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GYINSTEK

Introduction

I ntroduction

As the figure 0.1 shown, PEK-530, the Micro-grid
Inverter Module, which is based on the structure
of 2 sets of Three Phase Full Bridge Inverter with
fully digital control system. The purpose of it, 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,
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

Micro-grid
inverter
experiment
module
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Figure 0.2 Realization
& Simulation (1/2) M and Simulation (2/2) WP Verification
H Power Converter Power Converter
The process n PSIM Circuit PSIM Circuit
details 1 t
Control Circuit TIDSP
With siv | ™| F2833x, F2803X
Transfer the control TargeF 3 Power Converter
circuit to be the digital | Control Circuit Real Circuit

control circuit
Si

imCoder
for auto code Tl Code
generation Composer

Program the TI
C Code control fodeto [ Foga33y F2803X
of the the G:SP DSP-Based
Control Circuit Control Circuit

RS232 I

DSPOscilloscopein PSIM
(Monitor of waveform in DSP)

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

Three Phase SVPWM Inverter
Three Phase Stand-alone Inverter
Three Phase Grid-connected Inverter

PQ Control of Three-phase Grid-connected inverter

SN

P-® 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, PTS-5000
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

C605 C604
ot o)

EKQ1PO6A-T stQ
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Figure 0.5

G! |nerK PTS-5000 Power Electronics Training System

PTS-5000
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] Bl(-‘\(‘) BZ(AC]

uah a: m GPIO48
ON/OFF
AC

ADC-AN(AC)
— K03 \ A \VK=1/60 . Voltage
- 5 ~—
e Ta ER ) : Vsa
+ BR[| o K03
ADC-A1(AC)
PIMIA PWM2A pwhizal - ,_IE
+ | (GPIOU] (GPTOZ) (GHIOF)| El 10uF Ly
bc ~y ) ADC-AS(AQ) | — )
Voltage de L r., J Vsh
- mi
PWMIB  PWM2B PWITSE
- 3B0uF | chioyy o |03}(GI’IUS} ADC-A2(AC) 10WF | [._E
J:l, Ir :]_f 1mH | thr ‘L Atat) L.
VDC- 2] \04 ol ! | vee
— - ]
hwr} .—|£| jwiwiw
K=140 7 e oo GPI049 [ oy J; T v Y K=1/60
i bottom ADC-A3(AC)

Start/Stop Voa Vob v L"luln

ADC- PWM Load ADC-  ADC- ADC-
B6(DC) CPLD Voltage B3(AC) B4(AC) BS(AC)
Protection
Circuit
F28335
SCIC
(GPIO 62,63)

Figure 0.6 1/O configuration
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Table 0.1 PEK-530 test point measurement ratio

Sensing item Sensing ratio

il DC link voltage (VDC) 0.0196
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 Inverter A phase load current (IL- 0.4768
A)

6 Inverter B phase load current (IL- (.4768
B)

7 Inverter C phase load current (IL- 0.4768
9)

8 Inverter output AB arm line 0.0287
voltage (VO-AB)

9 Inverter output BC arm line 0.0287
voltage (VO-BQ)

10 Inverter output CA arm line 0.0287
voltage (VO-CA)

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

12 Grid-connected BC arm line 0.0287
voltage (VS-BQ)

13 Grid-connected CA arm line 0.0287
voltage (VS-CA)
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Table 0.2 PEK-530 DSP feedback ratio

Sensing item Sensing ratio

1 DC link voltage (VDC) 0.0249

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

B 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 (IL- 0.2996
A)

6 Inverter B phase load current (IL- 0.2996
B)

7 Inverter C phase load current (IL- 0.2996
Q)

8 Inverter output AB arm line 0.0169
voltage (VO-AB)

0 Inverter output BC arm line 0.0169
voltage (VO-BQ)

10 Inverter output CA arm line 0.0169
voltage (VO-CA)

11 Grid-connected AB arm line 0.0169
voltage (VS-AB)

12 Grid-connected BC arm line 0.0169
voltage (VS-BQ)

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

See the chaper arrangements as follows

Introduction

Experiment 1
Three Phase
SVPWM inverter

Experiment 2
Three Phase Stand-
alone inverter

Experiment 3
Three Phase Grid-
connected inverter

Experiment 4

PQ Control of
Three Phase Grid-
connected inverter

Experiment 5

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

10

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

Learns the theories of three-phase SPWM and
SVPWM, the measuring method of voltage and
current for PEK-530 module, the pin layout of TI
F28335 DSP IC, the setting for PWM and A/D
module and the method of measure and control
of DSP internal signal by RS232.

Learns the modularization method for three-
phase inverter, controller design of current and
voltage loops, hardware layout followed by
SimCoder programming.

Learns the principle and structure of three phase
grid-connected inverter with the method of
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.

The essence of PQ control is to decouple active
power and reactive power for further control,
respectively. PEK-530 aims at PQ control for
planning followed by SimCoder programming.

Learns P-o and Q-V Droop control and through
PEK-530 for planning followed by SimCoder
programming.
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Experiment 6 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

L
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Experiment 1 - Three
Phase SVPWM Inverter

Circuit Simulation

Inverter DC Voltage Vpc = 100V

Specification F. = 18kHz » Vii= 10V, (PWM)
Cq4=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 shown:
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:

Vil VE

Figure 1.3 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 v

L
T T
L L
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5‘ : L
8 8]
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©. lmg
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=+ 8
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ey ]
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HHD Veomal

7
-ﬂ— 1 veonna
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3-phase P 123
wal] | | i L LR wee Bl
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veons (=}
voorb — [F} 4
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Psm_Voca
s
Pom_ e
s
PaniZFp-

300
ekl %

e 1 e 18k
+f Theta
pra.1416300 i)
18 !
Q

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

AL

01 03
Time (9

Figure 1.5 Experiment 1 digital circuit simulation waveforms

.........

|
\o4 |- f? "\ - A

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”.

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

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

2 m s Power
L il
‘-M Auxiliary |__|<

Power

‘LII

126

PEK-005A

Figure 1.7 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 1.8 shown, which means the DSP power is
steadily normal.

Figure 1.8

DSP normal
status with light
on

GYINSTEK
PEK - 530A

PEK~-B30M Lxuwna—\"‘.'..‘
Mcro Grid Inverter o

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

17
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4. Connect the test leads of oscilloscope 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.

Figure 1.9 2,
Oscilloscope test
leads wiring

5. Refer to the figure 1.10 for the operation steps of PSW160-7.2.
Power on PSW160-7.2—Click on Set key followed by adjusting
voltage to 100V via voltage knob and adjusting current to 3A via
current knob.

