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SIXtE/s1E dER A O ALE Z0| E{HI S SO B R (turbine power control
device) &= 7 2f M EUZ00]E (hydraullc senvoactuaton  TE5= 4 AH
S = (steam valve) 2A E{HIS| £ 2 F0Of61a1 AE'Z el 7!"0I
CHE 2 7| (500~1000 Mw) 2 F-Eot0] Salof H7|= M

Zio HER D2f 9 KMelefdio) £ A70] A

3600-rpm, HAIZ 1800 om) 2.2 SIM 6l= B

AT B89l 2k (over speed) HAIE S5l A B2
A5l EEIS R SofOFSICE Mk BRI £EHM|0(9F A SS I
A 80f RiHeh= '%WAC’I S HHO MAMNEEIIZ0] QFFILE K6
ST A AP MR MBI (2 220 WE S S HH| K= i)
Of Of O A| AR YL O 7‘(1'-Er HIIE0] RTESIEE

2 AR0A = TE 2200 EJC JAE /S dix a0 S4Bl EEIE

RO ZAIS R4 e N HeET| S 5 010f Chsi0f =oIRict.
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1.1 7|5 &M
BRI A o= 18 13} o] AAE/3HE bR dol| A 26 glo) Ao =] <)
EHlE 3| AA7]5L o] 71A1A oY7L A7) & st A7) AAtsl=d) 71 Al

2% (3H 3600rpm, A1 1800rpm) 2.2 3] Asle ejule A 2o osjy A7 FAe
ofut efulof o) afe] AYE Aol EjHle] B XS Y3l A e g FFHE A
EAAA BElE R Eof gt ulelA) el Hr9) A% o) A8 g 7 sk H 1_%—' ﬂ°17]%5’+ Al Aol

7=}

HHlE YAl = A o] diololelo] Qa)A A=, A F¢te] ZiHE Aol A AEE ) v)
A Wy 2287} FEuE B (dump disc valve) o 284 AE1S Aehsio] EHle] 3H&5-8 dhxjele Ao A,
F 13 A= FA7|H o Ao HH, n A7} 0 AL S o7 Qe Ay g Wy 7} maE= 3y Al
7F 927 wgol] A E R )& 87

=3 eul9] 455 e FA SR 2T (over speed) 7} AT w) B]H1-E v)AF AR A7) 7] A4
H]’“’Xq A B (MTV : mechanical trip valve) &} A7) A (ETV : electrical trip valve) H]AHA] B o] glt}. tf

HBA|E 55k A AE s Aeide B sle] 924 _’°L‘§1 AEinlel 27 o] A”lE ¥
Fotofopsta, 140 % A AdA oY EHlel| ojito] whE - BHle) T A& $3le, SA] e
L® FHHE L8E Adste] e ¥ S sjokdlt). ulzhA eule] S A o)} Ao A6 2 A5t Aeds)

A 40] S48 o] A4 2R )eo] 8 7Ht) 53] QA 40 A HA 8 w357 (oF 24704) dv}
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SURIRY/812] WHA0| Sl o

o BB EE ] B LA glo] o|wjuit AlART wi R (Fd) 7leo] 87 3
AF el 2P BAx E4unal el A o)A Faks} 71es o] ® o AL #4719
BlH14 = 7HA] 222 Front standard system® Al %57} )78 571E vl@sgich

81 EAXELEA HYUEHFSER ASE

12 2N - Al =0
AAAAE 24 170 2014 AAD SASFA R A AAFo 2R 1Yol JEFo A, Fe T
W71A D 724 vl go] NS deiA) 44 AA 7% AR gIstel T 7)Aol % FAbsk A
S B8 Bofof Aol ot 1548 Hookon, Ao -8 FROZ §4ol Aasic
ISR e 17 29} o] 3t Anelololelsl FEAT WD, 4 vjEUn P 2xeleA So

E o] FX|3L MRA| 7} o] §H RN HUI|ANY % Xil°1-r°]ﬁ°ﬂf‘1 71 Ao me A4 AgEst 714
=t

EHie s

T8 2 el EHEAod = U EHF O TS TR
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2. AT U

2.1 AL R

A/ B LA ASEE EUEHA TR AR FAH S flsle] AR (wF GEAD) AFS A
A7} (bench marking) 3H3 2.7, AR 2 7)318He EAEAE Jste] A5SH FATASA, 2924 54, &
£25 54, 255 7 54 3t 100% 3333 o] 715t sl w, AR B8 SAEAL sl 8
FEE AESA, A= 34, A, 9XE 5 9 ubY wlels A3 3 Zo1E SAslg 2 33 S48
= 43t A5 R £43) 289 Coded FHotsigin.

