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GUINSTEK PEK530

0.2 Realization
Simulation(1/2) M and Simulation (2/2) M  Verification
Power Convertel Power Converte|
PSIM Circuit PSIM Circuit

] ]

Control Circuit | TIDSP

With PSIM F2833x, F2803X
Transfer the contral Targe.t i Power Converte
circuit to be the digital | - Control Circuit Real Circuit
control circuit
SimCoder
for auto code TI Cpde t
generation Composer
Program the TI
CCode | contol todeo | £pg33y, F2803X
of the e bsh DSPéased
Control Circuit Control Circuit

RS232 I

DSP Oscilloscope in PSIM
(Monitor of waveform in DSP)

PEK-530 :

1. SVPWM (Three Phase SVPWM Inverter)

2 (Three Phase Standalone Inverter)
3. (Three Phase Gridconnected Inverter)

4 PQ (PQ Control of Three-phase Grid-

connected inverter)

5. P-r Q-V (P-e and Q-V Droop
Control of Three Phase Standalone Inverter)
6. ( ) (Parallel Operation of

Multiple Stand -alone Inverters with Virtual Impedance and
Droop Control Method)

PEK-530 PEK-005A(
03) PEK-006 (JTAG 04)  PTS5000
05,
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0.4
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0.5
PTS5000

PEK530

G! InerK PTS-5000 Power Electronics Training System




GYINSTEK

PEK-530DSP 0.6 A
DSP
01 02
ADC- ADC-  ADC-
BO(AC) BI(AC) B2(AC)
?T F GPIO48
ON/OFF
AC
. :'Dc C) A 4 KA1 'L . Volage
VDC+ S rwv-_] ‘ _ Vsa
+ J Jg} . ln:il)cmmc; =
PWMIA  PWM2A PWM3 T
DC 1 * h 4_, 1E ADC-AS(AQ) | L"
Voltage —\_" m’;fl ket
330uF [ ;}gg:’c‘}g ADC-A2AC) LF |
VDC- : il Jﬁ%‘ : Q6 ™ AL:-M(A ) Vsc
p— . . —
1g=1f4n'\'-": GP1049 [pun J e \? é’ é’h\-m.o
ﬁ Gate Drive AlC-AJIA(‘] Y
Start/Stop voa Y8 vac I_"_I .
ADC- PWM Load ADC-  ADC- ADC-
B6(DC) CPLD Voltage B3(AC) BHAC) BS(AC)
Protection
C;muit
F28335
i
(GPIO 62,63)
0.6 1/0
0.1 PEK-530
1 (VDC) 0.0196
2 A (10-A) 0.4768
3 B (10-B) 0.4768
4 C (10-C) 0.4768
5 A (IL-A) 0.4768
6 B (IL-B) 0.4768
7 C (IL-C) 0.4768




GYINSTEK PEK530
8 AB (VO-AB)  0.0287
9 BC (VO-BC)  0.0287
10 CA (VO-CA)  0.0287
11 AB (VS-AB) 0.0287
12 BC (VS-BC) 0.0287
13 CA (VS-CA) 0.0287

0.2 PEK-530DSP
1 (VDC) 0.0249
2 A (10-A) 0.2996
3 B (10-B) 0.2996
4 C (10-C) 0.2996
5 A (IL-A) 0.2996
6 B (IL-B) 0.2996
7 C (IL-C) 0.2996
8 AB (VO-AB) [0.0169
9 BC (VO-BC) [0.0169
10 CA (VO-CA) 0.0169
11 AB (VS-AB) 0.0169
12 BC (VS-BC) 0.0169
13 CA (VS-CA) 0.0169




GYINSTEK

SVPWM

PQ

P-e

L

SPWM  SVPWM
PEK-530
TIF28335DSPIC  , PWM A/D
RS 232 DSP
SimCoder .
SimCoder .
(PQ)
PEK-530 PQ
SimCoder .
Py Q-V PEK-530
SimCoder .
PEK-530
SimCoder .