Figure 1.10
The settings of
PSW

f:ai

6. As the figure 1.11 shown, follow the steps below for GPL-500
operation. Power on GPL-500 — Rotate the Three Phase Lord
knob to 2 (Resistance Load) — Set 1TS and 2TS as OFF, and 3TS
as ON, which indicates no-load mode.

18
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Figure 1.11 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 (42.509V in actual value),
1.21V (42.16V in actual value) and 1.22V (42.509V in actual value),
respectively, and the RMS value of lo-A is 0.147A (0.308A in actual
value).

Figure 1.12
No-load
measured
waveform

W3 6881310z |
2 E ew ] 5 e

@R 1A ‘

(2) Half Load (20Q)

The figure 1.13 shows that 1Ts and 3TS of GPL-500 are 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 (39.373V in actual
value), and the RMS value of lo-Ais 0.567A (1.189A in actual value).

20
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Figure 1.13 .
GPL 500 halfload 2 it m ﬁnmm v Lload  Off  Resistance Load

setting

Figure 1.14
Half-load
measured
waveform

(3) Full Load (10Q)

The figure 1.15 shows that 1Ts, 2Ts and 3TS of GPL-500 are set ON,
which indicates full load.

Figure 1.15 ion Passe Lad
G P L.' 5 OO fu I I = | Oad e Lv:;g ol {T Rectifier Load‘ on Resistance Load
setting

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 (39.024V in actual

21
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value), 1.11V (38.676V in actual value) and 1.12V (39.024V in actual
value), respectively, and the RMS value of Io-A is 1.08A (2.265A in
actual value).

Figure 1.16
Full-load
measured
waveform

(4) Duty Change

The figure 1.17 shows that the Duty parameter in circuit, which
experienced the PSM_ma of “Set input variables” adjusted by
RS232, is altered from default 0.6 to 0.8. Please press the Update.

LX)

Figure 1.17

I
PSIM DSP [:
oscilloscope l 5
command value | :
setting -

Hr Dot

The figure 1.18 shows that when DSO oscilloscope command value
is adjusted from 0.6 to 0.8, the RMS values of Vo-AB, Vo-BC and
Vo-CA are 1.52V (52.692V in actual value), 1.51V (52.613V in actual
value) and 1.51V (52.613V in actual value), respectively, and the
RMS value of Io-Ais 1.50A (3.146A in actual value).

22
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Figure 1.18

DSP oscilloscope
command value
is 0.8

Qe 150 |

After experiment, power off PEK-530—-PSW160-7.2—PEK-005A—

GPL-500 in order properly.

Per differed test conditions, fill in the table 1.1 and 1.2 with the
measured values of Vpand Ioin order. Also refer to the table 0.1 for
the sensing ratio 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 1.21V 4216V
Half load 1.13V 39.373V 1.13V 39.373V
Full load 1.12V 39.024V 1.11V 38.676V

GPL-500 Vo-CA(Vrms)Vo-CA(Vrms) lo-A(Irms)  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 1.12V 39.024V 1.08A 2.265A

Table 1.2 Output 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 1.51V 52.613V

Duty  Vo-CA(Vrms) Vo-CA(Vrms) Io-A(Irms)  Io-A(Irms)
Commad (Measured (Actual value) (Measured (Actual

value value) value) value)
0.6 1.12v 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. From the table 1.2, it has seen that output voltage
fluctuates in accordance with Duty changes.

24
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Experiment 2 — Three

Phase Stand-alone inverter

Circuit Simulation

Inverter DC Voltage Vpc = 100V
Specification F. = 18kHz * Vi = 10V, (PWM)

C4q=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)

25
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The analogue circuit diagram based on the parameters above is as

the following figure 2.1 shown:
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
] r PRCEVY.
0.3
p m , 2852891100

., 289128.9/100

WA 5426.5/100

gpag 141480

Figure 2.1 Experiment 2 PSIM analogue circuit diagram

The simulation results are shown within the figure 2.2 and 2.3:

o nos 01 [ nas 03

als
Time (5

Figure 2.2 Experiment 2 analogue circuit simulation waveforms

26
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JEO“ A

I \

Figure 2.3 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 2.4 Experiment 2 PSIM analogue circuit diagram

27



GYINSTEK

PEK -530 User Manual

The simulation results are shown within the figure 2.5 and 2.6:

)
e ?
o |
oz |
N o
02

....... psvL

'
1 r
s
o —_—
os

02
Time ()

Figure 2.5 Experiment 2 digital circuit simulation waveforms

PSM Var  PSMLVob Py

SISO

15

£ =

LA

o 01

2 03
Tiwe )

Figure 2.6 Experiment 2 digital circuit simulation waveforms

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

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

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

29



GUYINSTEK PEK -530 User Manual

Experiment Procedure
1. The experiment wiring is shown as the figure 2.7. Please follow

it to complete wiring.

PSW 160-72

Driver

ke 4.

Powa = = % : Three

= ‘ —
Auxiliar = 3 N N =

Powerry 5 Load

PEK-005A

126

Figure 2.7 Experiment 2 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.

Figure 2.8

DSP normal
status with light
on

GYINSTEK
PEK - 530A
‘.m‘ ro Grid Inverter

PEK-530A EKOLP148 —|‘~‘.'...‘
Micro Grid Inverter ow'

3. Refer to the appendix B for burning procedure.

30
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4. Connect the test leads of oscilloscope 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.

Figure 2.9 2,
Oscilloscope test 3
leads wiring

5. Refer to the figure 2.10 for the operation steps of PSW160-7.2.
Power on PSW160-7.2—Click on Set key followed by adjusting
voltage to 100V via voltage knob and adjusting current to 3A via
current knob.

Figure 2.10
The settings of
PSW

6. As the figure 2.11 shown, follow the steps below for GPL-500
operation. Power on GPL-500 — Rotate the Three Phase Lord
knob to 2 (Resistance Load) — Set 1TS and 2TS as OFF, and 3TS
as ON, which indicates no-load mode.

31
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Figure 2.11 Nt Furcion Pasene Load
The no-load e s
setting of GPL- g
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 experiment 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 1.43V (49.826V in actual value),
1.42V (49.477V in actual value) and 1.43V (49.826V in actual value),
respectively, and the RMS value of Io-Ais 0.166A (0.348A in actual
value).