ElRlE Al o 544 = 28 33} 7o) TE § (single acting type) -5 B30 0]€] (hydraulic servo valve
& actuator) T2 23 AT FEMEWE (dump disc valve) 2 FE-FAHEE (shutoff valve) 502 F4%
4782k, 3L 4 Mechanical springel] <13 34 7% A7} 239 B3 A2 Fojgict 29 A4E FE7
o AL, A% T MAE A8 27 4, 59} o] A (42 3D-Modeling2 81312, ©] 2EHL Eo}o]
AFoolel7t 253 of F27A, WS WS BAstgon, FEMeE T27% $)43} Diffuser 5 &
Af2T-2 AAE 3G

AAE L TS AR AWE-E 7| R0 R S8} A8 (sealing) & 3 ZH 18 HA Q) B, W FAH B
A 2 d42, 27 P 2 g a4 Au) 2 ohd 7t S3= AL o8 29 shgleh
53] 718l HHIEYA 5 HAE A £ AFAE 3 DAL ABoA FES P 72 23 A

Wdst7] $13) AsB7t Al2els Al 7o s Fysho e vl Au)7|7t DEe B8, B A4S

grsgiu.

o

NI

o fo

A
b

oo

ot s ot ere s ORESS T e
R : - 1 | oo PEE HEMT
) I} bR SR i

!

R

IS B

38 4. EHMOASEA F22
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22 HIZEA
YAz 2] AAE 23 5970] 3D—Modeling, FEM 314 2187 AR £X2 A8 stgon,

EHlIE

SRR/ dixaof BauiEgldr 31 M2MstT e .}

L 2

Servo actuator, Dump disk valve, Shutoff valve, Spring housing =9l th3l 27 = (57H8, E71eA HY L

AA AP AN et b 2] AR Gl WA AR sjele

, A2 A& Tetra A7} T35 #3510

o 29 ol d ¥E) 45 2 2Eo) sfetel wAR A, 2F 749 T4 2202 Alshe] wA=elginh
B2 23 A0 hgsha, A ey AAAE B sk

W, 3} 2o 4

=

3D modeling

2D ML

Servo
Actuator

FEM i1

Dump pipe
ASM

s

VDT

Cylinder

Solenoid valve

p g
7

/ Solencid valve N

Dvsc\dump

Shut-off valve
valve

Dump disk
valve

Shutoff
valve

Spring
housing

4

=

Spring housing

Spring Lower guide

el

Lo

Upper quide

18 5. Bt

A FSHEA 3D modeling & FEM s A




2.3 HIEHI=

A R AR A QA A A 2ELEAR)S) A9 FMEA (failure mode & effects analysis) &
&g ket FAAS B4k, Dump disk valved) Diffuser rib & flow line, Actuator rod sealing, Piston head seal
system, Dump guide pin 22} Tie Rod ¥ Dump housing A 23 5-ofl W&+ Ax ek A Ao ukegsle] 17 63
7o) Al#slgit.

