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I ntroduction

The PEK-190 is a ThreePhase Permanent Magnet
Synchronous Motor Drive Development Ki t, as
shown in Figure 0.1. It is a fully digital control
system. The implementation method is illustrated
in Figure 0.2. Its purpose is to provide a learning
platform for digital control of power converters.
Using PSIM software, users can learn the

princip les, analysis, and design of power
converters through simulation. Additionally, the
SimCoder tool in PSIM allows the conversion of
control circuits into digital control programs.
These programs can then be simulated again
using DSP as a replacement for thecircuit. Finally,
the control programs verified through simulation
can be programmed into DSP chips, enabling
control and communication via DSP to validate
the correctness of the designed circuits and
controllers.

Figure 0.1
ThreePhase
Permanent
Magnet
Synchronous
Motor Drive
Development Kit
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The PEK-190 can complete six experiments, as follows:

1. Vector Control of Permanent Magnet Synchronous Motor

2. Initial Rotor Position Detection and Starting of Permanent
Magnet Synchronous Motor

3. Parameter Identification of Permanent Magnet Synchronous
Motor

4. Position Sensorless Speed Control (Conventional Sliding Mode
Observer Method)

5. Position Sensorless Speed Control (Selfadaptive Sliding Mode
Observer Method)

6. Position Sensorless Speed Control (Model Reference Adaptive
System (MRAS) Observer Method)

During the experiment, in addition to the PEK -190 itself, it is

necessary to use PEKOO5A (auxiliary power supply, as shown in

Figure 0.3) and PEK-006 (JTAG programmer, asshown in Figure

0.4) and complete the setup on the PTS3000 experimental platform,

as shown in Figure 0.5.
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Figure 0.3
Auxiliary Power
Module

Figure 0.4
JTAG
Programmer
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Figure 0.5 - Peser Eiscvoniox Yoy S5t
PTS3000 bk Bl s s elnin i

Experimental
Platform

4 |

The circuit diagram of PEK -190 can be referred to in Appendix A,
which can be divided into power circuit, sensing circuit, driving
circuit, and protection circuit. The sensing circuit is divided into

two parts: one for test point measurement and the other for DSP
control feedback. Their attenuation ratios differ, as shown in Tables
0-1 and 0-2.
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Table 0.1 Measurement Ratios of PEK190 Test Points
Sensing Iltems Sensing Ratios
DC Link Voltage (VDC) 0.0373
Inverter Phase A Output Current (I0 -A) 0.8
Inverter Phase B Output Current (I0-B) 0.8
Inverter Phase C Output Current (I0O-C) 0.8

ArlWIN|IF
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Table 0.2 Measurement Ratios of PEK190 Test Points

Sensing ltems Sensing Ratios

DC Link Voltage (VDC ) 0.0139

Inverter Phase A Output Current (10 -A)  0.2996

Inverter Phase B Output Current (I0-B)  0.2996

ArWIN|PF

Inverter Phase C Output Current (I0-C)  0.2996

Chapter Description

Chapter Arrangement

Introduction

Experiment 1
Vector Control of

Brief introduction to the experimental methods,
experimental items, circuit composition, and
chapter contents of this module.

Primarily focuses on learning Space Vector Pulse
Width Modulation ( SVPWM) technology,

Permanent Magnetunderstanding voltage and current

Synchronous
Motor

Experiment 2
Rotor Initial
Position Detection
and Startup

measurement methods through the PEK-190
module, learning the configuration of Tl F28335
DSP IC pins, PWM, and A/D hardware, and
understanding how to use RS-232 for DSP
internal signal control and measure ment.

Primarily focuses on accurately obtaining the
initial position information of the rotor in a
Permanent Magnet Synchronous Motor (PMSM),
achieving smooth motor startup, proposing a
method for detecting the initial rotor position of
PMSM, ensuring smooth startup and reliable
operation, and planning hardware followed by
programming through SimCoder.
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Experiment 3 Focuses on learning how to estimate motor
Online impedance, reactance, back electromotive force,
Measurement and and mechanical parameters such as torque, rotor
Estimation of inertia, and mechanical constants, followed by
Permanent Magnetalgorithm planning and programming through
Synchronous SimCoder.

Motor Parameters

Experiment 4 Study the traditional sliding mode observer
Position Sensof  method and perform programming using
less Speed ControlSimCoder.

(Conventional

Sliding Mode

Observer Method)

Experiment 5 Study the adaptive sliding mode observer
Speed control method and perform programming using
without position  SimCoder.

sensors (adaptive

sliding mode

observermethod)

Experiment 6 Study the model reference adaptive method and
Speed control perform programming usi ng SimCoder.

without position
sensors (model
reference adaptive
method)

10
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Experiment 1Vector

Control of Permanent
Magnet Synchronous Motor

Circuit Simulation

The specifications of the driver are as follows:

DC Voltage vd 430V
fs =20kHz, Vtri =5Vpp (PWM)
Ks = 0.2996 (current sensing factor)

Kv = 0.0139 (wltage sensing factor)
The analog circuit established based on the above parameters is
shown in Figure 1.1.

