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The Research of Control System of
Special-purpose Hydraulic Elevator

Abstract

Elevator is a common equipment of engineering machine. Special-purpose hydraulic

elevator is researched and developed according to the demand of users. It is used for garage
to lift automobile from first floor to second floor. The core task of developing special-purpose
hydraulic elevator is the research of hydraulic control system. The general scheme is lifting .
heavy by the means of dual-plunger type hydraulic cylinder. The problem to be solved is the
synchronization of dual-cylinder.
Firstly, design hydraulic system, confirm the scheme of basic loop, choose control type,
calculate pressure and flow, and choose dynamo, pump and all kinds of valves. Secondly, the
static character of hydraulic pump, hydraulic cylinder and hydraulic control component is
analyzed. And the relation of strength, pressure and flow is analyzed too. Finally, experiment.
We found: hydraulic system is stabile at the uplifted process, but it is sericusly vibrated at the
descending process. The reason of vibration is analyzed at first. The main reason is the
changing of liquid flow, thus make hydraulic control one-way valve and electromagnetism
reversal valve vibrated. And the whole equipment seriously vibrated. Meanwhile, the dynamic
character of the vibrated valves is analyzed. Build math model of vibrating component, work
out transfer function and characteristic equation, derive cyclic frequency. damping coefficient
and damping vibrating frequency. At last work out the stable condition of vibrating valves.
Two measures are adopted: one is adding an attenuator at B1 oil port of the branch of reversal
valve controlling hydraulic control one-way valve. Control opening speed of hydraulic control
one-way valves. Avoid liquid flow vibration. Another is fixing a one-way throttle valve at exit
A, B of the two hydraulic control one-way valves. Due to the continence and speed governing
of throttle valve, oil return flow from hydraulic cylinder cannot break. Thus the flow flowing
in synchronization valve is stable. Synchronization valve works. The problem of vibration is
solved drastically and perfect effect is received.

Key Words: Mechanical Design; The System of Hydraulic Control; Hydraulic Elevator;
Hydraulic Cylinder; Synchronization Valve
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BIRE 7. FERTIEENE I G EERE H % . MERMN TEENETHIT RETEEAMPAT
TiEERE TRz, Bl

P=P+¥ AP,
b P —HATTHRIIEES: BIP=91. 15 ke/cn®
T AP, — AT RFHERPREBEAIRE; B
A FES: © AP=0.2—0.5 MPa
BIFRY: T AP=0.5—1.5 Mpa
EX{T AP35 0.5 MPa, BTELP,=P+L AP,=0. 115+).5=0. 615 MPa

QU ERERENE Q

BERMGRER LT AN A HIRRN AR, S TRATTHHRATRE
ERftmEr f1, ATATRGE:

&K (T Q) ax
K (¥ Q) — BT TEHHAT B FREZ M ERE. B (EQ),.=29. 2L/min,
K —REMMERES, —BEBK=1.1—1.3, BK=1.1
bl QK(EQ)..=1.1X29.2=32.12 ( L/min)

(3) EFBERKIK

EEBERN, YABERESHAGMBUNESR, AWITEESD. RES, R
EEMEMERE, RAZFEHITESEE. EERNUERN, EFERAEF —ENER
%, FEVENBEREIEED P EEALTRENENITAEN. MALKAETRE
P& H IS B SRIAE, FASEEHSETET P, WEERN, KHEEE
HRE I EAE P LB 25%—60%. RAMENE SHHAHEMUIT. BREREENLE,
DEREENNERNE ATFEEE. F. TREESETEESER. RREHE
BEAGEIREEEE, REHEAFRERREARARE, BESh, BEESERLIESR.

