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A Characteristic Study of Efficiency
in Radial Piston Pump
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Abstract~ A pump which is a fundamental device in a hydraulic system

affects on overall system performance to a great deal
loss become

leakage and solid friction

Such problems as

important in field applications,

especially for the case of operation under high pressure and at high speed.
So the research on this kind of subjects is necessary to improve the
performance of hydraulic devices. A high pressure radial piston pump is
analyzed here, which has a stationary cylinder block. It pumps hydraulic
fluid by letting camring push a piston in a cylinder. Fluid leaks between the
piston and cylinder so that it deteriorates the pump efficiency. Furthermore,
the piston happens to touch the cylinder wall to increase the friction loss
and wear. In this research, by means of FDM, volumetric, mechanical and
overall efficiencies are observed by varying several design parameters and
operation conditions. Design values or their trends are presented to improve

these efficiencies.
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Fig. 1. Configuration of piston and
camring
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Fig. 3. Shape of oil film between the
piston and cylinder

W,= W,+ W,+ W; @)

(W, : E2%9 AR ¢¥AE o712

V2ES APAF=Y Had FY)
gz ZIAEE 9,

7m

LVV—E—”—V—V%QOO (%)

o5 B WE RAE & dvha

ﬂ%@ X100 (%)

9} o] el 4 Sl
w3 £HEE 7,5 system? ojEx<
A 82 E Vgt 8 W,

VumViggy (%)
Vo

2 Ugd £ ler Ve ddr 9
xgAZo] (7R x2e)2 VYEIY = AUtk

6))

ITm=

6)

v

=13
(=]

A

£

Ho o ofgad A
d-Y Aol F& TS E
g FASEL FAFS WoAHe

4 FAstnz delez A& HE

Z

23 ¥%
9 ~E 5

Bro ¥EE uAdty JAE9
goze FAY A2H= FHE FAH
zaigdstg dolE= AL ol el E

108

et )G
(H=% L X=E a=f

JOR ) (7N
FHFEQIEH FHF), F¥H9 AEH

(Xpe 27 2 ®)~10g &3ty T
LiA=3

_ 12peQ,
O ="CRra,

_ (% _ pdP

—fo ( H aX+AH)d0

8

F,

Fi =% Re

9

L
= fozfo * (P—1)cos 0dXd6

[ [x- (P~1)cos 6avax
[ [(P—1)cos aasax

Xf - (10)

24 el Mol dist 23

EFAHHAA Adrld F4dE /YRS
EZ2nAYA 29 FAY & ¥
o] A4drt EEFdE ojv] dARF¢E|
Fesn goerz {FUYHr A2YEE
23 Az Rz EZIH7 e 2
dAgH Egstdop ot matA {4

St Add vel 2 A2 4EI
93 olo] s G FeHol AaWn
N HEELY

ojgf & gHASAFE FUARA
Bulk modulus(K)& %3 Jed & Ao
NAE-AEY 499 A, TS I
FH7F wAgstez oo mst daso



2 (IS 4F945e TIe 4E vEd
Holt}.

P,—P=K- lnLI;zj a1

2.5 Force Balancedi 4

251 %83 24

Figure 4.4} Zol EE#}AHF o
2Ed gE43te P& B8 B Ao
g8 H2gd AGBHE Y(FY, EEF
PR Fgel g3 H2gd e @
(F,), 928 dF%doz 48 49
Eggo 93 FH2ES LI}E &Y
(F), 283 Adce HFd 3 4
AEe FHAGH(F, Fpd o2 1% 3
At BH(puF, pFy) L2 TEE F
AG6l7). ol F Fo AE3e AP
A wet AEFHLzR HIAY F,E
g HdAG Ateld] 7hHFo] vl 2V
o s HAER AdAGY FA &
&g n A4 5 Utk wEA Fel 9
 BUE HREE FAE 5 g

o] Qo= I 2Eo] FTFIHHEA UFI
EA3le FEHE JDAI] A da
@ AdH AP 2 HEH Al
9] olgY Fo] oy AL g2 s
of w1g) ofj 9 z7] wiEol] FAg.

%o BME Fig.49 a9 bAHAA FH
Zo] dojdri= 7pAFol H"AHS glom
2 Fs Foe 89 $71 8 4 gloy 2
ol EA%dH Fpe 00 @ F {171
ol 3 RUE HYPd o F J&EE
S Td4E M F, 20, F,>0& ¢
AlAok g ool BALE ol 2P
2F,=F,—F,— uF,— y,Foy=myx
2 F,=Fy— F,—F/=m,y =0
2ZM,= FyXL+pF,XR—~FXxY;

—F XX~ puFyxRi=I,ax(

Y =

k)

(12)

109

del 4EE 3 29e H2EY 71go]
A% wAZ w dolwz oz
FYe Fam, 12%H 9 & A 2
2 Y FAM BAYEL B, F, F o
Hoosg FaR NAEEE 4 (BE o
g3t 7oA 5 ATk o] W A AlE
g% 7 4B gew g

W=FxU,

(13)
W= p{Fo+ Fp)%x U,

252 #ay HAE HEH Y3

Ao & HAEN FALsE f FE
J2go g2 dtdgF 7]E¥E oA
st £ AR Hu e EEHAF
2 FgHo) AL WaA Hed 2 34
e Jletgtdes 3 £ gloy IAEY
vt AR AHAE v FEE 2
O 5289 FAMozZRE Yo &
A7 Age AFe AAFAR =4
Atelol AR e UXFE & £ o
g oz ¥HEY 4 grh

Y= esinwt (14)

Figure 5v A32zt=7t 42 0, 45°
90° | 135° 4 o o X HAAM HYH 3
289 =7 FFeeA BRAFD Y

Fig. 4. Force balance analysis



(a) Camring angle : 0" (b) Camring angle : 45’

{c) Camring angle : 90° (d) Camring angle : 135°
Fig. 5. Camring-Piston contact point
variation
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(c) camring angle 135°
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(d) camring angle 180°
Fig. 6. Distribution of oil film pressure
p( 8, X) between the piston and cylinder
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Fig. 7. Lateral force variation w.r.t.
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Fig. 8. Leakage variation w.r.t.

camring angle(3,000 rpm)
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Fig. 9. Cylinder Pressure variation w.r.t.
camring angle(3,000 rpm)
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Fig. 12. Overall efficiency w.rt. So
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