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Thesis Title The Control of Three Phase Inverter
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Academic Year 2016
ABSTRACT

This research aimed to present the control of the three phase voltage source inverter using
Predictive Current Control Model to control a three phase two level inverter. The algorithm of MPC
control scheme was done to measure the simultaneous current signal including predicting the next
sampling current flow (t + 1). This concept was experimented by using MATLAB/Simulink
software package. This would result in the implement of STM32F4Discovery microcontroller board
construction.

The simulation model operated by MATLAB/Simulink showed the operational system of
3-phase 2-level inverter with the output frequency of 50 H, controlled by the switching frequency at
1,600 H,. The simulation model also produced the output voltage through the Low-Pass filter in
which L was 10 mH and R was 0.5 Q). The model was experimented by RL load with < 1 kW.

The simulation result showed that the output current of 5 A with the 1 kW rate load had
the THD, less than 5%. That meant it had 98% efficiency. However, the practical use of inverter

showed the maximum efficiency at 81.6 % with 4.364% THD..

Keywords: predictive current control, three phase two level inverter, microcontroller board
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3.6 Model Predictive Current Control : MPC
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" Block Parameters: Target Setup ﬁ

Parameters
Compiler [GNU ARM -
MCU [STMEZF‘I‘UWG (LQFP100); STM32F4DISCOVERY =

Clock Configuration [STMSZP}D}SCD\.’ERY Default (HSEOSC-8MHz/HCLK-168MHz) ~

[7] Show memory configuration
Enable Auto Compile and Download
[7] Full Chip Erase before Download

Programmer/Debugger [ST—Link -

Showy/Edit Control Strings (Recommended for advanced users only)

Compiler Control String

nb-interwork -mfloat-abi=hard -mfpu:.fpw-sp-dlﬁ -ffast-math -wall -Wextra -Ofast
Assembler Control String £
thls=§(<:.5=.lst) -D_ STACK_SIZE=$(STACK_SIZE) -D__HEAP_SIZE=S(HEAP_SIZE)
Linker Control String

1cpu=cortex-m4 -mthumb ~mthumb-interwork -mfloat-abi=hard -mfpu=Ffpva-sp-d16

Run Application After Download

Enable Execution Time Profiler | None i

Manually set base sample time
Sample time (sec)
62.5e-5

] N 11l - r

oK j[ C»ance\ H Help ” Apply

511 3.28 fvuasnaiimes WnululasaeuInsamos

Y

a 4 4
3.8.3 DU 3 warly Intelligent Power Module
Y Y 1 ]

ﬁwmmmmwuﬁ Lﬁammmm%mamﬁwuﬁ'uwaawﬁmﬂuﬂmimmu
a 4 4 o o ' 9| o 9 Y =
duUesIees 3 e 2 52Au LL‘U‘UVI”IleJﬂTﬂﬁZLLﬁ'UlV\I‘V\h ngﬁﬂﬂ’nu%U%ﬂuiuﬂWﬂﬂTiﬂﬂE']

= A 9 Y o w 0o A

NA[DI fl]\i!,ﬁ’f)ﬂcl,‘lf@‘ﬂﬂimﬂTLlﬂTﬂﬂWﬁﬂLLﬁ%ﬂ']ﬂﬂ’J‘]JﬂﬂJ mmwsmuﬁmagﬂ%ua IPM

(Intelligent Power Module) 811n33 STK554U3XX ﬁdg 19 3.32

72



Y

31091 3.29 13993591 IPM 0n31 STK554U3XX

STK554U3XX Wal111ag U5 8N ONs Insulated Metal Substrate Technology (IMST)

= 9 o o o A 7 Y =2 A ]
"']Nf)f)ﬂLLUUN11615\11‘14ﬁ"n’T3Uﬂ1§ﬂlﬂlﬂﬁ@uﬂ@tﬂ@31ww1 3 W\lﬁ muiﬂﬂﬁiwmmgmuaz

A o 20 ¥ v a s s 9 Y
ﬁﬂ?ﬂﬂﬂﬂﬁii]ﬂ']EJGlLl“VIﬁHJ']ﬁﬂu'liﬂll5&’Qﬂ@11°ﬁﬂ1uﬂﬂﬂuﬂﬂﬁmﬂﬁ 3 LV‘lﬁ 2 IZAVLLIIAU 6111!\‘]'11!

wongonuszunlWihld uazdsidrAyfonioludiginsal le@wanlsyneudiensessau

4
mamas lWih nazressaumamsaruguidludaderny awsoaglquansuzmulaail

amwnsolFnunuussau dihingaazaugumshaumsudasiu

[ 4 [
useau Ithnszuaasddumsnunuuemes thnszuaady 3 wa melu

4 (G- A < b

91NT12993TWAUAB AL TVIUIAEN (Single SIP Module)

CA 4 v [ [
mMAdudy gy IGBT/FRD instlesnuusanuluihan, msdlesniu

a o @ 4 a a a A

nszud Iliunu Tasuaaueinadyanandomnuanuialng i laTeanesly
SMTUMATU A YR UAALTIAUGI

<o A A o [ a 1
Wendummaumsesnuaitniunszua Il unude Shunt resistor lunaag

o 1 @ 3 a 1T v

wler Tasmshnusawnunseliludaszaonuld
= [ a Y Ia 4 o
Nansniagungiimeusndiumesiaaoinielugilnial

