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Academic Year 2012
ABSTRACT

This thesis presents the grid connection design of Permanent Magnet Synchronous
Generator (PMSG) generator using vector control which is controlled via back to back power
converter. The objective of this study is to connect the small hydro electricity generator into the grid
for improving the power system stability and reliability.

The hydro energy with constant flow rated can generate electricity and transmits the
power into power system. The experiment had used synchronous motor coupling directly with
PMSG for generating electricity that is driven by hydro turbine simulator in laboratory. The small
hydro generator generates the electricity to the B2B power converter and transmits the power to the
grid system. The control system has controlled using dSPACE board. The control system must be
maintained the DC link voltage at 650 V and 10 % deviation during operation times. During same
time the grid side converter injects the active power and reactive power into the grid system. The
phase lock loop technique is the one part of detection for power injections. The system analysis is
simulated using PSIM and Matlab/Simulink environment.

The results show that the DC voltage has fluctuated at 0.2 s and 0.4 s at synchronizes and
desynchronizes times respectively. The power convertor has controlled by voltage controller for
generating electricity and injected the active and reactive power to grid system, at the same time the
grid side power was small decreased. The voltage controller will adjust the DC-link voltage close to

the reference voltage within 0.02 s.

Keywords: power converter, permanent magnet synchronous generator, vector control
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.1 Datasheet dSSPACE DS1104

e Data Sheets

DS1104 Data Sheet

The following table shows the data sheet of the
DS1104 R&D Controller Board.

Parameter Characteristics

Processor *  MPC8240 processor with PPC603e core and on-chip
peripherals

64-bit floating-point processor

250 MHz CPU

2 x 16 KB cache; on-chip

On-chip PCI bridge (33 MHz)

Memory ¢  Global memory: 32 MB SDRAM
* Flash memory: 8 MB

* & o o

Timer e 1 sample rate timer (decrementer):

32-bit down counter, reload by software, 40 ns resolution
* 4 general purpose timer:

32-hit down counter, reload by hardware, 80 ns resolution
* 1 time base counter:

64-bit up counter, 40 ns resolution, range 23400 years

Interrupt controller 5 timer interrupts

2 incremental encoder index line interrupts
1 UART interrupt

1 slave DSP interrupt

1 slave DSP PWM interrupt

S ADC end of conversion interrupts

1 host interrupt

4 user interrupts from the I/O connector

ADC 4 muxed channels equipped with one 16-bit sample & hold
1 x 16-bit ADC with mux ADC

Note: 5 ADC channels (1 x 16-bit + 4 x 12-bit) can be
sampled simultaneous

16-bit resolution

+10 V input voltage range

2 us conversion time

+5 mV offset error

+0.25 % gain error

4 ppmvK offset drift

25 ppnvK gain drift

>80 dB signal-to-noise ratio (SNR)

e * & & 9 0

e & & o o 0+ * 0

158 DS1104 Hardware Installation and Configuration  March 2004



.2 Datasheet LEM LV25-P
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LEM

>
PR
7N

Voltage Transducer LV 25-P

For the electronic measurement of voltages : DC, AC, pulsed...,
with a galvanic isolation between the primary circuit (high voltage)

and the secondary circuit (electronic circuit).

I] Q
hioltS
COMPLIANT
2002/95/EC

16084

| Electrical data

1 Primary nominal current ms
Primary current, measuring range

R, Measuring resistance
with £ 12V @ £10mA .
@+14mA
with £ 15 V @ +£10mA
@14 mA

maxi

o
=

Secondary nominal current rms
Conversion ratio

Supply voltage (£ 5 %)

Current consumption

L G
=

o

10 mA
0..x14 mA
RM mini W maxi

30 190 Q
30 100 Q
100 350 Q
100 190 Q
25 mA
2500 : 1000

+12 .15 \

10 (@+£15V)+l, mA

Accuracy - Dynamic performance data

X, Overall Accuracy @ I, T

A

=25°C @=12.15V
@ £15V (£5 %)
€ Linearity error

Offset current@ 1. = 0, T, = 25°C
1 Temperature variation of 1 0°C .. +25°C

+25°C . +70°C

R %
+08 %
<02 %
Typ | Maxi
+0.15 mA

+0.06(+ 025 mA
+0.10(+ 0.35 mA

t Response time " to 90 % of I, step 40 us

General data |
T, Ambient operating temperature 0..+70 °C
T, Ambient storage temperature -25..+85 °C
R, Primary coil resistance @ T, = 70°C 250 Q
R, Secondary coil resistance @ T, = 70°C 110 Q
m Mass 22

Standards EN 50178: 1997

Note: " R, = 25 kQ (L/R constant, produced by the resistance and inductance

of the primary circuit).

10 mA

PN
vV, = 10..500V
Features

e Closed loop (compensated) voltage
transducer using the Hall effect

e Insulated plastic case recognized
according to UL 94-VO.

Principle of use

e For voltage measurements, a current
proportional to the measured voltage
must be passed through an external
resistor R | which is selected by the
user and installed in series with the
primary circuit of the transducer.

Advantages

e Excellent accuracy

e Very good linearity

e Low thermal drift

Low response time

High bandwidth

e High immunity to external
interference

e Low disturbance in common mode.

Applications

e AC variable speed drives and servo
motor drives

o Static converters for DC motor drives

e Battery supplied applications

e Uninterruptible Power Supplies
(UPS)

e Power supplies for welding
applications.

Application domain

e Industrial.

Fage 18

070427/16

LEM reservestherightto carry out modifications on itstransdu cers, in orderto improve therm, without prior notice

wWWwWw.lem.com
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.3 Datasheet TLP250

TOSHIBA
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TOSHIBA Photocoupler

TLP250

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a

integrated photodetector.
This unit is 8-lead DIP package

GaAlAs Ired & Photo-IC

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

Input threshold current: IF=5mA(max.)

Supply current (Icc): 11mA(max.)

Supply voltage (Vce): 10-35V

Output current (I0): £1.5A (max.)

Switching time (tpLH/tpHL): 1.5us(max.)

Isolation voltage: 2500V yms(min.)

UL recognized: UL1577, file No.E67349

Option (D4) type
VDE approved: DIN VDE0884/06.92 certificate No.76823
Maximum operating insulation voltage: 630VpPK
Highest permissible over voltage: 4000VPR

(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
Creepage distance: 6. 4mmimin.)

Clearance: 6.4mm(min.)

