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GYINSTEK Introduction

I ntroduction

As the figure 0.1 shown, PEK-530, the Micro -grid
Inverter Module , which is based onthe structure
of 2 sets of Three PhaseFull Brid ge Inverter with
fully digital control system. The pur pose ofit, 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 and proceed to simulation with the circuit
of DSP, eventually burning the control program,
throug h 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

Micro-grid
inverter
experiment
module




GUYINSTEK PEK-530 User Manual

Figure 0.2 Realization
9 Simulation (1/2) » and Simulation (2/2) =)  veriiication
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details 1 I
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generation Composer

Program the TI
CCode | conrol kode o | F2g33x, F2803X
of the the bsP DSP—Eased
Control Circuit Control Circuit
RS232 I
DSP Oscilloscope in PSIM
(Monitor of waveform in DSP)

Thre are 6 experiments can be fulfilled by PEK-530 as follows:

Three Phase SVPWM Inverter

Three Phase Standalone Inverter

Three Phase Gridconnected Inverter

PQ Control of Three-phase Grid-connected inverter

S

P-e and Q-V Droop control of Three Phase Stand-alone
Inverter

6. Parallel Operation of Multiple Stand -alone Inverters with
Virtual Impedance and Drop Control Method

In addition to PEK -530, 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, PTS5000
experiment platform as figure 0.5 shown is necessary for

completing the experiments.
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Figure 0.3

Auxiliary power
module

Figure 0.4

JTAG burning
module
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Figure 0.5
G! |nerK PTS-5000 Power Electronics Training System

PTS5000
experiment
platform
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The DSP I/O pin configuration of PEK -530 is shown as the figure
0.6. Refer to the appendix A for the circuit diagrams of PEK-530,
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 and table 0-2
shown.

ADC-  ADC-  ADC-
BO(AC) BI(AC) B2(AC)

GPIO48
ONIOFF
A 4 4 AC
o0

ADC-ANAC) -
—_— K03 [ [VK=1060 . Voltage
=0. o a
VDC+ o | | —
v Vsa
Q1 Q)98 b
n JLK JE} Jg} 1mH K=0.3
ADC-A1(AC)
PWMIA  PWMZA pwM3Al T n—IE
+ | (GPIOU] (GPTOZ) (GHIOF)| El 10uF L
DC iy e l ADC-AS(AQ) | > .
Voltage| | T ' * & Vsh
- 1mH J
PWMIB  PWM2B PWiTIE| . .
- 30F | (Chior)  (Gios (orjos|| ADC-AAC) 1BF | [,_E
Jnr-z IE: lez mA tfuF Jn Ay L
VDC- @ [ os)lmmr | ‘ Vse
= T
— —,
/ ( WAWAW)
K=140 7 pv i ll—m T 7 ¥ K=160
* bottom ADC-A3(AC) I
Start/Stop Voa ek Az U‘m I_I‘Im
ADC- CPLD PWM Load ADC-  ADC- ADC-
B6(DC) Voltage B3(AC) B4(AC) BS(AC)
Protection
Circuit
S— “ F28335
o DSP
SCIC
(GP10 62,63)

Figure 0.6 I/O configuration
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Table 0.1PEK-530 test point measurement ratio

Sensing item Sensing ratio

1 DC link voltage (VDC) 0.0196

2 Inverter A phase output current (0.4768
(10-A)

3 Inverter B phase output current 0.4768
(10-B)

4 Inverter C phase output current 0.4768
(10-C)

5 InverterA phase load current (L 0.4768
A)

6 Inverter B phase load current (L 0.4768
B)

7 Inverter C phase load current (IL 0.4768
C)

3 Inverter output AB arm line 0.0287
voltage (VOAB)

9 Inverter output BC arm line 0.0287
voltage (VOBC)

10 Inverter output CA arm line 0.0287
voltage (VOCA)

11 Grid-connected AB arm line 0.0287
voltage (VSAB)

12 Grid-connected BC arm line 0.0287
voltage (VSBC)

13 Grid-connected CA arm line 0.0287
voltage (VSCA)
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Table 0.2 PEK530 DSP feedback ratio

Sensing item Sensng ratio

1 DC link voltage (VDC) 0.0249

2 Inverter A phase output current |0.2996
(10-A)

3 Inverter B phase output current |0.2996
(10-B)

4 Inverter C phase output current |0.2996
(10-C)

5 Inverter A phase load current (1L |0.2996
A)

6 Inverter B phasdoad current (Il-  |0.2996
B)

7 Inverter C phase load current (1L |0.2996
C)

S Inverter output AB arm line 0.0169
voltage (VOAB)

9 Inverter output BC arm line 0.0169
voltage (VOBC)

10 Inverter output CA arm line 0.0169
voltage (VOCA)

11 Grid-connectedAB arm line 0.0169
voltage (VSAB)

12 Grid-connected BC arm line 0.0169
voltage (VSBC)

13 Grid-connected CA arm line 0.0169
voltage (VSCA)
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The Description on Chapters

See the chaper arrangements as follows

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

Experiment 1 Learns the theories of threephase SPWM and

Three Pase SVPWM, the measuring method of voltage and

SVPWMinverter  current for PEK-530 module, the pin layout of Tl
F28335 DSP IC, the setting for PWM and A/D
module and the method of measure and control
of DSP internal signal by RS232.

Experiment 2 Learns the modularization method for three -
Three Phase Stancphase inverter, controller design of current and
alone nverter voltage loops, hardware layout followed by

SimCoder programming .

Experiment 3 Learns the principle and structure of three phase

Three thaseGrid- grid -connected inverter with the method of

connectedinverter phase-lock loop design, the controller design of
current loop and voltage loop, the hardware
layout aiming at grid -connected inverter
followed by SimCoder programming .

Experiment 4 The essence of PQ control is to decoupleactive
PQ Control of power and reactive power for further control,
Three fase Grid respectively. PEK-530 aims at PQ control for
connected inverter planning followed by SimCoder programming .

Experiment5 Learns P-¥ and Q-V Droop contro | and through
P-¥ and Q-V Droop PEK-530 for planning followed by SimCoder
control of Three  programming .

Phase Staneilone

Inverter

10
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Experiment6 Understands the parallel control method of three
Parallel Operation phase inverter, and makes 2 sets of inverters

of Multiple Stand  connected in parallel for control. Finally via
alone Inverters PEK-530 for planning followed by SimCoder
with Virtual programming .

