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I ntroduction

As the figure 0.1 shown, PEK-520, the Permanent
Magnet Synchronous Generator Wind Inverter
Module, consists of three parts: PEK-520_1, the
PMSM Driver, PEK-520_2, the PMSG Driver and
Grid-connecter Inverter, and the Permanent
Magnet Synchronous Motor Module, which is a
fully digital-control system. The purpose of this,
as shown in the figure 0.2, is to provide a learning
platform for power converter of specifically
digital control, having users, via PSIM software,
to understand the principle, analysis as well as
design of power converter through simulating
process. More than that, it helps convert, via
SimCoder tool of PSIM, control circuit into digital
control program and proceed to simulation with
the circuit of DSP, eventually burning the control
program, through simulating verification, in the
DSP chip. Also, it precisely verifies the accuracy
of designed circuit and controller via control and
communication of DSP.

Figure 0.1

Permanent
magnet
synchronous
generator wind
inverter module
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Figure 0.2 Realization
g Simulation (1/2) » and Simulation (2/2) » Vferification
H Power Converter Power Converter
The process in i DI Gt
details I I
Control Circuit TIDSP
With PSIM - F2833x, F2803X
Transfer the contra Target Power Converter
circuit to be the digital | Control Circuit Real Circuit

control circuit
SimCoder
for auto code TI Code
generation Composer

€ Code Program the TI
control tode to
of the the DsP F2833x, F2803X

DSP-Based
Control Circuit

RS232 I

DSP Oscilloscope in PSIM
(Monitor of waveform in DSP)

Control Circuit

Thre are 8 experiments can be fulfilled by PEK-520 as follows:
Three Phase Stand-alone Inverter

Three Phase Grid-connected Inverter

Speed and Torque Control of PMSM

Speed Control of PMSG

Wind Turbine Generator (WTG) Emulation

Maximum Power Point Tracking of WTG

Grid-connected PMSG Wind Power Generation System)
Low Voltage Ride Through (LVRT) of PMSG WTG System)

® N U » N

In addition to PEK-520, it is required to utilize PEK-005A auxiliary
power module as figure 0.3 shown and PEK-006 JTAG burning
module as figure 0.4 shown for experiments. Also, PTS-5000
experiment platform as figure 0.5 shown is necessary for

completing the experiments.
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Figure 0.3

Aucxiliary power
module :

F”‘»

Figure 0.4

JTAG burning
module

EKQ1POBA-T R610
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Figure 0.5
Gu_l InerK PTS-5000 Power Electronics Training System

PTS-5000
experiment
platform
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The DSP 1/ O pin configuration of PEK-520 is shown as the figures
0.6 and 0.7. Refer to the appendix A for the circuit diagrams of
PEK-520, which can be divided into power circuit, sensing circuit,
drive circuit and protection circuit. The sensing circuit is further
divided into 2 sections; one is for test point measurement, and the
other one is for feedback DSP control, both of which have varied
attenuation amplifications individually as the following table 0-1 to
table 0-4 shown.

Inverter 3 ADC-ANAC)

Figure 0.6
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Table 0.1 PEK-520_1 test point measurement ratio

Sensing item Sensing ratio
1 DC input voltage (VDC) 0.0154

2 Wind turbine generator inverter output  0.0150
AB arm line voltage (VO-AB)

3 Wind turbine generator inverter output  0.0150
BC arm line voltage (VO-BC)
4 Wind turbine generator inverter output  0.0150

CA arm line voltage (VO-CA)

5 Wind turbine generator inverter A phase 0.4768
output current (IO-A)

6 Wind turbine generator inverter B phase  0.4768
output current (IO-B)

7 Wind turbine generator inverter C phase  0.4768
output current (I0-C)

Table 0.2 PEK-520_2 test point measurement ratio

Sensing item Sensing ratio

1 Generator inverter A phase output 0.4768
current (IG-A)

2 Generator inverter B phase output 0.4768
current (IG-B)

3 Generator inverter C phase output 0.4768
current (IG-C)

4 DC link voltage (VBUS) 0.0154

5 Grid-connected inverter A phase output 0.4768
current (I0-A)

6 Grid-connected inverter B phase output  0.4768
current (IO-B)

7 Grid-connected inverter C phase output  0.4768
current (I0-C)

8 Grid-connected inverter A phase load 0.4768
current (IL-A)

9 Grid-connected inverter B phase load 0.4768
current (IL-B)

10  Grid-connected inverter C phase load 0.4768




GUYINSTEK PEK-520 User Manual

current (IL-C)

11  Grid-connected inverter output ABarm  0.0287
line voltage (VO-AB)

12  Grid-connected inverter output BCarm  0.0287
line voltage (VO-BC)

13  Grid-connected inverter output CA arm  0.0287
line voltage (VO-CA)

14  Power grid AB arm line voltage (VS-AB) 0.0287
15  Power grid BC arm line voltage (VS-BC) 0.0287
16  Power grid CA arm line voltage (VS-CA) 0.0287
Table 0.3 PEK-520_1 DSP feedback ratio
Sensing item Sensing ratio
1 DC input voltage (VDC) 0.0202

Wind turbine generator inverter output 0.0124
AB arm line voltage (VO-AB)

¢] Wind turbine generator inverter output 0.0124
BC arm line voltage (VO-BC)

4 Wind turbine generator inverter output 0.0124
CA arm line voltage (VO-CA)

5 Wind turbine generator inverter A 0.2996

phase output current (I0-A)

6 Wind turbine generator inverter B phase 0.2996
output current (IO-B)

7 Wind turbine generator inverter C 0.2996
phase output current (I10-C)

Table 0.4 PEK-520_2 DSP feedback ratio

Sensing item Sensing ratio

il Generator inverter A phase output 0.2996
current (IG-A)

2 Generator inverter B phase output 0.2996
current (IG-B)

¢] Generator inverter C phase output 0.2996
current (IG-C)

4 DC link voltage (VBUS) 0.0202

5 Grid-connected inverter A phase output 0.2996

10
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current (I0-A)

6 Grid-connected inverter B phase output 0.2996
current (IO-B)

7 Grid-connected inverter C phase output 0.2996
current (I0-C)

8 Grid-connected inverter A phase load  0.2996
current (IL-A)

9 Grid-connected inverter B phase load 0.2996
current (IL-B)

10  Grid-connected inverter C phase load 0.2996
current (IL-C)

11 Grid-connected inverter output AB arm 0.0169
line voltage (VO-AB)

12 Grid-connected inverter output BC arm 0.0169
line voltage (VO-BC)

13  Grid-connected inverter output CA arm 0.0169
line voltage (VO-CA)

14  Power grid AB arm line voltage (VS-AB) 0.0169
15  Power grid BC arm line voltage (VS-BC) 0.0169

16 Power grid CA arm line voltage (VS- 0.0169
CA)

L
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The Description on Chapters

See the chapter arrangements as follows

Brief

Experiment 1

Three Phase Stand-
alone Inverter

Experiment 2

Three Phase Grid-
connected Inverter

Experiment 3

Speed and Torque
Control of PMSM

12

Briefly describes the experimental method,
experimental items and circuit setup. It also
explains the contents of each chapter.

To get to know the principle of three phase
SPWM and SVPWM. Realize the measurements
of voltage and current via PEK-520-2 module,
and learn the TI F28335 DSP IC pins, PWM and
A /D hardware setting. Also understand how to
proceed to DSP internal signal control and
measurement via RS-232.

To get to know the fundamental with structure
of three phase grid-connected inverter, and learn
not only the design method of phase-lock loop
for three phase grid-connected inverter, but the
design of both voltage loop and current loop
controllers as well, further proceeding to the
code programming via SimCoder, after well
mapping out the grid-connected inverter.

To get to know the fundamental of PMSG,
encoder, calculation of speed, vector control
theory as well as controller design for current
and speed. To learn the way to establish circuit
in simulation and proceed to the code
programming via SimCoder, after well mapping
out the DSP digital control circuit.
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Experiment 4 To get to know the fundamental of PMSG, vector
control theory as well as controller design for

Speed Control of  current and speed. To learn the way to establish

PMSG circuit in simulation and proceed to the code
programming via SimCoder, after well mapping
out the DSP digital control circuit.

Experiment 5 To get to know the fundamental of WTG and
establish WTG model, further learning the way
Wind Turbine to simulate fundamental of WTG via motor and
Generator (WTG) not only setting up the circuit in simulation of
Emulation WTG simulation system, but proceeding to

simulation as well. Finally, to map out the WTG
simulation system via DSP digital control circuit.

Experiment 6 WTG generates differed power curves in
accordance with different wind speeds. In order

Maximum Power  to better take advantage of wind power, work

Point Tracking of  point, in accord with wind speeds, is supposed

WTG to be altered for keeping it at the highest level of
power curve, which is known as Maximum
Power Point Tracking (MPPT). This experiment
locates MPP curve, based on the attributes of
wind turbine, and further design MPPT
controller on the basis of MPP curve, fulfilling it
through DSP digital control circuit.

Experiment 7 Integrate MPPT generator actuator, grid-
connected inverter with wind turbine simulator
Grid-connected to establish circuit in simulation of integrated

PMSG Wind Power system and to proceed to full system verification
Generation System in simulation.

13
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Experiment 8 To learn the requirements of both frequency
operation and reactive power by grid-connected

Low Voltage Ride  power to WTG and to understand the

Through (LVRT) of requirement of adaptation by WTG to grid-

PMSG WTG connected voltage. To learn the Low Voltage

System Ride Through (LVRT) method of PMSG WTG
and establish DSP digital control programming
of LVRT and to verify LVRT function via
experiment.

