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[ 2]
Eogels [ =g (WS
1 ETORD validation of the external analog setpoint
2 ETOR1 startup order
3 ETCR2 operation in positioner mode
4 ETCR3 pre-positioning validation(optional)
5 ETCR4 + speed / load
6 ETORS - speed / load
7 ETORG circuit breaker open.
8 ETCR7 pre-positioning 2 (optional).
10 +12v supply of TOR logic inputs
11 STORD major fault
12 Ov com
13 STOR1 threshold |
14 STOR2 threshold I
15 +12v supply of external governor relays.
16-17 EFREQ unit frequency input
18-19 SANAT analog cutput 1
20-21 SANAZ analog output2 (opticnal)
22-23 EAMNA1 external setpoint |
24-25 EANAZ external opening limitation or pressure head
26 +12v supplies for sensor input No.1
27 EANAZ sensor input No.l
28 -12v supplies for sensor input No.2
30 EANAL sensor input No.2
3 -12v supplies for sensor input No.2
32-33 EANAS measure power or level
39 +12v supplies for sensor input No.2
BN 125vde | Z57] QISP S
BN2 P W/G ZOolFX|E0 HZE (TR10 actuator 1S EA £95)

o]7]A, ETORS YAY 98 232 F&57]9 7} AXAd AHES g, SRS HAd &3 a2 2579
AEE YebdTr, =3, AlA input No.1& AR EE ] ZTAH(SM EAHA)S n|dtar, 4~20mAe] ofg =1 AT

& d8gom, AA input No.2v= 0] ®E ¥ AHS u|star, 0~20mAQ] o2 MTE YHYE=T
62 2 Ui g2 AAdd mE YAd x257] Adr|E AR EGAE Aystr] gk FAE|T.
E3], &5dd gAE 247] A0S 2ZAEG X7 =AEY

T 6 FxsiH, i gAE 2E57] Ao7]|E 2GR HGAE FEH AZE Y ZEF(210), ALFH A
AH-(220), AE 4/F5H(230), 2AA F=] HGXH(240), HIIE Alo]lE oA H(250) B AlEF/
WA 7] Fa FFFAF-(260)5 X8, FFEAL ALEEH= gAY 257] Aol 1 ofRE gl
R FE¥RE FERE T o] tifdt 8RR Yt exERlo R AlFgitt. Jedd tAd =
7] A7]E nFAEGAE = HollA AEE pEd gXE 247 Aojr]§ GG A L} FASEA R,
T2 AA EEO| RS232E FA1S e = glong HEYI Qe Aoyt ¥3tE A ekt

A 2ZEo] FE5(210)= SR gAY 247] Aojr]e] dZAH yxE L olg2a 25} Ao A
AHg Feu g dist RUHY 7)5S Fdy. 2 AAdeA], &5ibd YyXE 247] Aloj7]= Alstom A
o] N1500 A|JgA & oAz A&t
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[0059]

[0060]

[0061]

[0062]
[0063]

[0064]

[0065]

[0066]
[0067]
[0068]
[0069]

[0070]

[0071]
[0072]
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AClE ROPFAF(250) & FFod tAY x£57] Aoj7]ol] AAE o] 4y S7IE Ao|ES} s 917

£ 3 =]
Ad= = AT FH9 7S LPEHH_B}.

[3% 3]
ESB1 2= ESB2 2=
BC1 E{O/& BC1 EO|d
19-20 | ETOR2 | circuit BRK open 19-20 ETOR2 lower opening limiter setting
17-18 | ETOR1 turbine mede 17-18 ETOR1 raise gpening limiter setting
15-16 | EFRQ TACT (FG) 15-16 EFRQ TAC2 (FR)
BC2 HOE BCz EO|d
12-13 | STOR1 major fault 10-11 ETORS lower load/freq. setting
2-3 ETOR4 pump mode 8-9 ETOR7 raise load/freq. setting
BP1 EIO[E
7-8 | BAT PS battery P.S
5-6 | Vs1 PUIT module output (TR10 actuator 7= 52 E8)
3-4 | vs2 PUI2 rmadule output (TR10 actuator 7524 Z2)
BN1 EOE
4 | POS+ manual contrel + direction
3 | 24V pos | 24V posticrer
2 | POS- manual control - direction
BN2 HO|E
8-9 | SM1 servemotor pos 1
6-7 | DIST1 main distribution v/v 1
BN3 EO|E
8-9 | sm2 servomotor pos 2
6-7 | DIST2 main distribution w/iv 2
# 35 Fxshd, ESB BEY 4= EIRS tjAY 8 A2 2&7]9) 7F FAo] A"HS e, STORS
gAd =9 Asw 2&7]e] FuE vebly, EFRQE Al /27| FasE aadtt