Impedance and

Drop Control

Method

11
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Experiment 1é Three
PhaseSVPWM Inverter

Circuit Simulation

Inverter DC Voltage Vpc = 100V

Specification Fo= 18kHz Vi = 10V (PWM)
Cy=330uF L=1mH C=10uF
Ks=0.3 (AC current sensing factor)
Ky = 1/ 60 (DC voltage sensing factor)

Ky =1/40 (DC voltage sensing factor)
The analogue circuit diagram based on the parameters above is as

the following figure 1.1 sho wn:
PSIM File: PEK-530_Sim1_3P_SVPWM_Inv(60Hz)_V11.1.5_V1.1

Figure 1.1 Experiment 1 PSIM analogue circuit diagram

12
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The simulating results are shown as the figure 1.2 and 1.3:

a1 D 006 008 a1

Vil VE

Figure 13 Experiment 1 analogue circuit simulation waveforms

13
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The digital circuit diagram based on the analogue circuit is shown
as the figure 1.4:
PSIM File: PEK-530_Lab1_3P_SVPWM_Inv(60Hz)_V11.1.5_V1.1

ModelName © PEKS530
Experimentaion © Lab1

Description Thres Phase SVPWN Inverter
PSIN Version /M15

Date 2020/05/25

version
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5 BedEhEdE gy r thE
F] 00 F- ﬁf~m uﬁiﬂ{u
12k ) e g £ E E
& = £ 2 H
4

Figure 1.4 Experiment 1 PSIM digital circuit dizgn
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The simulating results are shown as the figure 1.5 and 1.6:

'n“u‘; W[\ :w\
\Nd‘fm

AWV
i "Q"‘J{}\"‘u-e‘ /\f\

) \.ty‘u“I \ \\ju \

W

01 03
Time (9

Flgure 1.5 Experiment 1 digital circuit simulation waveforms

........

Figure 16 Experiment 1 digital circuit simulation waveforms

After confirming simulation, the corresponding C Code willb e
generated automatically via 0Gener at

15
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Experiment Devices

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

PEK-530* 1

PEK-005A* 1

PEK-006* 1

PTS5000* 1 (with GDS-2204E PSW160-7.2and GPL-500)
PC*1

16
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Experiment Procedure
1. The experiment wiring is shown as the figure 1.7. Please follow
it to complete wiring.

€

"

PSW 160-72

Driver -
s
Power =

Power

—_—
s

PEK-005A

Figure 1.7 Experiment 1 wiring figure

2. After wiring, make sure the PEK -530 switch is OFF followed by
turning the P EK-005A switch ON. The DSP red indicator lights
on as the figure 18 shown, which means the DSP power is
steadily normal.

Figure 18

DSP normal
status with light
on

GYINSTEK
PEK - 530A

PEK-830A EKOLP148~-)
Miecro Grid Inverter

3. Refer to the gopendix B for burning procedure followed by the
appendix C for RS232 connection

17
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4. Connect the test leads of oscilloscope tovo-AB, Vo-BC and Vo-
CA, respectively, followed by connecting GND of probe to the
GND terminal as the figure 1.9 shown.

Figure 19 8
Oscilloscope test [§
leads wiring

5. Refer to the figure 1.10 for the gperation steps of PSW1607.2.
Power on PSW1607.25 Click on Set key followed by adjusting
voltage to 100V via voltage knob and adjusting current to 3A via
current knob.

Figure 110
The settings of
PSw

6. As the figure 1.11 shown, follow the steps below for GPL-500
operation. Power on GPL-5 0 0 b tefhe Theee Phase Lord
knob to 2 (Resistance Load) b Set
as ON, which indicates no-load mode.

18
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Figurel.11 The
no-load setting of
GPL-500

Istance
L

with
C Load

7. After setting up and turning on PSW power output, finally turn
on the switch of PEK-530

19
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The purpose of experiment

This experiment is the open loop system. We observe fluctuations
of ouput voltage and current while operating under varied loads
and working cycles.

The experiment result

(1) No Load

The figure 1.12 shows that when it is no-load mode, the RMS values
of Vo-AB, Vo-BC and Vo-CA are 1.22V (42509 in actual value),
1.21V (42.16V in actual value) and 1.2V (42.509V in actual value),
respectively, and the RMS value of lo-A is 0.147A (0.308A in actual
value).

Figure 112
No-load
measured
waveform

@ 60013z |

T )[ Ses @ 6.4e8s | ]"0 T 1.60 nr‘

@R 1A ‘

(2) Half Load (20q)

The figure 1.13 shows that 1Ts and 3TSof GPL-500are set ON,
whereas 2TS is set OFF, which indicates half load.

The figure 1.14 shows that when it is hald-load mode, the RMS
value of Vo-AB, Vo-BC and Vo-CA is 1.13V(39.33V in actual
value), and the RMS value of lo-A is 0.567A (1.189A in actual value).

20
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Figure 113 MR P o
GPL500 halﬂoad ity m ﬁnmm r Load  Off  Resistance Load

setting

Figure 114
Half{oad
measured
waveform

(3) Full Load (10q)

The figure 1.15shows that 1Ts, 2Tsand 3TSof GPL-500 are setON,
which indicates full load.

Figure 115 o P
G P L‘500 fU I | 'l Oad W-\ . {T Rectifier Load‘ on Resistance Load
setting 5 @

POWER

The figure 1.16 shows that when it is full -load mode, the RMS
values of Vo-AB, Vo-BC and Vo-CA are 1.12V (39.024Vin actual

21
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value), 1.11V (38.676Vin actual value) and 1.12V (39.024Vin actual
value), respectively, and the RMS value of lo-A is 1.08A (2.26%A in
actual value).

Figure 116
Ful-Hoad
measured
waveform

(4) Duty Change

The figure 1.17 shows that the Duty parameter in circuit, which
experienced t IBaetinpBtSaviablesad cafdjaust ed by
RS232js altered from default 0.6 to 0.8. Please press the Update.

LX)

Figure 1.17

\
PSIM DSP |

oscilloscope l

command value |

setting

Hr Dot

ot vanses

The figure 1.18 shows that when DSO oscilloscope command value
is adjusted from 0.6 to 0.8 the RMS values ofVo-AB, Vo-BC and
Vo-CA are 1.52V (52.69%/ in actual value), 1.51V (52.613/ in actual
value) and 1.51V (52.613/ in actual value), respectively, and the
RMS value of lo-A is 1.50A (3.146A in actual value).

22
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Figure 1.18
DSP oscilloscope
command value

is 0.8

After experiment, power off PEK-5306 PSW1607.26 PEK-005A6
GPL-500in order properly.

Per differed test conditions, fill in the table 1.1 and 1.2with the
measured values of Voand loin order. Also r efer to the table 0.1 for
the sensingratio followed by filling in with actual values.

Table 1.1 Output voltage current measured data in varied settings

of GPL-500
GPL-500 Vo-AB(Vrms) Vo-AB(Vrms) Vo-BC(Vrms) Vo-BC(Vrms)
(Measured (Actual value) (Measured (Actual
value) value) value)
No load 1.22V 42.509V 1.21Vv 42.16V
Half load 1.13V 39.373V 1.13Vv 39.373V
Full load 1.12V 39.024V 1.11v 38.676V
GPL-500 Vo-CA(Vrms) Vo-CA(Vrms) lo-A(lrms)  lo-A(Irms)
(Measured (Actual value) (Measured (Actual
value) value) value)
No load 1.22V¢ 42.509V 0.147A 0.308A
Half load 1.13v 39.373V 0.567A 1.189A
Full load 1.1V 39.024V 1.08A 2.265A

Table 1.20utput voltage current measured data in varied Duties

23
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Duty  Vo-AB(Vrms) Vo-AB(Vrms) Vo-BC(Vrms) Vo-BC(Vrms)
Commad (Measured (Actual value) (Measured (Actual
value value) value) value)
0.6 1.12v 39.024V 1.11v 38.676V
0.8 1.52v 52.962V 151V 52.613V
Duty  Vo-CA(Vrms) Vo-CA(Vrms) lo-A(Irms)  lo-A(Irms)
Commad (Measured (Actual value) (Measured (Actual
value value) value) value)
0.6 .Y 39.024V 1.08A 2.265A
0.8 1.51V 52.613V 1.50A 3.146A

The Conclusion

This experiment is the open loop system. It has seen that, from no
load to full load within the table 1.1, output current is increasing
gradually and output voltage is dropping in accord with load
changes. Fromthe table 1.2, it has seen that output voltage
fluctuates in accordance with Duty changes.

