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Performance Improvement of a Hydraulic Turbine Generation System Using

Adaptive Fuzzy Sliding Mode Control
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Abstract

This paper presents a performance improvement of a hydraulic turbine generation system using adaptive fuzzy sliding mode control.
A dynamic response of current control on the part of generator should be improved to utilize differential pressure energy efficiently
in hydraulic turbine generation system. Current ripple on the part of generator should be reduced in terms of noise and generator's
life. Adaptive fuzzy sliding mode control scheme is applied to generator in order to improve the performance of a hydraulic turbine
generation system. Sliding mode control is used to make the dynamic response improve and fuzzy logic is used to select a proper
gain of sliding mode control to decrease chattering phenomenon in steady state. The effectiveness and performance of the proposed
method for hydraulic turbine generation system are verified by simulation and experiment.
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Fig. 1 Composition of hydraulic turbine generation system
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Fig. 2 Simulation results of hydraulic turbine generation system
operation using a PI controller

NN : f
lqegen(A)\\]qeje"(A)

AN w0

Time (s)

e A

AN W s

0.194 0.198 0.198 02 0.202 0.204 0.208
Time (s)

a2 3 Pl ®lof7|E 0|88t PMSG & FF Ao AlS2lolM Hut
Fig. 3 Simulation results of current control on PMSG side using a PI
controller

H 22l= Aol ZA5IR| R|uF £8-400] =] thygow
3 Aoy A2gle] gk UG mvboR e
qich. whebAl, Ak wb Al 2loA I G2 At AlolE
At kel A%} LA ABHoR Bglr] s
Ae e o8 545 A7 Sl F7HHR1 Wel 4
a8t

e

2.3 aato|el I o]
S} 0 Ao éE}OI%

AR Aole] BhE S Al

agHo B8Y 4

e AolE =3 PMSG
9 A AT oA
4 Zefold HE Aof

=5 yehuch 94,

mlm Jl)l'

= Uk 19
71E ©]83t PMSG & AR Aol E5
&etold HH A (I Zo] AAZF

pal

el

S=ei+/eidt )

71, e SFOlY HE A0 A¥E YERYr, PMSG

. o | o e .
I ge_gent, i _l_ + 3 Signum sgn(S) I + I PI ’_v’qe?gerr
b S| + function N T controller
Tge_gen I I

Sliding mode control

a2l 4 g2to|g 2E HO{7|1E 0|8% PMSG & FR MO EE:
Fig. 4 Current control block diagram on PMSG side using a sliding mode
controller

'é_ q%‘ x]%‘ ;1(:].‘[1'1_]_ quJgLr!‘Ll( qT'T ﬁ‘n‘\_] lqeﬂeng’] i]'i 7:“/8:‘;__]:
th e 19 4] Uehd Aol 2B w04 Signum function
E55 330 sgn(S)E A )} o] AllRith
-9 _[0,181=4
s9n(8) = T T_{A7|S|§6 &)

A7IM, A= 2 ¥ B o0 A2 I e UrEPLHD% A&
B9 S4de] uter AT Ghe AAVTHIS) PMSG & A
AolZ 913l Letold M= Alof2 ol gste] ArkE Mo
oA A () ek

= Sgn(S) : Kcm(z-"_ €; (3)

€i su r face

o71A, Kz EF0]d HE Ao]] ©
255 PMSG & AR Aol H= I A 542 P
ANE A Aol Y @il dstEs EA7F EAget
tf wAHC R ¢ uS PI A0}7]9] ¢Jgor HAsd,
PMSG & A7 Ale]71¢] 93 qF A A2 A @) &
=

*

ge_gen = kpq * ei,surfa(’c + ki * /ei,surfaaz (4)

S M, k®} kiz 2t7E PI Alo}7)2] g% W] oS3} A% o]
Solt}.