14
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Experiment 1 — Three
Phase SVPWM Inverter

Circuit Simulation

The circuit DC bus Voltage Vius = 100V
parameters of F, = 20kHz, Vii = 10Vpp
inverter

Cgus =300uF, L =1.02uH, C =10uF
Ks = 0.3 (AC current sensing factor)
K, =1/60 (AC voltage sensing factor)
Ky =1/50 (DC voltage sensing factor)

15
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The analogue circuit diagram based on the parameters above is as
the following figure 1.1 shown:
PSIM File: PEK-520_2_Sim1_3P_SA_Inv(50Hz)_V11.1.5_V1.1

Hodel Name PEK-520_2 @
Experimentation :  Sim1 ESEE N
Description  ©  Three Phase Stand-alone Inverter

PSIM Version © V1115

Date 2020/06/12

Version V11

ClhEoc JhE o JEE

m ., 35.8°28.0i100
3t eba a0
Mdetizaiarien
T8RO 00,3

Figure 1.1 Experiment 1 PSIM analogue circuit diagram

The simulation result is shown within the figure 1.2 and 1.3:

0 005 01 015 02 025 03
Time fs)

Figure 1.2 Experiment 1 analogue circuit simulation waveforms

16
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,.% o f,{\,
COC00G

\,f\/ .
[] 005 01 015 02 025 03
Time (s)

Figure 1.3 Experiment 1 analogue circuit simulation waveforms

The digital circuit diagram based on the analogue circuit is shown
as the figure 1.4:
PSIM File: PEK-520_2_Labl_3P_SA_Inv(50Hz)_V11.1.5_V1.1

Figure 1.4 Experiment 1 digital circuit diagram

17
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The simulation result is shown within the figure 1.5 and 1.6:

g loge

PSM_Vod  PSM_Vodc

Voab_ms  Vobc_mms

0234375 02375 0240625 024375
Time (s)

Figure 1.5 Experiment 1 digital circuit simulation waveforms

Ve

S SONESNEISONELSONESNE
SIS SIS SN SIS

e . S e e R
7 / / N e \
/ v ¢
X N N N N s
02 225 _0?" 027 03
ime (5)

Figure 1.6 Experiment 1 digital circuit simulation waveforms

After confirming simulation, the corresponding C Code will be
generated automatically via “Generate Code” of “Simulate”.

18
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Experiment Devices

The required devices for experiment are as follows:

* PEK-520_2*1

* PEK-005A *1

* PEK-006*1

* PTS-5000 * 1 (with GDS-2204E, PSW160-7.2 and GPL-500)
« PC*1

19
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Experiment Procedure
1. The experiment wiring is shown as the figure 1.7. Please follow

it to complete wiring.

:m s ] i el Ly ‘;“ o
ower L, 3 3] i b | 2= i
zm THAE ]
" wanil 3t e
' o Auxiliary = i Yy -.-.-“Q
Power [ 1=
|
PEK-005A PEK-520-2 GPL-500

Figure 1.7 Experiment 1 wiring figure

2. After wiring, make sure the PEK-520_2 switch is OFF followed
by turning the PEK-005A switch ON. The DSP red indicator
lights on as the figure 1.8 shown, which means the DSP power is
steadily normal.

Figure 1.8

DSP normal
status with light
on

3. Refer to the appendix B for burning procedure.

20
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4. Connect the test leads of oscilloscope to 10-A, I0-B and 10-C of
PEK-520_2, respectively, and connect the GND of test leads to
the GND of module as the figure 1.9 shown.

Figure 1.9
Oscilloscope test
leads wiring

5. Click Set key to check set voltage and current values. Set voltage
100V with voltage scroll knob and current 3A with current scroll
knob for PSW 160-7.2 as the figure 1.10 shown.

Figure 1.10 ‘ —
The settings of .
PSW 160-7.2

21
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6. As the figure 1.11 shown, follow the steps below for GPL-500
operation. Power on GPL-500 — Rotate the Three Phase Load
knob to 2 (Resistance Load) — Set 1TS, 2TS and 3TS as ON,
which indicates full-load mode.

Flgu re1.11 Mult-Function Passive Load

MAX. 300W

The full-load
setting of GPL-
500

[S—

7. After setting up and turning on PSW power output, finally turn
on the switch of PEK-520_2.

22
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The purpose of experiment

It is to observe fluctuation of three phase voltage of PEK-520_2 in
accord with changes of load condition from the Lab1 experiment.

The Experiment Result

(1) Full Laod (100)

The figure 1.12 shows that when GPL-500 is set as full-load mode,
IO-A three phase current RMS value is 1.36V (2.852A in actual
value), IO-B is 1.38A (2.894A in actual value), and 10-C is 1.37A
(2.873A in actual value). The figure 1.13 shows that, in the mean
time, VO-AB three phase voltage RMS value is 1.40V (48.780V in
actual value), VO-BC is 1.43V (49.826V in actual value), and VO-CA
is 1.41V (49.129V in actual value).

Figure 1.12 GHnSTEK [ 1 )

Three phase
current waveform
under full-load
condition

[ G @ e.6aes )

23
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Figure 1.13

Three phase
voltage waveform
under full-load
condition

[ s (@ 6.606s )

[CLED @RS ch ofr

(2) Half Laod (20Q)

As the figure 1.14 shown, follow the steps below for GPL-500
operation for half load. Power on GPL-500 — Rotate the Three
Phase Load knob to 2 (Resistance Load) — Set 1TS and 3TS as ON,
and 2TS as OFF, which indicates half-load mode.

Flgu rel1.14 3 7 MaltFunction Passve Load

GPL-500 half-load ¢
setting

s \ce Load

The figure 1.15 shows that when GPL-500 is set as half-load mode,
IO-A three phase current RMS value is 0.721A (1.512A in actual
value), IO-B is 0.699A (1.466A in actual value), and 10-C is 0.694A
(1.456A in actual value). The figure 1.16 shows that, in the mean
time, VO-AB three phase voltage RMS value is 1.40V (48.780V in
actual value), VO-BC is 1.43V (49.826V in actual value), and VO-CA
is 1.41V (49.129V in actual value).

24
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Figure 1.15

Three phase
current waveform
under half-load
condition

Figure 1.16

Three phase
voltage waveform
under half-load
condition

W3 10.eenz |
[ Ses @ @eeds | @ f 1.

@RS 1430 @R Ch orf

(3) Unbalanced Laod (A phase 20Q), B and C phase 10Q)

As the figure 1.17 shown, follow the steps below for GPL-500
operation for unbalanced load. Power on GPL-500 — Rotate the
Three Phase Load knob to 2 (Resistance Load) — Set 1TS and 2TS
as ON, and 3TS as OFF, which indicates unbalanced-load mode.

25



GYINSTEK PEK-520 User Manual
Figure 1.17 m
3 MAX. 300W

GPL-500 i T on | —
unbalanced-load B :

setting

L

The figure 1.18 shows that when GPL-500 is set as unbalanced-load
mode, IO-A three phase current RMS value is 0.864A (1.812A in
actual value), IO-B is 1.28A (2.684A in actual value), and 10-C is
1.26A (2.643A in actual value). The figure 1.19 shows that, in the
mean time, VO-AB three phase voltage RMS value is 1.40V
(48.780V in actual value), VO-BC is 1.43V (49.826V in actual value),
and VO-CA is 1.41V (49.129V in actual value).

26
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Figure 1.18

Three phase
current waveform
under
unbalanced-load
condition

Figure 1.19

Three phase
voltage waveform
under
unbalanced-load
condition

W.| [

Per different load operations, refer to the table 0.1 for the sensing
ratio followed by filling in the table 1.1 with result in order.

Table 1.1 Three phase output voltage current measured values
under varied loads

I0-A  IO0-B  1IO0-C VO-AB VO-BC VO-CA
(Arms) (Arms) (Arms) (Vrms) (Vrms) (Vrms)

No ~ Measured ) 30\ 1384 1374 14V 143V 141V
Load value

(10Q)  Actual

2.852A 2.894A 2.873A 48.780V 49.826V 49.129V
value

Half - Measured ) /) 0 co0A 0.694A 14V 143V 141V
Load value

27
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(20€2) Actual
value

Unbal Measured
anced value

Load
é:lt:;:l 1.812A 2.648A 2.643A 48.780V 49.826V 49.129V

1.512A 1.466A 1.456A 48.780V 49.826V 49.129V

0.864A 1.28A 126A 14V 143V 141V

The conclusion

It has seen that, from the table 1.1, when load changes under the
closed-circuit three phase inverter system, output current will
fluctuate in accord with load changes, while output three phase
voltage remains balanced.

28
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Experiment 2 —Three Phase

Grid-connected Inverter

Circuit Simulation

Inverter DC bus Voltage Vipus = 100V
Specification AC Source Voltage Vir=50Vims
Fs = 20kHz, Vi =10V,
Cpus = 400uF, L =1.02uH, C =10uF
Ks=0.3 (AC current sensing factor)
Ky =1/60 (AC voltage sensing factor)
Ky =1/50 (DC voltage sensing factor)

29
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The analogue circuit diagram based on the parameters above is as
the following figure 2.1 shown:

PSIM File: PEK-520_2_Sim2 3P_GC_Inv(50Hz)_V11.1.5_V1.1

bie

Figure 2.1 Experiment 2 PSIM analogue circuit diagram

The simulation result is shown within the figure 2.2:

RN PN PR P PR AT
OEANEANEAN _\4/-1\&_/ A
: o ow 2

012 014

<

Time (s)

Figure 2.2 Experiment 2 analogue circuit simulation waveforms

The digital circuit diagram based on the analogue circuit is shown
as the figure 2.3:

PSIM File: PEK-520_2_Lab2_3P_GC_Inv(50Hz)_V11.1.5_V1.1

30
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Figure 2.3 Experiment 2 PSIM digital circuit diagram
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The simulation result is shown within the figure 2.4:

Vi

120 [
80
0
0

IL ILb

et [T S S S S SIS,

82005

Time ()

Figure 2.4 Experiment 2 digital circuit simulation waveforms

After confirming simulation, the corresponding C Code will be
generated automatically via “Generate Code” of “Simulate”.
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Experiment Devices

The required devices for experiment are as follows. Refer to user
manuals of each device before operation:

* PEK-520_2*1
* PEK-005A *1
* PEK-006 *1

« PTS-5000 * 1 (with GDS-2204E, PSW160-7.2, APS-300 and GPL-
500)

e PC*1
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Experiment Procedure
1. The experiment wiring is shown as the figure 2.5. Please follow

it to complete wiring.

PEK-005A PEK-520-2 GPL-500

Figure 2.5 Experiment 2 wiring figure

2. After wiring, make sure the PEK-520_2 switch is OFF followed
by turning the PEK-005A switch ON. The DSP red indicator
lights on as the figure 2.6 shown, which means the DSP power
is steadily normal.

Figure 2.6

DSP normal :

status with light ol

on GYINSTEK
PEK - 520_2

Grid Inverter

3. Refer to the appendix B for burning procedure.
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4. Connect the test leads of oscilloscope to I0-A, I0-B and 10-C of
PEK-520_2, respectively, and connect the GND of test leads to
the GND of module as the figure 2.7 shown. The measurement
points within module are common ground.

Figure 2.7
Oscilloscope test
leads wiring

5. Click Set key to check set voltage and current values. Set voltage
110V with voltage scroll knob and current 1A with current scroll
knob for PSW 160-7.2 as the figure 2.8 shown.