24
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Experiment 2é Three
Phase Staneéhlone nverter

Circuit Simulation

Inverter DC Voltage Vpc = 100V

Specification Fo= 18Hz Vi = 10Vpp (PWM)
Cy=33WF L=1ImH C=10uF
Ks= 0.3 (AC current sensing factor)
Ky =1/60 (DC voltage sensing factor)
Ky = 1/40 (DC voltage sensing factor)

25
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The analogue circuit diagram based on the parameters above is as
the following figure 2.1 sho wn:

PSIM File: PEK-530_Sim2_3P_SA_Inv(60Hz) V11.1.5 V1.1

ModelName PEK-530
Expermentatin ©  Sm2
Descrpfion Three Phase Stand-alonelnveter
PSMVersbn V115
Date 0181224
Verson Vi1
FAN |5 |73
3 L0 VY
ﬂ
10u |-
100 A g2 Ligy [ xi,ii -
IS A (o
10u
g3 r PRCEVY.
0.3 =
o
far . m , 289728 9/100

., 289128.9/100

WA 5426.5/100

gpag 141480

Figure 2.1 Experiment 2 PSIM analogue circuit diagram
The simulation result s are shown within the figure 2.2 and 2.3:

o nos 01 als [ s 03
Time (5

Figure 2.2 Experiment 2 analogue circuit simulation waveforms

26
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f)(\ fH ’V\ | ‘f\‘ ‘f\‘f\ ‘np
J}M G

A \

Figure 23 Experiment 2 analogue circuit simulation waveforms
The digital circuit diagram based on the analogue circuit is shown
as the figure 2.4:
PSIM File: PEK-530_Lab2_3P_SA_Inv(60Hz)_V11.1.5 V1.1

Figure 24 Experiment 2 PSIM analogue circuit diagram

27
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The simulation result s are shown within the figure 2. 5and 2.6:

£

Time ()

Figure 25 Experiment Aigital circuit simulation waveforms

WG

= T

Figure 26 Experiment Aigital circuit simulation waveforms

After confirming simulation, the corresponding C Code will be
generated automatically via 0Generate

28
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Experiment Devices

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

PEK-530* 1

PEK-005A* 1

PEK-006* 1

PTS5000* 1 (with GDS-2204E PSW1607.2and GPL-500)
PC*1

29
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Experiment Procedure
1. The experiment wiring is shown as the figure 2.7. Please follow
it to complete wiring.

PSW 160-72

Driver

i Power
Rk,
Auxiliary =
Power 5}

PEK-005A

Three
Phase
AC

126

Load

Figure2.7 Experimen® wiring figure

2. After wiring, make sure the PEK -530 switch is OFF followed by
turning the PEK-005A switch ON. The DSP red indicator lights
on as the figure 2.8 shown, which means the DSP power is
steadily normal.

Figure2.8

DSP normal
status with light
on

GWINSTEK
PEK - 530A

.................
PEK-830M EKO1P148-1 . (SRS

Micro Grid Inverter © ow

3. Refer to the gopendix B for burning procedure.

30
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4. Connect the test leads of osdioscope to Vo-AB, Vo-BC and Vo-
CA, respectively, followed by connecting GND of probe to the
GND terminal as the figure 1.9 shown.

Figure2.9 2,
Oscilloscope test [#
leads wiring

5. Refer to the figure 2.10 for the operation steps of PSW1667.2.
Power on PSW1&-7.26 Click on Set key followed by adjusting
voltage to 100V via voltage knob and adjusting current to 3A via
current knob.

Figure2.10
The settings of
PSW

6. As the figure 2.11 shown, follow the steps below for GPL-500
operation. Power on GPL-5 0 0 b tehe Theee Phase Lord
knob to 2 (Resistance Load) b Set
as ON, which indicates no-load mode.

31
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Figure2.11 M uncin Passe Lawg
The noload e
setting of GPL
500

7. After setting up and turning on PSW power output, finally turn
on the switch of PEK-530

32
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The purpose of experiment

This experiment, which involves three phase inverter, ensures that
output voltage, via close-loop control, maintains stable output with
balanced state under load fluctuations. Also it observes load
current state.

The expement result

(1) No Load

The figure 2.12 shows that when it is no-load mode, the RMS values
of Vo-AB, Vo-BC and Vo-CA are 143V (49.826/ in actual value),
1.42V (49.47W in actual value) and 1.43v (49.826Vin actual value),
respectively, and the RMS value of lo-A is 0.166A (0.348A in actual
value).

Figure2.12
No-load
measured
waveform

(2) Half Load (20q)

The figure 21.13 shows that 1Ts and 3TSof GPL-500are set ON,
whereas 2TS is set OFF, which indicates half load.

The figure 2.14 shows that when it is hald-load mode, the RMS
value of Vo-AB, Vo-BC and Vo-CA is 1.42V(49.47N in actual
value), 141V (49.129%/ in actual value) and 1.43Vv (49.826Vin actual
value), respectively, and the RMS value of lo-A is 0.711A (1.491A in
actual value).

33
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Figure2.13 S
GPL_500 halﬂoa B m E_Tnmm rload O  Resistance Load

setting

Figure2.14
Half-load
measured
waveform

(3) Full Load (10q)

The figure 2.15 shows that 1Ts, 2Tsand 3TSof GPL-500 are set ON,
which indicates full load.

Figure2.15 e ——
G P L_SOO fU | I _Ioad Ee\ n‘ {T Rectifier Lolﬁ. on Resistance Load
setting

[— |

34
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The figure 2.16 shows that when it is full -load mode, the RMS value
of Vo-AB, Vo-BC and Vo-CA is 1.43V(49.826/ in actual value),
142V (49.47W in actual value) and 1.42/ (49477V in actual value),
respectively, and the RMS value of lo-A is 1.37A (2.873A in actual
value).
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The figure 2.16 shows that when it is full -load mode, the RMS
values of Vo-AB, Vo-BC and Vo-CA are 143V (49.826Vin actual
value), 1.42V (49.477Vin actual value) and 1.42V (49.477Vin actual
value), respectively, and the RMS value of lo-A is 1.37A (2.26%A in
actual value).

Figure2.16
Ful-Hoad
measured
waveform

(4) Unbalanced Load (A phase 20" ,Band C phase 10" )

The figure 2.17 shows that 1Ts and 2TS of GPL-500are set ON,
whereas 3TS is set OFF, which indicatesunbalanced load.