w3, FEwd OAY 257] Aoyl Aud 5 shekiel] 4@ BPL Ewlde] ALEHFA I (BAT P.S)7}

AAF L, VS1, VS20] $17]1E Alo|E %o g4 (250)7F 1A,

g, BNL Huldol Fexsts % Asrh Adsn], BN29F BNS Hulde] SMist SM2w Zhzb AR 8l osk 9
]

Eo MERE ¥XAE Yehl | DIST1¥ DIST2& AHH 2 34 Euf Wy XMoo R 4~20mAe] ¥
= 252 Ao]rlel Awgl.
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position feedback TO[AA[E feedback M= - 4~20[mA]

. W/G SAIDC - ETOR1 E=2

DI/DOF R/B =X[5E - ETOR1 B2

HAS AR 257| H4 USEY - 125Vad

A7, FEdAd gAY 247 Ao7]4 nAANGHA ] FAMAL RTS A9 RS485 AW Eojn, =&ubd ¢
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Abstract

Digital governor, which is a key control equipment for hydro power and pumped-storage power plants,

is mostly designed and

manufactured overseas. Therefore, when its parts are not produced or after service is terminated, it may be entirely replaced because spare
parts and maintenance is not available. Moreover, the module test for diagnosing the governor controller cannot be effectively performed
since it supply digital and analog signals to the modules in independent way. And also, it is difficult to analyze the output value for the
input and the signals to drive the servo device. Therefore, this paper proposes fault diagnosis devices to perform offline test for governor
controller of hydro power and pumped-storage power plants. And also, this paper presents the configuration and operation mechanism of
the governor controller for 7MW hydro power and 250MW pumped-storage power plants and then implements diagnosis devices for
digital governor controller of hydro power and pumped-storage power plants. From the test results according to the operation mechanism
and diagnosis devices, it is confirmed that the proposed fault diagnosis devices can identify the normal operation characteristics for the
governor controllers operated in the fields, and then the proposed devices are useful to diagnose fault in governor controllers of hydro

power and pumped-storage power plants.

Key Words
Digital Governor, Diagnosis Devices, Hydro Power, Pumped-storage power, Wicket Gate, Servomotor
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Fig. 1 Configuration of electrical system in N1000 controller for digital governor
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W/GS} lower W/GOl Z-8-ETH9, 10]. 53} N1500 T]XE Ao
71 processor E(UCT) 2] RS232E 53l Status-8- S/'W &3}
AAE™, TRIO actuator A|o]& AEE F3l upper?t lower
W/GE Alofgit}. 3HA, ADT1000 2 7] ZEjllA A=
T M9 redundancy I AEE EEH inE e AsE

A FEIL 4-20mAQ] obdR I AT R AS3FT)
digital governor cubicle I status S/W
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Fig. 2 Configuration of electrical system in N1500 controller for digital governor
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Fig. 3 Configuration of mechanical control system in digital governor
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Fig. 4 Operation mechanism of wicket gate
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Fig. 5 Configuration of diagnosis device in N1000 controller

H 1 N1000 HESAL IEsol 78S 2131 T
Table 1 Simulation conditions

HEYS Sl SUEY T
Qb RS485/422 converter x
MOD Bus Master x
profibus DP master x
RTS X|@ RS485 converter ©
SL1000/LD1000 A oEEg gls

3 2 N1000 AloY7]-8 argebd=1e] 14 dd 2 7|5
Table 2 Configuration and function of fault diagnosis device in N1000 controller

E{ojgus e W

1 ETORO lidation of the exts | analog
2 ETOR1 startup order

3 ETOR2 operation in positioner mode

4 ETOR3 pre-positioni lidation(opti
5 ETOR4 + speed / load

6 ETORS - speed / load

7 ETOR6 circuit breaker open.

8 ETOR7 pre-positioning 2 (optional).

10 +12v supply of TOR logic inputs

1 STORO major fault

12 Oov com

13 STOR1 threshold |

14 STOR2 threshold I

15 +12v supply of external governor relays.