%

2.4 &210|8 2E HI0]7|E o|8gt AlEd0|M
sztold BE AoJ7]E o 87t AF T AILH S
SIS, Kool W2 e 55 AH 2 A H S
vlasty] Qs AlEdeldE saskiem, AlEd ol
PMSG wtetulEl= & 13 2t J19 5=
ol getold = Alo71E ©]&37 PMSG
Algdold e e, 1E 3o yERd A9
HSEA

[ ol I'Il}"..
or K

R

t:l— ] lqege)n?_ 02 Oﬂ 2 Aoﬂ}ﬁ 6 AE 7]— 6‘]— E]’ iqugen—LQ_‘ X]
Y ARl wek Aojsnl, A4 Ad E2 AR oF 05 ms
OIE} 8 39 ekl B xﬂcﬂﬂe ol &3k PMSG = A5 A

Sl AV WAL, H5H0] L PSGE] £ )
A Bk ofjet 438 WA %‘ﬂOl CEERE I

Hy OlN

KIEE



1198 The Transactions of the Korean Institute of Electrical Engineers, vol. 68, no, 10, October, pp. 1195~1203, 2019

el ARel fES st K& AAdlof itk

a9 62> 19 59 FYT 4 9 2oA AR YE
Azst7) Y8l K2 12 AR AEYold An=E L]—E]—L}]
™, ige g A AT weh AlojEh 29 S0 Yehd AlE
glojd Aue} vjwsto] K, 7h fgaste] MFo &l
o g Al = Agto] oF 1.78 ms2 F7FslltE E
g 29 3o yehd PI Alo7]5 o] &3k AlEdold Axtet
Hlasto] e S el E**Ol 3741 FEA e A& &
18k 4= Stk webA, PMSG & A5 Alol9] e S5 AH
7 A B dH B4 E? FIN717] Sl = 5
7HA L Ao} W o] i astth

o:
i=}

r°"

Time (s)

- ms

>
e SrasRseRansER e bbb L L EELLE L

: g 7] f{\iqe s ]

0.194 0.19¢ 0.198 02 0.202 0.204 0.208

a7 5 £2tolg 2E Ho{7|E o8& PMSG & TF Hof AlZo|M
Z1HKsmc=5)

Fig. 5 Simulation results of current control on PMSG side using a sliding
mode controller(Ksmc=5)

n i (A) ﬁ\ I T —
qeigen -+ ;
4 oot >~ “lge: gen (M)
2
1
0.12 016 02 .24 028
Time (s)
- £78'ms
o .  —
. : ;
4 e R e e E
2 qegm (A) ',qejyn'(A)' f-e--
P S S [ Sl
1

0.194 0.19¢ 0.198 02 0.202 0.204 0.206

a2 6 £2tolg ZE Ho{7|E 0l88 PMSG & TF MO AlZolM
A1 Ksme=1)

Fig. 6 Simulation results of current control on PMSG side using a sliding
mode controller(Ksmc=1)

3. metsk= HE mX| &2to|d RE X[o]

B Rl 53 A A2l M PMSG 2 AF Aol
o ThE gk AR B A AR BAS mE A7) 9
sl &g wx Lol BE Ao] WS ARtk 1Y 72
Aksks Ag WA Lepold BE Aol71E o83 PMSG
% A% Aol BREE Uehul, Acksks FHela w4

AolE &3 &gtold ZE Aol 0|59l KT AHTITh
W Aole] AHES PMSG = qF AR ae)olv,
Fuzzification, Rule evaluation, Defuzzification®] I}4& # A
XA K, S AR 2 PMSG 2 g% ARe] 3ol o}
2 Kns 571 B HAaste] e S AdH 2 B AHE
=48 mE AR & Stk

Fuzzy control

_——— = e - — -
e Rule e o [
Fuzzification| : (Detuzzitication|
evaluation |
> . N Uum_fmel *
! ge_gen+ + 3 Signum ~ [sg7(5) & PL |V ge gen
|+ function ey ||controller
Iye gen |
Sliding mode control

a7 7 Meotst= XS mx| £2told 2E H|07IE 0I88t PMSG &
TF Mol EEX

Fig. 7 Current control block diagram on PMSG side using a proposed
adaptive fuzzy sliding mode controller

3.1 HX| Hlof
HZ] A= Fuzzification, Rule evaluation, Defuzzification®]
Al FRog AT} WA, FuzzificationS ¢]2 H4ES W
4 R Ashe Bl Y Wt 2t wuldl g
24351= A= (Degree of Membership, DOM)E ZA st} 16].
w4 s 7heAIRE B3, ATR0lE R4, HEY
SOBER EERE é?‘.% 4 qlon, W4 el
) & ART olul, Wila Tt
el sk olate] Wul4] ool el DOM
AR 1% 8 B kRold AR W4 T
ceRE, ke Relel w4l gl ula) o] 7iek
2