Figure2.17 —_————
GPL:500

with ON B Rectifier LDlﬂ. 0.41 .Rulsmnce Load
unbalancedioad ™ ST oo
setting

Three Phase Load

POWER

|
m

The figure 2.18 shows that when it is unbalanced load, the RMS
value of Vo-AB, Vo-BC and Vo-CA are 1.44V (50.174Vin actual
value), 1.43V (49826V in actual value) and 1.41V (49129 in actual
value), respectively, and the three phase voltage remains balanced
state.
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Figure2.18 [ ][ () ["
Unbalancedioad
Vo measured
waweform

(" Ses @ a.6eas )

As the figure 2.19 shown, connect the test leadsof oscilloscope to
IL-A, IL-B and IL-C for observation.

Figu_re2.19 N
Oscilloscope test S
leads wiring f

The figure 2.20 shows that when it is unbalanced load, the RMS
values of IL-A, IL-Band IL-C are 0.835A (1.751A in actual value),
1.26A (2.643A in actual value) and 1.25A (2.622A in actual value),
respectively, and the three load current is under unbalanced-load
state.
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Figure2.20
Unbalancedioad
IL measured
waveform

U Ges @ 6.aees \[

B 1260 @ 5zn
15tz

After experiment, po wer off PEK-5306 PSW1607.26 PEK-005A6
GPL-500in order properly.

Per no load, half load, full load and unbalanced load settings of
GPL-500, fill in the table 2.1 and 2.2 with the measured values of Vo,

loand IL in order. Also r efer to the table 0.1 for the sensing ratio
followed by filling in with actual values.

Table 2.1 Output voltage current measured data in varied settings

of GPL-500

GPL-500 Vo-AB(Vrms) Vo-AB(Vrms) Vo-BC(Vrms) Vo-BC(Vrms)
(Measured (Actual value) (Measured (Actual
value) value) value)
No load 1.43v 49.826V 1.42v 49.477V
Half load 1.42V 49.477V 1.41V 49.129V
Full load 1.43V 49.826V 1.42v 49.477V
Unbalanc 1.44V 50.174V 143V 49.826V

ed load

GPL-500 Vo-CA(Vrms) Vo-CA(Vrms) lo-A(lrms)  1o-A(lrms)

(Measured (Actual value) (Measured (Actual

value) value) value)
No load 1.43V 49.826V 0.166A 0.348A
Half load 1.43V 49.826V 0.711A 1.482A
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Full load 1.42V 49.477V 1.37A 2.873A
Unbalanc 141V 49,129V
ed load
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Table 2.2 Load currentmeasured data in unbalanced load of GPL-
500
GPL- IL-A(Vrms) IL-A(Vrms) IL-B(Vrms) IL-B(Vrms) IL-C(Vrms) IL-
500 (Measured (Actual (Measure (Actual (Measured C(Vrms)

value) value) dvalue) value) value) (Actual
value)
Unbal 1.751A 2.643A
anced 0.835A 1.26A 1.25A 2.622A

load

The conclusion

This experiment, which involves three ph ase inverter system,
ensures thatthree phaseoutput voltage, from duration of no load
through full load , maintains stable output with balanced state and
gradual three phase output current increment. When switching to
unbalanced load, the load current is unbalanced-load state though,
three phase output voltage keeps balanced state still.
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Experiment 3é Three

Phase Gridconnected
Inverter

Circuit Simulation

Inverter DC Voltage Vpc = 100V

Specification AC Source Voltage Vi = 50V ms
Fs=18kHz Vi =10V (PWM)
Cy=33WF L=1ImH C=10uF
Ks=0.3 (AC current sensing factor)
Ky = 1/60 (DC voltage sensing factor)
Ky = 1/40 (DC voltage sensing factor)
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The analogue circuit diagram based on the parameters above is as
the following figure 3.1 shown:
PSIM File: PEK-530_Sin8_3P_GC_Inv(60Hz)_V11.1.5_V1.1

Figure3.1 ExperimenB PSIM analogue circuit diagram
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The simulation result s are shown within the figure 3.2 and 3.3:

o5 02

0
Thme (s}

Figure3.2 ExperimenB analogue circuit simulation waveforms

Figure 3.3 Experiment3 analogue circuit simulation waveforms

The digital circuit diagram based on the analogue circuit is shown
as the figure 3.4:
PSIM File: PEK-530_Lab3_3P_GC_Inv(60Hz)_V11.1.5 V1.1

43



GUYINSTEK PEK-530 User Manual

Eﬁ%%éﬁ% ]

S S M i 12 Lo Tt s
Y LSl e i
S IR b Tl
I
L HEREEEEY
el gonoooun
ngo ERTIIEREEREE
it oo
g1} =
51{t- G .
5118 T
= 5 D
o ;
‘m«&‘g@ﬂm 7 - QEI]M,-“m
T T "¢ :
y ,
]

Figure3.4 Experiment3 PSIMdigital circuit diagram
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The simulation result is shown within the figure 3.5:

PSM s PSM Iob

%WMWWW&’WVMMWQWW%WMT‘M&W&

04 s 06 o 08
Time (s)

Figure3.5 Experiment3 digital circuit simulation waveforms

After confirming simulation, the corresponding C Code will be

generated automatically via 0Gener af
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Experiment [2vices

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

PEK-530* 1
PEK-005A* 1
PEK-006* 1

PTS5000* 1 (with GDS-2204E PSW1607.2, APS-300 and GPL-
500)

PC*1
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Experiment Procedure
1. The experiment wiring is shown as the figure 3.6. Please follow

it to complete wiring.

- -
Tes — Three
A L —
== — " LT
= Source
o PSW lmf —— APS-300
Driver -
e o 2 Thee  —
Lt iy g—e RS
Auxili - = L
p;u:y g Load sEEsazzEEsss
PEK-005A GPL-500

Figure3.6 Experiment3 wiring figure

2. After wiring, make sure the PEK -530 switch is OFF followed by
turning the PEK -005A switch ON. The DSP red indicator lights
on as the figure 3.7 shown, which means the DSP power is
steadily normal.

Figure3.7

DSP normal
status with light
on

GYINSTEK
PEK - 530A

PEK-830A EKOLP148~-)
Miecro Grid Inverter

3. Refer to the gopendix B for burning procedure.
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4.

48

Connect the test leads of oscilloscope toVo-AB, Vo-BC and Vo-
CA, respectively, followed by conne cting GND of probe to the
GND terminal. The measurement point of terminal is the
common ground.
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Figure3.8 2,
Oscilloscope test
leads wiring

5. Refer to the figure 3.9 for the operation steps of PSW1667.2.
Power on PSW1607.25 Click on Set key followed by adjusting
voltage to 100V via voltage knob and adjusting current to 1A via
current knob.

Figure3.9
The settings of
PSW

R —

6. As the figure 3.10shown, follow the steps below for APS-300
operation. Power on APS-3006 Set frequency as 60Hzb Set
operation mode as 3P4WbE Setvoltage as 28.86V

Figure3.10
The settings of
APS300

operation. PoweronGPL-500 b Rotate the Three
knob to 2 (Resistance slOFFgan)ii3Tb Set
as ON, which indicates no-load mode.
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Figure3.11 M Funcon Pas Loga
The noload = =%

setting of GPE
500

- 3
|—| <
X
H

8. After setting up and turning on PSW and APS-300power output,
finally turn on the switch of PEK -530.
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The purpose of experiment

This experiment, which i nvolves three phasegrid -connected
inverter, discusses power changes between inverter and power grid
under the conditions of different load power.