[ a J ! o o o
l¥dyanunuaudunnues ldaoiuzomnaiusqudm  tagmgaunums
o o o
il ldmuaudleginsel luTnsaouInsames 1a laonsa
Tdunasnionssau i ludumuauiiesasiie@erdas Boost strap Ny

AMSUNITTUNARTULTIAUGA

73



5101 3.45 - 3.49 UdenlABZUATNYDIITTIN IPM BYNTN STKS54UXX 11

Rl

o a o a o 4 a o 1
ﬂi$EgﬂﬂiuﬂTu'Jﬂﬂﬂ15?]'3‘1Jﬂ11’f]1!!'3@3mﬂi 3l Iﬂﬂn’lﬂuﬂﬂTTﬂTuTﬂﬂ"Iﬂi%uﬁul“l/\l%l‘h LS NIT

anyangly

Intelligent Power Module

PWM1 PWM3 PWM5

PWMS5
Y W N PWM3 | [:‘} G
PWM1 p
CI\S‘ Mcu

PWM4

PWM2 )
T x PWMO

Motor

Y|
Al

Gate Driver

PWMO PWM2 PWM4

Discrete

‘ljﬁ 3.30 ‘]Jﬁ’t]ﬂulﬂﬂ SUNTUVDINDTI IPM 81YNTN STKS554U3XX

31U 3.31 VosaduNSINed STK554U3XX Hlfdmiuigeudenuszuy It

74



VE 11 §
W3 2] B |

VEZ( £l
VB3 81

VE1(= §
U VE10)

V(12 | | ~d

U-{17) @
V- (18] @
W-i21] g

Lawal _WE

e '

Hini2o, @ g

HiNzz @ >
i

Hmzz Lagie
Liki24) @
Lnziza &
LIN3(2E) &

THIZT) @ i FERp—
mrIF(1E ®

VDD{3) l——i——T—‘.r |

o

vEzze) # Swnc

EES+

HT_} Luiz* Hrra ainzu Srra
C

FLTEN{1Z]

pey

sUn 3.32 ’J\ii]iﬁiJiJ“aﬂWEJGluGlJ’fJ\i’Jxﬁli‘i’nl IPM 83n31 STK554U3XX

Y

75



5V [

STKE54U3xx series
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(-] T #= & E
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a7 [ E
TH 9
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FLTEN vet B -
1 = &
w |
LING UVS! b = u
LINZ
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HING
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Restraint of surge voltege

and vibrafion voltage
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511 3.33 1993mM 30 19911 1995523 STKS554U3xx

Y

Pin | Mame Description

1 WE3 High Side Floating Supply Voltage 3

2 W WS3 output 3 - High Side Floating Supply offset voltage
3 NA none

4 HA none

5 VB2 High Side Floating Supply voltage 2

] WS Output 2 - High Side Floating Supply Offset Voltage
7 Ma none

=] Ma none

o VE1 High side Floating Supply voltage 1

1o U, w51 Output 1 - High Side Floating Supply Offset Voltage
11 [ none

12 (R ore

13 = Positive Bus Input Voltage

143 Ma none

15 Ma none

16 ITRIP shut-down Pin

17 - Low Side Emitter Connection - Phase 1

18 FLTEN Fault Signal Output & Enable

19 V- Low Side Emitter Connection - Phase 2

20 HIM Logic Input High Side Gate Driver - Phase 1

z1 W= Low Side Emitter Connection - Phase 3

22 HINZ Logic Input High Side Gate Driver - Phase 2

23 HINZ Logic Input High Side Gate Driver - Phase 3

24 LIN1 Logic Input Low Side Gate Driver - Phase 1

25 LINZ Logic Input Low Sikde Gate Driver - Phase 2

26 | LIN3 Logic Input Low Side Gate Driver - Phase 3

27 | TH Temperature Maonitor

28 vDD +15V Control Power Supply

29 W55 Megative Control Power Supply

519 3.3 AUHUIV1I9955IY STK554U3xx

U
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Device STKS54U362A-E | STK554U392A-E | STK554U3A2A-E
Feature triple shunts

Package SIP1A - horizontal pins

Voltage (VCEmax.) 600V

Current (Ic) 10A 154 20A

Peak current (Ic) 20A 30A 40A
lsolation voltage 2000V

Shunt resistance external
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Venmcation...UK
Programming Complete

Waijung: The executable 'stm32f4_digital_output_dema.bin' downloadzd to flash successfully
STM32 ST-LINK CLI2.0.0
STM32 ST-LINK Command Line Interface

ST-LINK SN : 50FFED06497 7535549120267
ST-LINK Firmware version - V202154
Connected via SWD

Connection mode : Normal.

Device ID:0x413 |

Device flash Size : 1024 Khytes

Device family :STM32F40xx/F41xx

MCU Reset
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Abstract

This paper proposes power control for a grid-connected three
phase inverter using a current predictive control algorithm. The proposed
approach predicts the current signal of the PV system using the referent
signal from the grid to control the grid-connected inverter. In this paper,
the two-level three-phase inverter is adopted to validate the proposed
technique using the MATLAB/Simulink software package. The main
advantage of the current predictive control technique is faster responses
to variations of the PV source compared to the general technique and it
can efficiently control power to the grid. The proposed approach could
be applied to the smart micro-grid using the renewable resource to

maintain the voltage in the power system.
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