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SUMMARY

I. Project Title

A Study on Periodic Verification of MOV Performance

II. Objective and Necessity of this Project

The nuclear power plants require high reliability and safety. Due to its
characteristics, the safety systems of the nuclear power plants use only
the proven technology although the various new technologies have been
developed. In particular, the verification of operability of nuclear facilities
has been required since the reactor accidents at Three Mile Island in
1979 and at Chernobyl in 1986.

The motor-operated valves (MOVs) are used extensively within
nuclear power plants in safety-related and balance-of-plant systems and
located in almost all plant fluid systems. Their failures have resulted in
significant plant maintenance efforts. More important, the operational
readiness of nuclear plant safety-related systems has often been affected
by MOV degradation and failure. Approximately one of the third of 2100
events reported to IAEA during past 13 years and about 20% of the
reactor shutdown not anticipated in the United States has been .caused by
the valve failures.

The surveillance on the MOV is restrictively performed in the nuclear
power plants and requires massive amounts of manpower and instrument
equipment. It provides large information on the MOV performance but
cannot predict the future failure. The research on the valve diagnostic
method has been actively in progress in recognition of the necessity of

the motor-operated valve diagnostics in foreign countries and several




diagnostic systems have been developed. The systems khown now to be
commercially available have only the limited functions and are still being
improved. However, there has been no research on the valve diagnostics
in the domestic. The foreign diagnostic systems have been purchased and
used to resolve the problems occurred during normal operation but those
functions are not enough for the diagnostics for the prevention of the
events.

Accordingly, the evaluation on performance of motor-operated valves
should be evaluated to ensure the nuclear safety. It will be able to be
accomplished by understanding the state of the art of the diagnostic
method and developing the appropriate new methodology to evaluate the

measuring parameters to predict the valve performance

III. Scope and Contents of this Project

Developed in this study are the optimized valve diagnostic technique
which detect early the abnormal symptom during the surveillance of the
valve and consequently reduce the irradiation in a maximum. The major
direction of the development is to detect in advance the valve degradation
by monitoring changes in motor power due to the changes in motor

current input.
The development strategies in phase are as follows:
* Understanding of the state of the art of the technique and

collection of the related material

- Survey of the material on the failure mode, types, and the



operating conditions of the MOVs
- Investigation of the state of the art of the technique
 Understanding of the operating principle of the valve
+ Design and manufacture of the experiment facility
« Development of the diagnostic technique
- Development of the method detecting the abnormal
symptom by monitoring the changes of the motor
current signature through simulating the abnormal

conditions

IV. Results and Proposal for Applications

Measured and evaluated were the changes of the motor current
signature taken by simulating the abnormal conditions on the gate and
globe MOVs used extensively in the nuclear power plants. Based on the

evaluation results, the following conclusion can be drawn:

1. The DC signature of motor power shows more sensitive than the
DC signature, of motor current. Both of them have similar
behavior during the simulation.

2. The changes of the valve stroke and magnitude with appropriate
management of the signature occured during the stroke can be
used as an index showing the valve failure and degradation.

3. The AC signature of the current is useful the analyses in the
frequency domain. Also, the frequency analysis is valuable in the
valve diagnostics.

4. The diagnosis of valve by simultaneous use of the valve current




and power is more useful than the method using the motor

current only.

V. Plan for Applications

The diagnostic method developed in this study detects the abnormal
symptom of valve with minized use of the instruments. It is considered that
this technology provides the high reliability and safety in the nuclear power
plants by maintaining the optimized conditions of the MOVs. Consequently,
the accumulation of the diagnostic technology through this study
consequently will provide more opportunity and more reliability in resolving

the valve related problem without foreign technology.
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5) WHo W W ¢)x W(wedge disc) BT} T (seizing)o] B717] A5
o, % B APl i} gallng BFol U

6) gate WE @9 FHE ¥ 229 2T
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TEHUS ¥ F 4# FEHZ ¥ F 49
001 Body 023 Gland Bolt
002 Bonnet 024 Gland Bolt Nut
04 Stem 025 Gland Bolt Pin
005 Disc 027 Retaining Ring
007 Seat Ring 031 Sleeve
016 Bonnet Bolt 035 Handwheel
017 Gasket 039 Handwheel Nut
018 Packing Washer 056 Split pin
019 Gland 066 Sleeve Nut
020 Gland Packing 069 Disc Stopper
021 Gland Flange

39

Ll S

a2 21 QGate WBo| A




2.1.2 Globe ¥ B (19 23 =)
D #F 2HEL2 AL

2) §A9 wWol FAs wWalsta Ayl An, fA AL Fol7] 9
d Y-3& Aga.

3) gateB BB} liftyh F o] AL38HA At H3, BEFe] viert o
WHo 9ty F3 2 gHxHo] sHedi

4) BBF FZE ¥l fAE SAYes 3282 {FA9 WEE HAAA
FA gHEL AL, GF Aol AT ¢Y &40l IBE HAF
o] A& Agde A=A X

5) Pl& f%F& A7 HMAE needleWEE AMEFT

6) gateH o H|3td FHP3 7FHE vAH.
2.1.3 ] (butterfly) B Y

D 7HE3, 4x9 AAY glolx wig F3ho ds] 4 5= gich
2) FrF A7t Ao
3) Aol AL w Wk Ast &3 FFol /P22 Bo] o] &uTt

Solid Wedge Flexible Wedge Parallel Slide
28 At @ol ALE- 3 2 nghEEe ol ALE- 2L - 2] ALE

8 22 Gate WEIS EF
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H 3X H 3L X

as |t F rgjﬂ‘;%ﬂ— E %';;4%%
001 | Body 024 | Gland Bolt Nut 088 | Gland Bolt Clamp
002 | Bonnet 025 | Gland Bolt Pin 099 | Body Plug

004 | Stem 027 | Retaining Ring 100 | Lock Bolt

005 | Disc 030 | Yoke 111 | Guide Bar

007 | Seat Ring 031 | Sleeve 112 | Guide Plate

008 | Disc Thrust Plate | 035 | Handwheel 113 | Guide Plate Pin

009 | Disc Nut 039 | Handwheel Nut 114 | Guide Plate Bolt

018 | Packing Washer 067 | Grease Nipple 115 | Guide Plate Bolt Nut
019 | Gland 068 | Thrust Ball Bearing | 201 | Hammerblow Handwhed
020 | Gland Packing 081 | Seal Ring 203 | Impactor Boss

021 | Gland Flange 086 | Clamp Washer

023 | Gland Bolt 087 | Bonnet Clamp

18 23 Globe 29| #HA




2.2 A¥W B (Motor Operated Valve)

ASUEE fxYgdds HA#E L PPN FENEA o] 43T,
gate, globe, JHE So] @o] ALgHT gith AFWE BAE 4ut 5 4
Bel BAe} FAEIT gateBH o] A$ AFHAM dAesHe 29 FH(stem
thrust)oll &% A 2 (seating force)& £RY F UEF e, AFA +
T vl g Brde] AU 71F, THAANA EE Wil 9% 2H9 °
2e gstd AR L Z2EI YFHHEZ grandBEE X0k, %37
(actuator) ¢ stalld] 93 FHZF 5& FE3 mastd 29 3L A &
o

2.2.1 AF &% 7| (actuator)

A% 2z E A%V, FEFA, F4AF, 28 FF HEF (drive sleeve),
starter, 201 E 2% X (limit switch), EZ 2$]X(torque switch) ® handwheel
5¢ g BEog o FAH ok 2o A7, starter R &9A T
o AT REFE R M, 9BEAA BEY DA diF HF FERIAs=
Aol ®o] ALEEHE FAoIT

(DElectric Motor
@Warmshaft Clutch Gear
@Worm Shaft Clutch
@Worm Shaft

®Worm

®Worm Gear

(@Drive Sleeve

®Stem Nut

©®@Valve Stem

@0 Spring Pack

13 2.4 Limitorque SMB-0 through SMB-4 & &t




2.2.2 AFWH sz
ditHo s HEBEE ¥E EA9 bonnet & yoke Ao FEAd A%

& 700 o3 TAEE A7) HAYE ol 43 25 nutE Bt 2de
B2 EFANAY (Gate, Glober %), £ 9° 3JAA7E (Bal,
Butterfly 3 F) Wyoz WHE /uAzich AF7)dAN FAE gAYL
worm gear& F8to A& FAlY A BV} FrlHe] S0 Aoz
AAE 75 sleeved I AANZ o] W FF sleeved] TAHE 28 nutrl 3 A
o] Ao] 48 25& Fo2A WHE A

s fA4Y SALET olYE Ful P4 AT BHE RE Limitorque A
& £A7)( SMB-0~SMB-4 )& AM§3t3 glo] o] 2dg FHo2 YL
Argstazt gl