The experiment result

Because direction of conductance current is positive under boost
mode, the current will be negative observed from oscilloscope
while operating under buck mode.

(1) No Load

The figure 3.12 indicates measured waveforms of three phase
voltage output Vo-AB, Vo-BC and Vo-CA.

The figure 3.13 shows that PSW output power is 99.86W. When it is
no-load mode, the power generated by inverter is absorbed by
APS-300. Therefore, it has seen thathe power displayed on APS-
300 is single phase-31.6W and thus three phase total power is-
31.6W*3=T1 94.8W (minus sign indicates absorbed power).

Figure 3.12
Vo measured
waveform

@ oo |

) Ses (@ @.686s )

@RS 1430
881z
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Figure 3.13

PSW and APS00
power state When'
no load

(2) Half Load (20q)

Set 1TS and 3TS as ON, and 2TS as OFF, which indicates half load
as the figure 3.14 shown.

Multi-Function Passive’ Load

Figure3.14The - - MAX. 300W
haltload setting fim o > Jogie  amae e o Bmests
of GPL-500

The figure 3.15shows that when it is half-load mode, PSW output
power is 99.88W and the power consumed by load is increasing up
to 125W. Therefore, PSW output power is not able to meet the
requirement of load. Because APS300 needs to provide 25W for
maintaining system power balance, it has seen that APS300 power
is single phase 10.1W and three phase total power is
10.1W*3=30.3W

Figure3.15 = —

PSW and APS00 .
power state undel ' 6000
half load | 7
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(3) Full Load (10q)

Set 1TS, 2TS and 3TS as ON, which indicates full load as the figure
3.16 shown.

Passive Load
MAX_ 300W

L ——————
I;Tmclme- Load  Off  Resistance Load

aemm——

Figure3.16 The
fullHoad setting of; . o
GPL-500

The figure 3.17 shows that when it is full -load mode, PSW output
power is 99.85W and the power consumed by load is increasing up
to 250W. Therefore, PSW output power is not able to meet the
requirement of load. Because APS300 needs to provide 150\ for
maintaining system power balance, it has seen that APS300 power
is single phase50.6/ and three phase total power is
50.6W*3=151.8W.

Figure3.17
PSW and APS00
power state undel

full load i
ccC

After experiment, power off PEK-5306 PSW1607.26 PEK-005A6
GPL-500in order properly.

Fill in the table 3.1with the power of PSW and APS300 under
vaired loads.

Table 3.1 Power state of PSW and APS300under varied loads

Load Power PSW Output APS Output
Power Power
No Load (0W) 99.86N -948W 99.86+ (-94.9 HO
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Mid Load

(125W) 99.88WV 30.3W 99.88+30.3H 125
Full Load

(250W) 99.85V 151.8V 99.85+151.8H 250

Theconclusion

This experiment is the grid -connected three phase inverter system.
When power provided by inverter is greater than req uirement of
load, the remaining power will be feedbacked to power grid. By
contrast, when power provided by inver ter can not afford to
support power consumed by load, power grid will then output
power to compensate the requirement of load so that system power
balance is farily maintained.
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Experiment4 é PQ Control

of Threephase Grid
connected inverter

Circuit Simulation

Inverter DC Voltage Vpc = 100V

Specification AC Source Voltage V.. = 50Vms
Fo=18kHz Vi = 10Vp, (PWM)
Cy=33WF L=1ImH C=10uF
Ks=0.3 (AC current sensing factor)
Ky =1/60 (DC voltage sensing factor)
Ky = 1/40 (DC voltage sensing factor)
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The analogue circuit diagram based on the parameters above is as
the following figure 4.1 shown:
PSIM File: PEK-530_Sim4_3P_GC_Inv_PQ(60Hz)_V11.1.5_V1.1

ModelName FEKS30 @
Expermentation :  Simé

Descipton PO Controlof Three-phase Gr-connecied hverter
PSIl Verson & V1115

Date 20200803

Version Vi

o =100

ko
@eet =]

Figure4.1 Experiment PSIM analogue circuit diagram

The simulating result is shown as the figure 4.2:

VRN -

[
Time ()

Figure4.2 Experimentt analogue circuit simulation waveform
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The digital circu it diagram based on the analogue circuit is shown
as the figure 4.3;

PSIM File: PEK-530_Lab4_3P_GC_Inv_PQ(60Hz) V11.1.5 V1.1

Figure4.3 Experiment4 PSIM digital circuit diagram

The simulating results are shown as the figure 4.4 and 4.5:

PSMP PSMLQ

04 08
Time (5)

Figure4.4 Experiment4 digital circuit simulation waveform
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fﬁxWm&%fiTx?x??xmf*‘ﬁwJ;Tﬁﬁﬁx?‘wmw

Figure4.5 Experiment4 digital circuit simulation waveform

After confirming simulation, the corresponding C Code will be
generated automatically via 0Generate
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Experiment Devicg

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

PEK-530* 1
PEK-005A* 1
PEK-006* 1

PTS5000* 1 (with GDS-2204E PSW1607.2, APS-300and GPL-
500)

PC*1
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Experiment Procedure
1. The experiment wiri ng is shown as the figure 4.6. Please follow
it to complete wiring.

- ~
o5 S Three
iize Sm;merw L) Phae g em——
= source
W PswW XNE - APS-300
PD:V" | & Three
oty T
Auxili = S
P:' ary +—. Load gsssarzoEzzs
PEK-005A GPL-500

Figure4.6 Experiment5 wiring figure

2. After wiring, make sure the PEK -530 switch is OFF followed by
turning the PEK -005A switch ON. The DSP red indicator lights
on as the figure 4.7 shown, which means the DSP power is
steadily normal.

Figure4.7

DSP normal
status with light
on

GWINSTEK
PEK - 530A

.................

PEK~-830A Lxuwna—n,~.1‘
Mecro Grid Inverter o

3. Refer to the gopendix B for burning procedure followed by the
appendix C for RS232 connection.
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4. Refer to the figure 4.8 for the operation steps of PSWL60-7.2.
Power on PSW16067.26 Click on Set key followed by adjusting
voltage to 100V via voltage knob and adjusting current to 2A via
current knob.

Figure4.8
The settings of
PSW

5. As the figure 4.9shown, follow the steps below for APS-300
operation. Power on APS-3006 Set frequency as 60Hzb Set
operation mode as 3P4WB  Sltage as 28.86V

Figure4.9
The settings of
PSW

operation. PoweronGPL-500 B Rot at e tLbré Thr ee
knob to 2 (Resi st a2iaed3TSesON) b Set
which indicates full -load mode.

Figure4.10
Thefull-load
setting of GPE
500

7. After setting up and turning on PSW and APS-300power output,
finally turn on the switch of PEK -530.
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Thepurpose of experiment

This experiment is application of smart inverter. When voltage or
frequency change occurs within grid power, the inverter will adjust
power (active or reactive) output via system PQ controller in accord
with the latest condition.