Figure 2.8
The setting of
PSW 160-7.2
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6. As the figure 2.9 shown, power on APS-300 and set 50Hz for
frequency, 3P4W for mode, 28.86V for output voltage.

Figure 2.9

The setting of
APS-300

7. As the figure 2.10 shown, follow the steps below for GPL-500
operation. Power on GPL-500 — Rotate the Three Phase Lord
knob to Resistance Load — Set 1TS, 2TS and 3TS as ON, which
indicates full-load mode.

Multi-Function Passive Load

Figure 2.10 o 300

The full-load ﬁnumm Load _ Off _ Resistance Load

setting of GPL- | é i
500 -“'[ L@ ; J

w

[S—

8. After setting up, turn on PSW and APS-300 power output
followed by powering on PEK-520_2.
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The purpose of experiment

It is to observe power fluctuations between inverter and power grid
under varied inverter output powers.

The experiment result

(1) Inverter Output Power 100W

On the condition of full-load, the power required by load is 250W,
which is provided by inverter and power grid commonly. Hence,
when output power provided by inverter is 98.9W, the insufficient
power 151.1W will be provided by power grid instead. As the
figure 2.11 and 2.12 shown, because APS-300 displays single-phase
power, the three-phase power will be 153.9W.

Figure 2.11

PSW output
power

Figure 2.12

APS-300 output
power
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(2) Inverter Output Power 200W

Adjust output current to 2A via rotating the PSW current scroll
knob. On the condition of full-load, when inverter provides 197.8W
output power, the power required by load is 250W, which is
provided by inverter and power grid commonly. The insufficient
power 52.2W will be provided by power grid instead. As the figure
2.13 and 2.14 shown, because APS-300 displays single-phase power,
the three-phase power will be 63.6W.

Figure 2.13

PSW output
power

Figure 2.14

APS-300 output
power

The Conclusion

From the experiment, it is evident that under the power grid-
connected system the power from power grid, which is simulated
by APS-300, will determine required power in accordance with
fluctuation of system power in order to maintain the power balance
of system.

38



GYINSTEK Experiment 3 — Speed and Torque Control of PMSM

Experiment 3 — Speed and
Torque Control of PMSM

Circuit Simulation

The motor driver specification is as follows:

DC Voltage V4= 130V

Fs =20kHz, Vi = 10V pp (PWM)
Cp = 330uF

Ks = 0.3 (Current sensing factor)

Ky =1/50 (Voltage sensing factor)

The PMSM specification is as follows:

Rated Power: 400W

Rated Speed: 3000 rpm

Rated Current: 2.6A

Transient Max. Current: 7.8A

Counter EMF: 17.4 mV /min-!

Electric Motor Resistance: 1.55 Q

Electric Motor Inductive Reactance: 6.71mH

Motor Pole Number : 10 poles
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The analogue circuit diagram based on the parameters above is as
the following figure 3.1 shown:

PSIM File:

PEK-520_1_Sim3_Speed_Torque_PMSM_V11.1.5_V1.1

Figure 3.1 Experiment 3 - PSIM analogue circuit diagram

The simulation result is shown as the figure 3.2:

.....

025 03 035 04 045 05 055

Figure 3.2 Experiment 3 analogue circuit simulation waveforms
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The digital circuit diagram based on the analogue circuit is shown
as the figure 3.3:
PSIM File: PEK-520_1_Lab3_Speed_Torque_PMSM_V11.1.5_V1.1

Figure 3.3 Experiment 3 PSIM digital circuit diagram

The simulation result is shown as the figure 3.4:

Figure 3.4 Experiment 3 digital circuit simulation waveforms

After confirming simulation, the corresponding C Code will be
generated automatically via “Generate Code” of “Simulate”.
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Experiment Devices

The required devices for experiment are as follows:

* PEK-520_2*1

* PEK-005A *1

* PEK-006*1

* PTS-5000 * 1 (with GDS-2204E, PSW160-7.2 and GPL-500)
*  Motor Module *1

* Power Cord * 1, Programming Cord * 1 and Load Cord *1
e PC*1
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Experiment Procedure
1. The experiment wiring is shown as the figure 3.5. Please follow

it to complete wiring.

35ze g ‘ t =
PSW 160-7.2 L

Driver

Power
ey | L

Power =

PEK-005A PEK-520-1

Figure 3.5 Experiment 3 wiring figure

2. After wiring, make sure the PEK-520_1 switch is OFF followed
by turning the PEK-005A switch ON. The DSP red indicator
lights on as the figure 3.6 shown, which means the DSP power is
steadily normal.

Figure 3.6

DSP normal
status with light
on

GYINSTEK
PEK - 520_1

Wind Turbine Emulator

3. Refer to the appendix B for burning procedure and the appendix
C for RS232 connection.
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4. Connect the test leads of oscilloscope to I0-A, I0-B and IO-C of
PEK-520_1, respectively, and connect the GND of test leads to
the GND of module as the figure 3.7 shown. The measurement
points within module are common ground.

Figure 3.7
Oscilloscope test
leads wiring

5. Click Set key to check set voltage and current values. Set voltage
130V with voltage scroll knob and current 3A with current scroll
knob for PSW 160-7.2 as the figure 3.8 shown.

Figure 3.8
The setting of
PSW 160-7.2




GYINSTEK Experiment 3 — Speed and Torque Control of PMSM

6. As the figure 3.9 shown, follow the steps below for GPL-500
operation. Power on GPL-500 — Rotate the Three Phase Lord
knob to Resistance Load — Set 1TS, 2TS and 3TS as ON, which
indicates full-load mode.

Figure 3.9

The full-load
setting of GPL-
500

Multi-Function Passive Load
MA)

[—

7. After setting up and turning on PSW power output, turn on the
switch of PEK-520 1.
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The purpose of experiment

It is to observe fluctuations of driver output current when motor
speed changes.

The experiment result
(3) Motor speed 2000 rpm

Motor speed can be modified via input parameter “PSM_Nc” of
DSP oscilloscope and the initial setting is 2000 rpm. Also, it is
available to use "PSM_N”" of DSP oscilloscope to observe the
current motor speed. As the figure 3.10 shown, the current speed is
2000 rpm.

The figure 3.11 shows that, from the oscilloscope observation, IO-A
three phase current RMS value is 1.16V (2.433A in actual value), 10-
Bis 1.14A (2.391A in actual value), and IO-C is 1.12A (2.349A in
actual value) with frequency 166.76Hz.

Figure 3.10 e g

Port settngs

. e

DSP oscilloscope | =
Panty check: o= |

2000rpm

motor speed — &
" Contrmous @ Snep-shot

measurement T
e T

value = =




GYINSTEK Experiment 3 — Speed and Torque Control of PMSM

Figure 3.11

Motor three
phase current
waveform

ns (30,6085

@RS 1.1V

(4) Motor speed 1000 rpm

After motor speed is modified from 2000rpm to 1000rpm via input
parameter “PSM_Nc”, click “Update” and the speed measurement
(PSM_N) is in fact 1000rpm observed from DSP oscilloscope as the
figure 3.12 shown.

The figure 3.13 shows that, from the oscilloscope observation, I0-A
three phase current RMS value is 0.713A (1.495A in actual value),
IO-B is 0.745A (1.563A in actual value), and I0-C is 0.756 A (1.586A
in actual value) with frequency 83.33Hz.

Figure 3.12 o onioee A T
DSP oscilloscope T L) =
motor speed =l
measurement ) o
value
"
! Update Al
= : =
K 02 Update
Ko_w 2 Updae
5 oz updee 3 cale Variables Trigger
— E. o vretie pn ]| veefpn v m
e oo
ES Lete]], e sosrom | ¢ —‘WV S EE e ™
[ osmmset T T e e
o FEmmEE b e iEaslle] e =|
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Figure 3.11 GUINSTEK

Motor three
phase current
waveform

Per different load operations, refer to the table 0.1 for the sensing
ratio followed by filling in the table 3.1 with result in order.

Table 1.1 Three phase current measured values under varied motor

speeds
RPM I0- 10- IO- Frequency(Hz)
A(Arms) B(Arms) C(Arms) d Y

Measured | 100 1944 112A
value

P000rpm 166.76Hz

Actual 5 A 23914 2.349A
value

Measured (130 07454 0756A
value

1000rpm 83.33Hz

Actual ) o5A 1563A  1.586A
value

The conclusion

It has seen that when motor speed increases, output current scale
and frequency will increase accordingly. That is to say, motor
speed is proportional to current scale and frequency.



GYINSTEK Experiment 4 — Speed Control of PMSG

Experiment 4 — Speed
Control of PMSG

Circuit Simulation

The parameters of electric motor actuator:

DC Voltage V4= 130V

Fs =20kHz, Vi = 10V pp (PWM)
Cp = 330uF

Ks = 0.3 (Current sensing factor)

Ky =1/50 (Voltage sensing factor)

The parameters of generator actuator:

BUS Voltage Vpus =130V

Fs = 20kHz, Vi = 10V pp (PWM)
Cpus = 940uF

Ks = 0.3 (Current sensing factor)

K, =1/50 (Voltage sensing factor)

The parameters of permanent magnet synchronous motor:

Rated Power: 400W

Rated Speed: 3000rpm

Rated Current: 2.6A
Transient Max. Current: 7.8A

Counter emf: 17.4 mV /min-!
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Electric Motor Impedance: 1.55 Q
Electric Motor Reactance: 6.71mH
Rotor Inertia: 27.7u kg + m?2
Mechanical Constant: 0.53 ms

Motor Pole Number: 10 poles
The wind turbine and generator analogue circuit diagrams based on
the parameters above are as the following figures 4.1 and 4.2 shown:
Wind Turbine PSIM File: PEK-
520_1_Sim4_Torque_PMSM_V11.1.5_V1.1

Hodel Name PEK-520_1 I @

Experimentation :  Sim4

Descripion  :  Torque Contral of PHSH

PSili Version © V11.15 e
Date 202010612 i i FES I e e
Version S via

D1 2000rm B0VARE

2000rem 807258

i i 5 @: @: i i i W nth D‘%E
Bree oo ’“”GFE-'D%
T B : B o i =
e e i e
T s :
: SCRC AR D DR e S m PN =
sl Oe vecasl vicaci B o
::?auw-‘é-émz::: = _a—j_m_(é s s o :: s
e B
? | T o ::: EEE
L =g j>

Figure 4.1 Experiment 4 Wind Turbine PSIM analogue circuit diagram
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Generator PSIM File: PEK-520_2_Sim4_Speed_PMSG_V11.1.5_V1.1

