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Abstract: Axial piston pump is a significant part in wheeled armored vehicle, for generating hydraulic power of
vehicle power system. The Axial Piston Pump is a high-performer, core functional item that is developed and
applied to most of the military models in the development of military weapon systems. However, in the case of
military equipment, there are conditions of limited size and weight required depending on the operating conditions
and the operating environment. Under these conditions, it is required that the performance and the environmental
resistance are verified to exert the required output. A unique technology is needed for the development of such
equipment both in the present and in the future. Therefore, in this study, mathematical modeling of an axial piston
pump is presented as a basic data for securing proprietary technology. In addition, a simulation model is designed
and compared with the models of six kinds of pistons through simulation. It was established that when the number
of pistons of the axial piston pump, which is the development objective, is seven, the model is suitable for the

wheeled armored vehicle.

715 M4 S, : Stroke of Piston, mm
V,; @ Volume of Pump, cc/rev
Z : Number of Piston Q : Pump Flow Rate, Ipm
d, : Diameter of Piston, mm r : Radius of Kidney & Sausage port, mm
A, : Diameter of Area, mm’ « : From end to circle center angle of Kidney port,
R, : PCD of Piston, mm deg

B : From circle center to circle center angle of Kidney

port, deg
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Fig. 1 Main Components of Axial Piston Pumps
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Table 1 Basic Design Value for Piston Number

Item Unit Value
z [EA] 5 6 7 8 9 10
d, [mm] 32.0 | 28.5 | 25.85| 23.7 |21.95]| 205
A, [mm?] | 804.2 | 637.9 | 524.8 | 441.2 | 378.4 | 330.1
R, [mm] 69.7 | 73.0 | 763 | 79.3 | 82.1 | 84.95
5, [mm] |243.5]255.1 | 266.6 | 277.1 | 286.9 | 296.8
Vy | [ec/rev] | 85.7 | 854 | 85.7 | 85.6 | 855 | 85.7
Q [lpm] | 149.9 | 149.4 | 149.9 | 149.7 | 149.7 | 150.0
r [mm] 5.7 52 4.8 4.5 42 4.0
et [deg] 941 | 819 | 723 | 6.52 | 5.87 | 5.40
B [deg] | 43.76 | 35.43 | 29.74 | 25.45 | 22.38 | 19.79
[deg] | 40.71 | 34.10 | 29.33 | 25.76 | 22.94 | 20.70
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Table 29} #t}.

Table 2 Opening Area of Kidney Port and
Sausage Port
No. Piston Unit Value
5 [mm?] 405.503
6 [mm?] 319.682
7 [mm?] 262.483
8 [mm?] 222.125
9 [mm?] 190.106
10 [mm?] 167.573
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Fig. 5 The opening area between the Kidney port

920

180
0[deg]

- Piston7 - Piston 8

and the Sausage port

----- Piston 9

270 360

—Piston 10

445 - ol BE - Y g

[e}

deo] AgsstA HH AT o] 0] He T3kl
L= 2 =EolAe ATdde] F oE

[IREN
P

o] Open Arca JE|E AlEH oA stATh 6714
o mdof J4"H A Wsh= Fig. 59 Zth

43 AMESIm Alg8fold med
on/\]% Q/\E rﬂig] li-]_\_.i E;-q] .43:%31} /\Elr;,']_
3

= Zo] 8] AMESImCO 2 2d#5S 3}
At 7-.L &ﬁ:l?.r;ij% HlElo @ maE9] 7} 5, 6,
7, 8,9, 1071¢] 67FA FRol &l S T3
om AlEYold 2HoE PxO IHALE 1750
[rpm], AFRHZE 17 P12 2ASAT 2 =wodAe
H2E & 70 digk AlEdeld 2dFye Fe

Fig. 63} Zt}.