16-17 EFREQ unit frequency input

18-19 SANA1 analog output 1

20-21 SANA2 analog output2 (optional)

22-23 EANA1 extemal setpoint |

24-25 EANA2 external opening limitation or pressure head
26 +12v lies for sensor input No.1

27 EANA3 sensor input No.1

28 -12v lies for sensor input No.2

30 EANA4 sensor input No.2

31 -12v lies for sensor input No.2

32-33 EANAS measure power or level

39 +12v for sensor input No.2

BN1 [ 125vdc [ 227 YHHABS

BN2 | Pwm | w/e 2oBAS0l H#ZF (TR10 actuator FEHX F3H)

3.2 N1500 Ao|718 4G 73
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Fig. 6 Configuration of diagnosis device in N1500 controller
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Table 3 Configuration and function of fault diagnosis device in N1500 controller

ESB1 B& ESB2 25
BC1 E{O|'2 BC1 E{0|'2
19-20 | ETOR2 circuit BRK open 19-20 | ETOR2 lower opening limiter setting
17-18 | ETOR1 turbine mode 17-18 | ETOR1 raise opening limiter setting
15-16 | EFRQ TACT (FG) 15-16 | EFRQ TAC2 (FR)
BC2 E{0|d BC2 E{O|'2
12-13 | STOR1 major fault 10-11 | ETOR8 lower load/freq. setting
2-3 ETOR4 pump mode 8-9 ETOR7 raise load/freq. setting
BP1 E{O|2
7-8 | BATPS battery P.S
5-6 | Vs1 PUIT module output (TR10 actuator TFSEA Z2)
3-4 | Vs2 PUI2 module output (TR10 actuator T-SEA Z2)
BN1 E{0|2

KIEE

4 POS+ manual control + direction
3 24V pos 24V postioner
2 POS- manual control - direction
BN2 E{0|'d
8-9 | SM1 servomotor pos 1
6-7 DIST1 main distribution v/v 1
BN3 E{0|'d
8-9 | SM2 servomotor pos 2
6-7 | DIST2 main distribution v/v 2
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Table 4 Test conditions of fault diagnosis device in N1000 controller
g5 L
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53} gt} o714, N1500 BIAE %4719 actuator T-5H~
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upper W/G SM positionS 8.40[mA], lower W/G SM position<
9.25[mA], upper DIST V/V positions 6.55[mA], lower DIST
V/V positions 7.40[mA] = “373te], WH7] FI=5 WStAIA
actuator T5H2x ZEEAS RIS 7|4, Z7+9] position
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3 5 N1500 Alo}7] argziebg=|e] Al
Table 5 Test conditions of fault diagnosis device in N1500 controller

EE] e
upper W/G SM position 8.40[mA]
position feedback lower W/G SM position 6.55[mA]
DoJgX|& upper DIST V/V position 9.25[mA]
lower DIST V/V position 7.40[mA]
EHelze ETORT ©-2
Hooc ETOR4 H-2
DI/DOE $E0C MANU1T H-2
upper W/G MANU2 H-2Z
lower W/G MANU2 ©-2
LEI|Fo SSEAE LI Fap 0~61[Hz]
HESSHXE =87| ¥4 LY 125[Vdd]

4.2 N1000 Alo]7] 34AFgx]e] 854

42.1 WG] 854

W/GE Ao)7]9] actuator T~EHA HFHEAS 17 73} At}
o]7)1, AP = sensor No.19] feedback 2 &S 4[mA]=
LA FAI3kL, sensor No.22| feedback A &5 WM3lA7IT)
= 39 N@T ¥ "@xF 5o H2Fo] 22 holding
position FEIE LERHIL, 19 7(b)=
Z 1T} E opening position FENO|H, 17 7(c)= Fo] HxZEo]
29 HAZHWrE 2 closing position AEIS UERITh WA,
actuator -8B~ Z7]9l holding positionS | gIc} gl
4-20mA feedback 415 ek W/G Alo}7]¢] 52 542 11
83} o] UeRd 4= 2t} Z sensor No.29] feedback A1 EE 4,
8 12, 16, 20[mAJ°14] ETORIS =8P, actuator T-58 2=
opening position2 4~ Z3F 4|5kl holding position AEIZ =
o}zith wdk feedback X157} Al EQIEo| wukshA T o]k
opening positions 4~8F4] 21 holding position AEIE 4
St} R, sensor No.22| feedback A5 16, 12, 8, 4[mA] ©l
] ETOR1S B2 A7, actuator 7582~ closing position