GUINSTEK PEK530

1 SVPWM

DC Voltage Vpc = 100V

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

Ky =1/40 (DC voltage sensing factor)
1.1:
PSIM : PEK-530_Sim1_3P_SVPWM_Inv(60Hz) V11.1.5 V1.1

10



GUWINSTEK 1 SVPWM

12,1.3:

Time ()

23sE.252

Sazu2Eg22
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GUINSTEK PEK530

14
PSIM : PEK-530_Labl_3P_SVPWM_Inv(60Hz) V11.1.5 V1.1

ModelName © PEKS530
Experimentaion © Lab1

Description Thres Phase SVPWN Inverter
PSIN Version /M15

Date 2020/05/25

version V1.1

B
ey ]

T veonm1
[ Ycomal

{3 Veoncl

[z
ot

sine) i
0%
Singe-23.14160)
sinx=2:3.14183] |

3-phase PWH 123

3-phase PN 123

14 PSIM

12



GUWINSTEK 1 SVPWM

1516

16

6Simulated 0Generate Coded
C Code,
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GUINSTEK PEK530

PEK-530

PEK-005A

PEK-006

PTS5000 ( GDS-2204E PSW1607.2, GPL-500
PC

14



GYINSTEK 1

Master,

SVPWM

[ A
PSW7.Z :
ey ™ |
2. PEK-530 OFF PEK-005A
DSP 18
DSP .
1.8
DSP s
GUWINSTEK
PEK - 530A
ro Grid Inverter
3 B( ) C(RS22 )

15



GUINSTEK PEK530

4, 1.9 Vo-AB, Vo-BC, Vo-CA
lo-A GND GND

19

5. 1.10 PSW1607.2 : PSW1607.2
b Set 100V
3A,
1.10
PSW
6. 111 GPL-500 : GPL-500 B Three
Phase Lad 2(Residance Load)b 1 T,8TS
OFF 3TS ON

L

16



unstEC . sewr

111
GPL500

Istance with ~
LC Load D Em Bl BN G0 6

PSW

1

PEK-530
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GUINSTEK PEK530

1)
1.12 Vo-AB, Vo-BC Vo-CA RMS
1.22/( 42.509\), 1.21V( 42.16V)
1.22/( 42509\ lo-A  RMS  0.147A(
0.3081),
1.12
EYRHS 147nl ‘
(2) (20q)
1.13 GPL-500 1TS, 3TS ON 2TS
OFF .
1.14 Vo-AB, Vo-BC Vo0-CA RMS
1.13v( 39.373\) lo-A RMS  0567A(
1.18%0),

18



GUINSTEK 1 SVPWM

Multi-Funcio

Passive Loag
MAX. 300W

1.13
GPL:500

nce Load

1.14

®3) (10q)
1.15 GPL-500 1TS, 2TS 3TS ON

L

1.15
GPL500

19



GUINSTEK PEK530

1.16 Vo-AB, Vo-BC Vo-CA RMS
1.12V( 39.024V), 1.11V( 38.676\), 1.12/(
39.024\} lo-A RMS 1.08A( 2.26%A),

1.16
(4) Duty

1.17 RS232 0Set input variableso
PSM_ma Duty 0.6 0.8
Update,

1. 17 Oscilloscape X —
PSIM DSP ——

1.18 DSP 0.6 0.8 Vo-
AB, Vo-BC Vo-CA RMS 1.52v( 52.692V),
1.51v( 52.613\), 1.51V( 52.613\) lo-A RMS

1.504( 3.146A),

20



GUINSTEK 1 SVPWM

1.18
DSP
0.8
PEK-5306 PSW1607.256 PEK-005ABb
GPL-50Q
Vo o 11 12
0.1 .
1.1 GPL-500
GPL-500 Vo-AB(Vrms) Vo-AB(Vrms) Vo-BC(Vrms) Vo-BC(Vrms)
( ) ( ) ( ) ( )
1.22v 42.509V 1.21VvV 42.16V
1.13Vv 39.373V 1.13Vv 39.373V
1.12v 39.024v 1.11v 38.676V
GPL-500 Vo-CA(Vrms) Vo-CA(Vrms) lo-A(lrms)  lo-A(Irms)
( ) ( ) ( ) ( )
1.2 42.509V 0.147A 0.308A
1.13v 39.373V 0.567A 1.189A
1axv 39.024V 1.08A 2.265A
1.2 Duty
Duty  Vo-AB(Vrms) Vo-AB(Vrms) Vo-BC(Vrms) Vo-BC(Vrms)
( ) ( ) ( ) ( )
0.6 1.12v 39.024V 1.11v 38.676V
0.8 1.52v 52.962V 1.51V 52.613V