11
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PSIM file name: PEK-
190_Siml1l VC_PMSM_KingServo V2022.1 V1.1

Model Name PEK-120_KingServo T
Experimentation :  Sim1 |G
Description Vector Cnnlrm of PMSM -
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Flgure 1.1 Analog circuit diagram for Experiment 1 in PSIM

The simulation results are shown in Figures 1.2, 1.3, and 1.4.
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Figure 1.2 Analog circuit simulation waveform for Experiment 1
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The digital circuit established based on the analog circuit is shown
in Figure 1.5.

PSIM file name: PEK-
190 Labl VC_PMSM_KingServo V2022.1 V1.1
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Figure 1.5 Digital circuit diagram for Experiment 1 in PSIM
The simulation results are shown in Figure 1.6.

Figurel.6 Digital circuit simulation waveform for Experiment 1
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After confirming the simulation is correct, use the Simulate
function's Generate Code feature to automatically generate the
corresponding C code.

Experimental Equipment
The equipment required for t his experiment is as follows:
One PEK-190
One PEK-005A
One PEK-006
One PTS3000 (including GDS-2204E, PSW16{.2, GPL-300A)
One PC

Experimental Procedure
1. The experimental wiring diagram is shown in Figure 1.7. Please
complete the wiring according to this d iagram.

Motor model

- W K

Load

——— Three
i (g H};;@ phase>‘

Figure 1.7 Wiring diagram for Experiment 1

2. After completing the wiring, first confirm that the PEK -190
switch is set to OFF. Then, turn on the PEKOO5A switch. Once
turned on, the red indicator light on the DSP will illuminate, as
shown in Figure 1.8, indicating that the DSP power supply is

15



GUYINSTEK PEK190 Experimental Manual

functioning normally.

Figure 1.8 ; o r— ' N

_~

DSP normal
operation disply

3. Please follow Appendix B (programming procedure) to perform
the programming.

4. Connect the oscilloscope probes to IGA, 10-B, and I10-C
respectively, as shown in Figure 1.9.

Figure 1.9

Oscilloscope
probe wiring
diagram

GYINSTEK
PEK - 190

Motor Driver

L

5. Set the PSW16607.2 to a voltage of 130V and a current of 4A.
After turning on the GPL -300A power supply, configure the
Three Phase Load to Resistance Load. Set 1TS, 2T&hd 3TS to
ON. At this point, the load for each phase is 10 ohms, as shown
in Figure 1.10

16
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Figure 1.10

PSW and GPL
300A
configuration
diagram

"E SN

After completing the setup, turn on the PSW power output, and
finally switch on the PEK -190.

Experimental @jective

Study the principles of three -phase SVPWM and PMSM, as well as
the open-loop voltage and current measurement methods for three -
phase inverter modules.

Start the motor without resetting to the initial position and observe
the conditions generated during non -zero initialization.

Experimental Results

When the motor is started without resetting to the initial position, it
can be observed that the motor speed may sometimes become
uncontrollable and fail to reach the target speed. The primary
purpose is to help learners understand the potential issues caused
by non-zero initialization.

Conclusion

From the above results, it can be observed that when the initial
position is not reset, the motor speed may become uncontrollable.

17
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Experiment 2Initial Rotor

Pogtion Detection and
Starting

Circuit Simulation

The specifications of the driver are as follows:

DC Voltage vd 430V
fs =20kHz, Vtri =5Vpp (PWM)
Ks = 0.2996 (current sensing factor)

Kv = 0.0139 (voltage sensing factor)
The analog circuit established based on the above parameters is
shown in Figure 2.1.

18
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The PSIM file name isPEK-
190 Sim2 IAD_Start PMSM_KingServo V2022.1 V1.1

PEK-190_KingServa

8
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Figure 2.1 Experimental Setup for PSIM Analog Circuit Diagram
The simulation results are shown in Figure 2.2.

N
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%0 (rpm)

VT

500
EN start

230
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0
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Time (s)

Figure 2.2 Simulation Waveform of Experimental Analog Circuit

19



GWINSTEK PEK190 Experimental Manual

Referencing the analog circuit, the digital circuit established is
shown in Figure 2.3.

The PSIM file name isPEK-

190 Lab2 |AD_Start PMSM_KingServo_V2022.1 V1.1

Figure 2.3 Experimental Setuprf®SIM Digital Circuit Diagram
The simulation results are shown in Figure 2.4.

250
500

03
Time (5)

Figure 2.4 Simulation Waveform of Experimental Digital Circuit

20
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After confirming the simulation is correct, use the Simulate
function's Generate Code feature to automatically generate the
corresponding C code.

Experimental Equipment
The equipment required for this experiment is as follows:
One PEK-190
One PEK-005A
One PEK-006
One PTS3000 (including GDS-2204E, PSW16{.2, GPL-300A)
One PC

Experimental Procedure
1. The experimental wiring diagram is shown in Figure 2.5. Please
complete the wiring according to this diagram.