B FREXR, THEBRERAVGAMNRYRE. MAERFEWES. AR/,
KBS . BB, FRESFEEK, ERAERRSHRA. HARHET. EF. A,
MARERFSEERE. MEER, YRIVEE SN, RBOHE—E, MEHER
BT B PSEFRKBAEABEEN, BEBERZTIEN, BREREET/EES
TUTMHRER, E—TAEBRRPBREREIHHENFRRRLCH. FRABERERT
HHAEK RS R YBI—E25F—F1, HB% 25ml/r, 33k 1440rpm, THEEA
160kg/cm?®, B3k N=12KW. W& Q=25X1440X0.9/1000=32.4 ( L/min) , WHREX,
MEE ST EMEP 2 6%, HWREMFHER.
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FIER T KES MR T ET IR

3. 4.3 EhHLRTIERE

HEEBEEREERFVINIIR. ETHHNNTERHE, SHERFERE
FHLEIT] . FAE RV, NEELFIRNESR. £ TERENT, BERHE
LR, FIRE SR EREF RN, BEHVENTHTRAE:

N=( Py* Qlo/ Mo
AP (P, » Qoo BEFRHHEH B RBIRR KB CME, IBRERRREA R IIE,
n, — HEELHEBRE, HHRERR0.70.8, ®EK n, =0.8.
Ei P, < (52O _ 9-615x10°x32.12x10°
7, 60x0.8

iﬁﬁmm&u%w Y132M-4, ThEEJ 7.5KW, % 1440rpm, #HLEK.
3.4. 4 EES EEIEE

ERBESSRNEERBREZRERATHRATERAMAE ZROB KR
E. FINENEEERER, BERNBRITR, ZRTRXE.

1 B P SRS MU R e A T MBS R R B S W . X e IR B R
2

(1) IEmfE—ERMRERR A E A .

(2) EAMRFAD—EHRRFEERANROMBEES . EXRGERTEE,
LMESMBEEMENRARRE .

(3) RSN ERMF—EmASRNNEEERAGSRANESHEER, TEESD
FMBEES. AHRHENT RFE. SRR,

e RIS AT A AR R SR AR FRERARE TR LOEER
MARSFEEBRSIERLR, EEHHERE, #RERTRENMEBNRSET. BR
ik ABRERAE, ERAROTERG LERERA)BTEE. Bit, B4
71, MEPAKER: 5 TEIEMNEE: TETE;, TEMEE. AUSRBERAN
WA RIE R BB 1R

YA B R . B FERGFIRSNMAAE R, B 3.9 Fin. ERARRER
G2 R R FL A IR B HE BEA RN E ERgrR R KiE g, MRGHRIERS
AR MESNMR LR .. ARG EREE, —BF 2—5 M1eH. 6RERS
Rk LR ETLA KRS A EEARRALE ERERRRE SR, MESHEIERE

= 6434(W)
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HgEF: TRBERAVEFERENR

A P B 0

3.9 WEARERRER
Fig. 3.9 Schematic diagram of slide valve type reversal valve _

MARBRANARIHK. BEREOANERE, —KE 2—5 14F. 8FERY
WE LELSFERS, B EFRSERILAES), XS mBEEs{El. mILAFT
H 3—5 NUIEHE, RaREBESEAER DR MEEER. XK, LEBER
NEBEEAFRNAE L, B RmrEss. B 3.3 FIRtrER RS T e, #m
OPASIMEMO A, B ZEMO 0 MR, LRHMANTEF BEBEREEEESL R
frE, WPOS5AOMEE, BOS 0 OME, HTIFREBS, ROUEFRREETEE
EMACE, WPOSB OME, AQDS0OHE. XEMEMT WMkEkM.

FLRE TR ] W) A R BB TR D R AWM SRR Y BT REE) . BT RARERYN, RS
FF LU SR RS . T ABRERANRRICEHARE S, MRENRE
TES, BETEH BB ERES.

FERFER, RTWHE LREFRERN, EHERT ITLAHEE:

(1> REEFFHEERSR;

(2) BRI EENNA T REERKFHRKRTIERE:

(3) BFRAMERE RN K TFRETELZENERAE;

(4 REBERNZERAPREVTEERER, HB M RETRENHLE T BIEE
EEXK.

