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THE FLOW CHARACTERISTIC OF NON-SYMMETRICAL

PISTON PUMP AND ITS USE IN HYDRAULIC EXCAVATOR

BOOM LOOP

ABSTRACT

Hydraulic excavator is one of the most commonly used earth mover, as one
kind of the multi-functional engineering machineries, because of its powerful
multi-functional adaptation ,Hydraulic excavator has a very important role in the
construction machinery, and has a great potential in the whole world market.
Currently, most of the hydraulic excavators used the variety of valves to control
the pressure, flow and direction of hydraulic system, this based on the hydraulic
control system traditional hydraulic excavator is called valve excavator. Because
of the rapid development of various types of direction valves, pressure valves
and flow control valve ,valve-hydraulic system theory has developed very
completely, Valve-hydraulic excavators has a very large market share

Because of the unavoidable wvalve throttling losing issues on the
valve-hydraulic system, the installed power must be increased, at the same time,
the valve-hydraulic excavators appears a lot of other problems: in using too
much fuel, high fuel consumption, poor emissions, hydraulic system heat, low
efficiency. In recent years, with people's environmental awareness is growing,
the demands for energy efficiency is increased, the competition between various
control technologies and the transmission of hydraulic system is increasingly
fierce, the energy saving excavator will inevitably be the direction and trend of

excavator, hydraulic excavator engineering facing the great technical innovation
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in energy saving. How to reduce the energy consumption of hydraulic
excavators and improve the energy efficiency is the main objective of national
manufacturers. And this is the basic starting point of the paper, too.
Valve-hydraulic system itself has been the technical problem in constraints the
further development of excavator technology.

In this paper, the author attempts to introduce the pump directly control
system into the working part of a mini-hydraulic excavator system, the working
parts of the mini-hydraulic excavator hydraulic system is derived by a group of
differential hydraulic cylinders, as the two chambers’ area of the differential
hydraulic cylinder are not equal, so the oil flow in two chambers are not equal to.
In order to use the pump direct control hydraulic system to closed control the
differential cylinder loop, the two ports output of the hydraulic pump must meet
the oil outputting are not equal, so as to compensate the two chamber flow. The
traditional axial piston pump has two symmetrical arranged flow windows, so
the oil outputting of the two oil ports are equal. When it used in the closed
control loop, it only fit in controlling of hydraulic motor and a symmetrical
double-rod hydraulic cylinders system. When it used in closed control loop of
differential hydraulic cylinder system, there will be a lot of problems, such as
over-pressure, cavitations, so the traditional axial piston pump can not be
directly implemented in the closed control loop of differential hydraulic cylinder
system.

To address the above problems, this paper based on the new assignment
principle of the research group, and designed the new types of hydraulic pump
to put in use of closed control differential hydraulic cylinder loop. Based on the
new assignment principles, there are two forms of the new hydraulic pump,
which are series three windows axial piston pump and parallel double-acting
axial piston pump. This paper is begin from the realization method of control
system in the new hydraulic excavator, detailed introduced the pump control

system key components the new hydraulic pump, from the modeling analysis,

Vi
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simulation calculation, and the three-dimensional solid modeling to create the
physical prototypes, and by the comparison between the simulation results and
the physical prototypes experimental results in different working mode, we
finally get the reasonable structure parameters of the new pump key components,
and the effection of pressure fluctuation in the prototype is reach to the same
level of the existing pump.

This paper is by using of variable pump integration solutions on direct
closed control differential hydraulic cylinder loop, and the new complete
hydraulic pump model is used in the small hydraulic excavator arms cycle, so as
to built up the pump controlled mini-hydraulic excavator model, and the
comparison and analyzing between the traditional one and the new pump
controlled one will be list in this paper. By the comparison, we can get that by
using the new single pump can realize the closed pump controlled system in the
mini-hydraulic excavator system. The aim of this paper is to make a certain
theoretical basis and test trying to further promote the using of direct pump
controlled system in engineering areas.

The research is following the principle of the key components analysis, at
the same time; this paper systematically introduces the software platform-
multi-disciplinary simulation software SIMULATIONX. This paper is begin
from the subject characteristics, build up the 3d models in software of Pro/E,
then import the 3D models to the multidisciplinary simulation software
SIMULATIONX, and by this software platform, this paper finish all the

simulation calculation and multibody dynamics analysis.