Encoder  Power Load

(uvw)
Three
Phase
AC
Load

2. After completing the wiring, first confirm that the PEK -190
switch is set to OFF. Then, turn on the PEKOO5A switch. Once
activated, the red indicator light on the DSP will illuminate, as
shown in Figure 2.6, indicating that the DSP power supply is
functioning normally.

Motor model

GPL-300A
Figure 2.5 Experimental Wiring Diagram

21
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Figure 2.6

DSP normal =
operation display . =

3. Please follow Appendix B (programming procedure) to perform
the programming.

4. Connect the oscilloscope probes to IGA, I0-B, and 10-C
respectively, as shown in Figure 2.7.

Figure 2.7
Oscilloscope
probe wiring
diagram

L 3 -

5. Set the PSW16607.2 to a voltage of 130V and a current of 4A.
After turning on the GP L-300A power supply, configure the
Three Phase Load to Resistance Load. Set 1TS, 2TS, and 3TS to
ON. At this point, the load for each phase is 10 ohms, as shown
in Figure 2.8.

22
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Figure 2.8 L e e s

Configuration
Diagram for PSW
and GPL300A

“ﬁ

After completing the setup, turn on the PSW power output, and
finally switch on the PEK -190.

Experimental Objective

The primary objective is to accurately obtain the initial position
information of the rotor in a Permanent Magnet Synchronous
Motor (PMSM), enabling smooth moto r startup. A method for
detecting and resetting the initial rotor position of PMSM is
proposed to achieve stable startup and reliable operation.

Experimental Results

(1) 10-A, 10-B, IO-C Waveforms

CHL1 corresponds to 10-A; CH2 corresponds to 10-B; CH3
corresponds to 10-C, as shown in Figure 2.9.

[18 Jul 2824 |

Figure 2.9 ==~ evvoml - W

ThreePhase
Drive Current
Waveforms

al

R IED

23
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Conclusion

Due to the inclusion of the initial rotor position detection and reset
mechanism in Experiment 2, the motor startup does not experience
speed instability.

24
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Xperiment 3 Online

Measurement and
Estimation of Permanent
Magnet Synchronous Motor
Parameters

Experimental Objective

Learn how to estimate motor impedance, reactance, back
electromotive force, and mechanical parameters such as torque,
rotor inertia, and m echanical constants. Experiment 3 is divided
into four distinct programs, which are individually explained
below.

25
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1 Measurement of
Permanent Magnet
Synchronous Motor
Impedance

Circuit Simulation

The specifications of the driver are as follows:

DC Voltag vd =130v
fs =20kHz, Vtri =5Vpp (PWM)
Ks = 0.2996 (current sensing factor)

Kv = 0.0139 (voltage sensing factor)
The analog circuit established based on the aforementioned
parameters is shown in Figure 3-1.1:
PSIM file name: PEK-190_Lab31_EST_R_Kingervo_V2022.1_V1.1

nnnnnnnnnnn

‘‘‘‘‘

peu v

Figure 31.1 Analog Circuit Diagram for Experimentl3

26
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The simulation results are shown in Figure 3-1.2:

Figure 31.2 Analog Circuit Simulation Waveform for Experimenl 3

After confirming the simulation is correct, use the Si mulate
function's Generate Code feature to automatically generate the
corresponding C code.

Experimental Equipment
The equipment required for this experiment is as follows:
One PEK-190
One PEK-005A
One PEK-006
One PTS5000 unit (PSW1607.2)
One PC

27
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Experimatal Procedure
1. The experimental wiring diagram is shown in Figure 3 -1.3.
Please complete the wiring according to this diagram.

o
iiie Source
— 1
j
PSW 160-7.2 |

Driver

Power

r il
. o= Auxliary
Power

PEK-005A

Motor model

Figure 31.3 Wiring Diagram for Experiment-8

2. After completing the wiring, first ensure that the switch of PEK -
190 is setto OFF. Then, turn on the switch of PEK-005A. Once
turned on, the red indicator light on the DSP will illuminate, as
shown in Figure 3-1.4, indicating that the DSP power supply is
functioning normally.

Figure 31.4 ——— , e
DSP normal - '
operation display -

3. Pleas follow Appendix B (programming procedure) to perform
the programming.

28
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4. Setthe PSW1667.2 to a voltage of 130V and adjust the current
knob to 4A, as shown in Figure 3-1.5.

Figure 3 -
1.5PSW
Configuration
Diagram

After completing the setup, turn on th e PSW power output, and
finally switch on the PEK -190.

Experimental Results

The values measured via R232are shown in Figure 3-1.6.

===

2.5 1 1.5
Time (s)

Measure B
H x1 x2 A Average
Time  3.09850e-61  1.59056e+08 1.139678+80

F28335...| 1.34744e+BB| 1.34738e+88| -5.72868

68e-85

Figure 31.6 Actual Measurement Values via RS232 (PSM_R)

It can be observed that the measured values are similar to he actual
values. The motor does not rotate during this experiment.

