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An Implementation of Wicket Gate and Feedback Diagnosis
Device for Digital Governor in Pumped-storage Power Plant
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Korea University of Technology and Education
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T Al AP 9 F3E Alojste], FEENICR HIE Aikshe A4
AEE AR 2 W gkato] AR A7 AGGH TS gt o] gt i
Tt flste] 24719 B AAAES FsloF AR HElEE FERE,
S gotsly] oy Aol F Bl URE 2457 DCS BEY 2,
ZA] power stageol| Al PWM =7} &85 o]o] me} sjems FFafol shw, 49 7%
FolX|A] oW &7 FANEE sl Alo] w9 ofH AL, wicket gateE: HO|E
ok whebA, B =Rode YAE 24579 e Zekel Ak A vk=A] 23 wicket gate 2
feedback EOJAIFGA & Aett]. o] AX|w= A2 =] dFof ol oA TXE 2&7]9] &2 PWM H2-d
os) 49 2 23 w2 Fdsta, AAANA FHE ATE T d9 2 23 /=g getd 4 glon voltage
range converteri-5 o]&3le] & 1.3Vdc-35Vdce] AHAHA F=wS 1-5Vde®E W3kslal, o] ATE 4-20mA
loop powered converter® W35l TA Y 2&7)d] Il T3] wicket gatedt B8t H2)
71 A AA G AR E g R TIXY 2479 wicket gate % feedback 2O WA E& T3
loop power?! 15VdeellA] TjAE Z&7]9] d9 2 23] /%9 FFA|E 78T 5 9o, & =
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k=] I Q3 wicket gate 2 feedback FoJA1E
orste}. o] A= HLAXA F =1 HFo o] F-
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o] A 247)s wARE A faEd 7)o
Jolstel, +2EM o2 ArlE Qakshe Agae B 2571 F9 PWM 2 <f8) 99 % 2
, %EEE A= %]Oiﬁg% _?4;‘(] ]HX]E ﬂ:;i_]_-g].o;] 333]'1, @“Hﬂﬁ]oﬂﬁ Tud 2T E 53 %a\: L
AN AARH S Salair), = oFulbd 4= o) L5 gote & 9l voltage range converter’ & ©]
Ao M AANS B 5 o3, A 7 o] ©F 1.3Vde-35Vdc®] A A 3 =ul-& 1-5Vde = W3k}
AsHA U1Lak, gFE AAALT whAl A] e a1, o] AEE 4-20mA loop powered converter= ¥ 2,
Pahs T2 WA An|ot) ogFF YA E Y OAY &7]d J=ws F5E6ke] wicket gatest T LT
a7)0] DAAGE Fa3ly] 9ste] 2&v]9] T TS TR A7) AN FAE Ao R gAY
S Fa)afol slA UL HYIRE SERE Pumpe Z2:719] wicket gate 2 feedback 29| A< Fefst A3}
B4 A B2 QS wolaly] 8= ARt} = %227 9] loop power?] 15VDCollA HlAE 2&7]¢] 9 2
gAd 2&7)= DCSEEZ = g2 EYEE & S eS| FEAE FAE F o], B =] FEds
% ZA] power stageollX] PWMZE A7) &85 1 AL
yews Fadol ot @9 JfentEe] A
F7 ow 247)9] BAYHE sobahz Aol 2. 94" 2%7] 3 wicket gate 78
a1, wicket gates 2o thA] FA = gl AA ol



20239 =t Eets] £ dEdEeEdd

gAg 2&7]19 #4417 13 2o Yl = itk o
714, governor central unite Y&3 2 Aol TEA 2 A
= 433} 2, positioner= wicket gate?] 7]%= 2 servomotor
position governor central unit .2 AEslo] F=xpkbA 7] <]
FEA oS Fa8) T3k wicket gatei= 712 TLE]7} o}
W AF9] servo valveot Zo] ~E9] 91X & PWMe| %
o7 Aol S Aoet] main valved: ZEE stH
2 servomotor position % valve position I|=We] F71A]
AZE governor central unitC.® FF3c} 3FH 19 2=
wicket gate?] AJAIEES Yekdth o7)M, 28 29 @
= valve position ¥ =1 Al o)1, (b= servomotor position
gzl AlMolt) webA| wicket gate®™ 2719 T=w AlE
& swslof gt

Governor central unit

Positioner
Output
State chat treatment

N
frequency
w
treatment cH
treatment
10 order:
N teatment

(29 1] 94" 227)e] 74

nE

[2% 2] Wicket gate AlAIE=
3. Wicket gate 2 feedback EA8F=]<] -4
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3.2 Voltage range converter-