Model Name PEK-520_2
Experimentation = Simd

Description Speed Control of PMSG
PSIM Version Vi115

Date 2020/06/12

Version Vi1

3

Figure 4.2 Experiment 4 Generator PSIM analogue circuit diagram

The wind turbine simulation result is shown as the figure 4.3:

2000
1500 e
1000 i

500 s

-500

15
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[

05

'\W."“. it U i ’f’lf{\” fy) ” v } MI; f \r‘l‘ y (”‘\'Lf plf"' "-"‘II‘\I‘.“I\I.
A

i

f' AR

02 025 03

03! 04 045
Time (s)

Figure 4.3 Experiment 4 Wind Turbine analogue circuit simulation

waveforms
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The generator simulation result is shown within the figure 4.4

2000

1000

sl

TR Aty
Hiih

il
Lo

Figure 4.4 Generator analogue circuit simulation waveforms
The wind turbine and generator digital circuit diagrams based on the

analogue circuit are as the following figures 4.5 and 4.6 shown:
Wind Turbine PSIM File: PEK-

520_1_Lab4_Torque_PMSM_V11.1.5_V1.1

20810
[

Figure 4.5 Experiment 4 Wind Turbine PSIM analogue circuit diagram
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Generator PSIM File:
PEK-520_2_Lab4_Speed_PMSG_V11.1.5_V1.11

Figure 4.6 Experiment 4 Generator PSIM analogue circuit diagram

The wind turbine simulation result is shown as the figure 4.7:

— e e T T AN A

02 03 04

Figure 4.7 Experiment 4 Wind Turbine digital circuit simulation
waveforms
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The generator simulation result is shown as the figure 4.8:

288888

A T

02 03 04
Time (s)

Figure 4.8 Experiment 4 Generator digital circuit simulation waveforms

After confirming simulation, the corresponding C Code will be
generated automatically via “Generate Code” of “Simulate”.
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Experiment Devices

The required devices for experiment are as follows:
* PEK-520_1*1

e PEK-520_2*1

* PEK-005A *1

* PEK-006 *1

* PTS-5000 * 1 (with GDS-2204E and PSW160-7.2)
* Motor Module * 1

* Power Cord *2

* Coding Cord * 2

« PC*1
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Experiment Procedure
1. The experiment wiring is shown as the figure 4.9. Please follow

it to complete wiring.

n b
"@!ﬂ # Driver
Power

PER-005A.

Figure 4.9 Experiment 4 wiring figure

2. After wiring, make sure the PEK-520_1 and PEK-520_2 switch
are OFF followed by turning the PEK-005A switch ON. The DSP
red indicator lights on as the figure 4.10 shown, which means
the DSP power is steadily normal.

Figure 4.10 - gﬁmﬁ'. "\ !

DSP normal

status with light S GWINSTEK
= PEK -520_1

on ey /ind Tubine Emulator
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3. Refer to the appendix B for burning procedure and appendix C
for RS232 connection. Because both PEK-520_1 and PEK-520_2
are required to utilize RS232 connection, the 2 separate PSIM
windows are necessary for connection with PEK individually.

4. Connect the test leads of oscilloscope to 10-A, I0-B and 10-C of

PEK-520_1, respectively, and connect the GND of test leads to
the GND of module as the figure 4.11 shown.

Figure 4.11
Oscilloscope test
leads wiring

5. Click Set key to check set voltage and current values. Set voltage
130V with voltage scroll knob and current 3A with current scroll
knob for PSW 160-7.2 as the figure 4.12 shown.
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Figure 4.12 [ p—
The settings of
PSW 160-7.2

Function OVPIOCP &N
Output

e e ©

Test LockLocal PWR DSPL '

® @ @

6. After setting up and turning on PSW power output, finally turn
on the switch of PEK-520_1 followed by PEK-520_2.
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The purpose of experiment

This experiment contains the motor with generator system in which
motor is torque control and torgue is changed by current command
adjustment, while generator is speed control, observing inverter
current amplitude and frequency fluctuation when torque and
speed change.

The Experiment Result

(5) Generator speed 2000rpm; motor current command -0.1

When the default setting of motor (PEK-520_1) current command
(PSM_Iqc) is -0.1 as the figure 4.13 shown, it is available to observe,
from DSP oscilloscope, motor current (PSM_Iq) is -0.1A as the
figure 4.14 shown. When the default command of of generator
(PEK-520_2) speed (PSM_N) is 2000rpm as the figure 4.15, it is
available to observe via DSP oscilloscope as the figure 4.16 shown.
The figure 4.17 shows that, from the oscilloscope observation, IO-A
three phase current RMS value is 0.233A (0.489A in actual value),
IO-B is 0.239A (0.501A in actual value), and I0-C is 0.154A (0.323A
in actual value) with frequency 166.7Hz.

Figure 4.13

DSP oscilloscope
motor current
command value

Update Al

Isc_offset o Update | ©

Ko_i B Update | [

K [o-2 Update | Timebase scale —— ~Varia bles Trigger
PSM_Iqc [o1 Update [Smsiv | |variable[Ps_1q || varfpsmaa <] m|
. Coer o

(Gt [| 22 fommn__ = * H o T
= =
| Discorme + | Pase | = Offet [0 | el o =
I~ Auto scale [ |
e Fatzlnt&gr\tv %100 Help [oc _ac| end
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Figure 4.14

DSP oscilloscope
motor current
measured value

Figure 4.15

DSP oscilloscope
generator speed
command value

Figure 4.16

DSP oscilloscope
generator speed
measured value
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(89 Jul 2828 |

Figure 4.17 I sa=awavaesvavaen B 0 |

Motor three
phase current
waveform

(6) Generator speed 2000rpm; motor current command -0.5

After motor current command (PSM_Iqc) is modified from -0.1 to -
0.5 as the figure 4.18 shown, click “Update” and the motor current
(PSM_Iq) is in fact -0.5A observed from DSP oscilloscope as the
figure 4.19 shown.

The figure 4.20 shows that, from the oscilloscope observation, I0-A
three phase current RMS value is 0.572A (1.200A in actual value),
IO-B is 0.602A (1.263A in actual value), and 10-C is 0.581A (1.219A
in actual value) with frequency 166.7Hz.

. P Oscilloscope QR N .

Figure 4.18 e . e
s [

DSP oscilloscope ||== =2

motor current e

command value

LhLe ®E
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Figure 4.19 o Ersl

DSP oscilloscope .,
motor current
measured value

Figure 4.20

Motor three
phase current
waveform

@RS GBzZnl

(7) Generator speed 1000rpm; motor current command -0.5

After generator speed (PSM_Nc) is modified from 2000rpm to
1000rpm as the figure 4.21 shown, click “Update” and the generator
speed (PSM_N) is in fact 1000rpm observed from DSP oscilloscope
as the figure 4.22 shown.

The figure 4.23 shows that, from the oscilloscope observation, IO-A
three phase current RMS value is 0.596A (1.25A in actual value),
IO-B is 0.600A (1.258A in actual value), and 10-C is 0.547A (1.147A
in actual value) with frequency 83.33Hz.
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Flgu re 4.21 v oncioscore AR -

Part setings

) vz [
DSP oscilloscope || == =1

raycec o
generator speed
command value

elected varihies

Update Al

e ooz gt | =

@  Pemtwoh %

Figure 4.22 s pe

2000

DSP oscilloscope
generator speed 1000rpm
measured value

1000

] 004 0.08 012
Time ()

Figure 4.23

DSP oscilloscope
motor three
phase current
waveform

"

02

Per different motor speeds and current commands, refer to the
tables 0.1 and 0.2 for the sensing ratio followed by filling in the

table 4.1 with result in order.
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Table 4.1 Output three phase current measured values under varied
motor speeds and current commands

Current  Motor 10- 10- 10-

Command Speed A(Arms) B(Arms) C(Arms) Frequency(Hz)

Measured ) )20, 9394 0.154A
value

H0.1A 2000rpm 166.7Hz

Actual ) 100n 05104 0323A
value

Measured ., 6ooa 05814
value

H0.5A 2000rpm 166.7Hz

Actual o000 1263A  1219A
value

Measured o001 0 600A 05474
value

H0.5A 1000rpm 83.33Hz

Actual o0 osgA 1147
value

The conclusion

It has seen that when adjusting motor torque, the inverter output
current amplitude changes accordingly. Also, when adjusting
generator speed, the output current frequency fluctuates
accordingly.



GYINSTEK Experiment 5 -Wind Turbine Generator (WTG) Emulation

Experiment 5 —Wind

Turbine Generator (WTG)
Emulation

Circuit Simulation
The parameters of WTG actuator:

DC Voltage Vq=130V

Fs =20kHz, Vi = 10V pp (PWM)
Cp =330uF

Ks = 0.3 (Current sensing factor)

Ky =1/50 (Voltage sensing factor)

The parameters of generator actuator:

BUS Voltage Vpus =130V

Fs = 20kHz, Vi = 10V pp (PWM)
Cpus = 940uF

Ks = 0.3 (Current sensing factor)

K, =1/50 (Voltage sensing factor)

The parameters of permanent magnet synchronous motor:

Rated Power: 400W
Rated Speed: 3000rpm
Rated Current: 2.6A
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Transient Max. Current: 7.8A
Counter emf: 17.4 mV/min-!
Electric Motor Impedance: 1.55 Q
Electric Motor Reactance: 6.71mH
Rotor Inertia: 27.7u kg - m?2
Mechanical Constant: 0.53 ms

Motor Pole Number: 10 poles
The WTG analogue circuit diagram based on the parameters above is
as the following figure 5.1 shown (generator utilizes Sim4 analogue
program):
WTG PSIM File: PEK-520_1_Sim5_ WTG_PMSM_V11.1.5_V1.1

\\’IL‘F7

|# s ;.‘:: BLE

;f sih
E e 358'os .
Elrsvimm I e
ol E Ty
b
& g ‘---_ -

Figure 5.1 Experiment 5 PSIM analogue WTG circuit diagram
The WTG simulation result is shown within the figure 5.2:

18K

hloone

i s
i s o Rt s bt T s i e mtaos i
6 S B i qu. b L A B 1 3551* r‘]

] 01 0z 03 04 05

06
Time (s)
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Figure 5.2 Experiment 5 Simulation waveform of analogue WTG circuit
diagram
The WTG digital circuit diagram based on the analogue circuit
diagram is as the following figure 5.3 shown (generator utilizes Lab4
digital program):
PSIM File: PEK-520_1_Lab5 WTG_PMSM_V11.1.5_V1.1

sl
=

Figure 5.3 Experiment 5 PSIM digital WTG circuit diagram

The WTG simulation result is shown as the figure 5.4:

e

Figure 5.4 Experiment 5 digital WTG circuit simulation waveforms
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After confirming simulation, the corresponding C Code will be
generated automatically via “Generate Code” of “Simulate”.
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Experiment Devices

The required devices for experiment are as follows:

PEK-520_1*1

PEK-520_2*1

PEK-005A *1

PEK-006 * 1

PTS-5000 * 1 (with GDS-2204E and PSW160-7.2)
Motor Module * 1

Power Cord * 2

Coding Cord * 2

PC*1
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Experiment Procedure
1. The experiment wiring is shown as the figure 5.5. Please follow

it to complete wiring.