TLP250
Unit in_ mm
8 8 5
LT,
b
P
“
v
-
2 ’.'] 4
astoss v T62s00s
a
3
|

122016))) e
SOV | sl
05201 . .
b 5
o T nl L ra5-840
TOSHIBA 11-10C4
Weight: 0.54 ¢

Schmatic Pin Configuration (top view)
Vee 1 E i t :l 8
IF
L 2] 17
2+ Vo 3
VF B3 3 E :] 6
3- Vo
4 [ S
5 N0 1:N.C.
A 0.1uF bypass capcitor must be 2 : Anode
connected between pin 8 and 5 (See Note 5). 3 : Cathode
4:N.C
5:GND
6 : Vo (Output)
7:Vo
8:Vee
Truth Table
™ Tr2
Input On On Off
LED off off on
1 2004-06-25
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.4 Datasheet Hall Effect Current Sensor ACS756

ACST756

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 3 kKVRMS Voltage Isolation and a Low-Resistance Current Conductor

Features and Benefits

= Industry-leading noise performance through proprietary
amplifier and filter design techniques

- Total output error 0.8% at Ty=25°C

= Small package size, with easy mounting capability

= Monolithic Hall IC for high reliability

= Ultra-low power loss: 130 p€ internal conductor resistance

= 3 kVRpg minimum isolation voltage from
pins 1-3 to pins 4-5

= 3.0to 5.0 V. single supply operation

= 3 us output rise time in response to step input current

= 20 or 40 mV/A output sensitivity

= Output voltage proportional to AC or DC currents

= Factory-trinumed for accuracy

= Extremely stable output offset voltage

= Nearly zero magnetic hysteresis

ﬂ TUV America @

oV Certificate Number )
W usvos 0554214021 § us
c us

Package: 5 pin package (suffix PFF)

»

1

Additional leadforms available for qualifying volumes

Description

The Allegro ACS756 family of current sensor ICs provides
economical and precise solutions for AC or DC current sensing
in industrial, automotive, commercial. and communications
systems. The device package allows for easy implementation by
the customer. Typical applications include motor control. load
detection and management. power supplies. and overcurrent
fault protection.

The device consists of a precision. low-offset linear Hall
circuit with a copper conduction path located near the die.
Applied current flowing through this copper conduction path
generates a magnetic field which the Hall IC converts into a
proportional voltage. Device accuracy is optimized through the
close proximity of the magnetic signal to the Hall transducer.
A precise, proportional voltage is provided by the low-offset.
chopper-stabilized BiICMOS Hall IC. which is programmed
for accuracy at the factory.

The output of the device has a positive slope (>Vc/2) whenan
inereasing current flows through the primary copper conduction
path (from terminal 4 to terminal 5), which is the path used
for current sampling. The internal resistance of this conductive
path is 130 p€ typical. providing low power loss.

The thickness of the copper conductor allows survival of the
device atup to 5 overcurrent conditions. The terminals of the

Continued on the next page....

Typical Application

4
me vee

ACST756 0.1 yF
C —_
5 IP- ]
VIOUT S—MLO
Re

VDUT

Application 1. The ACS756 outputs an analog signal, Vg7, that
varies linearly with the uni- or bi-directional AC or DC primary

sampled current, s, within the range specified. Cg. is for optimal
noise management, with values that depend on the application.

ACST56-DS, Rev. 6



.5 Relay Omron

G5LE

PCB Power Relay

Cubic, Single-pole 10A Power
Relay

* |deal for a wide variety of applications such as home appliances, OA
equipments, vending machines, etc.

* Ambient Operating Temperature 85°C

* UL class-B coil insulation for standard model.

* UL, CSA, EN standards approved and conforms to Electrical
Appliance and Material Safety Law (300 V max.).

RoHS Compliant

BModel Number Legend BApplication Examples

G5LE-" 117 + Home appliances
123 + OA equipments
1. Number of Poles 3. Enclosure rating + Vending machines
1: 1-pole None: Flux protection

2. Contact Form 4: Fully sealed

MNone: SPDT (1¢)
A: SPST-NO (1a)

HOrdering Information BCharacteristics
Enclosure rating Flux protection Fully sealed o Contact resistance *1 100 m{2 max.
. 2 —  Minimun =
Terminal Model Rated coil Model Rated caoil King unit Operate time 10 ms max.
Shape Classification Contact form - voltage . voltage 7 Release time 5 ms max
S VDG 5 VDO Insulation resistance *2 | 100 MQ min_
SPDT (1o) GS5LE-1 12VDC | GSLE-14 12VDC Between
PGB Standard 24 VDG 24 VDC 100 pes/ coil and ﬁ;??um\;‘:c‘ 5060 Hz
terminals |~ 5 VDG 5VDC | way Digfeciric | oonacts
SPST-NO (1a) | GSLE-1A | 12VDC | GSLE-1A4 | 12VDC strength Between
24VDC 24vDC contacts of | 750 VAG, 50/60 Hz
the same for 1 min
Note. When ordering, add the rated coil voltage to the model number. polarity
Example: G5LE-1 5 VDG
~—T—__ Rated coil voltage Impulse, | | between
withstand | coil and 4,500 V (1.2x50 ps)
H voltage contacts
.Ratlngs 1010 55t0 10 Hz,
®Coi Destruction | 0.75 mm single amplitude
oil Vibration (1.5 mm double amplitude)
) Must operate | Must release Max._ resistance 10to0 55 to 10 Hz,
Rated Ra'ﬂdt g;" voltage voltage voltage R Malfunction | 0.75 mm single amplitude
voltage “(‘r:i;‘ req (Illm ) v) ) "’“;‘;’;‘;""" (1.5 mm double amplitude)
% of rated voltage Shock Destruction | 1,000 m/s?
5 VDG 79.4 63 N> Malfunction | 100 m/s2
A % ——
12 VDG 333 360 75% max. 10% min at23°C Approx. 400 M — 10,000,000 operations min.
24 VDC 16.7 1,440 Durability (at 18,000 operations/hr)
Note 1. The rated current and coil resistance are measured at a coil temperature of 23°C with a tolerance Electrical 100,000 uperam_:lns min.
of +10%. (at 1,800 operations/hr)
2 The operating characteristics are measured at a coil temperature of 23°G Failure rate (P level) 100 mA at 5 VDG
3 The “Max. voltags” is the maximum voltage that can be applied to the relay coil. (reference value) *3
Ambient operating 'Es‘mcnlg i‘gﬁ_' Gnr
@Contacts temperature (w ng
condensation)
tem Load Resistive load ‘ Inductive lead (cost=0.4) Ambient operating
Contact type Single humidity 35% to B5%
Contact i Ag-alloy (Cd free) Weight Approx_ 12 g
Rated load 10Aat 120 VAG; BAat30 VDG | 5 Aat 120 VAG; 4 A at 30 VDG Note The data given above are initial values
Rated carry current 10A *1.  Measurement conditions: 5 VDG, 1 A, voltage
Max. switching voltage 250 VAG, 125 VDC (30 VDC when UL/GSA standard is applied) drop method.
Max. switching current 10 A ‘ 5A *2.  Measurement conditions: The insulation

resistance was measured with a 500 VDG
megohmmeter at the same locations as the
dielectric strength was measured.