29
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2 Measurement of
Permanent Magnet
Synchronous Motor
Inductance and Magnetic
Flux

Circuit Simulation

The specifications of the driver are as follows:

DC Voltage vd 430V

fs = 20kHz, Vi = 5Vpp (PWM)

Ks = 0.2996 (current sensing factor)
Kv = 0.0139 (voltage sensing factor)

30
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The analog circuit established based on the aforementioned
parameters is shown in Figure 3-2.1:

PSIM file name: PEK-190_Lab32_EST_R_KingServo_V2022.1 V1.1

w00

P

Figure 32.1 Analog Circuit Diagram for Experiment23
The simulation results are shown in Figure 3-2.2:

DAPEK-190 experiment deta & kingservo\PEK-190_KingServo_W2022.1\PEK-190 KingServo_ V2022 1\PEK-190_Lab3_KingServa V202... [ || =[]

Figure 32.2 Analog Circuit Simulation Waveform for Experimen2 3

31
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After confirming the simulation is correct, use the Simulate
function's Generate Code feature to automatically generate the
corresponding C code.

Experimental Equipment
The equipment required for this experiment is as follows:
One PEK-190
One PEK-005A
One PEK-006
One PTS5000 unit (PSW1607.2, GPL-300A)
One PC

Experimental Procedure
1. The experimental wiring diagram is shown in Figure 3 -2.3.
Please complete the wiring according to this diagram.

"~ Diver ]_|
paag

PEK-005A

Motor model

—— e Three
it @] E’E:@ Phase
LY C

| Load

GPL-300A
Figure 32.3 Wiring Diagram for Experiment-3

2. After completing the wiring, first ensure that the switch of PEK -
190 is set to OFF. Then, tun on the switch of PEK-005A. Once
turned on, the red indicator light on the DSP will illuminate, as
shown in Figure 3-2.4, indicating that the DSP power supply is
functioning normally.

32
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Figure 32.4DSP
normal operation .-
display -

3. Please follow Appendix B (programming procedure) to perform
the programming.

4. Setthe PSW1667.2 to a voltage of 130V and a current of 4A.
After turning on the GPL -300A power supply, configure the
Three Phase Load to Resistance Load. Set 1TS, 2TS, and 3TS to
ON. At this point, the load for each phase is 10 ohms, as shown
in Figure 3-2.5.

Figure 32.5

PSW and GPL
300A
configuration
diagram

After completing the setup, turn on the PSW power output, and
finally switch on the PEK -190.
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Experimental Results

The values measured via RS32 are shown in Figure 3-2.6.

[ D:\PEK- 190 BIESRPSIMNEE V2 3z

V2 HRER1~G\HRab2 Famv [SE=]
F28335_pst_F

48m f

s

47m

46m

45m

Time (s)

BEFERV2 MXTR1 ~6\BH\ab2 LS.smv.

=o s

F28335_PSH_LS

Time (5)

Figure 32.6 Actual Measurement Values via RS232 (PSM_F, RSM_

It can be observed that the measured values are similar to the actual
values. The motor continuously rotates during this experiment.
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3 Measurement of
Mechanical Parameters of
Permanent Magnet
Synchronous Motor

Circuit Simulation

The specifications of the driver are as follows:

DC Voltage vd 430V

fs =20kHz, Vtri =5Vpp (PWM)

Ks = 0.2996 (current sensing factor)
Kv = 0.0139 (voltage sensing factor)
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The analog circuit established based on the aforementioned
parameters is shown in Figure 3-3.1:

PSIM file name: PEK-190 Lab3
3_EST_Mech_KingServo_V2022.1 V1.1

sssarsan

P

Figure 33.1 Digital Circuit Diagram of Experiment3in PSIM
The simulation results are shown in Figure 3-3.2:

[ D:PEK-190 experiment dekta & kingservo\PEK-190_King Servo_ V2022 1\PEK-190_KingServo_V2022 1\PEK-190_Lab3_KingServo 202 .. | = | |5

Figure 32.2 Analog Circuit Simulation Waveform of Experimen83
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After confirming the simulation is correct, use the Simulate
function's Generate Code feature to automatically generate the
corresponding C code.

Experimental Equiment
The equipment required for this experiment is as follows:
One PEK-190
One PEK-005A
One PEK-006
One PTS5000 unit (PSW1607.2)
One PC

Experimental Procedure
1. The experimental wiring diagram is shown in Figure 3 -3.3.
Please complete the wiring according to this diagram.