Driver
Power
» b
"“!!ﬁ# Driver
Power
FER-005A.

Figure 5.5 Experiment 5 wiring figure

2. After wiring, make sure the PEK-520_1 and PEK-520_2 switch
are OFF followed by turning the PEK-005A switch ON. The DSP
red indicator lights on as the figure 5.6 shown, which means the
DSP power is steadily normal.

Figure 5.6

DSP normal
status with light
on

L N B |
- :mﬁ’i—!ﬂ;

~.w
S o S T
E .. =
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3. Refer to the appendix B for burning procedure and appendix C
for RS232 connection. Because both PEK-520_1 and PEK-520_2
are required to utilize RS232 connection, the 2 separate PSIM
windows are necessary for connection with PEK individually.

4. Connect the test leads of oscilloscope to 10-A, I0-B and 10-C of

PEK-520_1, respectively, and connect the GND of test leads to
the GND of module as the figure 5.7 shown.

Figure 5.7
Oscilloscope test
leads wiring

5. Click Set key to check set voltage and current values. Set voltage
130V with voltage scroll knob and current 3A with current scroll
knob for PSW 160-7.2 as the figure 5.8 shown.
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Figure 5.8 —
The settings of
PSW 160-7.2

Function OVPIOCP &N
Output

e e ©

Test LockLocal PWR DSPL '

® @ @

6. After setting up and turning on PSW power output, finally turn
on the switch of PEK-520_1 followed by PEK-520_2.
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The purpose of experiment

Within the Lab5 experiment following the Lab4 experiment, the
motor torque command is determined by wind speed and motor
speed, by doing which the corresponding power speed curve (PN
Curve) can be mapped out to simulate the pattern of WTG as the
figure 5.9 shown. When WTG changes its speed, observe if output
power of WTG is in accord with power curve output.

Figu re 5.9 Pc“;m MPP curve
PN cureve from
varied wind * J/" e
speeds o 7
" [ 710 -
5 ﬁ/%‘\i I ~
. ﬁ 6 \
. R T

N weMmy

The Experiment Result

(8) Wind speed (U) 10; generator speed 2000rpm

After WTG (PEK-520_1) wind speed (U) is modified from 5 to 10,
click “Update” as the figure 5.10 shown. And after generator (PEK-
520_2) speed command (PSM_Nc) is 2000rpm as the figure 5.11
shown, it is available to observe, from DSP oscilloscope, that WTG
power (PSM_Pm) is 102W as the figure 5.12 shown.
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Figure 5.10
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(9) Wind speed (U) 10; generator speed 1000rpm

When wind speed (U) is maintained 10, adjust the generator speed
command (PSM_Nc) from 2000rpm to 1000rpm followed by
clicking “Update” as the figure 5.13 shown. It is available to
observe, from DSP oscilloscope, that WTG power (PSM_Pm) is 95W
as the figure 5.14 shown.

Figure 5.13

Generator speed
command

modified from Er——
2000 to 1000 ‘

Timebase scale Variables. Trigger-
o.02 Updete Pomev ] vt frn vl | e =]
o —
s w000 Fv— B[

swe  [1kv/Dw

e = N e ] e
- [V Auto scale e
Help DC _AC| Gnd

Figure 5.14

= SW
WTG power ) r'd
measured value
from DSP

oscilloscope

(10)  Wind speed (U) 10; generator speed 1498rpm

When wind speed (U) is maintained 10, adjust the generator speed
command (PSM_Nc) from 1000rpm to 1498rpm followed by
clicking “Update” as the figure 5.15 shown. It is available to
observe, from DSP oscilloscope, that WTG power (PSM_Pm) is
117W as the figure 5.16 shown.
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Figure 5.15 EE===— W 02020 e
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Per different measured powers from varied speeds, fill in the table
5.1 with results in order and compare them with certain PN Curve.

Table 5.1 WTG power theory and actual data under varied speeds

Wind Motor WTG
Speed Speed Power(PSM_Pm|
)
Measured 102 W
10 2000rpm  value
Actual value 103 W
Measured 95 W
10 1000rpm  value
Actual value 94 W
Measured 117 W
10 1498rpm  value
Actual value 1173 W

The conclusion

It has seen that, from the table 5.1, when wind speed is 10, the WTG

output power, via speed adjustment, is corresponding to the PN
curve of the figure 5.9 and therefore WTG power is practically

outputing in accordance with power curve.
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Experiment 6 — Maximum

Power Point Tracking of
WTG

Circuit Simulation
The parameters of WTG actuator:

DC Voltage V4= 130V

Fs =20kHz, Vi =10V pp (PWM)
Cp = 330uF

Ks = 0.3 (Current sensing factor)

Ky =1/50 (Voltage sensing factor)

The parameters of generator actuator:

BUS Voltage Vpus =130V

Fs = 20kHz, Vi = 10V pp (PWM)
Cpus = 940uF

Ks = 0.3 (Current sensing factor)
K, =1/50 (Voltage sensing factor)

The parameters of permanent synchronous motor:

Rated Power: 400W
Rated Speed: 3000rpm
Rated Current: 2.6A
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Transient Max. Current: 7.8A
Counter emf: 17.4 mV/min-!
Electric Motor Impedance: 1.55 Q
Electric Motor Reactance: 6.71mH
Rotor Inertia: 27.7u kg - m?
Mechanical Constant: 0.53 ms

Motor Pole Number: 10 poles
The generator analogue circuit diagram based on the parameters
above is as the following figure 6.1 shown (WTG utilizes Sim5
analogue circuit diagram program):
Generator PSIM File: PEK-520_2_Sim6_MPPT_PMSG_V11.1.5_V1.1

Figure 6.1 Experiment 6 PSIM generator analogue circuit diagram
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The generator simulation result is shown within the figure 6.2:

Nc

2000
1500 e —
1000 a___F_,——f‘———""r
500 >f =
0
4k
2
1
o — —
1 =
Pas
200 T
100 o
N

0 02 04 06 08
Time (s)

Figure 6.2 Experiment 6 analogue generator circuit simulation waveforms

The generator digital circuit diagram based on the analogue circuit
diagram is as the following figure 6.3 shown (WTG utilizes Lab5
digital circuit program):

Generator PSIM File: PEK-520_2_Lab6_MPPT_PMSG_V11.1.5_V1.1

S [EF

a

Sy ety bo =k
oegls =0

e
Figure 6.3 Experiment 6 PSIM generator digital circuit diagram

The generator simulation result is shown as the figure 6.4:
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08
Figure 6.4 Experiment 6 digital generator circuit simulation waveforms

After confirming simulation, the corresponding C Code will be
generated automatically via “Generate Code” of “Simulate”.
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Experiment Devices

The required devices for experiment are as follows:
* PEK-520_1*1

* PEK-520_2*1

* PEK-005A *1

* PEK-006 *1

* PTS-5000 * 1 (with GDS-2204E and PSW160-7.2)
*  Motor Module * 1

* Power Cord * 2

* Coding Cord * 2

e PC*1
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Experiment Procedure
1. The experiment wiring is shown as the figure 6.5. Please follow

it to complete wiring.

Figure 6.5 Experiment 6 wiring figure

2. After wiring, make sure the PEK-520_1 and PEK-520_2 switch
are OFF followed by turning the PEK-005A switch ON. The DSP
red indicator lights on as the figure 6.6 shown, which means the
DSP power is steadily normal.

Figure 6.6

DSP normal -

status with light FEESSSSSS GW INSTEK
| PEK-520_1

on
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3. Refer to the appendix B for burning procedure and appendix C
for RS232 connection. Because both PEK-520_1 and PEK-520_2
are required to utilize RS232 connection, the 2 separate PSIM
windows are necessary for connection with PEK individually.

4. Connect the test leads of oscilloscope to IO-A, I0-B and IO-C of

PEK-520_1, respectively, and connect the GND of test leads to
the GND of module as the figure 6.7 shown.

Figure 6.7
Oscilloscope test ¥
leads wiring

5. Click Set key to check set voltage and current values. Set voltage
130V with voltage scroll knob and current 3A with current scroll
knob for PSW 160-7.2 as the figure 6.8 shown.
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Figure 6.8
The settings of
PSW 160-7.2

6. After setting up and turning on PSW power output, finally turn
on the switch of PEK-520_1 followed by PEK-520_2.
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The purpose of experiment

When wind speed changes, power curve of WTG changes
accordingly in which the maximum power point will vary as well.
As the figure 6.9 shown, plot a line of maximum power point curve
(MPP Curve) under varied wind speed, the maximum power with
corresponding motor speed under different wind speeds is shown
as the figure 6.1. Try to alter wind speed and observe if WTG
output power is maintained within the maximum power point
currently.

Flgu re 69 Py MPP curve
PN Curve under

varied wind
speeds

i
o 500 1000 1500 2000 2600 3000 3500
N memy

Table 6.1 Corresponding motor speeds relative to maximum power
points under different wind speeds

Wind Motor Speed Power (P)
Speed (U) (N)

il 145 0.11
R 300 0.93
B 449 3.16
4 599 7.51
b 749 14.6
b6 898 25.3
7 1048 40.2
8 1198 60

o 1348 85.5
10 1198 117.3
11 1647 156.2
12 1797 202.7
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The Experiment Result

(11)  Wind Speed (U) 5

When wind speed command (U) of WTG (PEK-520_1) is 5, it is
available to observe, from DSP oscilloscope, that WTG power
(PSM_Pm) is 14.5W as the figure 6.10 shown and generator (PEK-
520_2) speed (PSM_N) is 691rpm as the figure 6.11 shown.

