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Discharge Flow Characteristics of A Rotating-Cam an

Fixed-Cylinder Type Radial Piston Pump
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Abstract: In the beginning of this study, pressure in a cylinder and flow rate from a cylinder of a rotating-cam

and fixed-cylinder type radial piston pump are investigated through numerical simulations, so that the

simulation results might be utilized as basements for examining physical phenomena occurring in the

pump assembly. Then, for supplying basic knowledge on pump design,

pressure, flow and leakage

characteristics of the pump assembly under the variations of major design parameters are investigated

through numerical simulations. At the end, key design parameters influencing upon volumetric

efficiency of the pump are listed.

1. M E

190639l v]=+2] Williams 59} Janney 7]AH7}
Atgh2] AAG F2AE HIZE dgslgl o) H]S23t
Al7191 190799+ =9 Hele Shaw ¥HAlzp 33
A9 golyd m2E Pz E dysint 1930
ol 59 Hans 7| = A2 A 928

How, o] F 7k AL HzEe XS ATt
HA AAY oA FATIA A=A
b Etol AAE AT

1970t o=, oM 7IEd F94E 1Y I
2FE Pxo g AgS 3E AE, S ANL
2 ZYEaL, e AAHSE i f
2E Pz YgRES
o]¢} o] FolrLdd ]
A F olfre, doltgde] ddlFoez Hio

i
=2
>
to
e
N

Aed 20109 11¥€ 6¢

FAA1AD 1 2010d 112 29

AL : 20104 12€ 17

oA (HRAA) : P ATt 71 ARG AT %5}
E-mail: iylee@pknu.ac.kr Tel: 051-629-6153
HAAE - RAYstn gEgd m7lERY A FEd

10

9 AT wAlEAH el #an, e b
=71 $7] wZolt
A= ko]l AEHIL = deoyd A&
Hzo 3 A - 2 AhE o] St o] ¥4
o

olr
2
e
=
ol
R

IE

ol o
<A

rir oo rlr
ki
rr
BN 2
F
o

% do [ oox o Lo i

S,
I
[t
opy
i
9‘L

Ho

2

>

[>

o

of

o

fru 2

o

o

2

o
£

N ]I.?,
of
-
il
-
off
ol

E\’,Qrﬂﬁﬂﬂéurﬁ‘
oo Al o e
2 T ru
£ 5 2y ot H
r:i_u— 2 £
rok lﬂrJ

N
_b,u: O""l".?‘_',
ko Fer_&
N r_“i_u
- _WL«C’J
s E
o =
of é:”.:
r&f—j 2 1o
5 u
; [ 2
o, i
= o

P
K
0
o
[K
P
K

o

Z
[l

.

2ot do o> £ 2 o & o
9



Ao EA, AR B ZUANN BHF 5 e
% 9E 3 89 58 A% 99 7Y 5]
A 2dE AT, 494 2= AA2 A 7

%“;E% ’z}ii fs}oq Z,:x }\]%a]o]/ﬂ—% =35}
i, Fx AAY #HE F8 EY QAo Hz9
Bt ] 5 1:10:]
[} QO =

gA 7 - 1A AAEY Folyd JAE FHro
24, 3709 FJAES zk= H3EZ(Bosch Rexroth
Abe] @ FAS Fig. 1o VrebATth 2doA @

® 9 G FdUE 2 $3U8 @

o14¢ VEriTh 379 ddnE 12070 1Aox
4% F9o) WAHN, 2 NEESE A5
A8 A4 Aol ATl e G2 gFo] U
U WY A8e B o Wxe] FAS ¢,
% Aol WF dEe 59 BE(o] 2ol A
Bl ols}e]

o, A7 WJ *éfﬁﬂ
Table 19 AAIgch

YA s
o] 9JAFH (outer

FEgrh 28

Table 1 Physical parameters and operating conditions
of the object pump of study

item value
number of pistons(z) 3
piston diameter(D),) 8 mm
piston length(Z,,) 44 mm
piston stroke(Z) 5 mm
?gcinzr}gl;ty of cam 95 mm
piston area(A4,,) 050265 cm?