Limitorque Corporation® 9¥ka o2 871x =Z7|(SMB-000%]1A] SMB-5)9)
SMB 2d# 77bx] Z7]¢] SBREe #HHA o4 AF Z2&A7|EE Azstn 3
t}. SMB¢} SBR Uzt zlo]H SB £37]E SMBAY AHAd JAHE AN
O 22719 29 nurl §EAHA B4 22Xy P22 Hojgit. SBAAE 2&
B Ao A, 1] oF A€o AFH F2e) P A9 dF
HA3 A" 5+ gl

Limitorquesl 93] gitsle E & 29 22 Wnd dis] Eds 47
€ SMC =37], Judd e} Zo] 1/4317 WBe ALgsts LYY 237], Uy
WHAME 20|37 4% HBCZ27|Z SMBYe Z2§9 SMB/HBC 237 %
o] gt}

1¥24% Limitorque SMB-0°1A SMB-4o] g FZXE Holm glon,
Limitorqued & Z#71¢ ZAF& AF77 &AF Ao Fo EoUE helical
piniong AHg-# AF7IO7F wormFolA AFEA Eol’l=  worm shaft
clutch gear@E& T+FA|Zt}. worm shaft clutch gears XH W2 lugs lugs
H&3t8A  worm shaft clutch®& TFA12th. worm® clutch® worm @
d Y Sl splinedo] 94Adt}t ©]#A worm shaft clutch7t 3] A3H worm



2% 3{A¥} worm =9 spline &4 ZEE worm®E worm &3 #A 3
A3te] worm gear®8 A AAZUTh worm gears F 719 lug& 7RI e
F% sleeve®@l SlE F A FAE lugES AT ugES 180°2 H
Aglesd AZS77 §AE g dAd) lugEol A JHEHAR W EeR
27] 7% sleeve 34 A7AA worm geard] AF3AL o 120°04 150°0 0
o] A 715 ZA71W9 “hammerblow” &3 Wi o2 &Fo] 7IefA7] A
AE717r AL£EE 7] Ageld.

28 mut®e W 2o 2A 7] A8 a2 FF sleevest A A8
918 7] &Fo] Ut gate WHS globe WH Y 2¢ nutse FsEE 2@
UALabe] gt g3 Ualadel st QittAY @ed] T s gt 2#a
Yu e e ASdE v F4 8y 293 27 7] 9T key ¥l ¥ o

worm®l Al worm gearZ AYHE EIAE bellevile washer82 TAE
spring pack@®& #4383 worm & 7 §€ wWhH & P¥o2Z wormE Ve
vigjo] WAIRTh & wEoZ wormel ol # AE FIFII e worm
gear force$t spring pack®] AX & A5=¢} vl#dth. spring packel ¥ §sof
9] belleville washer:= spring pack®] @&l 3l AA nutd] 23 HFL=
=A@ A% worm® =¥ %<& %% wormmel spring pack preloadE =
A AAE 9 Ldojdt

worm¢] 4% £%& rackd pinionoltt FF cam wWide] ¢ B3 24
A9 Aoz Agdth Ex 29X €Y 4 AN =&} JAA &

& A HE g AFRASH WGV FHo| AAA

gutdoz BEg AAL WEyt 29 o A& AN, YE 24
A 99 W A5/ AAANINE L e AN B3 29AE HBe
A7 3 AARA sz Bre A £F o] BHol (3 & E7HA
U By 537 488 A% A9e AeAA 98 % A% 2AVE BIE
£ 9gs o,

grlE AAE worm &) WY TEIAYUTD oA worm F9 AL 4
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T ol AAE ANFES AAdHAYD valve FFFL A 47H S
o EAFE 29X9 HA AHNFLL A gNF ANES AL T &
Now, JiAPANA Ex 2929 bypassAIZ AE7Y FEL FAA )

< 71%& Fd.
2.3 929 A2E WHe FugA

MEE Y 949 AL AL E BA SR FAA Ay BA
7171 F9R @7 2dsdA 1 71719 AR BE IS0 YFHolok @
o ol2 s AT FAHE F V7SS HASD, 717 AFL A6
71719] AA R AFA ol & wrdgozA 42y WAL U kAL Ty
JEE o @l

4x8 AL o|A ASME Bolier and Pressure Vessel SEC. Il CodeE 3
B8 F5 F Class 717l 42 A% 4942 §7), 371 247, 747
R WY Y4 PE F& dFAA 232 WZAE SBNA FE= AE U
of EA3E 71710lH, Class 29} 39 7|7l QAZ <A BAdE AEH Yyz4
A& ol o}

ASME Sec. € H{3= 71719 A 2 $¥HH e F385=y Bad
ASME Codesl 9] Z+% 87 Algte] glow, £3 XA #1435 Class 1 7]7]9]
AT ZAR S 8T8 e A2 Y Fe] glrh

2.3.1 ASME Code?%] +A4
ASME Boiler and Pressure Vessel Code: o}#i9} ol Z+ Atdd 714 +

ZE9 ¥4 9% Ao dF 8/ section} 3709 service section 5 117
section® 2 wolz 9o 3709 Service Section® Z+ 7A FXE9 A
% A F Sectionol A A& AL 5 ik

@ Section

I Power Boilers
1™ Material Specifications



I Nuclear Power Plant Components

IV Heating Boilers

V* Nondestructive Examination

VI Recommended Rules for Care and Operation of Heating Boilers
VI Recommended Rules for Care of Power Boilers

VI Pressure Vessels

X" Welding and Brazing Qualifications

X Fiberglass- Reinforced Plastic Pressure Vessels

XI Rules for Inservice Inspection of Nuclear Power Plant Components

* . Service sections

A7) 1170 SectionZolA Section M¥E 71A +x& ¥-Fo| Wi Division 1
3} Concrete FZ%E0o] gt Division 28 I A UFA 3 o|&& TA otfet
& Subsection®Z FAE th

@ NCA - General Requirements for Division 1 and Division 2

© Division 1

NB - Class 1 Components
NC - Class 2 Components
ND - Class 3 Components
NE - Class MC (Metal Containment Vessels) Components
NF - Component Supports
NG - Core Support Structures
Appendices
- Mandatory Appendices
- Nonmandatory Appendices
® Division 2 - Code for Concrete Rector Vessels and Containments
Subsectiond] Class 1 Components (NB)2l 74& 2@ ot ¢ &,
NB - 1000 Introduction

NB - 2000 Materials
NB - 3000 Design
NB - 4000 Fabrication and Installation

NB - 5000 Examination

NB - 6000 Testing

NB - 7000 Overpressure Protection

NB - 8000 Name Plate, Stamping, and Reports




23234 99 9 59 2%
a) 34 99

ASME Sec. < YA Ao g 47), A%z, wigd, g2 9e 5
g FE& A, 4X, ¥4 2 4¥ 23 WAL sy g A 27 Age
FEEHe FARR Yok 2y 434y LALe BE /AAYE Sec. Mo o
g A stefol st AL olyn, BAL AFFo JHA Y WAL 7
3 AN FHEHE Y4HQ FEo2 BEH o] ASME Codedl wet #AE
ook 3= FEo| ¥t Sec. M7t HL-gr}

b) 71719 ¥& 55 £F

LAY TALANA 9 4 74 R SFERE 2459 Y Agoezy A
A ArFAA BFSOAY, AdutA A §F BF /1FL ey 2o

@ Class 1 7]7I(NB) : A2 ¥z AS5H 1 ¢4F AAWY 7)7)

@ Class 2 7]7I(NC) : 42 ¥R AZo IFAA 98¢ uxAY

2z dA #R AF (CVCS, SIS, RHRS,
RMWS )% 2 ¢ ZAAve 717 28z ¢4
A2 A4 % FE ZE wWj@A
@ Class 3 7]7I(ND) : Qa2 ¢+d @38 A %9 d¥Z44 A%F ( NSCWS,
CCWS, ECWS %) 717]
@ ANSI B31.1 7]7] : %47] ASME 7171& A|9g ZE wi@da} 98

233 ¥4 84

a) ¥ T4 % QA

VA Lddol ALHE BHE 2 7% 4R43 N Po] 443 a7
HEZ FolA FAxATAAN WAEE PR E 238 WEsejof stuz @
Hel YgHE FA3E FA, Bonnet 3o AH4EE AFL nEA AAE
ARE-stojof gt AxtEow o) WHEA P Bonnet S0l AHEEHE AL
T2 StainlessZ 22 1 AA9 AALE &udr A8 AL T AY, &
T R AA B AE 59 ZF vng dald] AF FEo ¥W EE YR

rir
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Ao 2FE GxsT Asel TAY 2% AF By R BF ¥ A AL
g&Hoz P,

b) ¥4 B2F AA

ARG Brel AP EARAQC) B FARFQA)C] TRE 84 F9
sutoltt. TR Fold T2E, A% R V7 BE2YA HEeACd AE
A e B2 E Agdoln AAFA FAE T, oA 872 V)7
o MA, 7w, Az, Ax, Ag, AAL €4 R 25X A @A BA 9
gE2 a7gd EApze) PPz sAhle EAR AA, =A49 An
23y AAsd AYEF, QA Manuald] Ful, £V AFAN §o e, A=W
3, 44 A% A 71719 B Be), BFAEL) Adst A =X F 4@
A" Qust 2Fd & FARezE A4 € 998 T2 A0l &
2% Tt Ang Pist oj@e B4 A Z #3, 6% FA T A
A AR 7% 2 Jle AAe BEFoz st AAAES ARIA A¥
Z4A% 71F Fol a3t