Figure 2.12
No-load
measured
waveform

(2) Half Load (20Q)

The figure 21.13 shows that 1Ts and 3TS of GPL-500 are 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 (49.477V in actual
value), 1.41V (49.129V in actual value) and 1.43V (49.826V in actual
value), respectively, and the RMS value of lo-Ais 0.711A (1.491A in
actual value).

33
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FigureZ 13 MU Funeton e oW
GPL 500 halfload 2 e m E_Tnmm rLoad  Off  Resistance Load

setting

Figure 2.14
Half-load
measured
waveform

(3) Full Load (10Q)

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

Figure 2.15 on Pasie Load
G P I_"S 00 fu | |' I Oad :BLV(;:S o ‘;T Rectifier Lolﬂ. on Resistance Load
setting

[— |
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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 (49.826V in actual value),
1.42V (49.477V in actual value) and 1.42V (49.477V in actual value),
respectively, and the RMS value of lo-Ais 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 1.43V (49.826V in actual
value), 1.42V (49.477V in actual value) and 1.42V (49.477V in actual
value), respectively, and the RMS value of Io-A is 1.37A (2.265A in
actual value).

Figure 2.16
Full-load
measured
waveform

[7]

(4) Unbalanced Load (A phase 20Q), B and C phase 10Q)

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

Figure 2.17 —_—
GPL-500

off Resistance Load

vith e ov by
unbalanced-load ™ "™
setting

B e — - a

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 (50.174V in actual
value), 1.43V (49.826V in actual value) and 1.41V (49.129V in actual
value), respectively, and the three phase voltage remains balanced
state.
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Figure 2.18
Unbalanced-load
Vo measured
waveform

(" Ses @ a.6eas )

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

Figure 2.19
Oscilloscope test £}
leads wiring [

The figure 2.20 shows that when it is unbalanced load, the RMS

values of IL-A, IL-B and 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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Figure 2.20
Unbalanced-load
IL measured
waveform

U [ Ges (3 6.a8Ps \[

B 1260 @ 5zn
15tz

After experiment, power off PEK-530—-PSW160-7.2—PEK-005A—
GPL-500 in 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,
Ioand IL in order. Also refer 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 49477V 1.41V 49.129V
Full load 1.43V 49.826V 1.42V 49.477V
[Unbalanc 144V 50.174V 143V 49.826V

ed load

GPL-500 Vo-CA(Vrms)Vo-CA(Vrms) Io-A(Irms)  Io-A(Irms)
(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 49477V 1.37A 2.873A
Unbalanc 49.129V
ed load L4tV
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Table 2.2 Load current measured 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 phase inverter system,
ensures that three phase output 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.



GYINSTEK Experiment 3 — Three Phase Grid-connected Inverter

Experiment 3 — Three

Phase Grid-connected
Inverter

Circuit Simulation

Inverter DC Voltage Vpc = 100V

Specification AC Source Voltage Vir = 50V ms
Fs=18kHz > Vi = 10Vpp (PWM)
C4q=330uF > L=1mH » C =10uF
Ks=0.3 (AC current sensing factor)
Ky =1/60 (DC voltage sensing factor)
K, =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_Sim3_3P_GC_Inv(60Hz)_V11.1.5_V1.1

; o - - Do - rer o0 &P Yl )
L@ P bage ] !
T . n-——wmm;r . ,,\_‘_i_j Grom
2 ol TB ™=
i guae 7 ¢
1 e bl bl
L = *T;
btb g

Figure 3.1 Experiment 3 PSIM analogue circuit diagram
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Experiment 3 — Three Phase Grid-connected Inverter

The simulation results are shown within the figure 3.2 and 3.3:

o5 0 a1s 02
Thme (s}

Figure 3.2 Experiment 3 analogue circuit simulation waveforms

Figure 3.3 Experiment 3 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
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The simulation result is shown within the figure 3.5:

100

a

PSM s PSM Iob

 — R R R

04 s 06 o 08
Time (s)

Figure 3.5 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. Refer to user
manuals of each device before operation:

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

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

e PC*1



GYINSTEK Experiment 3 — Three Phase Grid-connected Inverter

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

it to complete wiring.

e o
e —_— Three
A R p—
= = AC Biicaannaa
= Source
. 405300
Driver -
pe—
Ly Power Three -
LR ey gt e
Auxil = L] =
p;""':y — Load Esssazzmmzus
PEK-005A GPL-500

Figure 3.6 Experiment 3 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.

Figure 3.7

DSP normal
status with light
on

GYINSTEK
PEK - 530A

eaii

PEK-830A EKOLP148~-)
Mcro Grid Inverter

3. Refer to the appendix B for burning procedure.
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4. Connect the test leads of oscilloscope to Vo-AB, Vo-BC and Vo-
CA, respectively, followed by connecting GND of probe to the
GND terminal. The measurement point of terminal is the
common ground.




GYINSTEK Experiment 3 — Three Phase Grid-connected Inverter

Figure 3.8 2,
Oscilloscope test
leads wiring

5. Refer to the figure 3.9 for the operation steps of PSW160-7.2.
Power on PSW160-7.2—Click on Set key followed by adjusting
voltage to 100V via voltage knob and adjusting current to 1A via
current knob.

Figure 3.9
The settings of
PSW

R —

6. As the figure 3.10 shown, follow the steps below for APS-300
operation. Power on APS-300 — Set frequency as 60Hz — Set
operation mode as 3P4W — Set voltage as 28.86V.

Figure 3.10
The settings of
APS-300

operation. Power on GPL-500 — Rotate the Three Phase Lord
knob to 2 (Resistance Load) — Set 1TS and 2TS as OFF, and 3TS
as ON, which indicates no-load mode.
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Figure 3.11
The no-load
setting of GPL-
500

ction Passive Load
MAX. 300W

- 3
|—| <
X
H

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

This experiment, which involves three phase grid-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 that the power displayed on APS-
300 is single phase -31.6W and thus three phase total power is -
31.6W*3= —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 APS-300
power state when |
no load

cANA

(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

Figure 3.14 The —
half.load Setting ’;'ll'f.'.“d' 8 == ;—TR&IIHN Lood. off Resistance Load

of GPL-500

The figure 3.15 shows 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 APS-300 needs to provide 25W for
maintaining system power balance, it has seen that APS-300 power
is single phase 10.1W and three phase total power is
10.1W*3=30.3W.

Figure 3.15
PSW and APS-300 |§

power state under
half load

52



GYINSTEK Experiment 3 — Three Phase Grid-connected Inverter

(3) Full Load (10Q)

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

Figure 3.16 The
full-load setting of L [
GPL-500

L ————
I;Tneclmev Load  Off  Resistance Load

aemm——

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 APS-300 needs to provide 150W for
maintaining system power balance, it has seen that APS-300 power
is single phase 50.6W and three phase total power is
50.6W*3=151.8W.