2
BgRETE EASHA G 7S] W SR A4

o=

S~

N

N

N
oot ofh o2 2

ot o

DOM = 1

DOM =0

4 3 0 3 4

a8 8w B4
Fig. 8 Membership function

Rule evaluation® Z} W4 3o DOMES 7|Fo =2
output strength® Aelsk Tpgolch o =Eold 7t Wl
3H4=9] output strength= ¥ 29} Zrouw, 42} ¥ A|AH|Q]
TE % A R A A S48 ejsto] AgaA

ulx|2kO 2 Defuzzificatione 2z} W4 9] DOMI};
output strengths ©]-&3t ALES ol A Aol FHE& A

AFSHz ahAoleh WX Aole] Ye Setold mE Fojo]



The Transactions of the Korean Institute of Electrical Engineers, vol, 68, no, 10,

o152 Uehym, A Aloje] ¢le
4= PS¢} PBE] DOME 71z}t 0.50]1L
DOME 0ot} =

2o 3.591 ol w4 o
Ul e gl
=, J’]X] Xﬂoi"] %E—:‘I 1_1_ AVIIL“\E___ }‘\—I] (5)9’]— 71—1:]’

K,, .= DOMNRB) - 7+ DOMNS) - 0.5+ DOMZ) - 0
+DOMPS) - 0.5+ DOMPB) - 7
=0-7+0-05+0-0+0.5-05+0.5-7
=3.75 5)

2 2 #HY a0l 713X
Table 2 Output strength of membership functions

. . . Output
Membership function Meaning

strength

NB Negative Big 7

NS Negative Small 0.5

Z Zero 0

PS Positive Small 0.5

PB Positive Big 7

3.2 Mietsh= Mol WHS 0|88 =Xt YT AAHQ|
AlEg0]d Zxt

a9 9= ASkshs As HA| SEteld RE Ao7]E o8
S

g PMSG & A Alof Algdold dE vehls, PMSG
Z 0% AW AR fge g 02 2] 2 Aow 6 AZ 7hst
At AlRksk= Alo] e E3 PMSG = qF A7 ge gen
=AY ARl weh AojEn, A dH = ARRE of
092 mso|ch. 9 5 8l 7 69] AlEeold AuelA et
olg RE Aloj9] 0|53l Kuew LASHAN, Alksh= Ao
S o83 AlEF oI AIollA Kz #A] AlotE 3l
PMSG = q= X*EA Safo] wheh 7Pt &, A= SH
el A= K 7180l A7 Alole] £848 I
a, FHOM_ KnE fasto]l 7ol o&s ARk
+ ot

Bl dgeen®] B FE B
30 yebd PL Aloj7]E o837t
/\
o

= AJ7ko] oF 58 % At on, Aok wHe B 3
SE AT 54 AL 5 ek B 000 TE S
el BAE 39 So ekl Lefeld BE Aol ol

E4el AR 2B A7) oF 96 % Paalideh AR
2 =7ollA 7<1|°J?5‘Ph Ag HA| Eefold RE Ao7|5
]/\]%]:]'4 J_JFE _rd— /U-EH E/\-]““U]— o]-],]

A S I A 1 AR

=~

=

o 3 7]

'g-:_].— /\]%Eﬂo]}\\i éj’}'oﬂ/‘i iqugeng’] 'EF}\(_)]I]— ‘IQF/\]—S]—X]E[_]: Xé 0]‘ /E}-
el

=

U{

October, pp. 1195~1203, 2019

1199

| eeenh
A/]\,smc,,

o N s o ®

Fasem ‘A)\(\W (A)

N ]

02 0.24. 028
Time (s)

-

e n s o ®

0.92 ms

]

oy S f"qegm(A)/g(f,,dw(A)

1
0.194 0.196 0.198 02 0.202 0.204 0.208

Time (5)

a2 9 mMigtsts MS mX| £2to|d 2E H0{7|E 0l
TF Mol AlZzolMd Zmt

St PMSG

il

Fig. 9 Simulation results of current control on PMSG side using a

proposed adaptive fuzzy sliding mode controller

3.3 mMigtste HS mx| &2t0lE

e
&
2
>
1

2E Hoje ot™E

A ARG A G 9l At

= 3 95 AL
£ A% WA Letold WE Aole] gL PMSG ZoflA]
WAElE S olgste] B4 4 otk $41, 4 @el U
EhYl PMSG 3 9IjEl] A% g uhero R PMSG ZolA
WS A A (@ Zo] AXkE 4 9k