RIE LR EREH ORESSTAERLE 3. 1Y

3. 4.5 BIEHEN T AR

BIEWB T EEE M. A, B, FRELNNRSE, HhEREEL0E
BEGESIMEENRETHNER—, URLRITIRE.
BEMBI PR EEM R MM, BARHEENTER.
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® 3.1 FRBERAVLATF I LT
Tab. 3.1 Hydraulic component of special-purpose hydraulic elevator

ToiE 2R Fiv s HE
AR V20—IM7M—I1A 1
i, i 38 1) 34DH—B10H 1
g% i FJL—B10H—S 1
W5 I 1B YF—B10H 1
I 1 YF—BSH 1
0.1 J 24D0—B10H 2
o i LF—B10C 1
B | DFY—B10H1 2
(2 Faw: 8 g WU—160X 180 1
ISR ZU—A100X 208 1
EhE Y—60 16 MPa 1

(1) MENEATFLBNEE, UHREREEHRAEE TENEE,

(2 MEREHILBNEEER, UMTEELEPFENHE, FITEBEERE
HIERE U R T AE;

(3) MENBFRIESHOEIABZBRA, REEEMEEERMN, FiLEFRHE
HaBRES5TEATE,

(4) MR FmRE. HRAFESENNE, HETHEmSHH.

MAEZRNRBE T ERERANTERRT, ANTENTFEERERE TI/ENE
MEEF, TRWBENTES), BMEPHHEOMEERF-SHRE, FBARBENES
FEYHLBHRESBEHEK. —BROARIBERZ, LHENTRERNEERST
PRER IMFU L. BEERRBEERRE O A TAAFEBENFERER.

V=t Q
R E—RNRT, TERLKL=5—7, BEL=T,
Q—RERTERE ( L/mind .
P A A V=EQ,=7X32.12=224.8 (L)

3.5 MIEtERN RFAITH

3.5.1 B RFEE HIRKITE
(1) 8|/AVLEFHITREN
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maEE: LHARERAVNESNRARRRR

B 0=14, 6 (L/min)=243. 3cm® /s , WEE d=10m, B, L=3m, HE u=0.2cm
2 /s, BERAE p=900Kg/m*, Bmi®—-, AP,=0.175MPa, M ETA, AP,=0.125MPa,
SWEF I —, AP,y=0.2 MPa, HALT LA, £=1.12.

HIEFTEBHE N RE:
v= 9 =321i3‘3 =310cm/s =3.1m/s
Far 2k
4 4
B R¢=£=310M'0=1550< 2300 RBEHR
J7; 0.2 . _
75 75
3 % A==~ =00484
BRI RE R 1550
BRI R R
3
SAP, = Ao le P g oasax—2x X311 - 0.063MPa
d 2 0.01 2
R R R

£AP, = AP, ()7 + 248, () + AP, <§3—)2 v

Qal Q¢2
2
=0.175x (—) +2x 0125x(——)“+02 ( )+5 x1.12x -939—’;-3‘—1—x10-6

=0.387MPa

EFETEBEARK: TAP = 2ZAP, +ZAP, = 2x0.063+0.387 = 0.513MPa

M8 B HEUE 0.5 Mpa BERE— £, EMEAWGEN, FAERBMNBTER.
(2) RIFHLF FEiTF2

HE#HEo=002m/s, O =vd= 0.02x10x60x§—%ix12 =9.42L/min = 157cm’ /s,

Hihess T EEE, WEHEQ=2x942=18.84L/min =314cm’ /s, MERE
W BIRIE N

U= ;erl =3 11:7 =200cm/s=2m/ls
—d®? “—x1?
4 4
R =2 - 201 _j000¢2300 REH
4 20x10°

MAAHER, A= e—0 =0075
R 1000

€
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REE T AF R FEATE 2R

K.

3.5.