KEY WORDS: New axial piston pump, Valve plate, Pump controlled hydraulic

system, Mini hydraulic excavator
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Fig 1-7 Hydraulic transformer compensation pump-control differential cylinder system
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Fig 1-8 coaxial driving double proportioning pump differential cylinder control system
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Fig 1-9 Single pump with one-way valve directly pump contrloed differential cylinder system

1998 %35 Vickers 4 7 81 T —IH MRZBENTREM LR, RFERHES LE



KIGHE T RFMEHREFALR X

FrRElEEZEAl. RSP R AR EHIRE, 2GR EsINIES) € &R LR iz 8
R THREFE . FEAE I Linkoping K%t X IXFp R Z AT 33 [B1 B8 #E4T T X8 A8
R, BN TR EIEE AT SR AT IR R 4.

RERGRIESFERSVRRRERN —FH A B AR AL &2 ILETHA
MEER—ETWHBRERMEZR, wHA. 8. REMHmAE. REEARTEREN
FFUE PR, BFST ALt R AR - B S Bk, WML R B IR K%
RIFET K%, BRIETMRE. TWRI KSR E A0 KF5F

WL K F R A RIEHIEFERLRERE T /UM R AR VVVF RIBBERE,
HERE ERNELETES) . LK FEsMEIFKIEF) 53K, FFNA T RIE AR,
FEYBNLUE RG A B K RUDUAR () R ESE T S E RS D, Wil SR BENIS H
AU IR LIRS B T HOAT R 04, MTIBCE Rsh &40, RET ~LEEMNS
W, W AR RS SEE) SRS E W DT RGBT 5 BN ERE T L
RERA [ REMEEUASEREE, BSERRLIES.

LM MR K F FER R R AFEEMBI RS, AN RERLTHL EHA
FEPFENRS, KARSIPERAERSE, RIEAPRHERERFHEE, RN
HRFET TN 28 PD #26). WA A A8 PID #2617 BT @2 AERH I, HE
EHA BE)#BIERIR AT SRE. &5, THIAS RIFHBIARET

KRB TRFENM R T IR FFTOB B A ER AL RGN T XEM
W50, M RHMHFBIERZBFHAENT, KA PID FHHIEARH L BE AIRE THEAR
R FG AT, 15 2 e i B 28 L fa] IR ALK 5l e a3 ] 0 9 (109 b 3h D SR AT B v
Mo it B ARG AR LA R B AR AR BR KCF . RS T EX QR
REE, SBARPIRNRELEN, KHBESTEBCTRNREZBIEREHT P,
CLMA T R R

U IR IR Db K22 FAb AL 5 B 32 B0 Zth K DA TR LB A RIEA, ARA1m
BF S T FACHUK R 2P B LIRS H A FUE ] (DDVC) RIRBARALE, @i
R EITE AL, B TREZMER . EREZEDTRFETEHIT T KEHW
R, HEMMRIK RS PR AZEREHES.

FARIMEARFHAT KER DDVC R4, 1ZMZMHE S 2R EE. 72
HEHLIRE)E BR AT . FTAREPIE RN ECERRIE). i EEMBCRE T,
S T RBEMXEEZNIREFAERN ELRB, m: SR, REERES.



KEETREM DI AE¥ B

1223 REWERKHEA

RERRSRERGML, RERGXKAEREHRA, AFEEFHENNS. BRIz
RG IR IEFRE BRI F R QBB R RS, EARNERESRIE AR RO B
Mmpras, RIEBBEHEARASRROHEO S DERAHNRENELDE REE
SKAGE R, MisKREMFERERRK, REBEZRIOEERNAR. REAERS
BB SRS

1) EEHEBRARLEPWREHK, fEBFAER, HIRERG T LR ENFE 0% L
L RBN, BEENL

2) AGEhiI R fE, TS FARMNE £IB3) 0 M oA U B
BRI ER;

3) KA EHIEIRE, ML, ERGVERE, REX MBS RBUSMLEL, X
s g, S sk AL B AR AR

4) REDIARABZFBRAN KR MAEY, RLMBIEERFIHAZOMIE
TR .

13 HENFEEREN
13,1 TESEAT MR

A THR®m B SRS, ENHREFAMBERAN CERRE, ENTHEE
WHH R BT, FETHABZMRTER, MUIRE AR, PRI
an OB A, BHATQIErE ST, 4R et & A1,

BERBGMRE SRR, 4AFH TR AR, ma AT R IREEA LA
TER BB SR BT TT RS K £ RS0 A = ™ AR AL, FFRP R AT AR,
CASREU= i fm B, RISHIE DM EDEAEN, IEPUE TR IR T W bR kB
OB LU R P S BRI . B A TR B AL B, BB A R B R
WAR, AT AMEL .