- Vr]en ki
chn m k +? (Sgn(S) Kc7n(’+e7 emfam) (6)
A7|A, Ve PMSGE] H7)HHof| gk AXF A9, L3t RS
7kzk PMSGE] QIEE~ 9 mA AR, S Lol B
S9] Laplace ®igHalolct. A= HHES $15}0] Lyapunov &
FE V, = §28 AA5EAL, Lyapunov 9=9] i -2 A4t
shd A (NI 2t
. . 9 L
Vo= 8,8,==05;+(1—a,+b,)e;S, + Pqe,LS,
sm<‘|S|
_ 2
_7bpszEp|S‘|
(EP: |(a117b117 ‘ R r]€n +bp[(amu
V(?‘lk Vf’ﬂk
ay = b, = ) ™

’ R ’ R

KIEE



1200 The Transactions of the Korean Institute of Electrical Engineers, vol. 68, no, 10, October, pp. 1195~1203, 2019

webd, 3 A AAde) A B I8 Alksks A
S WA ooy HE Alojo] QHgAS BASH] $aAE
4 (MOl 5,8<08 BHEsiof shul, Zetoly RE Aoj
o159 Kk 4] (8)2} o] Ashof ek,

K = (| 1—a, +b

5

)/ (b,) ®

’R gen

]

4, A8 Zn}
R0l ASkels A4S | Lfold W= AoiE of
A W Ase) s P e By

1%l 100] Uebd A3 AEE 0|85t
Ptk 1% 10(a)= PMSGeF 25 mojgt
(Induction motor, IM)o]H, 18] 10(b)2} (c)= ZFZ} PMS
A5 Aofs7] siat <lelel @ 34 AT AAE g A
go|th A= TMS320F28335 t]xd Al 2]
S e, A

o
] FHI

ol
=5

]

m o
) o k)
off X ol

o2

N

ol ~N
4
ol
:(O ﬂ,l>‘ oL
1

-
@

Komy = e

oA A3 PMSGE| uhefulEl

lContIol board ‘!

A II\IIIII IIIIIIIIIMIIMI

hﬂ i
I’U\\cl boa u'd

1 Control board)
e e

O3 10 A8 ME
Fig. 10 Experiment set

Y 112 PI Alo]7]2 o] &3k £ A A|A"Ee B2 A
 22E etk 18k Ao o) AL SHE wo
317] 9lal IML o]-g51o] PMSGE] 3] 4=2 900 pmOg
ARstelen, 34 AE & A AU(Visg) 60 Hz/380
V2 ARSI 34 AE = AWEE £3) Back-to-Back
AHE 9 AR AUFo)e 600 V2 Aojstglon, PMSG
5 95 A" ARE 12 AR AAsksich A o2, PI Al
715 ol&ste] PMSG & qF A7 e i AR AFRE Al
olE 2S TR 4 Yok

2% 125 P A]|E o143 PMSG & HR Aol 48 2
B RS, it 2 AGIA 6 AR ZhWsiT, Ee
lge gori= A Aol whet Alojsfm, A4 AdH =g /\]Z_}%
oF 2.80 mso|th iy ] B AH 22k A9 GIANE &8
Kol el wHlo] .

24 0 AL 25 18 A5 Aok
Sagstel A oUAE ATHoR B
39 542 A e 274 Biiol B

KIEE

Vbe (600 VAV)\ e

T8 gria (1 I\V/dl\)

YA

is gen (20-A/div) \

WY

iy gria (10 A/dl\)\

WWWWWWWWWWWWWY

O ms/div
3% 11 PlHOI7IE OIS 4R WA AlAmol SX MY Hm

Fig. 11 Experiment results of hydraulic turbine generation system operation
using a PI controller

ige gon (10 A/div)

i"ge gon (10 A/diV) ~

A

(2()0 ‘ms/div )

i gen (10 A/div)

2 80
‘““’( e oen (10 A/div)

7" ge_gen (10 A/diV) (5, ms/div)

a2l 12 Pl HMl0{71E 01838t PMSG & TF Hlof 43 ZHat
Fig. 12 Experiment results of current control on PMSG side using a PI
controller

i*qgﬁm (10 A/div) ~3 o ige gen (10 A/div)

1

TS e gon (10 A/div)

i

ms/diy)