Voltage range converter-+= 18 49} Zo] 24VdcE ¥
Fiko} +12VdcE £¥3l= de-de converter 2 A Fof| o]
H AlA 58 5Vde AASH dlgdolEl 2 FAETh 7]
A, zero MBE AYAAE o]&35le] oF 1.2Vdee] 0% €3
Al A Z2EALS 1VdeR AR S 4 %5 3haL, span A
AAHAE= oF 37Vded] Y-S 5Vde®E 28  U=s
FAE) w3 valve position FE=W 2 servomotor
position =S 9Ja) 270¢] AEE FAdEHW, op-ampt
4789 op-ampE WSt e W& op-ampE A [

Heo] $48 vl FE7|R o FojAlt,

[Z1% 4] Voltage range converter?] 4

3.3 Loop powered 4-20mA converters-

Loop powered 4-20mA converter§-= 19 53} o]
ek, & RAAFGAANME zero ¥ span®] FHo|
voltage range converterol| A 7FedlPz Ao Qg {lE
sz g

[Z2% 5] Loop powered 4-20mA converter®] -4

57 —
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34 AA A AA d
Wicket gate RN 4= 19 63 o] Vehd 5= 9l
th of71A, 219 69 D2 AR BE Aol oE i, Q=
voltage range convertery-, -2 loop powered 4-20mA
oY, @t 24Vde AYS FF3HE de power

supply -2 g gtk o] T1Rlof A} o] A AA HE o

converter-

ZololEl = A9AHA =S 7k 1 9ol 5Ve] #lHH
2 A T A 29 ke Aty Ao dh7
o] A HAE 45+ AUrh

o) |

/ e
=

LB

24V loop
power

owered 4-20mA converter®

BRI 28 Aol

(23 6] AA A8 A 7=

4. Nd A3t g

gate 3 feedback 545 wA4lsl7] 918 AlE 212 &
2l o7]A, voltage range converter= Q¥
calibrator& ©]-&-3Fo] 1Vdcoll A 5Vde7bA] 7hi 8l
A VEStn AEAHE EAEch 3, loop powered
4-20mA convertert A%+S calibrators ©]-83te] &9
AFE 7158t A% A B3 Alewgke] My

Aol SR W wicket gate 0% G AZE 4mA, 100% 4

E
olgd %

=
S
=

H
&

g AEE 20mAZ wAs} ek AubEQl 4-20mA
converter?] loop powere= 24VdcE AHEHA| T 2 A3

3 13} Z+o] loop power7} 15Vdco] 2,
o ) AFEY 7IEihs wEelof o) ek d9xHA 2y
ool ol ¥ 72 5Vde HAYS Q7let S o &
= A E 29 Zrh o] W9l Yyl AE A W
$7F olYE=E voltage range converteri-Z o] -83}o]
1-5Vde At W9le] =48 wstsjof gt

[E 1] Loop power 15Vdeoll A F-5-8} Al 250Q%-8} Al AF =4 7|53t

Upper wicket gate position sensor
Fully closed (Min) [ Fully opened(Max)

Lower wicket gate position sensor
Fully closed (Min) | Fully opened(Max)

loop power 15Vdc 58} A|
4000 mA | 20000 mA [ 4000 mA [ 20000 mA
loop power 15Vdc 250Q 56} A|
4000 mA | 20000 mA [ 4000 mA [ 20000 mA

A ety
[ 2] Upper wicket gate 2 lower wicket gate-®& FE|3o]o]E| &4t
Upper wicket gate position sensor Lower wicket gate position sensor
Fully closed (Min) | Fully opened(Max) | Fully closed (Min) | Fully opened(Max)
1.224 \dc 3757 Vdc 1.123 Vdc 3761 Vdc

4.2 Voltage range convertert ¢J=2 54
71014 A AFAAE HHEOE, voltage range
converter7-¢] &9 54 19 73 o] 3 5 ek
o714, 54 WAL S B 4EY 549 AP
g Fogk AS ¥ 32 4719 voltage
range conveters ©]-8ate] Aoy &S WA o]
HE 0% 43 7lxolAE 1.001 Vde, 100% L3 7ol A
+ upper wicket gatex= 5006 Vdc, lower wicket gatet
5003 Vde7F YR =2 voltage range converter?] =9
Aol wheh wicket gate®] 9 NEE ot F AS5S 2

F gk

T
=

Calibrator input [V] Output voltage [V] Calibrator input [V] Output voltage [V]

