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Control Algorithm for Wind Turbine Simulator with
Variable Inertia Emulation

Byoung-Chang Jeong, Se-Jong Jeong, and Seung-Ho Song
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ABSTRACT

A wind turbine simulator is developed for the emulation of variable input torque from the wind energy
without actual rotor blades using motor-generator set. The torque command of dc motor is calculated from the
characteristic equation of rotor blade during the change of wind speed. Especially the proposed control
algorithm takes into account the fact that the moment of inertia of blade is much larger than that of driving
motor. If you select the desired value of inertia, the stored/restored energy of the inertia during
acceleration/deceleration can be compensated effectively resulting the only net torque is delivered to the
generator. The simulator set-up has been designed and implemented using a dc motor and drive. Feasibility of
the proposed algorithm is verified by computer simulations and experiments.

Key Words : Wind turbine simulator, Inertia emulation
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(a) Real blade case
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Fig. 9 Experimental result (J=dy )
(a) Wind speedim] (b) Rotational speed[rpm]
(c) Blade input torque[Nm]
{d) Compensation torque[Nm]

20m/s 1

(a) v,

wind J + + ————

-20m/s
2000rpm

r

{b) o,

motor

Orpm
100rad/s?

dwmolu/
(c) —ar

T

-100rad/s?

40Nm [_J\
d) 7, N

»

—-40Nm
40Nm

(&) Tooms

—40Nm
4000w

Time[sec]

(J=204y )

28 10 HMof YT2AE MY H
E ) HE7| HBSE[ron]

I =20

(a) B&[w/s] (b
(c) 31X 7155[rad/s’] (d) S2o/= £E23[Nn)
(e) 24 E23A[Nn] (f) Sdol= 22 ofi4XI[W]

Fig. 10 Experimental result (=204 )

a) Wind speed[m/s] (b} Rotational speed[rpm]

c) Rotational acceleration[rad/s’]

) Blade input torque[Nm]

) Compensation torque[Nm]

)

(
(
{
(
(f) Blade input power[W]

d
e
f



272 WHETEE RGE 3% F3% A03% 6/

o
o
-
el
Ol
ok,
N
fo
L
N,
N
o >

5
T
fo P
i ot e,

NN

0 p2 8>
R
N
=2
>
)
N
N ]-m'l‘“
Jotr
ME
[ b
2o
o
e
PR
m[ogz
_,é-i
o}:c'é
Lz
A o
o o
N R
O G & fo

o
38
o
e
o o (X
of
N
o
o
J oo S8 ool o a2

Aost7] $3 AwE 9} A
Aol AlojskE A7)y
AA G AWE ol wel B9 FAEE
Aofste] Beoj=o] 93 & AHo] Hujr}t Hm
Ao} gt

a9 9ddME Edlolze BAol H5U)9 #
U AS 2y AHE 39 64 HAF3
Algdold Axtel 5U3 AgE 298 4 Elq.
£o| (a)9 2ol dm/secol M 10m/secE 2743 wj A
7] FHEE ¥AE (bl BAFT gt} 17
@A Edol=d AYHHE EAZ HAFT
Atk Algdol Mol A gt A o] Hadakeel A
Edol=o YHHE EQaE E&0] AFo] Hg s

. %ol dm/secoll A Edojzo dFHE EoaE
oF 25NmAEolal, F40] 10m/secoll e ¢F 15NmE
59 AlwH) 6250 24 £XE Holw rk
doj=o AYH HF7]e BAol FUsmE RAE
Oﬂ% (e 2ol 00] H1, AF7ldMe (09 ze