" go_gen (10 A/div) (5 ms/diy)

a2 13 £2tojd 2E XHo{7|E 0|88 PMSG £ TRFR Mo A Zut
(Ksmc=2)

Fig. 13 Experiment results of current control on PMSG side using a sliding
mode controller(Ksmc=2)

PI Ao7]E o]k Aol il 3401 =3 ©Y
Hebsly] 93 2 &Etoly RE Ao71E ARgSith o]
upel, Setold RE A|oj7|E o185t A} W AlAE9 F
& gelehal, LEtoly BE A|ojo] 0|59l Kol wE T
= S A 9 ZA Ao EA4S vwshy] st AE
S3shct

I8 132 K2 28 A% Ao &etold RE Aoy
£ o] 83 PMSG & A Ag ANE e, e e
o

2 o

flo &



The Transactions of the Korean Institute of Electrical Engineers, vol. 68, no, 10, October, pp. 1195~1203, 2019 1201

2 g gz AT AT whet AlojEm, Gk AE = AIRE

/*q@gen(lo A/di\')\ /iqgjm(l()A/cii\')

e

i gen (10 A/div) (200 ms/div)

83
VLTS g gen (10 Addiv)

i

i ge gon (10 A/diV) (5 ms/div)

a2l 14 &a2tolg 2= Hoj7|E 0|88t PMSG
(Ksmc=1)
Fig. 14 Experiment results of current control on PMSG side using a sliding

1]

T Mol & Znt

mode controller(Ksmc=1)

A g e
Ko (3 V/div)

1" go_gon (10 AJdV) ~_poac” ge gen (10 A/div)

RN

(200 ms/div)

A

4 gen (10 A/div)

i e
H/Km (5 V/div)

—

TS e gen (10 A/div)

4

" ge_gon (10 A/div) (5 ms/div)

a2 15 wMetskhs A mX| £2t0|g 2E Ho7|E 0188t PMSG &
HF mof A Zaot

Fig. 15 Experiment results of current control on PMSG side using a
proposed adaptive fuzzy sliding mode controller

2 oF 158 msolch 19 120] U PL Alo]7]E o]g3
PMSG 2 7 Alo] 4@ Ave} wlasie] vhe g 4
E o] dRAIE|Q oLl AAL e e] e AR 2l
Aol 2Bo] Frisle BAIZE WASI AT

O 14+ O9 133 5L A4 2 ZANA AR 2=
= Al Al Kas 12 A% A9 ﬁﬂ—% Bagulsd
a9 130 yEpd Ae Anel vlaste] g
Ao BlEe gagloy A dH =2 4

2 Zylslct wath 1 12011 UrE}LH E‘ﬁd aﬂm H] 15}o]
= 3 dH 5
= Atk

PMSG & qF AF Aol d= S5 e 54 B8 &
B =g AR Eola B4 AH 54 AR e AVE
=9 w2k W A2"e] s f?%** 7171 13k
A s HA Sotold 2= A

i
mlm
)
oo
ot
2

Ak 19 155 ASksls A WX Lefold mE Aol
715 ol PMSG = A% o] 4@ AWE ehiic. AW
Al Asks Ao) P B hpm 2 A1 6 A2
T i ol T Aol A A m AR of
143 msolch. 1% 13 9@ 29 140 Ui A Aol A
Safoly mE Alojo] 0|5 K.t Ytz 77k A4
Aol AR 2Ze] 2717 FARAY BhE S5 *PEHOM
4g4o] 17l whio] gltk. ole} e, Ackshs Aol
o] 48 Al A Aok Fol PMSG % g%

2 R0 W} KuE A & A4 AelA K
Aastel A7 2B 78 AU 4 gov, BE Sy
AN K Z71510] AR Alojo] 48
4 9lek

Z71do®, 18 120] ERE PL Alol7] Y)ue] AF A}
o} wlislo] PMSG % g% AR 2T A7)E fASAT,
A AR = 47RO 49 % ghashelch k1Y 130
Uehd &efold mE Aol7] Zlwe] A% Aule} vt
PMSG % o A5 Alole] A4 A =2 A7 fAIK
ok A% 23] 2717} dasiec 2
S WA Sejoly mE Ao}7|E o|gsle] PMSG % A
o] The gt Abe) SA4w ope} P4 Al S4S
FAAA 4 ek

ru[m ) IIE

-SMC

lI

4o GAA2

B w=gol Al Ag WA Lefold BE AolE olgT 4
o A2El) A A e Aokt duos
43} 9 AR PL Alol71E o] gdtel PMSG & A
%