IR S %k
2
SAP, = 1ol PV 0.075x 3 OXZ 16 0 040504Pa
d 001 2
BRI RS
O \2 J [ PU
ZAP,, = AR, (=24)" + 2AP, (22 + AP, (=) + 64 5
’ Qel ” sz 3(QeS
2
=0.175x( )+2 0125x(942) +02x (188 +6><1.12x9°0)‘2 X107
=0.16MPa
TR SRENRK: IAP, = 25AP,, + ZAP,, = 2x0.0405 +0.16 = 0.24MPa & E
2 RHERARBHITHE
- (1) RABEHE

MEBANEIRRE, BRANERHERKN %ﬁh%tﬁ&ﬁﬁﬂémﬁi—/\ﬁﬁr
LFABE: AT = 38 61.3s
0.062

THERA]: AT, _ 38 _os
0.04

WBEHAS T=AL+AT,=613+95=1563s

BYEART P, =Fu=7000x0062x98 = 4253/

FETHERN P, =Fu=4000x9.8x0.04 = 15680

FYEANRE O, =K0=11x292=3212L/min, N B, =9.615MPa, Th%

y

EHETEERE  0,=-K0=11x1884= 20,72L/.min ,

K5 B,=P+AP=521+024=545MPa

3 -3
E%PE _ 20.72x545x10° x10Q
0.8%x60

R BLTRS (A RAE

= 2352.6W

I A
H= -_EZ(PE -P, YeAt = i5;—3[(e'>e.134-4253)>< 61.3 +(2352.6-1568)x95] = 1332W
i=] .

(2) RAHPEBEEVE
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WAL KHE 1 1. 1—1: 2. 3TEE, MERRERN

A =0.0654V? = 0.0654224.8* = 2.4m’
HEREEAREBENRTL: G 16x10°KW/m?e°C
WEHFERES 25 °C, REHTERE:
1, =t + CffA = 25+R££§2~—x;4-= 59.7 <[f]=60  WHEAEBREE.

WREEREER, TEBESBE— M RNEE,
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4 REERHDREERTEIFHRTEEST

R HLIE X T EAT o MBI (R R RE TSR, 494 oM TORE AT 1B 20 L & 5k
%, DHMRFEGREEDRSG. 8%, TRARNSENERER, TEREBER
GRER . AT, B BB T BRI B R R B, Bk, X F—
EREBEEDONM, REREORS, EEXRIRITRER. FEEANES
WHR. SHRRGNE T A B AR ERis A TR A B RENITER.

CHBERFIES D TR, BHTE——EMHE, BIT—REE,
bR R B R AR M B B A
4.1 BE RIS

B A 67 5 WL T R e T S SR TR 0 TR N B BT B T
* FEBMEERASTRE QA

Q,=C,0,=21C,n, (4.1
Rep G ROHE, BH/IE

o —FHAHE, JE/D;
n,—FHIEE, /5,

G=Qp-Qil

aP=P-Po

Ll o

B 4.1 FRAFRORETHEER
Fig. 4.1 Steady state work status of volumetric pump

BT X L EA— M REAAT RE A #hEE, Ei, £ENEERT, BHEE
B FHRIMRBRER WEER. TURNEFRERETER 4D THEEHE.
Bt EIE ) F4-RIBERIR /D, SOTUCA R EERATmBN ZRES). B, RRHNE
BIAT % F Xt H
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HEE: TRBRERATESIRERNRR

g = - = 1, AP (4.2

¥ —RRRE;
AP—IRIRMERRNEE CRIBEEXETHENFBES);
u ——H I HIB) TR
K—ERBEXHNEFH.

E—E&ET%=4ﬁﬁﬁ,%w§%ﬁﬁ%ﬁg

BTRAMIMIRE, FURABBEFEAOIR I THETENRIE, BERA
MR O EZ N AP, RMFERENT, AEEN o, W EERRAEQD)
BEREEFREBYHELN SN Go,AP. MHNTENHMIIEN To,. FTREEMNIUREE
(AR ) 1,5
C,AP
e = "

P

EHLHFEAE (A EERRAE Q) MRENDESHETR#MINEZ L, AR
MEHE,,. BHF

(4. 3)

_(Q,-0)AP

. (4. 4)
prp
REEFRESHEHEZL, FRARNBFEREEL,,. B
Q —Ql
== = (4.5)
LI o,
4. 3) 5K 4. 5) 1%k, 5
o - CrQp = 0IAP
v e
{HH Q=Crw,, FTLL
_ (Qp - Ql)AP _
Ump v - Ta) - nop

PR

B R B0 RS T HNURE 5 AU 3R .
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KRBT REEWFMRLEAIRI

4. 2 BIEIZH ST RERTRAF I SR

BEEHNRBRAT —EMNELHMREGOBEEREREER, EERAETHINSED, U
BEAHREATE —EMNENMRBHBARMERLER, ERMENDNCOHSED, TR
—REHNTLTEESE. AT HREBARANEME, TEEHBENRBI T RFRT AERR: AT
RE—EMAL S, FEREMENEAREDEHR; ATRE ENEZEE, &
ERFBANREREEEHN. XEEERLBEREGR.