LAE F4EsA drh

400 Mo oot e
2N
(]
=l
I
i3
o
e

X0 oX

ofg rr &

L X0 kI o

it

d

(A

F

ok
oY
—
<
=2
X
rir
ifs
o
A
1
&)
o,
o
2
ofr
~
e
oX,
=2
=
ol
ol

N _{l,),
L o

N2
ok

=

22 M B oo pE Mo 8 > WU
TN
= é{-‘-«m
Hﬂﬁr{r“ﬂﬁ'ml
N Oy
o 2

ol

) oy
Ry
(R A )
2% e o %
T TN
o

Eﬂ T g
_O,r.{u
o 2
H-U_

S

ﬁ%

32

B
omrlru
Reie:)

ol
%

2o

¥R

= HEE EQAE (A9 2o
ol=9] ¥} HE]e] Bl ok
Lo] Adtdh. AAl dErdAM Fds
@A @©F A Yrx BEeaz 7

o ok 2,
_O|L
)
1o}
>

[-o

r]r 49

stal ok (Dol old), Bgloj=o] Y uig
g HoFa gt}

I 1M Y3 F4 i?ioﬂ*i o= #
Aol wet SHEErt GElAls AL HoFa gl
TEL @9 2ol dm/secol A lOm/seci H 53}
g, Edol=e #Ade] HEr] #A9 58 10w,
200w, sHLEe WIS (h)odA HelFi g,
2dol=9] Bl BAGle] Bol=e = &
L3 A7le fAkg e zheth a2y, Egol=
o] #FE T T B Eo T 93le] AlA|
HE7lA Fdale EQart g, gALnr)
gk A =,

20 m/s
(a) Vw/nd
-20 m/s
2000 rpm
‘_/1 :\‘
s :
(b) (7 J=20J.. Omotor
m— NESTYN .
AAS.Y)
0 rom
1 sec/div
T8 11 Zol=0 BNl WE JIEE WE
(a) E&([m/s]

(b) 3HEZ[rpm]

Fig. 11 Acceleration at different blade inertia
(a) Wind speed[m/s]
(b) Rotational speed(rpm]

4.2 =
B rRoAE 894 Beo=g galse] B4
Watel 2 AU YL xPehe ARuolEES
A7 - AgSE 53 44 214 Seoze =
BHHE Ao Be WEIE Bl & 5 RS A
of guelEe TSt H0A Belolme SEAS
AA gl A B F A ek Alete
FES TG ABdolE: o FH wd A
29o) Aol dmelE AW, AEAE 2 Be 27
5 09w ol 289 5 9 o= svdr
7 ATHAZE 4% W50 e Axde o
E4 RS s aRAon wasd Hs 4
g A" F54 2ot s slem Az



AlgeolEe] Ao dxelE 273

2 oTE MdXielRel xelo] ofsiol 7| xHeBE
BEATL FU2R FUE IH QY
g n g2 ¢

{11 http://www.windpower.org
[2] Shibashis Bhowmik, Rene Spee, Johan H. R. Enslin,

(3]

(4]

6]

7

"Performance Optimization for Doubly Fed Wind
Power Generation Systems”, IEEE Tr. Industry
Application, Vol. 35, No. 4, pp. 949~958, 1999,

HAs, TAA, eAS, TRIEY) A4S FETHAA
e FHA, o uRFeteEx], A9d A2F, pp.
117~122, 2000.
AE, 58, w23, 58 "FY Hojdl Re
< A% /M Eoa dHY AEeoE”, dar)aty
=14, Vol. 51, No. 8 pp. 467~474, 2002.

L. Chang, R. Doraiswami, T. Boutot, H. Kojabadi,
"Development of a Wind Turbine Simulator for Wind
Energy Conversion Systems”, Electrical and Computer
Engineering, 2000 Canadian Conference on, Vol. 1, pp.
550~554, 2000.

e, A7), "AEA 2TANEE AT A1A BAR
stoll @ A, s ~1eg] sAstEus =74, pp.

433~435, 1999.

Seung-Ho Song, Seung-Ki Sul, "A New Tension
Controller for Continuous Strip Processing Line”, IEEE
Tr. Industry Apllications, Vol. 36, No. 2, pp. 633~639,
2000.

t [=]

19 2624, 19984 MeQ) M|
Z 20009 = oistel Mo|Zst

H.
(A, 20008 ~3K £ chstel
Shm} SARTE,

X M Z (8 1t 55)
1975 12%AL 20019 MET) Ho|Zat
2 B 2088 S ofatel M7IZsn

ZA(MA}.

k

A

o
S
T

199834 & gty M3
(MAR. 19994 = ci&hd M7

E 19924 ~1995d ZA
l

st