Figure 3.17
PSW and APS-300

power state under

full load
ccC

After experiment, power off PEK-530—-PSW160-7.2—PEK-005A—
GPL-500 in order properly.
Fill in the table 3.1 with the power of PSW and APS-300 under
vaired loads.

Table 3.1 Power state of PSW and APS-300 under varied loads

PSW Output APS Output
Power Power

No Load (0W) 99.86W -94.8W 99.86 + (-94.8) =0

Load Power
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Mid Load .
(125W) 99.88W 30.3W 99.88 +30.3 = 125
Full Load .
(250W) 99.85W 151.8W 99.85 +151.8 = 250

The conclusion

This experiment is the grid-connected three phase inverter system.
When power provided by inverter is greater than requirement of
load, the remaining power will be feedbacked to power grid. By
contrast, when power provided by inverter 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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Experiment 4 — PQ Control

of Three-phase Grid-
connected inverter

Circuit Simulation

Inverter DC Voltage Vpc = 100V

Specification AC Source Voltage Vir = 50Vims
Fs =18kHz > Vi =10V, (PWM)
C4q=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)
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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 @
Expetimentation :  Simé

Descipton PO Controlof Three-phase Gr-connecied hverter

PSIl Verson & V1115

Date

20200803
Version Vi

o =100

Figure 4.1 Experiment 4 PSIM analogue circuit diagram

The simulating result is shown as the figure 4.2:

I\ =

s b -

(DRSS IR,

01 o1s [
Time ()

Figure 4.2 Experiment 4 analogue circuit simulation waveform
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The digital circuit 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

Figure 4.3 Experiment 4 PSIM digital circuit diagram

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

PSMP PSMLQ

04
Time (5)

Figure 4.4 Experiment 4 digital circuit simulation waveform
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Figure 4.5 Experiment 4 digital circuit simulation waveform

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-530*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 4.6. Please follow

it to complete wiring.

- =

s Three

tiie Sm;fr = Loy Phase §~ "wme wm

== Saifce S—
PSW 160-7.2

*I%
F
3% 33
i
T Iy
-
E.
i

Figure 4.6 Experiment 5 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.

Figure 4.7

DSP normal
status with light
on

GYINSTEK
PEK - 530A
‘.,m ro Grid Inverter

PEK-530A EKOLP148 —|‘~‘.'...‘
Micro Grid Inverter ow'

3. Refer to the appendix 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 PSW160-7.2.
Power on PSW160-7.2—Click on Set key followed by adjusting
voltage to 100V via voltage knob and adjusting current to 2A via
current knob.

Figure 4.8
The settings of
PSW

5. As the figure 4.9 shown, follow the steps below for APS-300
operation. Power on APS-300 — Set frequency as 60Hz — Set
operation mode as 3P4W — Set voltage as 28.86V.

Figure 4.9
The settings of
PSW

6. As the figure 4.10 shown, follow the steps below for GPL-500
operation. Power on GPL-500 — Rotate the Three Phase Lord
knob to 2 (Resistance Load) — Set 1TS, 2TS and 3TS as ON,
which indicates full-load mode.

Figure 4.10
The full-load
setting of GPL-
500

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

The experiment result

1. Active Power Control (P-)

(1) Frequency 60Hz

As the figure 4.11 and 4.12 shown, when frequency of APS-300 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
APS-300 set
frequency 60Hz

Figure 4.12
Active power
waveform of APS-
300 set frequency | .7
60Hz displayed .
on DSP
oscilloscope

] 2 e |
Tosat [r uodate |
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| | Docomec | = { omet & ) wifo 5

[— I duto scae
@ ot integrity %100 ey | foc ac| ene

(2) Frequency 59.3Hz

As the figure 4.13 and 4.14 shown, when frequency of APS-300 is
set 59.3Hz, the power displayed on DSP oscilloscope is raising.
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Figure 4.13
APS-300 set
frequency 59.3Hz

Figure 4.14
Active power
waveform of APS-
300 set frequency
59.3Hz displayed
on DSP
oscilloscope
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(3) Frequency 60.7Hz

As the figure 4.15 and 4.16 shown, when frequency of APS-300 is
set 60.7Hz, the power displayed on DSP oscilloscope is dropping.

Figure 4.15
APS-300 set
frequency 60.7Hz
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Figure 4.16 o Ovclorcpy
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2. Reactive Power Control (Q-V)

(1) Voltage 28.86V

As the figure 4.17 and 4.18 shown, when voltage of APS-300 is set
28.86V, the reactive power waveform will be displayed on DSP
oscilloscope.

Figure 4.17
APS-300 set
voltage 28.86V

Figure 4.18
Reactive power _— =
waveform e
displayed on DSP | .57
oscilloscope ‘,'31'%——_]:'?"""
when grid power |Z27
voltage is 28.86V =
Set rput vanables
Updete A1
ok P2 e :
To_sat [ e |
oo [ e rmetase sse Varaties Trigoer
Poc i updee [ maiow < voratie [pQ =] wfsa <o
=l _cwoeesdgane | S B Mo
| Dacormect | pase | omer [0 ST C—
Sove 2
o pEmmwsEm - %‘Eﬁ oey [0 e |
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(2) Voltage 26.86V

As the figure 4.19 and 4.20 shown, when voltage of APS-300 is set
26.86V, the reactive power waveform will be displayed on DSP
oscilloscope.

Figure 4.19
APS-300 set
voltage 28.86V

Figure 4.20 °
T pot [0
Reactive power - ==
waveform . E
displayed on DSP | m " el bl ot ool Sl
oscilloscope BT e
when gr'ld power | = o
voltage is 26.86V =
S
Update A
ok [ ———T
To_sat C— T
ol [ e Timebase scale Variaies Trigper
o Co— o I X ] wfaa =)
Oarge Badgrond : _3 Faoarl -
[ e . (e
o FEmwn I e | [ el ower d

(3) Voltage 30.86V

As the figure 4.21 and 4.22 shown, when voltage of APS-300 is set
30.86V, the reactive power waveform will be displayed on DSP
oscilloscope.