*3.  This value was measured at a switching
frequency of 120 operations/min.
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1.6 SEMIKRON IGBT module SKiiP942GB120-3D

SKiiP 942GB120-3D
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sKiiP® 2

2-pack - integrated
intelligent Power System

Power section

SKiiP 942GB120-3D

Features

SKiiP technology inside

CAL diode technology

Integrated current sensor

Integrated temperature sensor

Integrated heat sink

IEC 60721-3-3 (humidity) class

3K3/IE32 (SKiiP® 2 System)

IEC 60068-1 (climate) 40/125/56

UL recognized file no. E63532

1) with assembly of suitable MKP capacitor
per terminal (SEMIKRON type is
recommended)

8) AC connection busbars must be
connected by the user; copper busbars

available on request

Absolute Maximum Ratings

T, = 25 °C unless otherwise specified

Symbol |Conditions | Values | Units
IGBT

Vees 1200 v
(' Operating DC link voltage 900 Y
Vaes +20 %
Ie T,=25(70)°C 900 (675) A
Inverse diode

le=-1g T, =25 (70)°C 900 (675) A
leay T; =150 °C, t, = 10 ms; sin. 6480 A
It (Dicde) |Diede, T;= 150 °C, 10 ms 210 kAZS
Ty (Tgg) - 40 (- 25) ... + 150 (125) °C
Vol AC, 1 min. {(mainterminals to heat sink) 3000 A\

Characteristics

T = 25 °C unless otherwise specified

Symbol |Conditions | min. typ. max. | Units
IGBT
Vigsat lo =750 A, TI =25(125)°C 2,6 (3,1) 3,1 v
Veeo T,=25(125)°C 1.2(1,3)  1,5(1,6) v
Tee T,=25(125)°C 1,8(2,3) 2,1(2,7) mQ
lcgs Vee =0V, Ve = Vegs, (45) 1,2 mA
T,=25(125)°C
Eon+ Egg |lg =750 A, Ve = 600 V 225 mJ
TJ- =125 °C, Vg =900V 397 mJ
RCC‘ SEE terminal chip, Ti =125"C 0,17 mao
LCE top, bottom 5 nH
CCHC per phase, AC-side 4,2 nF
Inverse diode
Ve =Vee  |lp =750 A, T,= 25 (125) °C 2.1(2) 2.6 \%
V1o T,=25(125)°C 1,3(1)  1,4(1,1) ]
T T, =25 (125) °C 1,1(1,3)  1.5(1.7) maQ
E, le =750 A, Vo = 600 V 29 mJ
T;=125°C, Ve =900V 37 m.J
Mechanical data
Mdc DC terminals, Sl Units 6 8 Nm
Maﬁ AC terminals, Sl Units 13 15 Nm
W SKiiP®2 System w/o heat sink 2,7 kg
W heat sink 6,6 kg
Thermal characteristics (P16 heat sink; 295 malh); " r" reference to
temperature sensor
Ringan per IGBT 0,03 Kw
Rﬂn‘_i—s)D per diode 0,083 KW
Rin(s-a) per module 0,036 Kw
Zy R; (mK/W) (max. values) tau(s)
1 2 3 4 1 2 3 4
Zﬂﬂ(i-r)l 3 23 4 0 1 0,13 0,001 1
Zy 5o ] 64 10 0 1 0,13 0,001 1
Zol 4 11,1 18,3 5 3,1 204 60 6 0,02

This technical information specifies semiconductor devices but promises no
characteristics. No warranty or guarantee, expressed or implied is made regarding

delivery, performance or suitability.

05-04-2005 GIL

© by SEMIKRON
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SKiiP 942GB1

SKiiP® 2

2-pack - integrated
intelligent Power System

2-pack
integrated gate driver

SKiiP 942GB120-3D

Gate driver features

+ CMOS compatible inputs

« Wide range power supply
Integrated circuitry to sense
phase current, heat sink
temperature and DC-bus voltage
(option)

« Short circuit protection

« Over current protection

Over voltage protection (option)
Power supply protected against
under voltage

Interlock of top/bottom switch
Isolation by transformers

Fibre optic interface (option for
GB-types only)

IEC 60068-1 (climate) 25/85/56

Absolute Maximum Ratings T, =25 °C unless otherwise specified
Symbol |Conditions Values Units
Vg4 stabilized 15 V power supply 18 v
Vgo unstabilized 24 V power supply 30 v
Vi input signal voltage (high) 15+0,3 Vv
dv/dt secondary to primary side 75 kVius
Visallo input / output (AC, r.m.s., 2s ) 3000 Vac
Vicoliz output 1/ output 2 (AC, rm.s., 2s) 1500 Vac
w switching frequency 16 kHz
Tout output frequency for 1=l ;sin. 1 kHz
Top (Tstg) operating / storage temperature -40 ...+ 85 °C
Characteristics (T, =25°C)
Symbol |Conditions min. typ. max. | Units
Vg supply voltage stabilized 14,4 15 15,6 Vv
Vo supply voltage non stabilized 20 24 30 v
Ig, Vg, =15V 260+490714 +1,27(1,/A) mA
Iy Vgp =24V 200+360"1/f__ +0,85"(1y/A) mA.
Virs input threshold voltage (High) 12,3 Vv
Vi input threshold voltage (Low) 4,6 v
Ry input resistance 10 kO
im0 input-output turn-on propagation time 1,5 ps
Lyatio input-output turn-off propagation time 1,4 Hs
tpERRRESET error memory reset time 9 Hs
tp top / bottom switch : interlock time 3.3 ps
lanalogout |8 V corresponds to 9200 A
max. current of 15 V supply voltage
e toutmax (available when supplied with 24 V) 50 mA
|pomax output current at pin 12/14 5 mA
Vo logic low output voltage 0,6 Vv
Von logic high output voltage 30 v
lrripsc over current trip level (Imamg out=10V) 1125 A
LriPLe ground fault protection A
Ttp over temperature protection 110 120 °C
Upetrie trip level of Up.-protection 900 v
(Uanaiog out = 9 V); (option)

For electrical and thermal design support please use SEMISEL.

