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Fig. 1-2 Outline of basic apparatus configuration in substation
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Fig. 1-3 Transition of circuit breakers in Japan
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Fig. 1-4 Transition of operating devices for GCB in Japan
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Fig. 2-2 Constitution of hydraulic operating device using hydraulic stabilization
system holding constant high pressure (1-stage valve system)
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Fig.2-3 Constitution of hydraulic operating device using hydraulic stabilization
system holding constant high pressure (2-stage valve system)
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Fig. 2-4 Detailed illustration of operation of hydraulic stabilization system
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Fig. 2-5 Schematic of hydraulic circuit controlling stabilization system
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BEM AR OFR R OFREDE I, RIS ERNZITRHADBEN TS Z b5
J£ Py & 72> T 5. F72, BEHFR & AGTMFRITZ I E V00 BEFTHE CAE O el CHEfil L C
WBD, FEERICEZE L TWRNI E00 ZOmEICHIMENMEAT D EE X 5. HehFrisE
HMTEDH72I1lE, HEmFOFRETOER T X0 EHOER 18/ NS R0 ERNH D Z
Link, P <(D/DFR L7272, ZHUCKER-2)EMAL, Pi= 0 (KEE) 75 dy i Fi%
e LR U 7e 5720,

,|_(B,/D) ]
d, <d, (0,0} (2-3)

(2) ERFFAL

A b ORI ERA DOl 72 < 725 & BREFRb OMOWEHIT R <720, P,
EPLEIBE R R~y NMUDET Py LIRIFEDENE T EAT5. @, EX Mm
HWTEWESE 27201, B M VBEIEFIZ Py A3 E < 72 B 7220 X 9 IZHEl R F Tofi st

19



Z/hSLTEY, SRl OREMDOFEDE S ER b D~y FUET) Py & [RIFEE &
o TS, JE-TC, PERFRIHET 28 EIT/NES <, EREIPOHIEIZ X > THEMFR A
IEHFNCENES D Z L3N e b, KEEIC L D RMREITREL RS,

(3) HEimFFRAL

Z DEPETIIBEMA BV TRIMFIZEA U T2 0T, JEMAOFREEROFREDE T
KEE RS> TS, HMHFOEEILEE Py TH D7D, HHFRIZIE Dyl IS 54
WAL SO NI AMERT 5 Z L2 %, B b MABEBAEICEE L TR Y B
Pt 2L 5 &, PUEEEIZZR VPR EE P i3 ER-9 5. SRl PG mic#) &
HF 7= DI IZH U W SRR 2 BT 57200 /1 & LT, P>(D,/D)R, &7t k.
F7o, YEMFROPAIEEWEDN —ERFH 4t WIZFE T3 5720121%, PElFOBiE 28T TR Y
1 B MRS SN AVERDH D, PRRFORVEIES LT, #Mimf28hE4 5
BELTOBHEITR At MICHIET 2 TR ha—2 Ly P 0BEIT S L, 89 11500
2P OR Y BEIC X D2BEMARE N E LV BT,

dec 2(R-P) >£D25 (2-4)
4 o 4 At

P =P, P,=(D,/D)P, £H< &, diDOFEMFE L TUEIRQHNOLUTERS.

L, P ]
(h>DJ&ﬂJ2{L{DJDf}% =

(4) ER b Bk

A N CEREHRIT Ay FMAE P, 2ME N L CERY, KD FIEE 2 LT~y RMil~E i
DHAT D, AR OBEICEEL G220 E I 5720121F, Y 2 THREZ2HIR
THZ LD, 07, BEEFR O R 0 BIERHIR Y 1 OMREHET D2 L bRETHD.
INHDOT ENBEKY ORIZ, di>dy>dy 2D LD ICHEZBNA. KIT dy=2d;, P,=0
LLT, &V 1, 2DMENRFELWE LIZEE, P1=094P L7025, F7z, d=ds/2, Ps=
0L LTKRY 2LRERVEROWENPELWE LIZGEITP1=0.06P £ 72 5.

Pk, D~@OEEECK T HREEHET DL, &K ORd, d 2 RETHZ
Lz b,

2.3.2 TYF

PRESENERH PRI R O R W BIER, B A b O~y FRIOEDBEELE LY EA b i
P IANCEN S 23, 7 v FICK Y BA b OBEEL L TE oMk e 45, £z,
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BEEMWERHE, 7 v T ERX MEEMREL 2o T DT v TR SN DR 2 —EMAN
ETAHZLENMETHS.

X 2-7 (27 v F a0 O E/RT. T v T OlaldsdEe 0 IT/EHT 2 ML Z b7 v F o0
EERN G RAUIUTO L S22 5.

10 =F cosé-L, —fr (2-6)

I s Ty TFOEMEE—A N, For A NCEAT (=d?Pyld, d: BEX Ry
RER), £ + T FER NS (=rdPPyfd), L IZEA R BANNCE AT v F X
Vﬁww%w%/F@%EéT%D,uT@KT%?_&ﬂf%b

a, +R—Db;sing

L =2 2-7
" cosé @1

(1) BARRENE—S v F R

EA NN ELFICHD L, Ty TFIET v TFERA RN AHINTERA M DOT v
FEEEEM LN LA L TRAL TV, 20T v FER FOEE PIIK T 5.
T v T IMRAENLE F TRIERL CTEIET 2 & P IEET 253, B2 R BB S IZET
Ty F EEAMRAE T ORETICT vy FER N OXFFNEHRT 522 EDNMETHD. =
DIZDITIE, Ty FER b OEEIC X 2R 5 Ot &4 —ERFH] 4t WG T2 2 &1
720, FyTFERRNSDARB—T Lg & LTKD 3 OF da 13(2-5) & [FIERIC L TLL T D
KAmETHZ LIl sd.

