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GYINSTEK Introduction

I ntroduction

As the figure 0.1 shown, PEK-510, the Three
Phase PV Inverter Module, is based on both the
first-stage structure of Boost Converter and the
second-class structure of Three Phase Three Wire
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

i | § ——

Experiment
module of Three
Phase PV Inverter
Module
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Figure 0.2 Realization
g Simulation (1/2) » and Simulation (2/2) - Verification
i Power Converter Power Converter
The process in o BSIM Gircut
details t I
Control Circuit TIDSP
With PSiv | ™ 9| F2833x, F2803X
Transfer the controj TargeF B Power Converter
circuit to be the digital | Control Circuit Real Circuit
control circuit
SimCoder
for auto code TI Code I
generation Compjoser
Program the TI
CCode | control kade o | Faggax, F2803X
of the the OSP
Control Circuit DSP-Based
ontrof Circu Control Circuit
RS232 I
DSP Oscilloscope in PSIM
(Monitor of waveformin DSP)

There are 6 experiments can be fulfilled by PEK-550 as follows:
1. Three Phase SVPWM Inverter

2. Three Phase Boost Stand-alone Inverter

3. Three Phase Grid-connected Inverter

4. PV Boost Converter

5. Three Phase Islanding Protection Inverter
1

. Three Phase PV Grid-connected Inverter

In addition to PEK-550, 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.

Figure 0.3

Auxiliary power
module
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Figure 0.5

G! |nerK PTS-5000 Power Electronics Training System

PTS-5000
experiment
platform
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Introduction

The DSP I/ O pin configuration of PEK-550 is shown as the figure
0.6. Refer to the appendix A for the circuit diagrams of PEK-550,
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.
H ADC- ADC- ADC-
Flgu re 06 BIAC) B2AC)
GPIO4E
ON/OFF AC
|/O ADC-AOAQ) B B Sk m1j60 l Relay Source
K03 TTTTT A L,
configuration we e rifer Y {
pc -AT(DCO) -A6(DC) Iz 15 || ADe-ALAC) ADC-ASAC
Source I D1 PWMIA pwiia PWILL T l"
e -
) PWAMIE PWAZE PWMIE — b APEAIAO)
G ) (G ) (GPIOS) || ADC-A2(AC) 1
1
L L .
1 Y K03 —

Gate Drive
ADC-
B&(DC)

CPLD

ADC-AMAC)

GPIO49 ["py
bottom

StartStop
PWM

Protection

SCIC

P 2, 6.
(P10 6263 F28335
Rs232 DSP

Cireuit

)

Table 0.1 PEK-550 test point measurement ratio

Voa Vob Voc|
Load

ADC- ADC.

ADC.
B3{AC) B4(AC) BS(AC)

Sensing item Sensing ratio
1 Boost Converter input voltage (Vin) 0.0196
2 | DClink voltage (VBUS) 0.0196
3 Boost Converter input current (lin) 0.4
4 Boost Converter inductor current (IB) 0.4
5 Inverter A phase output current (10-A) 0.4768
6 Inverter B phase output current (10-B) 0.4768
7 Inverter C phase output current (10-C) 0.4768
8 | Inverter A phase load current (IL-A) 0.4768
9 | Inverter B phase load current (IL-B) 0.4768
10 | Inverter C phase load current (IL-C) 0.4768
11 | Inverter output AB arm line voltage (VO- | 0.0287
AB)
12 | Inverter output BC arm line voltage 0.0287
(VO-BC)
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13 | Inverter output CA arm line voltage 0.0287
(VO-CA)
14 | Grid-connected AB arm line voltage (VS- | 0.0287
AB)
15 | Grid-connected BC arm line voltage (VS- | 0.0287
BC)
16 | Grid-connected CA arm line voltage (VS- | 0.0287
CA)
Table 0.2 PEK-550 DSP feedback ratio
Sensing item Sensing ratio
1 Boost Converter input voltage (Vin) 0.0249
2 DC link voltage (VBUS) 0.0249
3 Boost Converter input current (lin) 0.6
4 Boost Converter inductor current (IB) 0.6
5 Inverter A phase output current (10-A) | 0.2996
6 Inverter B phase output current (10-B) | 0.2996
7 Inverter C phase output current (10-C) | 0.2996
8 Inverter A phase load current (IL-A) 0.2996
9 Inverter B phase load current (IL-B) 0.2996
10 Inverter C phase load current (IL-C) 0.2996
1 Inverter output AB arm line voltage 0.0169
(VO-AB)
12 Inverter output BC arm line voltage 0.0169
(VO-BQ)
13 Inverter output CA arm line voltage 0.0169
(VO-CA)
14 Grid-connected AB arm line voltage 0.0169
(VS-AB)
15 Grid-connected BC arm line voltage 0.0169
(VS-BQ)
16 Grid-connected CA arm line voltage 0.0169
(VS-CA)




GYINSTEK

Introduction

The Description on Chapters

See the chapter arrangements as follows

Brief

Experiment 1

Three Phase
SVPWM Inverter

Experiment 2

Interleaved Boost
Converter

Experiment 3

Bi-directional DC-

DC Converter

Experiment 4

Three phase Four

Wire Boost Stand-

alone Inverter

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

To get to know the main circuit of three phase
inverter, and learn three-phase SPWM, SVPWM
as well as three phase axis conversion. To realize
the DSP digital control circuit planning and
learn the method of digital control programming
via PEK-550 module. To well get familiar with
the experiment devices and software
manipulation.

To get to know the way for modeling of three
phase inverter, and learn the design of both
voltage loop and current loop controllers, further
proceeding to the code programming via
SimCoder, after well mapping out the hardware.

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

To get to know the characteristics of PV module
and diversified MPPT method, and learn the
code programming of Perturb and Observe
method, further verifying the experiment result
via boost converter of PEK-550.
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Experiment 5 To get to know the purpose and way to test
verification of PV islanding protection, further
Three phase Four  proceeding to the code programming via

Wire PV Grid- SimCoder, after well mapping out the hardware.
connected Inverter

Experiment 6 To get to know the fundamental with structure
of three phase PV grid-connected inverter, and

Three phase Four  synthesize boost converter with three-phase

Wire Battery Energy inverter to form the experiment of three phase

Storage System PV grid-connected inverter, further proceeding
to the code programming via SimCoder, after
well planning.

10
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Experiment 1 — Three
Phase SVPWM Inverter

Preview

Understand main circuit of three phase inverter
Learn three phase SPWM

Learn SVPWM

Learn three phase axis conversion

SO

Get familiar with experiment devices and software

manipulation

Experiment Contents and Purpose
1. Output voltage fluctuation under varied load

2. Duty adjustment and observation under open circuit
Principle and Design

Three Phase SPWM

SPWM (Sinusoidal Pulse Width Modulation) theory is to compare
three phase sine wave voltage command generated by controller
with triangle wave. Through comparator, the generated pulse
width modulated signal drives inverter, which will then output the
voltage waveform close to sine wave with equal amplitude but
with unequal width. Based on scale and frequency of sine wave
voltage and triangle wave, the following two indexes can be
defined. The first one is Modulation Index as follows:

L
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m. = Vcontrol (11)
a -
Vtri
From the equation above, Vcontrol indicates scale of three phase
sine wave voltage peak value, whereas Vtri stands for scale of

triangle wave peak value.

The second one is Frequency Modulation Ratio with the definition
below:

m, :f—s 1.2)
|

From the equation above, fs indicates triangle wave frequency,
whilst fl stands for sine wave voltage frequency.
phase inverter +

i’
i L
. . T, T,
circuit % T bas T8 Dy, T Des
Va N o
+
Vq Ta_ b, To- ps. Tes Pe.
1
N

Figure 1.1 Three

Figure 1.2
SPWM

12
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Take A phase from the figure 1.1 for example, the basic waveform
peak value of voltage VAN can be expressed as follows:

5 \Y
V)i =m, ?d
The basic waveform line to line voltage sacle (RMS) is as follows:
VLLl _ ﬁ (\; )
(line —line, rms) 2 = ™™
= £ man (14)
2.2

=0.612myV, (ma<1.0)

(1.3)

When ma is less than or equal to 1,the so-called linear modulation
area in which peak value of input sine wave voltage command is
less than that of triangle wave, the input voltage scale will be in
propotion to line to line voltage scale of inverter output voltage
basic waveform.

Three Phase Space Vector PWM (SVPWM)

Space vector pulse width modulation utilizes the concept of voltage
space vector, generating the rolling voltage vector space via the
switch state of 6 power components from inverter. Refer to the
figure 1.3 for three phase inverter in which each phase has 2 swtich

13
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components that are placed in upper arm (S1, S3, S5) and lower
arm (S2 ~ S4 ~ S6) individually. Under the control mode of space
vector pulse width modulation, the conduction state of switch
component from each phase of inverter is complementary, which
means that if upper arm is in conduction state, the lower arm is in
stop state and vice versa. In terms of control, generally, a delayed
time, also known as dead time, is added prior to switch conduction
in case of power component damage because power components of
upper arm and lower arm are in conduction mode simultaneously.
We define each arm switch conduction state of a, b and c phase,
respectively. When a is equal to 1, upper arm switch is in
conduction, and the lower arm switch is in stop state. When a is
equal to 0, upper arm switch is in stop state, and the lower arm
switch is in conduction. Therefore, output states of three phase
inverter are of 8 types, and the output result (DC link voltage =
VDC for example) of line to line voltage along with phase voltage
generated by each state is listed within the table 1.1.

Figure 1.3 S, S, S, H_‘
Classic three 2ol F bollf colf : R, o

phase inverter o Va —
i
structure Vet A A AW Q v,
—

Table 1.1 Voltage Switching Vectors Line to neutral voltage Line to line voltage
Swtich statesof =] 2 | b | ¢ @ Ve | Ve | Ve | Ve | Ve Ve
three phase ol | ORI O IO g g i L
Inverter vy 1 0 0 213 -1/3 =113 1 0 =1
v, 1 1 0 13 13 | 23 0 1 -1
Vi 0 1 0 -1/3 2/3 =173 -1 1 0
Vy 0 1 1 -2/3 1/3 113 =1 . 0 1
Vs 0 0 1 -1/3 -1/3 2/13 0 -1 1
Ve 1 0 1 13 -213 13 1 -1 0
Vv, 1 1 1 0 0 0 0 0 0

14
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From the table 1.1 we can realize the relation between line voltage
and phase voltage output by three phase inverter. The table 1.2,
which further shows the math relation below, is achieved via the

coordinate axis conversion to af platform.

1 1
= _=|Iv
Vol 2 ! 2 2. (1.5)
V,| 3 3 BB Yo
/ 0 — ——|V.
2 2

15
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Table 1.2
Vv, \7
Switch state —
) 0 0
Ml s
v, ——2\;% 0
\74 VA 0
3
- \Y V,
v Yoc _Voc
5 3 \/§
7 \ﬁ Voo
6 3 \/§
v, 0 0

The 8 different voltage vectors, which are the so-called basic
voltage vectors, are obtained via the above 8 switch states. Among

the 8 voltage vectors, 6 are effective voltage vectors (Vl, VZ, VS, VA, V5,

v v,

6) and the rest 2 are zero vectors (VO and 7). Therefore, we take
advantage of the 6 effective voltage vectors to divide voltage space
platform into 6 sections. As the figure 1.4 shown where is the
reference voltage vector for output.

16
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Figure 1.4 q axis4
Basic vector
space

2/3.0) d axis

(-173.-1/-3) V. v, /3. -1/
(001) (101)

It is available to take any of 2 vectors from the 6 effective voltage
vectors within the figure 1.4 to express the output reference voltage

\7ref of any scale. In addition, the output voltage within the 2

effective voltage components of vector (conduction time) can be
obtained via algebra.

Axis Conversion

(1) Static Coordinate Axis Conversion

Convert the three phase abc static coordinate axis to static
coordinate axis system, which is the so-called Clarke conversion.
Refer to the figure 1.5 in which the following coordinate axis
conversion equation (1.6) can be obtained via the relation of 2
coordinate systems.

f f, (1.6)

f,|=[T] f,
f f

Where:

f o fﬂ. f are the variables from ¢ff axis when voltage and current are
pending.

f.» f - f_ are the variables from abc axis when voltage and current

are pending.

17
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L4

s 3
1 1 1 | isthe coordinate axis
2 2 2 | matrix

In contrast, convert ¢ff coordinate axis to three phase abc

coordinate axis system, which is the so-called anti-Clarke
conversion. The conversion equation is illustrated below:

f, f, (1.7)
fb :[T]-l f/i
fC_ fO
Where:
10 1| . ) )
- 1 V3 L s the coordinate axis
22 matrix
1By
1’2 2

The above describes the relation between three phase abc
coordinate system and af static coordinate system,the

undetermined coefficient prior to conversion matrix of which is 2

3

when non-power rule of constant is adopted. If, however, power
rule of constant is adopted, the undetermined coefficient turns out

\E . We employ non-power rule of constant hereby. In addition, in
3

terms of three phase balance system, when static coordinate axis
conversion is underway, zero sequence component  _1 (f.4f,+1)
o 3 a b c

is negligible. The figure 1.6 shows the waveform diagram when
PSIM is utilized to simulate abc static coordinate axis conversion to
static coordinate axis.

18
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Figure 1.5 L

Static
coordinate axis

Figure 1.6 15 o

Waveform of
PSIM simulating
static coordinate
axis conversion

0s

0 0.01 0.02 0.03
Time (s)

(1) (2) Synchronous Rotating Coordinate Axis Conversion

From the previous chapter in which we convert abc static
coordinate system, via coordinate axis conversion, into af static

coordinate axis system. In this chapter we further convert ¢f static

coordinate axis into DQ synchronous rotating coordinate axis
system, which is called Park conversion. When presuming three
phase system is balanced and placing both DQ axis and ¢ff axis on
the 2-dimentional platform, as the figure 1.7 shown, with
neglecting zero axis component, the rotating coordinate is able to
rotate in accord with @, angle, by which the coordinate

conversion formula is obtained as follows:

el

19
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Where:

_| cos(@,) sin(4,)
[Q]_[—sin(ee) cos(ee)}

On the contrary, to convert rotating coordinate system DQ axis to
of coordinate system is what we called anti-Park conversion, the

conversion formula of which is as follows:
fd -1 frx (1'9)
|:fq:| :[Q] {fﬁ:|

1 cos(@,) -sin(b,)
o) _[sin(ee) cos(He)}

Where:

g is the included angle, which is expressed as .
e 0, = [w,dt +6,(0)
0

Figure 1.7

Synchronous
rotating

. . q
coordinate axis ¢

(2) (3) Arbitrary Rotating Coordinate Axis Conversion

From the previous two sections, it is understandable that both static
coordinate axis conversion and synchronous rotating axis
conversion can be projected to DQ coordinate axis via abc
coordinate system. As the figure 1.8 shown where coordinate
conversion formula is obtained as follows:

fd fa (110)
f, |=[R] f,
f i

o c

Where:

20
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cos@,) cos(, —2?”) cos(@, + 2?”)

2 . . 2r . 2
R|==|-sin(8,) -sin(@, ——) -sin(6, +—
[Rl=3| -sin(@.) —sin(0,-"7) —sin(d, +)

1 1 1
2 2 2

By contrast, conver rotating coordinate system DQ axis to af

coordinate system, which is the so-called anti-Park conversion, the
conversion formula of which is shown below:

f, fy (1.12)
f, |=[R] f,
fC fO
Where:
cos(@,) -sin(6,) 1

[RI =| cos@, —%”) _sin(6, —%”) 1
cos(95+2?”) —sin(.98+2?”) 1

When assuming it is a three phase balanced syste, the zero phase
component :}(f ff4f) can be simply neglected.
o 3 a b c

Figure 1.8

Arbitrary
rotating
coordinate axis

21
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F|gu re 1 9 Three-phase reference frame  Two-phase reference frame Rotating reference frame
L3
Varied \
. \ Ia
coordinate axes \ -
\_ <7
o axis

Prior to the above abc-dq axis conversion,owing to the fact that the
voltage detected by the voltage detection circuit of three phase
three wire circuit is line voltage (Vab, Vbc, Vca), the following
conversion of line voltage to phase voltage (Line-abc to Phase-abc)
is required to obtain the virtual phase voltage Van, Vbn and Ven.