A4 AAARez FAL4Hn Yx 4AY F2 uF sde vE¥ ¥ 10
CFR 50. App. B "9A4% @d4 @ dd8 AN 34 A FARF 7IE
(Quality Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing

Plants)"& 2A% o] wAste] gtow 18719 7]Fo] EFH AT

2.4 444 AR Ad =¥ AL

Fz 2azk 4598 $A4H AL A8 d8 Ax=gEe] ALHAR. °f
Nrde EAHos AFWUR AT AAHE AURYY FHE %A= A%
= oj&3y] 98 s FAAAL AsAYLuE ALT

R o2 o] AHEHR Yt MOVATA2HEE F4Hos 3 714 A
Nzdd diste] HEFUT

il
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2.4.1 MOVATS (Motor Operated Valve Analysis and Test System)
MOVATSALY] 414 A€l MOVATSE t©}1&9 AxESd o3 A3

A NZTE FA-AF-BHE + Q& FdL Fujog.

1) Spring pack ¥

2) AFWE 2913 HF

3 AE7 AR

MOVAT Al&¥£ motor operator?) spring pack W& ZRse 29 &
A A(TMD : Thrust Measuring Device)& A48t 3 233x: @n
75719 spring pack?] WA WAE AA}TL AN o] Y 2FFAE
AA e EHA7L spring pack preload nut¢t %34 AL} Spring packe)
W e TMDY Ees Aoz widd AY 719 4% WY’|(LVDT : Linear
variable differential transformer)} A& = o] gl EAA ) Add).

X Ho HQet BB Ay ¥ #AE A2y Yo AxYA 49} F
T sleevest BAHE T, 53] 943 970}, ¥y 23 AHUE, 75 23
Hel o}y 3o AL B 93te gFHeoz ARAY,

EH 299 Z83E FYE A A8 A2 Ao WYE Y=
HAE load celle F#F ¥ drJl AwsEE WPoz AFY o WE 29 T
T &8 A8%0] load celld] HAHEZA ZHET). load cell?} 53 243
AZote]l BAE MBI} backseating =4 Ex HHyl 2N dPFE 2
TR Fo FAH WP oA MEI dPgA 2Y P HE =
At o 3 FAFAE =Y 22y Ho u33}E 2 Q9 =
BE3 Zo] W WBHPANITE AT Fo}

TMDAZ Y F7tee & M 8 Ao 29145 e 294, Ea
T3 £9A, B3 29X AW, AEFHE AN = £71 Uk o] Aojx
A AzIt F¥Y ZAFX AFo FriHolAw wWHe geatingd
unseatingS YEMHE F3te] WEAee] e 29XzEe 2A-Ee 4A A
2+ o

SULY ARA=ZA £ A7) AFALY Ao e By Yt
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Aoz wro BAAZ FFAFY wstel FEVY 71T FE @B HEE
We] Huigke FASEY ALP AFrY AFAIE 59 FANES 4|
W zA MOV A5 dsd b ALE 42 & U4

MOVATAIA = A2 AF7] AeJA(MCC : Motor Control Center)el A A
Zyy A7) $Ye 23 & & F4E ALsddch. EE MOVATAM
AE MOVEAZE B3 29X9 Z #9& SAs: EF 293 9| E A
13 Ae HEIHAU.

19851 69 NPAR Program Z%7|¢] AFuuel Asdste HAZAA «
Hy5o] ZAF=AE USR] fste T NRCY LFAgd 98 AFAH
o2 I GAld] MOVATS #YstA A43td AT YEANE A2
=3

4% 9] QAGA 36719 AFdEIL A@HY e 2 FFdE NUREG /CR-
4380[9]0) RuEQen tse AEHre HAY FHE MOVATSE ANE - -
pAgozA AAHADG. olF HAFAEH ] AU AFYHE 29X FHY
& Aol Vs, BAYE 29X 4R 99L fFE 2 AAV EH%E
w0y 5 Qe Aoz puHYY EF MOVATSY 71%¢& ASME CodedllA]
7% 2Aug /A" AApbdolu dAde MOVATS 71€e 4AHLA
29 AZWH $A 3 =JAEE ARV dE HAAY PPL oA FE
A A ct.[5]

E 218 MOVATSZ 99 A%une v AFFHES UYdd Aod, &
o 29 AZWHyt ol uARAEHsE Y& wAATG. olHE EAH
££& NRC Bulletin. 85-03(101¢ll 4418t A 71€5°] Ao
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# 2.1 MOVATSOl ol&il efol®l MOV ulHA 58 g

L T A H] (%) I I R ] -&(%)
By-pass Z9]x]9] B-AA§ HA 75 | Torque switch®] A A% | 50
Torque switche] £33 33 =% Spring pack = 17
FE% Spring pack £ 8 |#=s ayy 8
Stem nut locknut®} AL 8 A B ] back seating &% 8
W H Stem v}2 8 Grease®] 1.3} 8
Gear vIE 6 AE719 43 3
718t v AN FY¥E 35

2.4.2 VOTES(Valve Operation Test and Evaluation System)

VOTESE ¥= Liberty Technology Center IncAlo]A] 7@ RS Ag
ANadog g JAAEL A

1) 38 2o F9

2) AFHE 294 FF

3 e A% %

VOTESY §32& WY yoked| $8 SAZAE JFH o2 Ax@u} o] AA
T MERFOE YAstE BB A9 RN e = AV gL Yo AL
e 839 S 2HIY &Y 2PFAE HNE o A oy $Yw
Bol Fo4 BN AFH 4FeFL AR /5L BEY

VOTES M= &3 gAtold 7185t4) #AE z2te WHHFo o 9
B 2de £H2AL 9ste] WE 299 ring¥e] TAVE BFsie 24
o}

243 AFWH AE7] AGA2¥
AFWH z2%E7] FAGA A= (Valve Motor Actuator Diagnostic system)& 7|3
Wyle LaboratoriesAtoll A 44381471 AFWB Adr Aoz tem go
HTE S 3.

o
2L



1) Spring pack ¥4

2) Aedne 294 3F

3 HAE7 Y AR

4) AF7l 48 A

5 B Age] f3

6) 'Hr 2g9 F7

Wy Ao 28 AFWH HAE load washers24 S HW, & ¥FE
£ clamp-on ammeter, A% ¥$] W#7(LDT : Linear Displacement Transducer)&
A 23te] 9. Wyle laboratories AtlME H2 A7 AR/ FoF 2¥9EY
EH7)%5E of AdA 2o FIHAZ G,

2.4.4 MAC (Motor Actuator Characterizer)

MAC: ¥ LimitorqueAte] 4889 AFdn Ad Axdo2 it 22 ¥
AT E FA 8.

D A%7 Aw

2) A% FE7|Y EL3 &Y

3) Spring pack®] ¥4

4) BB 289 2

5) AWy 29X 59 ZFH

clamp-on probe® o] 4% AFr] AF, AY WY WRV(LVDDE o8& =X
g #o] WY clamp-on &L o] &% E3 299 HHd dA}e MAC A&

& Eold AAAAE 1 Utk I Fol HYst FArE 2943 2HY AXE
AR AHEdL

MAC Al2de 70N 235E % Wu Py WPe) £ E3& 39
2 g}, gAZ AAHE ZAY load celle 5718 EA &3 AH BAHE
~xe "o 298 & 2%, Y& EIZ §A4L FRE o5 sPdo
zHE 239 24 AAAY A5 S$AAY BEA AAFe §H SAL
2Eo oste] $HMAo2 2Ho| @t} Limitorquertl A AALel EHHE F3

Ml

L

_39_.




g SABYE YAV BAd A% 7 @ARE ALSEE Ay,

3974 9ARe durt 29 o 39 343 AQsE A% Holy 2 wol
B AER 22 J1%E JHNER oA wWHIl AwE HHAN 2Rt 7
TE 9 92 29 33 244 A" £ o

2.4.5 Microprocessor control and Diagnostics system
EPRI9| A Y22 vu|39 Foster millerAtol A= LimitorqueAte] %5718 Agkst

T A&RE Agsigen, dgd 28 AFWE AN g% AEE $49

£

1) Spring packs] ®#$)