L P
dy >d, . [ty 2.8
3 r\/cAt \/2(P0—P3) (@8)

Latch piston  d,

| L 270

Ps 7 \ / Latch

Py —_
7 3
e 1
do Y. \ A
y
Po | Restrictor3 L, < a,]

<
/‘>0 RN Fe

\ .
Latch/ pin

Fig. 2-7 Schematic of latching system

Ball valve

©Q SyF—ERXRFUERE
EA NG AINCEEL TT v F ERE LK, 7 v F23alEs U VX AR EnE
THZEEF RN END, TyTF AN KRNI DE—A L PR EA M BEANIZK

21



HE—AUPEIDBRELSRDLERSHDH. K(2-6)T 16 <0, P3=Py & LT, 7vFEXR
FDBE GBIOEA M BEANDE—A LV POBIES Ly ld, BUFZHRd 25 L5 I
ETDHI LT,

L, cos@

d, >d
rl

(2-9)

r

(3) FERENE
7y FEGIRECTEMA LML &, &Y 3 LEMROMRBTERRETELVEEZ,
7 v FEA b OEE Py 13R(2-2) & FFRIZ Py= 0 BT ORTRO B D.

(4,4,
P = 3/ Y0 P 2-10
L) (¢-10)

TDOFENCEID T TFHEHITT—RA "D, ERAMATCEDABEASTET—A L FLD /X
7B ET yTFIFEHEL, B A N IR ENELZBRIAT 5. (2-6)T 16 >0 & L Tx(2-10)
ZRATHE, D 3D GBIOE—RA L MR & Lyl XA FORXZTWE T D HENH
A.

d <d.s d’L, cos@
* %\ d,’r, —d’L, cos O (2-11)

B 3DEGBLIOE—A L MRS Ly, 7 v FEEHFITd 2 REL L L2/ &L
T 5 DMERERBE L7250, HRBEEZHECIT) 7201t ds 2/ &< L Ly & K&
LB IRy, FEECTENLEL IS,

2.4 #E

52 BT, EMEROMTEEREEEIZRBW T, FRNOMIEOEKTED) Y B2 2B -
PR ENEDBRIF D IRE L, BESE TH%IXE T ORIEE N OIHE % 712 R
JELZEREE T RICOWTOR Lz, WREIEZERIEE GRUL, B2 RSB MO A ke —
7 AR E L 2 & A ERN A TR Tl e < R AR o MERK THRa L, ©
NZFOHENZHNT T v FICK > TER o OEEZHIHT 2K ICL7ebDTH S.

AFRDBFREA M OENE LE#H L TENET A2 HDTHL Z L, WMEREEED
EE 2 BT 5 1 BEaiE g 7 2ids O 2 BeHiE A 5 o[BI Ak & B EIC W OR L=,
70, FEEEZERRFROBMTHD, ROk a— 7 E DR E LB
THRDERE ER b OB R RRRCREETT S 7 v FHEMEICOWT, WG ELE
[ G E U CHERE T B 7o O lC B e kR e A 33T 5 EToB 2 FE R L.
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FI3E HEHRFEZEEOEERERTAE

3.1 8

PEWT SR T O E RS B 1T - RN CTH Y, L bRERTOBRSETHD 2
ED, FERTITEHR W RER & 725 5 252\, o T, HEmMIZET U EZIT)
EERHEZ RO D Z LI LV, BIR OO DR 2 D 5 2 & 3 AlRE & 72 5 FRIZ,
THIEREI OBAEFT 21T 5 Z EDNAR TR D L& 2 b0, R A EEREEE O
EEfRENT & LT, WERIRNOIE LR E A b o722 8O rTEE OB T 23T o
TN B AN 8 ) T 2R 00 28 < IXENMEICEET B IF2S 0.1 LN TH 0, WS & B
B9~ 2 TR E N O OBIEREREIC U - T 0.01 RS & & BIHE L, @R
%ﬁi:k’@@ HEERBEN ORI DWW T S IFEF R@mdiBi & 72 5. 20X 912

FIECENET 2 2 &0 D, BIEICHE D MIERIBN OIS EES, S OICRZ2 R E 4
Emuﬂ%'ﬁﬁLTM%bfW5ﬁA ITFELOBEENEETHEBZ 6N,
SEECOVWTIE IR L O TIIRbA TE LT, FoOfERIc VLTI TEE SN
TW5.

A BEIC B3 2 fRATRO 2090 & LT, FRtEdh#RIEZ W T 1 AROE RN O EED
EPEAFEC RIS B HFFE), 1 RO IR BT D IR BE OB PR (I B9 B HFZE T
TR BEOFAEIRR 2 Ko7 b ol itk 5 281 %2 £ 7 Ak U CEAERERT 217\
REGY & OB AT b oM, RERALNG. E72, E~OBEHE LT, WES
L AD TR DA% £E 2 BIEB RISV T2 % T 7 b U CERAIERENT 217 -
ZHOMWIE A SNDD, VAT AR TIER TR ORI W TR EfiRRE 2 & T
FERICARET L72 b D & 720 T D, SRS A BB EEE B 0 1 5 12 RB RS R AN E 72 i
JERIEE 2 2k & U TR, DB EEZ T 7 UL L CIREFEMIT 217> T2 b DIERM 5
720N,

::Tm,HE@¢%E®%E@%%ﬁ%K,HEE%Ww—&ﬁﬁM%T@%®@¢
[COWTHEARM AT 5 AR, ZOHT, FROBWEICHE ) B X 52054
AR LTS, AT Dm#izE foﬁk@%'fﬂ/ﬂﬁ%ﬁﬁ *7z, %Eﬂ{ﬁmr EREE AT
IXIHE R & B S EREE L T A2 DI E R T LT T v Fil A2 TB b,
?y?%%kexh/k®%é%#ﬁ%%mb T OREEMEL ROk U 7o B EfEAT &
125 L5350
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3.2 EBRRANOMIETETIL
3.2.1 —RxTHEn

THERIEEAEAT & LT, MOEMNEZ B BI AN — Rt OB R E 5. @
HL,OHERIEA ORI OFIHRIC N TENZ SN FERHEMA TE 5720, #
B SRR A W LTIt R ORI N E ) AR E L E BN TE 2 b a P

. i oP 1 oq

s W 31

MR ot faox 1)

R . :_E(@ﬁ’i’j (3-2)
ot plLoOX  Ax

ZIT, AP [BIEEFEOE R, Ax  FEIHBRKTORKE S TH 5.

