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SUMMARY

This paper presents the study on the simulation modeling,
analysis and power control of variable speed wind turbine
generation system(WTGS) with doubly fed induction machine.

The Vestas V47 WTGS which has 660[kW] power ratings
located in Hang-won wind farm in Jeju—-Do i1s selected as a
simulation model system and the model is implemented in the
simulation tool Psim in this paper. In the simulation, two kinds
of slip power control system are modeled, one is optimal slip
power control system, which has rotor current control circuit
with the external resistor using the IGBT PWM chopping
system. The other 1s a WTGS with the dual power converter in
the rotor side.

For two kinds of simulation, wind model, blade model, pitch
control model and grid connected generator are modeled. And
using the wind model, the WTGS is controlled by the optimal
pitch angle for maximum output power under the rated wind
speed and for the rated output power over the rated wind speed.
To analyze the operating characteristics between optimal slip
power control system and dual converter system, the output
power factor are controlled from cut in wind speed to rated
wind speed range.

Under controlling the rotor current in the dual converter

— XVi —



system, general PI and fuzzy logic control algorithm are used
and compared the former and the latter results for achieving the
insensibility control from the disturbance.

To verify the effectiveness of proposed method, simulation and
experimental results are compared with the actual data from the
model system. According to the comparison of these results, this
method shows excellent performance. So it is very useful for
understanding and applications of the pitch controlled wvariable

speed wind generation system.
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Fig. 10 Power coefficient versus tip speed ratio(TSR)
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Fig. 11 Generating output power versus wind speed
Table 1 Parameters of Vestas V47-660[kW]
Rated Power [kW] 660
3® asynchronous
Type generator with
Generator wound rotor
Operating speed range[rpm] 1800~1980
Cooling type Air
Cut-in speed [m/s] 4.0
Design Rated wind speed [ /s] 13.0
wind speed Cut-out [m/s] 25.0
survival wind speed [m/s] 70.0
Diameter [ ] 47.0
Blade Speed [rpm] 28.5
swept area [m?] 1735.0
Hub height [ ] 41.0
Optr Slip
Output control type Opti Tip
Pitch control
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A4 efddols AFAZH o] ofF AY #g=

Aol Alzglo] AA s St o] AlAEl2 Agol ddd agA

Table 2 Parameters of model generator

Generator type

3® asynchronous

generator
Winding connection(stator/rotor) star/star
Voltage [V] 3 x 690
Pole number 4
Rated speed [rpm] 1872
Slip regulation interval [%] 0.6~10
Rated slip [%] 4
Rated output [KkW ] 660
1/1 load 0.89
Generator efficiency 3/4 load 0-89
1/2 load 0.87
1/4 load 0.74
Generator no load loss [k ] 14
Generator current full load [A] b2
no load [A] 110
Generator reactive full load [kvar] 342
power no load [kvar] 131
power factor correction [kvar] 175~225
Resulting full load current(grid side) [ A] 560
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Fig. 13 Equivalent circuit of model machine per phase

Table 3 Parameters of equivalent circuit

Stator resistance R, [ Q] 0.0048
Stator reactance X, 9] 0.0816
Rotor resistance R, [ 2] 0.0040
Rotor reactance X, [£2] 0.108
Rotor external resistance
(10[%]slip) Rreil €1 00590
Magnetizing reactance X,, [ 2] 3.72
Voltage V[ V] 690/V3
frequency 7 [ Hz] 60
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Rotor

Fig. 14 Idealized three-phase induction machine in
d—q synchronously rotating reference frame
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Hael ety 52 dg F3A #oE BT ab-cHFOE F
Y d-q o= Wgstr] g wadad T, a3 2ok
cos (wt) cos(wt—‘% ) cos(wt+‘§“7r)
qu=‘§‘ sin(wf) sin(wt—‘g‘ ) sin(a)t—i—‘g‘ﬂ)
1 1 1 (14)

2 2 2
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Table 4 Power flow of motoring and generating mode

Mod Sub Super
oce Synchronous Synchronous
Ps>0 Ps>0
) Ps>0 Ps>0
Motoring

Pr<0 Pr>0

Pm>0 Pm>0

Ps<0 Pg<O

] Ps<0 Ps<0

Generating

Pr>0 Pr<0

Pm<O0 Pm<O0
/1 dss — f(vdss_Rsi dss)dt (29)
A gss f(v gss Rsl qss>dt (30)

o 7] A, R, 1 1A A%

Vasss Vgss - AA AN el A2 At

=]
pin, P AAREANAY wAA AR

0AA Aol A7)eh FA17HE g o] FHE = Uk

¢

A=V 2+ 2, an

A
_ —1 ~gss
I P (32)
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ii) HPF(High-pass filter)
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Fig. 24 Block diagram of HPF(High-pass filter)
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=THyn—1)+IH{x(n) +x(n—1)} (85)
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Table 5 Fuzzy control rule set

ZE

PS

PM

PB
PB
PB

PM | PB

ZE
PS

PM | PB

PB
PB

PS

s
i

PM | PB

PB

ZE

ZE

PS

PM | PB

ZE

PS

PM | PB

ZE

PS

NB | NM | NS

NB | NB | NB | NB | NM | NS

NB | NB | NM |- NS
NBA NM | NS

NM | NS
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de

NB

NM | NB | NB | NB, [ NM_| NS

NS

ZE

PS

PM | NS
PB

Table 6 Fuzzy control value set
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1: If x is Al and vy s Bl then z s Cl
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Rated power 5 hp
Pole number 4
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Stator side Rotor side
Rated voltage [V] 220 220
Rated current [A] 16 11
Resistance [Q] 0.30 0.53
Leakage inductance [H] 0.0022 0.0022
Magnetizing inductance [H] 0.044
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Fig. 52 Schematic diagram of the proposed control
system of PWM DC converter
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