$ AR, B S5 4 292 3400 =2 O
o gleh. olal PI Aloi71o) wAS adstm, AR Aol

E£848& I el "EPOI% 2E Ao o]83t

PMSG 2 A2 Alofa 4 gtk sk Lefolq mE A

ol9] = G A S/t OMF/} o e B Y
AAOFs= 22F U ARl A= X@OW Gk whEbAl,
2 =wolAe #A AloE Esﬁ PMSG = AZ9] ox}of u}

e KB 7Psto] PMSG % A% Aloje] The S A @
B e BAS A0 PAAA WA A Ee ohet A
2o] FAS AAZIE WES Aokt % A7 Aelel 1
= 85 A K S7I5101 05 ZﬂOH 5S4

e, Agkste 48 54 %EM

SR A2El) A B e B
ju

KIEE



1202 The Transactions of the Korean Institute of Electrical Engineers, vol. 68, no, 10, October, pp. 1195~1203, 2019

Acknowledgements
B AT 2019UE AFARAEE HUOE T A7
Y7L AKETEP)] A9 ol 533t AFTAI YUk (No.
20172020108970)
B ATE gRAEFAY AlelgR 72 Eee) <)
A D=L (TAE: R19X001-20)

References

[11 K. M. Kim, S. Y. Park, and M. S. Oh, “Power Generation
and Control System Using Differential Pressure of District
Heating Pipeline in a Substation,” Journal of Energy
Engineering, vol. 26, no. 3, pp. 90 -96, Sep. 2017.

[2] D. K Kim and C. H. Sohn, ‘“Numerical Study on
Cavitation Reduction in Velocity-Control Trim of Valve
with High Pressure Drop,” Transactions of the Korean
Society of Mechanical Engineers - B, vol. 37, no. 9, pp.
863 - 871, Sep. 2013.

[3] J. Liu, B. Xu, D. Chen, J. Li, X. Gao, and G. Liu,
“Grid-Connection Analysis of Hydro-Turbine Generator
Unit with Stochastic Disturbance,” IET Renewable Power
Generation, vol. 13, No. 3, pp. 500 -509, Feb. 2019.

[4] Y. Bak, S. S. Jeon, and K.-B. Lee, “Power Conversion
System for Hydraulic Turbine Generation to Utilize
Unused Differential Pressure Energy,” in Proc. the KSFM
Journal of Fluid Machinery, pp. 1-2, 2019.

[5] R. Shahnazi, H. M. Shanechi, and N. Pariz, “Position
Control of Induction and DC Servomotors: A Novel
Adaptive Fuzzy PI Sliding Mode Control,” IEEE
Transactions on Energy Conversion, vol. 23, no. 1, pp.
138 - 147, Mar. 2008.

[6] V. L Utkin “Sliding Mode Control Design Principles and
Application to Electric Drives,” IEEE Transactions on
Industrial Electronics, vol. 40, no. 1, pp. 23 -36, Feb.
1993.

[71 H-W. Kim and J.-Y. Choi, “SPMSM Mechanical Parameter
Estimation Using Sliding-Mode Observer and Adaptive
Filter,” The Transactions of the Korean Institute of Power
Electronics, vol. 24, no. 1, pp. 33 -39, Feb. 2019.

[8] A. Saghafinia, H. W. Ping, M. N. Uddin, and K. S. Gaeid,
“Adaptive Fuzzy Sliding-Mode Control Into Chattering-
Free IM Drive,” IEEE Transactions on Industry Applica-
tions, vol. 51, no. 1, pp. 692 -701, Jan./Feb. 2015.

[9] D.-K. Choi and K.-B. Lee, “Variable Step-Size MPPT
Control based on Fuzzy Logic for a Small Wind Power
System,” The Transactions of the Korean Institute of
Power Electronics, vol. 17, no. 3, pp. 205-212, Jun.
2012.

[10] H.-S. Ro, K.-G. Lee, J.-S. Lee, H.-G. Jeong, and K.-B.
Lee, “Torque Ripple Minimization Scheme Using Torque
Sharing Function Based Fuzzy Logic Control for a Switch-
ed Reluctance Motor,” Journal of Electrical Engineering &

KIEE

Technology, vol. 10, no. 1, pp. 118 -127, Jan. 2015.