Figure 4.21 =
APS-300 set 6000
voltage 30.86V
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Figure 4.22
Reactive power
waveform
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 5 - P-w and Q-

V Droop control of Three
Phase Stand-alone Inverter

Circuit Simulation

Inverter DC Voltage Vpc = 100V

Specification F. = 18kHz » Vii= 10V, (PWM)
C4q=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)
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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

Wodelllame  : PEK-530
Experimentation ;  SimS

Descrpfon P and G-V Droop Canirolof Three-phase Stand-alone Inverter &
PSI Vesion : VILLS
Date ;e
‘Version V11
L F
b 9.3 100
L”l _Drﬂi’—-v- R 5 T
bioo e ER e 019 [T R
T, e Flwges
10,
i -3l [ e @
_Urifi’—-'- B s
3 ] = o

o

[

i

amrimiioai00.af ]

Figure 5.1 Experiment 5 PSIM analogue circuit diagram

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

1
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Figure 5.2 Experiment 5 analogue circuit simulation waveforms
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Figure 5.3 Experiment 5 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

LEFREE]

[NRNRNN]

Figure 5.4 Experiment 5 PSIM digital circuit diagram
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The simulating results are shown as the figure 5.5 and 5.6:

PsM_go

0 ol 02
Time 5

Figure 5.5 Experiment 5 digital circuit simulation waveforms
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Figure 5.6 Experiment 5 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-530 * 1

PEK-005A * 1

PEK-006 * 1

PTS-5000 * 1 (with GDS-2204E, PSW160-7.2 and 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

ke 4.

Powa = = % : Three

= ‘ —
Auxiliar = 3 N N =

Powerry 5 Load

PEK-005A

126

Figure 5.7 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.

Figure 5.8

DSP normal
status with light
on

GYINSTEK
PEK - 530A

PEK-830A EKOLP148~-)
Micro Grid Inverter

3. Refer to the appendix B for burning procedure followed by the
appendix C for R5232 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.

Figure 5.9
Oscilloscope test g
leads wiring :

5. Refer to the figure 5.10 for the operation steps of PSW160-7.2.
Power on PSW160-7.2—Click on Set key followed by adjusting
voltage to 100V via voltage knob and adjusting current to 3A via
current knob.

Figure 5.10
The settings of
PSW

6. As the figure 5.11 shown, follow the steps below for GPL-500
operation. Power on GPL-500 — Rotate the Three Phase Lord
knob to 2 (Resistance Load) — Set 1TS and 2TS as OFF, and 3TS
as ON, which indicates no-load mode.

Figure 5.11 Wl Funcian Passe Loxd
The no-load T

setting of GPL- e SR
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 save the measured waveforms from DSP
oscilloscope for carefully observation. The operation steps are
shown as the figure 5.12. (1) select the required saved waveform —
(2) click Pause key —(3) click Save key —(4) input filename —(4)
save file —(6) open file via Simview —(7) select waveform to
observe —(8) click Add —(9) the selected waveform will be shown
on Variables for display —(10) click OK for observation.

(A) (B)
] .
smu

©

Figure 5.12 Operation steps of saving waveform on DSP oscilloscope
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1. P-o 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 /[oW]
measured '
waveform when
no load

(2) Hald Load (20Q)

The figure 5.15 shows that 1Ts and 3TS of GPL-500 are 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.
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Figure 5.15 : o ncon e S
GPL-500 half-load i 2 e ;
setting ®

Figure 5.16
Oscilloscope
measured

waveform when
half load

Figure 5.17 T B T -
DSP oscilloscope 27
measured

waveform when
half load

(3) Full Load (10Q)

The figure 5.18 shows that 1Ts, 2Ts and 3TS of 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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Figure 5.18 Mot Funon e Lo
GPL-500 full-load z.,.,', : Ho

setting

Figure 5.19
Oscilloscope
measured

waveform when
full load

Figure 5.20 P e
DSP oscilloscope W
measured .

waveform when

full load

[59:2709Hz

=
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2. Q Control

The figure 5.21 shows that 1Ts and 3TS of GPL-500 are set ON,
whereas 2TS is set OFF, which indicates half load.

Multi-Function Passive Load

Figure 5.21 ’ ) e
GPL-500 half-load £ .s[‘?j ey e
setting ® 9 @ @

i s (]

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

Figure 5.22
GPL-600
operation steps

(1) GPL-600 LCS and 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 1.775W,
whilst VLL voltage is 50.046V.
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Figure 5.23 GPL-
600LCS and
capacitor OFF

Figure 5.24 DSP  Zao T m il e
oscilloscope /
waveforms :

X

T A EXXTY

(2) GPL-600 LCS and Capacitor are ON

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

Figure 5.25 GPL-
600LCS and
capacitor ON

80



GYINSTEK Experiment 5 — P-@ and Q-V Droop control of Three Phase Stand-a

Figure 5.26 DSP  %i R4 Ci1 o8 ARRA T 2 s N
oscilloscope ' _
waveforms ‘ —

50,665\

After experiment, power off PEK-530—-PSW160-7.2—PEK-005A—
GPL-500—GPL-600 in 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)
No load 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 ViLin order.

Table 5.2 Q control three phase output voltage measured data

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

LCS and capacitor

OFF 1.755W 50.046V

éi}s and capacitor _o» pw  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 Vi1 is raising.
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xperiment 6 — Parallel

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

Circuit Simulation

Inverter DC Voltage Vpc = 100V

Specification F, = 18kHz » Vi = 10V, (PWM)
C4q=330uF > L=1mH » C =10uF
Ks=0.3 (AC current sensing factor)
Ky =1/60 (DC voltage sensing factor)
K, =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

Figure 6.1 Experiment 6 PSIM analogue circuit diagram

The simulating results are shown as the figure 6.2 and 6.3:

rot Pw

Ei/\lf{\\/\\i(\/
AR

o a1 % 03 04
Time (5)

Figure 6.2 Experiment 6 analogue circuit simulation waveforms
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VILL VL2

‘f

0 ol 01 0 04
Time )

Figure 6.3 Experiment 6 analogue circuit simulation waveforms
The digital circuit diagram based on the analogue circuit is shown
as the figure 6.4:
PSIM File: PEK-530_Lab6-1_3P_SA_Inv_Parallel_VIDCM_
Master(60Hz)_V11.1.5_V1.1

Figure 6.4 Experiment 6 Master PSIM digital circuit diagram
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The simulating results are shown as the figure 6.5 and 6.6:

[

2 . =z T % ¥

PSM Voa  PSM_Vob SM_Vo

A

Figure 6.5 Experiment 6 Master digital circuit simulation waveforms

01 03 04 0s
Time (3}

Figure 6.6 Experiment 6 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_Lab6-2_3P_SA_Inv_Parallel VIDCM_Slave