Van 1011 Vab
Von :E -1 1 0| Ve (1.12)
Ven 0 -1 1| Ve

22
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Circuit Simulation

The circuit BUS Voltage Vius = 100V
parameters of £ _ 20kHz » V= 10V, (PWM)
inverter

Cpus =940uF » L =1.02mH > C = 10uF
Ks=10.3 (AC current sensing factor)
Ky =1/60 (AC voltage sensing factor)

K, =1/40 (DC voltage sensing factor)
The analogue circuit diagram based on the parameters above is as
the following figure 1.10 shown:
PSIM File: PEK-550_Sim1_3P_SVPWM_Inv(50Hz)_V11.1.5_V1.1

Model Name PEK-550 @
Experimentation Sim1

Description :  Three Phase SVPWM Inverter

PSIM Version : V11.1.5

Date T 2019/12/24

Version SRR

e
L P ChOx Cuoon
AR ' A .
[ R s J ) I8 ‘
IERERR
JY7
. S
009
Voab Vobe Vg
(c1-x2)/3
@/CDI‘IC C?ID I @
afa (1-x2)13
i e

Aol
conet n La @J"‘@m (c1-x2)/3
gl

1 . 2731416
s

5°0.817°0.6/0.577

.| 50 .| 120 . 120 =

? ?U ?U )

Figure 1.10 Experiment 1 PSIM analogue circuit diagram

23
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The simulation result is shown within the figure 1.11 and 1.12:

24

Vob Voo

0.0 0.0 0.06 0.08 0.1
Tine (s)

Figure 1.11 Experiment 1 analogue circuit simulation waveforms

Veg

Theta

0.02 .04 0.06 0.08 0.1
Tine (s)

Figure 1.12 Experiment 1 analogue circuit simulation waveforms
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The digital circuit diagram based on the analogue circuit is shown
as the figure 1.13:
PSIM File: PEK-550_Lab1_3P_SVPWM_Inv(50Hz)_V11.1.5_V1.1

Figure 1.13 Experiment 1 digital circuit diagram

The simulation result is shown within the figure 1.14 and 1.15:

b Vede

f: OLCUUENCMANENANNY

. AN

5m_loa Psm_loc
X

05

K T N N
-1

-5

0 0.08 0.1 015 02 025 0.3
Tene (5]

25



GUYINSTEK PEK -550 User Manual

Figure 1.14 Experiment 1 digital circuit simulation waveforms

Vheta

0 0.0z 0.04 0.06 0.08 0.1
Tine (s

Figure 1.15 Experiment 1 digital circuit simulation waveforms

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

26
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Experiment Devices

The required devices for experiment are as follows:

* PEK-540*1

* PEK-005A *1

* PEK-006*1

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

27
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Experiment Procedure
1. The experiment wiring is shown as the figure 1.16. Please follow

it to complete wiring.

e

PSW 160-7.2

Driver
Power

Power

PEK-005A

€T

STC

|
L

Figure 1.16 Experiment 1 wiring figure
2. After wiring, make sure the PEK-550 switch is OFF followed by
turning the PEK-005A switch ON. The DSP red indicator lights
on as the figure 1.17 shown, which means the DSP power is
steadily normal.

GYINSTEK
PEK - 550

r

Figure 1.17 DSP normal status with light on

28
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3. Refer to the appendix B for burning procedure followed by
referring to the appendix C for connection details.
4. Connect the test leads of oscilloscope to Vo-AB, Vo-BC, Vo-CA

Figure 1.18 Oscilloscope test leads wiring

5. Set voltage 100V and current 3A for PSW 160-7.2 as the figure 1.9
shown.

Figure 1.9 The settings of PSW 160-7.2

29
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6. As the figure 1.20 shown, follow the steps below for GPL-500
operation. Power on GPL-500 — Rotate the Three Phase Load
knob to 2 (Resistance Load) — Set 1TS and 2TS as OFF, and 3TS
as ON, which indicates no-load mode.

Multi-Function Passive Lo
3

ad.
MAX. 300W

istance with m ﬁnmum Gad SO Resistance Load
LC Load m g e e - -

I =

Figure 1.20 The no-load setting of GPL-500
7. After setting up and turning on PSW power output, finally turn
on the switch of PEK-550.

30
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The purpose of experiment

(3) No Load

The figure 1.21 shows that when GPL-500 is set as no-load mode,
Vo-AB output RMS voltage is 1.21V (42.16V in actual value), and
Io-A is 0.12A (0.252A in actual value).

18 Jan 2028 |
15:14:54 |

Figure 1.21 I v vevevevs I (0 [Cad ||

No-load
measured
waveform

(4) Half Load (209)

The figure 1.22 shows that 1Ts and 3TS are set ON, whereas 2TS is
set OFF, which indicates half load.

Multi-Function Passive Load
MAX. 300W

Figure 1.22

GPL-500 half-load °
setting
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The figure 1.23 shows that when GPL-500 is set as half-load mode,
Vo-AB output RMS voltage is 1.13V (39.373V in actual value), and
Io-A is 0.55A (1.154A in actual value).

Figure 1.23 GaInsTEK (fewd) (7] [ 5emeth

Half-load
measured
waveform

@@ 50.0e: )
@ = v ][ s5Sns @ SE.EEIIS][ @ £ 8880

[ORMS [BEY @RS 552nU

(5) Full Laod (109)

The figure 1.24 shows that 1TS, 2TS and 3TS are set ON, which
indicates full load.

Figure 1.24 on Passive Lod
MAX. 300W

GPL-500 full-load s [ o 1 o |, o e
setting A ; ‘
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The figure 1.25 shows that when GPL-500 is set as full-load mode,
Vo-AB output RMS voltage is 1.10V (38.328V in actual value), and
Io-A is 1.05A (2.202A in actual value).

Figure 1.25 GHnsTEC (i) (1) [ 20 |

Full-load
measured
waveform

—
@ = U 6= © @ = U @ = ) 5 (@ Se.66us]) @ f oaemu D)

I'ﬂ)ms 1.180 @ERHS 1.850 7
Per differed load operations, fill in the table 1.3 with the results in
order. Refer to the table 0.1 for the sensing ratio.

Table 1.3 Output voltage current measured data in varied load
settings

Vo(Vrms) Vo(Vrms) lo(Arms)  Io(Arms)
(Measured (Measured (Measured (Measured
value) value) value) value)
NLoad(no 5y 4216V 0.12A 0.252A
Load)
Half Load
(200) 1.13V 39.373V 0.55A 1.154A
Full Load
(100) 1.10V 38.328V 1.05A 2.202A

From the table 1.3, it is understandable that output voltage drops in
accord with load increase uder open circuit condition.
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Through the PSM_Duty, which is the Duty parameter within circuit,
from the”Set input variables” adjusted by R5232, change the

default 0.6 to 0.8 followed by pressing the Update as the figure 1.26

shown.

Figure 1.26
Duty adjustment

DsP Oscilloscope e [
Port settings

Serial port: 54

saudrate: 11520

Perity check: |1

Operation mode

& Continuous € Snapshot
Select output veriables
Allvariables Selected varizbles
PSM _Vcona z
PSM Vconb
PSM Ve E 3
Pam Voab
Pem L2 =
Pem 1o
Pem e
=y -
Setinput varicbles
UpdNAl
PSM_Duty @ Update
| Disconne + |

L] Fatﬂ Integrity %0

Timebase scak Variables

Trigger

3
[ | variatie [ =~

i T
Change Background || €2 =

Scale

== Offset 5

I™ Auto scale

v || oc| ac| e

var.

A & onee T
Level
Delay

iy

i‘
|

It is clear that output RMS voltage Vo-AB is changed from 1.10V
(38.328V in actual value) to 1.48V (51.568V in actual value) as the

figure 1.27 shown.

Figure 1.27

The measured
waveform when
Duty is 0.8
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Per differed Duty operations, fill in the table 1.4 with the results in
order. Refer to the table 0.1 for the sensing ratio.

Table 1.4 Output voltage current measured data in varied Duty
settings

Vo(Vrms) Vo(Vrms) lo(Arms)  Io(Arms)
(Measured (Measured (Measured (Measured
value) value) value) value)

Full Load

Duty=0.6 1.10V 38.328V 1.05A 2.202A

Full Load

Duty=08 1.48V 51.568V 141A 2.958A

From the table 1.4, it is clear that output voltage changes in
accordance with Duty changes under open circuit condition.
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Experiment 2 — Three

Phase Boost Stand-alone
Inverter

Preview

Learn the boost converter circuit model

Learn the boost converter circuit voltage current control and design
Learn the three phase inverter circuit model

Learn the three phase inverter voltage and current control and design

Learn how to establish analog circuit and simulation

S Gk » D

Learn DSP digital control circuit planning

Purpose and Contents of Experiment
1. Observe output voltage fluctuations under vaired loads

2. Observe output voltage fluctuations under unbalanced load
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Principle and Design

This experiment is the two-stage circuit with the first-stage boost
converter and the second-class three phase three wire full-bridge
inverter. The first stage is to maintain DC-link voltage, and the
second-class is to control output voltage of inverter. The control
architecture is as the figure 2.1 shown. We will illustrate each stage
circuit respectively in this chapter.

Iy L P bSt |G SEN | @F SoF| L v
— » Ly _, Ve
_L.—”— iy Vumm oA 3 A -
c L
= I,
"k, M| d - 124 Tl-l@ TﬁJGLV’s\::
_ « T i
.
i :
’ :\J’T T T1~T6
Current g

Controller

o[ pwn | | Drive circuit J

Voltage
Controller

Figure 2.1 Diagram of full circuit control architecture

Boost Converter Controller Design

Refer to the figure 2.2 for the current mode control architecture of
boost converter in which dual loop control is adopted and outer
loop is voltage loop which is used to adjust voltage deviation and
to generate current command of current inner loop. Current loop
command and sensing current deviation can generate switchable
drive signal via PWM. And sensing current is either, depending on
the utilized control method, switchable current or inductance
current. Basically, this experiment mainly focuses on average
current control, for which we will explain below.
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Figure 2.2 J: ——
Current mode L +
control N vl | .
architecture of | .\-_—L-; Looel T
boost converter [ JIJT

7‘ Lre J LPF
l

L q P P 7,

(6) Working Principle and Model Derivation

From the figure 2.2 we may obtain the follows via the status
average method:

L, _y 1-dyy,
b gp Vb d 21)
In which Duty indicates the follows:
d — vCOTl
Vim 2.2)
The following can be obtained via substitution:
dl b Vcon
Ly——=V, — (1 -V,
var Ty 23)
Also the following can be obtained via arrangement:
i, Vy
bd_z_vcon +V, —Va
t Vim (2.4)
Va
. kpwmb = V_
And we further substitute tm
dl,
Ly E = kpwmb Veon + Vo — V4 2.5)

The equation (2.5) can be used to design current controller of boost
converter.
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Current Controller Design

Derived from the equation (2.5), the current loop control block is
shown as the figure 2.3 in which Ks and Kv are voltage sensing
gain and current sensing gain, individually, both of which adopt
feedback control along with feedforward control methods to

compensate the disturbance in current loop from Vb-Vd.

Figure 2.3 Vivy T,
Kpwmby| ViVa
Current loop P p r
: Y
control block i t kGt z)|] o g veon| 1 + A
diagram ] 5 e sLy
iy G H,
D1
k
s+p k =
N/
LPF1

This current controller of circuit, known as the second-class error
amplifier, can be divided into a Proportional Integration Controller
(PI) and a Low Pass Filter (LPF). The bode plot is shown as the
figure 2.4, of which the design method is illustrated below.

Figure 2.4 GoH;
Current loop
bode plot
Z; P
\ Gm
Uy
\ N

: Type 2

\ =PI+LPF
1. Set u, as1/10~1/8 of change frequency.
2. Setz=u_l/3
3. Setp=f_s/2 (Low Pass Filter)
4. Obtain k1 via G_ca (u_I)H_I (u_I)=1
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(7) Voltage Controller Design

In general, the response speed of voltage loop is way slower than
that of current loop, so current loop is regarded as ideal when
modeling voltage loop, which means the sensing inductance
current along with the command response can be regarded as 1.
Consequently, based on the previous assumption, voltage loop
equivalent circuit can be simplified as the figure 2.5 shown. And
the equation (2.6) is obtained from the figure 2.5.

s
1+—
Y g
“» "2 TCR, P TCR 2.6)
Substitute I; = k, I, into the previous equation to obtain K, =
Vd
s
h_ G Hlr)
I 1+
Wy
(2.7

As the figure 2.6 shown, the control block diagram of voltage loop
can be drawn, and the voltage error amplifier (Gea) can be
designed, based on the previous second-class error amplifier, as the
figure 2.7 shown. Therefore, voltage loop bandwidth can be
designed at 1/3 ~1/5 of current loop bandwidth.

Figure 2.5
VoIt.agT Ioop . R, § .
equivalent circuit ;. (,D f R 7,
o -
Figure 2.6 o I 7777 .............................
. = . 'y s |
Current loop v | PTY Il I i . ] warg) | n
control block i B | = e |
diagram Current Loop
I | (k] ;
(s+p) I_‘I
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Figure 2.7

Voltage loop bode
plot

Inverter Controller Design

The figure 2.8 describes three phase three wire inverter circuit
where n is the virtual voltage neutral point and the control method
adopts dual loop inductance current control. The following can be
obtained via inverter circuit:

dl
L chA =VaN —Van —ViN (2.8)
dlgg 29
I—T:VBN ~Vbn =N (2.9)
dlgc
L dt =Ven —Ven —Vin (2.10)
dv.
c d?n =loa—1ILA (2.11)
dav,
C dfn =log—ILB (2.12)
C% =l =l (213)
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Due to the fact that three wire circuit meets the follows:
l,+1,+1.=0 (2.14)
Via (2.14), the following can be obtained from (2.8)+(2.9)+(2.10):

Vor = Van +VeN +Ven) = (Van +Vin +Ven)
nN = 3 (2.15)

The following can be obtained via substituting (2.15) into
(2.8)~(2.10):

_LdIOA 1 _1 _l
dt 2 2|V \Y/
d|oB :g _1 ) _l VAN ) Van
el s 5 [(Ven bn |) (2.16)
dlgc 11 1 Ven | [Ven
dt | 2 2 |
[ dv.
~ C an
lcapa d\C}t 1 0 0flpa 1 0 Of I
_ bn | _
| lcapc Cchn 0 0 1floc| [0 O 1flc
dt

Vin (i=A, B, C) is the output voltage of A, B and C arms. Generally,
the control method inverter usually adopts is three phase
sinusoidal PWM (SPWM) where each arm of three phase employs

the control voltage ("4~ 908 * Y1) o bhase shift 120 degree,

which compares with triangle wave (vm) individually in order to

trigger switch of three arms. The output voltage of each arm can be
described as the following (2.18) shown:
1 Veoni i=A B, C
VIN = (2 + thm )Vd ( y Dy ) (218)

Where “ indicates the amplitude of triangle wave and (2.19) can
be obtained via substituting (2.18) into (2.16).