Theexperiment result

1. Active Power Control (P-¥)

(1) Frequency 60Hz

As the figure 4.11 and 4.12 shown, when frequency of APS300 is
set 60Hz, the active power command value, PSM_Poc will be set
100 and 100W will be displayed on DSP oscilloscope.

Figure 4.11
APS300set
frequency 60Hz

Figure 4.2
Active power

Badra ]

waveform of APS ™™ '

Operation mode

300 set frequency, .

Contruma @ Snap-shot

60Hz displayed
on DSP
oscilloscope

i

J
|
| Trebase scie varatses —
]

[ 1
s 100 :wd-.- [10 meow <] varisble [P5M P =] | v fraap ]
= ¥ w

Change taciground | ©
scae

(2) Frequency 59.3Hz

As the figure 4.13 and 4.14 shown, when frequency of APS300 is
set 59.3Hz, the power displayed on DSP oscilloscope is raising.
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Figure 4.13
APS300 set
frequency 59.3Hz

Figure 4.14 Bl
Active power ::E“ —
waveform of APS | == = s martath

300 set frequency| ==t

59.3Hz displayed | == =577
on DSP ol

oscilloscope -
Set rout vanabies
w——
ok [T B
Tosst g o | %
ko ' _odate | Timebase scale: v-u..l - Trigoer
- [ e | || [mB o v fix o] e o] m
- : — B owr L
— — ————Jm = P L
o pEmewEm e lr?nZIﬂl By 10 =

He : MO

(3) Frequency 60.7Hz

As the figure 4.15 and 4.16 shown, when frequency of APS300 is
set 60.7Hz, the power displayed on DSP osciloscope is dropping.

Figure 4.15
APS300 set
frequency 60.7Hz
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Figure 4.16
Active power
waveform of APS
300 set frequency

60.7Hz displayed| ==

on DSP
oscilloscope

ok 0.2 updene | (3

lo_sat 1 Updew 3
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o [ e | || B v ol ]| ey o m
d= o Y, -
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2. Reactive Power Control (Q-V)

(1) Voltage 28.86V

As the figure 4.17

and 4.18 shown, whenvoltage of APS-300 is set

28.86V, the reactive power waveform will be displayed on DSP

oscilloscope.

Figure 4.17
APS300 set
voltage 28.86V

Figure 4.18
Reactive power
waveform .
displayed on DSH, .57 . "™
oscilloscope B T pa
. ipsM Veonct L’ —
when grid power | == =
voltage is 28.86V| -
Updete A1
ok C a— o b
lo_sat }T—~ odatr 3
oo [ e rmetase sse Varaties Trigoer
= = ks v o vewe Po ] wfaa  <m
] e |
| Dscormect | Puse | . ot o = weh—j
o pEmmwsEm - %.::Jgﬂ oey [0 e |
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(2) Voltage 26.86V

As the figure 4.19 and 4.20 shown, when voltage of APS300 is set
26.86V, the reactive power waveform will be displayed on DSP
oscilloscope.

Figure 4.19
APS300 set
voltage 28.86V

Figure 4.20 —
Reactive power | ==
waveform e
displayed onDSP | == . ™™ el ot Lo sl
oscilloscope e J’:}""‘“
when gr_id power ;jj" =
voltage is 26.86V S
s =
ok ﬁ:i odate =
To_sat C— T I
oo [r Undate Timebase scale ariables Trigos:
P s [y ] vese Pmo o] vwfmo <] m
| Change Badground :: _j BN o Im -
el e . (=S
o pummmEm s | foc ac] o :

(3) Voltage 30.86V

As the figure 4.21 and 4.22 shown, when voltage of APS300 is set
30.86V, the reactive power waveform will be displayed on DSP
oscilloscope.

Figure 4.21
APS300 set
voltage 30.86V
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Figure 4.22 [romiocer R -~ ==
Reactive power | ==
waveform i
displayed on DSP| === " ===
oscilloscope
when grid power
voltage is 30.86V

The Conclusion

From the experiment, it is understandable that when frequency of
grid power changes, inverter adjusts output power scale in
accordance with frequency fluctuations. When, on the other hand,
voltage of grid power changes, inverter adjusts output reactive
power scale in light with voltage fluctuations.
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Experiment 5é P-S and

V Droop control of Three
Phase Standhlone Inverter

Circuit Simulation

Inverter DC Voltage Vpc = 100V

Specification Fo=18kHz Vi = 10V, (PWM)
Cy=33WF L=1ImH C=10uF
Ks=0.3 (AC current sensing factor)
Ky = 1/60 (DC voltage sensing factor)
Ky = 1/40 (DC voltage sensing factor)
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The analogue circuit diagram based on the parameters above is as
the following figure 5.1 shown:

PSIM File: PEK-530_Sim5_3P_SA_Inv_PQ(60Hz) _V11.1.5 V1.1

Woddlliame  PEKSH0
Experinentation :  SimS @
Descrpfon P and G-V Droop Canirolof Three-phase Stand-alone Inverter
PSI Vesion : VILLS
Date ;e
‘Version V11
L F
b 9.3
Lo |
koo .} 3 I Lau
10,
b 3] ‘
LB E e € : ?? s
44
A
e
== ™
. arn

] P e
;D

a
r_u

Figure5.1 Experiment PSIM analogue circuit diagram

The simulating results are shown as the figure 5.2 and 5.3:

P o
//
-
— //
/»//(
-
r
\-\_ ﬁ

s o

s
Time 1)

[

Figure 5.2 Experiment 5 analogue circuit simulation waveforms
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Figure5.3 Experiment5 analogue circuit simulation waveforms
The digital circuit diagram based on the analogue circuit is shown
as the figure 5.4:
PSIM File: PEK-530_Lab5 3P_SA Inv_PQ(60Hz) V11.1.5 V1.1

svoan == i ) esm_voa
985888

[NRNRNN]

= = B Ve psu v
sy P

e S e = B
o

mE e
=

e

Figure5.4 Experimenb PSIM digital circuit diagram
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The simulating results are shown as the figure 5.5 and 5.6:

PsM_go

02
Time 5

Figureb5.5 Experiment digital circuit simulationwaveforms

PSM Vil PSM Vaie

b
I

L4

PSM_loac

|
0s T
| 4

T

01
Tiame (3)

Figure5.6 Experiments digital circuit simulation waveforms

After confirming simulation, the corresponding C Code will be
generated automatically via 0Generate
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Experiment Devices

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

PEK-530* 1

PEK-005A* 1

PEK-006* 1

PTS5000* 1 (with GDS-2204E PSW1607.2and GPL-500)
PC*1
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Experiment Procedure
1. The experiment wiring is shown as the figure 5.7. Please follow
it to complete wiring.

PSW 160-72

Driver

i Power
Rk,
Auxiliary =
Power 5}

PEK-005A

Three
Phase
AC

126

Load

Figure5.7 Experiment 1 wiring figure

2. After wiring, make sure the PEK -530 switch is OFF followed by
turning the PEK -005A switch ON. The DSP red indicator lights
on as the figure 5.8 shown, which means the DSP power is
steadily normal .

Figureb.8

DSP normal
status with light
on

GWINSTEK
PEK - 530A

.................