-
esé

Source
— 1
=
PSW 160-7.2 |

Encoder  Power
(uvw)

=]

Motor model

Driver
Power
! REE
*.-&—ﬁ Apu:::y
005A

PEK-

Figure 33.3 Wiring Diagram of Experiment-3

2. After completing the wiring, first ensure that the PEK -190
switch is set to OFF. Then, turn on the PEK-O05A switch. Once
turned on, the red indicator light of the DSP will illuminate, as
shown in Figure 3-3.4, indicating that the DSP power supply is
functioning normally.
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Figure 33.4 = : e

DSP normal o=
operation display -

3. Please follow Appendix B (programming procedure) to perform
the programming.

4. Set PSW1667.2 to a voltage of 130V and a curent of 4A, as
shown in Figure 3-3.5.

Figure 33.5

PSW
Configuration
Diagram

After completing the setup, turn on the PSW power output, and
finally switch on the PEK -190.
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Experimental Results

The values measured by R232are shown in Figure 3-3.6.

===

DA\PEK-190 EfEFRPSIMN\E BEEH B=V2 AEER1~0\B\lab3 ) smv =R =R ~==]

Figure 33.6 Actual Measurement Values via RS232 (PSM_B, RSM_J

In this experiment, the motor will continuously rotate forward and
backward.
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4 Online Estimation of
Permanent Magnet
Synchronous Motor
Parameters

Circuit Simulation

The specifications of the driver are as follows:

DC Voltage vd 430V

fs =20kHz, Vtri =5Vpp (PWM)

Ks = 0.2996 (current sensing factor)
Kv = 0.0139 (voltage sensing factor)
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The analog circuit established based on the aforementioned
parameters is shown in Figure 3-4.1.

PSIM file name:
PEK-190_Lab34_ID_RLF_KingServo_Vv2022.1_V1.1

Figure 34.1 Analog Circuit Diagram of Experiment3in PSIM
The simulation results are shown in Figure 3-4.2.

M D\PEK-190 experiment delta & kingservo\PEK-190_KingServo W2022.1\PEK-190_KingServa V2022 1\PEK-190_Lab3 KingServo V202.. (= | =0 )( &3

Pa_Fe PsH_Le Fo_Re

O w oM ow b owom

Time (s) Ey 7

Measure
*1 x2 A Average
Time B 8. 1.
PSM_Fe| 4.87756e-82| 4.98138e-02| 2.37476e-04 4.88431e-02|
PSM_Le| 6.69564e-03| 6.82992e-03] 3.42783e-5) 6.00266e-03
PSM_Re| 2.27836e+06]  2.28948e+00] 1.11193e-02] 2.28055e+00)

Figure 34.2 Analog Circuit Simulation Waveform of Experimens 3
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After confirming the simulation is correct, use the Simulate
function's Generate Code feature to automatically generate the
corresponding C code.

Experimental Equipment
The equipment required for this experiment is as follows:
One PEK-190
One PEK-005A
One PEK-006
One PTS5000 unit (PSW1607.2, GPL-300A)
One PC

Experimental Procedure
1. The experimental wiring diagram is shown in Figure 3 -4.3.
Please complete the wiring according to this diagram.

Motor model

e — Three
i (@) ==, (9] Phase
R g A
e———

Load

GPL-300A
Figure 34.3 Wiring Diagram of Experiment2

2. After completing the wi ring, first ensure that the PEK-190
switch is set to OFF. Then, turn on the PEK0O05A switch. Once
turned on, the red indicator light of the DSP will illuminate, as
shown in Figure 3-4.4, indicating that the DSP power supply is
functioning normally.
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Figure 34.4 e et

- -

DSP normal s
operation display -
SRk R

3. Please follow Appendix B (programming procedure) to perform
the programming.

4, Set PSW1667.2 to a voltage of 130V and a current of 4A. After
turning on the GPL -300A power supply, configure the Three
Phase Load to Raistance Load. Set 1TS, 2TS, and 3TS to ON. At
this point, the load for each phase is 10 ohms, as shown in
Figure 3-4.5.

Figure 34.5

PSW and GPL
300A
configuration
diagram

After completing the setup, turn on the PSW power output, and
finally switch o n the PEK-190.
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Experimental Results

The values measured by R232are shown in Figure 3-4.6.

sl@s

% {.1

sassss

'E%W»WMwéaiz?w»,w,va i

Figure 34.6 Actual Measurement Values via RS232 (PSM_Fe, RSM_|
PSM_Re)

It can be observed that the measured values are similar to the actual
values. The motor continuously rotates during this experiment.

|

—
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Experiment 4 Sensorless

Speed Contro{Conventional
Sliding Mode Observer
Method)

Circuit Simulation

The specifications of the driver are as follows:

DC Voltage Vd = 130V

Fs =20kHz, Vtri =10V pp (PWM)

Cb =33QuF

Ks =0.3(AC current sensing factor)
Kv = 1/50 (DC voltage sensing factor)
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The analog circuit established based on the aforementioned
parameters is shown in Figure 4.1.
PSIM file name: PEK-190_Sim4_SL_SMO_KingServo_V2022.1 V1.1

Wodel Name PEK-190_KingSenvo (T

Experimentation :  Sim4

Description Position Sensoriess Control of PMSM with Siding Mode Observer (SMO)