[11] J.-S. Lee, K.-B. Lee, and F. Blaabjerg, “Open-Switch Fault
Detection Method of a Back-to-Back Converter Using NPC
Topology for Wind Turbine Systems,” IEEE Transactions
on Industry Applications, vol. 51, no. 1, pp. 325-335,
Jan./Feb. 2015.

[12] H.-J. Kim, H.-J. Kim, D.-Y. Kim, and J.-M. Kim, “DC
Voltage Balancing Control of Half-Bridge PWM Inverter
for Liniear Compressor of Refrigerator,” The Transactions
of Korean Institute of Power Electronics, vol. 22, no. 3,
pp. 256 -262, Jun. 2017.

[13] A. Tcai, H.-U. Shin, and K.-B. Lee, “DC-Link Capacitor-
Current Ripple Reduction in DPWM-Based Back-to-Back
Converters,” IEEE Transactions on Industrial Electronics,
vol. 65, no. 3, pp. 1987 -1907, Mar. 2018.

[14] K.-B. Lee, Advanced Power Electronics, 1st Edition, Seoul:
Munundang, 2019.

[15] B.-S. Lee, J.-S. Lee, and K.-B. Lee, “Performance Im-
provement of a Grid-Connected Inverter System using a
Sliding-Mode Based Direct Power Control with a Variable

Gain,” The Transactions of Korean Institute of Power
Electronics, vol. 17, no. 1, pp. 57 - 66, Feb. 2012.

[16] J.-H. Kim, G.-S. Kim, and K.-B. Lee, “A Sensorless
MPPT Control Using an Adaptive Neuro-Fuzzy Logic for
PV Battery Chargers,” The Transactions of Korean
Institute of Power Electronics, vol. 18, no. 4, pp. 349 -
358, Aug. 2013.

[17] Y. J. Lee, Y. Bak, and K.-B. Lee, “Control Method for
Phase-Shift Full-Bridge Center-Tapped Converters Using a
Hybrid Fuzzy Sliding Mode Controller,” Electronics, vol.
8, no. 6, pp. 705, Jun. 2019.

[18] A. Rubaai, A. R. Ofoli, L. Burge, and M. Garuba, “Hard-
ware Implementation of an Adaptive Network-Based Fuzzy
Controller for DC—DC Converters,” IEEE Transactions on
Industry Applications, vol. 41, no. 6, pp. 1557 - 1565,
Nov./Dec. 2005.

PEPNEY) |

XS (Dae—Hyun Cho)

He received the B.S, degree in Electrical and
Computer Engineering in 2019 from Ajou
University, Suwon, South Korea, where he is
currently working toward the M.S, degree in
Electrical and Computer Engineering from Ajou
University, Suwon, South Korea, His research
interests include electric machine drives and

-

power electronics, and control systems,
E—mail : cdh9507@ajou.ac kr



The Transactions of the Korean Institute of Electrical Engineers, vol. 68, no, 10, October, pp. 1195~1203, 2019 1203

HtH4 (Yeongsu Bak)

He received the BS., and MS, and PhpD,
degrees in Electrical and Computer Engineering
from Ajou University, Suwon, South Korea, in
2014, 2016, and 2019, respectively, He is
currently working as a Research Associate in
Research Institute  for  Information  and
Electronics Technology, Ajou University, Suwon,
South Korea, His current research interests
include grid—connected systems, electric
machine drives, and matrix converters,

E—mail : wov2@ajou.ac kr

ol (Kyo—Beum Lee)

He received B.S. and M.S. degrees in Electrical
and Electronic Engineering  from  Ajou
University, Suwon, Korea, in 1997 and 1999,
respectively, He received Ph.D., degree in
Electrical Engineering from Korea University,
Seoul, Korea, in 2003, From 2003 to 2006, he
was affiliated with the Institute of Energy
Technology, Aalborg University, in Aalborg,
Denmark, From 2006 to 2007, he was affiliated
with the Division of Electronics and Information
Engineering, Chonbuk National University,
Jeonju, Korea, In 2007, he joined the School of
Electrical and Computer Engineering, Ajou
University, Suwon, Korea, He is an Associate
Editor of the IEEE Transactions on Power
Electronics, Journal of Power Electronics, and
Journal of Electrical Engineering & Technology.
His current research interests include electric
machine drives, renewable power generation,
and electric vehicle applications,

E—mail : kyl@ajou.ac kr

KIEE