displacement of pump 0.754 cm?®/rev

clearance between
piston and cylinder

axial length of the sliding surface between piston and

5 pm

cylinder : 34(£2.5) mm
dead volume of each cylinder at 3
IDP (® at Fig. 2) 0366 cm
volume of load side chamber (® 3
at Fig. 2) 7918 cm
cracking pressure of the check
valves 0.05 MPa
suction(boosting)
pressure(p;) 7 MPa
mean load pressure(p,) 70 MPa
N =1720 rpm,
N r ’
pump speed(N,, n,) n,~2867 ps
dead point, ODP)°ll $x& UHOU A= FAZ
=(0)F 9=0" shd 3HAFo] ODPERH Z% ¢
wa ﬁﬁ%%ﬂ%JA*EHMsz s ST
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df
4714 w= P o,

BolAE clede £ ¥ g E e Aoz

PREs

Q ZEAI” A eszm[OJr(zfl) 7r] (3)
iz1

21 (3)ell A zOT‘E T FAE $F T J&E

Folm, M2E F 7t E5Y wole 09 FH
by -, 7b ket ol sl
0<0< 7/z = 20:(z+1)/2 (4)

7/2<0 <21z = ZO:(Z*I)/Q
Qi oz Qe 2% a, ol st

k
Z n(a+iB) =sin— ﬂ sm(a+k—ﬂ)/ g

O 10k
FEYAIA

HsHs|X| M8 M1z 2011. 3 11



toty
=
ol
=S
=
o,
i
e
nj
o>
=
o,
i
e
&

><
i

\L
K
1o
oy
1N
o
o
il
ox

o IAZE AHIEZR, o]AE S8&3l 4 Qe Ee 9 LA A AaWB s AEo
wA s T Aoz B, 2 188 §Y, $390 4 02E] FEEE
o A9 84 o] EAVT o] AH arE FAU
Q) =A ewsin—— sin (6 +— 7)/sin— ) 2o = o] A o g e
v z z @9 $WE @ Ato]9 AH o wA J2FEo] AL
kA, 27t 2 W, 4 6= A (inner dead point, IDP)ell 128 wje] A&t

czy=(2+1)/2 [=0<0<7/2]:

= AF 24 O AT HZEREH $2E f
ch':Apewcos;—z COS(@*;—Z)/Sing (6a) = FotdE 248 usEB @5 AAA 9@
A2 B3
Pa=(ml/2 lenfz<b < /] Ageold mde] T WE #N2T 3
Q) =A,ew C0527T—Z COS(O—;)—Z) /Sing A 223 AMESImS AHE-3HH, Fig. 29 #%
dew . _ 3|25 AMESIm &XEfol2 743 Zo] Fig. 3
, .
=y —cos(6—5) /sing D) otk Fig. 39 m@e z AN B W2ES
. . H 6)
4 O A8FoRA B Brel o gp D vdrlic component design) Eolu el ol
£Z §3S FH A &= Aok a8y A (6)d A AEIE B2E2 AEsel AysRon,
gE TEes R Ae=s TR ~ o Table 1o AN 2] S}vE FET Table 20
E HT e 47t 4% B39 wE g AL
] . } _ AAE fA #E FRES s
=% sl Y 2 5 WH A& tisir =
a7t HElE] Utk o] AFdMe Fx 549
Al o] do] M8 FAAEE A AZES Q]
AMESIm™& AHg3l22 H= Ao B3 tl% 74|

o] Ao Yoz st Fxel f3t
e Fig. 20 Yepdth Ag= 54 3
270 bare] HEAE 1Y FEZ FY=

st} 3709 HaEo] 12009 AAE 7HA AL

cvoo1

Fig. 3 Simulation model using AMESIm for the pump

12 SzZAAAHESES X KA A1 2011. 3

=o=



Table 2 Physical values on the hydraulic fluid

density(p) 850 kg/m?
effective bulk modulus of oil(3,) 1700 MPa
kinematic viscosity(v) 60<10"% m?/s
temperature( 77) 40 °C
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Table 3 Summary of the results from Fig. 6
mean load mean volumetric
pressure flow rate efficiency
[MPa] [L/min] [%]

7 1.297 100

20 1.283 93.92

45 1.245 95.98

70 1.206 93.01
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Fig. 7 Pressure and flow rate at the outlet of

the chamber ® in Fig. 2
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Table 4 Summary of the results from Fig. 8

mean volumetric
clearance [pim] flow rate [L/min] efficiency [%]