PSIM Version V2022.1.08

Date 202416125

Version V14
1000rpm B0
2000rpm 8021

L b e 2000mm 0rams
150 S8
[l e \#} 02
') .
"!vm 558 35 TIE % doas
) @,
i e
% FETEE S -
- F RN 1 —
G TEF =) .
EJ (T} 1 usmm ek} . ] -Il‘fj
100 e L ] = L=
i 3] o =
e [ S . 1B dsssmann ) /
5000 o g { i
— 100 [\
[-{838m Flate
Ghar | o U
I @ @
veciz vam) e S, (BN, | JET N, L ML MR, I,
7155810 T aem T 5] @
e Jaem . | e
- Dosn ¢
e EL e I
VR gy [ e
- o B e et m s T T o
T wsem T T Py
pimen 18
B

Figure 4.1 Aalog Circuit Diagram of Experiment 4 in PSIM

The simulation results are shown in Figure 4.2.
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Figure 4.2 Analog Circuit Simulation Waveform of Experiment 4
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The digital circuit established based on the analog circuit is shown
in Figure 4.3.
PSIM file name: PEK-190_Lab4 SL_SMO_KingServo_V2022.1_V1.1

Figure 4.3 Digital Circuit Diagram of Experiment 4 in PSIM
The simulation results are shown in Figure 4.4.

now (rpm)
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500 /

0
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Figure 4.4 Experimental Digital Circuit Simulation Waveform

o 02 04 08
Time (s}

After confirming the simulat ion is correct, use the Simulate
function's Generate Code feature to automatically generate the
corresponding C code.
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Experimental Equipment

The equipment required for this experiment is as follows:
One PEK-190
One PEK-005A
One PEK-006

One PTS3000 (including GDS-2204E, PSW16&.2, GPL-300A)

One PC

Experimental Procedure

1. The experimental wiring diagram is shown in Figure 4.5. Please

complete the wiring according to this diagram.

o
puaonty .. ||

PEK-

Motor model

e — ———rry
it

L B

GPL-300A

Three
Phase
AC
Load

Figure 4.5 Experimental Wiring Diagram for Experiment 4

2. After completing the wiring, first ensure that the PEK -190
switch is set to OFF. Then, turn on the PEK0OO5A switch. Once
turned on, the red indicator light on the DSP will illuminate, as
shown in Figure 4.6, indicating that the DSP power supply is

functioning normally.
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Figure 4.6 . e R

DSP normal s
operation display -

3. Please follow Appendix B (programming procedure) to perform
the programming.

4. As shown in Figure 4.7, connect the oscilloscope probes to VOA,
VOB, VOC, and IOA respectively.

Figure 4.7

Oscilloscope
Probe Wiring

5. Set PSW16607.2 to a voltage of 130V and a current of 4A. After
turning on the GPL -300A power supply, configure the Three
Phase Load to Resistance Load. Set 1TS, 2TS, and 3TS to ON. At
this point, the load for each phase is 10 ohms, as shown in
Figure 4.8.
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Figure 4.8

PSW and GPL
300A
configuration
diagram

After completing the setup, turn on the PSW power output, and
finally switch on the PEK -190.

Experimental Objective

Study the "Traditional Sliding Mode Observer Method," which
does not use a motor encoder but instead employs SMO+PLL
estimation to predict the angular position of the motor.

Experimental Results

Use PISM to connect RS232 for observing and estimating the motor
angle.

thetaE: Program-estimated position

theta: Actual position output by t he encoder

As shown in Figure 4.9

Flgure 4.9 DSP Oscilloscope B «

e L
Waveform
. . Paritycheds  [ioe -]
diagram obtained e

through RS232 =

 Snap-shot

Selected variables

connection P Vers
o
S 1a | <«
Setinput varizbk
Update Al
oL fe) Update
KL 0.067 _Update | |
K 80 Update igger
. F— v [psm =
b : Lodte Color [oFE
= = e (o | sale  [2vDiv = F & o
| Dsconnec | Restert — ot o | el -
° e [V _Auto scale Delay [0 =
e S i
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Conclusion

The program-estimated position almost overlaps with the actual
position output by the encoder, confirming the feasibility of
SMO+PLL.
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Experiment5 Sensorless

Speed Control (Adaptive
Sliding Mode Observer
Method)

Circuit Simulation

The specifications of the driver are as follows:

DC Voltage vd = 130V

Fs =20kHz, Vtri =10V pp (PWM)

Cb =33QuF

Ks =0.3(AC current sensing factor)
Kv = 1/50 (DC viiage sensing factor)
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The analog circuit established based on the aforementioned
parameters is shown in Figure 5.1.

PSIM file name: PEK-
190_Sim5_SL_SA_SMO_KingServo_V2022.1_V1.1

Eosin

Figure 5.1 Experimental Analog Circuit Diagram for Experiment 5

The simulation results are shown in Figure 5.2.
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Figure 5.2 Experimental Analog Circuit Simulation Waveform for
Experiment 5
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Referencing the analog circuit, the digital circuit established is
shown in Figure 5.3.