* Piston Rod & Piston
: Actuator &

- Drain Port Z2|x

: Piston £+2l

. Rod End Cap &=t

> Actuator T8

EE

- Spring Housing &8

T O Mmoo w>

J8 6. HREELUH
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2.4 Test Code 7§t
B4l 2YATERZA ] Test coded 7ea}r] SJstod, LA /se s w4 A= 53 2FE = JEA
(FMEA: failure mode & effects analysis) # X% = w}E & A8 (CMA: criticality matrix analysis)& A8}, 2
FHIE B4 (FTA: fault tree analysis) 2} 25H4) 2715471 (2—stage quality function deployment) & §3}) 27+
Heljol m F=8 A A A5 (test code) & 2ABHSIC)
FMEA 2 stage QFD
T = & 2 {almwlaw]w=]zl=
Fo Y 2=
HEH B
No Test kem Unit Spec.
1 FAIL SAFE DIRECTION Direction Close
2 FAIL SAFE CLOSED TIME sec 42.0+20
3 ACTUATOR HYSTERESIS % <230
4 FASV INPUT SIGNAL VAC 110, 220
5 FASV ON—OFF LEAKAGE {MAX) LPM <1.0+0.2
6 FASV NORMAL LEAKAGE (AVERAGE) LPM £0.2%£0.1
7 SHUT-OFF VALVE ON—-OFF LEAKAGE LPM =0.1%=0.05
8 SHUT-OFF EMERGENCY TRIP SUPPLY PRESSURE kof/cm <1125
9 SHUT—-OFF VALVE FLUID ACTUATOR SUPPLY PRESSURE kaf/cnt <1125
10 | INPUT/OUT PUT CURRENT T mA 16/48
11 | TEST CLOSING TIME sec 45150
12 | HYDRAULIC CLOSE END AVERAGE PRESSURE kgf/cnt =352
13 | HYDRAULIC OPEN END AVERAGE PRESSURE kof/cat 25.7+6.4
14 | DELTAP = (0.03x OP.END) + 17.5 = ALLOW kgf/ont 18.7+6.4
15 | SOLENOID SHIFT TIME FOR TRIP TEST Sec £1.0
16 | CYLINDER STROKE TIME FOR TRIP TEST mn/sec 165.9+1.5
17 | ACTUATOR CLOSED TIME AT EMERGENCY TRIP sec <10
18 | DASHPOT START POINT FOR TRIP TEST mm =£19.07£05
19 | DRAIN PRESSURE WHEN TRIPPED kgf/cat =3.52
20 | SOLENOID CHARGING TIME SEeC <3.52
237 NEES U AR
47
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(& Z:IARSEENNEI7IE]

25 MEFR| %1%

/\]%Xé‘ﬂ X]-Eﬂ/:q].ei\:ﬂ- i 1 gejﬂ‘“q-‘?‘% 2} ]7}_ ?‘Eﬂ
cho]o]23 (block dlagram)—g 2 }1 247be] )i A AR 4 9

A, vrﬁﬂ AN 9 Ahed S A 3 'am, Wias FUT 2203 B

= Fl” H

st
FCO Drains Pressive

Connection of Sensor for test

1

®

P e I I
[

Somog KA BB

i

RPN

WOETE AR R W

B8

oo Rl T i
i Lo OE
[ET S { oo e s % ] g

v o Fnont ) B E T | Fetopunfodien - BiR3 03 H ke

i, oI O EOVION PONT 0B SCRITEN)
s i SRS MM

A : Block diagram of test D : Control system
B : Test mechanism: £ : Display of dynamic test
C : Connection of sensor for test F . Display of test Pattemn & result
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N anizymm wnae maueope 3 vznno: %ﬁ

&

26 A"t

A BT E19] ANEARA G 7ho] 71 <l ], B3of o e (stroke) AR A 2E| 2 A E 4
AEHE o] 43 FAL -4 (flushing), AR A E (fail safe test), BE-5-4 A& (trip characteristics test), A1
Buin AN (servo valve reliability test), B30 ASAE, FEA Y, FEAFTEH )T TAE
(fasting acting solenoid performance test) 5 ¢k 308+-22] g H 2o tfsle] A BAAE A2 sty o] A]
Fullo|elE A Z DAL F71 A 8E 3R] 4L SA] AH-0) 753l 315t

#21. NEYHAM

BASIC DATA UNIT Spec. MEASURE
1. EHC FLUID WARMED UP PRIOR TO FLUSHING T 36~48 44
2. PRINT DIMENSION OF ROD bmm 114.32-0.076 114.29
3. ACTUAL DIMENSION OF CYLINDER BORE(5%, 67, 8%, 9"&10%) Gmm 226.80—-0.10 226.80
4. MEASURED PISTON STROKE (MECHANICAL) mm 210-1.00 210
FAIL SAFE TEST

5. FAIL SAFE DIRECTION Direction Close Closed
6. FAIL SAFE CLOSED TIME sec 42.0=20 28.6
7. ACTUATOR HYSTERESIS % <230 113
TRIP CHARACTERISTICS TEST

8. FASV INPUT SIGNAL VAC 110, 220 110
9. FASV ON-QOFF LEAKAGE(MAX) LPM £1.0£0.2 0.76
10. FASV NORMAL LEAKAGE (AVERAGE) LPM £0.2%0.1 0.02
11. SHUT-OFF VALVE ON—OFF LEAKAGE LPM = 0.1£0.05 0.04
12. SHUT—OFF EMERGENCY TRIP SUPPLY PRESSURE kgf/cnt £1125 102.82
13. SHUT—OFF VALVE FLUID ACTUATOR SUPPLY PRESSURE kof/ent =125 104.92
SERVO VALVE RELIABILITY TEST .