2) 29 91X

3 AE AR € A

spring pack®] WoE= BRIl 2ol dPPFeE A5H o load cello] @
H 2Hlo] back seatinggo2A WlH Ao FYPo] AL HAZTE AHIE
A 7¥ spring loaded linear potentiometerdl ©3te] A& €l Wy Adel 9x
ZE719 f1A AA7] %EY rotary position potentiometero] ©|sjel 74 5]
A},
AANUEY delge 2xd o W97 Al 4AE ol =2sge we v
S A vlola2 T2 AMI UYAE &2 st Wust BF Fo
d&o2 £ - Yrdo o] A2 WH o Ao FA P oste g1t

2 rfr i

4

He F7HH4A 8¢ 8437 Astel 4F @A 299 33 AR £g3}7]
Aol AF718& BANE 52 AEHD glo] o A2de AFWHIL 2L
W B3 A9X9 J5E AT & g



3. AYAA & Wy

31 A¥AA

ASBH 1 TAE T AP PuE 44 DAL Bo] AL
T Q3 FAYSAL 3, 4576 (F)AAAA AR FES AFH 2 ¥
3.10] Melutel € 3 inch gate MH e 1§ 3.29] Hnpet L2 4 inch globe
Wuz A ¥ 31% zth 27HA AFdEHY FEL IF 3 460VE IHA
23

AYAx R 2AFA FAL 29 3379 Fgo] 4YE dx, 7F IY ¥
sho} WHe) A Ha: AN AT F Yk (F) Al AL 19 34
oA Boluigl e AZWE TF Aojxt, AF ¥ Agh 23 FHUZE
ACS DCAE 2 Waste] 238 4 Q& 49 44, 4% € I 28>
AYATE AT F Y UAE 24223 % (Lecroy 9310AM), L& A
Nelq NEE 2437 Ystd Y@ A5E AZY & Ae dold VA
(RACAL Data Recorde) 522 74350 itk A3 £ 4 (Power Analyzer)=
ARE 2487 989 AF A (Current Transformer, 100:1) 27€ A@s 1 &
ote 2As7) Hste 34 A AF AWHEES 1Y 359 BE HRE T
A4 AR Ay BaAels Av|gze 2R W w AR A
o) Walge DC "4 ALY AFZ W@ AF A¢Y @#7I(AC Current
& Voltage Transducer, €R&E: 0.2secold) 5719 A7l 2] AfFH-23he) A
So M AW AYFE DC AA/AYF AN(FEEE 0.2sec I8 1A
Z2 FAA

ASWH] shetE AAgre WEIL 28 e AHAM FT¢ TE IGHEE
(Teledyne Fluid Systems, Max. Outlet pressure.: 33500 psig)& o] g3} 34t
g2 =qdo AGe tPon M AFNe FHL B2E & YHAE F
st AU
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08 32 AEE globe WY NMF
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Power Analyzer

— 3.3
r'—' [ 1 1] aee .
— i
—_—
Valve

Digital Oscilloscope Data Recorder

O3 33 M8 P SIIA FH AL




E 3.1. H8oll O]Z2F NF WHO ALY

Gate Valve Globe Valve

Tag. No. CH-534 SI-668

Size 3" 4"

Manufacturer Samshin Limited Samshin Limited
Valve ANSI rating 150 b, 120 °F 1147 Ib, 300°F

Stem diameter 20 mm 395 mm

Stem thread 0.165 pitch, 0.165 lead | 0.286 pitch, 0.286 lead

Stem travel 413 in 1.77 in

Type SMB-000-2 SMB-0-25

Manufacturer Limitorque/Nippon Gear | Limitorque/Nippon Gear

Motor pinion Gear 27 teeth 34  teeth

Worm shaft gear 18 teeth 38 teeth

Worm gear S0 teeth 38 teeth

Actuator

Overall ratio 3333:1 4247 : 1

Unit efficiency 03 03

Stem factor 0.00684 0.013

Limit switch 4 rotor(16 contacts) 4 rotor(16 contacts)

Torque switch open/close direction open/close direction

Rated horsepower 0.33 Hp 3.12 Hp

Rated voltage 460 V 460 V
Motor

Rated Current 08 A 60 A

Rated speed 1560 rpm 1530 rom




32 49 Wy

B AHL 3" 1501be gate 'WH. 2} 4" 11471b9] globe ¥WH | didte] Wr 2
Aol A T 7158 1F ¥ dFoolEHe EA YnE 293 23 FF
A F& BAEY 489S Y3

o A

o At73}t (degraded voltage)

o By 2% $¥ 7% A3 (degraded valve stem lubrication)
o 2¢ mAe =g FHA

o B3 29X A A4

o FWE 29X MR FAHA

o WMy Ad9 taper, v} %, bend

o WHAE 9 o]EA (obstruction in valve seat area)

2(100:1 CT)
" r

S
T N
> [ «—3(100:1 CT)
1(AC 600V
:150V)
| 11 1|
vi{[] [ 21| []a2 Watt
T : J J
—
) b~ A2 Out W Out_]
=] 8. Al Out
v2 ]-l vl Out | L
=B | o= i HEs/wﬂ [ﬁ&s/wn I
L v 1 il
V3 | V Meter A Mater W Matar

L oo - Tee(

AC A8 H¥

33 35 Y M S=E
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AYe 2 7o) st 3We) APS FYsRod, Agy AFVEE

F B4 A” ACHI S At mE Nawste B8] 98 DCAS
23 AYE DCAUEE dolg dadel AZstd AGANA AZEAFR
Digital Oscilloscope] {13 38l9 ASCHHE=Z Ho|EHE dol T2 agPoz FA
ST 7 e A FFANL AFYE TF Aojule] MNP AB=HAY
AE ol &g, 2t nFFH P APuhEe gL g

at

K

1) B3 Apgiuist

7175 LY E(Teledyne Fluid Systems, Max. Outlet pressure.. 33500
psig)E o] &3t AClE WHel F2B WHy ZHJYE AN e 713
o A%, A R #Y9) Wste RS

gatelBE 8 10 133 13 kg/om’e] AYE 7189 oY globedHE
50, 60, 70 1B} 80 kefom’E WBSAA A, AF T3 AP WEE &
43tk

2) A48} (degraded voltage)

gate'BE 9} globeB B o] AYFE 9] AQPE 460Velth £ AP AEY)
o FFHE AE AW FF Aojukel A 500V, 430V, 400V, 380V, 360V,
340V, 123 320VE WBAIFIHA A5

3) ¥H 2 §& 7|5 A3 (degraded valve stem lubrication)

AFWEAA A€} El8 Ato]g) & J)50] A FEHE ZAG Ao
A AA AdAME 293 B Boldle SBAE ZF Hold Fd
el et A3 E A

4) =49 HF9 =4 FAH
=9 A7 2HL B3 AAE o] E3d 7ERE AY F, HEdA 2o
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A m&atA 2dgdel teke 2Rk,

5) Ead AX 9 4R ¥4
gate BB 9} globe B Ztzte] W] B3 2§19 M-S & 329 2ol &
33te &3t
¥ 32 £23 29X H4¥A

Open Close Hi3
1.5 1.5 HEAEN
1.6 1.0
Gate Valve
3.0 3.0
3.5 3.5
1.5 1.5 HE=AE
Globe Valve
1.6 1.6

6 @vE 299 44N 4
ArlE 29lxe] HAXNE WA AEANE WRNY oA ARFH 97
NZEG 237 s A AA 2RsE Aol weted AT

7) BB AIE e o|EA (obstruction in valve seat area)

gatelBe] 2% A7 32mm, 3.1mm, 2.23mme §HEE Y H Chikis
Ao wWuyd TIU2E AT F A4 J& BY AS 2 71 0.8mm ¢}
UAE BEWe guge] §48E duEAd 74 A5 dste] 41l
A @8 do] gg NEE ZA}A.

8) WH A% taper, "F%, bend
gate WH 9} globe WR o 2g Age= ¥ 36, 373 o] Antoz <
Pz 714 74Ested AP
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4. AgA= ¥ 313

S
ORNLBIIAE A¥ATE 89 ARE 43, MLFE AFNE E47H
(MCSA)& ol&8tad B4 . maste] AEr|e AFAIZ/E A58 AQ7|H
o2 HANGE ZEe WEHYT A%/ YYAF - A¢ 2 AHAE 9
8 AEWME AGe s AAe AFr)d AFdd o= JAGAE FHel
Fedy] Wo ASWEAA Ryt ofd AF7] A FAA dFoE F
Ao] 7HEsit.