(60Hz)_V11.1.5_V1.15_V1.1

B}
oo t# W
et
e
s i
s ||_ =1 Se oo
FrLiage :_?-;H"‘_‘ﬁ“:
Eaatiiiles P -
= ML N
2 PRecgeege = b

v o
Y o =
gt iR e

o= Ahiﬁ”“"iﬁt:”‘w

2
b0

- g g ofaleba g e o oele.
L ool U S - pay e hmo g e
5 e R s-::."g.“‘-ﬁ ER
Eic Slw =" .
= il §E o 8.0 o o =2
JEDNEN-. 1) D o e ool
i Tr=-a L :
R ’g =l =l ] s W B
o e [ - 3
N of.= W A s S ew ea on, . e 4 BpPiy aa gote
prepivm i gmeeo el g e GEES § =k
B ‘STFE t #
= R BLEE Rt D?Dw
R NS 308 zgioe t
oo A h = o

aqaty alats

=t

§

o g ¥

i oo
Figure 6.7 Experiment 6 PSIM Slave digital circuit diagram

After confirming the simulating result is identical with Master
circuit diagram, 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-530*1

* PEK-005A *1

* PEK-006 *1

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

W 160-

PS}
Driver -
5 Power
P T
Auxiliary
Power

PEK-005A

126

Figure 6.8 Experiment 6 wiring figure

2. After wiring, make sure the PEK-530 switches of Master and
Slave are OFF 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.

Figure 6.9

DSP normal
status with light
on

GYINSTEK
PEK - 530A

PEK=-530A EKOLP148-)
Mcro Grid Inverter

3. Refer to the appendix B for burning procedure followed by the
appendix C for R5232 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.

Figure 6.10 o

The calibration e (S T T T O |
e =1 5 5

command for .

measured B e

parameter

¢ Master Parameter Callibration:

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

Figure 6.11 o octos
PSM_loa initial o B

3
measured ':j:_:‘“w = E

waveform W | LT L
L bl 1
LR L L

[ o v e ] C:TW_JJ

"] omgesiigor | S ?:‘ Feoer ™

| oecornect | | = Com— (N O
& pEmmmew ’,_—‘“""jJ Dlar 0 4

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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Figure 6.12
PSM_loa
measured
waveform after bl U il
calibration Sy == | N e

LAl

L a s | || [ verie [PSjoe ]| verfrmis ] |
- r— I T il ?:i FHoar ™
S — B e e

9 W e T?““"zm Delay |0 =

B. 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 adjustion of initial command parameter, Voab_os.

Figure 6.13 i

PSM_Voab initial || - —
measured e =
waveform e

Select output variables
Al varisbles Selected varibies
T

Poie . [pes
P _taa
P 1ob >
iPSM Tac 2]
P Voca .
P vobc S

v

T
[Omaiwr = verisbie \Mvw j verfrs v ] |

|| _Chenge sscigraund | S Floer ™
’—
i‘,,’;,,— w =

W; I el ot -

As the figure 6.14 shown, adjust command parameter, Voab_os, to -
8 and it has seen that waveform is in proximity of zero point.
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Figure 6.14 e
PSM_Voab o
Panity chadk: rone: >
measured —
waveform after e
calibration "g;l: S
gie | =
e
Setinput varisbles =
Update Al
Laoe fo _Update | *
Voca o e
abe_os o update. F| o
b T Updete: [0 et = veriste [P voah <] | ver.frsm_voab ;lr%[
~| _crengesadground | ,—__ = E O one T
v | owarnst | =l = e o H e — d
8 peresm A e | %ng -t =

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 command parameter, ILc_os.

Figure 6.15 o
ILc initial — e
measured B
© Con = Snap-shal
waveform — g
Al variabies. Selected varbies
ZE o
e
PSM Voab E
Set input variables
——
Toc_os o Update.
[ o _Updote | |
Lb_os o Update o —— Yoot
o —T et " e () = b
e e 1| _coeomipord | S S| g gy o -
4‘&‘ Pause Sove Offset |0 : Level "ﬂij
® permm % e | !r?wﬁm A

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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Figure 6.16 e
ILc measured o e
L |

waveform after
calibration

Operaton made
© Contiuous & Snagshot

ILb_os

wm T e | | [ e P e S
Fe—E | ] ::‘: w B o ]

— — - ot o w2

¥ Awtoscale Delay [0 =

o pEmmEm vep [ 5| o . 4

D. The rest parameters of Master including lo-B, Io-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. Also,
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_Lab6-1_3P_SA_Inv_Paralle]l 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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B P50 - [C\UsenTom\Desk o PER-330 VAL SPER: 30 Lae VT 1S PR 330
DEES imeo @ 2% DN
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Project iew | Lisrary Bruve
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Figure 6.17 Fill in calibration values for each parameter

G. Refer to the appendix B to remove the file PEK-530_Lab6-1

existed in CCS. Again, burn the calibrated C Code generated by
PSIM file into DSP as the figure 6.18 shown where each
calibration value for each parameter is well written into DSP.

Fi

Each parameter
command value
being calibrated

gure 6.18 CEZT

updats Al

1oa_os
— L ;
Toc s 3 | Tinehase scse Varabies Trigger

P e o] v | =l =l
: mwx’— [

|“‘“"‘=“| Dﬁse{ j Level |
W _]44 L= 4

Slave Parameter Callibration:
Refer to the previous steps of Master for Slave calibration.

The Digital Filter function of oscilloscope is required for this
experiment . As the figure 6.19 shown, the setup process is as
follows: Acquire—~Mode—Sample—Digital Filter. Also, set filter
frequency as 2MHz.
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Figure 6.18
Setup of Digital
Filter of
oscilloscope

6. As the figure 6.20 shown, connect the test leads of oscilloscope
to Io-A, Io-B and Io-C of Master and Io-A of Slave. Also, connect
the GND of test lead to Master GND and Slave GND,
respectively.

Figure 6.20
Oscilloscope test g.
leads wiring

7. Refer to the figure 6.21 for the operation steps of PSW160-7.2.
Power on PSW160-7.2—Click on Set key followed by adjusting
voltage to 100V via voltage knob and adjusting current to 4A via
current knob.
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Figure 6.21
The settings of
PSW

8. As the figure 6.22 shown, follow the steps below for GPL-500
operation. Power on GPL-500 — Rotate the Three Phase Lord
knob to 2 (Resistance Load) — Set 1TS, 2TS and 3TS as OFF,
which indicates full-load mode.