4. 2. 1 EEEG @M TIERE

B 4.2 HEKTFRRL R D BRI
Fig. 4.2 The status of passing flow at sharp edge of thin wall hole port
when axis is horizontal

EMEGSEEBRCNINERTE, AEMfE@EEE P LTRERE:. 37K/ 5H
Bdzthl/d <05EIFRGHE /DL, BiLEE N LOWMRSIEAER. NEFRR, AR
WELEES— N, NMLERNG, £FE 1—1 &, KEHPEERYSS
A, WRERA 4, FHRE v, RAELSHOFHERT 2—2 bR ERE, BR
HEHEBIR DA 4,, HRKETA L PHIED v, REEIWE 2—2 FEHRR, =
Wil 3—3 RARHEHMRAY KE 4,, ENENAE, PHRERv,. ELOERA 4,
MBEER p, THERBRENC, =4,/4,, BdHENFLNER, BOIRSE 1—1
R gaEE 2—2, BEBRERIIMERFTTESR:

R, u_B v A
: p 2 p 2 o
AP, FORFEWTE 1—1, 2—2 (B A TFEERMHFERNERK, BREANEEHT
BH Av, =4u,, Blu = jiuz A LREER

1
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2 A
=l Z@-p-AP) | N1-(2
Uy \/[p(l 2 f):H: (Al)jl

H et L OB E N

0= 4, = Az\/[%(ﬁ -B- AP,«)}/[I - (i’—)z]

ES4=C4, HFCr02 KA BBERH. AHH (B-B-AP, ) #

2y WO =k [2(B-B) 4.6)
F-F P

AP,

——ifi#ﬁﬂumﬁﬁﬁﬁ HEMERMTE. R4, <4
1= (Y

B-B)A-

B AP <<(P-B)# A c, ~c . FIUNFENAEILORKMBRE o, M H ARERE
C, ~0.62 AESERLUE ERK B E.

N TWERERE TREMREME. BOBRE 42 PEE 1—1. BE 3—3 24/
K7, FFUBMSHEENRESE. ARXR, AETFETETXRA. ERRHERRY

2
kﬁﬁﬁﬁiﬂﬁﬁ%ij‘a&:ﬁﬂ—)—. FRRE 1—1, 33 B EENRSRETES

£+U_12:£'+U_:+APJ-+(02—?3)2
p 2 p 2 p 2

BE v, =v,, R EEERHEME 40, = 4o,, Bl
1 1 ﬁ)zzﬂ_g_APf

2% _As p

_ Ak 4
&l J (R-£)1 F P)j]} & ):|

A,

,} (R-F)
1- 31(_

@%ﬁ%ﬁﬁﬁm,ﬁﬁAq—é%nLEﬁﬁq=%, Fiil4, = 4,. Eik

5
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KIER T KL R EARI

¢,
P P J“@'P)‘% ﬂ S 47
1- C(*—)

[y

m__imm
o2y
)

KHc, = BURKETOERP -A, RELOERE -PHORERS.

B O HHE R SR X F R e, BE BN, X e, HEEERM. FUSE ORE

BFRIRR K ERT, W) 5% c; EFTELHEE. EFRKE OMELS RS cd' iy
SEHE K 0.75.