Figure 6.10 o otecre F =
WTG power [ E - —=

measured value

from DSP

oscilloscope

Timsbase scale

Varables Trigger
T e e | == |
o E— i
Change Badkground | < = e
s S e e
| oo | N s i3] = 2
= 4
¥ Auta scae Dy [0 =
® i re [oc ac| e ! -
e
-
“
145W
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Figure 6.11 rodee: ARG ——
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(12)  Wind Speed (U) 8

When wind speed command (U) of WTG is adjusted from 5 to 8, it
is available to observe, from DSP oscilloscope, that WTG power
(PSM_Pm) is 60W as the figure 6.12 shown and generator speed
(PSM_N) is 1161rpm as the figure 6.13 shown.
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Figure 6.12

WTG power
measured value
from DSP
oscilloscope

Update all
[T
Isc_olfeet [o Updste
%) 2 tpaate | (=] |
‘ S— pew p—
- E: ] e
Lozl o —
Dt et N o s E T
® P b, ,%‘““zm s 4
2333 P
wn
wn
6OW

89



GUYINSTEK PEK-520 User Manual

Figure 6.13
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(13)  Wind Speed (U) 10

When wind speed command (U) of WTG is adjusted from 8 to 10,
click “Update” and it is available to observe, from DSP oscilloscope,
that WTG power (PSM_Pm) is 117W as the figure 6.14 shown and
generator speed (PSM_N) is 1474rpm as the figure 6.15 shown.

Figure 6.14
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Per different wind speeds, fill in the table 6.2 with results in order.

Table 6.2 WTG power measured values under varied wind speeds

PEK-520 User Manual

Wind Motor WTG Power
Speed Speed (PSM_Pm)
Measured 91 0 145 W
5 value
Actual value 749rpm 146 W
Measured 1161 0m 60 W
g value
Actual value 1198rpm 60 W
Measured 7)o 117w
10 value
Actual value 1498rpm 117.3W

The conclusion

It has seen that when wind speed changes, adjust generator motor
speed, via maximum power point tracking control, to achieve the

maximum power point of wind speed currently.
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Experiment 7 — PMSG
Wind Power Generation
System)

Circuit Simulation
The parameters of WTG actuator:

DC Voltage V4= 130V

Fs =20kHz, Vi =10V pp (PWM)
Cp = 330uF

Ks = 0.3 (Current sensing factor)

Ky =1/50 (Voltage sensing factor)

The parameters of generator actuator:

BUS Voltage Vpus =100V

Fs = 20kHz, Vi = 10V pp (PWM)
Cpus = 940uF

Ks = 0.3 (Current sensing factor)

K, =1/50 (Voltage sensing factor)

The parameters of grid-connected inverter:

BUS Voltage Vius = 100V
AC Source Voltage Vir=50Vims
Fs = 20kHz, Vi =10V pp (PWM)
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Cq=940uF, L =1.02mH, C = 10uF

Ks = 0.3 (Current sensing factor)

Ky =1/60 (AC Voltage sensing factor)
Ky =1/50 (DC Voltage sensing factor)

The parameters of permanent magnet synchronous motor:

Rated Power: 400W

Rated Speed: 3000rpm

Rated Current: 2.6A

Transient Max. Current: 7.8A
Counter emf: 17.4 mV /min-!
Electric Motor Impedance: 1.55 Q
Electric Motor Reactance: 6.71mH
Rotor Inertia: 27.7u kg - m?
Mechanical Constant: 0.53 ms

Motor Pole Number: 10 poles

The generator analogue circuit diagram based on the parameters
above is as the following figure 7.1 shown (WTG utilizes Simb
analogue circuit program):

Generator PSIM File: PEK-

520_2_Sim7 3P_MPPT_GC_Inv(50Hz)_V11.1.5_V1.1

Figure 7.1 Experiment 7 PSIM analogue generator circuit diagram
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The generator simulation result is shown within the figure 7.2:
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Figure 7.2 Experiment 7 analogue generator circuit simulation waveforms

The digital generator circuit diagram based on the analogue circuit
diagram is as the following figure 7.3 shown:

Generator PSIM File: PEK-
520_2_Lab7_3P_MPPT_GC_Inv(50Hz)_V11.1.5_V1.1
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Figure 7.3 Experiment 7 PSIM digital generator circuit diagram
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The generator simulation result is shown as the figure 7.4:

e R

08 1

0 02 04 08
Time (s)

Figure 7.4 Experiment 7 digital generator circuit simulation waveforms

After confirming simulation, the corresponding C Code will be
generated automatically via “Generate Code” of “Simulate”.
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Experiment Devices

The required devices for experiment are as follows:
* PEK-520_1*1

e PEK-520_2*1

* PEK-005A *1

» PEK-006 *1

« PTS-5000 * 1 (with GDS-2204E, PSW160-7.2, GPL-500 and APS-
300)

* Motor Module * 1
e Power Cord *2

* Coding Cord * 2

e PC*1
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Experiment Procedure
1. The experiment wiring is shown as the figure 7.5. Please follow

it to complete wiring.

Figure 7.5 Experiment 7 wiring figure

2. After wiring, make sure the PEK-520_1 and PEK-520_2 switch
are OFF followed by turning the PEK-005A switch ON. The DSP
red indicator lights on as the figure 7.6 shown, which means the
DSP power is steadily normal.

Figure 7.6 - == mi ]

DSP normal T

status with light B8 S GINSTEK ;
;, PEK - 520_1

on
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3. Refer to the appendix B for burning procedure and appendix C
for RS232 connection. Because both PEK-520_1 and PEK-520_2
are required to utilize R5232 connection, the 2 separate PSIM
windows are necessary for connection with PEK individually.

4. Connect the test leads of oscilloscope to 10-A, 10-B and 10-C of
PEK-520_1, respectively, and connect the GND of test leads to
the GND of module as the figure 7.77 shown.

Figure 7.7
Oscilloscope test
leads wiring

5. Click Set key to check set voltage and current values. Set voltage
130V with voltage scroll knob and current 3A with current scroll
knob for PSW 160-7.2 as the figure 7.8 shown.

_—

Figure 7.8
The settings of
PSW 160-7.2
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6. As the figure 7.9 shown, power on APS-300 and set 50Hz for
frequency, 3P4W for mode, 28.86V for output voltage.

Figure 7.9

7. Power on GPL-500 — Rotate the Three Phase Load knob to 2
(Resistance Load) — Set 1TS, 2TS and 3TS as ON, which
indicates full-load mode as the figure 7.10 shown.

. _—
Flgu re 7.10 3 Muli-Function Passive Load
- MAX. 300W

GPL-500 full-load ¢ | 4
setting

Rectifier_Load

[—

8. After setting up and turning on PSW power output, finally turn
on the switch of PEK-520_1 followed by PEK-520_2.
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The purpose of experiment

Observe power changes between inverter and grid power when
WTG output power changes due to wind speed flucturations.

The experiment result

(14)  Windspeed (U) 5

When the default setting of WTG (PEK-520_1) wind speed
command (U) is 5, it is available to observe, from DSP oscilloscope,
WTF power (PSM_Pm) is 15W and motor speed (PSM_N) is -
689rpm as the figure 7.11 shown. In the meantime, it is available to
observe that, via DSP oscilloscope, generator (PEK-520_2) power
(PSM_Po) is 12W and motor speed (PSM_N) is 694 rpm as the
figure 7.12 shown. The required power, when load is full-load, is
250W and the insufficient 238W power will be provided by grid
power (APS-300). Since APS-300 displays single-phase power, the
three-phase power will be 237.9W as the figure 7.13 shown.
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(15)  Wind speed (U) 8

Adjust the wind speed command from 5 to 8 via DSP oscilloscope
of WTG and it is available to observe that WTG power (PSM_Pm) is
60W and motor speed (PSM_N) is -1160 rpm as the figure 7.14
shown. The generator power (PSM_Po) will be 56W and motor
speed (PSM_N) will be 1153 rpm as the figure 7.15 shown.

The required power, when load is full-load, is 250W and the
insufficient 194W power will be provided by grid power (APS-300).
Since APS-300 displays single-phase power, the three-phase power
will be 201.6W as the figure 7.16 shown.
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Figure 7.16 = e
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(16)  Wind speed (U) 10

Adjust the wind speed command from 8 to 10 via DSP oscilloscope
of WTG and it is available to observe that WTG power (PSM_Pm) is
117W and motor speed (PSM_N) is -1462 rpm as the figure 7.17
shown. The generator power (PSM_Po) will be 109W and motor
speed (PSM_N) will be 1462 rpm as the figure 7.18 shown.

The required power, when load is full-load, is 250W and the
insufficient 141W power will be provided by grid power (APS-300).
Since APS-300 displays single-phase power, the three-phase power
will be 158.7W as the figure 7.19 shown.
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Figure 7.17
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Figure 7.19
APS-300 output
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Fill in the table 7.1 with results in order.

Table 7.1 The power fluctuations of generator and grid power
under varied wind speeds

Wind Generator Generator Power of grid Power of
speed motor speed  power(W) power(W)  load(W)
(rpm)
b 694 12 237.9 250
1163 56 201.6 250
10 1462 109 158.7 250

The conclusion

It has seen that, from the experiment, the power of power grid
(simulation based on APS-300) regulates required power in
accordance with varied powers of generator under the grid-
connected system to maintain power balance of system.
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Experiment 8 — Low

Voltage Ride Through (LVRT)
of PMSG WTG System

Circuit Simulation

The WTG actuator specification is as follows:

DC Voltage V4= 130V

Fs = 20kHz, Vi = 10V pp (PWM)
Cp = 330uF

Ks = 0.3 (Current sensing factor)

Ky =1/50 (Voltage sensing factor)

The generator actuator specification is as follows:

BUS Voltage Vpus =130V

Fs = 20kHz, Vi = 10V pp (PWM)
Cpus = 940uF

Ks = 0.3 (Current sensing factor)

K, =1/50 (Voltage sensing factor)

The grid-connected inverter specification is as follows:

BUS Voltage Vpus =100V
AC Source Voltage Vir=50Vims
Fs = 20kHz, Vi =10V pp (PWM)
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Cq=940uF, L =1.02mH, C = 10uF

Ks = 0.3 (Current sensing factor)

Ky =1/60 (AC Voltage sensing factor)

Ky =1/50 (DC Voltage sensing factor)
The PMSM specification is as follows:

Rated Power: 400W

Rated Speed: 3000rpm

Rated Current: 2.6A

Transient Max. Current: 7.8A
Counter emf: 17.4 mV/min-!
Electric Motor Impedance: 1.55 Q
Electric Motor Reactance: 6.71mH
Rotor Inertia: 27.7u kg - m?
Mechanical Constant: 0.53 ms