Bald B dPoAE 94 wA2gA #%F Aojgoz go] AEHIL A
= gateB ¥ 9} globeI B E tFoz HE EX49 AL ALY AF7 F3)
o me A AF a1z AYE AP AR AGE AL B ¥
e 9w DCAES FH5 Eddez BNy A% ACAEE, 183 A
o DCAEE A0 &7 7146 Agstd AE BAVE o838t 24 -2
#Zs A

AswEe AF/E AR o] dFd €Wy gL e AM=
H

4.1. gate 838

4.1.1. gate "re] A3

a8 418 gateBr e dRA 23 FRAFH BYPAA dd FAAA HAE7]
g AR AP Age] BE FFAE HPS A P Ao B Ao
2 gate® &AM Yehte EPUNITES HATI gon, AYNZE A
257 AsgE e A ds ugsA Wz Ao FEAFSY 1Y
o W= wp PFF 23 ALY vF, e HAYHA B2 2371
gag o £ 54 999 Avd o Jente 202 B,

My Adgo] £Aoly] A W FEAFY WIe IdAHo= 2 #7
vl 23t 7)o} train B EEAE FEI] A8 2FHE 7189 AFI E
g2 wogdd FEAFE 7 ko] 4% ¢ Esta A3 ulgo] Fa
g o wolat. WH FASLY ARY F/FH FAHL AE719  “slip
frequency”®l Utk B3 29A @FeAe AF7] AR peak?] Z71E HF
mlas MH A9 seatingd] B&F FAAA FHE F 2 FIe o g w3
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€22 Yelue A%V Eas HogE

Y 42€ 494N 29 B4 279 B BB AFY AJANsE
i3 Aoz FEHRsd o 54e 2 Jehzm Ao 279 AZAE
Inrushed peak7} 283 oF 05% Fo] BH 2do] zFo] NAHE A M
AZo ol AL 471019 lugrt ¥ &olHe P&y AR
ARG 29 JES 29 7)ol wEY A A4S TF SolH FA =
A 4 Ro= JA7oY FF & lug, 29 YES 3o wi Bung g
A ojwf AYUZE AFAES 29| Inrushed peak’t LAsT AZy) =2
stoll % g FH3) Aststo] WH 2¥ TFo| AREUA ZAss B
T Uets gl A6 23 fgeA "Hs unge FEsd 79
q4, AR F7he A% Ko E3 29A7 dg¥ge £33 JUAE U
B3 glou AL seatingHle €3 BHE Qs gAsE ARe Mo}
7} peak® YEI L glo) AFAFHU} seating £+ EREA & & ot

Y 43 2YAM Y PR 279} B BB AR APz E
HJEd Aoz A{FNZE %79 hammer blowst WH7} MEZE MU=
TIZE 2 HgFa goy AYATE e WME AT 4 YAT A
g3 7EsdE ool U ol AYEA FAY L@ET EMo| Yol
°l & Aoz wadd. WHe dY HFPA AFdE e 297 @
FHE €Bds APAE7L AFEA geAE AL ¢ 5 A YA A
Hos Yelde 5AS gatelH 9| unseatingd] B#AH AR FEHA |},
ol¢ e FEA AF FoL WHHS WH ZAZBYH By g 29 3
g Aol 27HE A% EaRPe YehlE Aot =8 2zt fAS
F9 A5 Unseating peak® 7t olvgt £4 & AF, A =37 18w
A%7] %A hammerblow 123 7] B A9 ZEd 9@ oy WT A

€ BZY F e, o8 AFEY AVE BEoT BN Fos
1€ E°| hammerblow®} 7] A¢ 2§l A o= Ad YES AT
8 FE dede Ao AFY £X, 719 ¥, 28z A€ 29 picchS 9
Al w2 g8 deldA gt = 98 42 xy] 2" ZEH gate
unseating Az Abo]e] A|Zbe: Alo|ESt A¥e] & Fuite FE YeUE
RO 2 o] At Zole ol F EAAA Y vRE 7R &=y §-L5)

39 44% gaeli2sl ©Y W AFY ACNZE o2 Urhdl Res Wny)

ol

o s

2y

d



ME e ARE " AFY NEJ AAE Aol Heji o] Ade W
Yoz &Y F UL Aot

gate WHO AU B PAA AF ACHIH ¥ ~HEHE IF
450] A Ao2 AT/ £E9 vlny FA5r FIsA dE Ao

A%y AFNE FYrlojA, AE7] AFAT U Fusy £4& AFEE
Agd ERFoz o]8™ 4 ke Aol oW AAHew, v|nd Fir
(SFe A%y $x93E Yehlie AA2 1¥ 459 F=2 peak® Hoj
&3} Zo] R Erb]

SF=( $71&4E - A4 &%) X (%7 I )

T8 45 ASse AA AF7)|&E(actual motor speed : AMS)E T3
o] SFE4YY ZAdY

AMS= 60 X [30-(SF/4)]

oy 714 SF+ hertz 2831 AMS+ RPM a9 E YA

4.1.2. gate ¥ A 7}t

AsWBe ALy Y AFNZTERN G uFA = 24 F9 e A
olt}. AolE W) AFAQ LAz g AL 460Vl AW ot
2 Aagwpe EAS golu Al 320V~500VE oA 20V~30v4e A ¥
gaudg A%y AR AYNIZE ZA3 EHIHe, A4 Wzlel] at
2AAE Wi HAAL ¥ EI 29x aFAe AFI AR X
Zo) W Wssl g9 F=7t & Aotk

2% 46¢ gate ABWH ) P AgrAZ e AHAN 27 A PR
A Jeds A54358 B9 Ao Age] AeAAART goldF+E &3
AL Hatd] te AP F7k2 At 2 27|7F ReMAE A3 Hol
o, PAAZLL 2R E JEAT.

Y 478 gate BB APolA 2F FA] W ARAZY & 2ES &
@ Aoz EA wde] 9% peakd A7lE AF/IVF HEE IE3=d 98
# 238 LAAF7] Astd AFAGelM B} YoldFS AA vehty, 3
RAAZE ARAGEY RolAFE FojAL Y&E & F A+

29 48¢ gate WH o] Y AghAsd @ EHM 2 A PAANA Y
Bus @ AgNEE B Ao ALPYETG W2 Agtel A EA 2904

fie

iyl
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9] @& A] peak’t 2A YElgo2H AFAES} Fe AL wd

9 49 gate MH 9 Y At g BHA 9 A HA) I
AFAZTE B Aoz GPoA 23 443} o] Aol /84S $AA
e $7kshe A%S Hold HFAAINE FA vdeEdn Joh 23 F5 F4
WA 3= hammerblow$} unseating A& 277k A4 43 A¢gn YdolAS
E A vehgS Hela .

1% 4102 gate BH ] Y Agusle g BN Qs NS @
AFAEZE VeI Ao 2 hammerblow$}t unseating® WA X7F ALK
o e E A JeEgg n

39 4112 gate MEY 947 Ausid gF 2o dY A FA) o)
¥ AYNIE HQd Aoz AFNIY S HPYOE  hammerblowst
unseating®] FAsE XA peakE& YEhi glon, FnE 29x5) G
2 d AFNZAAE A ften FALA AgdME vEUR g=
peak’} 1 9 ASgtA dEldE AL PAAY W2 A% YuE 299
S A7t el et A EHE ot g8 UdedEs @40z Bl

B39 ZuE 29X 9 o] dAY FHAA HRAANDL 27 &3 A4
TABE dF e 4% A8JF I welA 29 412% gate BHI} 99
oA 2%, YA 4P A BARALE A gt EAH Ro=
d drge 2 99 Azt 7] 7odE ¥WEHy BHAE WA U
o Aoz 2t o A ALE YEuy, qAYd g2 Agte] ve
TE PAA L] dojhg S ¢ 5+ Ut

gate AEWH] AF7] 4 Aaste] @ AFAT g 2HMEPS
a9 41359 39 41490 YA Aoz AN AgEt ke AgtdA €Y F5
79 AFL Fadte AYE B9 A Fae FFd 9" AFE F71s
i, 7| A58 s @ uAEE 47 FAada e ¢ 5 Utk

4.1.3. gate B8 2 = 23}
BH 2d AR g ZAAEL 299 nir oz Q3 ¥ #FY
¥ 29 AR, Fo4A &€, 223 spsold 2 5o AHE ALY & Qe
AZE A& §F e Aoz WHI }FsE Fo 23 7o) &3 7
AF v @Es7t estE AN FERIL AA AR, AYNse WsE



vGeRdA & Aol

2% 363 o] FHEH 2 HAE gate WHO) AFr] AR AHINZ
WEE 29 4150 EASAT. 29¢ HEse] A AgaAe W, dhEs A
FA57F 4Y XA 28 ol Al weh Ry, 2F AAAN 2
g wol: W2 Zrske Agel o drhided, & A 49& W
HUA old@ ANS Ao Aol YEhtA @5t £F WRIL HFIHE
Zo] 2ds} Hgo] A&t J|AH wp@Rs ] o] Az WS G
7] 2o A YAT] wA oA XL AAY F fE BFE ¥
Ag Ao

4.1.4 ne] o] €4

gate WH A WH w3} By FHo| 7 o] EFE AAHHES 9 veld A
g9 APNTE BAZy] gt FAel 2 223 31, R 32mme 2HAH
A7 SHREE pate BE Fo] AAFL A5 My @ FIHLE WHEL A
A Je Bl AL 13 223mm £HEE o 05mm FAZ FEA HAEA
o] Muge] FYEE i UARez AUT A4 Fol dF dHAN 2
3o HANAM dete AZE FAdA