BREMESRNFERAR, ESM0FHSEHNAR. AREBHRETHETR
TR 4, REERE Q, EH KRBT REMR 4, SR Q REHIEZE AP Bl
OENRERHAEN B,

4.2. 2 HaiEH B AR SR LS 4

77 1) 2 S R P SR U TR B WA R 77 R B B, T AR R A LA
BT e FE R M = B A e A A DB R A

(1) BRI

B8 [ I Sh A R AR R BB — N R T AN BE . BEREERES = LA
RN, MERT E EESERE, W EESHERBAR.

AP

o |

2F [vau—

M43 RREMNTHERE
Fig. 4.3 Work principle of one-way valve
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B A MEIRE S R BB R ARML, B AR 2 58 5 1 70 0 (BB o 4 R BREX
e, MEBRENRFEEE. E 4.3, AP JENEFEEBENEE. AP, YERBEFA
NAmKNEE, ARAHEMEE 2R ERRNEEZ. FE2HEERERERITE
EH AP, MBEARBHEREGBMBENIEME, BHRBEATAP. BEHRFHNKRE
QS HaN ARV B EAEE . B

0, = K'(AP - AP)JAP
B EeITR ARE Quh
O = K'(AP, — AP)VAP

CHRBERAVGEANE B AEEERE. B E 5T ELmEaE, ¥Ein
THEMBEEHEE, WE4 4R, YEEEERIAREAN, GFEARE—H
TE, MMATUERASHEB OB A ORI TIAGREINR, s K Rm, #E
HIVEZE b MAHE, BT 4 AR 3, A D2 B OfCHERE, BRI
it

B 4.4 FREFEME B
Fig. 4.4 Hydraulic control one-way valve

(2) #Hef B EFSFES

A ERRSHFESTEERTFRAERERBES LS. B TERABRERAE
MR REHEKEARE, ERAZAIGERTE, FEIIER, BEERTRG L&,
XEHHRETATREERR, RARTREAS LTESRERATENTEERR. Bk, FER
B S IEEX L RS KDFREE. RELE, BIREATHOREERR.
FEED . BIEH RREAHRE. BXERERYH, LTEHNBERATHREYS, BIERTEHN
HEFREER T EXEAMERABRALATEERLEF. ENMEAERFREAN R TR
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B, ToEA RIS RIERR . E&TLEH%EEWMLW%W@%ﬁ EER
B B BRI 2

FRES, REERFRELNAEBEZM; MERES. BERDS ., BEE
&J7.

O EEHE

RHSEALET, BT RENRERR AR R R P& R F 4 AT
W, MEERNERES. HRENFEREN, EHSHEAREAMRTE.
BRAEUT BRI FREI B LT, (RIBR P EE S A BRI, BRI B T I I s
F. EEREUITHEANIIRE, BN KNELSAETAH CRTEmRN, MEY
TRANHRASER S LHRMES . BEit, BSSELARG (BFEEPIT4R) SHE
GEMEE T THEERS ERBRAN AL RMES . mRMWEDER RS-
FiRl, BBENARIHR, WIFEE 5SS LA R A B MR, kTR
&, BERRGEE KSR, HRAMRRERE. A THAMUERRES, AR
&R LT (RAFYEME , LSRR WE 2.

@RS EB S
) ’L [ i

ﬂ ﬁ
YRR [Tt

B 4.5 @ H AT i R e
Fig. 4.5 Status of liquid flows slide valve when valve port doesn’t change

REWFHRABEFO—E GREM o, dTRLBEMNEI6RRBERRL
R BISART S | R RTE RN SR, SRR ENELTAENRE . BE4 5T
R, BMERBERHERD, BAMHERHER e A, BRLBRESESIATHEANEENH
SMEaF. SFERFOLERELEXRGAEN, BRMESHEAREY, REH
AR Eh X B REA.