0.01 1.208 93.13

1 1.208 93.13

10 1.207 93.07

20 1.201 92.65

30 1.187 91.55

40 1.161 89.55

E3], EA7} 0.01um (Gl 7M7He $F)ZHE 10
imZ Wgshe Fete] FA fFF Wge vie A
S Aoz Yyt dutdez uyg #eoldd
H2E oA iﬂiiﬂr "e‘ﬂlﬂ Atole] EAlE 5
pm AEE AAPCY Fxo] B R o] 70
MPa Jel= &3kl EA7} 10 pum ©)3tY wjoj
FAo] mjg HL olfe FJ2EF HUY Abo]9
v whE B9)9] SWEF Zo|7f 34(+25) mmE
A HlaA Z7] giiEolth o]y g AMES FA7E 10
pm 13 W A a8 pavt HAES A
U] Abole] EA) Ao opd thE d]lel 7]1E
S AAEH slFH, ot HE
S 53t 11 Y90S FARRI

T =

=

40, 50, 60, 70 % 80 MPazZ WH73IAS wol, Fig.
29] ALY ©9 EFolAe T
Edold Z27E Fig. 9 2 Table 59 Yepdd
3l o= o]9]e] FEL Table 1 E 29
|E A

Algdold A2 RE, e Fat o] S
of welrd AL wlEFgog A& aLo] Fadte

Aoz yeylth olgg AlEdold i, AA
2 d2Ey Ay Alo] ExjoAe FAdulE
= TEFY HA, %FH§~ Fig. 2o yephd A2
82 Qo] AL FiEo] WA AT w9
298 Oy A48 29D £ 95 A E
dFGe] 270l WA e FY FF T4,
AR §A Ao FFoz dd £ fae 7

10
O
S
z
E
1o
ot
Rl
=
)
H
>
=
fot
N
o
=
[
w
=
(8]



4 4 2 24 4994 el NAE Hxe] $F £+

=

——30MPa ----- 40MPa -~--- 50 MPa
~wir 60 MPa -~ 70 MPa -~ 80 MPa

-
o

o
&)l

flow rate [L/min]

70 MPa

0.505 0510 0.515 0.520 0.525

0.0 0.2 0.4 0.6 0.8 1.0
time [s]

Fig. 9 Flow rate under various mean load pressure

Table 5 Summary of the results from Fig. 9

mean load mean volumetric
pressure [MPa] flow rate [L/min] | efficiency [%]
30 1.268 97.77
40 1.253 96.63
50 1.238 95.45
60 1.223 94.32
70 1.208 93.12
80 1.193 91.98
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Fig. 10 Flow rate under various volume of No.
® chamber in Fig. 2

Table 6 Summary of the results from Fig. 10

volume of chamber | mean flow rate volumetric
® [em?] [I/min] efficiency [%]
0.1 1.255 96.74
0.2 1.236 95.29
0.3 1.218 93.96
04 1.202 92.70
05 1.187 91.52
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Fig. 11 Flow rate under various volume of No.

® chamber in Fig. 2




Table 7 Summary of the results from Fig. 11

volume of chamber | mean flow rate volumetric
® [ecm?] [L/min] efficiency [%]
1 1212 93.48
3 1.209 93.26
5 1.208 93.17
7 1.208 93.13
——5mm’/s--- 20 mm’/s -----40 mm’/s
—e=e B0 mMMs e 80 mm’/s ---- 100 mm’/s
1.5 . : T
- W
E10 /M —
3 . J P\m, 0,80, 100 mmls
2 _ \ A | X
: \V/?/ \/L/ \
B 0.5 20 mm2/s |
2 120 | Smmis | | |
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0.0 0.2 0.4 0.6 0.8 1.0
time [s]

Fig. 12 Flow rate under various kinematic viscosity
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Fig. 13 Pressure and flow rate under various
effective bulk modulus of oil