WS F MRS O ML R IIAE R EMECTH 0, Bl 2 IR R L 72 & — A1
BEOBWMREEZEAT 2 Z L1E, BWS S E0a»bFEM ERMERH S, AmLT
RAWBIREL, BR—ESSOEKE —BHRL L, BERANOTNORMEIL—EL T 54
FERNRBRVNCE 260 TH D, Fo, MEILCOWTUIERES CER L, P
B OEETIRES & LM,

X 3-1 ([ ERDOREMRER Sy & LTI 2B KICONT, N EIRBEDOER
M@z, B, kK mIZENETNREERNS ETHY, BENTENT LTS, £
7o, ViE g XEK T CEK ] L O TERINDS. BE mIXER I OBRFHILOIEL
TWDN, ARG DMERAEZR EOIRITER LW, /- T, FHEE, &K i
(IR §, k, m DSEEEOEFNEIZIE S TR SN TV D 2 Ltk b.

Pipe | Pipe i
1. | Pipe k
1 1
P ¢ qij? p;® Qik § P.®
! |—
l .
Qim
® | Pipem
Pm

Fig.3-1 Schematic of pipe model system

—ODEH | ITEEOERNER SN TWAEE L LT, {(31), B-2DNLEM % LA

TOXIITESTTERT.

ap 1

W FaL 20 (33)
%:_ﬁ R-h AR (3-4)
dt p\ Ly Lo
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TIT, APy EEGEOERK, L BRI ORS, & B OB (= 2dY4),
aj B L) O (=(@a+a)2), Lp: JENARDIZDOES, Thb.

EZAT, RBHDFHEDIEDIZ Lo ERT DMERHD. KOLF v aRy Ml
DR BROGZEE, ESHREPIEFICREL, ZOHSTRANDRED Z LD, aj &
Lp & LTI B DOHEROFREKIEE & k& S 2 Wz, @E OFKFELO# O a 1%
Lo 23 T2 <, JENNAAR ENBIRO DN H 5. & ORHE N 218 5 i DT
AT ROTMIEIC LD &, RO R IITE RGO E TR E <, Lol
OHPHITIZFEREBREORE SICbl o TRAEL WAL D Ea2E 2T, ZZTIHE
£ di, dj OFROEHEFRE (= (dit+d)2) ZHWT, ENARE I % Lo="FXE KL X2
L.

F72, REIIZOWTHERRICEN AR E S Lo 25 2 2 0ERH 503, FOEEICE-
CIEEOVERE RGN AIZE & 72 0 [ES) AN BB 5 2 &R0, [EN A e Ik 5 2
EMTERWREORFES 2. AR OHOEMIIAE C Lo AL ET52 L0525
A, SRR IEITFC /2 5 & Lp 23 < 72 0 IBK 72 E /AR & 72 > THE DR EMIZ
WETLZENBEINDS. 22T, ERAMEBSELCL2BEEETS. RERMET
IXERBEROG G L A% & BT & Lo=FEEX2 TH Y, FHALIEAETFE T Lh=0 &
EZD L, RRERMEN G225 FTEMET 2MOFE & L TE Lo=FEE LR,
ZOEEHNDSZ EIT L.

o

2 EHEX

3.2
FOFIIC L DEIEKIL, UTOXNTERLTERD.

4

o

L. o i
AP =l A2+ ¢ |/ 3-5
{ d; (J 2aij2 (3-5)
TIT, A BHEBOESHEIRE, ¢ R EROFESHRIRE, L B, | 0F
RS (= (LtLR), d: FKi, jOFE (= ([d+d)2) Tho. FIHEIAREE R
H\OR SN HHH D WVITFERAIC X A EA . BE LE SRR, B REER
aynk - Ak VgD ol B0y o o Ry NATH B,

3.2.3 REDEEDETILIE

7 EOFER ORI TRIERBDSIH S N TV AIMEDENBK T2 L, i
VR L TV D ZERNRIRE 720, TN HRNKE 28R & 7p > CTRESEET 2 Z L3 5
NTWD. FlziE, YU FRNTER FUOBRAEIEST S L, U o HicERSNTND
B O OMOBIE RN AE DT, UV HANOENET L KIBORENBE N TN D
51 - pEIEERIC L B L, KINIEA LIk HEEDE 1113 —0.09~—0.08 MPa(G) & 72 -
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TW5b. FREUSCHRIZ, J5HZE O S ODORIEFHEE DT T11X—0.09~—0.04 MPa(G) & 7~ X
NTEY, RKEICH L ThTNICAEIZRD ERBOBEDRRLND LB BN,
—J7, R O REEE OBMELE /11T 315 MPa(G)E&mIETH Y, Fi, FOH,
TEIZPE S HEDESVEBEE N LD, JHFEBE —0.1 MPa(G) THsAET 5 & LT
LEEEH L TOTRRAETH Y, TORMIAREL/ NS b, T bR
ERMEE TRV EBZ N5, %of,::fiuTmiaﬁ%?wM%ﬁﬁ.
O FEY OMEOES A —0.1 MPa(G)LL T & 72 #UIZ I3 BEIC K 22523 AT 5 &
E2D. FROBENC iof#wV>c@%ﬂ%,&ﬁé?%fIxﬂﬁméné%%%
ZZ LW M2HROEFEE 725 .
@ ZEANGFEL THDMOEINE—01MPa(G)—E LT 5.
@ e IR B A AL D M ENZH R OBRFE 2 LBl > 72 By CAHRAER T 2 & L, 22
D 72\EHE OWNEHREZ1T ) .