21



GUINSTEK PEK530

Duty  Vo-CA(Vrms) Vo-CA(Vrms) lo-A(Irms)  lo-A(Irms)
( ) ( ) ( ) ( )

0.6 1.1% 39.024V 1.08A 2.265A
0.8 1.51Vv 52.613V 1.50A 3.14A
11
. 1.2
Duty .

22



GYINSTEK

DC Voltage Vpc = 100V

Fs=18kHz Vi =10V (PWM)
Cy=33WF L=1ImH C=10uF
Ks=0.3 (AC current sensing factor)
Ky = 1/60 (AC voltage sensingfactor)
Ky =1/40 (DC voltage sensing factor)

23



GUINSTEK PEK530

2.1:
PSIM : PEK-530_Sim2_3P_SA Inv(60Hz) V11.1.5 V1.1

Model Name PEK 530
Expermentation ©  Sm2 @
Descrpfon Three Phase Stand-ionelnverter
PSMVerson : V.15
Date 201912124
Verson Vi
E R 5 | T
.3 1
PR e
10u |
Loo oL -] 10y r

;D
P P e,

G2
Orec
Al aee | gpm ) zssmenm
H \ E%m’”m
WA 5426.5/100

80377310003
=}

Yea Ve
08
. 'I'\.
04
0z
o
02
o lele Yoae .
3
i
e
o
0s
0
0s
.. o5 o » s 0

a5
Time (s

2.2

24



GYINSTEK 2

PSIM

\\\\\

--------

23
24

24 PSIM
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GUINSTEK PEK530

25,26
Py
1
o |
s i
0
02
o —
02
1_loile
k
'
1
B e —
o —_—
os
0z 03 "
Thue (9
25

2.6

6Simulate6 0Generate Coded
C Code,
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GYINSTEK

PEK-530
PEK-005A
PEK-006
PTS5000
PC

(

GDS-2204E PSW1607.2, GPL-500

27



GUINSTEK PEK530

Master,

126

2.7
2. PEK-530 OFF PEK-005A
DSP 2.8
DSP .
2.8
DSP

GUINSTEK
PEK - 530A

PEK-530A EKOLIP148
Micro Grid Inverter

28



GYINSTEK 2

4. 2.9 Vo-AB, Vo-BC, Vo-CA
lo-A GND GND

29

10-C 1y ATU-0 o

5. 2.10 PSW1607.2 : PSW1607.2
5} Set 100v
3A,
210
PSwW
6. 211 GPL-500 : GPL-500 B Three
Phase Lad 2(Resistance Loag b 1 T,2TS
OFF 3TS ON .
211
GPL:500

29



GUINSTEK PEK530

7. PSW PEK-530

30



GYINSTEK 2

1)
212 Vo-AB, Vo-BC Vo-CA RMS
1.43V( 49.826V), 1.42/( 49.477V),
1.43v( 49.826\) lo-A RMS 0.166A(
0.3480),
2.12
(2) (20q)
2.13 GPL-500 1TS, 3TS ON 2TS
OFF .
2.14 Vo-AB, Vo-BC Vo-CA RMS
1.42V( 49.477\), 1.41V( 49.129\), 1.43/(
49.826\) lo-A RMS 0.711A( 1.491A),

31



GUINSTEK PEK530

213 e s
G PL'SOO ?’8&23 - {T Rectifier Load  Off  Resistance Load

214

“hes (@ 6.a00s \[

@ 71in

(3) (10q)
2.15 GPL-500 1TS, 2TS, 3TS ON

L

215 Mot Funcian Pai

ince Load

ssive Load

= MAX_300W
GPL-500 —
Load i

32



GYINSTEK 2

2.16 Vo-AB, Vo-BC Vo-CA RMS
1.43v( 49.826\), 1.42V( 49.477V),

1.42/( 49477V} lo-A  RMS  1.37A(

2.873),

2.16

IR |l [1]

ORE 137

(4) (A 20" AB C 107)

2.17 GPL-500 1TS 2TS ON 3TS
OFF

217
GPL-500

Multi-Function Passive Load
MAX. 300W.