PVEA PRGBSO T REZ AT B IRE R A R AT LB SN, KT it A
3, B eI TEAFNLRNLRARE, BT Rt . 7 A4S T BN
f7 R IT R RA RSP EH S RAE TR, EXMEVHFEMHLSTERET,



KRR L RF R ESF AR

ST SRR E A =

EER, WwHEAT CERR, SPHREFFEANER, LHZFNMEREM
AL CPU BHHEIRFA, AU ISR E AR ME B T 0. RNt
5% B Tk v v 4R R RY i AR SR AT R AR 2 ThgsR AR B i, KR T SR
AWATE. MR Ktb#Esh T BRI BRI A BT ER AR EAEA, RN A
FUROARAE Tk o B AU A A MR HE 32 R 1 T R EFRISCRRF B AR,

1.3.2 IRBARN KRR

AEZRGRIEFENERFE TR ESH, TRBEAEAIXRTIRARL
RN TE R, BN ERGMAT . 57 Mt B B A = s A A AT 2 9 43
i, FFE T URER (5 548 th A IE S 45 ot 7 @ AT AR AL 8 P

BT, SCRREMTME AR SR HREEIR. B5. BT, WE. SHBEA
RO, BERNHME. TREMNTMARE S 2R T BR>=HIT
RAEFER . AR W, AR LR R FRE . FARMAA . TR R I A4
Fehh, W ESE T AUES D) T — N8t SN0 SUBR A T fn B i 2.

AL EBRAAPCHTENGE LR, 77 RS b kK H 2 S0 4 47 PP A [a)
B, BB R DR IR B T BT S AR M AR AR N, §E
R R R L C LR AW R B MmN BEMAT A4

H RN R RO T AR R R U7 P, o] DASEIR B 27 @ OJT A Mt
ZERTERGN RN SimulationX, HAFFAE L ERFELRIDEERR, WL
8RR — B @IEAT RS I, ZRHAFE IR K, RN hREgrs
HEGUET RO ZMAE L, sl 1 754 ADAMS . $ZHI RS B A Matlab
%, BTHRTANZEN S, MTREACHEERN mittPBEIREMA.

14 BRXHETEARABSIEHFH S

WA ST X B8 TR & /N EZ L, U A RS R A A1
YC60-7 BB EITHMN A AL F & . RENR ®BUEZEN RSN ERFIR T T &,
FINFRRAZAAEEBIRRS, TR RG T ZFIETRE, KAZ %R
BB AT, FER SRR T AT R R AR L.

12



BRI TS BR R 5U 26T 103

141 XA EENE

WX T EZF A

1. SRR ARAXERRENARRE R A, SRERERSEHITT 21731,
3t HATRZE REMSREETA A T RSN IR HOFRENHRERRE, HNETRE
HAA LR RE T E AR ERIZE T ROERDE (RHRERMRHEESD:

2. WRIFRBARDMFHRAIRE, MW T HMFRENRS EER: £K
MR A O R AR AR U E MR ER (BB =ERE D MNRRE DE
PIFR), MWPIFFBERIESD WE. BRBhKTRMEBERIAT TIERMNBT, HHETY
BN, B S5YWEPET IR LT, JlH MR REREARMNSGHSE,
S FEHLA 2 I REIX 2 T SR A 2 H9K 1

3. MEIERZHIT . i, Sl AR, PR REARIETT #H
ROBRBE XY b, 75 IO ACE 10 B P A e AR R b = O & 1 ROk ) AR RE
JEEIES, PEAE T LS,

4. LEUI LA SimulationX P T REBTISHILASGERE, FHCREREMN
LS ACU & D5 B Bl B AT U vt 5, PR b X R B LB E R R IAAT
THUE, T REKE FBOZENBERS. £A R TINH R AR BT 3w
KB Bl BRaEAT T LA 5T

1.4.2 ¥ CHIT 5T Q8T 2

W EIH A EER/ A

Lo ARSEURE A 2 M O FECHUREE, Rt T A R X R A ZE R B X
R =R E QR A RO X E R A ER BB =R E DA YR E D%
PIRRD, )i AR 12 2 Bh L (e B SR A4 T ) S Bt