PEK-830A EKOLP148~-)
Micro Grid Inverter

3. Refer to the gopendix B for burning procedure followed by the
appendix C for RS232 connection.
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4. As the figure 5.9 shown, connect the test leads of oscilloscope to
Vo-AB and lo-A, respectively, followed by connecting GND of
probe to the GND terminal. The measurement point of terminal
is the common ground.

5. Refer to the figure 5.10 for the operation steps of PSW1667.2.
Power on PSW1607.25 Click on Set key followed by adjusting
voltage to 100V via voltage knob and adjusting current to 3A via
current knob.

Figure5.10
The settings of
PSW

6. As the figure 5.11 shown, follow the steps below for GPL-500
operation. Power on GPL-5 0 0  Eate Bhe Three Phase Lord
knob to 2 (Resistance Load) b Set
as ON, which indicates no-load mode.

Figure 5. 11 Multi-Function Pm\;ﬂm
The noload —_—

joon ity wol@olmolseoleo]e

setting of GPE '

500
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7. After setting up and turning on PSW power output, finally turn
on the switch of PEK-530.
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The purpose of experiment

This experiment is droop control applying to three phase inverter
system. When active and reactive power change, we observe
fluctuations from poutput voltage and frequency.

The experiment result

It is necessary to savethe measured waveforms from DSP
oscilloscope for carefully observation. The operation steps are
shown as the figure 5.12.(1) select the required saved waveform b
(2) click Pause keyb (3) click Save keyb (4) input filename b (4)
save file b (6) open file via Simview b (7) select waveform to
observe b (8) click Add B (9) the selected waveform will be shown
on Variables for display b (10) click OK for observation.

= FEEERE

(A) (B)

§ rassss psat

(©)

Figure 5.120peration steps of saving waveform ddSP oscilloscope
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1. P-¥ Control

(1) No Load

As the figure 5.13 and 5.14 shown, when it is no-load, it has seen
that output frequency is 60Hz from both oscilloscope and DSP
oscilloscope.

Figure 5.13
Oscilloscope
measured
waveform when
no load

Figure 5.14 | AR

DSP oscilloscope o
measured '
waveform when
no load

(2) Hald Load (20q)

The figure 5.15 shows that 1Ts and 3TSof GPL-500are set ON,
whereas 2TS is set OFF, which indicates half load.

As the figure 5.16 and 5.17 shown, when it is half-load, it has seen
that output frequency is 59.6Hz from both oscilloscope and DSP
oscilloscope.

76



Gcw |n5rEKExperiment 5 P-e and QV Droop control of Three Phase Stai

Figures.15 : e e
GPL-500 halfload f o Jde ;
setting ®©

Figure 5.16
Oscilloscope
measured
waveform when
half load

Figure 517 D -
DSP oscilloscope 257
measured
waveform when
half load

(3) Full Load (10q)

The figure 5.18 shows that 1Ts, 2Tsand 3TSof GPL-500 are set ON
which indicates full load.

As the figure 5.19 and 5.20 shown, when it is full -load, it has seen
that output frequency is 59.2Hz from both oscilloscope and DSP
oscilloscope.
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Figure5.18 TR —
GPL—500fU||-|Oad Eﬂ’ ON .7., 'm by {Tm:mm Load  Off  Resistance Load
setting ; 5 @

Figure 5.19
Oscilloscope
measured
waveform when
full load

Figure 5.20

DSP oscilloscope V/vﬁm
measured .

waveform when

full load

[59:2709Hz

=
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2. Q Control

The figure 5.21 shows that 1Tsand 3TSof GPL-500 are set ON
whereas 2TS is set &F, which indicates half load.

. Mutti-Function Passive Load
Figure5.21 SRR

istance Load

GPL500halftload 8 4 o fomme e o oo I
setting ® 9 @ ©

F-“_

As the figure 5.22 shown, the operation steps of GPL-600 is as
follows. Power on LCS B Turn on capacitor CS in accord with
actual requirement.

Figure 5.22
GPL-600 E
operation steps

=
»
s

(1) GPL-600 LCSand Capacitor are OFF
As the figure 5.23 and 5.24 shown, when GPL-600 LCS and

capacitor are OFF, it is observable that reactive power is 1.77%V,

whilst VLL voltage is 50.046V.
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Figure 5.23 GPL
600LCS and
capacitor OFF

Figure 5.24 DSP % o i s e
oscilloscope i)
waveforms z £

/fiu.liif\
P4

(2) GPL-600 LCSand Capacitor are ON

As the figure 5.25 and 5.26 shown, when GPL-:600 LCS and
capacitor are ON, it is observable that reacive power is -122.02W,
whilst V(. voltage is 50.665V.

Figure 5.25 GPL
600LCS and
capacitor ON

Three Phase LC Load

80



Gcw |n5rEKExperiment 5 P-e and QV Droop control of Three Phase Stai

Figure 5.26 DSP s aaaaes -
oscilloscope ' \
waveforms Po—

50.665V]

After experiment, power off PEK-5306 PSW1607.256 PEK-005ABb
GPL-5006 GPL-600in order properly.

Under the settings of no-load, half-load and full -load of GPL-500,
fill in the table 5.1 with the measured frequency f in order.

Table 5.1 P control frequency measured data
GPL-500 f (frequency)
Noload 60.0Hz
Half load 59.6Hz
Full load 59.2Hz

Per differed settings of GPL-500 half-load and GPL-600, fill in the
table 5.2 with the reactive power Q and line voltage V. in order.

Table 5.2 Q control three phase output voltage measured data

GPL-600 Q (reactive Vi (line
power) voltage)

LCS and capacitor

OFEE 1.755W 50.046V

(L)(,:\IS and capacitor v 155 pow 50,665V
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The Conclusion

From the experiment, it is known that when active power is raising,
via droop control, frequency is decreasing. When, on the other
hand, reactive power is decreasing, line voltage V. is raising.
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Experiment6 é Parallel

Operation of Multiple Stand
alone Inverters with Virtual
Impedance and Drop
Control Method

Circuit Simulation

Inverter DC Voltage Vpc = 100V

Specification Fo= 18kHz Vi = 10V, (PWM)
Cy=33WF L=1ImH C=10uF
Ks=0.3 (AC current sensing factor)
Ky = 1/60 (DC voltage sensing factor)
Ky =1/40 (DC voltage sensing factor)
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The analogue circuit diagram based on the parameters above is as
the following figure 6.1 shown:

PSIM File: PEK-
530_Sim6_3P_SA_Inv_Parallel_VIDCM(60Hz)_V11.1.5 V1.1

Figure6.1 Expeiment 6 PSIM analogue circuit diagram
The simulating results are shown as the figure 6.2 and 6.3:

rot Pw

o a1 % 03 04
Time (5)

Figure6.2 Experiment analogue circuit simulation waveforms
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VILL VL2

‘f

0 ol 01 0 04
Time )

Figure6.3 Experiment6 analogue circuit simulation waveforms
The digital circuit di agram based on the analogue circuit is shown
as the figure 6.4:
PSIM File: PEK-530_Lab61_3P_SA_Inv_Parallel_VIDCM_
Master(60Hz)_V11.1.5 V1.1