3.3 TAEEHOEEETIL
3.3.1 EEFAHEX

AIENEROEBAENT & LT, EAES) & BEEEICS T S, ER R OEMERIT,
LIT o#E#) 52 W TR O 5.

mX =f +f, +f —f —c,x —kx (3-6)

7 v POV T EEREE 2175 Z &b, MUTO@EBHERAL T 5.
10=fr—fL, —N,r,+kér, (3-7)

22T, m: ATEREVEE, cp c RAMERCEMREL, ko XREE, fh WS, fo BB, f
KT DN ODOERT), f: EAXA N Ty FOWET), |2 7y FOEEE—A 2],
ke : BESITRER, f: 7y FERXRCDOREET), Net A MUBHEMAT), 1, 1, 13, L
X7 vy FIERT 2 10FRENDOE— A MR S 2 RDT.

FEPERRAR I o (XM & L, B O E 2 ZR AT 2 LI KV IRE L.
BEE) RIZEIC O VU ZI2L D560 THY, 0 ) 7ofEgEiioXch 25 2k,
BRI T E Rk LT <, EEENE R R AT & 2 FERID B EREEE ) AN 1.5~3 fiFRR
EEL AT —ZIRENTWAR Z i, ERfEiEtoXoEaBEE L L,
R ) =2x B 1 & LTz, E£T, Ty T A VRHCE A M UATHERDBMER TS L, E
A AT RIS RS D EhiE A SR O ) NeOME T2 LB 2 625, BURTilER
LTETWARNED, ZZTIEN=0 &5 5.
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3.3.2 FRIT DAL - EZE

SHET 5 R L O - WA EET B, MATARETATNR L F2 LU, @5
WD v, 5O ve LT, WiZEHOHEE B FOXTEL 5.

Vi =V, = (v +V,)(L+€) - m, /(m, +m,) } (3-8)

Vo =V, = (v +V,)(A+€)-m /(m, +m,)

ZIT, elINFRETHY, FOMEDHMENmNI ENnbe=08 & L.
FREICBWTIE, ITFTOBZ HIZ L EEEEET 5. EROHE L LRI O
D—EMELU FIZZ2 o TeRpICE 2235 & L, BFpICA(3-8) TROTEREDHEL G2 5.
Fo, FRDEREEBREY KL TR R L 2o TEMET 5 2 &0, W —IROIRAED
COBET D ZEN DD, FROEEBZLOEE LN —FEME Y b/hE L RoTeR R Tk E 72
HEL, —IROWRIEND EOCOERDNEMENSERICR S LTS, & LT,

3.3.3 TYFREEHAX

7 FIEREORER A 3-2 1R T. @IET7 v FARERL OIXE A AT v F e
VEDBREETREZRLTEY, (0)D7 v FREWRIEBIZIB W TIIAE 0o+ 00 D3 EnE I
KT DTy FREROMELRD. EX OB TROEEIROLESTTHY, BX bk
YORMBEIC L > T v FECBRROLELFNZEIK 2 &2/ 5.

Latch ?iston
|_
L 1

Latch pin
(a) Before latch in

e
— 17/ \
L ¥2 =
7 - N

+ f
( : 4
90+91 AoV N ft
b—R

(b) After latch in

Fig.3-2 Schematic of latching mechanism
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BRBKENERFIE, 7> FE 0BT v FRIOEMBEBITIH > TROLEFICEEI L, T vF
RO r i TIET vy F L EEMULRNG T v TFREERL, FEMICT v T OBEBREH
TIRET D, F0%, Ty FIIER M EoWE ) i MER L, KB THINLE—
AV MES Ly 12X MV BMERT D0, 7 v FER M OREI] 12X 0 [BERFH
IESNE R M ATBHBAEICRFE S D.

_a,+r+R—-(b—R)sin(6, +6,)

L
" cos(6,+6,)

(3-9)

£z, PABEMERRZ, RERENDET v FER M ORF) | 0372<720, XL
DK I LD T v FREFFH G AN AR L TREDERS LS.

ZOENEDOM, TyvF e Ty FETEML TWDTD, EIERITICRE W TIA N OH)
RWERMZBREST DMERHD. LT, 7 v F 5 r #ik L OERREH T OREARRERIZ 3
DR E S L= Wiz e

(D) v F5E r BOBREYH

3BIFT v Flamr feE 7 v F L EOEMERARITR LD THY, @)IF7 v
FEUNT » F el r i & 32l Uakd 7o pIIEALE OIRTE, (b)i3u@ O EflikiE 2 7~
7 v F ORI A JFR E LTRO X D ICEERA o, w BEONEEREE T > F 2 & OFEHE
ETHE, TyTFORERAE 0 (RFHTMAIE) & EA NN x BILONRE, INHRED
BRI T O TRO bND.

rotation axis

Cr

M

(a) Initial position

e

0o Yo

a,+r+R

St

(b) Intermediate position

Fig. 3-3 Definition of position variables between latch corner r-part and latch pin
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O=0,+y, -y

cos | BT R + oo ¢’ +02—(R+r)?
l, 2c.t,

2 2 _ 2
—cosl(a’ +;+Rj_cosl(cr +£20 (€R+r) j (3-10)

0 =—p—y =—H(X,y)X (3-11)

6 = —H (X, )X —H , (X, p)X (3-12)

ZITC, i OEIZU TORXTE A bNS. o, T 0 (XHEEMMALE (K 3-3(a))
IZBITMETHD.