= Rorag Group

gl T [Piston1 E‘ Q
12 Q[J “Er 1 8 o,
- s
jufn—(w\ » :’ s E’:
nPucw? — Z[ — E,T
R i | s ]. ”:‘n@
GO - ;f O EP:
alve: Plate-Cyl3 ] E
; ,I..T’ "3 175 = |
"W%i@‘f = N "
Zgmen 0o e
NeP\s(s-C M f e 1 3
| e T 5 Ba
S Sl =k n 8 '”‘@9: g
o ey O O F -2 =) e s
‘VN:T -C»\:;‘IP r;t”» H, 58 ) éyllu lﬂkhNL L
rii'k% l 5 c@ H
Zgm o1 H o e
Vihe Plate-Cyl6 *—t @ A H
1 [Petone 57 i n 1
HE |8 g
L SRS -
Vahve Plate-Cyi7 e — =
| 'T"% J:T;" pein T e B ,
B R R
T g O
r‘» > beta ']
T (gutle\l|[5upp|y? i f(lfl;l'“ (\SU‘ctlo r,g;“%\’?m
oSN —\—« (e p x
e Outout %O" E@"j*
(1) Fower
Fig. 6 AMESIm model of axial piston pump
44 ANE2olMd At
AlEd ol & g ol o

3l 67}
2 TYUAEFH EE
0~0.01s Ato]9] Zhe
o A= A8ttt

A 5o
7% Ane
fgol gshe FHoR A%

i

B AEA AAE B8 Y FA2E FZ 6
7HA 2l FYHEY ESHE Ade 25 d9A
e oM agzst gepgth olol dis f#e]
AFRznt & u 2E 7L Y u A 2L
ATRE YeEPgS & 5 Stk

cajoje - HE=Z 2019.3 17



HTT ©
ANEH oA A} ghe Table 3, LB Fig. 73
2t AFgoA & F Axel A2E 7 THY o
FARFe A % #F Hx §F o &7t v
& AA UehdS & Utk

(1) S5.0]106 gk

Table 3 Suction Flow Rate

No. Pist Unit Max Min 0,— 0
0. riston n1 -
(@) (@) 2o
5 [lpm] | 147.428 | 144.552 | 2.876
6 [lpm] | 146.833 | 144.674 | 2.159
7 [lpm] | 146.624 | 146.491 | 0.133
8 [lpm] | 146.660 | 145.609 | 1.051
9 [lpm] | 146.728 | 145.995 | 0.733
10 [lpm] | 147.053 | 146.101 | 0.952
— piston 5
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147.000 L S it fl fn fi
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Fig. 7 Suction Flow Rate by Piston Number
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Table 4 Supply Flow Rate

No. Piston Unit Max Min @, — @
(@) (@)
5 [lpm] | 150.921 | 143.376 | 7.545
6 [lpm] | 149.524 | 143.850 | 5.674
7 [lpm] | 146.692 | 146.140 | 0.552
8 [lpm] | 147.425 | 143.689 | 3.736
9 [lpm] | 147.427 | 144.554 | 2.873
10 [lpm] | 148.487 | 144.655 | 3.832
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Table 5 Result of Flow Pulsation Rate

No. Piston Theory” Simulation
5 4.98 [%] 16.8 [%]
6 14.03 [%] 19.1 [%]
7 2.53 [%] 11.0 [%]
8 7.81 [%] 12.5 [%]
9 1.53 [%] 8.2 [%]
10 4.98 [%] 9.3 [%]

_25.00
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5.00

Flow Pulsation Rate [%

0.00

No. of Piston

—Theory —-Simulation

Fig. 9 Flow Pulsation Rate of Axial Piston Pump

cajojz . #HEE 2019.3 19



A5G U AN 9 2E

o,
=]

7N

Hu
1)
fljo

ol A} 3 AlEHeld A s vud 2
I TP Fig 99+ 2o} Ay gg a#=Z 2 el
WS o o2 AP AEH A AEFe] A
g JHz A4S UeRdS & AT

5.2 &

2 =wolMe 7z A€ Fret 7dS 919
6714 TF9 I AE Foll mE YA Vg FHZ
of w84 AP sk Vx A #e =2
SHSATE. AMESime ©]83te] YA L 9| ~E I B
2g HASL Al EH ol AT

2 =2dAE ted 22 A3E Rl

1) Ao T PAJH A ~E Hxe] A I2E
7oA W 5 HE grol Ak AR HaE
F7F TR o] Mg g wd

npREto 2 JikE I AE Hxo] AEAld A
o} AlEE ol AARE vty A" AlEd el
mdo] HAFHAvd =gt Ay sArleds &
Hol g 712 A8ZE FEF F dg Heojnhv?