42



GYINSTEK Experiment 2 — Three Phase Boost Stand-alone Inverter

| dloa , 1ot 11

- _= 1 —-= _=

dt 2 2 Vema 2 2{Vyy

(o |- Vo | Ly JLhyC2(C g Lyl (219)
dt | 3vy| 2 2| @B 732 2P

dl 1 1 Veonc 1 1 Ven

L—oC -= -2 1 -= - 1

dt 2 2 2 2
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1
[T
1

Space Vector
PWM
A A A
S Vo Vie V.
chn/—\ VconB Vcch ab “be Tea
dg-to-abc
transformation abc-to-dq
3 [ transformation
Vconq Vcond
Current | iog oy Line abc
Controller | To
h 4
- x Phase_abc
qu log
Voa Vob V.
Vog V. _tO- oa Yob Yoc
v;qugd \oltage 00 Tog abc-to dq
Controller transformation

Figure 2.8 Three phase three wire inverter

Axis Conversion

We can understand, from the relation of each phase current and
three phase SPWM control voltage derived from the eqution (2.19),
that each phase current control is not only affected by the
corresponding control voltage, but also affected by control voltage
of other phases. That is, each phase current control hasn’t been
decoupled. If designing controller from the abc static frame directly
under the three phase unbalanced condition, each phase will
influence one another and thus the control function will be affected.
In order to overcome the previous issue, we usually adopt the
method of coordicate axis conversion which decouples
mathematical model logically as the figure 2.9 shown where three
coordinate axes (a, b, c) represent a static frame, which indicates
components of phase current and phase voltage from three phase
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inverter, whereas a, b represent the static frame of two phase that
transforms three phase with 120 degree difference of each phase
AC volume into two phases with 90 degree difference of each phase
AC volume. The d, q axes and zero axis are synchronous rotating
coordinate. Under the condition of three phase balanced, zero axis
volume is zero, which can be simplified into vertical dq two axes.
The formula of three phase abc static coordinate axis and two phase
dq0 synchronous rotating coordinate axis is as follows:

cosd cos(f- 2”) cos(6 + 2—7[)
fq ) 23 23 [ fa
fq |= 3 sing sin(@- ;T) sin(9+?ﬂ) fy (2.20)
fo 1 1 1 Lfe
| 2 2 2 i
cosé sin@ 1 |
f, , ) fg
f, |=| cos(@ - ;Z) sin(@ - ;z) 1 fq (2.21)
fe fo
cos(9+2—7r) sin(9+2—7r) 10
L 3 3 ]
In which:
0=at (2.22)

Three-phase reference frame

Two-phase reference frame

Rotating reference frame

L 3
\
\\ la
\\ /,/V
A 3/9’/
o axis

Figure 2.9 Several coordinate axes
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The state equation of three phase three wire inverter as the figure
2.8 shown can be inferred from substituting axis conversion
formula of (2.20) and (2.21) for (2.17) and (2.19).

[ dlog |

dtlit vo [F 0 O Veong | [L00TVog] [0 @b O lag

d(;q =—d 1010 Vconq -{010 Voq —-l-0oL 0 O qu (2.23)
M0 0 1|Veno!| [001|Vee| [0 0 0

dt | 110 0T1og] [200T1eq] [0 @C 07 Veg

av,

o |=[0 1 0] loa|-{010]log |-f-aC 0 0]V, (224)
avyo | 100 thloo] [001]1e0] [0 0 0]y

dt

Veoni(i=d, q) is dq axis PWM control voltage, whilst Vtm is PWM
triangle amplitude.

Prior to the above abc-dq axis conversion, due to the fact that the
voltage detected by voltage detection circuit of three phase three
wire circuit is line voltage (Vab, Vbc, Vca), the line voltage to phase
voltage conversion (Line-abc to Phase-abc) is required to obtain the
virtual phase voltage of Van, Vbn and Ven from (2.19).

Van 1 1 0-1 Vab
Vbn == —1 1 0 VbC (2_25)
Ven 0 -1 1| Ve

Currrent Controller Design

As the figure 2.10 shown, the inverter current controller can be
designed via equation (2.23) where currents of both d and q axes
cause perturbation on another axis and thus the perturbation are
eliminated by the figure 2.10 via feedforward control signal v{f2.
The other feedforward control signal v{f1 is used to erase the
perturbation from same phase output voltage to current loop. The

kv and ks are voltage sensing gain and current sensing gain
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individually. The current deviation amplifier G can be designed by
P, PI or the second-class deviation amplifier. If adopting P control
(GI=k1), the current loop response can be obtained via current

feedback loop as follows:

* k pwmkskl

io i u -
ioj,T= k - Keky s+lu e (226)
0i gy Pwm?s 1 I
L
The ul indicates current loop bandwidth as follows:
" =kPLLk5k1 (2.27)
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The bandwidth can be set up by gain k1 of current deviation
amplifier.

+ +i 1
P,

Power circuit

K. <
L os |7
(a)
il;d V;q
oL 1 ch wLIOd
I(pwmks kpwmkv | |
Vi |- Vit A +i
+

i* + Vip + Veon + 1
log —» —> n _> O O SL > log

Power circuit

W:
s
(b)

Figure 2.10 Inverter current control loop: (a) d axis, (b) q axis
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(8) Voltage Controller Design

The inverter voltage loop control block diagram is shown as the
figure 2.11 where electric circuit block is drawn via equation (2.24).
If bandwidth (ul) of current loop response is larger than that of
voltage loop by 4 times, current loop response equation (2.26),
while analyzing voltage loop response, can be regarded as 1. The
voltage controller adopts both feedforward control and feedback
control. Due to the sensing load current, the controller directly
eliminates the perturbation on voltage loop from load current via
the sensing load current added into current command. Also, it
utilizes voltage command (vod* and voq*) multiplying by oC with
adding current command from another axis to eliminate
perturbation of capacitor current (#CVod and ©«CVoq). The voltage
feedback controller Gv, known as the second-class deviation
amplifier, is composed of a feedback proportional integrator
controller and a low pass filter (LPF) of voltage feedback signal.
The voltage loop bode plot is shown as the figure 2.11(c) where
voltage loop bandwidth, generally, is placed at the % of current
loop bandwidth. In order to gain perfect voltage adjustion rate and
three phase voltage balance under the three phase load unbalanced
condition, each line voltage is supposed to be adjusted RMS value,
respectively. This experiment, based on the voltage RMS value
controller from the figure 2.12, calculates three output line voltage
RMS values (vabm, vbem, veam) individually followed by
comparing with RMS value command and resulting in, after Gm
adjustion, an amplitude corrected signal (Am1 Am2, Am3), which
is used to correct the original line voltage amplitude command
AmO. Finally, the obtained line voltage amplitude command Amab,
Ambc, Amca multiplies by three phase sine wave sin(ot+n/6),
sin(wt-n/2) and sin(wt+5n/6) of virtual phase voltage phase shift
through 30 degree to obtain the transient voltage command of three
phase line voltage. After that, via Line-abc to Phase-abc conversion
and abc-dq axis conversion, the ultimate voltage loop command
vod* and voq* is thus generated.
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@CVoq
l Iy
ks [« @CVoq
|
Current loop L= -
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Figure 2.11 Inverter voltage control loop: (a) d axis » (b) q asix > (c)
voltage loop bode plot
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Vem

RMS Controller

Ao Sin(wt+1/6)
|

*
Voab

Vab

Sin(wt-n/2)

Ly
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Sin(ot+57/6)

*
Voca

Vea

i<

Line-abc
To
Phase-abc
Transformation

Voc

abc-dq

" | Transformation

*

EE— Voq

Figure 2.12 Voltage RMS value controller
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Circuit Simulation

The circuit parameters of converter are as follows:

DC Input Voltage Vb = 70V

DC Bus Voltage Vd= 100V

Fs = 40kHz, Vtri = 5Vpp (Boost PWM)

Fs = 20kHz, Vtri = 10Vpp (Inverter PWM)
Cp = 200uF, Ly, = 660uH

Cgus = 940uF, L =1.02mH, C = 10uF

Ks = 0.3 (AC current sensing factor)

The inverter
specification

Ks = 0.6 (DC current sensing factor)
Kv =1/60 (AC voltage sensing factor)

Kv =1/40 (DC voltage sensing factor)
The analogue circuit diagram based on the parameters above is as
the following figure 2.13 shown:
PSIM File: PEK-550_Sim2_3P_Boost_SA_Inv(50Hz)_V11.1.5_V1.1

Figure 2.13 Experiment 2 PSIM analogue circuit diagram
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The simulation result is shown within the figure 2.14 and 2.15:

AN AN AN NN

/ K/ \/ K/ “\_}\'\_

Figure 2.15 Experiment 2 analogue circuit simulation waveforms

The digital circuit diagram based on the analogue circuit is shown
as the figure 2.16:
PSIM File: PEK-550_Lab2_3P_Boost_SA_Inv(50Hz)_V11.1.5_V1.1
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Figure 2.16 Experiment 2 PSIM digital circuit diagram

The simulation result is shown within the figure 2.17 and 2.18:

Figure 2.17 Experiment 2 digital circuit simulation waveforms
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Figure 2.18 Experiment 2 digital circuit simulation waveforms

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

The required devices for experiment are as follows:

e PEK-550*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 2.19. Please

follow it to complete wiring.

PSW 160-7.2

Driver
Power

Ay .,

Power

(318

STr

\
L

PEK-005A

Figure 2.19 Experiment 2 wiring figure
2. After wiring, make sure the PEK-550 switch is OFF followed by
turning the PEK-005A switch ON. The DSP red indicator lights

on as the figure 2.20 shown, which means the DSP power is
steadily normal.

GYINSTEK
PEK - 550

Three Phase PV Inverter §

xperimenter Kit

Figure 2.20 DSP normal status with light on
3. Refer to the appendix B for burning procedure.
4. Connect the test leads of oscilloscope to Vo-AB, Vo-BC, Vo-CA
and lo-A, respectively, as the figure 2.21 shown.
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Figure 2.21 Oscilloscope test leads wiring

5. As the figure 2.22 shown, set voltage as 70V and current as 5A,
individually, for the power supply PSW160-7.2.

Figure 2.22 The settings of PSW 160-7.2
6. After powering on GPL-500, set Resistance Load for Three Phase
Load. Further set 1TS and 2TS as OFF and 3TS as ON, which
indicates no load as the figure 2.23 shown.
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Flgu re 2.23 Multi-Function Passive Load

o MAX. 300W.
GPL-500 no-load ﬁnumm 5ad O Resistance Load
setting A @ C

- :
£

52

no

g%

as

7. After setting up and turning on PSW power output, finally turn
on PEK-550.
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The purpose of experiment

(1) No Load

Under the condition of no-load, the figure 2.24 shows that Vo-AB
output RMS voltage is 1.41V (49.129V in actual value), and lo-A is
0.13A (0.273A in actual value).

Figure 2.24 GINSTEK (Trse) (1) [ ™ %

No-load
measured
waveforms

@ se.0ez8Hz |

@ = v @ = 1w @ = 2v ][ s5ns @ 5u.zuus‘|[ ﬂ.[ 1.18U nc‘|

PRMS 1.4V E)RMS 139nV |

Voo CH1(yellow): 1V/div V, :CH3(purple): 1V/div

ca

V,,.: CH2(blue): 1V/div I, : CH4(green): 2V/div

(2) Half Load (20Q)

The figure 2.25 shows that 1TS and 3TS are set ON, whilst 2TS is set
OFF, which indicates half load.

60



GYINSTEK Experiment 2 — Three Phase Boost Stand-alone Inverter

. Multi-Function Passive Load
Figure 2.25 . b i 3000
GPL-500 half-load *™ =2 B i

setting

Under the condition of half-load, the figure 2.26 shows that Vo-AB
output RMS voltage is 1.41V (49.129V in actual value), and lo-A is
0.696A (1.46A in actual value).

Figure 2.26 cHInsTEK (Fed) () [ 3%

Half-load
measured
waveforms

O

Io RMS 1.410 @RS 696U

Voo : CH1(yellow): 1V/div V, :CH3(purple): 1V/div
Vo, : CH2(blue): 1V/div I, : CH4(green): 2V/div

(3) Full Load (10Q)

The figure 2.27 shows that 1TS, 2TS and 3TS are set ON, which
indicates full load.
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Figure 2.27 Mol Funcion Passive Load

-z MAX. 300W
GPL-500 full-load q > E '_ oN B off  Resistance Load
setting A

F

Under the condition of full-rload, the figure 2.28 shows that Vo-AB

output RMS voltage is 1.41V (49.129V in actual value), and lo-A is
1.36A (2.852A in actual value).

Figure 2.28 EHmEIE (e (1) [ rernae
Full-load

measured
waveforms

Pms 1.410 @FHS 1.360

Voo : CH1(yellow): 1V/div V,, : CH3(purple): 1V/div
V,,.: CH2(blue): 1V/div I, : CH4(green): 2V/div

62



GYINSTEK Experiment 2 — Three Phase Boost Stand-alone Inverter

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

The figure 2.29 shows that 1TS and 2TS are set ON, whilst 3TS is set
OFF, which indicates unbalanced load.

Figure 2.29

GPL-500
unbalanced-load
setting

L

]

Under the condition of unbalanced load, the figure 2.30 shows that
Vo-AB output RMS voltage is 1.41V (49.129V in actual value), and

Io-A is 0.83A (1.741A in actual value), and Io-B is 1.24A (2.601A in

actual value), and Io-C is 1.22A (2.559A in actual value).

Figure 2.30 GHINSTEC [ we (o) [“2n

Unbalanced load
measured
waveforms

@@ 50.6ez8Hz |
us J[ @ £ 968V nc‘

IoRMS 1.420 EIRHS 843U ' ‘
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Voo : CH1(yellow): 1V/div V, :CH3(purple): 1V/div
V,,.: CH2(blue): 1V/div I, : CH4(green): 2V/div

Tria'd] | 14 Feb 2828
(o) () [ |

0 = v @ = n

|'0m:‘ a3
I,,: CH1(yellow): 1V/div 1,.: CH3(purple): 1V/div
I,,: CH2(blue): 1V /div

Per differed load operations, fill in the table 2.1 with the measured
results in order. Refer to the table 0.1 for the sensing ratio.

Table 2.1 Output voltage current measured data in varied load
settings

Vo(Vrms) Vo(Vrms) Io(Arms)  Io(Arms)
(Measured (Measured (Measured (Measured
value) value) value) value)
No Load 141V 49.129V 0.13A 0.273A
Half Load
(20Q) 141V 49.129V 0.70A 1.46A
Full Load
(100) 141V 49.129V 1.36A 2.852A
Unbalanced
Load
RA=20Q 141V 49.129V 0.83A 1.741A
RB=10Q 1.24A 2.601A
RC=10Q 1.22A 2.559A

From the table 2.1 we may understand that output voltage will not
change in accordance with load fluctuation under the condition of
closed loop.
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Experiment 3 — Three

Phase Grid-connected
Inverter

Preview

1. Learn three phase grid-connected inverter circuit model

2. Learn dual closed-loop DC voltage and current controller design
of three phase grid-connected inverter

3. Learn phase-lock loop control

4. Learn analog circuit establishment and simulation

5. Learn DSP digital control circuit planning

Experiment Purpose and Contents

1. Get familiar with grid power operation of three phase grid-
connected inverter

2. Observe system power fluctuation via load change after grid

power establishment.

Principle and Design

Three phase grid power parallel circuit inverter, which is required
by several renewable energy power system, energy storage system,
and grid power interface, among others, contains multi-level
circuits. The experiment puts emphasis upon grid power parallel
circuit inverter control and therefore the circuit architecture is
simplified to only inverter part as the figure 3.1 shown in which
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input current Id indicates the current generated by the previous
stage circuit. The inverter per se adopts dual loop control; outer
loop is DC voltage control loop, whilst inner loop is inductance
current control loop. In addition, the current of inverter grid power
synchronizes with the voltage of grid power, and thus needs a
phase-lock loop control (Phase Lock Loop, PLL).
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Figure 3.1

Three phase grid . ETIJGTHE}TL]G o
: 0B —>

power parallel 1 CDV”’ = A =

S c| <
circuit inverter | il fnal dedl & |
control N g

i E Grid
architecture o

S51-86

SVPWM

dg-to-abe
transformation

Veong | Veond

Current
Controller

Pﬂz! "c:."