L, = b+0r —atand,, ¢, =L’ +a?, 0=J(L, =%, +X)? +(a, +T +R)?
cos 6,
HXy) =H,(X) +H,(x,p), Ha(Xw) =H, () +H,, (xv)
a +r+R (c, cosy —O)(L, — X, +X)
H,(X) =———, H,(X,y) =~ —
1( ) Kz 2( l//) CrKZS"‘]‘[/
2(a, +r+R)(L, — %, +X
40 - 2o TR x )
0
H,, (%) =;_[{(€—2cr cosy)(L, —x, +X)* +£°(c, cosw—f)}siny/
tic,siny

—H, ()2 (L, — X +X)(c, — Lcosy)]

2 Ty FEHRABOMESEHE
3-413LT v TFEHBMEATE T v T & OB ERITOR LT THD. T T
DEMAAE 0 & A R AL x B XOUEE, IEEORRIZLLFORXTRO LS.

rotation axis

L,—Xo+X

Got6

a,+r+R

Fig.3-4 Definition of position variables between latching part and latch pin

1 1

X —
cos(6, +6) cos(g, +6,)

(b-R)

—(a, +r + R)[tan(g, + ) — tan(, + 6,)] (3-13)
x=G(0)0 (3-14)
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X =G(6)6 + G, (6)6? (3-15)

ZIT, OWET7 v TRAERETETOT v TFREEAETHS. £72, GO), Ga@)IFLL TR
TROLNS.

1

c0)= cos’ (6, +6)

[(b—R)sin(g, + ) - (a, +r +R)]

1
G,()=————
"0 cos* (6, + )

[0 - R){1+5in2(0, + O)}-2(a, +r + R)sin(6, + )]
(3) #RA
FROXIBRBEAICL YV ERA N 2T o FITITMET) 38 4ET D, ZONNREA R
Ty TFOBECEEE 252 LD, A(3-6), (3-7)DiEE)FREA A LT D L
UTForkricEzEbEN5.

mX=F, - f, }
. 3-16
10=T, - fL, (3-16)
ZZT F: BARANAAHUERT D 10EF RN Z2ERLS), T 7 v FIERHT 5 bvs
DOEFH FHRNZED by &) THDH.
AR E Ty TFOMETS L, FEMNEICSITS x & 0 OMEEE oRHRA(3-12)F &

UE-15)ICAB-16) DR EZRA L THEH T L &, LTOXNTRO LI ENTESD. RE
LT OBMWEMATICIZ Z O &2 W 5.

J v F 5 r i DG S

_IHF, + mT, + mIH ,%*

k. IH +mL (3-17)
ERFRSHEMOEE
IF, -mGT, —mIG,6°
fi= (3-18)

| —mGL,,

3.4 #58

%3 ETIE, WEEIEEE ORI OIS LR A R 7 EORTE O #E
WZOWTCORNT HiEER LTZ. ZOHT, HMEREOFRNDOET MALIZEBWT, JHERE
DEMES N OER —EE OB E —HEZ L L, BENOFRNORMEMEIT —E LT o8EF
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EHCRIZ X DTl & L CEAMZmED . £, FOBMEICHE D FIEEROMEE
STHEC X B 2R ORAESCT O L/ E BB LT, A N UAERTOBMEIC W T,
RpE R R E R RO EE RN ERE THDH T v T L EA b OREITET D RS+
L2, B A R AEESOEIERATICR VO TIE, 2 OIS0 T CER R A i <
ZEiTRD.

31



F4E EREEXRERBHTADELREE

4.1 #E

T, WhemERERIE G Az LR R E ARG - R L, YRR
119 & &I, HBITETET ML LA OEEPIZHAES AR L 522 S E L
ToHERIEE N O, 3 K OFRR L Of2E7 & 2 RN 217 o . SREECTHIEEDY,
B A b CENMREIZOW T OSSR & AEATHRE R DO LLHRN D, AT 5 IEDN R & O )
TR 2 ETRYETHD Z L amd & e bil, WhmELEREETT T & 2 ME#RE
PEE DO AR REEREICOWTIND. £z, FROEIECIE R & DBIRDELE %
1TV, HIFE L E BT AN AR K DB A2 R WRERIE TH 5 2 & LR
THM S5, WIFRELEREFRE LCEER, EA MDA N —7 57 ERH
(38 AR DR Y RIS DR 0T » F OREEIZOWT, HERIELEE ORI KT
BAENTIC K 0 sk, BT ATRERIDH 2 & ORI A47 5 1.

BB, H2ETORLIELIE, AFTNIRBEHEEOEZEE L TR LERH D Z &
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Table 4-1 Dimensions of hydraulic
operation stabilizing system

ratio

(on the base of d,)
« d, 0.6
P d, 1.0
= ds 0.6
Piston ||| ds 4.4
D 12.5
D, 10.6
D, 9.4
Cr( d, 16.3
ﬂ&f d 88
Lo 3.3

Fig. 4-1 Hydraulic circuit for testing 1-stage valve system

I Movable core

Fig. 4-2 Installation of differential transformer type displacement sensor
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Fig. 4-3 Oscillogram of opening operation of 1-stage valve system
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Fig. 4-4 Oscillogram of closing operation of 1-stage valve system
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Table 4-2 Dimensions of hydraulic
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Fig. 4-5 Hydraulic circuit for testing 2-step valve system
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Fig.4-6 Oscillogram of opening operation of 2-stage valve system