Access to SEMISEL is via SEMIKRON website http://www.semikron.com.

This technical information specifies semiconductor devices but promises no
characteristics. No warranty or guarantee, expressed or implied is made regarding
delivery, performance or suitability.

05-04-2005 GIL

© by SEMIKRON
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1.7 Permanent Magnet Synchronous Generator

Permanent Magnet Water Power Generators

<63 = S — ] = >
| Ll ,._,__J\v:i‘;l g ¥

Drawings and parameters of 20kw water power generators

420
ﬁz 389
] JERN
z L " g
L hY
( : = ﬁ?ﬂ = &
[ (=) H]
o =] =
————— 1= 3 (@)
| = . N &)
: g AC &
n | Bl =
140 ] 1 2
u]j: *r%iﬁ& y
N ——— g :-,—/ v i
168 349 406
930 _ 490
Power Vciigge Speed Poles Frequency 1];: :;i Current | Efficiency Weight
20kw | 400V | 1875mpm | 32 50Hz 1020Nm | 31A 92.2% 420ke
40kw | 400V | 375mpm 16 50Hz 1020Nm | 614A 92.8% 420kg
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Abstract

This rescarch presented the model of power converter
Back to Back (B2B) 2 sets that connected to the PMSG side and gnd
side, the unit capacity is 20 kW, The controls system must be maintain
the DC link voltage to constant and connected to 380V/3/50Hz of grid
side by vector control technique. Analyze the system efficiency of
model by PSIM and Matlab/simulink program, the resualt of
simmulation found the power had small damping and then back to stady
state, The simmulation resualt and test result in laboratory for compare
the result by theory and practice in the futher work. The dSPACE

controller was used for this rescarch.
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Abstract

This paper deals with the modeling of 20 kW permanent magnet
synchronous generators (PMSG for small hydro power (SHF) applications. In order to
be able fo implement the control algorithm, 20 kW PMSG is modelled based on
synchronous reference frame and Is designed In Matlab/Simulink. The PMSG
parameters were read and tested from the nameplate and computed by using
eleciromechanical equation. The simulation resulis show the elecrical quality and
electrical power fed in fo the grid side. The DC Link voltage must be maintaned by
controller and can fed both of aclive power and readlive power fo the grid system.
This model can be able to use for Implementation in the laboratory on future work.

Keywords: Permanent Magnet Synchronous Generator, Micro Hydro Power, Vector
Control, and Synchronous Reference Frame
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Modeling of Grid-connected with Permanent Magnet Synchronous Generator (PMSG)
by Using Vector Control

Sontaya Manmai, Nathabhat Phankong, Krischonme Bhumkittipich’and Poolkiat Nakawiwat

Depantment of Electrical Engineering, Faculty of Engineering,
Rajamangala University of Technology Thanyaburi
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Abstract

This paper presented the modeling of 2 sets power
converier capacily 20 kW, which one has connecied
with the permanent magnet synchronous genérators
(PMSG) side and the other one has connected 1o the
grid side. This system is used for small hydro power
{SHP) applications. In order 1o be able 1o implement
the control algorithm, 20 kW PMSG is modelled
based on  synchronous reference frame and is
designed in Matlab/Simulink. The simulation resulis
show the electrical power flow from the generator
system fed in to the grid side. The DC Link voltage
must be keep constant value during the operation
time, This model can be able w use for
implemeniation in the laboratory on future work.

Keywords: Permanent  Magnet  Synchronous
Generator, Small Hydro Power, Vector Control, and
Synchronous Reference Frame

T TION

The climate changed of the wold that affected from
the people’s life style it"s changed from the casy lives
that have very ¢losly relation with natral to the
modern  life, and need the modem product 1o
supportted the new life style. The products used the
resource and energy for production process. The
electricity is one of cnergy that their need. The fossil,
wind power, hydro power are primary encrgy that
served to the power plant, wind and hydro power are
cheap and clean energy. In recent year the power
electronic topology has fast development and best
quality more than the pass and can be applied use for
the electrical wind turbine power plant, the plant used
difference technic for wse wind power to drive
generator for generated the electicaity; example used
reducer gear, direct drive and converter. The quality
of wind power energy resorce in Thailand have not
good enough average lower than 3 m/s , but some
arca can be applied for windiurbine example; near
the s¢a or on high moutain.

In reference document had presented windturbine
generation eleciricity by synchronouse generaior all
of type of excites by direct current or permanent
magnet. WRSG  (Wound Roler  Synchronouse
Generator) and PMSG can be operated with variable

speed controller by out of speed reducer gear,
altiernate way is applied w used with power
clectronic, B2B (Back 1o Back) converter is this
solution.The one side of B2B is connecled 1o the
generator side and other side is connected to grid
side.

‘This rescarch have presemt the hydro power to dive
the PMSG w be generated electricity instead the
original style that used wind power 10 drive DFIG
{Double Fed Induction Generator), The electrictrical
power from the PMSG have cascade with B2B
converter for supply the power o grid system, the
research show simmulation resualt of power quality
and can be fed the power 10 the grid system by
Matlab/simmulink program. The resualt of this paper
will be compare the test resualt in laboratory have 10
refered the theory on the futher work.
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Fig. | Flow diagram
HYDROELECTRI(
SMALL HYDRO TURBINE

Hydroclectric power plants are converting the water
energy to produce the elecinical energy, the hydro
power incoease power dependent the differentail level
between high side and low side, the high side is
called head water and the low side call tail water.
Water is flow in 10 the hydro wrbine and generates
lourge to drive the PMSG shaft w produce the
electricity. The waler power is caleulate by equation
{1} as below,
P = gdH (n
Where Fis water power (wart,i¥ ), O is
water flow rale 1o hydro wrbinc(m’ /5), g is gravity
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(9.81m/s"), dis water density (Kg/a'), His
head water (m)

The hydroelectricity can be calculate by equetion (2)

W = Py (2)

Where W is electricity power energy

(£W Fi) P is water power (k') .1 is produce time

{#), n is efficiency of hydro turbine and generator

the value as 0.5 - 0.9, F is water Muctuate coelMicien

KAPLAN HYDRO TURBINE

The hydro wrbine has much type that used with the
hydroelectric plamt, Francis, Pelton, Kaplan and
Darias. This research focus o the Kaplan hydro
turbine because s can use in the low head waler,
Kaplan hydro turbine has developed from the Francis
hydro turbine but contrel the water inlet o drive
furbine shafl on direct axial flow. The waler flow rate
can calculate by equation {3)