Figure6.4 Experimen6 Master PSIM digital circuit diagram

85



GUYINSTEK PEK-530 User Manual

The simulating results are shown as the figure 6.5 and 6.6:

Pl Pa2

2 . =z T % ¥

3 MR

03 04 0s

Figure6.6 Experiment6 Master digital circuit simulation waveforms
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The digital circuit diagram based on the analogue circuit is shown
as the figure 6.7:

PSIM File: 530_Labh62_3P_SA_Inv_Parallel_VIDCM_Slave
(60Hz)_V11.1.5 V1.15 V1.1

5wy
[
—a
[ \;‘“ﬁ
.umﬂ'} o i 3?3""
30 o‘ .: 32 ! X =
Eomlifhs e
B e ¥
+ , B
I . P E:_ﬂ mi"““n‘; o
e ] SETE Y e B T fag B = “t:‘“am AR
L REE N mES [ :ﬂﬁ eyt

Mg

Tl oo

- oo Fera o

- = ) S i

PENIY S it TS e ol N s
t T oo o8~ y ™™ - =St
5potlewn & ! G

AR A S S e

o AT i g=ses

aqaty alats

=t

§

o g ¥

i oo
Figure6.7 Experiment6 PSIM Slavedigital circuit diagram

After confirming the simulating result is identical with Master
circuit diagram , the corresponding C Code will be generated
automatically via 0Generate Coded of
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Experiment Devices

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

PEK-530* 1

PEK-005A* 1

PEK-006* 1

PTS5000* 1 (with GDS-2204E PSW1607.2and GPL-500)
PC*1
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Experiment Procedure
1. The experiment wiring is shown as the figure 6.7. Please follow
it to complete wiring.

5

PSW 160-7.2

Driver g
Power

puaboaty; .| b

PEK-005A

W 160-

PS}
Driver =
b Power
P T
Auxiliary
Power

PEK-005A

126

Figure6.8 Experiment6 wiring figure

2. After wiring, make sure the PEK -530 switches of Master and
Slave areOFF followed by turning the PEK-005A switch ON.
The DSP red indicator lights on as the figure 6.9 shown, which
means the DSP power is steadily normal.

Figure6.9 ; -
DSP normal . _—

status with light — ,
GWINSTEK

on

PEK - 530A

=
_______

PEK-530A LKUH)IQBJ.M:
Mcro Grid Inverter o

3. Refer to the gopendix B for burning procedure followed by the
appendix C for RS232 connection
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4. Parameter Calibration
As the figure 6.10 shown, PSIM DSP ocsilloscope initial
command is 0. If the measured paramter deviates from 0 point,
please callibrate the measured parameter back to 0 via adjusting
command value.

Figure6.10 o
i i seports  [5 _.| : :
The calibration |z = INEEEEEEEN
command for == Z n
& Contruous  Snapshat : :
measured P »
parameter iy ’7 NN
PS‘UW i
Toa_es |
Tob_ps | O K H H
Toc_os [ _ipdme Timebase scale Vanabies Trigger
Leor oty N | - e I | —
= =t ST T
Deconnect | = ofer [ o e[ A
¢ e e | wimien | ™ =

Master Parameter Callibration:

A. As the figure 6.11 shown, the waveform of A phase output
current parameter, PSM_loa, has deviation from the zero point.
Hence, it is required to make waveform appro ached to zero
point via adjustion of initial command parameter, loa_os

Figure6.11 e ‘
PSM_lainitial oo oo
measured e , ! il
" Combums & ot |kl ik | .
Waveform :.e:ed.::nwidks o ‘ | ‘ | | |‘| Il 1]
B e | ...|J|.i"|| ‘H“M.l II..“ i|||u
L ! ‘
Set nput varisbles. — H ¥
Ioa_s f Updae 1
—T =111 |
loc_os o uUpdate O
Leos [o M [0 m=0n ] ] veristle  [ps¥_toe verfpstles  v| M|
i — 17| crange Badground “"" — :‘ FMowr ™
o— | o ] i
o pErmmEm ’,_—“""jJ L

As the figure 6.12 shown, adjust command parameter, loa_os, to -2
and it has seen that waveform is in proximity of zero point.
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Figure6.12
PSM_la
measured
waveformafter
calibration

DSP Oscilloscope

Part setings

Seral port:

(IR i‘i\ il

l

T

o s

[t

v — w
e sadgaund | oo :‘r!er-

g et [0 | wao s
. e e T—

verfrseza ] |

As the figure 6.13 shown, the waveform of AB arm line voltage

parameter, PSM_Voab, has deviation from the zero point.
Hence, it is required to make waveform approached to zero
point via ad justion of initial command parameter,

Voab_os

Figure6.13
PSM_Voalinitial
measured
waveform

As the figure 6.14 shown, adjust command parameter, Voab_os, to -

|| party checs ~ [ime
Opesaton made
 Conbruous

DSP Oscilloscope.

Port sattngs

Seral port:
Baud rate:

5 J [ = |
1

T

|| ] vt \mn«w j \w.vm =] m|
T) _cmgenugans | 2 FEowr ™
——t
4IM | :;. — —
T R =3 =
* P ; lqu

8 and it has seen that waveform is in proximity of zero point.
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Figure6.14 el

—— | _w |
PSM_\bab —
measured -

waveform after | == = =

calibration B e
[t <]

updste 41
= 0 e [ [
v e |
Vob_os: Jo update F| e
osb_os 0 [t ] veile [P ot ] | verpoves v ]
Change sadiround | S ,M_EL FRowr ™
Pause oset [0 H el
P‘"'"‘”*“— s [P I =

C. As the figure 6.15 shown, the waveform of C phase load current
parameter, PSM_ILc, has deviation from the zero point. Hence,
it is required to make waveform approached to zero point via
adjustion of initial comma nd parameter, ILc_os.

Figure6.15 e —_—
ILcinitial — ]
measured P o—
waveform rre e
e
B =
:::Ir:::'-ﬂ*s .
—
loc_os o Update:
[ o _Updote | |
b os o U i "'“'“l_ = At
o — Mm [Bmet = veriable x| | verfrmanc =]
| e— Chenge Background ;": m F & one T .
4I_I = i ] —
Wé ) — 4

As the figure 6.16 shown, adjust command parameter, ILc_os, to 18
and it has seen that waveform is in proximity of zero point.
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Figure6.16

ILc measured
waveform after
calibration

D. The rest parameters of Master including lo-B, lo-C, Vo-BC, Vo-
CA, IL-A and IL-B can be calibrated by the above methods.

E. After calibration, the values within the following table 6.1 can be
obtained (Calibration values vary per different machine. Als o,
calibration values of Master and Slave vary)

Table 6.1 Master calibration values of each parameter

Calibration Calibration
Parameter Value
loa -2

lob 1

loc -3

ILa 3

ILb 3

ILc 18
\Voab -8
\Vobc -8
\Voca -10

F. As the figure 6.17 shown, after calibration, relaunch PSIM file,
PEK-530_Lab61_3P_SA_Inv_Parallel_VIDCM_Master(60Hz)
V11.1.5 V1.1 followed by filling in the table 6.1 with calibration
values for each parameter. Finally, save the file and regenerate
C Code.
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