2] B2Eo] o] B2

O >~ =
S 4 %3+ A5k holding position JE|Z Zol7ic)
Tek Ju ® Stop M Pos: -ZUUJ‘J‘MS MEASURE
voltage(V)
117}y 0 R N CU P R () DO B R NN P 5 SR B O
voltage division : [20V/div]
time division : [S0us/div]
M 50.0.us time(us)
(a) holding position
Tek Ak ® Stop M Pos: —200.0.us MEASURE
+
voltage(V)
OV B o o | p === —
voltage division : [20V/div]
time division : [S0us/div]
M 50.0.us

time(us)

(b) opening position

Tek n @ Stop M Pos: —200.0,us MEASURE
+
voltage(V)
(17072 ) S Y U A (RN 0 SRS =1 (P M S Oy [y e
voltage division : [20V/div]
time division : [SOus/div]
M 50.0.us

time(us)
(c) closing position

a9 7 W/GE N1000 #°]7]€] actuator T-§82 & 54
Fig. 7 Waveform of actuator driving pulse in N1000 controller for W/G

ne
o
na
oot

wicket gats position [mA]

19 8 4—20mA feedback A%l wigk W/G 254
Fig. 8 Operation characteristics of W/G for 4-20mA feedback signal

422 RBY 854

R/BE A|©17]9] opening &2l ti$t actuator T-5H2~ &Y
5442 a9 99} Lt Ar|A, FEE]E sensor No.19]
feedback A& 20[mA]CE LATHA #
feedback A1 4[mAJollA 20[mA]e2 Z7MAILE & T3
9(a)i= sensor No.29| feedback A1&E 4[mA]ollA 14[mA]7IA]
ZIMNZ) B9 HHEAOF actuator TEHAE 29 Zo
o] Zwurt vl 7] wlFoll opening position AEIE LERH
t}. 29 9(b)= sensor No.29| feedback 21&E 15[mA]S= <l
7td S EA OS2, actuator ?%éi% 59| Zo] ozt 7Aas)
A4t opening position FENE F-A3HCL B3k 17 9(c)= sensor
No22| feedback A1%7} 16[mA]SE <I7ld EHEAHoZ
actuator Te AT 59 F3 o] Fo] FYUSIY holding
position FEIYS & 4= Uk A, T3 9(d)= sensor No.29]
feedback 2157} 17[mAJelA 20[mA]o.= S171e -2 E95
JO=, actuator TEHLE FO| Fo] §o] FHT} wlg- 7

FEHES & 3

A8}, sensor No.22

closing position %
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Tek Ay = ® Stop M Pos: —200.0us MEASURE
-
voltage(V)
(1021 SR | S | SR | PR | SRS | BT Sy -
voltage division : [20V/div]
time division : [S0us/div]
™ SU00s
time(us)
(a) feedback signal of 4~14[mA]
Tek Ty @ Stop M Pos: ~200.0.us MEASURE
-
voltage(V)
0[V] B sioh de sl fass i b cazh o oo odedio o v be Lot
voltage division : [20V/div]
time division : [SOus/div]
M S0.0.0s _
time(us)
(b) feedback signal of 15[mA]
Tek Ty 1 ® Stop M Pos: —2000us  MEASURE
-
voltage(V)
VI =1 =] == e = b
voltage division : [20V/div]
time division : [SOus/div]
e time(us)
(c) feedback signal of 16[mA]
Tek Ju ® Stwop M Pos: =200.0us MEASURE
-
voltage(V)
[I7)7 | SR TN RN TN PR TR A B S 6 NS P S e

voltage division : [20V/div]

time division : [SOus/div]

T time(us)

(d) feedback signal of 17~20[mA]

% 9 R/BE N1000 Ao}719] opening &2 854
Fig. 9 Opening characteristics of actuator driving pulse in N1000 controller for
R/B

3kH, R/BE A|1719] closing 52t th3t actuator 5-F2~
HEAS T3 107 Zrh o)A,
No.19] feedback 235 4[mA]CZ LATIA 416}, sensor
No.29] feedback A1 3Z 20[mA]°lA 4[mA]C= Z4ARI) A
#, 9 10(a)= sensor No.29| feedback A1&E 20[mA]olA
1[mA]SZ2 AT A9-20] SHEASZ, actuator T-5H2-9)
ko] Zo] 2o Zur} wlg- 7] wlEol closing position FEH