Q=Z2(of - D)V = A, e

Where Qis water Now rate(nr'fs), Bis
hydro turbine blade diameter(m), D, is hub diameter
{nr). A,. ¥, is outlet area and oulet speed of hydro
lurbirbe(m!.mfs}

PERMANEN MAGNET SYNCHRONOUSE
GENERATOR: PMSG

The PMSG is a regular Synchronous Machine, where
the DC excitation Circuit is replaced by permaneni
magnets, by this eliminating the brushes. Without the
brushes and the slip rings, the PM5G has a smaller
physical size, a low moment of inertia which means a
higher reliability and power density per volume ratio,
Also by having permanent magneéts in the nrotor
circuil, the electrical losses in the rotor are
eliminated. Due to the mentioned advantages, the
PMSG are becoming an interesting solution for hydro
wrbine applications. The stator phase vollage is
given by equation (4)
A
v, =R 4+ o
d'ﬂn

v=R.J +

;v
=R i +— )
EERAT 4}
Where v,,v,.v, is three phase voltage, R, is
stator resistance({2),i,.i,.f, is three phase cuurent

{A) 4,4, b, is stator flux

The abe 1o dy transformation is needed for simulate
the small hydro power plant  control  in

Matlab'Simulink. The abetody transformation is
show in Fig. 2.

@
Fig. 2 Reference frame in a three phase circuil.
Voltage equations in d, q system
, o
iy =Ri,+ E‘P’J -y, (5)
- R ; d
u, =Ri + Ew‘, L, (6)

Flux equation in d,q system
The dy Muxes equations are presented in equation (7)
and equation ()
v =L+, m
v, =L, #

Torque equation
The electromagnetic torgque can be derived from the
expression of eleciromagnetic power which is:

3 A ,
Pu=oT =50 (vi, -vi) @
The relation between the elecirical and mechanical
speed is:

= 10
@ =S (1m
This means that the expression for the
electromagnetic lorque, in dg coordination system, is
as shown below:

Sip
T =55y -vii) an

By replacing the flux expressions, from equations {7)
and (8), into the torque cquation, the following
equalicn is oblained:

Btpa) o
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The first term is the interaction torque between the
magnetic field and the i current and the second term
is the reluctance torque. As previously said the dy
inductances for the surface mounted PMSM are

gqml. s0 the torque relation for this kind of machine
is:

ip .
T, === 13
. 27 -Jq; ( )

Fower Equations

The expression of the active and reactive power is
preserited o equation (14), respectively equation
(153

P =i, +ti b, (14)
O = tdy —H iy (15)

The general mechanical equation of the maching is:
T, =7, +Ba, T, I o, (6)

CONYERTER FOR GRID CONNECTED

The system has used the power converter for transfer
the active and reactive power to gnd system the flow
dizgram is show in Fig.3

e | GY £F £Y

| vil— | 1.

Iﬁ.@q:ﬂ;l :-—-—lﬂ
55772

Fig. 3 Gnd connected flow diagram
GRID CONNECTED CONTROL SYSTEM

The converter control in grid connected side have
cascade from the FMSG side and control the by
current, the DC link voltage has maintain by the
control too, For easy to control desined in
Matlabisimmulink, the model to be used the 3 phase
10 2 phase ransformation, the transformation concept
are call abe to ce— fi-0 to dyg , the ransformation
equation as follow belows,

Equation (17), (18) show the abeto @-f-0
transformation.

X =%(x_, =0.5x, =0.5x) (7

Xy = %(Dx, +0.866x, ~0.866x)  (18)

Where x are vanable parameters can be
instad by v/ if venfy voltage or current.

Equation {18), (19) used for transfer o - 6-0 to dy
x; = %, 008(8)+ X, 3ind &) {19
x, = —x 3in(8) + x, cos(F) (200
Where x are variasble paramelers can be

instad by v i if verify voltage or current.

FHASE LOCK LOOF {PLL)

FLL technique was applied to this project, because

this application will generated the grid angle for the

gnd side control, or calculate by equation (21)

ey an

¥,

Where 8_, is grid phase angle

Grid connected contral flow diagram will show in
Fig.d

=

-y
[
£

Fig.4 Grid side conveter controlled diagram

EXPERIMENTION

The water flow rate from the damp or the moutain
nver have assigned to fix volume and speed, the
hydro turbine is rotating to drive the PMSG shaft in
continuose synchronouse speed, the AC vollage from
PMSG will supplied the constanl voltage to the
generator side converter. The DC link voltage has
kept constant by coupling capacitor, The DI hink
voltage must maintain the constant value by grid side
controller. The PLL (Phase Lock Loop) technige
have used to check grid voltage and frequency for
automatic Fed the power from generator side in o

grid system.
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The first term is the interaction torque between the
magnetic field and the i, current and the second term
1s the reluctance torque. As previously said the dg
inductances for the surface mounted PMSM are

equal, so the torque relation for this kind of machine
is:

T3
2

(5] -1

Wi, a3

Power Equations
The expression of the active and reactive power is

presented in equation (14), respectively equation
(15).

P=ugi, +u_i, (14)
O =i, —w i, (18)

The general mechanical equation of the machine 1s:

T::T:+BRJ_‘+T;+J%M~ (16)

CONVERTER FOR GRID CONNECTED

The svstem has used the power converter for transfer
the active and reactive power to grid system the flow
diagram is show in Fig.3

Gnd 5 & Comveimed

r

- I |

s .};{} Pl
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Fig.3 Gnd connected flow diagram
GRID CONNECTED CONTROL SYSTEM

The converter contrel in grid connected side have
cascade from the PM3G side and comtrel the by
current, the DC link voltage has maintain by the
control too, For easy to control desined in
Matlab/simmubink, the model to be used the 3 phase
to 2 phase transformation, the transformation concept
are call abe to @— -0 to dg , the ransformation
equation as lollow belows,

Equation (17), (18) show the abe to @ f-0
transformation.

X, = %(x, =0.5%, =0.5x.) (17

.
x, = (0x, +0.866%, ~0866x,) (18)

Where x are variable parameters can be
instad by v.¢ if verify voltage or current.

Equation (18), (19) used for transfer - F-0 to dg
%, =, cos(6)+ x,5in(d) (19)
x, = —x_ sin(f)+ x, cos(d) (20)
Where x are vanable parameters can be

instad by v,i if verify voltage or current.