2. BRI A A A E R R H R A RIES MR R, nT AR A LA
AREEL P I I X FRINE, AHT ZAREESNTARGEM T IR H R

3. NBMARET AT, MNNRZHIBERGHTTHE, CEEREHER
HHINE T ARSI L, REERNER WNIZHR, R — 54 TRV
HHE RIZWIE RGO T B 2R SR



KR LR Wl 9T A 3

14



KRBT R R AL X

T FERREIERMERER YRR

2.1 ZEEMAERY SimulationX THEEN 4B

WAL BT SimulationX AI2H T A¥ & . 7 HM SimulationX 212 E
ITI A7 B 1993 FEHGHEEN—FHFRK S A TREEMZ FRAARME, 22T 0
RIEAM5EE, HEl, SimulationX D&S EEMFMEHEA. HAET., TENM.
BHOAR. FERAR. FBEEE. MEMA. BT, YIS, AmARRA TS
BAERTE, W08 2-1 PR, ROAEREN. B, W, A B BERREISEARY
B SR ARET & . SimulationX 3 KAUH A T LAZE A [F) 4is A8 Bk 22 (18] 5 L EL X
M ERE, 58— NTPELERBANERARAE LEMEREANGE, £15
SimulationX AR 2 “#RHME R G T2 AR 07 AV EARINE .

Bl 2-1 SimulationX 2= 75 FAR3%
Fig 2-1 Practical applications of the SimulationX

Vi E B4t SimulationX BESERRE ERRAMEA SR, SFEMRT L EMY
HIRM RS, MERIVERBET. FER, MREBW)RLEMINEBALPBM) RS
FERMIRTLMNENR, AERFN. ZEBMT. AT. AMT, DCT) . i, LA
BOWMAFEEAEDNECER. RMFEE. BERDNBROMA. BERERSE: BT



KRREE T RS BB RAE S AL

EHIRRAASEGh S RAE RN, EAS. RN . B, REREE. . Mk,
[} B AT LAY AR AT R A IZ B (N 3 SAFEEAT 0 frs. MBEE AU, SIS R L 4]
RY. NG . %%E, URISHEIEHRGNERRSSE.

2.1.1 i E#AF SimulationX 7 R,

SimulationX AEE TEHuGHEHERS, ICWH AL A TRAKN LR R/
TF, M AT LU (s B &R ] SRR A B FORE L ARRY, TR ] B 0F 40 0 K
R F A M B e R R 2 TRRS% . o2& 0#74 SimulationX A
ELRENUMR . 1% AR AL E DAL BRI AR .

IR SimulationX EAZ A TIEEAA GG, BEESRIHEEAGHIES:
FETYEE B, AR W LU E B R 50 B P R B KT AT LU & i
TYRAGAL MRt Hoh, TERAF SimulationX P24 —MrHEL . MvE/LFIE
TEALRY Z IR TT 5°F & TypeDesigner, FIHIXF ZRIT A TR, {E48H 7 A0 L EXT
SimulationX BT Ar AR AT ECY, BRI LU EE T Modelica 85 1) — IOF A AR5
AR B BTN B SR THE, FE%IE A O/ C AR LI B ALk ) 77 NEE AR
1k SimulationX A4 £«

PI R SimulationX fRE T =EAMRERHER T BEEFES, THhEY, A
TCEMTCHR, BRATSEMEREW, ARIKHFTLRE A SR SR % Kk
EEOEEB AL MM EEEH.

2.1.2 SimulationX HIFFAEMS R

P LR SimulationX A5 2 MIARHERIRYE,  DLRHE M s0G8AT IHE IR
FRPEMAER A T o R BN, GHMEE. BEHMAXMTHER BN
e, ZHSEEM ERSFRN, HRAMBEMER, FKEF Windows KK &
7~ SimulationX BIARIEFEERIE: 1D YU, 3D MM ERFE. BHRKE. B
FTREFE. HBIPE. HIE. MESS3ES.

FAh, BRIEE A R AR, AT COM N, FATIFR H ORI
EABARF, MTREEIRLE, RS HERHATHIERHR. SimulationX (2 RHE
FARRI4 B hhep: N2 & 2-2 Fivw:



KRR LREREHREF IR

Libraries o >
+fa ) Favorites -
&[] Signal Blocks
& 423 Mechanics
| E-=3 Linear Mechanics
Ay Mass
| -<=> External Force
e Spring
' =3 Damper
-} Sering-Damper-Backlash
L[> Preset
|~ Constraint
-2 Lever
' 17F Plane Transformer
===~ Rigid Friction
b= Elastic Friction
~am~ Stop
= B Sensor
&7 Electronics !
() Magnetics
& [ Preumatics
F1-{") Hydraulics =]

1111

ctrt f”ii ar2 ITI SimulationX

Description: Mass

Idenl: Mechanics Tranzslation Mas
Version: 2.0

File: Mecharics.cal

B 2-2CAE 4o
Fig 2-2 the software interface of the CAE

2.1.3 SimulationX [ E4F /A

(1) SimulationX #EGL— )T & L0 T 2 F R4S B 42 L2 R G0 M 2 B4 5L,
FEIR SSRGS . B EB RS, N ARG HISE L B RN T 55,
SimulationX ZE177F Al—F & L7 1D 1% | 3D BUREFAN BB, EWEH.