Voltage
Controller

f

Vie

Current Loop Design

The equivalent circuit model of three phase grid power parallel
circuit inverter, which is identical with the previous Lab 2
individual inverter model, is able to transform circuit to
synchronous rotating frame, via abc-dq axis conversion, in order to
simplify controller design. The current controller of inverter under
dq axis is shown as the figure 3.2 where currents of d and q axes
impose perturbation on the current loop of another axis. Therefore,
the figure 3.2 eliminates the perturbation via feedforward control
signal vff2. And the other feedforward control signal vff1 is used to
eliminate the perturbation from the same phase output voltage to
current loop. The kv and ks are voltage and current sensing gain,
respectively. The current deviation amplifier GI can be designed
via adopting P, PI or the second-class deviation amplifier. If
adopting P control (GI=k1), the current loop response can be
obtained as follows via current feedback loop.
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* I(pwmkskl

lo,i L U _ i=dq
-7 = = i) H 3'1
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The ul indicates current loop bandwidth:
K pwmKskg
oy = s’y (32)
L
It can be designed via gain k1 of current deviation amplifier.
fq Veg
ok 1 Vcd wLIOQ
kpwmks kpwmk |
o Vi |+ Vi1 + l
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k <
L= 17

(b)

Figur 3.2 Inverter current control loop: (a)d axis, (b)q axis
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Voltage Loop Design

The purpose of DC voltage control is to maintain power balance;
that is, the power transmited from front-end circuit is in balance
with the power fed in grid power from inverter. Therefore, after
removing steady state DC working point, the equivalent small
signal circuit model of voltage loop can be shown as the figure 3.3
(a); that is, inverter is regarded as a small signal of current source
Id which charges to DC capacitor.

AC side transient power is described as follows:

P =V, 1, +V,l, =V,

s SIN @t - Imsin ax +V,

() COS @t - Imcos et (3.3)

VS(p)
value current. The equation can be simplified as follows via the
above trigonometric functions:

P .=V, (3.4)

s(p) " m

is dq axis peak value voltage, whereas |  is dq axis peak

The figure 3.3 (b) shows that current source responses to DC side. If
inverter efficiency is 100%, the input power P, will be equivalent

with output power P, .

Pdc = Pac (35)
In addition, DC side power can be expressed as follows:
P =Val, (3-6)
Therefore
Vol =V, 1, (3.7)
V!
_Yso)'m _
Iy _T_chlm (3.8)
~ =~ 1
Va =1y sC (3.9)

From the figure 3.3 (b), the transfer function of DC side current

source to DC voltage is shown as follows:
Vo _Kee ¢ Ve

Y — Us(p)
I sC, “ v, (3.10)
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+
Iy @ C;: Va | Inverter E) log = Imsinat
- lop % I, cosmt
- 5 —
PdC Pac

(@)

+

c;: vy Q) T,

(b)
Figure 3.3 Voltage loop: (a) dq axis equivalent circuit, (b) transferred to
DC side equivalent circuit

In light with the equation (3.8), the designed DC voltage control
block diagram is shown as the figure 3.4 where kv and ks are
voltage and current sensing gains, respectively. The following
equation (3.11) can be acquired after combining sensing gain with
the equation (3.10).

k k
H ()= (3.11)
k.Cs
Figure 3.4 (T\
Voltage loop L.k Ko17) i ' )
control block Vo —> s k. —> ks /C 5 Vy
diagram - Hy
Vg
2k ]
s+p L]
LPF

The voltage controller can be designed based on the loop gain from
figure 3.4. Due to three phase rectifier DC voltage non-low
frequency ripple, in order to lower down current command
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distortion, it doesn’t need LPF (Low Pass Filter) to attenuate low
frequency ripple of voltage 120Hz or 130Hz. Therefore, the
controller utilizes PI (Proportional Integral) controller of which the
transfer function is shown below:

k(s + 2)
S

The frequency response between the equations (3.11) and (3.12) is
illustrated as the figure 3.5 where @, indicates system zero cross

G, = (3.12)

frequency bandwidth and zero point select of G, is supposed to
make the zero cross frequency ), slope of G H_ as
—20db/decade under rated load. In light with the previous condition,

it is able to design zero point and proportional gain constant k.

Figure 3.5 ~, Gy

Voltage loop 4

ﬂ‘eq uen Cy 407 "'.'0)‘ indicates zero cross frequency of closed circuit, which is equal to bandwidth
response 30 p

1 1)
G,
\~ afrad/s)

1000

10 = t P

Phase Lock Loop Design

The architecture of mentioned inverter phase lock loop is shown as
the figure 3.6, which utilizes grid power voltage (Vsa, Vsb and Vsc)
to acquire, after abc-of} axis conversion, 2 signals Vmsin(ot) and -
Vmcos(ot). The 2 signals multiply by the generated synchronous
signals cos(wlt) and sin(wlt) to obtain the follows:

e =Vp{sin(at) cos(ajt) —cos(awt) sin(ayt)} (3.13)

According to the equation (3.13), if ®=w1 and the equation (3.13) is
equal to zero, phase lock loop controller can be designed based on
this condition. The signal e, after a proportional integrator (PI),
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acquires a frequency corrected signal A, which will be added into
the original set frequency mo(=314) to obtain a frequency wl. The
frequency wl will then, after integral, obtain an angle signal 6,
which will, after 0~2r range limiter55555555533333333333333,
check both Sine and Cosine tables to acquire cos(wlt) and sin(wlt)
signals. The goal to achieve phase lock is realized through
proportional integrator adjustion to further narrow down deviation
e to zero; that is, o=w1.

sin(e,t)

Range

Limiter

-V,cos(at)

Voo —

Voo ——» abc-af

Ve —» Visin(at) cos(wt)

Y
Figure 3.6 Phase lock loop
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Circuit Simulation

BUS Voltage Vsus = 100V

AC Voltage V1L = 50Vrms

Fs = 20kHz - Vtri = 10Vpp (PWM)
Cpus = 940uF » L =1.02mH - C = 10uF
Ks =0.3 (AC current sensing factor)
Kv =1/60 (AC voltage sensing factor)

Kv =1/40 (DC voltage sensing factor)

The analogue circuit diagram based on the parameters above is as
the following figure 3.7 shown:
PSIM File: PEK-550_Sim3_3P_GC_Inv(50Hz)_V11.1.5_V1.1

The inverter
specification

1101 Model Name PEK-550

Experimentation ©  Sim3

Description Three Phase Grid-connected Inverter
1100 PSIM Version 115

Date 2019/12/24

Version Vi1

Figure 3.7 Experiment 3 PSIM analogue circuit diagram
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The simulation result is shown within the figure 3.8 and 3.9:

B A

Figure 3.8 Experiment 3 analogue circuit simulation waveforms

T

Figure 3.9 Experiment 3 analogue circuit simulation waveforms
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The digital circuit diagram based on the analogue circuit is shown
as the figure 3.10:
PSIM File: PEK-550_Lab3_3P_GC_Inv(50Hz)_V11.1.5_V1.1

apo By

Figure 3.10 Experiment 3 PSIM digital circuit diagram

The simulation result is shown within the figure 3.11:

Figure 3.11 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:

e PEK-550*1

* PEK-005A *1

* PEK-006*1

* PTS-5000 * 1 (with GDS-2204E, APS-300, PSW160-7.2 and GPL-500)
e PC*1
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Experiment Procedure
1. The experiment wiring is shown as the figure 3.12. Please follow

it to complete wiring.

Driver

i

n
Power
Power

:‘_m_&ﬁ e ‘

s

Figure 3.12 Experiment 3 wiring figure
2. After wiring, make sure the PEK-550 switch is OFF followed by
turning the PEK-005A switch ON. The DSP red indicator lights
on as the figure 3.13 shown, which means the DSP power is
steadily normal.

-

GYINSTEK
PEK - 550

Figure 3.13 DSP normal status with light on
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3. Refer to the appendix B for burning procedure.
4. Connect the test leads of oscilloscope to Vo-AB, Vo-BC, Vo-CA
and lo-A, respectively, as the figure 3.14 shown.

) T1Es

Figure 3.14 Oscilloscope test leads

5. Set voltage 110V, current 1A for PSW160-7.2 as the figure 3.15
shown.
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Figure 3.15 The settings of PSW-160-7.2
6. As the figure 3.16 shown, follow the steps below for GPL-500
operation. Power on GPL-500 — Rotate the Three Phase Lord
knob to Resistance Load — Set 1TS and 2TS as OFF, and 3TS as
ON, which indicates no-load mode.

Flgu re 3.16 Multi-Function Passive Load
MAX. 300W

The.no-load Istange wity P ﬁnmum 5ad O Resistance Load

setting of GPL- < @ © ’

500 i

=0 ol

=
o
=

7. As the figure 3.17 shown, power on APS-300 and set 50Hz for
frequency, 3P4W for mode, 28.86V for output voltage.

Figure 3.17

The setting of
APS-300

8. After setting up, turn on PSW and APS-300 power output
followed by powering on PEK-550.

79



GUYINSTEK PEK -550 User Manual

The experiment result

(5) No Load

The measured waveform of three phase voltage output Vo-AB, Vo-
BC and Vo-CA is shown as the figure 3.18. Under the condition of
no load, PSW output power is 100W. Due to without load, ASP-300
absorbs all the power and therefore it is seen that APS power is
single phase -31.2W (negative sign indicates power absorbtion) and
three phase total power is -31.2W*3= -93.6W, which is consistent
with PSW output power (considering component loss) as the figure
3.19 shown.

Figure 3.18 GnsTEC ([we) (1) [ it |

The no-load
measured
waveforms

@ 5068250z |
[ _Sms (@ 50.88us | [ 9 f 26w nc"

[ﬂRMS 1.42V ‘

Vot CH1(yellow): 1V/div V

bea - CH3(purple): 1V/div
Vo, : CH2(blue): 1V/div
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Figure 3.19 The power state of PSW and APS-300 when no load

(6) Half Load (20Q)

Set 1TS and 3TS as ON, and 2TS as OFF as the figure 3.20 shown,
which indicates hald load.

Multi-Function Passive Load

Figure 3.20 IS8

e - lectifier L nce Load
The half-load ¥ load L_m o o E osd  Off Resista
setting of GPL-

® ® @ o
500 @ ESA
] 2

==

|

I - —_— = e -

Under the confition of half load, PSW output power is 100W and
load is half load (125W). Because PSW output power can not meet
requirement of load, APS-300 is supposed to providing 25W in
order to maintain system power balance. It has seen that APS power
is single phase 10.4W, and three phase total power is 10.4W*3 =
31.2W (considering component loss) as the figure 3.21 shown.
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———————
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0
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e======

Figure 3.21 The power state of PSW and APS-300 when half load

(7) Full Load (109)

Set 1TS, 2TS and 3TS as ON as the figure 3.22 shown, which
indicates full load.

Flgu re 3.22 Multi-Function Passive Load
- Moo
The full-load { on [] nﬁ—THmmH Load Off  Resistance Load
v 20( T 200 S

on

setting of GPL-
500

load is full load (250W). Because load requires larger power, APS-
300 is supposed to providing 150W in order to maintain system
power balance. It has seen that APS power is single phase 50.6W,
and three phase total power is 50.6W*3 = 151.8W (considering
component loss) as the figure 3.23 shown.
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Figure 3.23 The power state of PSW and APS-300 when full load

After the experiment, power off PEK-550 followed by turning off
PSW, APS-300 and GPL-500.

Fill in the table 3.1 with the power of PSW and APS-300 under
varied load settings, individually.

Table 3.1 Power states of APS-300 in varied load settings.

gi‘z)ut APS Output Power

Power (considering component damage)
No Load (0OW) 100W -93.6W 100 + (-93.6) = 0
Half Load (125W) 100W 31.2W 100 +31.2 =125
Full Load (250W) 100W 151.8W 100 + 151.8 = 250

From the table 3.1, the power of power grid (simulating APS-300 in
the experiment) either absorbs or provides power to maintain
system power balance in accordance with varied load settings
under the power grid system.
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Experiment 4 — PV Boost

Converter

Preview

1. Learn the characteristics of PV module

2. Learn the maximum power point tracking method of PV
module

3. Learn the principle and design of double closed loop input
voltage and current controller of boost converter

4. Learn PV array maximum power point tracking control of boost
converter

5. Learn analog circuit establishment and simulation

6. Learn DSP digital control circuit plan

Experiment Content & Purpose

1. Use SAS software to control PSW and similate PV module
manner

2. Use perturbation observation method to complete maximum

power point tracking
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Principle and Design

PV Module characteristics introduction

The output characteristic of PV module is neither constant voltage
nor constant current. Because output power changes in light with
working point, it is required to adjust working point dynamically
in attempt to reach the best power generation, which is called
MPPT (Maximum Power Point Tracking). The following describes
more about the characteristic of PV module, which can be a
reference for MPPT controller design.

PV module consists of several PV parallel series. After sunlight
exposure, PV forms a current source which offers power for load.
The PV equivalent circuit is shown as the figure 4.1 where Iph
indicates current generated by PV, and Dj indicates a P-N junction
diode, and Rsh with Rs indicate material internal resistors of
equivalent in parallel and equivalent in series, respectively. In
general, Rsh value is large, whilst Rs value is small when analysis.
Therefore, in order to simplify analysis process, we discard values
of Rsh and Rs. The Ip and Vp stand for PV output current and
voltage, individually.

PV module equivalent circuit, P-N junction diode characteristic,
and PV module output current can be expressed by the following
mathametical equation (4.1):

q Vo
Ipv:nplph_nplsat eXp KTA n -1 (4.1)

Vph: It indicates PV output voltage (V)

Ipv: It indicates PV output current (A)

T: It indicates PV surface temperature (°K)

A: It indicates PV ideal factor (A=1~5)

g: It indicates electric charge volume (1.6x10-19C)
k: It indicates Boltzmann constant (1.38x10-23 ]/ °K)
np: It indicates the number PV battery in parallel

ns: It indicates the number PV battery in series
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Figure 4.1 R Ip
MA—"

PV equivalent +

circuit IphT D, R A

Isat indicates PV panel inverse saturation current and the
mathematical relation is shown below:

T3 . 9Egap 1 4.2
Isat—lmTr) oo[— (T =) (4.2)

Tr: It indicates PV reference temperature (°K)

Irr: It indicates inverse saturation current when reference
temperature is Tr (A)

Egap: It indicates the required power when semiconductor material
crosses band gap

T 2
T-1108

Ioh =[lser +a(T —Tr)]ﬁ

-4
Eg =1.16-7.02x10 (4.3)

Iscr: It indicates the short circuit current (A) when PV battery works
in reference temperature and 1kW/m?2 insolation exposure.

a: It indicates PV module short circuit current temperature
coefficient

S: It indicates the insolation volume (kW/m?2)

Pov =Vpv % I py (4.4)

The following can be acquired by further substituting equation (4.1):
Pov =NpVpylph = nplsathh[eXp( ) 1] (4.5)

PV module characteristic can be realized via equatlon (4.5). It
describes the PV module output voltage, current and power curve
diagram under different insolation volume and PV panel surface

temperature change.
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The 75W PV module manufactured by Shell is shown as the table
4.1 below:

Table 4.1 Shell SQ85 PV specification

Electrical Characteristics Spec
Rated Maximum Ouput 75
Power (W)

Rated Current (A) 4.4
Rated Voltage (V) 17.0

Short Circuit Current Isc(A) 4.8
Open Circuit Voltage Voc(V) 21.7

Normal Working
Temperature NOTC(°C)
Short Circuit Current
Temperature Coefficient 2.06
(mA/°Q)

Open Circuit Voltage

Temperature Coefficient -0.77
(V/°Q)

45.2

Under the temperature of 25°C and sunlight insolation volume of
1KW/m?2 from the table below, the electrical characteristics is
shown as the table 4.1. Under different insolation volume, the curve
of output voltage to current and the curve of output voltage to
power are shown as the figure 4.2(a) and 4.2(b), respectively. And
under different temperature, the curve of output voltage to current
and the curve of output voltage to power are shown as the figure

4.3(a) and 4.3(b), respectively.
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PV Converter Control Method

From the characteristics simulating curve of PV module, we can
understand that the 2 factors influencing PV module output power
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are insolation intensity and environmental temperature. In light
with fluctuations of weather, both temperature and insolation
intensity will change accordingly. Hence, in order to have the
maximum output power and enhance generation efficiency of PV
module, it is required to control power converter of PV system to
reach the maximum power output under differenct working
environments, which is the so-called MPPT (Maximum Power
Point Tracking).