—3% _|
2.18 Vo-AB, Vo-BC Vo-CA
RMS 1.44v( 50.174V), 1.43V( 49.826V),
1.41V( 49.129V) .

33



GUINSTEK PEK530

2.18
Vo
2.19 IL-A, IL-B IL-C .
2.19
220
0.835A( 1.751A), 1.26A( 2.643A),
1.25¢( 2.622A) .

34



GYINSTEK 2

2.20
IL
PEK-5306 PSW1607.25 PEK-005AB
GPL-50Q
GPL-500 , ,
Vo, lo IL 21 22 0.1
2.1 GPL-500

GPL-500 Vo-AB(Vrms) Vo-AB(Vrms) Vo-BC(Vrms) Vo-BC(Vrms)
( ) ( ) ( ) ( )

1.43V 49.826V 1.42vV 49.477V
1.42v 49.477V 1.41VvV 49.129V
1.43V 49.826V 1.42V 49.477V
1.44V 50.174V 1.43V 49.826V

GPL-500 Vo-CA(Vrms) Vo-CA(Vrms) lo-A(lrms)  lo-A(Irms)
( ) ( ) ( ) ( )

1.43V 49.826V 0.166A 0.348A
1.43V 49.826V 0.711A 1.482A
1.42vV 49.477V 1.37A 2.873A
1.41VvV 49.129V

35



GUINSTEK PEK530

2.2 GPL-500

GPL-500 IL-A(Vrms) IL-A(Vrms) IL-B(Vrms) IL-B(Vrms) IL-C(Vrms) IL-C(Vrms)
( ) ) ( ) ( ) ) ( )

0.835A 1.751A 1.26A 2.643A 1.25A 2.622A

36




GYINSTEK 3

DC Voltage Vpc = 100V

AC Source Voltage Vi = 50Vms
Fo=18kHz Vi = 10Vp, (PWM)
Cy=33WF L=1ImH C=10uF
Ks= 0.3 (AC current sensing factor)
Ky =1/60 (AC voltage sensingfactor)

Ky = 1/40 (DC voltage sensing factor)
3.1
PSIM : PEK-530_Sim3_3P_GC_Inv(60Hz) V11.1.5 V1.1

?1
] e ]
-t R e X 2 . Tt
g jefetn o e P B R SR
qw?} ??‘j_*—"* =D wﬁfza,;‘l 1478 I !
1 ,SE% I . ﬂ,g'ﬁj G
7 ey e
] &1 Fopd on
f .
31 PSIM

37



GUINSTEK PEK530

32,33

3.2

RSN

0l
::::::

38



GYINSTEK 3

34
PSIM : PEK-530_Lab3_3P_GC_Inv(60Hz) V11.1.5 V1.1

3.5:

PSM Vde
m
100
0
a0
»
n
»
PSMIed  PSMlodc  PSM o PSM leqc .
15
'
o
0
K
15
P PSM_lob

35

6Simulated 06Generate Coded
C Code,
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GUINSTEK PEK530

PEK-530
PEK-005A
PEK-006

PTS5000 GDS-2204E PSW16067.2, APS-300,
GPL-500)

PC

40



GYINSTEK 3
1. 3.6
Master,
= e LT
Source —
. g—"r WES
= [_ load  CEESSNENNEEY
GPL-500
3.6
2. PEK-530 OFF PEK-005A
DSP 3.7
DSP .
37
DSP e
GYINSTEK
PEK -530A
ro Grid Inverter
PEK-830M EKQ1P148~)
Micro Grid Inverter
3.
4 38 Vo-AB, Vo-BC, Vo-CA

lo-A

GND

GND

41



GUINSTEK PEK530

38
§TEi00 W BE
—~ 0 ",;.la-c,u*m-c, - -
5. 39 PSW1607.2 : PSW1607.2 5)
Set 110V
1A,
39
PSW
6. 3.10 APS-300 BAPS
300 60Hz b 3P4AWB 28.86v,
3.10
APS300
7. 3.11 GPL-500 : GPL-500 B Three
Phase Lad 2(Resistance Loag b 1 T,S2TS
OFF 3TS ON .