(2) SimulationX EfI{E TARFEAANREM, BEEFRIBEAEMHIES, Eitf
BotwE M. . SR ML, 2 40 3 A RIITRE.

(3) SimulationX (XA TCEANSEHEEE, 8P NEBEFE B PR EH K
M EETYRRERS R, TATERSETMAREFAE.

(4) SimulationX &4t T —/Mz#EL . A E ALK Z K IT K F & TypeDesigner,
YRIZIE S 2T Modelica, B AMUA LLE X SimulationX BT R HHTEH, EATLL
Bt BBk L A M AREOT R ARG R AR AR SRR, SR A K C 4R
ORERY DL AL R 7 SRR SimulationX BAFE, ML TI2H K&t
Mk, LI ESMIRERRRERE.

(5) SimulationX FF=ANE KM TN EATETHL. FREGNEF T
BERE, MReRSHMERENW, AEAHPTTLREBSHESNEKERESH



RS T K226 5L 2 A8 3

crE T REGaERZ K.

(6) SimulationX B L {5 LB ThEE. B () b BRS 1. S LA H.
PEWHE . BEHRMESNT. ATRESNT. XEMNE, FReEAERENTE.

(7) SimulationX ##t T FEMEXETREMED, NHELLEWVAREL, &
W IhAE S =,

(8) SimulationX 3 T AFER MR A, AFEFEMR. TR, BIERAIZEA R,
LLig AR R P A7 22 .

2.2 =HEEBIEZM Pro/E HEEN A

3 T (1 = MRS R B R TE = E SR Pro/Engincer "IEEERY. Pro/Engineer
U REESHEANT T 1988 EHBH =M. L1 20 BFK 30 KKHBUR,
Pro/Engineer %4 LA 4 LY 3D 7 dn R M8, BAECERCH £ A58 KA 3D
CAD/CAM RZGHIAFHER M«

Pro/Engineer #fF[El—F& LS T EMHRIT. ki, MIHE. HEFR.
WAL e Dk, HUaT. REIREEE. AmE. BRT
ShHT. WiE CRREURE, ETHRIEL R EMANBSHITSEIL . B HERERRitT
i, {#19 Pro/Engineer #HTENIML. #E . BF. Talki&it. VM. SR,
AEFAT LB AR 2N .

Pro/Engineer XM 8ESLMAAT TR ¥IT, ERBHNGE T —4&, B MHAR
rf 25 R —F G, ATIRKEALR PRI, 485 T 7 ah T A M0 et a].

Mreip L IR=EREREZM, ¥AMEEARW UG, CATIA. MDT %,
Proe/Engincer #{F 51X 2RI ZE M AARECA LLF JLE AR Z AL

(1) BFHFLEM (Feature-Based)

Pro/Engineer $A{FUFAT SCAGRRRRS I T LA OHFAE, {8 R MRAE 92 B 7 i B &
THE, HWERGDHEMIE, ETAXIERER. > RR e SRR R
— A HEMR SR, IHEEEEEHNRENES.

(2) SHERE (Parametric)

Pro/Engineer K45 £ — AN SHALRS, BB EMHEZRFEMALXR,

BN ENMFIEZ R RFEEMESRNAR, JHPE - MHETEERN S HAD

18



AR TR 280 -0 50 AT 3

FHEREE, $FEZ AMEF X RERRZ AR/ F (parent/child) HKH.

Pro/Engineer #HAET Wik #H BB BEARHELE D= @ R AMBEE R, TLL
IS X BRI RES Y, AFEHSH, XFELZ KT RIRE S LI
PR

(3) KEAEFFHE (Associative)

Pro/Engineer X1 (& et (a2 AF B CHRE, 24 P @ R 2R AT
—AbRAT B S BB EHEZRH R LR, SEFEA. KR, Bt
B, DARBIREHEE . X IFAT TRERT I 5N A AT EE, Pro/Engineer U H)IXFH 4
AR BB T & = IR A BT — ST, AL BT AH %K, XAERaT
PAFE= S I R 5 AR - EeTh Ee 4R 0 R ¥ HAE T o 7 A iR vt 3 W FJ A Proe/Engineer iXf
FHERIGIERR, OFECIREMH. . 2BEHA.