Open position

Fig.4-7 Oscillogram of closing operation of 2-stage valve system

38



BA Bt B [ &2 TE ESLER

H R R 22 R B 7 OMSRE N I S0 2 DITBREMEIC B W T TH Y, ZDONE% T
R D7D, WREELZERIFE G RIC L 2 R EEE & 06 O MIE B R &
T, HEEREPICZERDOIBAN TS N D MSLE S ISR BB EZ 1TV, BRI
(2% D BRI O ZE b 2 i L=, B 5 S 0BRES 2 BbER T RE L-boThHY,
%] 4-8 |ZFRERAE R 2 R, WO Y AN ) B ERFIC S T OZERN S 5720,
PAIKIERE D6 D L 0 & PARKERINZ ET 2 F TORBITIER T 5 72912, PR % p.u.
Frb L. eds, BEOLEOIC, MEREINEREERE 2 HOCEImZ EZ22 ik LT
ExRAT o7z & & ORI OE L b O Lz,

PERMETIE, MNZIC K VIRA LT2 25RO NN DY R & < Bl TR R
PIENTEY, BAEEZRY KT Z LICEVIBAZEROE BT hoTWD. FT, 1K
BCThoTHLEEMRT DI EICEVIBAZEROEEIXTEA LN E¥bnd. —F,
HIFEE R EREE T A WD &, FHNI% ORI B2 E U 7= PRSI — B EEEURR 23
o, WPITIRAZR D LM L7222 R O ERBL LN LR,
72k, WWrER OB E O L L UL, AR X9 13ERIICEET 5 2 L I3 T,
IR EM R NCEEZIT Y 2 L1/ d. 2070, MIZBATLIERORELEDD

1
55 2 &nn, TR TIIBHESENMER OKIaC2 R ORAENT O X, PRI R
LT L%, WEEEELERIKETRIIAEMICZ OE LR LTS, L) ZeN
WA D.

: Conventional system

N
P
b

o : Conventional system after

= vacuuming hydraulic fluid
S
g | ® : Hydraulic operation stabilizing
=] A system
[=2)
o
‘B A
2 A
] A
A
!Bao e & & ¢
O.[ 1 | 1 "l

!
0] 10 20 30 40 50

Operation number of times

Fig. 4-8 Comparison of closing operation time just after assembly
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Fig.4-9 Model diagram of hydraulic circuit with 1-stage valve system
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Fig.4-10 Comparison of calculation and experiment of opening operation for 1-stage valve system
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Fig. 4-11 Comparison of calculation and experiment of closing operation for 1-stage valve system
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Fig. 4-12 Model diagram of hydraulic circuit with 2-stage valve system
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Fig. 4-13 Comparison of calculation and experiment of opening operation for 2-stage valve system
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Fig. 4-14 Comparison of calculation and experiment of closing operation for 2-stage valve system
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Fig.4-15 Opening operation characteristics depending on HCS.
HCS is Hydraulic Column Separation modeling.
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Fig. 4-16 Rebound motion of discharge valve depending on HCS
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Fig. 4-17 Opening operation characteristics depending on HCS
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Fig. 4-18 Rebound motion of discharge valve depending on HCS

4.4.3 ZERHRBEFICE T HME

TRESY B X 2 221 O IR S AT 5 2 LI o ST AL B D 4%, AHE
BEREE CIRBEE BRI A O, ZOBEBE L TUTOZENREZLLNS.

22D D 1 B 7 Ao Pl (K 4-9, BIKQ) 0 2 Bbig 7 N4k
IR (B 4-12, [AO®) 121F, Y R &2 L TEEMDATIAT Z L1270 it &2
BHILTWD. Y ORBEEED R HBOWEFED 0.2%FEME & 2372 0 /NS Wz, ZERTH
R OMBBIZOR AT 2N EEZ DD,

—J7, 2 BatER I o PR (X 4-12, [RO) (ITGMEIE SR 27 L CREmN
JAViATe. KSR SR OFREEE OFE I EAE AR AT R E W 2 & 0 b m A Sl G
A, ZEEVEIERIRFIZ X 4-17 OPEFRE T Ps ISHEDSED ER D BNE LS. L LZ O
e, AR IR AR, PEmFIEAEHRIc Bt U CRBNIEIC S VD, PR io £ )0
—EMELL B2 70 D & YRR OVER NI B> THIL G NcB & K372, ki
FEEEOZEM DR D MEDIES B0 BRSNS Z &b, > T, mAIOMEL
INELTR Y, ZOBROMHAEES AL TWHgu.

2B, PEMFR AL L2, PRSI EETH LT F 2 b L—HE (—
E) ETHEET 22, ZIUSEENRIEEINES LT\ 5. 2 OWEERELIM RO &
JEET XTCTRUEAM - (i & 72> TEY, \ESREE T F 2 b L —F BT
kb lEZX NS, FTo, EOBIERE O EMILEERSEDOEREIZ L - TR
FHZ LIRS,

PLbED X 51z, WHESBEORA R L OENICE D BE~ORENR R 6505, Zhbix
ETEA M DRBEELKR A% THY, EFgs s L CORBEECIIREL 52 T
. Ee, Ty T A CBITMHEESBEEC XD ERNE ST Y, ROBIREIEIC L
BhEZIRNZEIIHLNTHD.

47



15 BYERRITIC & & MHBEREEBA R ORERE

HRpEELERERE A TIE, EX MU0 R hr— 2l BE L2 2 & AR
HRVEEE T v FOMENEETHY, ROEIKE T v F LT HRVESLT v TFIE
PRIZONWTHE 2ETHEARNREZ AR L. 22T, BOEST v FIRRMhERE
B OBEIC R TEBICOWT, BIEMITIC L 2GR 21T 0 .