PSIM file name: PEK-

190_Lab5_SL_SA SMO_KingSem_V2022.1_V1.1

Be g

Figure 5.3 Experimental Digital Circuit Diagram for Experiment 5
The simulation results are shown in Figure 5.4.

N
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4
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4
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Figure 5.4 Experimental Digital Circuit Simulation Waveform for
Experiment 5
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After confirming the simulation is corr ect, use the Simulate
function's Generate Code feature to automatically generate the
corresponding C code.

Experimental Equipment
The equipment required for this experiment is as follows:
One PEK-190
Two PEK-005A units
One PEK-006
One PTS3000 (including GDS-2204E, PSW16{.2, GPL-300A)
One PC

Experimental Procedure

1. The experimental wiring diagram is shown in Figure 5.5. Please complete
the wiring according to this diagram.

Encoder  Power Load
uvw)

1= ]

Motor model
Three };
Phase
AC
Load
Figure 5.5 Experimental Wiring Diagram for Experiment 5
2. After completing the w iring, first ensure that the PEK-190
switch is set to OFF. Then, turn on the PEKOO5A switch. Once

turned on, the red indicator light on the DSP will illuminate, as

GPL-300A
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shown in Figure 5.6, indicating that the DSP power supply is
functioning normally.

Figure5.6 e ——— -

_ .-

-

DSP normal s
operation display

3. Please follow Appendix B (programming procedure) to perform
the programming.

4. As shown in Figure 5.7, connect the oscilloscope probes to VOA,
VOB, VOC, and IOA respectively.

Figure 5.7

Oscilloscope
Probe Wiring
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5. Sd& PSW1607.2 to a voltage of 130V and a current of 4A. After
turning on the GPL -300A power supply, configure the Three
Phase Load to Resistance Load. Set 1TS, 2TS, and 3TS to ON. At
this point, the load for each phase is 10 ohms, as shown in
Figure 5.8.

Figure 5.8

PSW and GPL
300A
configuration
diagram

After completing the setup, turn on the PSW power output, and
finally switch on the PEK -190.

Experimental Objective

Study the "Adaptive Sliding Mode Observer Method," which does
not use a motor encoder but instead employs SMO+self-
adaptive+PLL estimation to predict the angular position of the
motor.

Experimental Results

Use PISM to connect RS232 for observing and estimating the motor
angle.

thetaE: Program-estimated position

theta: Actual position outpu t by the encoder

As shown in Figure 5.9
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Figure 5.9 D:imr - 5
Waveform =R ¢ =l

O |
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connection e sectt araes
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Conclusion

The estimated position of the program almost overlaps with the
actual output position of the encoder, confirming the feasibility of
SMO+sdf-adaptive+PLL.
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Experiment 6Sensorless
Speed Control (Model
Reference Adaptive Method)

Circuit Simulation

The specifications of the driver are as follows:

DC Voltage Vd = 130V

Fs =20kHz, Vtri =10V pp (PWM)

Cb =33QuF

Ks = 0.3 (AC current sensing fax)

Kv = 1/50 (DC voltage sensing factor)
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The analog circuit constructed based on the aforementioned

parameters is shown in Figure 6.1.
PSIM file name: PEK-

190_Sim6_SL_MRAS_KingServo_V2022.1 V1.1

Model Name PEK-190_KingServo

Experimentation :  Simb

Description Posiion Sensoress Cantral of PMSM with Modei Reference Adsptive System (MRAS) Observer
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Figure 6.1 Analog Circuit Diagram of Experiment 6 PSBdnerator

The simulation results are shown in Figure 6.2.
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Figure 6.2 Experimental Six Analog Circuit Simulation Waveform
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Refer to the digital circuit constructed based on the analog circuit,
as shown in Figure 6.3.

The PSIM file name isPEK-190 Latoratory 6 System-Level Model
Reference Adaptive System King Servo Version 2022.1 Version 1.1

Figure 6.3 Experimental Six PSIM Digital Circuit Diagram

The simulation results are shown in Figure 6.4.
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Figure 6.4 Experiment 6 Digital Circuit Simulati Waveform

61



GWINSTEK PEK190 Experimental Manual

After confirming the simulation is correct, use the Simulate
function's Generate Code feature to automatically generate the
corresponding C code.

Experimental Equipment
The equipment required for this experiment is as follows:
One PEK-190
One PEK-005A
One PEK-006
PTS5000 unit (including GDS-2204E, PSW164Y.2, GPL-300A).
One PC

Experimental Procedure
1. The experimental wiring diagram is shown in Figure 6.5. Please
complete the wiring according to this diagram.

—]

Encoder  Power Load
(uvw)

=]

Motor model

— e Three
i (g) Phase
@ 8 AC
Load

GPL-300A

Figure 6.5 Wiring Diagram forxperiment Six

2. After completing the wiring, first ensure that the PEK -190
switch is set to OFF. Then, turn on the PEKOO5A switch. Once
activated, the red indicator light on the DSP will illuminate, as
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shown in Figure 6.6. This indicates that the DSP power supply is
functioning normally.