(4) &M (surface)

ST R IB BIR £ A% AR 10 B2, Pro/E KA B % Bl A i 7 ik £ EH =

1) FIRAMB SR, SEAER=YEMERFE, BRI surface Thgssh 4= pl i

2) FIH Pro/designer(iti &4 ¥ i) Lh BE HL /™= 4 B 5 E /Y [

3) MWAMES AN, FIA Pro/Engineer # 44 import (BN Thik, SAHHEM =4
BAOGL= YR A B, ATEUE IGES. VDAL SET. Neutral 4% 3.

(5) 7E&emcEd g ik

X Pro/Engineer HAFH — MR Z 4L, HIRCEBIFH X AEERRAETRZE,
A LAF R IX £ B 2R AU 54 2 [BIARFAE P, diEEEE) o#miEdE, HEE
FRCFE T HIEE (Create) FHALEMA, XHEERGEIN (default) RET, HEIMH
FRAYE IN{E T 44Ac.

(6) RUFMMH S

Pro/Engineer #FLAET EAMA 5 AR K HI 7 NBRR 2 BSCE LR, AR PR
7 PUCRBUE AN SR ORI T §E, R a3 ey i vh 38 se S M £ 35 Bh U AN 1]
R RRTE R, XMEAERFEANENS S EEENRE.

Pro/Engineer # {42 —#E N B R A = — &L BVINE B sh b B iF, RVF
AR SURE B R R IT R R R X R = @ T, R M ESHUER. &
TEFFFET B OFH — RN RER RS, KARBREHF= MR aE, FERiE
AL, WItBI R REE R, ANT KB T =M IT R, AR T 5™ & E i

19



AR T RSB A S

6] 37

2.3 #HCHIRIR I 43

BRI HEL R F T ER = A EF R, T ENBIEE P EEA
%, ZFEENERFITES AT R mhE R A A%, SR GBRER
AR HE SN R, LR IR T D MBS, AmxiEs)
LW i () B REAT AMEZ

G R BRI E N SR, KRmi A%, AT FRIT
SR I AR R ATV LR C AR, 29T P 2 R B il 2 5 i IR R
BT ESHEASHERNORTEE, FEEIMNER&HREIEF, Wik
RBE. Srh%iE s, TEEEEH—SREREZANE. UREEARLIRR L&
RS MR T A P O TR R, R PR A TR B M 2 B A RR AR, SRR M
B 1) R AT IR T A 12 FE MR B PR & b 9 2R 3 S L s (R 4 ) EAT 4
A0, B R 3 P B ) 1R B A M 2 B L B A AR R CI% . (B IRy A
TEAIEREEZM, RN G TEERNSIATEA T RERETHE.

2.3.1 FEcHm T RN

FASEI A — A M ERBEEASXEHZESBE P, JFt— PR RREEEEGE
RGN RIR, REAHIERTARZITHEE, BHTHRORKTE!. 1R
BIERM AR (Dik) RA 4 MORE DR SmE 2-3 Fis, EREXERM H R
EEFHF BRI HRAE . ROMO A EERZRRETHE, 85— MhDa kM
AILHIMO B AT, KD B EBESHEGHEE, w0 TEEME, ARKERD A
1B AT LAMEESMEA L, BRI IEYT TR ENEH TR T ME.

20



RIRE LR HAE A8

B 23°th RRLARE
Fig 2-3 the vane pump assignment principle

AT R BB T AR L, (R A 4E X F il m A R =
ZHE LK TR, FETIMEREREE L THUMMELER. HEMmEEROR
RBEGHAEEWME 2-4 . WERFK KRB LBRER, HMAEEROZOHNE
ARMNEAE, BRAKMNEAEMNTREMSRRHM®E. ETHRRERR I
RN EREHRAEN, —MERRE=RAEMAEER, 5 FREIFBERNE
PR AE2E R

~B _
W s & Al T
: a4 ¥ '
\ \\\Il \ \I
. ' ...... :
‘\\ : .J-" ‘\\ J
d N\
\\‘“-—,,. —/'”x T \“\_ &l ’l,,./\{ B
(a) $BHRALEEZR () HFHHMEEE

B 2-4 $ffeii kg
Fig 2-4 the new assignment principle
WA ROHAERERE —NEG = MHOMEER, MO pa EEWEE T
B, W0 pp EEFIEESEAE, BEATERED A 5 B MAE(E 2-4)sk %S
HRAEA A LS B MHEESMHE, FHRMCREED AR B MERERZ L RhES)
i PR A REARZ L, AT SRR BB IO AT R E i — 7, H— & RER
SEAFEEDE G WA HRE, WESRMNEHTEER .