PHASE LOCK LOOF (PLL)

PLL technigue was applied to this project, because
this application will generated the grid angle for the
grid side control, or calculate by equation (21)

0, = m-'[:—"] @n

Where @_, is grid phase angle

Grid connected control flow diagram will show in
Fig4

Fig.4 Gnid side conveter controlled diagram

EXPERIMENTION

The water flow rate from the damp or the moutain
river have assigned to fix velume and speed, the
hydro turbine 15 rotating 1o doive the PMSG shaft in
contnuose synchronouse speed, the AC voltage from
PMSG will supplied the constant voltage to the
generator side converter, The DC link voltage has
kept constant by coupling capacitor. The DC link
voltage must maintain the constant value by grid side
controller. The PLL (Phase Lock Loop) technige
have used to check grid voltage and frequency for
automatic fed the power from generator side in to
grid system.
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Fig.5 Grid side lcad voltage

Fig 5 show phase voltage in per unit {pu ) for grid

load side that measured after grid connectad point.
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Fig.6 Grid side load current

Fig.6 show phase current in per wnit (pu) for grid
load side that measured after grid connectad point.
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Fig 7 Load voltage & current

Fig.7 show phase voltage and current at resistance
load 20 kW, the value measured at phase to ground
point the value show v, _ i for grid load side that
measured after gnd comnected point. Load voltage
show on oul side sinewave and current show by small
sinewave inside the the voltage pieture.
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Fig.9 Grid load side PQ

Fig.9 show power flow at grid load side, the PQ
continouse fed into the 20 & load.

CONCLUSSION

The prid conneceted with small hydro turbine by
vector control result show in Matlab/simmulik
program. When the small hydro PMSG system have
synchronize into the grid side at time 0.2 sec the
system has alitle bt fluctuated and then continouse
fed the power into the grid side. The resualt of
simmulation will be implementing in laboratory for
compared with theory and practice result on the
futher work.
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MODELING OF GRID-CONNECTED WITH PERMANENT MAGNET
SYNCHRONOUS GENERATOR (PMSG) USING VOLTAGE VECTOR
CONTROL

S. Manmai, N. Phankong, K. Bhumkittipich and P. Nakawiwat
Rajamangala University of Technology Thanyaburi, Thailand

Abstract

This paper presents the modelling of 2 sets power converter capacity 20 kW, which one
has commected with the permanent magnet synchronons generator (PMSG) side and the
other one, has connected to the grid side. This system is use for small hydropower (SHP)
applications. In order to be able to implement the control algonithm. 20 KW PMSG is
model based on synchronous reference frame and designed in Matlab/Simulink. The
simulation results show the electrical power flow from the generator system fed in to the
grid side. The DC Link voltage must be keep constant value during the operation time.
This model is able to use for implementation in the laboratory on future work.

Keywords — Permanent Magnet Synchronous Generator. Small Hydro Power,
Vector Control and Synchronous Reference Frame

-46-
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Modeling of Grid-connected with Permanent Magnet Synchronous Generator
(PMSG) Using Voltage Vector Conirol

MLSontaya, P.Nathabhat, K.Bhnnﬂtﬂllith‘ald Poolkiat Nakawiwat

Department of Electrscal

Faculty of Enginesring,

Engineenng,
Rajamangala University of Technology Thanyaburi, Klong 6, Klong Luang, Pathumtham 12110
*E-mail: krischonme bi@en rmutt ac th

Abstract— This paper presenis the modelling of 2 sets power converter capacity 20 kW, which one has connected with the
permanent magnet synchronous generator (PMS5G) side and the other one, has connected fo the grid side. This system is
use for small hydropower (SHF) applications. In order to be able to implement the control algorithm, 20 kW PM5G is
madel based on synchronous reference frame and designad in Matlab/Simulink. The simulation results show the electrical
power flow from the generator system fed in to the grid side. Tha DC Link voitage must be keep constant vaiue during the
aperation time. This model is able to use for implamentation in the laboratory on future work

Keywords— Permanent Magnei Synchronous Generator, Small Hydre Power, Vector Conirol and Synchronons

Reference Frame.

1. INTRODUCTION

The power electromie trend in renewable energy mdustrial
was growth up more than 10 years agoes;their applied for
wind nubine electrical penerators  plant electricity
generators from solar energy plant. electricity penerators
from bio mass plant, electricity generators from hydro
power plant etc. In [1]H lﬁ}hadpn:sm‘ll:dwmdh.tlnnc
clectricity generatoin by synchronouse gencrator all of
typenfemmsbyduactworpﬂmntmnﬂm
WERSG (Wound Roter Synchronouse Generator) and

PMSG thier can be operated with variable speed control
whith out speed reducer gear The alternative application
is applied to connect with power electronic equipments:
uni-polar directional converter, bi-directional (B2ZB)
converter etc The one side of B2B is connected to the
generator side and other side is connected to gnd system.
This research is presented the applications of B2B for
hydroelectneity power plants the elecnaty  produced
from water 15 flowing mto hydro twbine and generate
torque to drive the PMSG shaft to be generated electricity
instead of the oripinal style that use wind power The
electrical power from the PMSG is connected with B2B
converter for transfer the electrical power to grid system,
the research showss simmolation result of power quality and
can be imjected the power to gnd system by
Mﬂlabfﬂnnuulmkprnpm'l'h:rmhﬁnfﬂnspwmﬂ
be compare the laboratory test resualt m futher work,

Gl Camensed by A2 for P50 Soull Fydro

Uy Sk Crid Soie
Comverer Uenvenes
Ty OC Lak [y o
=t 1 il
¥l x| RE ]
N 4 AL i v L,
e Sk Crid Sl
[ sl

The rest of this paper organize as follows.section 2
presents the small hydro turbine,section 3 the penmanent
magnet synchronouse generator,sechion 4 presents voltage
source converter ,section 5 presents the simulation results,

finally presnets the conclussion
2. SMALL HYDRO TURBINE
Smeall Hvdro Turbine

Hydroelectric power plants 15 converts the hydro
power to produce the electnical energy, the hydro power is
increased power dependent differentail level of head water
and tail water The head water 1= higher than tail water
[7).The power and head warer have relation follow the
equation (1) as below,

P=gdOH (1)

Where Pis water power (wait ), 0 is water flow
rate to hydro trbine (m> /s). g is gravity (9.81mf52].
d i water density (Kg/m’), H is head water (m)

The hydroelectricity can caleulate by equation (2)
W = Pinf (2)

Where W is electricity power energy (kW /h), Pis
hydropower (kW) ,t is produce time( k), n is efficiency
of hydro murbine and generator the value as 0.5 =09, f
15 water fluctuate coefficient.