Figure 6.22
The full-load
setting of GPL-
500

After setup, power on 2 sets of PSW power output, respectively,
followed by turning on the switches of PEK-530 Master and Slave
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The purpose of experiment

This experiment is the inverter parallel system, which observes the
average current effect from 2 sets of inverters via virtual impedance
and drop control method.

The experiment result

The figure 6.23 shows that RMS value of Master lo-A is 0.7A
(1.468A in actual value), and RMS value of Slave lo-A is 0.695A
(1.458A in actual value).

Figure 6.23
Master and Slave
lo-A measured
waveform

The figure 6.24 shows that RMS value of Master lo-B is 0.703A
(1.474A in actual value), and RMS value of Slave lo-B is 0.704A
(1.477A in actual value).

97



GUYINSTEK PEK -530 User Manual

Figure 6.24
Master and Slave
lo-B measured
waveform

The figure 6.25 shows that RMS value of Master lo-C is 0.691A
(1.449A in actual value), and RMS value of Slave lo-C is 0.698A
(1.464A in actual value).

Figure 6.25
Master and Slave
lo-C measured
waveform

From the measured waveforms of figures 6.23 through 6.25, the
average current effect for 2 sets of inverters is met after command
value calibration.

The figure 6.26 shows that RMS value of Master lo-A is 0.708A
(1.485A in actual value), RMS value of lo-B is 0.705A (1.479A in
actual value), and RMS value of Io-C is 0.694A (1.456A in actual
value).

The figure 6.27 shows that RMS value of Slave lo-A is 0.689A
(1.445A in actual value), RMS value of Io-B is 0.695A (1.458A in
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actual value), and RMS value of Io-C is 0.703A (1.474A in actual
value).

Figure 6.26
Master three
phase current
measured
waveform

Figure 6.27

Slave three phase
current measured
waveform

From the balanced waveform shown in the figure 6.26 and 6.27, it is
clear that three phase current of 2 sets of inverters are maintained
balanced, respectively, after command value calibration.

After experiment, power off switches of Master and Slave of PEK-
530—PSW160-7.2—PEK-005A— GPL-500 in order properly.

Full in the table 6.2 with measured current Io-A, Io-B and Io-C of
Master and Slave. Also, refer to the table 0.1 for sensing ratio
followed by filling in the actual values.

99



GUYINSTEK PEK -530 User Manual

Table 6.2 Output current measured data in parallel mode
PEK-530 Vo-A(Vrms) Vo-A(Vrms) Vo-B(Vrms) Vo-B(Vrms)
(Measured  (Actual (Measured (Actual
value) value) value) value)

Master 0.708A 1.485A 0.705A 1.479A
Slave 0.689A 1.445A 0.695A 1.458A

PEK-530 Vo-C(Vrms) Vo-C(Vrms)
(Measured (Actual value)

value)
Master 0.694A 1.456A
Slave 0.703A 1.474A

The Conclusion

This experiment refers to 2 sets of three phase inverters in parallel.
Via virtual impedance and drop control, it has seen that the current
of 2 sets of inverters and the individual three phase current are
maintained average current.
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Appendix A — PEK-530

Circuit Diagram

Micro Grid INVerter....oocoviiiiiieiie e
F28335 Delfino control CARD .....covvviiiiiiiieieeenn
Gate DIIVEI o
Gate Driver POWer ..o,
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Appendix A — PEK-530 Circuit Diagram
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Appendix A — PEK-530 Circuit Diagram
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Appendix A — PEK-530 Circuit Diagram
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Appendix A — PEK-530 Circuit Diagram
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Appendix B — C Code

Burning Procedure

This appendix takes “PEK-550_Lab1l_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-

steps 550_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.

T2 SO 05 VELLS VL paroach] 1 -~ - et
e ———— -s
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00 - (0

RAPECS55

11 T code b cramed by SimCoder Verson 11.1.3.1 fr FZER s Harcware Tarpes
f SimCoder i capyright by Parersion ne., 20002018

/1 Dute: Jammary 13, 2020 16:55:35

#dehine GerCurTime( P Gesys Timerg
Bodchioe PWM_IN.CHEDX [/ To lomes PWM value selting time, comment out (N Tine if PWM duty crele values are stiicly limited in the rasge

esrupt veid Taskg),
el Tk 10;

st Uint16 PSDL_CpuClack = 150; [/ Mz
e Default] FbiTheta,

e DefaukType  fGIVeomal

1]
i

s 3 P e ppe— P e

SCLPAIRE
dctine PSE_SCIRESTART 2000000

2. A folder 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_SVPVM, Inv(SDHz) V1115.V11 (Ccod <= 2 B
8] PEK Subcircuit SYPWM 11 2 PSIM Document 14K8
@ 2 PSIM Document 171K8
BB PEK.50_Sim1 39 SVVIM Inv(30R3 VILL5 VL1 2 PSIM Document 105KB
=5 : AE ®
F2833x_Headers_nonBIOS G KB
F28335_FLASH_Lnk 7 KB
F28335_FLASH_RAM_Lnk 6 KB
F28335_RAM_Lnk . 4KB
passwards ASM Source File 4KB
PEK_550_Lab1_3P_SVPWM _Inv_50Hz_V11 1 5 V1 1 C Source File 13KB
Bl PEK_550_Labl 3P_SVPVWM Inv_50Hz V11 1 5W1 1 Altium Embedde... 5 KB
PS_bios C/C++ Header File 22KB
% PsBiosRamF33xFloat / 631 KB

& PsBiosRomF33xFloat
& | ts2800_fpu32_fast_supplement

Altium Library 17 KB

3. Open CCS and select “Project” tab followed by
clicking “Import Legacy CCSv3.3 Projects”
the figure below.
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£ werigeece.7 - CCS it - odaagcoser St NI

File 1 Vi & Praject | JRun  Scripts  Window Help
e PEER g T3 New CCS Project..
@ New Energia Sketch

Examples

[ Project Explorer 57

Build All Ctrl+B
Build Configurations 2
Build Working Set »
Clean...

Build Automatically

Show Build Settings...

1 Import CCS Projects...

@ ¢ Gm__gort Legacy CCSv3.3 Projects... >

Add Files...

RTSC Toals 3
@, 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 i
Select a legacy CCS project ar a directory to search for projects.