232 REEMBAEGIT R

A TR 2 0 1) A JE TR DO REARR], AR AESEIN A & MR 2R 0t ZE h L [B1 6 ) B B L 4%
Hl, ERENANZMFTRAS HERIAR, FHURGEETEETER. BREEHE
ROHRTT RA WML, 25 AAREIINIIES)E B R RGN EH R HZ DK
Y, ERAGREEME 2-5 fiw, B, ZmhNMEHEERMA PA Py Py, 4
S0 4 8 9 L 799 e 5 4 ) 28 B %o = 9nh 0 e 1) B AR AR R A LA RO B S B
o O R,

21



ABET KM HRE S B

a) Térik RieH e me

a) Variable speed pump-control differential cylinder system
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b) Variable displacement pump-contro} differential cylinder system
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Fig 2-5 pump-control differential cylinder system
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Fig2-8 Model of the central axis of rotation
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Fig2-13 the 3d perspective model and prototype photos of the Tandem type three assignment window axial
piston pump

27



KIRFE T RFM AR AEFL R

a) JEIFEAR b) HEB A
B 2-14 F A 04 b @4 K R AU AL E A AR B

Fig2-14 the 3d perspective model and prototype photos of theParalle] type three assignment window axial
piston pump
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Table 3-1 the related parameters of the leakage calculation
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BHEREMEER 5 0.01mm | ShEAFMEAR Ry 49 mm
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B HLRFIAT I Z (M SRR gs): (DT EAMEEZEZ (6] B SRR AL, 7EEL
AN EOABERT, P& Z B 7RO, SRR 272 R TR A
B h 2 B R ZAER T A, e R TR BT B w48 R & v SR

_7ds}(1+1.5¢*)(p, - p,) nddyv,
- 12 p, 2

95
(3-8)

B OWHARAREERBK g5 FEENMBEESHRE T OLMEH PO, A
T8 W TR R AR A (] P AR SR B () DU S L, 9 Wl TR A B 2 TB) 2 TR Bl I s 4, N
2Z 1) ot R AT A 1 AT AR R B, IR E A

_ ™8 (p.-p,)
ul6d; In(r, /) +1281,6,]

952
(3-9)
PR MEE 2 MIHRR R g5y SEMECHE 2 LS EEESEEY,

AR FHEACH A, FCU AN G4 fa] (03 IR 7T B VE AR SRRV ), M TOZE BC Vi A A0 4k

Z A S AR, MRk

_eSpmp) 11
12 In(R,/R,) In(R,/R,)
A 32 il A4ak A

Table 3-2 the related parameters of the leakage calculation
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Fig3-10 the influence of the Preloading angle on the piston cavity pressure pulsation
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Fig3-13 the simulation results of the oil outlet flow response with NO hose
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Fig3-16the final structure of the Series valve plate Fig3-17 the photo of the valve plate and the rear cover
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Fig3-18 the 3d design model and the photos of the pump Cylinder
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a) the 3D pump virtual prototype b) The prototype photos of the pump
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Fig3-19 the 3d design mode! and the Prototype photos of the pump
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Fig3-20 the test system loop of the three windows pump
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Fig3-21 the photos of the prototype test rig
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Fig3-24 the pressure spectrum contrast between Simulation and test at the speed of 1500 rpm

HAZEHEE 1000 rpm 1 500 rpm &, 0FJE WK HIIE 706 5 5 50 1500 rpm i

KAl AR MRR B RE 5 K ) bk sh i — 8. B 3-25 FE 3-26 £ 10 B 08 S MPa
H5r 5128 1000 rpm F 500 rpm &, W B JE S BB AR 507 3 LE 2.

=]
7

ﬂ: ij/MPa
o
RIA R Hkah

REER RRHE

:_ '_\lJ_g.JmuuLﬂ i Am JMJ. ,LJ

0 34 68 102 136 170 204
BB f/Hz
B 3-25 4544 1000 rpm 45 1 5 X80 E A St e
Fig3-25 the pressure spectrum contrast between Simulation and test at the speed of 1000 rpm
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Fig3-26 the pressure spectrum contrast between Simulation and test at the speed of 500 rpm
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Fig3-27 the noise characteristics of the Prototype pump at the “one in two out”werking condition
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Fig3-28 the noise characteristics of the Prototype pump at the “two in one out”working condition
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Fig 4-2 the structure of the valve plate of the parallel double action axial piston pump
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Fig 4-3 the 3d design model and the photos of the pump Cylinder
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a) the 3D pump virtual prototype b) The prototype photos of the pump
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Fig 4-4 the 3d design model and the Prototype photos of the pump

42 RIARI=

EEESERANA MO, FRBEE R B AE ZERA DA TR,

FMITERKSEENCRE DR, HTEEASERXFRITSAEEE,
WRFFRI B AR Dk, W 4-5 FrosEEREE, MO A f B AHEEES— T
A. WO CHMDMEEERA—ATHEMD.