S A RIBSI B EEBRUE, ME45Q@MWE, H

P, =-F, =-p0(v,co88 —uy) =~ ~pQv, cosd
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P, 5 v, AR, X 45O TE, &
P, =—P, =—p0(v, - v cosb) ~ pQu, cost
P, 5 v B FARRE. A ASHRRRH GRS OWE, ERERS ERIRSRE LT
HERFEROXD. Bk, WUAR—AXTERT, §
P, = pQucosd (4.8)

KX AR—EATHEA LRESI;

P, —— B4R R F A f R A

O —— B ATt [a] P L R O Rk ) SR
B OB

0 — @ CRIRIEET7 ] SRR A .
SIHUTRREORESREBAAR:

v=g ENN (4.9)
\'p
KA p—RERY

0= CWx fiap (4. 10)
p
C—HREBRYE:

x—IFBE OHFE;
AP— R EREOREENE.
#aR (4.9) . (4.10) AR (4.8) , BHIRBEEEIITELRN
P, = 2pCWxAPcos@ (4.11)
ERMAE O KPMEERER: RERALZEMZRMEE, BOT/ELANERA¥R, 8
HEOHEXRDS, BOFELTHEREEES. T8 9=0.98, C=0.62,
cosf = cos69° =036, [
P, = 0.43WxAP
RABG I IELTFRGAE x, HHREEH, RSB ERERER.
©FZFS P

v
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FOEE T RFEE AR AT

BEBS R AR EF O GERERS) B, BTRERDIHRRRENE, 2
RS RR B E PR A sh B WP KB . A BN e X 1 B T AR A
MBEEFRVE (NE4L6).

du du dl
=m0
AP P—EHETRESTHESE AR,
m—EETRERE;
f— REBERRRER;
L——F W i O 2 e e I BE
O—BEPHEERE.

P HIRIER TR BHORIER T RIS ERHE T, bmfmm%@%¢ﬁwmﬁa

FEHR. EREEEITRT Y

P, =- % (4.12)

R 2R E, 5% FHAE. B 10 RAR @ 12)%

B, =LCW 3php 2 -, & (4.13)
K, = LCW 2 pAP

P, ’—?%ﬁit&ﬁﬂ, Rl RERBE R A . K, FRABBERE, mLHAEEKE.

il__l/l ;|#|/|

o/t g/t

L=L1 L=L2

(a) (b>
Bl 4.6 IR OZE{m H i 7 IR B 1R 1
Fig. 4.6 Status of liquid flows slide valve when valve port change
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(4. 13) ShE T & B 402, ﬁ%@%gﬁﬁ@mfrﬂmsﬁfﬁg@m;m<Ea%
MESOE S, TESRRRAEENTHME%. B4 66 WEAKHED, SEOF
jc(%mz), TR WAL B PO, oA B AN F A B O3, K F RS IE S

RIS T EMRAER . B 4.6 () R AEE O, %Fﬁﬂﬁk(%%ﬁ) . B

WA LR, FERNESREAERDEFR, XX FRSESREHSTREREER.
B4.6 (a> BMMHEAERNL =L AEREBRE, E460) RRAERCDHRHN
L=LARMERKE. £R—-1TEL, mREHEFRIESNHNEDPEHEBRKEL X
FHEEREL, WESESNEARSIRERERR, FEERBNTEE.

4.2. 3 ENEHRBERESH

TRBERAVEENE SRR A SRANE, B E L AR RIERRAY
HERE IR, BMBEIERARIE e, BHEET, SEHmEH &,
B HRIFIER E >,

(1) ZFABREEARETERE

EMEEEREASERNESAR. 2 AXEREE, 7 ARREE, HAfHmO
L5 FE 136 BEARE, T 8860 di i O 5 B BR AR . B E ) RIS BB MR A e M E Hrad,

5 6 D 7 8
o
7N
) E\/E
2 ////A
3 -

2
1

B4.7 £BARRANEESE
Fig. 4.7 The schematic diagram of leader overflow valve
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FH. FRESBNRE 6 53 EATATRARS, AlE. BE. CBEH#HEE. H
WEEAARIBEDACHENIN, FREER EFSERRELTRLE. FHEE
O, EEEDG 2 R LHMNEHOWE. S8, BTHHRAEPHFHEEL, 64X
CIEENTE AFLEE B 2ZRERESLE, SERBGER—RENAD. BT
ARUFRERSE 3 MIES S, BIWERTAEITH. SmBREHREAR, TR
FOEMK, BITRAEMEENK, ABSBERNEAENA, FEo]RkEREE
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