IHEFA] = sensor

m{w
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= vepich 18 10(b)9} (c)= sensor No.22| feedback A&7}
10[mA]7} 9mA]L=E QI71E EHEA SR, actuator T-5H2=9]
o] Zo] 7A4EIANE closing position AENE F-X]3HC) 3kA,
%9 10(d)T sensor No.29] feedback A&7} 8[mAJollA] 4[mA]
oF 7k EYEAOZ actuator 7589 ] 3 J9f
Zo] FY3} holding position FEHUS & 4= Utk

MEASURE

Tek JL & Stop

voltage(V)

M Pos: —200.0.us
+

oV e sifl o gl il oo i L —

voltage division : [20V/div]

time division : [SOus/div]

™ S0.0.05 .
time(us)

(a) feedback signal of 20~11[mA]

Tek Ay ® Stop MEASURE

voltage(V)

M Pos: —=200.0.us
-

(1747 [] TS M AFSEE § RPN AN 3 QRS B AP S § | —

voltage division : [20V/div]

time division : [30us/div]

M S0.0, .
2= time(us)

(b) feedback signal of 10[mA]

Tek s ® Stop MEASURE

voltage(V)

M Pos: —200.0 us
-

O[VIf= ¢+« = - ¢ = s = e — = —

voltage division : [20V/div]

time division : [S0us/div]

M S0.0, .
e time(us)

(c) feedback signal of 9[mA]
MEASURE

Tek A ® Stop

voltage(V)

M Pos: —200.0us
+

(17 [ T S N PP SN O = (N K R S R N 4

voltage division : [20V/div]
time division : [SOus/div]

M S0.0, .
- time(us)

(d) feedback signal of 8~4[mA]
1% 10 R/BE N1000 #1719 closing &2F +&54
Fig. 10 Closing characteristics of actuator driving pulse in N1000 controller for
R/B

4.3 N1500 Alo]7] 3ZAFFX] 2] 854
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43.1 B2 CE0] $2EX

N1500 #|of7]o] BRI E FHEAS 7 113 At} o7]
A, A= SM positionZ}F DIST V/V2] feedback A &5
AL frAletay, 7] FIEE 004 60[Hzl= F7HAI]
th WA, 19 11 ERIEE 715A] 2E5A4S YEMH,
7] F375 0914 50.95[Hz]7HA] A7FAIZ1H, upper W/GS}
lower W/G2] actuator T-5E2E 22 Zo] ko] ZHT} nf$-
7] wliol opening position FENE FAES & 4= At 1™
11(b)= 27| F92 50.96[Hz] = 217N A9 H2€EA
© 2 upper WG| actuator T EE o] Zo] Fof ZHU}
- F7] wliEo] closing position AE|O]TH, lower W/GE]
actuator 7B Fo] EI S| Fo] FTUSIY holding
position “FEIUS & 4= k. TS, 17 11(c)= LRV T
£ 5994[Hz]= QUMD 759 EE54S Ve, upper
W/GS] actuator T-5H2E closing position FEIE F-4]8k,
lower W/G9] actuator 752 29 2] F7181] opening
position “FEIE HSPES & = vk gHH, 19 11(d)v HHY]
FIT7E 60[HZ]Z 7k EEEAH SR, upper WG lower
W/GS| actuator T-5BE &2 Zo] o] ZrHr) mlg- F7]

jui(e}

voltage(V) kK 1= @ .‘-lon* M Pos: 0.000s MEASURE
ovil= -8 = - B=l- = - 2=F f— - =
: upper W/G
e 1 Jower W/G
1 TR T R L IO Y L ) IR R s
time division :
ovib— -0 4 . 2 k= [50us/div]
voltage
et | sl | vt et o | et s il et ol i
[20V/div]
'™ 100, s
= time(us)

(a) starting up of turbine mode (0~50.95[Hz])

voltage(V) 7K L. ®swp, M Pos: 0.000s MEASURE
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Fig. 11 Actuator operation characteristics of turbine mode in N1500 controller
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Fig. 12 Actuator operation characteristics of pumping mode in N1500 controller
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Fig. 13 Actuator operation characteristics for manual mode in N1500 controller
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