Figure 6.6

DSP normal s
operation display _ e

23

- .-

3. Please follow Appendix B (programming procedure) to perform
the programming.

4. As shown in Figure 6.7, connect the oscilloscope probes to VOA,
VOB, VOC, and IOA respectively.

Figure 6.7

Oscilloscope
Probe Wiring

Motor Driver

5. The PSW1607.2 is configured to a voltage of 130V and a current
of 4A. After powering on the GPL -300A power supply, the
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Three Phase Load is set to Resistance Load, with 1TS, 2TS, and
3TS configured to ON. At this poin t, the load per phase is 10

ohms, as illustrated in Figure 6.8.

Figure 6.8

PSW and GPL
300A
configuration
diagram

After completing the setup, turn on the PSW power output, and
finally switch on the PEK -190.

Experimental Objective

Learning the Model Reference Adaptive System (MRAS) method,
which eliminates the use of motor encoders and utilizes MRAS
estimation to infer the angular position of the motor.

Experimental Results

Use PISM to connect RS232 for observing and estimating the motor
angle.

thetaE: Program-estimated position

theta: Actual position output by the encoder

As shown in Figure 6.9
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Figure 6.9

Waveform o —1
diagram obtained s

through RS232 oo
connection

K oz update |
mofset [0 update |

wofer [0 wodste |

Disconnect Restart

Conclusion

The estimated position of the program almost overlaps with the
actual output position of the encoder, confirming the feasibility of
MRAS.
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Appendix APEKL90
Circuit Diagram

Motor Main CirCUIt.......cocviiiiii e 67
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Motor Main Circuit
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GWINSTEK Appendix B C Code Programming Procedure

Appendix BC Code
Programming Procedure

Appendix on OPEK-

550 Labl 3P_SVPWM_Inverte6.Using

*(50Hz) V11.15 V1.1 as an example for
operational instructions, the steps are as follows.

Operational 1. Open the digital circuit file PEK -550 _in the PSIM

Procedure program.Labl_3P_SVPWM_Inv(50Hz) V11.1.5
V1.1, under the "Simulate" tab, click "Generate
Code," and PSM will automatically generate C
code, as shown in the figure below.

e mnnuneww;%numﬁf-ssoy'?fﬁwin}inﬁ‘iu-ﬂlﬁlw—-ﬁw
DEES ot T 1 v Blesrnean B o 1 = AD K:

rreRNBB mLY See AB 208980 v AAIREBLREG O
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PEK190

s created by SimCoder Version 11.1.3.1 for 12833 Hardware Targes

prrigh by Powersion Inc., 20033018

[RE=Te— Paom. 5 P b

2. The system will generate a folder within the
directory containing the PSIM circuit file, with
the same name as the PSIM circuit file. This
folder will store the C code and related files
required for programming, as illustrated in the
figure below.

[ PEK-550_Labl_3P_SYPWM Imv(50Hz) V11.15 VL1 (C cod ¢

PEK-550_Sim1_3P_SVPVIM Inv(50Hz) V1115 V11

-

ik
il

F2833x_Headers_nonBIOS

28335_FLASH_Lnk

28335_FLASH_RAM_Lnk

F28335_RAM _Lnk

passwords
PEK_550_Labl_3P_SVPWM Inv S0Hz_ V111 5 W11
| PEK_550_Labl 3P_SVPWM Inw 50Hz_V1115WV11
PS_bios

& PsBiosRamF33xFloat

& | PsBiosRomF33xFloat

& rts2800_fpu32_fast_supplement

bl

9KB

7KB

6 KB
Window fil 4KB
ASM Source File 4KB
C Source File 13 KB
Altium Embedde... SKe
C/C++ Header File 22KB
Altium Library 631 KB
Altium Library 636 KB
Altium Library 17 KB

PEK_Subcircuit SVBWM, Vi1 14KB
B3] PEK-550_Lab1_3P_SWPWM Iny(50Hz) V11.1.5 V1.1 @ PSIM Document 171KB
PSIM Document 105KB

3. Launch CCS, navigate to the "Project" section,
and select the "Import Legacy CCSv3.3 Projects"
option, as shown in the figure below.
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4. Inthe "Select a project file" section, tick
"Browser" to locate the folder containing the C
Code and select the file with the .pjt extension, as
shown in the figure below.

¥ mportLegaey Cesproens [ e

-

Select Legacy CCS Project
Select a legacy CCS project or a directory to search for projects.

A

‘ @ Select a project file: D:\PEK NEW PSIMN\PEK-550_V11.1.5\P

() Select search-directory:

DiscoveredfENcy projects

15
®

@ Copy projects into workspace
) Keep original location for each project

Create a subfolder for each Eclipse project (recommended)

®
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axsns ®

~
& Windows? 0
WREW: PE550_Labl_3P_SYPWI Jmv_S0He_VLL15 V1L - [ =
Ce==) = |

5. Select Copy projects into workspace, then click
Next, followed by Finish, to import the C code
into the CCS program, as shown in the figure
below.
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