The figure 4.4 indicates grid power in parallel system where MPPT
control can be achieved by controlling input voltage Vp and input
current Ip of PV module converter to calculate the voltage of
maximum power point of PV module, which will be regarded as
command, and to operate exactly on MPPT point via voltage loop
control.

Figure 4.4

Ip
L — Grid
: 777
Two-stage grid 7777 F1| PC 1] re
; el " oc | T AC
power in parallel /77,
system

From the characteristics simulating curve of PV module, we can
understand that PV module is neither voltage source nor current
source. When applying to synthesized analysis of voltage source
converter as the figure 4.4 shown, PV module must be regarded as
a current source, and the equivalent circuit is shown as the figure
4.5(a). In contrast, when applying to current source converter, PV
module must be regarded as a voltage source, and the equivalent
circuit is shown as the figure 4.5 (b).

Figure 4.5 Vo l 2
|

PV module V-1 ‘ Kb

equivalent circuit |Characteristics : &

(a) Voltage I °

source converter
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(b) Current

Iy ]

source converter \y | Ll +
Characteristics Ve

| i

o]

MPPT Method

In terms of MPPT method, there have been several methods
available including voltage feedback, power feedback, perturbation
and observation, incremental conductance, linear approximation
and practical measurement, all of which belong to maximum power
tracking method and share the identically common concept. They
utilize PV output voltage or current or both to realize the maximum
power tracking method. The main difference is the diversity of
judgement and realization of maximum power point. Refer to the
follows for the MPPT control methods:

(9) Voltage Feedback

As the figure 4.6 shown, the voltage feedback is the simplest
method which reaches the purpose of maximum power tracking,
via adjusting PV module output voltage, under the known
insolation intensity and temperature. The main deficiency is that
when temperature changes, the system is not able to track the latest
maximum power point and further causes power loss.

Figure 4.6
PV Panel - Converter > Load
Voltage feedback
block diagram i
\V/ . Comparator Controller
re
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(10)  Power Feedback

As the figure 4.7 shown, power feedback is almost identical with
voltage feedback. Because voltage feedback is not able to track the
latest power point under the condition of fluctuating atmosphere,
the judgement of rate of change of output power to voltage is
added into power feedback in order to track the maximum power
point when facing atmospheric condition change. Though the
additional voltage fluctuation rate of change judgement is added
into voltage feedback, power loss is reduced instead and the
efficiency is much better than voltage feedback.

Figure 4.7

PV Panel Converter —#{ Load

T

dP/dV
[Comparator’ Controller
Vref

(11)  Perturbation Observation

Power feedback
block diagram

As the figure 4.8 shown, perturbation observation, which is simple
in terms of structure, only measures PV module output voltage and
current as thus, similar to power feedback, can be generally applied
to PV module maximum power tracking.

The basic principle of perturbation observation is to change PV
module output voltage and current via scale of load of cyclic
increase or decrease. That is, to change working point from
characteristics curve of PV panel and observe with comparing
output voltage and output power scale before/after load
fluctuation followed by determining next move of increase or
decrease load.

If perturbation results in PV module output power increase
compared with the previous time, increase or decrease load
properly for same direction in the next cycle in order to increase
output power continuously. In contrast, if output power is less than
that before fluctuation, it is required to change load fluctuation
direction in the next cycle. By repeating perturbation and
observation, PV module can reach the maximum power point,
which is the very principle of Perturbation Observation. If response
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speed is fast enough, voltage fluctuation intensifies. Therefore, it
has to make a trade-off between accuracy and response speed.

Figure 4.8
Perturbation m

Observation

block diagram reaa V(N), I(N)
CaloulaleP(N):\r(l\ )1 (l\)

Yes
Load Load Load Load 2
Increase Decrease| Increase Decrease

Refresh P(N-1)=P(N)
VIN-1)=V(N)

(12)  Increamental Conductance, INC

As the figure 4.9 shown, the concept of increamental conductance is
identical to power feedback, mainly utilizing judgement, which
can be rephrased as follows:

P (4.9)
The following can be acquired by arranging the equation (4.9):
a_ I (4.10)

dv \
From the equation (4.10), dI indicates the measured current
variation before/after incremental, whilst dV indicates the
measured voltage variation before/after incremental. The next time
variation can be determined via measuring incremental value
dI/dV and PV conductance I/V. When incremental value and
conductance fit the relation of equal on both sides, it signals the
maximum power point has been reached and thus next
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perturbation will not be processed, which is the basic theory of
incremental conductance.

Although incremental conductance reaches the maximum power
tracking to meet the maximum power point by changing PV
module output voltage, the issue of oscillation, different from the
judgement logic of perturbation observation, in the proximity of
maximum power tracking, which usually occurs in perturbation
observation, can be effectively avoided.

Figure 4.9
PVPanel [ »| Converter f—g»]  Load
Incremental
conductance o 4 Vo T
block diagram
g ﬂzvi | Controller
dv |4

(13)  Linear Approximation

As the figure 4.10 shown, the basic concept of linear approximation

employs the logical judgement of dPy, /dV =0 and utilizes a linear

line to approximate the maximum power point of PV module
under fixed temperature with varied insolation volume. Further, it
controls PV module output current within the linear line to reach
the maximum power tracking. We figure out the approximate
linear line on the maximum power point of PV module in light
with basis of mathematical model where accuracy of each factor
along with component aging will affect accuracy of linear

approximation by certain margin.

Figure 4.10

Linear
approximation
block diagram

PV Panel

Converter [~ Load

f

Controller
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(14)

Pratical Measurement

As the figure 4.11 shown, practical measurement mainly takes
advantage of additional PV module to measure open-circuit
voltage and short-circuit current of PV panel at intervals. The
voltage and current of maximum power point under the insolation
and temperature in the established atmospheric condition make PV
module work and gain the precisely maximum power point in
association with control circuit. However, this condition only
applies to the region with fair climate change. If condition changes,
it requires remeasurement for database establishment, which is the

main defect.

Figure 4.11

Pratical
measurement
block diagram

PV Panel

Y

Converter

>

Load

f

Vi

Additional Minor
Solar Panel

7| Database
Creation

#| Controller

Iy

The comparison table of pros and cons and working principle of

maximum power tracking is shown as the table 4.2.

Table 4.2 Comparison table of pros and cons and working principle
of maximum power tracking

MPPT Method Working Principle  [Pros Cons
Refer to the PV Simple Not available for
Voltage board characteristics P auto tracking the
. architecture .
Feedback by prior ) latest maximum
with low cost .
measurement ower point
Lessen
Indentical to the energy Identical to the
Power voltage feedback, it consumption oltage feedback,
increases power whilst it has larger
Feedback : X .
output to judge increase the  calculation
voltage change overall amounts
efficiency
Increase load in cycle [Easy Fluctuating
Perturbation  pnd observe power f[mplement power loss
Observation  pnd voltage changes with simple pccurs on the
to determine load architecture |maximum power
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increase or decrease nd principle point
in next the step
[t lessens
e . . It ts highl
Utilize the relation  fluctuating rl;zicilsl;easiciml'gc y
between PV dI/dV  |power loss P Y
Incremental for measurement
and I/V to compared . .
Conductance . . with wider
determine with pertube .
) errors in actual
incremental value and observe L polication
method PP
Via dP/dV=0, it Fas Accuracy
Linear utilizes a linear to - };ement deteriorates
... similize PV piet when PV board
Approximation . with simple
maximum power . and components
. architecture
oint have aged
Externally connect to [Prevent PV [t requires
a PC board to from aging  [remeasurement
Practical measure that to establish
Measurement characteristics and  |deteriorates database when
establish reference  the accuracy [nvironment
model for control of model changes

This experiment utilizes perturbation observation to complete
MPPT control. The circuit control architecture is shown as the

figure 4.12.

Figure 4.12

Control
architecture

vpe |

+D

The following can be acquired via the figure 4.12 with the state

average:
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dl,
LbE= Vb _(1_d)Vd

The Duty can be expressed as follows:

Ucon
Vo
The following can be obtained via substitute:
LG = - (=32,
The following equation can be acquired by arrangement:
Lbdi = ﬁvcon +Vp—Vy
dt Ve

Further substitute K pumb = Ya
Vem

i,
Ly E = kpwmb Veon + Vo — V4

(4.11)

(4.12)

(4.13)

(4.14)

(4.15)

The equation (4.15) is used to design current controller of boost

converter.

Cuccrent Controller Design

The current loop control block based on the equation (4.15) is

shown as the figure 4.13 where Ks and Kv are voltage and current

sensing gain, respectively, which utilize feedback control along

with feedforward control to compensate the perturbation from Vb-

Vd to current loop.

Fi . ey
gure 4.13 £~V kwj"ku 5 .
Current loop /% T .
control block fe 7, J Gtz +_l”cw k . ERES
diagram { : — St T
i G., N — H,
s+p, \\ij

LPF1
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The current controller of this circuit is the second-class deviation
amplifier, which can be separated into a proportional integral
controller (PI) and a low pass filter (LPF). The bode plot along with
design methid is shown as the figure 4.14 below.

Fogire 4.14 Gt

Current loop
frequency

bod ;
oot \\m"\

Type 2
H, =PI+LPF

1. Set u, as1/10 ~1/8 of switch frequency

_lg=H
2. Set 3 3
p= E
3. Set 2 (low pass filter)

4. Set Gea(u)H;(u) =1 g1 ky

Voltage Controller Design

General the response speed of voltage loop is far lower than that of
current loop. Hence, when modeling voltage loop, it is available to
regard current loop as ideal. That is, sensing conductance current
and command response should be regarded as 1, on the basis of
which, voltage loop equivalent circuit can be simplified as the
figure 4.15. And the following can be acquired from the figure 4.15:

- @ 1
L sC 77 7 CR, (4.16)

The voltage loop control block diagram, which is drawn based on
the equation (4.16), is shown as the figure 4.16 where voltage
deviation amplifier (Gea) can be designed by the previous second-
class deviation amplifier as the figure 4.17 shown in which voltage
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loop bandwidth can be designed at the 1/3 ~1/5 of current loop
bandwidth.

Figure 4.15

Voltage loop
equivalent circuit

Figure 4.16 Ge

?
1

Current loop 0+
control block T
diagram .

|
Kl
“ e
@
o
&
g
=
.] -
‘A +
2]
=
3

Figure 4.17 G oH,

Voltage loop
frequency

response bode
plot \

8]
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The control loop parameters are designed by Matlab. The program
is shown as follows:

% Boost Input Voltage Control
clf;

cle;

PI=3.1416;

Vpv=170;

Vd =100;

Pi = 150;

L = 660e-06;

C =200e-6;

Re=10.03;

fs = 40e3;

ws = 2% PI * {5;

Ts = 1/fs;

Vtm=735;

Kv = 1/40;

Ks=10.6;

% PWM
D=1-Vpv/Vd;
Veon=D * Vtm;

% Small signal model of current loop
Kpwm = Vd/Vtm;
numHi = Ks * Kpwm/L;
denHi=[1 0];

Hi = tfinumHi, denHi);
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% Current controller Type2 Gea(s)=
Kl1(s+z)/s * p/(s+p)

ui =ws/10;

feoi = ui/(2*PI)

Hr = freqresp(Hi, ui);

GainH = abs(Hr);

GainGcea = 1/GainH;

zi = ui/3;

tui = 1/zi

nmumGl1 = [1 zi];

denG1 =[10];

G1 = tflnumG1, denGl);

pi=2 *PI* 10e4

numLPF1 = pi;

denL.PF1 =1 pi];

LPF1 = tfilnumLPF1, denLPF1);
Glf=GI * LPFI;

Glr= freqresp(Glf, ui);

K1 = GainGcea/abs(Glr)
Gea=K1 * G1f;

GeaHi = series(Gea, Hi);
GeaHr = freqresp(GceaHi, ui);

phaseGeaHr = angle(GceaHr) * 180/PI;

PMi = 180 + phaseGcaHr

figure(1);
bode(Hi, Gea, GeaHi);

grid;
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% Small signal model of voltage loop
wz = 1/(Re * C);

numHv = Kv/(Ks * C) * [1/wz 1];
denHv =1 0];

Hv = tf{inumHv, denHv);

% Voltage controller Type2 Gea(s)= K2(s+z)/s * p/(s+p)

uv = ui/8;

fcov = uv/(2*PI)

Hvr = freqresp(Hv, uv);
GainHv = abs(Hvr);

GainGea = 1/GainHv;

zZv =uv/3;

tuv = 1/zv

nmumG?2 = [1 zv];

denG2 =[1 0];

G2 = tfilnumG2, denG2);
pv=2*PI* 10e4

numLPF2 = pv;

denL.PF2 =[1 pv];

LPF2 = tf{numLPF2, denLPF2);
G2f=G2 * LPF2;

G2r = freqresp(G2f, uv);

K2 = GainGea/abs(G2r)
Gea=K2 * G2f;

GeaHv = series(Gea, Hv);
GeaHvr = freqresp(GeaHyv, uv);

phaseGeaHvr = angle(GeaHvr) * 180/P1;

PMyv = 180 + phaseGeaHvr

figure(2);
bode(Hv, Gea, GeaHv);

grid;
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The result is as follows:

fcoi = 4000 (Hz) (bandwidth of current loop)

tui = 1.1937e-04 (time constant of current PI controller)
pi = 628320 (LPF1 pole)

K1 = 1.6405 (gain of current PI controller)

PMi = 69.2747 (phase margin of current control loop)
fcov =500 (Hz) (bandwidth of voltage loop)

tuv = 9.5493e-04 (time constant of voltage PI controller)
pv = 628320 (LPF2 pole)

K2 =14.3035 (gain of voltage PI controller)

PMv = 72.3587 (phase margin of voltage control loop)

The MPPT program based on P&O method is shown below:
static int n;

static double ymax = 50;

static double ymin = 24;

static double Vp, Ip, Vpl, Ipl, P, P1, dP, dv=1, Vpc, Vpcl, start, CLK,
CLK1;

start = x3;

Vp =x1;

Ip = x2;

CLK = x4;

P =Vp *Ip;

if (start <1)

{

Vpc =Vp -dv;

CLK1 = CLK;

}

if (start >0)
{
if((CLK-CLK1)==1)

{
if (P > P1)
{
if (Vp > Vpl)
{Vpc=Vp+dv;}
else
{Vpc=Vp-dv; }
}

else

{
if (Vp > Vpl)
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{Vpc=Vp-dv;}
else
{Vpc=Vp +dv; }
}
if (Vpc>=ymax)
{ Vpc=Vp - dv;}
if (Vpc<=ymin)
{ Vpc=Vp + 3 * dv;}

