 0.00 0.00 0.00
2400 0.00 0.00 0.00
2600 15.01 16.2 243.162
2800 17.21 18.3 314,943
3000 18.69 19.8 370.062
3200 20.36 22 447.92
3400 21.86 23 502.78
3600 2335 24.7 576.745
3800 24.71 263 649.873
4000 26.24 28 734.72
4200 27.05 293 792.565
4400 29.03 31 899.93
4600 30.34 326 989.084
4800 30.97 342 1059.174
5000 30.9 347 1072.23
5200 33.1 36.8 1218.08
5400 352 38.1 1341.12
5600 35.58 39.7 1412.526
5800 359 40.3 1446.77
6000 35.85 40.1 1437.585
6200 36.94 41.5 1533.01
6400 0.00 0.00 0.00
6600 0.00 0.00 0.00
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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13199 .31

NaMITNARBIAYY 6, =25.0°, 6, =46.25°

Speed (rpm) Vo(V) To(A) Po(W)
0 0 0 0

1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 | B o I 11.9 134.113
2400 1391 14.1 196.131
2600 175,31 157 240.367
2800 16.98 173 293.754
3000 18.92 19.1 361372
3200 20.58 21 432.18
3400 22.43 2217 509.161
3600 2342 23.5 55037
3800 24.7 8 637.26
4000 26.32 273 718.536
4200 26.9 28.5 766.65
4400 29.11 30.2 879.122
4600 30.7 319 979.33
4800 30.8 336 1034.88
5000 31.19 343 1069.817
5200 3245 36.5 1184.425
5400 343 38.2 1310.26
5600 0.00 0.00 0.00
5800 0.00 0.00 0.00
6000 0.00 0.00 0.00
6200 0.00 0.00 0.00
6400 0.00 0.00 0.00
6600 0.00 0.00 0.00
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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M15199 9.32

HamsnAaosfiyy g, =25.0°, ¢, =47.5°

Speed (rpm) Vo(V) To(A) Po(W)
0 0 0 0

1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 11;2’] 11.9 134.113
2400 13.91 14.1 196.131
2600 15.31 15.7 240.367
2800 16.98 17.3 293.754
3000 18.92 19.1 361.372
3200 20.58 21 432.18
3400 22.43 2 509.161
3600 2342 293 55037
3800 24.7 25.8 637.26
4000 26.32 23 718.536
4200 26.9 28.5 766.65
4400 29.11 30.2 879.122
4600 30.7 31.9 979.33
4800 30.8 336 1034.88
5000 31.19 343 1069.817
5200 3245 36.5 1184.425
5400 343 38.2 1310.26
5600 0.00 0.00 0.00
5800 0.00 0.00 0.00
6000 0.00 0.00 0.00
6200 0.00 0.00 0.00
6400 0.00 0.00 0.00
6600 0.00 0.00 0.00
6800 0.00 0.00 0.00
7000 0.00 0.00 0.00
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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15199 .33

WamsnaARRafiyy 6, =25.0°, 6, =48.75°

Speed (rpm) Vo(V) To(A) Po(W)
0 0.00 0.00 0.00
1000 0.00 0.00 0.00
1200 0.00 0.00 0.00
1400 0.00 0.00 0.00
1600 0.00 0.00 0.00
1800 0.00 0.00 0.00
2000 0.00 0.00 0.00
2200 0.00 0.00 0.00
2400 0.00 0.00 0.00
2600 10.50 9.80 102.90
2800 12.60 11.80 148.68
3000 13.50 12.60 170.10
3200 14.90 13.80 205.62
3400 16.26 15.50 252.03
3600 17.26 16.70 288.24
3800 18.42 18.10 333.40
4000 19.44 19.30 375.19
4200 20.60 20.40 420.24
4400 21.63 21.40 462.88
4600 23.00 22.60 519.80
4800 24.35 24.80 603.88
5000 25.26. 25.50 643.88
5200 26.25 26.40 693.00
5400 27.50 28.30 778.25
5600 28.58 29.50 843.11
5800 30.00 30.80 924.00
6000 30.50 31.20 951.60
6200 31.60 31.70 1001.72
6400 32.58 33.80 1101.20
6600 31.60 34.60 1093.36
6800 35.00 35.30 1235.50
7000 34.30 35.80 1227.94
7200 0.00 0.00 0.00
7400 0.00 0.00 0.00
7600 0.00 0.00 0.00
7800 0.00 0.00 0.00
8000 0.00 0.00 0.00
8200 0.00 0.00 0.00
8400 0.00 0.00 0.00
8600 0.00 0.00 0.00
8800 0.00 0.00 0.00
9000 0.00 0.00 0.00
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