14. IN PUT / OUT PUT CURRENT t mA 16/48 48
15. NULL BIAS LEAKAGE (MAX) LPM £6.72 427
16. BUSHING SPOOL ASSEMBLY LEAKAGE (AVERAGE) LPM <230 0.25
17. NULL BIAS CURRENT mA <340 2.12
PERFORMANCE TEST

18. ACTUATOR POWER OUTPUT KN 38.80~201.11 111.39
19. ACTUATOR OPERATION EFFICIENCY % 80.06=1.5 80.05
TRIP TEST

20. TEST OPENING TIME sec 4550 43.30
21. TEST CLOSING TIME sec 45£5.0 43.30
22. HYDRAULIC CLOSE END AVERAGE PRESSURE kaf/ent <352 2.90
23. HYDRAULIC OPEN END AVERAGE PRESSURE kgf/cnt 25.7%6.4 24.70
24. DELTAP = {0.03 X OP.END) + 17.5 = ALLOW kof/emt 18.7£6.4 18.2
25. SOLENQID SHIFT TIME FOR TRIP TEST sec =10 0.87
26. CYLINDER STROKE TIME FOR TRIP TEST mn/Sec 165.9£1.5

27. ACTUATOR CLOSED TIME AT EMERGENCY TRIP Sec £10 0.87

49
TSI E /213 M3



[§ H:IARSE M2IMTIL 7|2 ]
TRIP TEST UNIT Spec. MEASURE
28. DASHPQOT START POINT FOR TRIP TEST mm <19.07*+05 19.0
29. DRAIN PRESSURE WHEN TRIPPED kgf/cmt < 3.52 217
FASV(Fasting Acting Solenoid) PERFORMANCE TEST
30. SOLENOID CHARGING TIME sec =3.52 217
3.4 &
QTS Bolof A R A% 490l dEekn g6 2EFERAE A B9, SR}
A8 g FEste], AR R S AN s DA 2AE ) Au) AF % ko 2 AL S8
AL EGellA TSR 71e8 FARE AFA o] qtddho 24 )2 905 oo} H& 559 2
TE7A7Y WL A2, Ak} ke A3ske 2A b s A sl BA Q) @ P s FA] tfS-o] 7bsst
k.
53] 7180l 4 ddHlEE 2AR T QAR £ R A rpEsle, DA 571E ol g3le] 2ETERA S
A2dz i3 (7)€ st o) TS HI A FA A THE o BN F 8 tisfe] A B ANE FAAZ
L33t o] AFElE ZAR WA LN E £} AFE 8hA] 3 FA] AHgo] TFselEE st AFE
I} A DES
et WAE SHT5AA Alee 43t Bl Belr)v)e £ 9 FAE AR BB 2YTEAA Y
kL2 20094 718 2-17& °F 1009 919 oA Eae) A4 E47]ES A A ojAgte 24 J|eR)

SR} 7]t

E3 ENEGA A Faksh 2 FHA Lﬁﬂ/\]/\ﬂl Aol 71424 ATt AL gl WA o] 27
% (over speed) & A8} 27485 71 A & of) E]9)E 6] A4} A2 A)7]3= “Front standard system# 3435
TP 28 A& A 8] = glek

y 4 h=]
e 2ky 23

(1] d=2FF DA S5 @ AR TAE 50 3.4, x| 244 %, 2008.

(2] ¥ Al oA An] A3, A3k, 2005,

(3] B4R A, “efoksh 3, 43.7)7, S A E 7|%5213)4}, 1997,

(4] MIL-STD 721C, “Definitions of terms for reliability and maintainability”, 1966.

[5] AT 71e 2 E4, A A4 s, 2003,

[6] Y. B. Lee, “A study on procedures of the accelerated life testing for hose assemblies”, Key Engineering
Materials, Part 3, pp. 297—300, 2005.

[7] James A. McLinn, “Assuring hydraulic component reliability”, NCEP, pp. 67~73, 2005.

(8] 714l F-E (= w12) KIMM R&D 7]3 #E3 7.4 Deloitte, 2009.
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