Vpl=Vp;
Vpcl = Vpg;
dP =P -P1;
P1="D;
}
CLK1 = CLK;
}
y1=Vpc;
y2=P;
y3 =dP;
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Circuit Simulation

DC Input Voltage Vi, = 70V
Boost converter
specification is as DC bus Voltage Vd =100V
follows: Fs =40kHz > Vg = 5Ver (PWM)
Cp, = 200uF » Ly = 660uH
Ks = 0.6 (DC current sensing factor)
Kv =1/40 (DC voltage sensing factor)
The analogue circuit diagram based on the parameters above is as

the following figure 4.18 shown:
PSIM File: PEK-550_Sim4_PV_Boost_V11.1.5_V1.1

Model Name :  PEK-550 é/t'i
Experimentation : Sim4 7
Description : PV Boost Converter
PSIM Version o V1115
Date © o 2019M12/24
Version AN |
a0V P
284 T oe G 6604
+ ? - ] T - ;\ Py
-«@ wn ;?50‘03
= HoT ]
Tov ’_LP l < 1100
= 0.6 200u
2.5A 1/40
T IJ[ =10k
[Tox L C I
‘= 1140 Ib
o Y 06 10k (W)
j‘ak R
Vpc Vpe
o) g0/40 VB o @
. 4 —1/40 P Abe- L . \7)Vconp
ey T O G OO e
(Ip-—A = I — &) 300 ! Caar
(>r1 : P <L 40k
Start ‘Lgm - 40/(100/5) T
T ) Cvd— =
1 @E;QOO P&0O MPPT &
¥ &

Figure 4.18 Experiment 4 PSIM analogue circuit diagram
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The simulation result is shown within the figure 4.19:

O O O S O S W O

: i
"W‘“ L/ A A L AT A i e

Figure 4.19 Experiment 4 analogue circuit simulation waveforms

The digital circuit diagram based on the analogue circuit is shown
as the figure 4.20:
PSIM File: PEK-550_Lab4_PV_Boost_V11.1.5_V1.1

Figure 4.20 Experiment 4 PSIM digital circuit diagram
Because the circuit, which practically generates Code, has the
MPPT adjusted frequency 2Hz and it is time-consuming for

simulation based on this circuit file, we alternately provide another
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digital circuit, “PEK-550_Sim4D_PV_Boost_V11.1.5_V1.1”, of
MPPT adjusted frequency 100Hz, based on which it requires

relatively shorter period for simulation result. Refer to the figure

4.21 for the simulation result.

SRR N WP S |

Figure 4.21 Experiment 4 digital circuit simulation waveforms

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

The required devices for experiment are as follows:
* PEK-550*1

* PEK-005A *1

* PEK-006*1

* PTS-5000 * 1 (with PSW160-7.2 and PEL-3031E)

* PC*1
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Experiment Procedure
1. The experiment wiring is shown as the figure 4.22. Please follow

it to complete wiring.

o

sir

Figure 4.22 Experiment 4 wiring figure
2. After wiring, make sure the PEK-550 switch is OFF followed by
turning the PEK-005A switch ON. The DSP red indicator lights
on as the figure 4.23 shown, which means the DSP power is
steadily normal.

GYINSTEK
PEK - 550

Figure 4.23 DSP normal status with light on
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3. Refer to the appendix B for burning procedure.

4. Refer to the appendix D - SAS software operation manual for PV
system setting process in simulation. As the figure 4.24 shown,
the open circuit voltage of first curve is 90V, and the short circuit
current is 2.8 A with the MPP voltage 70V along with the MPP
current 2.5A. As the figure 4.25 shown, the value of second curve
is set 90% of the first MPP. The open circuit voltage of the second
MPP, therefore, is 81V, and the short circuit current is 2.52A with
the MPP voltage 63V along with the MPP current 2.25A.

By & |
PV Source
Voe| |77 Vmp | [64.032 Margin [0 & SAS Create 2020/6/2
3 T4 03:23:58.10
Ise| |12 Imp |10 | Mode  Auto | <65535> |
wns code : |_“‘h 101
- [= Conta =
b 1 = 160~
140-
Voc 0
0 120
9 . 300
sc d
% . 51
Alarm § 8
. & Vmp. 00| 80-
s -
Ouput OFF/ON
4 imp. X
B 5 ©
»
¢ Margin C 20-
O ottt e b o b b g s bt et
Mode 5 0 3 1015 20 25 30 35 40 45 50 35 60 65 70 75 80 85 %0
vor

Figure 4.24 The Tst curve setting value

FsAsmaind e * |
=k =
PV Source :
Voc |77 Vmp [64032 Margin |0 o SAS_Create 2020/6/2
T4 03:25:32.91
I [12 imp |10 Mode [Auto <65535>
s 28— 7 Acs 150
26
2 [3 coniig
140-
18 Voc 810
W
e
Output OFF/ON it vmp 63.000 ®
B o6 =
" Imp.
04-
[ 4 =
02
OF v vow e o Margin| - T S
0 3 1015 20 25 30 35 40 45 50 55 0 3 1015 20 25 30 35 4o 45 50 55 €0 65 70 75 80 85 %0
Vot Volt
7 Vottage [l Cunert [l £ Pover Mode|  Auto
77

Figure 4.25 The 2nd curve setting value
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5. After powering on PEL-3031E, set voltage 100V in CV mode and
activate load function as the figure 4.26 shown.

NSTEK ==

use LOAD

1.912v 0.000v
0.0ma

Figure 4.26 PEL-3031E operates under CV mode
6. After setting, launch PSW power output followed by powering
on PEK-550.
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The experiment result

This experiment, which simulates that PV panel receives
intensifying lights and is impacted by environmental factors,
outputs power fluctuately. In order to fully manipulate, it makes
operation fixed in the MPP via the MPPT method. From the SAS
program, it has seen that output power of I-V and P-V curves
approaches the maximum power point gradually as the figure 4.27
and 4.28 shown.

Voc |90 Vmp| 70 Margin |0 o SAS Create 2020/1/14
=1 = T4 05:04:05.04
Ic 28 | imp. (25 Mode  Auto SAS Config 1
— 7 180
ode a

0
‘ 120-
| - ad . 100
| Atsom H
Voltage < 8o+
. * 8941
1 |
Output OFF/ON as Current
05 009 a0
0sd
Power e
024 @ 840 (P
| R e e e L o4 . . . ' '
O B H % 4 %0 & o H % W o E:] @ & L] 100
Volt Intensive Volt
7 Votage [Y ¢ Corert [/ Pover ] 95
Es

765-]
76+

Figure 4.27 SAS initial startup state

T Voc| |90 Vmp |70 Margin| [0 %  SAS.Create 2020/1/14
o T4 05:05:44.14
Be|[28 | Imp. (25 | Mode | |azo | sasconfigr |
28— 7] Act I 180
code
o 26+ £l X 1 @
® 160-
22 140-
18+ 9
28 pload 100
Al § 144 H
Sl Voltage 2 g
. il 7289
ol
Output OFF/ON il Current
08 242 40-
044 Power
»-
02+ 17618
o, b o4
6 1 2 % 4o s 6 o s % ° 2 P & 0 10
Vo Intensive Vol
Y 7 vorage A 7 corert [ 7 P | 75
7
765
7.

Figure 4.28 SAS exists in the maximum power point of the 1st curve
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I-V and P-V curves are subject to influences from environmental
factors and thus result in varied curves. As the figure 4.29 shown,
when curve changes to I-V and P-V curves, the output power is
maintained still and is approaching the maximum power point
gradually. See the figure 4.30 shown.

] SASmainsi

PV Source
Voc (81 Vmp |63 Margin| [0 | |&  sAs Create 2020/1/14

S T4 05:06:12.27
Iscl 252 Imp| 225 Mode| Ao ) SAS_Config 2

180,

COM14

ol |

T 160~
.Config 2 |
0.
18 120-
o ® el ®
" 144 H
Al £ 3
a.] Voltage ¢ s
® ; 7o
-
Outpu OFF/ON Al Current
08 155 4o
04 Power -
024 11041
° ¥ o4
o b A % & H & ® % ° » o ) ) 100
Vot Intensive Volt

e I >

Figure 4.29 SAS changes vaired PV curves

COM1A 5] Woe| (81 Vimp| 63 | Margin 0 M  SAS Create 2020/1/14
Y T4 05:06:41.42
Ise| (252 Imp 225 Mode Ao | SAS_Config 2 l

® e
120-
pload . 100-
H
Aarm H H
Voltage <
® i 6460
. &
Output OFF/ON o Current
06- 21 a0~
04- Power -
02- 14245

Intensive

Figure 4.30 SAS exists in the maximum power point of the 2nd curve

It has seen that, from the above results, MPPT control function of
PEK-550 is able to maintain the maximum power output for PV
panel. Though PV curve varies due to environmental factor, the
highest utilization rate can be reached still.
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Experiment 5 — Three

Phase Islanding Protection
Inverter

Preview

1. Understand the voltage and frequency specification of
distributed power

2. Learn voltage and frequency calculation

3. Learn active and passive islanding effect detection

4. Learn design of sliding mode frequency offset islanding effect
detection

5. Learn simulating circuit establishment and simulation

6. Learn DSP digital control circuit plan

7. Validate voltage and frequency protection as well as islanding

effect protection

Experiment Contents and Purpose
1. Build grid-connected system under islanding effect after power
grid is removed

2. Make inverter escape under islanding effect via AFD method
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Principle and Design

When PV inverter is grid-connected, it works normally based on
power grid voltage. After power grid voltage is removed, inverter
stops operation logically. If inverter keeps operation, we call it
“islanding effect” in which the harmonic frequency formed by
conductance and capacitor of whole system is in proximity of the
power grid frequency. Hence, inverter is not able to detect that
power grid has been removed, and anti-islanding effect mechanism
is necessary to add into inverter system so that inverter can escape
successfully even under this condition. We list several
specifications relevant to islanding effect as the table 5.1 and 5.2
below, from which we may understand that escaping time
specifications vary per different voltage and frequency ranges.

Table 5.1 Voltage specification

Item  Voltage Range Escape Time
Standard (% standard voltage) (second)
IEEE Std. 1547 V<50 0.16

50<V<88 2.00
88<V<110 Normal
110<V<120 1.00
120<V 0.16
UL 1741 V<50 0.1
50<V<88 2.00
88<V<110 Normal
110<V<120 2.0
137<V 0.033

Table 5.2 Frequency specification

Item F R Escape Time
Standard requency Range (second)
IEEE Std. 1547 >60.5 0.16

<30kW
<59.3 0.16
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> 60.5 0.16
>30kW <|59.8~57.0}  0.16~300
<57.0 0.16
UL 1741 f>60.5 0.1
59.3< f <60.5 Normal
£<59.3 0.1

As the figure 5.1 shown, islanding effect detection is divided into 2
tpyes: active and passive. The figure 5.3 illustrates the most
common detection method. When turning on the switch, passive
detection takes advantage of AP and AQ, which are non-zero hour
voltage and frequency changes, to know grid power outage.
However it comes with larger non-detection zone (NDZ) instead.
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Figure 5.1

Islanding effect
test illustration

Qinv AP AQ vV

Inverter —_ — S}“{: S@
e

Utility

Table 5.3 Islanding detection method

Passive

Over/under Voltage
Over/under Frequency

Voltage Phase Jump

Detection of Voltage Harmonics
Detection of Current Harmonics

Active

NG PN SO W=

Impedance Measurement

Detection of Impedance at a Specific Frequency
Slip-mode Frequency Shift (SMS)

Frequency Bias

Active FrequencyDrift (AFD)

Voltage Shift

Frequency Jump

The following discusses the existed NDZ area of passive islanding
detection. And the equation below is created by the power
condition of grid power in parallel as the figure 5.1 shown.
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AP = Py — Proga (5.1

AQ = Qiny — QLoad (5.2)
VSZ

Proaa == (5.3)

1
Qroad = Vsz (H —wC)

1

“r=JTc (5.5)

(5.4)
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Qr = R\/%
(5.6)

The equation (5.7) is acquired via arrangement of equation (5.3).

Vsz
PLoad (57)

The following equation can be acquired via substituting equation
(5.7) into (5.4):

R =

v (L 11
Quont = V2 (57 = ) = Prowa ROy 5 (o = )

2
Quona = V2 (2 = @C) = ProaaR0; - (5 — wC)50
Further substitute and arrange equation (5.6):

R (i - a)C) Pioqa Qf (—= — wVLC)

QLoad = PLoad Qf C ol
RJT

2(=—— — A
Quoaa = V2 (2~ @C) = ProaaR0y - — @C)59

\/_

o fo f
Quoad = Proad Qs (% - w%>:P Load QO 7 = )

1 1
Quoaa = V2 (£ —wC) = ProaaRQy o~ (o — 0C)E10
Via equation (5.1) it can be written as follows:
Piny = Proaa — AP =Vl (5.11)
Proaa — AP
Vs (5.12)

When grid power escapes, the equation can be expressed as follows

I, =

where V, indicates PCC point end voltage after escape.

Vo =1,R (5.13)

Further substitute equation (5.7) and (5.10) for arrangmenet.
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:IR:PLoad_AP- Vs2 ZV(PLoad_AP
¢ ? Vs PLoad 3 PLoad
(5.14)
v, =V,(1 AP )
C Proa (5.15)
8P _ Ve
Proad Vs (516)

We presume that voltage range is gri-connected normal range as
the equation (5.15) shown.

Vs,min << Vs,max (5.17)
Substitute equation (5.15) into (5.14) and the NDZ area of real
power can be obtained as the equation (5.18) shown.
Vs,max < AP Vs,min

< <1-
Vs PLoad V; (518)

1-—

Similarly, the NDZ area of reactive power is shown as the equation
(5.19) shown.

fmin f AQ fmax f
Q(———7)< < Qs( - )
f fmin PLoad f fmax (519)
NDA is shown as the following figure:
Figure 5.2 AQ -
NDZ area OF
ov UV AP
UF

This experiment takes AFD (Active Frequency Detective) as
example for active isnalding effect detection realization.
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AFD, which effectively shrinks NDS area of passive islanding
detection, is based on the theory that inverter current command
injects into slight angle to make phase difference in current and
voltage frequency. When it is under grid-connected status, voltage
frequency is determined by power grid. When, however, power
grid escapes, voltage frequency will shift due to the injection so that
islanding can be detected and inverter is able to escape.
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Circuit Simulation

The inverter specifications are as follows:

BUS Voltage VBUS =100V
Fs =20kHz > Vtri = 10Vpp (PWM)
CBUS = 940uF > L =1.02mH > C = 10uF

Inverter
Specification

Ks =0.3 (current sensing factor)
Kv =1/60 (AC voltage sensing factor)

Kv =1/40 (DC voltage sensing factor)
The analogue circuit diagram based on the parameters above is as
the following figure 5.3 shown:
PSIM File: PEK-550_Sim5_3P_Islanding_Prot_Inv(50Hz)_
V11.1.5_V1.1

lame PEK-550 re_oFT
tion Sim5 B @ B P L
Three Phase Islanding Protection Inverter 50 -
1115
Tha

2019112124

Figure 5.3 Experiment 5 PSIM analogue circuit diagram

120



Gcw |n5rEKExperiment 5 — Three Phase Islanding Protection Inverter

The simulation result is shown within the figure 5.4:
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01 0z 0.3
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Figure 5.4 Experiment 5 analogue circuit simulation waveforms
The digital circuit diagram based on the analogue circuit is shown

as the figure 5.5:
PSIM File: PEK-550_Lab5_3P_Islanding Prot_Inv(50Hz)_

V11.1.5_1.1
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Figure 5.5 Experiment 5 PSIM digital circuit diagram

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:
e PEK-550*1

* PEK-005A *1

* PEK-006*1

e PTS-5000 * 1 (with GDS-2204E, APS-300, PSW160-7.2, GPL-500 and
GPL-600)

e PC*1
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Experiment Procedure
1. The experiment wiring is shown as the figure 5.6. Please follow

it to complete wiring.