0.996 1 1.002

2 2.005 2 2.002
3 3.015 3.001
4 4.026 4.001
5 5.033 5

w

IS

@«

output V] upper wicket gate output(V]

/

/ input(v]
: 2 5 s

[2% 7] Voltage range converter HIHIEX

lower wicket gate

0_|_4

[% 3] Voltage range converter 9j3=ojlo]g] ==u

Upper wicket gate position sensor Lower wicket gate position sensor

Fully closed (Min)
1.001 Vdc

Fully opened(Max)
5.006 Vdc

Fully closed (Min)
1.001 Vdc

Fully opened(Max)
5.003 Vdc

4.3 Loop powered 4-20mA converter’® =2 EA4

71914 AlAgH loop powered 4-20mA converter#-5 4}
Yo =2 loop power’} 24Vde?l 7%, F5-3) Ale] EEHEA
< a7 8 250Q Al FHEAS 17 99 o] vER
A

o} o714, 54 WAL Fasks B 95 54| 19
Hol FaH AL & & U}

Calibrator input [V] Output current [mA]
4.206
8323

1 1
2 2
3 12.432 3
a4 4
B 5

Output current [mA]
4.180
8.262
12.344
16.426
20507

16.560
20.677

output[ma]

valve position sensor servomotor position

2,000

input[v; input(v]

[22%) 8] Loop power 24V 33} A] converter HEHEA]
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Calibrator input (V] Output current (mA]

4.204

Calibrator input (V] Output current [mA]

4.180

8321
12.439
16.556
20.673

8.261
12342
16.424
20504

ofslo(n|a
nlslo(n|-

A valve position sensor OUHEmAT servomotor position

wmputy] | 0% inputlV

[Z29 9] Loop power 24V 250Q load*] converter ¥ 354

Sk Ab7]o| A A A8 loop powered 4-20mA convertert-
&g o B =i A AlAg gAY 247] 9] Aleke] w
2} loop powerZ} 15Vl 7-$-9] H3EA L
o714, 19 109 (a)= 949 fad2rt #5812 ¢, (b)
= o8 dId 7 250091 B5-5 27 vERTh o] 1]

L %ol o

T2 2 23 528 o] wAge
gl = (b)9F 2tk 9714, upper wicket2] 7%, 0969 &
Mol A= 399 mA, 100% EF MEelAE 19.994mA
7F YA, lower wicket gate®] 75 0969 D& 7)ol A

= 39%mA, 100% ¥ 7Ee A= 20.006mA7F ZH2 e}
B2 Joop powered 4-20mA converter?] %2 #F
wicket gate®] €% /NEE Totd F oS & F Atk

outputlma] outputfma]

valve position sensor

18 >
i //
¥
2

servomotor position

input(V] . input[V]

(a) F23} A

output{ma] output[ma]

valve position sensor servomotor position

4 A
input{V] input(v]

a 5 L

(b) 2502 2]
[z 10] 15Vdc loop power converter 4

L 4] RAREA S F AFololg A= F wgEAy

(a) 7} converter /¥ WA T A% =AdolE]

Upper wicket gate position sensor Lower wicket gate position sensor

Fully closed (Min)
4190 mA

Fully opened(Max)
19.421 mA

Fully closed (Min)
4176 mA

Fully opened(Max)
19417 mA

(b) ¥ Yool W5z wA F HF FAv oy

Upper wicket gate position sensor Lower wicket gate position sensor

Fully closed (Min)
3.994 mA

Fully opened(Max)
19.994 mA

Fully closed (Min)
399 mA

Fully opened(Max)
20.006 mA

b4 &

w wrolAs gAY 25719 LxEel Xd Al HhEA]
H 33 wicket gate 3 feedback RJAIF GRS AQHetc)
] A= AR v =) Ao ol Bl ol A HAE 247

=% PWM H2o oJe) g % 29 o2& 538,
Z%%X}ﬂ] oM sHE AEE Sl IE 5 2R =S gt
& 4 o™, voltage range converter-& ©|-&3dto] of
1.3Vde-35Vdes] AS1AHA| 3] =S 1-5Vdew Weks}a, ol

5Z 4-20mA loop powered converter® W3kal =g
25700 EWS FEEke] wicket gatest U T
TR 71N A FAE e gAY 2547
o] wicket gate & feedback =] A3 alet Ayl 247
2] loop power$l 15VDCellA HAIE 25719 49 3 23
o] FFAIE AT ¢ S0, ¥ =20 FEAE #9
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