294165 2Y417¢ FAol BE £HEL gate WE Hol AAFS g
A UeEtE Ags APNEE A $A0 diste] =AE Aoz A F 8
HAsted FAF @3 2E LHBo| W w3 BH FHo| o] AL AR
o, 294168 AFAENA HE Bo] $FE FoAA 299 peakE Ho|il
gt 4 peaks FUL fdEd BaF AT VITAR2 AGEHA
QoA 3, 2% peakE £WEo] FoE ¥ Wy w3 ¥ FHd 7NYozA Yy
Bus Aoz £¥%RY AEs W peak® A vehdth B IR o 7|
ol 8% 8oz Edpeakst AAZEET A Y ol o9 417
o] mol= AYNEE AFe gy Wy Po] §PB B QA AN F3F F
28t Age Uz oy AFATNG Zo| FRY WHE e A]
% gk

a3 4.18¢ gate HH @ol F2& w21 AN IS HE F 2 3¢=
o] Wy g A SAE B8y Al FFol BAHFHAT. Yol AF
APNZE gL AFL oy e vp@2 Aste FFo| HAHAA 27] 2
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HF peaks} e AVZ A3}

18 419¢ 223mm £3E S % 05mm FAZ FEA GRS A & & wn
Yol FYHe FEd URFez 498t PN 23 gAdA Yehys
AZE Yed ez dY F BEasie #A% A} x7)d= ¥y @y gy
A Atold] 7o Freoltirt of RN AwrEe] sojmz TEo| Hx W9}
o @2t Yehte AEE 98 FHo AAFS £HE A $AE 238
9] peak& HolW 7Y AAAME FEAY peaks} 7L I7)9 7% AE
Ao A FA R F_ee AYS Holx o}

4.15 8 2% fFe =Y

gate ‘BH o 2§ #7 W= Y5 WE ¥y WHEA o) YR
T ¥k WY ad=E dE 23wy ") X80, 2d 7o 2 9
8 8H R A€ I 4208 UEE 2L o ATy AFAS dghst
o W7 x4 Y] B & =N Uk 2Pl TASE e wre
2ol &9 w79 xq Fert dHUFE FFEARE IS HoFT Qo
W "3} P Abole) wpd Rz e ARA ¥ AMIZE wolm Ut
EF AFHE vt o] W7 o] dadA 2ASE A%s) AR FI8
H AE7] S Faste] YA DA Yehdul

¥ 4212 2YcM 4 el e 29 Axe) otE AR AYAN
2E EANT AL AL =& 2ARUL U ded 29 9 A5
AHUTE Yehd 2oz d9as 24 o A5 A9 st Qon &
de} F3hdl g3t AFr] $E5t FaE YHANAE AA Jdedd £=§
8% 2Uo2H TEARS AYNIY Uyl FYRA B FGE Holn
Aot

4.1.6 E2 2929 4A

AEWHAM B3 29X PN 289 g A%7] 75 AR
¥ FHo2 F2 ALEY. Ed AYAE A9A gHo] Q= AA)o) @
°of E3 A9X & A ¥ 49 AJNAH &L A = )5e

Ed 29A 9 AL AF7|Y 29 234 HFsu, 29 YEd 95}
o dE A9 ¥ A9y Fo E3 A9X9 AN THEEE A5



2 AN E HAY 9 s o & A¥7] FF Y E3E 959
Ex 29X FE HoAM o 2 29 3L Ao A ok 43 UH A
7 adc 29 2zt e E3Z 29X AAAI ¥&54E QR @3¢
&7H] O =& UEHFL M) gate BB AlE oF FFTE AF
A7t AAH e E fASolof st3, WHI dex, HE ¥o] WH H2R
g =<HA dqax AAHA e

28 422% gate WH APlA B AN EZ 293 HAAE L5
30, 283 352 ZAHPL W AFNEE Ued Aoz E3 AAANE 2A
dm WRHASFE sHeke Aoz o] WA R EF peak’t IA YEdTh
a9 4237 09 424= 2304 49 $AA EZ 29A 4AAE 10, 30,
283 358 Z2ARAS W AFY AYAIE vl Aoz dYdA 2¥
#AT go] A HaE Ao BAT FE7 AF HdX e VFo| FE
g3 Qe £ 9A Z7HEe Jdeidn, 9844 23 #3833 o
Ae & BydA BL A3 peak’t FATT AYAIE ARAIGG 2
AL yolx Ao
AE7] AS QJARY L, B3 29X HAA Frlol #HA AF7) AR 2
W AZo] MBI DEn AT &FE FA FEE BAFH At AF
7] ACAE HoAx Wryt 23 XA dde FAe AFHE AR,
A WMEHy} Bt Tt WAW Byt F/ESE dur 4€ W AFY)
Ase L£7pWs AZo] FrHE ®ul opyg WEHI EY FA = vkt °f
AL, WHyt 2aE BRAAN 28 FEHFIAV FNAFE YT FHE A A
s Ajzte] oS Uehdth olE @ 28 ¢EHAA ARL A% FEEY
S WA WH BEL 92 Ho)y] ANFsEed LY AA A ¥
v Aok

Wy Be oty BWed A5 AF Ag AL ¥E JF2RYH UH ¥
MU= do] Wed 2d F¥o] YPL vAR 2R WYEIH 7 A 2
e Ae AEIZE FEIHY AFsdE AR EAge =99 &3 53l
date] ARE7) WEo Wy B} Pu FHo| Py FRAAT A &4, 3
Byl 99 o ATy AF A dZo] UF Hodw ¥y wo] dUH FHd k.
g2 $& sbsAel AA BRAsA Wyt 2IUA @ Aot

fo e




4.1.7. EnE 29z A

HEBEAA rE 29X 2PN dd9 PANA AFY) F5& 3
g AN Y EFoz F2 A4d gt fuE A9X9 RLam
¢ 2R AFV7E AAH dHst fds AR ¥E= ASs A €
1= :

19 425% gate HH 9 HUE 29XJ} PN 28 HAH o YF
HE AXd Z2AHAL et FFEY A 2AFIQE W] AFS AYAE
€ EAE Aot agA ol uie} go] FWE A7 UE wE 99X
2 ZRAHAE W Yur A3 28 43 ZAEY =24 2AHYL dE
LH7 A28 2UE ARANI2ZHY ¢ = 3len PHo Pys Ao 3}
o7l Yetg S ¢ 5 Ut

418. 98 @ 3¥YPA}

AH L AL A gate WH B nHe G doojy oMEeH £
A ol A F2A E: o]EA 7Ydeg mFo] doj}s] Lok B AgdA
= €93 FL ZAVL 4A Gl 29E BAZ B5A FIRTE FAE A
A3t HH @ DAPAN S ZAMSe] YHE 9 o AFS AHNIZE 243
a8 4269 AR AF AYAE 27 ARAE} o] 27 7
A7 R AYpeakE YU AL F53A FIIEE UE FXo] 2o
Aist AYL FF peakst A9 L V2 ALHE AHL Holm gl o
9 o A WA S AFUHY AFY) A&} AdY FY, 2¥ 4
ES vy F WHY BELEs glon e 984z n2A g Ao

4.2 globe WX

4.2.1. globe WX AF3e

1Y 4272 globe MBS AL FeHlA dHAA 237, 2@dolA dE9 8
BoAA HE7] dHAFE A Azte] IE DCAE HPY L A P} o3}
o HQ Aoz HuiAn FAHE Azt YH HNA YEUE EJES B
AFa Jlen, AYPAIE AFAZI AssHE 2L A wzgsA wzs
I Q1Y gate WHAA G vl 2 WiE $RAFA A7 fFA)3te] vp@d &

- B -



= HAAAEQ BE Rt 24" o £ 54 9949 Add W 7F A
Fo Hge Wyt dede Ao HAG,

2% 4288 globe BHS) AN 2¥ FAoAN 27 & FEAAN AF
o AHYNSE Yus Ao 2 Z7|ol Inrushed peako] T3 WH X¥l9 7
So] AFEWA UehlE Bt g# AxE AFuch AN 6% AFH
&7 YEUI glon, B REE gate WESHE g B3 29437 4¥/H7
A7A BB FHe] ARAF] 4 Ao AF AR/ FANE B¥S B
oz Utk EE PR E BEAA gate BHo} Po] AFAZE FTHEHY
a9 429 vEsHEW AP WH FREFo| @ gate Wr g T v
o g Ryt FeaA got AFANI Y 2ol Free A¥E UL AT

1% 420% globe WrE 2N d¥ FAAN 27|} B FEAM AF
o AHNEE Ued Aog AYASE 7] hammer blowst W o] ¥
B Hel "ol £AFE F HFI o AFAIZE ofgte] ¥MFE
e 4 9lt}. globe WHE gate WH g8 WE HoA HH ol F3 glo]
ol E57] WEe old UF UAAHL AHNEs BPsA dets ALR o
29t WA A o 98 gnE 29447 @gHE edde AFS
APNE7t e AYS Bojx U

4.2.2. globe ¥ B2 At 73}

Aswue A%y AYAGANTENE wpRA e 22 F9 sue Ad
olt}. globe WH A $HAZH F AL 460VelHt Aol o
2 AZWH EAL YolHIA 320V ~500Vi $jell Al 20V ~30VH A& il
A Ay AFS AYNTE FAsE ENFAET, gate WHel Zho
Agte] Wit e LAAFS W3 FAAR R EZ 2914 dgAg AF
7] A% A So] U ¥sst A9y A=t F Aol

23 4302 globe WHE 91 AshAste] ¥ dHelAM 27 A Ao o
g ABNTE HQ Ao Agte] AN THAYET RoMAFF SAAFE
Hao] og APdel Z7t2 Fase AFE woln, IBANE 47 ey
o, ARAGEY 2 A$E £AAFE A dehiE JAANLE #A JErd
t}.