Kaplan Hyvdre Turebine

This research mterested the Kaplan hydro turbine type
becatse we can used 1o the low head water, Kaplan hydre
turbine has developed from the Francis hydro turbine but
control the water inlet to drive turbine shaft on dmect axial
flow. The water flow rate can calculate by equation (3)
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o ®

Where Qis water flow rawe(m'/s). D,is hydroturbine
blade chameter (m), D, 1s hub diameter (m) , A, .V, 15 outlet
area and outlet speed of hydro mfbﬂe[m’,mf.:]

3. PERMANENT MAGNET SYNCHRONOUSE
GENERATOR (PMSG)

The PMSG is a regular Synchronous Machine, where the DC
excitation Circut 15 replaced by permanent magnets, by this
elminating the brushes Without the brushes and the shp
nngs, the PMSG has a smaller physical size, a low moment
of inertia which means a higher reliabality and power density
per volume ratio. Also by having permanent mapnets in the
rotor circuit, the electrical losses in the rotor are eliminated.
Due to the mentioned advantages. the PMSG are becoming
an interesting solution for hydro torbine applications. The
stator phase voltage 15 given by equation (4)

(A
v, =R i +
., 4y,
va_R,JB+T:
dy,
R+ 4
v.=Ri ar )

Where v_v,.v is three phase voltage. R, 15 stator
resistance (£2) 7,1, .1, 1s three phase current(4) w_ v, ¢,
is stator flux

The abc to dg transformation s needed for simulate the

small hydro power plant control in Matlab/Simulink. The
abe to dg transformation 1s shows in Fipg. 2

e

Fig. 2 Reference frame in a three phase circuit

Foltage Equation in dg System

o d

My = Ry, Ve =AW, (5)
d

ly = Rig + oy, s ®

Finx Egquation in dg Sysfem

The dg fluxes equations are presented in equation (7) and
equation (8)

W= Ly vy, (T)
vy =Ly ®
Torgue Eguation

The electromagnetic torque can be derved from the
expression of electromagnetic power which is;

3
B =0T, =20, (Waly — W4l ) (@

The relation between the electrical and mechanical speed
18!

@ -La, (10)

Thiz means that the expression for the electromagnetic
torque, in dg coordmation system, is as shows below:

3
E“E%{wa'—q _'Fgf.w) (11)

By replacing the fux expressions, from equations (7) and
(8). nto the torque equation. the following equation is
obtained:

5 '%g{"'ﬂjﬁr +I:Z, _Lt)'iﬂ'fn] (12)

The first term is the mteraction torque between the
magnetic field and the 7, cusrent and the second term is the
reluctance torque. As previously said the dg inductances for

the surface mounted PMSM are equal, so the torque relation
for this kind of machine is:

7, -22v.1, (13)

Power egtialion

The expression of the active and reachve power is
presented in equation (14). respectively equation (15).
P=uyig +ti, (14)
Q=u i, —ud, (15)
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The general mechanical equation of the machine is:
d
T =T, +Bay+T, +J o, (16)

Converter for Grid Connected

The system has used the power convener for transfer the
active and reactive power to gnd system the flow diagram is
shows in Fig.3

t H
H L]
=y g} g}
Commarar | iLCm
i T L]
A P -y 2
.! E

e !
i Lecul

Fig.3 Grid connected flow diagram

Grid connected control system

The prid side converter has cascade commected from the
PMSG side and control by cument loop control Clark's
transformation has used for transfer 3 phase to 2 phase
coordination system_ the equation as follow below,

x -%(x, —0.5%, —0.5x,) (17
%, -é(o:, +0.866x, —0.866x,) (18)
Where x are vanable parameters can be mstead by w7 if
venfy voltage or current.
Equation (18). (19) used for tranefer a— -0 to dg
x4 =x_ cos( &)+ x, sin(#) (19)
Xy ==X, sin{6} + x, <os(F)
(20)

Where x are variable parameters can be instad by w1 if
venfy voltage or current.

Phase Lock Loop (PLL)

PLL technique was apply to this project, becanse this
application will generate the gnd angle for the gnd side
control. or calculates by equation (21)

O - a2 @n

Where Eﬂ 15 grid phase angle

Gnid connected control flow diagram will shows in Fig.4

L 11 5 AP

Fig4 Grid side comverter controlled diagram

4. VOLTAGE SOURCE CONVERTER (VSC)

The DC-link voltage must be boosted to comtrols level at
650 volt (around ? time of grid line to line) hagher than the
prid line-line voltape. The power flow of the grid side
converter 15 conwolled in order to maintain the DC-link
voltage level to constant during operation time,in the same
time the PMSG side is controlled by speed The both side fo
power converter is sepparate by capacitor and separate
controls  for control system The capacitor is the DC link
storage and dc filter for prepare the good DC voltage quality
before convert to AC voltage by grid side convener and fied
the power into grid line as follow

5. SIMULATION RESULTS

The water flowing from the damp or similar location (need
differential bead water and tail water) has assigoned to fix
volume and flow rate pass into the hydro turbine, the hydro
turbme shaft was rotated to drve the PMSG shaft at
continuous synchronous speed, the AC voltage from PMSG
will supply the constant voltage to the penerator sade
converter the converted AC voltage to DC voltage, this
voltage were call “DC lnk voltage”. The DC hink voltage
from the PMSG converter side 15 couple by the grid side
converter, between both converters has parallel connected by
capacitor. On the operation tme the system controller must
be maintained the DC link voltage to stand still during grid
side converter had fed the active and reactive power 1o grid
line. The PLL (Phase Lock Loop) technique is the easy way
for used to tracking grid voltage angle and frequency for
penerates the control sagnal to control power converer



136

10¢th Eco-Energy and Materials Science and Enginearing Symposium, Ubon ratchathan, Thailand, Decembar 5-8 2012