42



GYINSTEK 3

311 —
GPL:500 —

5
B
S

|
]

8. PSW  APS-300 PEK-530

43



GUINSTEK PEK530

(1)
3.12 Vo-AB, Vo-BC Vo-CA .
3.13 PSW 99.86W,
APS-300 APS-300
-31.6W -31.6W*3=T 94.8W(
).
3.12
Vo
3.13
PSW
APS300

44



GYINSTEK 3

2) (20q)
1TS,3TS ON 2TS OFF 3.14
3. 14 i Multi-Function Fap;i;egm
GPL‘500 it ::;. ﬁmllﬂer Load Resistance Load
3.15 PSW 99.88W
125W  PSW
APS-300 25W
APS-300 10.1W 10.1W*3=30.3W
3.15
PSW -
APS300 6000
3 (10q)
1TS,2TS,3TS ON 3.16 .
3- 16 Multi-Function PaMsivxe 3Loonﬁ
G P I—-500 ;Tﬁad“hl Load o _‘Reﬁsum Load

on

45



GUINSTEK PEK530

3.17 PSW 99.85W
250W  PSW
APS-300 150W
APS-300 50.6W 50.6W*3=151.8W
3.17
PSW
APS300
ccC
PEK-5306 PSW1607.25 PEK-005AB
GPL-50Q
PSW APS-300 3.1
3.1 PSW APS-300
PSW APS ( )
(OW) 99.86// -94.8N 99.86+ (-94.9 HO
(125V)  99.88N 30.3W 99.88+30.3H 125
(250V)  99.85MN 151.8N 99.85+151.8H 250

46



GYINSTEK

PQ

PQ

DC Voltage Vpc = 100V

AC Source Voltage VL = 50Vms
Fo=18kHz Vi = 10Vp, (PWM)
Cy=33WwF L=1mH C=10F
Ks=0.3 (AC current sensing factor)
Ky =1/60 (AC voltage sensingfactor)
Ky = 1/40 (DC voltage sensing factor)

47



GUINSTEK PEK530

PSIM

4.1:
: PEK-530_Sim4_3P_GC_Inv_PQ(60Hz) V11.

1.5 V1.1

ModelName FEKS30 @
Expermentation :  Simé

Descipton PO Controlof Three-phase Gr-connecied hverter

PSIl Verson & V1115

Date 20200803

Version Vi

20.571.414/80
Fa =100

=3 Gra
@eet =]

48

(Ssserasimasemrsasem et NN SISO

o [ n1s

[
Time i5)

4.2

[




GYINSTEK 4 PQ

PSIM

4.3
: PEK-530_Lab4_3P_GC_Inv_PQ(6Hz) V11.1.5 V1.1

4.3 PSIM

4.4

49



GUINSTEK PEK530

50

.
.
. — L

g ;
“
— }xwmwwxrs&“mwwmW'
45
6Simulate6 6Generate Coded
C Code,



GYINSTEK

PEK-530
PEK-005A
PEK-006

PTS5000
GPL-500)

PC

(

GDS-2204E PSW1607.2, APS-300,

51



GUINSTEK PEK530

Master,

y—
..‘.m—&‘ l"& A;xoilluy+_" gI_ :r;;::f _m- Ak ‘
4.6
2. PEK-530 OFF PEK-005A
DSP 4.7
DSP .
4.7
DSP T vt
GYINSTEK
PEK -530A
PEK-530A EKOLIP148
Mecro Grid Inverter
3. B( ) C(RS232 )

52



GYINSTEK

4 PQ
4, 4.8 PSW1607.2 PSW16067.2 b
Set 100V
2A,
4.8
PSW e
5. 4.9 APS-300 APS-300 BAPS
300 60Hz b 3PAWbB 28.86V,
49 B85
APS300 o
6. 4.10 GPL-500 GPL-500 B Three
Phase Lad 2(Resistance Loag b6 1 T,8TS, 3TS
ON .
4.10
GPL-500
7. PSW APS-300 PEK-530