Table 8 Summary of the results from Fig. 13(b)

bulk modulus of | mean flow rate volumetric
oil [MPal] [L/min] efficiency [%]
1700 1.208 93.12
1400 1.188 91.64
1100 1.157 89.25
800 1.102 84.96
500 0.969 74.69
200 0.351 27.09

o
I
[

O
S
>
[>
o2
Qt
E
>
)
H
P
jrary
fot
N
o
[t
[
w
=
~N



]

u

1

toy
2
ol
et
=
o,

>

fll
:

i
N, i,
L
o fo
ook
&
o 2
E!
e L
L @f o
0 1 [H
g 2
wa L opy
e MY
e o
o
PTR
n) oX,
il =2,

rlr
Ho
o, L
Lo
r'E
b

BN
>
ot
o

ZH, AA

Ach
2
el

vl
lo
r{o

ol PN
o o
2
" X
o 1
e o=
o -
i xo it g

M
rly o\}J o
0
v

o
El
2

.
o,
Ho
=2
&
[K
e
-
fru

2B PzoM T F
g3 st
2 theoR, A7 U Hze Fao dA e

B2 o A9

= L

(1) 92
@ B Fof ¢4,
(3) A 35 AL AF,
4) Bz 27 AYuel 24,
(5) frfel BT,
©) e &5 ARDAS
7} Bze Aol wAE de 2AEA,

Table 1°] Fo]
TAZAE 7HAE ©
Aol % A 3
quality) Fxe] Z4
o=z gHA Ut F,
Asta glom, old &8 Aste 29 479
29 7hHA F2, (2) Hi F3F 4™, 3)

2l z

—_
al
X
ol
b
o
i:op
o
2
ol
o
N
-~
i3

o2
=
N
B

of
e
—z

Pay

(o

fru

o,

i —
o M
B
fo it~
w ofh
e
o
0_|>~1
r?.LoE;
i F
H‘&
b
It o=
o

e oox o
Y
= ¥
e lo,
4 fo
o — B2
oo W

S~
o=
o to
o 0
e &
o (B
flo
o
O
ne
&l
[
it
o
K
=2
>
24
b

, Fig. 4(a)9] #%

PP FF TFH FIHHF
A4 $EBHAAM FF ¢H F
olm, o] P& £ Ak Hdt
Y Aol &

(¢4

(

o

4

P!

=

2 41 J

5 &

HU :11’ ]]:10‘!
i
o

g
1B
=
opx
e
4z

o
Ho
fols
o

o, M
o,
)
3
)
AL

o flo
Sy
Ju S
olN
N
Q‘L
rr

Mo o o o oo T

Wodo 4o 0wy ok

s

scAar)
LT A VO A

o ¥

ot

il

o,
> O o
Y
2 &
>y 2
m&r}mr

=R s
o 2

e

=2

18 S zZUA|AESES X KA M1 2011. 3

g4 dolte WA Hxo & f% 54

HEL AANE 0 MPa F=9] 4 o] A
#2403 9 AAE S BY Fad YR
#A 9Y 24, 293 24 §F 59, AEe
Bzl Bz A A AAY $3% AF)o)
Qo] MAA YES St BA Fo| FHE oo}
SRR EY

1) Takenaka, T. and Urata, E, “Oil Hydraulics”,
Yogendo, pp. 8~10, 1970.

2) JFPS, “Fluid Power Handbook”, Ohm Co. pp.
231~250, 19%9.

3) J. Ivantysyn and M. Ivantysynova, “Hydrostatic
Pumps and Motors”, Akademia Books, pp. 25
8~273, 2001.

4) 95 9 69, “dolyg I
E AF "AUE Y, Fer=Hsks] A,
A7A 1%, pp. 1~5, 2005.

5) Bosch Rexroth AG, “Hydraulic Components
for Industrial Application(Part 1)”, Bosch
Rexroth AG, pp. 751 ~784, 2005.

6) LMS IMAGINE S. A, “AMESim Library
Manual”, 2008.

7) Mathwork Inc. “Matlab 7 User's Guide”,
Mathwork Inc., 2008.

8) E. Kojima, H. Yamada, H. Narikawa,

“A Simulation Model of the
Delivery Flow Ripple Produced by a
Hydraulic Axial Piston Pump’,
JHPS, Vol. 29, No. 4, 1998.

9) K. Edge and ]. Darling, “A Theoretical Model
of Axial Piston Pump Flow Ripple”, 1st Bath
Int. Flud Power Workshop, pp. 113~136,
1998

10) o]¥4, B3 , “AAL B AE P
g 3 AlEolAd 2l f3dA 28 5]
A, A24, 3%, pp. 11~17, 2005.

11) o]¥9 s, =9, “AFd Fda47 i 7159
A A ZA G X AAEY gd9 3,
St Abs A e sl =3, A124, 53, pp. 187
~197, 2004.

E Hxzo i

and K.
Moriyama,

Trans. of

e
L