13 4312 globe BES AN 28 A e AFANTY E FES
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i@ Aoz AF/e WHE FHIEd WRY 38 LA 98
ABAGEY RolALE E3 Gdete] 9 peakd) 7|7t AR

1Y 432% globe WH ) AY Aol dig AP 23 A YA o
& AHNEE ¥ o AYo] HgAdE 24 YL wst glon §7
Alzke] A detubsd 29 433604 BgstA & 4 gk

™ 434 4 Ao Wl Ug 2N AW A PR g AR
TE HA Aoz AYdlA 2 PR o] Ao FESFE $AARE =
7h8he A% Holn WANBE A ez ok £ gate WH| A9}
2ol 7% ¥ T8 hammerblows} unseating A 59 =717F A4 AYn
O WoldFE 3/ JYebdg Holm i)

1Y 435 globe WH ) Q18 Auste] dig 2Pl AY A Ao o
T AHNSE ¥ Aoz AN AYET Rold &4 Ao Fase Ay
€ HQlt}

¥ 4362 globe WHY Ax 2e o A PHY Azke AgWsto] st
EANT o2 @ wuch: 28 uw ¥usl 8y o zhgsts ARG We
& AR o7 o WAL Ao Uy Age] WEFE YANRE Fol
AW}

4.2.3. globe B9 2¥ 2Hys}

I¥ 377 o] /EF 2de AAF globe WHO AFY] AES APAF
H3E 29 4379 ZASHY 298 pEs R ANPsge W, A8 A
HAE7L 49 XA 28 wole Aztel wel gaszm, 28 XA o
g dole B2 Frsks Aol 3 Uy gl oje Adgae o s
¥ 9 93 Hgatol o) vl o8 YT gate WHOIE @] globe WH
T 299 FFo) AX olo] I FYOZ gate WHOAMN ML A B
Jete o2 Bad a8y gate MEMS} o] 4 aalo] AYL
E3AY AR 2dAE dAME oY Ao YA 4& % Yo},

424 WY 29 W7o 9l
Wre] 29 #7 W29 7% M 2Ady PHEF Aol WRAGS
87] WiEe] B A¢ R e 9o o wAA 19 4.38& globe



Mpel BedA A o WAL =adA 29 299 AL wed 23¢9
A7) 89 APAsd mAE o] s EASAT. THeNA 29
Ao zol AHYF GWBEET FEARE 2/48E HAFD Jlon 293
Aatole] v Raz olste] YASA e AEE Holm Yok EF A
9 uhel o] B zdo] g 2YFES AEs AF7 Fsh A%
£5: gaste PRAe] DA Uehdth

425 £3 2913 4A

AZWHAN EZ 29XE Ao 2 BAANM AF7] FEE BA
g B3z Ti Agdth B3 29X 290K gdd e AAA wF
o]l Ex 294 & A @ A9 AJF FEL YA e /15 e A
o2 FANEHAA d3 g& 9 162 =R

1% 439% globe WH o] APANA 23Y SolA Y FAAA E2 =
9x HAXNE 1628 ZASYL W AFY AYNIE YEd A2 BEI
ARANE A H WEHEFL sMete Aoz el It HoAL EI
peak7} ZA UEtdTh £@ 2¥dA 499 #AAN Ea 29 HdAXNE
1602 ZANAL WE APolA 28 GRS} go] PA e Al 4
N m ATs] A HuAe Ao Wuyl B3n d= ¢hed FA I
< e, ddolA 2% $AG o Ae E FEA && Ak peakrt
adagt APANEE AFAEYL 2 ZY%E Holx ok

4.26. YuE 293 »H4

ASWEAA FAuE 29XE BYAA 299 FANA A¥7] TEE A
A% 94Xl FAE BAoz F2 Agarh getA APIE 294X #HA
# 24e AE/7 AAS ] Wust 418 QAR g 3¢ AXHIF A2
A0 Ay T ¥t FEse AS7E TASA do

7% 4408 globe WHel TYANA 4Y FAAA IME 294X AR
A ZAHYS W AHF AHYAITE BN Ao= A AF AYAMNIZE
A3gE e Age Zou 944 P Aol AojAn PR € AXIA
Ba7t gsted AR Aol 2 Toz FUMEE HAFT I




Current Power Current

Power

1.5

1.0

0.5

0.0

1.5

1.0

0.5

0.0

1.5

1.0

0.5

0.0

1.5

1.0

0.5

0.0

Elapsed time (s)

8 4.1, Gate'llH YMME] Mi, HYAS

B open-to-close stroke
=

2 ] 2 1 2 1 2 1 2 1 1 | 2 ]
- r\ - p—
I '} ' 1 l ) ] ' 1 l i l A l A l
i close-to-open stroke
- .

A l L ' i . A l 1 ' H l 1 l
i - A |
" - ) ‘l
-‘—v' 1 '] l 1 l i I 'l l '] l A l

0 4 8 12 16 20 24 28



0.6 I -~ 0.8
Inrushed peak
5
Eo4}
&
Valve stem begins to move
0.2 1 | 1 | 1 ] . 1 ] 1 ] i ] 1 0-0
00 05 10 15 20 25 30 35 40
06 power 4 0.6
Torque-switch trip
0]
5 f
&)
0.2 valve seating 0.2
0.0 : ! L . : ' 0.0
250 25.5 26.0 26.5 27.0
Elapsed time (s)
A 42 GateE HAMME] €@ =7|9 ©EFe MR, MHAMUS

(open—-to—close stroke)
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Tl inrushed peak
12 |
09
5 os |- o
§ k current 0.4 %
h 'ﬂ'l!ﬂl'!lll!'w\“‘ A Ane M o »
0.3 | N\
0.0 ] hammer blow valve unseating 4 0.2
_0.3 l 1 { 1 ] 1 ] 1 i L | 1 00
0.0 0.5 1.0 1.5 2.0 25 3.0
Elapsed time (s)
08 - 08
06 power 406
” 4 0.4 %
L 04 WWWMMMM
3 y 0.2
o2 L Limit-switch trip
) 0.0
0.0 R K WIS S S ——— W 0.2

240 245 250 255 260 265 270 275
Elapsed time (s)

O8 43. Gate'l2 HAAH Ay 7|9 Hafo MHE, MYAS
(close—to—-open stroke)
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Current
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1.0
0.5
0.0

1.5

0.5

0.0

1.5

1.0

0.5

0.0

1.5
1.0
0.5

0.0

320V

1.0

u
1 ] o I 1 [ ) ] 1 1 ) 1 ) 1 1 1
O 3 6 9 12 15 18 21 24 27
380 V
| t
) 1 M ] 1 ] | 1 1 1 i 1 | 1 1
O 3 6 9 12 15 18 21 24 27
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1 | 1 " i | N i N ] 1 | ‘. |
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0.5

0'0 - 2 1 1 1 2 i 1 ]
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1.0 - 380 v

0.0 = ' 1
25.0 25.5 26.0 26.5 27.0
10 - 460V

0.5

0.0 » 1

25.0 25.5 26.0 26.5 27.0
500V

1 1 1 L 1 2 ]

25.0 25.5 26.0 26.5 27.0
Elapsed time (s)

a8 47. Gatetl 2 Mot slof O 3t S Ko MRMS
(open—to—close stroke)
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1.5
1.0
0.5
0.0
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1.0
0.5
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1.5
1.0
0.5

0.0

320V

24

27

S Y

T N T

0 3 6 9 12 15 18 21

Elapsed time (s)
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(open—-to—close stroke)
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§ 320V

[ ek '