Motor Pole Number: 10 poles

The generator analogue circuit diagrams based on the parameters
above are as the following figure 8.1 shown (WTG utilizes Sim5
analogue circuit program instead):

Generator PSIM File: PEK-

520_2_Sim8 3P_MPPT_GC_Inv_LVRT(50Hz)_V11.1.5_V1.1

Figure 8.1 Experiment 8 PSIM analogue generator circuit diagram
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The generator simulation result is shown within the figure 8.1:

Time (s)

Figure 8.2 Experiment 8 analogue generator circuit simulation waveforms

The digital generator circuit diagram based on the analogue circuit
is shown as the figure 8.3:

PSIM File: PEK-
520_2_Lab8_3P_MPPT_GC_Inv_LVRT(50Hz)_V11.1.5_V1.1

S Y I~
Fad, sew m'—B;.;-:H,_, i
i N 13 "
iy £
e |
an g ]
Pl ¥ :
R s
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o prgrta o S g o
Pl agbigere =g
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Figure 8.3 Experiment 8 PSIM digital generator circuit diagram

112



Gw InerKExperiment 8 — Low Voltage Ride Through (LVRT) of PMSG WTG S;

The generator simulation result is shown within the figure 8.4:

0 i e R R T T o S T m R L T Vet

o1 02 03 04
Time {s)

Figure 8.4 Experiment 8 digital generator circuit simulation waveforms

After confirming simulation, the corresponding C Code will be
generated automatically via “Generate Code” of “Simulate”.
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Experiment Devices

The required devices for experiment are as follows:
* PEK-520_1*1

* PEK-520_2*1

* PEK-005A *1

* PEK-006 *1

* PTS-5000 * 1 (with GDS-2204E, PSW160-7.2, GPL-500 and APS-300)
*  Motor Module * 1

* Power Cord * 2

* Coding Cord * 2

e PC*1
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Experiment Procedure
1. The experiment wiring is shown as the figure 8.5. Please follow

it to complete wiring.

Figure 8.5 Experiment 8 wiring figure

2. After wiring, make sure the PEK-520_1 and PEK-520_2 switch
are OFF followed by turning the PEK-005A switch ON. The DSP
red indicator lights on as the figure 8.6 shown, which means the
DSP power is steadily normal.

Figure 8.6

DSP normal : '

status with light N | GWINsTEK
E PEK - 520_1

on
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3. Refer to the appendix B for burning procedure and appendix C
for RS232 connection. Because both PEK-520_1 and PEK-520 2
are required to utilize RS232 connection, the 2 separate PSIM
windows are necessary for connection with PEK individually.

4. Connect the test leads of oscilloscope to 10-A, 10-B and 10-C of

PEK-520_1, respectively, and connect the GND of test leads to
the GND of module as the figure 8.7 shown.

Figure 8.7
Oscilloscope test
leads wiring

5. Click Set key to check set voltage and current values. Set voltage
130V with voltage scroll knob and current 3A with current scroll
knob for PSW 160-7.2 as the figure 8.8 shown.

p—

Figure 8.8
The settings of
PSW 160-7.2
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6. As the figure 8.9 shown, power on APS-300 and set 50Hz for
frequency, 3P4W for mode, 28.86V for output voltage.

Figure 8.9

7. Power on GPL-500 — Rotate the Three Phase Load knob to 2
(Resistance Load) — Set 1TS, 2TS and 3TS as ON, which
indicates full-load mode as the figure 8.10 shown.

Flgu re 8.10 Mult-Function Passive Load

MAX. 300W.
GPL_SOO fu”_'oad l,&,;g 4 on .". on [ “G_Tmcmm Load Resistance Load
setting

[S—

8. After setting up and turning on PSW power output, finally turn
on the switch of PEK-520_1 followed by PEK-520_2.
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The purpose of experiment

If grid power voltage is dropping when wind generator system is
running, inverter is required to enter the LVRT (Low Voltage Ride
Through) mode in order to maintain gird power voltage. Also, we
are going to observe output power fluctuation of inverter when
grid power voltage is dropping.

The Experiment Result

(17)  Wind speed (U) 5; grid power voltage 28.86V

Wind speed command (U) of WTG (PEK-520_1) is 5 by default, and
the speed of WTG is -694rpm as the figures 8.11 and 8.12 shown.
Also, it is available to observe that, via another DSP oscilloscope,
generator (PEK-520_2) output power (PSM_Po) is 15W and
PSM_Qo is OW as the figures 8.13 and 8.14 shown.

Figure 8.11

WTG speed from | ===
DSP oscilloscope || o= o]
when wind speed
is5

Update All
Kpi [2 update | ©
KLi 0.2 update |
5 E " imebase scale Varizbles Trigger
b= e v ] verfpsn <] o
- hange Background || Soor [OFF
Chenge becks scale  [TkvDiv = [F &l ome
| pscomect | Pase_| — P = I c—|
I Auto scale 0 -
o pErEmEm = o ] Deky =
1 F28335_PSM_N
Figure 8.12 e
WTG speed o4
500
measured by
Simview

-1000
-1500

2000 *
0

119



GUYINSTEK PEK-520 User Manual
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(18)  Wind speed (U) 10; grid power voltage 28.86V

Wind speed command (U) of WTG DSP oscilloscope is adjusted
from 5 to 10, and the speed of WTG is -1453rpm as the figures 8.15
and 8.16 shown. Also, it is available to observe that, via another
DSP oscilloscope, generator output power (PSM_Po) is 147W and
PSM_Qo is OW as the figures 8.17 and 8.18 shown.
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Figure 8.18
Generator output
real power and
virtual power
measured by
Simview

(19)

F28335_PSM_Qo
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147W

50 ow

Wind speed (U) 10; grid power voltage 24.66V

Wind speed command (U) is 10, and the grid power voltage is
bucked down to 24.66V as the figures 8.19 shown. Also, it is
available to observe that, via another DSP oscilloscope of generator,
output power (PSM_Po) is 140W and PSM_Qo is 101W as the
figures 8.20 and 8.21 shown.

Figure 8.19
APS-300 voltage
is bucked down
to 24.66V

Figure 8.20

The generator
output power
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oscilloscope
when APS-300
voltage is 24.66V
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Figure 8.21 e o T P P e

Generator output 140W 01w
real power and 120

virtual power
measured by
Simview

(20)  Wind speed (U) 10; grid power voltage 14.86V

Wind speed command (U) is 10, and the grid power voltage is
bucked down to 14.86V as the figures 8.22 shown. Also, it is
available to observe that, via another DSP oscilloscope of generator,
output power (PSM_Po) is 112W and PSM_Qo is 212W as the
figures 8.22 and 8.23 shown.

Figure 8.22
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(21)  Wind speed (U) 10; grid power voltage 13V

Wind speed command (U) is 10, and the grid power voltage is
bucked down to 13V as the figures 8.25 shown. Also, it is available
to observe that, via another DSP oscilloscope of generator, output
power (PSM_Po) is OW and PSM_Qo is OW as the figures 8.26
shown.
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Fill in the table 8.1 with the power by generator under the above
several conditions.

Table 8.1 WTG output power under varied grid power voltage

Wind Grid Power  Generator Real Generator
Speed Voltage (V) Power(W) Reactive Power
W)
b 28.86 15 0
28.86 147 0
o 24.66 140 101
14.86 112 212
13 0 0

The conclusion

From the table 8.1, it is observed that within the power grid-
connected system, when grid power voltage keeps lowering down
to 24.7V, the inverter enters LVRT mode and provides reactive
power in the meantime. In accord with voltage dropping down to
13V, the inverter trips and the system shuts down.
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Appendix A — PEK-520

Circuit Diagram

T-Wind Emulator......ccooieiiiiiiiie e, 127
Grid INVEITEE e 133
F28335 Delfino control CARD .....coovvvviiieeiieeiiienn, 143
Gate DIiVEr oo 144
Gate Driver POWer ..o 145
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Appendix A — PEK-520 Circuit Diagram
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Appendix A — PEK-520 Circuit Diagram
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Appendix A — PEK-520 Circuit Diagram
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Appendix A — PEK-520 Circuit Diagram
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Appendix A — PEK-520 Circuit Diagram
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Appendix A — PEK-520 Circuit Diagram
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Appendix B — C Code

Burning Procedure

This appendix takes “PEK-
520_Lab1_3P_SVPWM_Inv
(50Hz)_V11.1.5_V1.1” as an example for the
instruction. See the detailed steps below.

Operating 1. Open the digital circuit file “PEK-520_

steps Labl_3P_SVPWM_Inv(50Hz)_V11.1.5_V1.1”
within the PSIM program followed by
clicking “Generate Code” from “Simulate”
tab. The PSIM will generate C Code
automatically as shown below.

B S~ (01PN BRI PGS0 VAT TS PRS0 L LT SV S VL1 S VA
— . ot

B ne toe vew O
A E ] Conat BERSIEN

[Eer i

e ANB WL Y S0 BB OOR9E0 b GASREBLRS CC
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0 e P N PP A
T e b Cutens wides b

DESE& ;v @ DEs
11 Thi code i created by SimCoder Version 11.1.5.1 fa F2833x Hardware Targes
i
11 SimCaer i capyighn o Poersim nc., 2008-2018
1) Date: Jammary 13, 2020 16:55:35

i

o T b

oat DetauicTose
Pacme GetcurTmet) P Geriys Timer0.
T PMLICHECK 11 7o Somes FWM value Seiing i, €omement ul 1 fne f FWA dty cycl vaboes are sty mted in the ramge
anerrapa vosa Tashe;
e a1,
conat Lin16 PSD_CouClock = 150, 11 Mits
e Db o
e DetmitType  MChivoomal

OntauitTyns  (Chlveonbl
ren Orteulvpe fCtvenact
e DetaurType Mo

- TPy e . r 6 P e

Tt PG SCI PAUSE 0v1000000
Factme PSCACLRISTART 012000000

2. Afolder of identical name with the PSIM
circuit file in which the required files for
burning and C Code are well saved will be
generated in the location of PSIM circuit file
by system.