53



PG e i e S T

%

'%?_fﬂ

L [
T
5 A roar o
L C. R
ol o O
oD D
A D A D
!I_,_,, 4 —
B c B~ C
o ©
a) iR AT ag b) RiEDikes
a) pump-control symmetric cylinder systemn b) pump-control motor system

B 4-5 3 & A A vt AT E w0k
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Fig 4-10 the position relationship among the transition groove, precompression angle and damping hole
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Table 4-1 the related parameters of the leakage calculation
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Fig 4-17 the test system loop of the doubl acting three windows piston pump
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Fig 4-23 the pressure spectrum contrast between Simulation and test at the speed of 1500 rpm
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Fig 4-24 the pressure spectrum contrast between Simulation and test at the speed of 500 rpm

Fig 4-25 the pressure spectrum contrast between Simulation and test at the speed of 1000 rpm
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Fig 4-26 *he noise characteristics of the Prototype pump at the “one in two out”working condition
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Fig 4-32the contrast of the pressure at port C between three ports and four ports pump
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Fig 4-34 the pressure spectrum contrast between Simulation and test at the speed of 1500 rpm
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Figure 5-1 The main components of mini hydraulic excavators
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Chart 2-1 The main parameters of excavator’cylinder ~ unit: mm
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Figure 5-2 Model of Hydraulic Excavators
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Figure 5-3 Model of Excavator Stick

B 5-4 JEdRAngFHARE
Figure 5-4 Model of Excavator Bucket

B 5-5 LRG3 £ ARA)

Figure 5-5 excavator cab model
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Figure 5-6 excavator slewing platform model
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Figure 5-7 excavator frame model
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Figure 5-8 excavator assembly model
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Figure 5-9 the 3-d model of boom, dipper stick and bucket control valve
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Figure 5-10 3-D model of rotary joint
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Figure 5-11 3-D model of the valve seat
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Figure 5-12 End joint three-dimensional model
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Figure 5-13 valve assembly model
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Figure 5-14 SX series of multiple valve structure diagram
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Figure 5-14 multi-way valve hydraulic schematic
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Figure 5-16 multi-way valve and its packaging model
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Figure 5-17 Simulation of hydraulic system schematic diagram
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Figure 5-18 Multibody dynamics model of the hydraulic excavator
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Fig5-19 simulation model and packing model complete piston pump
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Fig 5-20 pump controlled differential cylinder system
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Fig 5-21the new pump controlled differential cylinder system
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Fig 5-22 Differential cylinder displacement response to the angle of the pump swashplate
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Fig 5-23 the pump outlet flow characteristics
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Fig 5-24 the two cavities pressure characteristics of the differential cylinder system
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Fig 5-26 the pump outlet flow characteristics
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Fig 5-27 the two cavities pressure characteristics of the differential cylinder system
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Fig 5-28 the schermatic of excavator boom Pump-control transmission system
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Fig 5-29 Pump-control differential cylinder hydrostatic transmission system
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Fig 5-30The Boom differential cylinder displacement response to the valve control singal
B ARYE e AR JA AR AR EREE, W] AR AN BRI 3R 2 1 i th D R R R
SR S AR AW R B8 WP 5-31, KB 22 B e LA A8 X 2 g W FE B 5 B0 e O i 2 1 P
5-32 i, KB ESWIEGEH RN EDMFE SN the & 5-33 s, LURKEEE)
L Bl BR VH FERI RE R B 2R LI 5-34:

93



KIFEHETRFMEHRNEF AR

1 T2 45
BN =
o~ E
> 30 =g
;EO.S E
= 155
U 8
W SRR B e ;
0 Fiowes K —— 0
0 S 10 15
It ¢/s

B 5-31 &Y hF 4G E B K

Fig 5-31 the outputting power and the valve plate response curve of the pump
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Fig 5-33 the flow and pressure characteristics of the Boom differential cylinde
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Fig 5-34 the consumed power of the Boom differential cylinder
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