- o |
LA (T &
PSWi6072
N
Driver = 0} ome. i sn T g 0
Power = : - =8 Hihe s e
= AR pmmdatnitend
g ﬂﬁ e I
Power = |
PEK-00SA 3 GPLS00
S o o) E—
L ov [ ',‘\‘ e B R S
T R— = ™
GPL-600 APS-300

Figure 5.6 Experiment 5 wiring figure
2. After wiring, make sure the PEK-550 switch is OFF followed by
turning the PEK-005A switch ON. The DSP red indicator lights
on as the figure 3.13 shown, which means the DSP power is
steadily normal.

B

GYINSTEK
PEK - 550

Figure 5.7 DSP normal status with light on
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3. Refer to the appendix B for burning procedure.
4. Connect the test leads of oscilloscope to Vo-AB, Vo-BC and Vo-
CA, respectively, as the figure 5.8 shown.

Figure 5.8 Oscilloscope test leads wiring

5. Set voltage as 110V, current as 2A for PSW160-7.2 as the figure
5.9 shown.
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Figure 5.9 The settings of PSW 160-7.2
6. As the figure 5.10 shown, follow the steps below for GPL-500
operation. Power on GPL-500 — Rotate the Three Phase Lord
knob to Resistance Load — Set 1TS and 2TS and 3T as ON,
which indicates full-load mode.

. _—
Figure 5.10 Mt Furcion Passhe Load
The full-load spwin 4 o [ on B
setting of GPL- ® &

500 i

[—

7. The operation process of APS-300 is shown as the figure 5.11.
Power on APS-300 — Set 50Hz for frequency — Set operation
mode as 3P4W — Set output voltage as 28.86V.
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Figure 5.11

APS-300 Settings ! =73

8. After setting, turn on both PSW and APS-300 power output
followed turning on PEK-550. And after turning on LCS switch
of GPL-600, both GPL-600 and GPL-500 will be in parallel (cords
of in parallel have been connected between GPL-500 and GPL-
600 beforehand in PTS-5000 system). Further turn on 1CS(20uF)
of the adjusted capacitor and also turn on the AC switch as the
figure 5.12 shown.

Figure 5.12

9. After setting up, turn on PSW and APS-300 power output
followed by powering on PEK-550 for test.
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The experiment result

*  When PEK-550 is turned on, it has seen that power provided by
PSW is 200W and also single phase 26.6W in power provided by
APS-300 as the figure 5.13 shown.

Figure 5.13

(a) PSW (b) APS-300 output power

In order to build islanding effect, it is required to modify output
power of inverter via PSW output current adjustion to result in
zero for APS-300 output power as the figure 5.14 shown. The figure
5.15 shows that AC switch of GPL-600 is cut off.

Figure 5.14

APS-300 output
power is zero

Figure 5.15

APS-300 cut-off
method
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» If PEK-550 maintains operation after AC switch is cut off, it
signals that the harmonic frequency formed by system is 49.8Hz.
and inverter is not able to detect that grid power has been cut
off and thus keep its operation, which is known as islanding
effect as the figure 5.16 shown.

Figure 5.16 T [ o (e () [
Output voltage
frequency under
islanding effect

» If PEK-550 escapes immediately after AC switch is cut off, it is
because that harmonic frequency formed by system is not
within the set range. Therefore, it is necessary to turn off PEK-
550, PSW and APS-300 altogether followed by rebooting AC
switch and restore back to the step 8 of experiment. Also, it is
required to fine tune the capacitors in parallel of GPL-600 as the
figure 5.17 shown. In addition to the original 1CS(20uF), please
connect the 5CS(5uF) in parallel as well and repeat the following
steps until AC switch is cut off and PEK-550 no longer escapes.

Figure 5.17
Fine tune load
capacitor (in
parallel 5uF)

* After islanding effect is established, it is available to, from
oscilloscope, observe that the current output voltage frequency
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is 49.8Hz.Through the AFD method, adjust current shift angle (0
degree by default) via RS232 as the figure 5.18 shown.
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Port settings
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(] Patﬂ Integrity %100 Help [oc ac | end

When adjusting shift angle to 1, output voltage frequency will
be 50.3Hz as the figure 5.19 shown. When adjusting shift angle
to 2, output voltage frequency will be 50.8Hz as the figure 5.20
shown. When adjusting shift angle to 3, PEK-550 will escape
immediately.

When adjusting shift angle to -1, voltage frequency will be
49.3Hz as the figure 5.21 shown. When adjusting shift angle to -
2, PEK-550 will escape immediately.

GWINSTEK Har 2028 |

20:49: 66

Figure 5.19

The output
voltage frequency
when shift angle
is 1

[frg'd] (1) [*

@ 56.3428Hz |

@ - v &= 1

@RMS 1.450 @IRMS 1.43V @Frequency 50.48Hz
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Figure 5.20 GinsTEC (s (1] [* siadan

The output
voltage frequency
when shift angle
is 2

@ = v @8 =

[@RHS 1.450 @RHS 1.43U

86

Figure 5.21 GUInsTEC (rigd) (M) [ ™ 57edes

The output
voltage frequency
when shift angle
is -1

0 - v @ = W

[onns 1.43v @RHS 1.43V @Frequency 49.35Hz

Fill in the table 5.4 with the varied shift angles and relative voltage
frequencies.

Table 5.4 Shift angle and output frequency

. Output Voltage
Shift Angle Freqlilency (ng)
0 49.8
1 50.3
2 50.8
-1 49.3
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From the table 5.4, it has seen that when shift angle deviates from 0,
the output voltage frequency will be farther away from 50Hz. PEK-
550 will escape when output voltage frequency is not within the
range of 52.5Hz and 47.5Hz. If setting the system shift angle as 3,
islanding effect will be detected automatically and PEK-550 will
escape.
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Experiment 6 — Three

Phase PV Grid-connected
Inverter

Preview

1. Understand MPPT boost converter and full system operation
after combination of grid power in parallel and inverter

2. Learn the second-stage circuit start method

3. Validate MPPT under the second-stage circuit system

4. Validate the power grid in parallel under the second-stage
circuit system

5. Learn analog circuit establishment and simulation

6. Learn DSP digital control circuit plan

Experiment Content and Purpose

1. Learn operation of the second-stage PV inverter system

Principle and Design

This experiment is the second-stage grid power in parallel inverter
circuit and its control architecture is shown as the figure 6.1. Of the
circuit, boost converter controls input voltage in order to reach the
MPPT purpose of PV panel. The three phaser inverter, on the other
hand, maintains BUS DV voltage stability and takes advantage of
phase lock loop to reach synchronization between inverter and grid

133



GUYINSTEK PEK -550 User Manual

power. Refer to the experiment 4 for the boost circuit design and
the experiement 3 for the three phase inverter circuit design.

The start sequence indicates that relay grid connection is lauched
when phase lock loop synchronizes with grid power. After grid
connection, make sure DC side BUS voltage and lauch inverter
PWM followed by turning on boost circuit PWM.

Boost Converter Inverter

. . Jﬁ} K B3 (—W‘::“—
A " o]
; [ % 2 JE’ETLM_L.

PV modules
SVPWM

Voo

I
|

[

AC Grid

! .
L | Islanding fe—F
Protection

PWM

Vg

Current
Controller

1,

f— Liane

H
51 ySlabc
Protection Ty e

Viab Vere Vica

V.

PV Voltage
»

Regulator

Current
Controller
ri:‘f
Voltage
Controller

Vae

Ve

MPPT Controller

o

Figure 6.1 Circuit control architecture
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Circuit Simulation

The specification of inverter is as follows:

Inverter
Specification

Input Voltage Vb =70V

BUS Voltage Vd =100V

AC Source Voltage VLL = 50Vrms

Fs = 40kHz » Vm =5Vpp (Boost PWM)
Fs = 20kHz > Vtri = 10Vpp (Inverter PWM)
Cb = 200uF > Lb = 660uH

CBUS =940uF > L =1.02mH > C =10uF
Ks =0.3 (AC current sensing factor)

Ks =0.6 (DC current sensing factor)

Kv =1/60 (AC voltage sensing factor)
Kv =1/40 (DC voltage sensing factor)

The analogue circuit diagram based on the parameters above is as
the following figure 6.2 shown:
PSIM File: PEK-550_Sim6_3P_PV_GC_Inv(50Hz)_V11.1.5_V1.1

I3
P 1 @ T
GE- o+ T el

L HE

Figure 6.2 Experiment 6 PSIM analogue circuit diagram
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The simulation result is shown within the figure 6.3:

Start P Boost start

PV voltage tracking

150 |
w /‘//r PV input power
0k

W
110 [ DC bus vnllage

10 /\ L e
0

Covidd 14.
wria vuuuge a“d current 1

Figure 6.3 Experiment 6 analogue circuit simulation waveforms
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The digital circuit diagram based on the analogue circuit is shown
as the figure 6.4:
PSIM File: PEK-550_Lab6_3P_PV_GC_Inv(50Hz)_V11.1.5_V1.1

oE (9} @
= 143 1414, . v o -
: o N vl R v §m‘j§:: :
-f;r &t 417\’—'7’—1‘?‘% ;"M‘ﬁw““y ) = ucl .
T 'iw‘_:‘}?_ﬁzﬁfﬁl.u 5%
SLEPR 89 988 [
Py L] £L0 4L i e e = =3 s
A9 Db b o, CODIODORAOOROND D B
e o rebo. bidddbhbanty =S EB-
LA O~ e v~ A R~ -
T 2o P
PR as o S o
§:[ B . S:_’-«:D
g = ‘EIJ' a-{T':c-“:I §ED
= I S R % 2o »
= :] T g E 0 orrg S{lo -
s e 8 T £3 §E0m5y -
- 0 (= g 3
U g N i i S ; e,
By @ OO B SE T o )
g ST R o 0 pBYE (4= I {-] r,ﬁa
o g s b ] j_t ,
)
] = 1
; o i 5 Dogy §
E.gy_g? ﬂ?&%-‘t‘cgﬂa» -{:\-ﬁm-& "'?f‘}"'?’ ) BiE
$Te T 3 9 !
=t j‘* e =
1 ’“Df 3
bt ?f&

Figure 6.4 Experiment 6 PSIM digital circuit diagram

Because the circuit, which practically generates Code, has the
MPPT adjusted frequency 2Hz and it is time-consuming for
simulation based on this circuit file, we alternately provide another
digital circuit, “PEK-
550_Sim6D_3P_PV_GC_Inv(50Hz)_V11.1.5_V1.1”, of MPPT
adjusted frequency 100Hz, based on which it requires relatively
shorter period for simulation result. Refer to the figure 6.5 for the
simulation result.
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. 4‘_\'/\\&'\\7‘\.};’7‘\»{?:\)_;}\'4

Figure 6.5 Experiment 6 digital circuit simulation waveforms

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

The required devices for experiment are as follows:
* PEK-550*1

* PEK-005A *1

* PEK-006*1

« PTS-5000 * 1 (with GDS-2204E, APS-300, 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 6.6. Please follow

it to complete wiring.

PSW 16072

STy
Driver i i Lo e
Power E ’ s » =
¥ .&. o
s g Auxiliary -
# Power |17 |

PEK-005A GPL-500

Figure 6.6 Experiment 6 wiring figure
2. After wiring, make sure the PEK-550 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.

GYINSTEK
PEK - 550

Three Phase PV Inverter

Figure 6.7 DSP normal status with light on
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3. Refer to the appendix B for burning procedure.
4. Connect the test leads of oscilloscope to Vo-AB, Vo-BC and Vo-
CA, respectively, as the figure 6.8 shown.

Figure 6.8 Oscilloscope test leads wiring

5. Refer to the appendix D - SAS software operation manual for PV
system setting process in simulation. As the figure 6.9 shown,
the open circuit voltage of first curve is 90V, and the short circuit
current is 2.8A with the MPP voltage 70V along with the MPP
current 2.5A. As the figure 6.10 shown, the value of second curve
is set 90% of the first curve MPP. The open circuit voltage of the
second curve MPP, therefore, is 81V, and the short circuit current
is 2.52A with the MPP voltage 63V along with the MPP current
2.25A.

i i g |

Fisie
Figure 6.9 e — —— 0 S
1 o= T4 03:23:58.10

o em T

The 1st curve
setting value
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Figure 6.10 = - . =

Ve [77 | vmp o032 Margin [0 | & sascreate 2020/6/2
i

J 5 " = T4 03:25:3291
The 2nd curve = ——— e
setting value "

6. As the figure 6.11 shown, power on APS-300 and set 50Hz for
frequency, 3P4W for mode, 28.86V for output voltage.

Figure 6.11

The setting of =

nn
(NN

7. As the figure 6.12 shown, power on GPL-500 and rotate the
Three Phase Load knob to Resistance Load. Set 1TS, 2TS and 3TS
as ON, which indicates the full-load mode.

Flgu re 6.12 Multi-Function Passive Load
MAX_ 300W
e

GPL-500 full-load o witn o E F:r‘necmml.ou Off  Resistance Load
setting

8. After setting up, turn on PSW power output followed by
powering on PEK-550 for test.
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The purpose of experiment

When PEK-550 phase lock is completed, relay starts up and PEK-
550 is grid-connected with APS-300. It has seen that APS-300 begins
providing/absorbing power and PSW output voltage is
approaching MPPT point.

Through the experiment process, the default 2 different PV curves,
which are used to simulate the varied curves generated by differd
sun exposure, can be switched at any time and will approach the
MPPT point in the end, respectively, as the figure 6.13 and 6.14
shown.

Figure 6.13 = —— B (5 oo @ o
SAS in the =

maximum power | L. | g ||
point of the 1st
curve

vvvvv

Figure 6.14
Voe| 81 vimp| (62 | magin 0 | & sascreate _2020/1/14
SAS in the - e

maximum power
point of the 2nd
curve

upuomON
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Appendix A — PEK-550

Circuit Diagram

Three Phase INVEITEL c.ooviiriereireeecieeesieeeieie e tesesse s sse e sse e sseseessenans 145
F28335 Delfino conttol CARD ......ooveveveveieecccccteceeeeeeeee e 153
GALE DIIVEL tevviiiieieiietetrteecse ettt ettt sesbe e asbasensesen 154
Gate DIIVEE POWET c.cviuiirieiiinieiiriecesieeesteeese ettt be e s s s senaeses 155
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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_Lab1_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.