45.1 BRYMREE

RV BRI AT 501X, K 2-56 OMERFIZHENT Ry, R, THY, LD di, d;
IZ X > THROBERFFHEICHE L, MRELTER N ORBEMEICHET L Z LI
725, PARSEIERFICR D BRI & 0 283 2B {EREA & LC, X 4-15 T/R L7ZIREfIZ D0
THEL. 22T, EM-O OBIZ A I 7% ELT, To: EARNUBA IE—Y
D 10%EIERE], t: 7 v FRET TR, t: PJHlraBais, t5: JRmsrRE D BiERR A
e (2 BebgiE s o5& X eEE ) Th o, IDIT, AlEffdEE LT, v v
A N ONWERRE, upy : HEIFRR D BIERFO VR (2 BEEE TR )7 05 A P g
) IOV THRMZ, 2B, diidFE 41, 42 DEEZFEUEE L L, dy OFEHEIT dy o HEYE
o2 (d,=2dy) & L7-.

(1) 1 BdgEHARK

4 4-19 1% 1 BetiE TR 5 UCDONT, dy, dp 2L S B 7256 O ERLOBEREH & 85 ¢
b5, Ik, W Uy, unlXFENTI, BRKNEE up (di /R, up (dy HOKEE) % 100%
ELTRLTWVAS.

X 4-19(a), (b)iL dp ZHMEEIZEE L d ODAZZLSHTZLDOTH Y, (QIEHEHFOE
VERFM LR, (b)IT B A b OBERE & 27~ 7. X 4-19@) 705, dp 23/ NS WE EHE
AR L2372, B sy MDD OFEhoBIE L A B/ S <35
Z LT n Dy, HEMFRE O EEBRAAREH] b 1IZR <2V, RO EE uy BB Ro TS, —
Ji, diBREL D EHWOMMAERLTEY, Lavd difdy> 1 TIXEM-O Bk L T HHE
MAEHDOENBAHMET LW ORBAREEL oo TS, ZD7®), d & EHFFE
MRHSER UL ELE T2 LI TERNWI EICRD. ZOXI R ROHEICLYER h
DEEE LT, X4-1900) 5 dy A3/hE < 72 5 & BHEERER To 1348 < 72 0 3R u, 133 < 72
STWDHN, TvTF A UVFHITES 2o Tn5D. 72, diBAREWVEEILZ O OMH T
HY, difde>1 TIEFREMELRWTZOER R REMEE 72 5.

bz L, Mg E L CTIEE A M OB To 2 B< 752 &7 <EE u %
KFESERWZ ENBIESNDD, TvTFA v ERBETTHILELEBET S L, &itd
REFIDH & L Cid difd = 0.5~0.7 FREE & 72 V), dy/d, = 0.6 RIE AN & 72 5.

48



100 30 120
—_ 0.79Uj, 0.93Up !
= 80 \ t ~ \ i Ay -
3 . — N
£ \ u/ 51.1ms 20 AN 177ms 1 L gy &
3 60 1/ 2 j, -59.5ms 2
o] \4—/ | E t; i 2
1 ~
.40 28.1ms ° [ &
£ / t “ "o g B
E 2 S > To opening =
. —_ - DVop. op. NG £
) - NG =
O T T T T O T T T T O
0.2 0.4 0.6 0.8 10 12 0.2 0.4 0.6 0.8 10 12
di/do dy/d,
(a) DV motion characteristics due to (b) Piston motion characteristics due to
variation of d; (d, fix) variation of d; (d, fix)
100 30 l 120
S 80 \ Us —
E \t \ i R
= 3 20 ty g0 —
S 60 — 2
> = =
. 40 o ]
g Up i - F 10 0
= 20 = 2 TO E
S / '
= O T T T O T T T O
0.2 0.6 10 14 18 0.2 0.6 1.0 14 18
da/do d,/d,
(c) DV motion characteristics due to (d) Piston motion characteristics due to
variation of d, (d; fix) variation of d, (d; fix)
100 30 120
_ \ o.gsum? ‘ 23.1ms 4 osl)u
X 20 U ;—61.0ms e \I/ )
2 o \t3 h/ /| _20 t 80 o
=] o %) &
\:_)C WI 38.1ms E‘ y\ﬁ8 8 EQ
.oms
. 40 pd F ' >
i~ t 1 10 f‘)‘ 40 =
£ 20 2 = To opening £
) f/ DV op. op. NG '
S NG
b O T T T T O T T T T O
0.2 0.4 0.6 0.8 10 12 0.2 0.4 0.6 0.8 10 12
dy/d, di/d,
(e) DV motion characteristics due to (f) Piston motion characteristics due to
variation of d; (d,=2d,) variation of d; (d,=2d,)

Fig. 4-19 Operation time and velocity regarding diameter of restrictors (1-stage valve system)
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Fig. 4-20 Operation time and velocity regarding diameter of restrictors (2-stage valve system)
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Fig. 4-22 Operation time due to variation of
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Fig. 5-1 Hydraulic circuit for testing 2-stage valve system
and measuring points of displacement and pressure
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Fig. 5-3 Comparison of calculation and experiment of hydraulic vibration
with valve displacement
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Fig. 5-4 Calculation of valve displacement and hydraulic pressure for stable motion
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Fig. 5-5 Calculation of valve displacement and hydraulic pressure for unstable motion
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Fig. 5-6 Displacement and pressure during valve returning motion in case of parameter y,
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Fig. 5-7 Displacement and pressure during valve returning motion in case of parameter d,
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Fig. 5-8 Distribution of duration time of hydraulic vibration due to variation of d, L
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Fig. 5-9 Distribution of duration time of hydraulic vibration due to variation of x., y,.
Round marks are duration time of experiments.
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Fig. 5-10 Distribution of duration time of hydraulic vibration due to variation of d,, dy
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Fig. 5-11 Distribution of duration time of hydraulic vibration due to variation of dq, d
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Fig. 6-1 Schematic of hydraulic drive system
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Fig. 6-2 Model diagram of hydraulic drive system
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Fig. 6-3 Schematic of piston-dashpot system
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¢ =< 050-h,/h)  EEVFH, b > hy (6-2)
@—h/h,) A3V ¥fidL, hy< hy)
BRDEE
64
A= .
Re ¢(a) (©9)
ARDEE
B NREDOBEBIEKE L ThHL~Y « T hAORE ANV A.
1
—— =2log|Re/A)-0.8 .
=2loolRe2) (6-4)