Table 1. Equipments parameters e . i Gusmeg . i
Description Parameter Values P S S S ."
Electrical system | Voltage 220A/ 380F V I
Current 31798 A el ononr” b 1
Power Factor 0.8 o9 ML ) 4
Frequency 50 Hz j sl Vad 1
Resistive load | 20 kW ] -
PMSG Pole B wiH LU . ..CII'EIG .
Rated Speed | 900 rpm LS. ¥ ]
Rated Power | 20 kW "
Ral:ed.\?o]l.age 400V oy o or o 02 :.-_.I 0y om 04 o= o8
Rated Curent | 29 A '
Frequency 60 Hz Fig.7 Grid side PQ
[ [ Fig.7 shows 3 grid side powers in per unit (p.u.), at on gnd
! time the active power has decreasing smoothly and standstill
—, i U o [ . — at 0.35 in the same tme the reactive power has a hitle bat
VY { I v K fluctuated. On off prid time at 0.4s the reactive power had
1 A 1 ::.- f fluctuated time more than acthive power and then po to
;" 1 sale v I B 2 / 1 standstill at time agound 0.4728s.
e d K : 3 i ¥
e ."\_,-" o oy L o . N [ —— Nl et
e e = L A T !
(T T T R T T TR AR AR eE e \ g / R
i = N N R Wt L LI
Fig.5 Grid side voltage ; A TA A =
s I W —
Fig.5 shows 3 phase voltage in per unit (pu)of grid side, | o i
- - . - - - 4 18 - Mt ~
during operation ttme till synchromze time (On gnd) at 0.2s T "‘ " it
and off grid time at 0.4s, the voltage sine wave have a little o L T e

it fluctuated and then go to stand stll -
Fig.8 Grid side power converter voltage

Fig 8 shows 3 phase gnd side power converter voltage in
per unit (p.u). the voltage sine wave not smoothly may be
effect from switching tume, when on gnd penod the voltage
sine wave smoothly than off grid period.

Il

L

CE )

Fig.6 Grid side curremt A

F_ig.ﬁ shows 3 phase gnid side cumrent in per umit (p.un);

d‘“""!gﬁ"l’;“::; tme till on gnd ::25 th‘&“:':‘:’;: Fig.9 Grid side power converter current
continuously. On the off gnd time at Od4s the current Fig 9 shows 3 id si i
5 s y, g phase grid side power converter current in
mnplﬂndehﬂﬂuctumdmnemnndﬂ.ﬂisbefwt:mdsﬂ per unit {(pu), on grid period the controller has controlled
at ume 0.4728s. grid side power converter to build up the current fed mto grad

line. The current continuous increasing value since on tme
period till standstill at time 0_3s and then cut off immediately
at off grid time.
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Table 1. Equipments parameters

Description Parameter Values
Electnical system | Voltage 220A/380F V
Current 3798 A
Power Factor 0.8
Frequency 50 Hz
Resistive load | 20 kW
PMSG Paole B
Rated Speed 900 rpm
Rated Power 20 KW
Rated Voltage | 400V
Rated Current | 29 A
Frequency 60 Hz
i s k o
s '—-l_l " H o Ji_h. N . i
= win ] _ ",‘ ate 3
I I /
IR H
| M y |» R L A

I8 i3 oW am (R 6 IE LRI IR 0
=i

L
il

Fig.5 Grid side voltage

Fig.5 shows 3 phase voltage in per unit ( pu)of gnd side.
durng operation time tll synchromze ttme (On gnd) at 0.2
and off gnd time at 0. 4s, the voltage sine wave have a little
bt fluctuated and then go to stand stll.

Fig.6 Grid side curremt

Fig.6 shows 3 phase gnd side cumrent in per umit (pu);
1 operation time tll on gnd at 025 the current sme

durmg

wave had decreasing smoothly and standstill at 0.3s
continuously. On the off pnd time at 04s the current
amphitude had fluctuated time around 0.05s before standstll
at time 0.4728s.

Torel e P
os - .
[T e / -.
- \

L T Y 1
Pl 0 ] E
B Bl
i oz 4 1

i oromap’
@ chane oA
LY. ,I“ e —]

1)

] oe 0! pM 9 93 oy oX 04 pe o3

Fig.7 Grid side PQ

Fig. 7 shows 3 grid side powers in per unit (p.u.), at on gnd
tume the active power has decreasing smoothly and standstill
at 0.35 in the same tme the reactive power has a hittle bit
flucruated. On off prid time at 0.4s the reactive power had
fluctuated time more than active power and then po to

standsull at time around 0.4728s.
[ P — - [ R —
I ""’. - ', — n
Ay i W o~ A
) | i
" A VR . -
in kn in - i e ¥ [ET iE (T T D“_ L 148 L

"y

Fig.8 Grid side power converter voltage
Fig 8 shows 3 phase gnd side power converter voltage in
per unit (p.u). the voltage sine wave not smoothly may be
effect from switching tume. when on gnd penod the voltage
sine wave smoothly than off grid period.

—_——y

f]"\.l =

Fig.9 Grid side power converier current

Fig 9 shows 3 phase grid side power converter cument in
per umt (pu), on gnd period the controller has controlled
gnd side powet converter to build wp the current fed mto grid
line. The current continnous increasing value since on tme
period till standstill at time 0_3s and then cut off immediately
at off grid time.
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Fig.10 Grid side power converter PQ

Fig.10 shows gnd side power converter active and reactive
power i per umit (p.u), the control system can be controlled
the PQ transfer from the PMSG side to pnd line
continuously, at off grid tume that we have disconnected
PMSG from grd line, we found the fluctuated Like Fig 5.6
and then zero at time 0.4278s.

- \ LA A A B o i wr b Fi A
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j{f | / i Ty o 'I (WY | Y
s A N ! ] o A S R A |
h WAVAYE AN W | AW &2
. WO W AW e W W A

Tw E% im0 W in i B T =
- W o W T |

Fig.11 Resistive Load 20 KW curremi

F:sil!hntphuemutlwhadsmdm'mg
operation tme, the measwrment  were
measured phase to pround point, the values shows v__ i
for gnd load side. The voltage sine wave and system
responmble like Fig 5
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Fig.12 DC Link voltage

Fig.12 shows DC link voltage dunng operation time. At on
pud tume the voliage drop down from the target around 0.7
volt within 0.02s after that the system controller used time
0.02s for adjost the voltage increasing to maintain point at
650 wvolt The designer mmst be careful when designed the
equipment, becanse the damping veltage at off grd time
higher than 650 volt

Ramisilve cad PO

H ] H H H H
T3 LEH R CE LEE]
Thira] ]

Fig.13 Resistive load side PQ

Fig.13 shows power flow at resistive load, the PQ
continuous fed into the 20 KW load.

4. CONCLUSSION

The modelling of grid connected with small hydro trbine
and PMSG by usng vector conirol techmque results shows
in Matlab/simmulik program When the PMSG system has
synchronized into the prid side at time 025 the system has a
laboratory for compared with theory and practice result on
the further work.
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