- L 1 M 1 1 | 5 | N [ ] 2 ["I
0 3 6 9 12 15 18 21 24 27

[ | 380V

S |

i L
l Il l '] I '] I Il l '] l 1 I 1 l I I l
0 3 6 9 12 15 18 21 24 27

[ 460V

—-‘I 31 1 P ] 1 1 1 | 1 I 1 ] " 1 ] :--l
0 3 6 9 12 15 18 21 24 27
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| ___
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8 49. Gatel 2 T ot slof Cfst HNREAMS
(close-to—open stroke)
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1.5
s 380V
1.0
0.5‘— A
0.0
I ST DT ST SR TSR RN SR S N T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
15
. 460V
1.0 —\\
05
0.0 H
l 1 l q l 4 l l L I 1 I Il l IJ

o
o
o
w
Y
o
Y
w
N
o

25 30 35 40

1.5
- 500V
10 |
05 - T
0.0
A NI W RN R N IR ST R
00 05 10 15 20 25 30 35 40

Elapsed time (s)

a8 4.10. GateE HMetuisto] st @ x7(of MFME
(close-to—open stroke)
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1.5
1.0
0.5
0.0

1.5

1.0
0.5
0.0

1.5
1.0
0.5
0.0

1.5
1.0
0.5
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| 320V
N X ) |
1 | i ] M ] 1 ] 3 1 1 [ 1 | 1 [} 1 Ll
0 3 6 9 12 15 18 21 24 27
[ 380V

0 3 6 9 12 15 18 21 24 27
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O8 4.11, Gateli =2 MoftHslof st MHAMS

(close-to—open stroke)
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Amplitude

0.002

0.002
380V
0.001+
om 1 i 1
0 10 20 30 40 320V
Frequency (Hz)

28 4.13. Gate B F ot sto] st Tl AHEZ
(open-to-close stroke)
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0.0015¢

0.0010

0.0005+

0.0000
o}

Frequency (Hz)
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(close-to-open stroke)
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Current Power

Power
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0.5
0.0

1.0

0.5
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1.5
1.0
0.5
0.0

1.0

0.5

0.0
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4 8 12 16 20 24 28
| | 1 ] 1 | 1 ] | 1 \— |
4 8 12 16 20 24 28
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1 | 1 I | 1 1 | 1 l-—I
4 8 12 16 20 24 28
I ] | P TR | 1 1L|
4 8 12 16 20 24 28
Elapsed time (s)
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0.6

i Short time
€ 04 |
e [
S 02 [F -
3 0.2-
0.0 s
1 I 1 ] A l 2 ' 1 l 1 l 1L I 1 I Kl |
0 3 6 9 12 15 18 21 24 27
1.5
5 10 L
: 1.0
o -
O o5 — -
0.0 .|.|.|.|.|.|.|.L—.—|v
0 3 6 9 12 15 18 21 24 27
0'6__ Long time
5 n
IS 0.2 i
0.0
I NP BT B PR P B NPT
0 3 6 9 12 15 18 21 24 27
15
o 10|
c;) |
&0.5— v——%-—._vk ey A w'hr X
0.0-U.1.|.|.|.|.1.|.|.L1
0 3 6 9 12 15 18 21 24 27

Elapsed time (s)
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(close—-to—open stroke)
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Power Current

Current

Power

0.6

0.4

0.2

0.0

0.6
0.4
0.2
0.0

0.6
0.4
0.2
0.0

0.9

0.6

0.3

0.0

Open-to-close stroke

L I ¥ l 1 [ 1

) l 1§ ' L l L}

Elapsed time (s)

O 427. Globe'l & XAIAE} XM F
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Current

Current

10.0 105 11.0 115 12.0
Elapsed time (s)

O 428 Globeti e HAMAE] 2@ E7|9 e R MF, MAMD

(open-to—close stroke)
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06
04 |-
5
=
- Current
3
02
0.0 M‘#L 1 1 : | 1 0.0
0.0 0.5 1.0 15
Elapsed time (s)
- - 0.8
03 | Current
- I e PN RNt 406
02}
Power
5 H 04
£
0 01 - y
- 402
1 1 3 1 1 | 0.0

10.0 10.5 11.0 11
Elapsed time (s)

28 429 Globe 2 HAMe APy x7|9 TR MHi, HAMS

(close-to—open stroke)
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Current

0.6
0.4
0.2
0.0

06
04
0.2
0.0

0.6
04
0.2
0.0

0.6
04
0.2
0.0

12

[, 320V

N L

'—-‘I 1 1 1 i 1 1 1 | |
0 2 4 6 8 10

[ | 380V

—‘I i 1 1 | 1 1 1 1 i ]
0 2 4 6 8 10

[ 460V

. JL

1 ] 1 1 1 1 1 1 | ]

0 2 4 6 8 10

| 500V

- ‘L
1 1 I 1 i 1 ] L | ] ]
0 2 4 6 8 10

Elapsed time (s)

1% 4.30. Globe' &2 Fersisto] st HFMe

(open—to—close stroke)
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06
04

0.2

320V

| L

0.0

10.5
06

™

0.4

L |

0.2

380V

11.0

11.5 12.0

10.5
06

04

460 V

11.0

12.0

0.2 |-

00

10.5

0.4

500V

11.0

0.2

| I B

0.0

|l

12.0

1 1 }

10.5

a4

11.0
Elapsed time (s)

11.5 12.0

4.31. Globe# 22 T gftstol cfst Salfe HFME

(open-to-close stroke)



Power

12

4 6 8 10
1 | 1 1 1 | 3 | 1 ]
4 6 8 10
L I 1 I ' | l A l 1 4|
4 6 8 10 1
Elapsed time (s)

O3 432 Globe¥ 2 HotHstol et MHMS
(open-to—close stroke)
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Power

06 -
0.4

00 E

02 - N

06 -
04 |
02 |-

10.5
06

04 |-
0.2 |

460V

10.5
0.6

0.4
0.2

L

10.5

18 4.33. Globe' & Heotpisiof gt SE Kol MHMS

Elapsed time (s)

(open—-to—close stroke)

11.0 11.5

12.0
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0.6
0.4
0.2
0.0

0.6
0.4
0.2
0.0

0.6
04
0.2
0.0

320V

_—‘I 1 ] 1 1 1 i ] 1 |
0 2 4 6 8 10 12
. 380V
--41 1 1 1 ] 1 1 | i J
0 2 4 6 8 10 12
1 ] 1 i 1 1 |
4 6 8 10 12
[ 500V
-‘I 1 1 1 ] 1 1 i i \~:I
0 2 4 6 8 10 12
Elapsed time (s)

18 434. Globeti &2 Mot sto] st HFMS

(close-to—open stroke)
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Power

320V

1.2
0.8
0.4

Ll I T l 1§ I 1
?’

!

3

4

0.0

0 2 4 6 8 10
Elapsed time (s)

3" 4.35. Globet & Moltistof] st MHAMS
(close-to—open stroke)
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Current

Power

Current

Power

1.0
0.8
0.6
0.4
0.2
0.0

1.0
0.8
0.6
0.4
0.2
0.0

1.0
0.8
0.6
0.4
0.2
0.0

1.0
0.8
0.6
04
0.2
0.0

Close-to-open stroke

L DL DL L DL

=
=
=
=3
e
3
b

0 2 4 6 8 10 12
:' Open-to-close stroke
- L 1 . | . | L | f ! .Jl'l
0 2 4 6 8 10 12
: ) 1 | 1 1 1 1 " | 1 ] 1 ]
0 2 4 6 8 10 12
Elapsed time (s)
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Current Power Current

Power

08

04

0.0

1.5
1.0
0.5
0.0

08

0.4

0.0

1.5
1.0
0.5

0.0

Loose packing

0 2 4 6 10 12

. 1 . 1 N 1 . . 1 Al

0 2 4 6 10 12

Tight packing

) I \ I X I A . 1 .‘/\‘I

0 2 4 6 10 12

'—]L’ L1 1 1 A‘/L

0 2 4 6 10 12

Elapsed time (s)
1% 438. Globe'2 AH W2 xeoldTol ofg MF, HHUS

(close—to—open stroke)
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Current

Power

Current

Power

0.6
0.4
0.2
0.0

0.8
0.6
04
0.2
0.0

B Close-to-open stroke
- L
u
1 1 ] 1 | 1 i 1 ]
2 4 6 8 10 12
e
i | | 1 1 | | 1 ]
2 4 6 8 10 12
Open-to-close stroke
i | 1 2 | | | 1 |
2 4 6 8 10 12
r
| ' { 1 ' 1 I I T 1
0 2 4 6 8 10 12
Elapsed time (s)
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Current Power Current

Power

0.8
0.6
0.4
0.2
0.0

1.5
1.0
0.5
0.0

0.8
0.6
0.4
0.2
0.0

1.5
1.0
0.5
0.0

Close-to-open stroke

N
[ t
1 1 1 1 1 i i 1 § J
0 2 4 6 8 10 12
B A T B P L
2 4 6 8 10 12
n Open-to-close stroke
—1 1 I L I Il l '] I ] l l S |
0 2 4 6 8 10 12
"‘jl N T 7 ! A
0 2 4 6 8 10 12
Elapsed time (s)
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