ZZ7T, Re: LA JIVAYL, 4(a) : IBIRERELTH Y, v BIRELREL, a=dd/De & LT
TOXTRDS.

d, q 1 » 1-a?
Re = h = 1 -
° Dy d(a) Q_ay[‘+“ e J (6-5)

FHRICHW S EREAORNITER L EREAZE L TUTO LIV AR S, A—T «
FRENZ B THAE DAL D it & ELITE OEREIT 2500 < Re < 4000 T-RELTHY, &
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BEDHEIZEV U TOL IOV EZXTH v aRy NEOEEER AP 252 5.

AP. (Re” < Rey) : @ik
AP =

) (6-6)
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6.2.2 TAIEFEDEENHIEX

BA N LR AT D ) v /S OBWE A B L C, T o8 E — oD iER
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B A I*?/ . mxp :Fp_FD_Cm(Xp_X)_k(xp_x)_cmpxp (6'7)

HE B MX =—F, —c (X —%,) —k(X —Xx,) (6-8)
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Table 6-1 Dimension of dashpot system

Casel Case?2 Case3 Case4
h./D; 0.0024 0.0028 0.0033 0.0033
h,/D; 0.0021 0.0021 0.0021 0.0027

L/Xs 0.11 0.11 0.11 0.14
La/Xs: 0.12 0.12 0.12 0.09
Dpi 0.8
Hi 1.1
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5> TWDESR, Homs BICEDERENKIT D Z &L, T & FERTIRE LT
WA, 7B, ZOXDITEENKEIT DHAE, RS YA R EHENICES LT D
T2 A b o — 7 S CIRBIZ2EE L 720, X b U HTIICh TN ERENT
Ky alny PNOMOFRHEZRS 2812k 56D THD.

UED X EEREDO—HENAOND D, Xy vadRy MROFWIUI LD
JESHRIRE A R RO HMEOE T MERZY TH DL EBEZ LS.

75



Xp — : calculation

xp —— : calculation :
—— @ experiment —— : experiment
10 ms Po 10 ms

>

Pp

31.5 MPa 3_1‘-‘5_'\"%
i
—+—7 o
0 o
-, 5 .
9 Open position T, Open position
+, 3
-
y
(a) Casel (b) Case2
Xp —— : calculation Xp —— : calculation
—— : experiment —— : experiment
10 ms 10 ms
B e b
PD PD
31.5 MPa 31.5 MPa
iy Y
o 1 o
11' Open position T—I Open position
J "
y o I AR
(c) Case3 (d) Case4

Fig. 6-4 Comparison of measurement and calculation on piston displacement
and dashpot pressure
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Fig. 6-5 Comparison of piston displacement and dashpot pressure around
stroke end due to variation of critical Reynolds number
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(c) xp (Case4) (d) Pp (Cased)

Fig. 6-6 Comparison of piston displacement and dashpot pressure around stroke
end due to variation of mass ratio in two particles model system
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Fig. 6-9 Distribution of evaluation value E due to variation of Dpi
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Pressure variation at both ends of pipe line relating to pipe diameter ratio d/d, in the case
of d/d,= 0. H.A. is the numerical solution using hydraulic analysis. D.P.S. and L.P.S. are
exact solutions using distributed parameter system, lumped parameter system, respectively.
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Fig. 7-5 Pressure variation at both ends of pipe line relating to pipe diameter ratio d/d, in the
case of di/d, = 0.67. H.A., D.P.S. and L.P.S. are the same as symbols in Fig.7-4.
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Fig. 7-6  Pressure drop time Tpy, Tp, due to variation of pipe diameter d/d,. Tp; and Tp, are
the time when P.; and P, decrease to 40% of initial pressure respectively after
electro-maanet valve beains to open.
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Fig. 7-7 Pressure drop time Tp; due to variation of hydraulic constants.
Tpy is the same as the time in Fig.7-6.
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Fig. 7-8 Model diagram of hydraulic circuit with synchronous control and
two operating devices. Details are omitted in HDg, because the
hydraulic circuit in HDg is the same as in HDx.
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Fig. 7-9 Testing set for synchronizing two operating devices
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Fig. 7-10 Comparison of calculation and experiment for synchronizing
two operating devices in symmetric setting (La = Lg = Lj) .
Suffix A,B denotes quantities of HDa, HDg.
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Fig. 7-11 Comparison of calculation in asymmetric and symmetric settings. In
(b), the difference of operating time is relatively large.
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Fig. 7-12 Opening time T, and pressure drop time T;~Tz due to variation of length L
of discharge pipe ( (Lat+Lg)/Ls= 4 : fix).
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Fig. 7-15 Model diagram of hydraulic circuit with delay control and two operating
devices. Details are omitted in HDg, because the hydraulic circuit in HDg

is the same as in HDy,.
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Fig. 7-16 Comparison of calculation and experiment for sequential
operation of two operating devices. Suffix M,R denotes
quantities of HDy, HDg, respectively.
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Fig. 7-17 Delay time Tp due to variation of initial and ambient conditions. Tp shown in
Fig.7-16 is the time from opening of contact-M to opening of contact-R.
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Fig. 7-18 Delay time Tp due to variation of pipe length
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Fig. 7-19 Delay time Tp due to variation of restrictor
diameter d, and hydraulic volume V
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Fig.A-1 Boundary condition of flow velocity at electro-magnet valve, where q,
(=2K,Py) is constant flow of maximum pressure difference.
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