P _nus\m‘-i~sw.mﬁmﬁﬂﬁlxilﬁmw—&w
DS ST suvwe (-0 = PRRADBE R < “, - AD K

wrmreRRBES WY e BB 20890 vr @RSRPBLRS CC
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0 e P N PP A
T e b Cutens wides b

REIT L] & K
11 This e b created by SimCoder Version 11.1.5.1 far F2833x Harware: Targec
i
11 SimCater is capyrighn by Poseersim nc., 20082018
11 Dte: Jasmnry 13, 2020 16:55.35

<math. b

e TS bies b

Fioas DmkauhTyme,
Fachne GerCurlimeD 15, GetSysTimer
Fachine PUMINCHECK |/ Ta bowes FWM value Scitiog time, comment out his line if PWM duty crele walues ase strscaly hamited in the ramge
terupt wesd Tashy,
o Tank 10,
conat Lint16 PSD_Cputlock = 150; {1 MHz
xreen Detru b
extern  DetaulType bivcomal

DefaultType  IChiVemnisl
exern  DetauType  Ghi¥enach
e DetaurType  fobismar,

P 3 P IRECT AP P 6 Pam b

Fafmn PSC SCIPAISE 0x1600600
Fachne PSCSCLRESTART 042000000

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_SVPWM_Inv(S0Hz)_V11.1.5 V1.1 (C cod c

PEK_Subcircuit SYPV/I Vil 20 PSIM Document 14K8

c 20 PSIM Document 171 K8

PEK-550_Sim1_3P_SVPWM _Inw(50Hz) V1115 V11 20 PSIM Document 105Ke

F21 28

2833x_Headers_nonBIOS 2 0. 9KB
28335_FLASH_Lnk 2 0. 7KB
28335_FLASH_RAM_Lnk 2 0. 6 KB
28335_RAM_Lnk 2 o V ws BT 4KB
asswords 2 o ASM Source File 4KB
PEK_550_Labl_3P_SVPWM Inv 50Hz_V1115V11 2 o C Source File 13 KB
EE| PEK_550_Labl_3P_SVPWM Inw 50Hz_V1115V11 2 0.. Altium Embedde.. SKE
PS_bios 2 0.. C/C++ HeaderFile 22KB
&-| PsBiosRamFa3xFloat 2 0.. Altium Library 631 KB
&:| PsBiosRomF33xFloat 2 0. Altium Library 636 KB
5| ts2800_fpu32_fast_supplement 2 0. Altium Library 17 KB

3. Open CCS and select “Project” tab followed by
clicking “Import Legacy CCSv3.3 Projects” as the
figure below.
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£ vorkggace 17 -CCS Edt - Godakagoeser S I

File 1 Vi E Project | JRun  Scripts  Window Help
A A= v“{mawCCSProjact.
@ NewEnergia Sketch

Examples.

[ Project Explorer &2

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

Build Automatically

Show Build Settings..

I Import CCS Projects...

@ ¢ c ImportLega:y CCSw3.3 Projects. >

Add Files..

RTSC Tools »
@, ImportEnergia 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.

5+ Import Legscy CCS Projects L=
Select Legacy CCS Project
Select a legacy CCS praject or a directory to search for projects. /4

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

) Select search-directory:

DiscoveredfElcy projects

'LI' sl

Dese=mAl

O ©)

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

Create  subfolder for each Edlipse project (recommended)

®
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EAEE - EANER

¢ zeER E —
& Oreline G PER_550.Lab130_SVPVIM v, 50HS_VILL5.VLE go0/i/13 T 0. Al Ervimcdad Propct 5

0
@

e
=T

aams

s
e Windows? 05 -

MRS PEK_S50.1ab3.I8_SVPVM o 500_VI115.V11

5. Select " Copy projects into workspace “ followed

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

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

@ Select a project file:

DAPEK NEW PSIMNPEK-550 V111 5\PEK | Browse.. |

(©) Select search-directory Browse

Discovered legacy projects:

Select All

Deselact All

opy prajects into workspace

[ = oFTach projes

Create a subfolder for each Eclipse ct (recommended)

U

®@ o (latennn ) Eon Canee
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Select Compiler E%

Select a compiler version for each migrated project.

Device Fa..  Compiler

Project
(I PEK 550 Labl 3P_SVPW.. =) C2000  1683LTS

Next>

@ < Back

% Import Legacy CCS Projects ===

Select Compiler @
-

Select s compiler version for each migrated project.

Project DeviceFa..  Compiler

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

e § [

Issues that may require your attention were encountered while migrafjng re
fetails.

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

| [ Gors

@ < Back ][ Next > ]| Finish
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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.

Fle Edit View Navigdle

s iBRiR-ig
] Energia Sketch...

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

Configurations. >
Build Working Set v

n Scripts Window Help
T New CCS Project

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

C/C++Index »
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Resour

Genen 3
4+ Build Configuration: [1FlashRamRelease [Active |
4 €2000 Compiler
Processor Options

Mu:np:.u;; '

Optimi
Device

<0

Performance Advisor
Predefined Symboks fomily: |C2000

2833+ Datfn
o[ Verfy— | (smplies to whole project

[#Manage the projects target-configuration automatically

Advanced Options g
C2000 Linker
mm Uty [Di .@

Advanced settings

Compiler version TIVI6S.3LTS vl Mo |
Outputtype: Executable

Outputformat legacy COFF 2

Device endianness

@@

Runtime support fbrary: <automatic>

 Build Canfiguration: [1.AashamRelasse [Actia | | [Manage Canfgurations_
4 C2000 Compiler
Processor Options

Include Opions
Perfommance Advisor
Fredefined Symbols
Advanced Options

[ Select All
| Deselectall

n»qu\

€200 Linker
€2000 Hex Uty [Dissbled) - il @
Debug n*:’ 100

!
c-‘.\

@ showsdvanced sations

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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¥+ workspare v -

fle Edit ew [igogate Poject Fun Senpts limdow Heip
e £ @i dp - A - .

{2 Project Explorer 1,

. 5q =8
2 pek 550, Jaﬁw Linv 30Hz_V115.V1

Connect PEK-006 to PC and PEK module

respectively followed by clicking “Debug” to

proceed to burning process.
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PPN, ]
File Edit View Navigate

N Pr Run Scripts Window Help
- ‘M.‘g@ﬁ.‘ m———

[ Project Explorer 52 BE% v=0O

v 50Hz_V1115V1

» i PEK 550_Labl_3P_SVPW

@

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

- workspace.v7 - CCS Debug - Code Composer
|F|Ia Edit View Project

ls Run Scripts Window Help
= ciBEs a-» 5.
= 8
BER ¥
WPWM_Inv_5(

- =R
‘s [ Project Explorer 57

» 45 PEK_550_Lab:

ERC L HE

@

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

and checking “Delete project contents on disk”
Finally, click “OK” to complete the action.

Cirl+Y

ER-E
Ctrl+X

2z V1115 V11 [Active - 1 FlashRamRelease]

Ctril+C
Ctrl+V

e
Ctrl+A

Find/RepTaee:

Ctrl+F

4oy Areyousure eyou wam to remaove project
'PEK_550 0Hz_ V11 1 5 V1 1' from the workspace?
et project contents on disk (cannot b undone

(ol = ]
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Appendix C — RS232

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

GYINSTEK
PEK - 550

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

SEgas |
2R RaW RV REH
L Aol 7 =)

I+ Tony-VPCsB10GW =
I 22

sz
ALPT)
o-Serial Comm Port (COML13)

i

8 EENES
-& Bluetooth HE (RFCOMM ER BT TOD

4 Bluetooth £ (EABSER)
& Intel(R) WiFi Link 1000 BGN I

& Realtek PCle GBE Family Controller
£ WAN Miniport (IKEv2)

£ WAN Miniport (P)

€ WAN Miniport (Pv6)

€ WAN Miniport (L2TP)

¥ WAN Minioort (PPPOE)

4. Open PSIM program and select “DSP
Oscilloscope” under “Utilities” tab.
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5 psiv
D& bR o @

© File Edit View DesignSuites Subdircuit Eled

sl DAL s e TR

Parameter Tool

Script Tool

52z Converter
SPICE Netlist Check
InstasPIN Parameter Editor
SimCoupler Setup

rogram

DSP Oscilloscope

Device Database Editor
Curve Capture Tool

E-H Curve

Solar Module [physical madel)
Ultracapacitor Model Tool

&) Launch/Export ta SmartCtrl

Uniit Converter
Calculator

5. The Port settings are as follows.
1) Select the COM port being used by RS232.
2) Set 115200 for Baud rate.
3) Set None for Parity check.

DSP Osg
Port settig:
seslport. [ ] Vet T
Baudrater  [115200 - i —I
O |
0P —
’}r Continuous © Snapshot ‘
Allvariables Selected variables
B
<
Setinput
Update Al
]
Tinebase scale
ﬂ | vt = v =
|| change ssciground | ::‘I’; = #H onee Il
T | [ ek | a2
q I Autoscale L |
Help oe| sc el

After the settings, click "Connect" to proceed to
RS5232 connection.
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-Port settings
Serialpart: fE) - Test
Baud rate: 115200 -

Farity chedc:  [None. 2

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

Update All

|

[~Triager

“ :“ Variable Var.| =] ou|

S|

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

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

- Elm EI il by [

7. Both the output and input variables schemed

168

within PSIM circuit can be clearly observed when
connection is properly established.

DSP Oscilloscope

P F e I
Baudrate: 115200 -
Parity check: None: hd
(o™ o |
e
Al variat Selected variables
'SM_Vconb
PsM_Veonc =N\ >>
Psm_Voab
[Psm_ILb

=
PSM_Duty

"T\mehase scale [~ Trigger

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

™ huto sce oe :
o pEmmEm e e | A | ! o
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Appendix D — SAS

Operation Procedure

We thoroughly introduce the PTS software
covering SAS signal tracking, BAT simulation
and real-time signal measurement subsystem.
Through the system auto-detection function, each
device can be well applied to the corresponding
functions.

Installation and Startup

Operating 1.  Install the complete PTS software: download the

steps PTS5 installer and decompress it to the location
c:\PTS installer followed by entering the Volume
and executing the Setup.exe as follows.

2 PTSMain = — [E=EEE )

i stongh ecemnzrded el you e 3 np agams belore
ol  Spricalions that tun 11 he bachgroure. 4
il ight caues e insaler o ke Ior\gev tans avelag

Please wait while the installer initiaizes.
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2. The system will search if the required component
has been installed. If the required component is
not installed yet or the installed one is with old
version, the required component will be in the
waiting list for installation. In contrast, if the
installed one is with higher version than the
required one, the installation process will be
skipped.

eisian R S |3 =i=

Destination Directory
Select the instalation directories.

Al software will be instalied in the following locations. To install software into 2
different location, click the Browse button and select another directory.

Diectory for PTSMain
[FH Wk TS Byt | [ rome.. |

Directory for National Instuments products
‘D\ngmmFd.:s\Nahnnal]nxtmmenh\ H Erowse. ]

<cBack || New» | Cancel

Use the default location and press the “Next” to
finish installation. Then, the installed software and
the software waiting to be installed including the
required executing component will be listed.

1
Start Installation
Rewiew the following summary before continuing.

Adding or Changing
+ PTSMain Files

Click the Nest button to begin installation. Click the Back button ta change the installation settings.

saveFie. | [ «Back | Mewss |[ Cancel
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3. Press “Next” to proceed to the following

installation.
3 Prsiain _ ==

Overall Progress: 30% Canplete

Updating component registration.

<cBack Mest>> | Cancel |

The overall installation progress along with each

item progress will be displayed.
[@prsven = =)

Installation Complete

The nsteles has finished wpdating your syviem.

4. Download the PTS SAS package software and
decompress it to the previous location for
installation. A new directory will be added under
the location c:\ gwinstek\.

5. Switch to the directory and it is available to create
a shortcut on the desktop for convenient
execution. See the following screenshot shown.
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g e .. ool
@/ » W » Genuine Win7_64bit (C) » GWinstek » PTS SAS

T - [ ®
config
PEK-540
PTS_PVMainaliases

@ Py

n¥ b
mma
|
= un
.« Genuine Win7_64bit (C))
< Data (0)
< CD A@® (E)
ol CD XM (F) el
» Data (L) ] DR
st dso (\172.16.5.225) Z) RISV |
MSN CE®TE wEIN)
R MSN 28805 e |
awa [
S m momes
% 1F-MEETINGROOM ey
™ AF-MEETINGROOM EF2EM
® 5F-WAREHOUSE -
 AJHUANG
™ ASUS-S14
~ -B-

Right click on the PTS_PVMain file followed by
selecting “Sent to” -> “Desktop (create shortcut)”
to create a shortcut, which allows you to promptly
execute the software from the desktop directly
with ease.

6. Locate the shortcut from desktop and execute it
promptly when necessary later.

Uninstall 7. In the Control Panel, click the “Programs and
Features” item followed by locating the PTSMain
one for uninstall.

2 o
wazsnpE EEWRRRAT  RLANGLAL MR WORE R R
§ REXEN indows 76
- weze - @
25 33
002 Service Pack 1
Gaogle, Inc 9
Prolific Technology INC 180
Good WillInstrument Co. LTD, 3%9M8 110
a2
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Interface Introduction

Program Running Interface

Diagram 1 - —— — “ —
System = o i s =
Running N > i

Interface 2 |=

Diagram 2 ] ]
E
| 400.
- £ 0

V1 display in left and PV display in right. Active
indicates the one after startup. The real IV
measurements, via Intensive setting, allow user to
check the relevant trajectories.

Real-time readings monitor
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Diagram 3 Voltage
125.75

Current
3.53

Power
44391

Intensive

= |

o3
Both Voltage and Current are indicated in the left
side of the IV curve chart from the diagram 2,
whereas both Voltage and Power are indicated in
the right side of the PV curve chart from the figure
2. Intensive indicates the remaining data points on
screen, which tracks the real IVP fluctuating
trajectory.

7] a6 Con
7 488 Cork.2
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Operation

Device connection setup

Diagram 4 PV Source

Device selection '|1/
(1]

2

Establish system connection, via the drop-down
menu, to designate the applicable device.

Establish PV reference curve

Diagram 5 Ve 1) vmp[fez 1] Wargin][o | & sascreae |
Trajectory wle | o | hoge[jaee | '
parameters

of previous

setup

8. SAS_Create: Establish a new curve as the following
screenshot shown:
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Diagram 6
SAS
trajectory
parameter
setting
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Vmc

5[ 77000

Margin | f 0

oK

Mode | Auto o

B Cancel

When a new curve is
established, the relevant
curve will be displayed in
the VI and PV charts. And
it is available to add

parameters for the curve
into the SAS table.

« Voc: Open circuit
voltage

o Isc: Short circuit current

o Vmp: Max power point
voltage

o Imp: Max power point
current

o Margin: Output will not
be updated within the
ample area (%)

o Mode: Select Auto mode
when utilizing

o OK: Confirm parameter

setting and import into
SAS Table

e Cancel: Discard the
modification setting
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Diagram 7 | SsTable e SAS Table: The curve

Trajectory Jo fes Vmp ready to be written into

parameter 1.:2 1:: device. Right click to

table [+ Joss open the operational
R s functions: Import Table,
E — Export Table

< n 3

e Import Table: Load the
previously established
curve and parameter in
the auto-saving file.

e Export Table: Export the
current curve and
parameter. Point the
cursor to the SAS Table,
through the delete
button, to delete the
current setting
(trajectory curve).

Upload / Load PV trajectory curve parameter

r & Upload 1

Write the set trajectory curve parameter from
the SAS Table into the device and wait for
execution. In the meantime, PSW enters the SAS
running mode.

Output OFF/ON

Diagram 8

Diagram 9

In the SAS mode, PSW output reacts in accord
with the selected curve. In the normal mode,
PSW acts as a standard function.
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Select Trajectory Parameter

Diagram 10 SAS_Config_1 \—‘
Refer to
trajectory
parameter
selection

Stop and End

Diagram 11 Once the upload action is executed, the device
enters the SAS mode and all the Output
ON/OFF control determine if PSW proceeds to
tracking operation.

If PSW requires to returning back to the normal
operation mode, it must select stop software and
restart it.
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Appendix Description

A: PSW Tracking Mode

After SAS software startup, PSW will, by uploading trajectory curve
software, initiate tracking mode. User then is able to switch freely
among the established trajectory software. In order to exit from the
tracking mode, press the “STOP” to make the device return back to
the default operation mode.

B: Normal Mode

System is under the normal operation mode after startup. PSW
enters the tracking mode after successfully uploading the PV
trajectory curve.

C: IVP Real-Time Record Curve

In the tacking mode, apart from IV and PV trajectories, the both
trajectory record charts are also provided, individually.

Diagtam 12 GRS N IS W
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