PEK-550_Lab1_3P_SVPWM_Inv(S0Hz)_V11.1.5 V1.1 (C cod c
PEK_Subdircuit SVPVYM V11
B3| PEK-550_Lab1_3P_SVPVM_Inw(S0Hz) W11.1.5 V11 ¢

PSIM Document 14K8

PSIM Document 171 K8

PEK-550_Sim1_3P_SVPWM_Inw(50Hz) V1115 V11 PSIM Document 105 KB

=% = I

F2833x_Headers_nonBIOS 2 0. 9KB
28335_FLASH_Lnk 2 0. 7KB
28335_FLASH_RAM_Lnk 2 0 6KB
28335_RAM_Lnk 2 o 4KB
asswords 2 0. ASM Source File 4KB

PEK_550_Labl_3P_SVPWM Inv 50Hz_V1115V11 2 0.. CSourceFile 13KE

gE| PEK_550_Labl _3P_SVPWM Inv 50Hz_ V111 5V11 2 0.. Altium Embedde.. S KB

PS_bios 2 0.. C/C++ HeaderFile 22KB

&:| PsBiosRamF33xFloat 2 0. Altium Library 631 KB

& PsBiosRomF33xFloat 2 o Altium Library 636 KB

& ts2800_fpu32_fast_supplement 2 0. Altium Library 17KB

3. Open CCS and select “Project” tab followed
by clicking “Import Legacy CCSv3.3 Projects”
as the figure below.
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¥+ workspace 7 - CCS Edit - oser Studio .~ A

File 1 Vi E Project | JRun  Scripts  Window Help
H Fﬁ - o = R S ‘Kmawccs Project...

@ NewEnergia Sketch

[ Project Explorer &2

Examples

Build All Ctrl+B
Build Canfigurations v
Build Working Set v
Clean.

Build Automatically
Show Build Settings...

LI Import CCS Projects.

®¢ < !mportLagacyCCSvE.:i Projects... >

Add Files..

RTSC Tools »
@, Import Energia Sketch...
=, Import Energia Libraries

Properties

4.  Go to “Select a project file” and click
“Browser” followed by searching the folder
where C Code is located and selecting the file
with name extension “.pjt” as the following
figure shown.

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

-

1: © Select a project file: ) D:\PEK NEW PSIM\PEK-550_V11.1.5\P
©) Select sgarch-directory:

Discovere cy projects:

U
@

@ Copy projects into workspace.

Keep original location for each project

Create a subfolder for each Eclipse project (recommended)

@
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. = PEK-SSONILLS » PEX-350.LabiVIL1S » PEX:-550 Labl 35 SNPAW Jn(SOMe VEL 15 Vi 1 (€ code)

EAWE-  EANER

T suER az ®

e ‘
& Gredrie 2 PR S50 Amb 1,32 SV e, S0 VELL5 VL Ri0/1/13 T5 0. Ao Ermboedded Prsect su
e

ol I
©)

= ane
3 xe
T
B2
=TT

& #EEg
L

& indow? 05 (-

WREWQD K550 Lab1 37 VR e S0H:_VELLSMLL

Select " Copy projects into workspace

“ followed by clicking “Next” and then
“Finish” to import C Code into CCS program.
See the figure below.

« Import Legacy CCS Projects | S

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

@ Select a project file: D:\PEK MEWW PSIMYPEK-550_V11.1.5\PEK l Browse... ;

(@) Select sgarch-directory: ‘ Browse...

Discovered legacy projects:

Select All

Deselect All

Bach proje

Create a subfolder for each Eclipse ct (recommended)

U

@ <teor (bemn ) £ Conesl
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Select Compiler
Select a compiler version for each migrated project.
A

Edit.

Device Fa..  Compiler

Project
(I PEK 550 Labl 3P.SVPW.. =) C2000  1693LTS

©

@ <gack || Nex> {| Einish | ) Cancel
e

¥ Import Legacy CCS Projects & =

Select Compiler E :&E%
A

Select s compiler version for each migrated project.

Project DeviceFa.. Compiler

Edit
TIPEK 550 Labl 3P SVPVW.. =, C2000  168.3LTS

Issues that may require your attention were encountered while migraljng re
v

A orcject(s). Please see the ‘projectlog’ file, in the raot of each project,

etails.

@ < Back ][ Next > ]| Finish |[ Cancel
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6. Select C Code file and choose “Properties” from
“Project” tab. The setting steps are as follows.

1) Select “TMS320F28335” of “2833X Delfino”
from Variant under Main tab.

2) Select “Texas Instruments XDS100v1 USB
Debug Probe” from Connection under
Main tab.

3) Select “none” from Linker command file
under Main tab.

4) Deselect “XDAIS” under Project tab.
(Ignore this step if your CCS version
doesn’t provide this option.

£ workspace_v7 - CCSEQ
Fle Edit View Navigd

e iBDiR g
] Energia Sketch...

[ Preject Explorer 53 e F o
€ PEK 550 Lab1 3P 29 case]
Build Project
) @AII Cul+B

Configurations. >
Build Working Set v

Run Scripts  Window Help
Mew CCS Praject

Clean
Build Automatically
Show Build Settings.
T Import CCS Projects.
Import Legacy CCSv3.3 Projecs.
Add Files.
RTSC Tools +
@, Import Energia Sketch
=, Import Energia Libraries.

C/C++ Index »
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# Build

4 C2000 Compiler
e
el
Performance Advisor
Preds
-
C2000 Linker
Debug
Advanced settings
Compiler version TIvI6S.3LTS vl[ Mo |
Output format: legacy COFF =
Devce endianness. trle
== - [iome ]
Runtime support fbrary: <automatic> v [ Bowe |

=] [Manage Canligurations_

Include Options
Performance Advisor

[ Select All
| Deselectall

Fredefined Symbols
Advanced Options

€2000 Linker £
C2000 Hex Uity [Dissbled] + B 5 xoas @
Debug off 100

<1®

@ showsdvanced sations

Cod =

After the setting, click “Build” for
compilation. If no errors occur after
compiling, the program is eligible for burning.
Simply ignore the warnings, which have no
impact on burning process.
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- workspareyT

fle Edit ew [igogate Poject Fun Seipts |ymdow Hein
o £ @i dp - A - .

1 Project Explorer 1.

. cq =0
5 pex 550, Jaﬁw Linv 30Hz_V1_15.1

Connect PEK-006 to PC and PEK module
respectively followed by clicking “Debug” to
proceed to burning process.
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¥+ workspace_v7 - CCS Edit - Code Composer Stu

“File Edit View Navigate Pr Run Scripts  Window  Help
5 08 Q“E@‘o“" Bite G

[ Project Explorer 37 BE& v=8
[ PEK 550 Lab1_2P_SvPwhg/ lav_50Hz_V11 15 V1

©

9.  After the burning process, click “Terminate”
and remove “PEK-006"to finish the entire
procedure.

[ woore v D R

[Fle Edit View Project Run Scripts Window Help

o ISHY ki BiE @B B

5 [ Project Explorer 52 =0
Eh-T
> (£ PEK_550_Lab! VPWM_Inv_5(

25 omi g

@

10. If it needs to delete file, select C Code file
followed by selecting “Delete” under “Edit”
tab and checking “Delete project contents on

disk”. Finally, click “OK” to complete the
action.

Crl+Z
Ctrl+Y
5% =5

Cul+X £ 11 1 5 V11 [Active - L FlashRamRelease]

Cirl+C
Ctrl+V

e

All Ctrl+A
Find/RepTace Ctrl+F

oo oI =T

ey Are you sure ycu want to remaove project
2 AALIgw SO0Hz V11 1 5 V1 1'from the workspace?

CAUsers\and1i11 !\wtﬁweﬂ\ﬂ K_550_Lab1 3 P,SWWM,@HLVLL,LJ,VL;
@ [ Preview > | ok |} Cancel
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Appendix C — RS232

[}
Connection
Operating 1. Connect PEK-005A to PEK module and make
steps sure DSP is working normally.

GYINSTEK
PEK - 550

2. Connect one end of RS232 cable to PC, and the
other end to the RS232 connector of PEK
module.
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3. Open Device Manger from PC and identify the
COM port number being utilized by RS232
cable.

S
2P oW BEV) 2EH
e Hm

I a3 Tony-veCsB19GW,
I -9 suecon =z

(COM FILPT)
3 Prolific USB-to-Serial Cormm Port (COM13)
. =

I

49 EENEE

& Bluetooth =B (RFCOMM BREE 0D

1 Bluetooth £E (BAESAR)

% Intel(R) VWiFi Link 1000 BGN

' Reaktek PCle GBE Family Contraller

SH WAN Miniport (KEv2)

SE WAN Miniport (P)

1 WAN Miniport (Pv6)

-, WAN Miniport (L2TP)

¥ WAN Minioort (PPPOE) 2

4. Open PSIM program and select “DSP
Oscilloscope” under “Utilities” tab.

156



GYINSTEK

PEK-520 User Manual

5 psiv
D& bR o @

© File Edit View DesignSuites Subdircuit Eled

sl DAL s e TR

Parameter Tool

Script Tool

52z Converter
SPICE Netlist Check
InstasPIN Parameter Editor
SimCoupler Setup

rogram

DSP Oscilloscope

Device Database Editor
Curve Capture Tool

E-H Curve

Solar Module [physical madel)
Ultracapacitor Model Tool

&) Launch/Export ta SmartCtrl

Uniit Converter
Calculator

5. The Port settings are as follows.
1) Select the COM port being used by R5232.
2) Set 115200 for Baud rate.
3) Set None for Parity check.

—
€ snap-shot ‘

Allvariables

Selected variables

>

=]
=

DSP Osgll

—

seialport:  [13 ] Vet T

Baud rate: 115200 v I

P — N |
. —

Update Al
]

Tinebase scale
ﬂ | vt = v =
|| change ssciground | ::‘I’; =l E E one ™ L]
T | T — ool | a2
I~ Auto scale Del o
Q = oc] ac| e " &

After the settings, click "Connect" to proceed to
RS232 connection.
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-Port settings
Serialpart: fE) - Test
Baud rate: 115200 -

Farity chedc:  [None. 2

= -
[~ Select output variables
Al variat bles Selected variables

Update All

|

[~Triager

“ :“ Variable Var.| =] ou|

S|

— )| _change Baceground | “"“"' 55 e
s [ j

Comect | @- <: ) rase = ol | rever =

- Elm EI il by [

7. Both the output and input variables schemed
within PSIM circuit can be clearly observed
when connection is properly established.

=
DsP Oscillascope. P e
sepors [ | e l
Baudrate:  [115200 ~
parity checki  [lione 7]
(o™ o |
toutput
Al vari Selected varizbles
Mo
M Vcob
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P Vodh
Pam 1L =
pem ILb
s Lc
Toc
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PSM_Duty

"T\mehase scale [~ Trigger

[ ] | varizble || var[ ] o]
|| change Background Z:T; | E B onee T 1
oot | Discomect | pase | . . | Leval =

™ huto sce oe :
o pEmmEm e e | A | ! o
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