53



GUYINSTEK

PEK530
(Smart Inverter)
PQ
( )
1. (P-¥)
D 60Hz
4.11,4.12 APS-300 60Hz
PSM_Poc 100 DSP 100W,
4.11
APS300
60Hz
4.12
APS300 = =0
60Hz DSP L.
== g’w
ey ¥ ‘<_<|
tok F;
o sat | | ‘
e e e e P
| omorr | o = = ”lLr:
Discomnect Pase - ofet o = wafo :
. FWW—T Hi== . g
(2) 59.3Hz
413 4.14 APS-300 59.3Hz DSP

L

54



GYINSTEK 4 PQ

4.13
APS300
59.3Hz

414
APS300 i
50.Hz DSP e = T T A A e

A3) 60.7Hz
4.15 4.16 APS-300 60.7Hz DSP

4.15
APS300
60.7Hz

55



GUYINSTEK

PEK530
416 o —

APS300 —— ] =
60.7Hz DSP | - ,

S o

= ‘i,

" et |

ok Pz _updm | 3

1o _sat [ e | EJ

ol 1 _Update | Teoese scse arisbles

[ [ e | | B ﬂv.-.u. o

W ,7 _] o]

2, (Q-V)
(1) 28.86V

e —

Trigger
= wfer  =lml
B8 o

3

417 4.18 APS-300 28.86V  DSP
4.17
APS300
28.86V
4.18
28.86V |on =
DSP —
R
Set rput vanables kA
o I |
lo_sat [ e |

oo 1 Update Timebase scale

poc ([ 20 o/ jm*c V-mq -] -
=1 Change Badground o] BN o M
| Docomec | L g el |
_ﬁ_l""“ -3
W [——_1_1

56



GYINSTEK 4 PQ

2) 26.86V
4.19 4.20 APS-300 26.86V DSP
4.19
APS300
26.86V
420 .
26.86V ox —o —
DSP ’;Z;‘:‘..”" =
S
Set input variables S
To_sat (E |
:: [——‘:,,, : [';::'ﬂ! :j:l’s"ﬁ =] g <l
| oworec | = | e P
Dscornect Pase o Offet [0 H e o
e e |- PO B L
() 30.86V
421 422 APS-300 30.86V DSP
4.21
APS300
30.86V

57



GUINSTEK PEK530

4.22 e

3086V |==
DSP S|

o — P —E——— p—
Poc [0 updee [0 mn B e ) =zl wpmg <] m
| omptge | o My
[y — . (e i
|




GYINSTEK

5 Pe QV

DC Voltage Vpc = 100V

Fs=18kHz Vi =10V (PWM)
Cy=33WF L=1mH C=10F
Ks=0.3 (AC current sensing factor)
Ky = 1/60 (AC voltage sensingfactor)
Ky =1/40 (DC voltage sensing factor)

59



GUINSTEK PEK530

PSIM

5.1:
: PEK-530_Sim53P_SA Inv_PQ(60Hz) V11.1.5 V1.1

HodelName
Experimentation
Description
Pl Version
Date

Version

T PEKE0
Sims @
: P-w and 0V Droop Canirolof Three-phase Stand-lone Inverter
VILLS
;g
VL1
L F
o2 o L 0vap
L1ﬂul I G
i s T™ly T .
T ’__D CF 2 s
b 5[ L
o =1 =
’_1 £ H ] - 5
i i . Easa0
139-&-3-‘40\‘
am=1pr0010°0.2 ] L

- e —
- —

- _f—l

= //

60
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GUYINSTEK 5 Pe QV

LEFELE]

[NR{NIR[NN]

S

T

A
=

soe f

[ =03 B TR
Voo ] psu veon:
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GUINSTEK PEK530

55,5.6:

02
Time 5

55

5
—

0
[ T
04
02
N ¥
2
rrrrrrrrr PSM_ o psw
15
o
4 ! j
o | &
05 r
'
s
1ot
15
1
0s
o
05
1
s
“ o s
Time (5

5.6

6Simulate6  6Generate Coded
C Code,

62



GYINSTEK

PEK-530
PEK-005A
PEK-006

PTS5000
GPL-600)

PC

(

5 Pe QV

GDS-2204E PSW1607.2, GPL-500,

63



GUINSTEK PEK530

Master,

126

57
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