-

Select a project file: DAPEK NEW PSIMVPEK-550_V11.1.5\P

) Select search-directory:

QAY —— l

'LI' seffi

DesaTEmAI

® ©)

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

Create s subfolder for each Eclipse project (recommended)

®
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. = PEK-SS0VILLS b PEK-550Labl VILLS » PEK-550_Lab_3P_SVPYM In(50HE. V11 L5.VL L C code)
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5. Select " Copy projects into workspace

116

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

]
<+ Import Legacy CCS Projects | 5 [t

Select Legacy CCS Project s
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-
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() Select search-directory: | Browse.
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Create a subfolder for each Eclipse’ ct (recommended)
@ gt € _peas ) b —
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Select Compiler
Select a compiler version for each migrated project.
|
Praject Device Fa. Compiler Edit.
TIPEK_550_Labl 3P SVPVL. m) C2000  16.93LTS
 ——
@ <Back || Ned> {| Ensh | Cancel |
Bl
% Import Legacy CCS Projects [ B[ =]

Select Compiler
Select a compiler version for each migrated project.

Project Device Fa.. Compiler Edit
3 PEK_550_Lab1 3P SVPVL. m| C2000  16.9.3LTS

A Issues that may require your attention were encountered while migrafl
A project(s). Please see the ‘projectlog! file, in the raot of each project

@ < 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.

7+ workspace_v7 - CCOIEQ
File Edit View Navig

e [2E
I Energia Sketch
[ Project Explorer 52 ples.. I o
€ PEK 550_Labl 3P_5Y ease]
Build Project
B @nu cul+s
Configurations g
Build Working Set 5

Run Scripts Window Help
= New CCS Project...

4

Clean.
Build Automatically
Show Build Settings.
@1 Import CCS Projects.
] Import Legacy CCSv3.3 Projects.
Add Files.
RTSC Tools 3
@, Import Energia Sketch
B Import Energia Libraries

C/C++ Index »
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[ Properbes for PEK_350_Lab139_SVPWNLiny_30rz_VI1 15\ e ]
| General SEEREN
Configuration: |1 FashRamRelesse [ Active | =] [Manege Confgurasions

4 €2000 Compier

Processor Options @
Optimization
Inchude Options
Performance Advisor
Predefined Symbols
Advanced Optior |
€2000 Linker - -
2000 Hex Uiy [Disal Verify_ | (spplies to whole project)
Debug m
Advanced settings
Compiler version: TIV1693LTS o[ Mo |
Outputtype. &
Output formnat legacy COFF =

Device endianness.

Q= > & ~ (]

orime sipperBoary: <otomatic> 7

'+ Properties for PEK_550_Labl 3P SVPWM o S0Hz V1115 V11

General

Canfiguration. [1_ashRamRelease [Acive | =] [Manage Canfiguratians_
D <
[ Select all
Advanced Options N""“ﬂ als ==y

2000 Linker
2000 Hex Uity [Dissbled] O XOALE
Debug *o 100

Y TIe—

) ==

7. 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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e workspace 47 -

Ble gdt Yo ste Project fun Senpts fndew Help

i Project Explorer 57

e
5% v= B
ﬁwwmjm_wm_nl_u_vl

F PEX_350_Lal

8. Connect PEK-006 to PC and PEK module
respectively followed by clicking “Debug” to
proceed to burning process.
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Appendix B — C Code Burning Procedure

10.

T e et R
[ Fle Edit View Mavigate Pr Run Scripts Window Help
Hmig =] ‘%"B@:o”‘ )ik T

[ Project Explorer 52 BES v= O

» [{& PEK 550 Labl 3P_SVPWN lgv 50Hz_V111 5 V1

©

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

'+ workspace v7 - CCS Debug - Code Compeser

[File Edit View Project Run Scripts Window Help
ks I=HT iBiE @-P 0
5 [ Project Explorer 53 =0

£ S- T

» (£ PEK_550_Lab: \VPWM_Inv_5C

=

)=

i @

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.

Cirl+Z
Ctrl+Y

5% Y=0
_W11_1.5.V1_1 [Active - 1_FlashRamRelease]

Crl+X
Crl+C

[ Paste Ctrl+V
<=

Ctrl+A

Il

Delete
oo e
o ] i

0Hz_V11_1 5 V1_1' from the workspace?

elete project contents on djsk (cannat be undane)

Project locaS

CAUsers\and11l !!\wﬁempz K 550_La bl,sP,SVPWM,@HLVLL;,S,VLL
@ [ 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 RS5232 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.

E=eas =i
B mOW mEN  HEE)
G |m Em| 8

4 =% Tony-VPCSB19GW .
| 0 luetoon =a=
3 E

=% (COMAILPT)
rolific USB-to-Serial Comm Part (COM13)

EEEE

i

i EENEE

& Bluetooth IE (RFCOMM SREE TD)
% Bluetooth £ (B AEREE)
%3 Intel(R) WiFi Link 1000 BGN -
& Reakek PCle GBE Family Controller
%1 VUAN Minipart (KEv2)
%1 VAN Miniport (P)
%1 VUAN Miniport (Pv6)

-8 WAN Miniport (L2TP)
®2 VUAN Minioort (PPPOE) S

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

D@ E| b BB o o @ o | P IR e R 2R
 File Edit View Design Suites Subcircuit Elef GW Utilities [§window  Help

Pirameter Taol

Seript Teol

52z Converter
SPICE Netlist Check
InstaSPIN Parameter Editor

simCoupler Setup

rogram

DSP cope

Device Database Editar

Curve Capture Tool

E-H Curve

Salar Madule (physical model)
Uttracapacitor Model Tool

&) Launch/Export to SmartCtrl

Unit 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.

DSP Osgl.

Fort settng
Seralport: |13 ] Yt I

Baud rate: 115200 - I

e I
’Vﬁ Continuous  snap-shot

Al varisbles Selected variables.

7 4

>

]
=

Update Al

h :“ varible =]

=

|| change sadground | ::T; = 8 one ™ -

= o] P — ool a2

q I Auto scale oy =
Help | oc| ac o]

6. After the settings, click "Connect" to proceed to
RS232 connection.
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Appendix C — RS232 Connection

(ot T W -

5|

Portsetings
seralport: |13 = Test
Baud rate; 115200 -
paity check:  Jwore  v]
== -
-Select output
Allvariables Selected variables
>>
<=
Update Al
@
Timebase scale
“ || veriable:
= Color

connect | J

Saale

Offset
I~ Autoscale

e e el

var| |
HY e - E

e [
T —

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

Seralport: |13 m Test
Baudrate: 115200 -]
Parity check:  [None -]

Operation mode
’7(“ Continuous " snap-shot

[~ Select output varizbles
Al varialge Selected varizbles

—
T T e |

oge

[

4

Variable

.

|

Change Background

Pase
l—=
o permmw =

color
Scale :
Offset =

I Auto scale

e _ac | om]

v =] o
3 o - 2

T —
[ o
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