7|

{0

B ATE SAMAVIAE FolRAR7 e EAL
A(FUNFLA) [No. S2435981 258 A7t 7hd )

20 Journal of Drive and Control 2019. 3

1)

2)

3)

4

5)

6)

7)

8)

9)

@ ¥ 28 Fol WF ABdeldel B3 A
25y FEE M A AR AAHE
AFAFHAAG e Aoz F=tdr)Elsd
(KIAT) 20183 AX7|ARKDAESE S Y, 2
AWME 1 N0001292]9] A|Po g F3id A<,

References

S. R. Choi, S. S. Shin, I. Y. Lee, D. H. Jang and
J. H. Kwon, “A Basic Study on Pressure & Flow
Ripple Simulation of Axial Piston Pump”,
Proceedings of the KFPS 2010 Autumn Conference,
pp.57~62, 2010.

I. Y. Lee, J. H Park and M. G. Kang, "Flow
Ripple Simulation Model of Axial Piston Pump,"
Journal of Drive and Control, Vol.2, No.3, pp.
54~59, 2005.

D. H. Jang, S. K. Lee, J. H Kwon and S. H.
Park, "A Study on Pressure, Flow Fluctuation and
Noise in the Cylinder of Swash Plate Type Axial
Piston Pump," Journal of Drive and Control, Vol.6,
No.3, pp.38~46, 20009.

J. H. Shin, H. E. Kim and K. W. Kim, "A Study
on Models for the Analysis of Pressure Pulsation in
a Swash-Plate Type Axial Piston Pump," Journal of
The Korean Society of Tribologists and Lubrication
Engineers, Vol.27, No.6, pp.314~320, 2011.

M. Galal Rabie, Fluid Power Engineering,
McGraw-Hill, New York, pp.103~105, 2009.

J. H. Bae, W. J. Chung, J. H. Jang, Y. H. Yoon,
J. Y. Jeon, “Study of Pressure and Flux Pulsation
to Design Optimum Valve-Plate Notch and
Pulsation-Variables Analysis of Swash-Plate-Type
Piston Pump”, Journal of the Korean Society of
Manufacturing Technology Engineers, Vol.24, No.2,
pp.244-250, 2015.

J. Ivantysyn and M. Ivantysynova, Hydrostatic
Pumps and Motors, Tech Books International, New
Delhi, pp.123, 2003.

Y. H. Yoon, J. S. Jang, Y. B. Lee, “An Analysis
of Dynamic Characteristics for Variable Swash
Plate Type Axial Piston Pump”, Proceedings of the
KSFC 2012 Spring Conference, pp.23~30, 2012.

S. W. Choi, Q. H. Le, S. J. Kim and S. Y. Yang,

"Analysis of flow characteristics according to the



10)

B

tilting angle of the variable swash plate type piston
pump for power transmission device," Proceedings
of 2017 Autumn Conference on Drive and Control,
pp. 40~41, 2017.

S. R. Choi et al., "A Study on Design of Notches
in Valve Plate of Swash Plate Type Axial Piston
Pumps Operated Bi-directionally", Journal of Drive
and Control, Vol.13, No.3, pp.39-46, 2016.

e Ol FE - B d

[e}

11) S. S. Park et al., "Development of a Concrete
Pump Truck’s Core Pump Model and
Validation", Journal of Drive and Control, Vol.15,

No.2, pp.1-8, 2018.

Its

12) D. S. Jung, Y. B. Lee and B. S. Kang, "Study for
the Reliability Evaluation of a Volute Pump",

Journal of Drive and Control,

pp.23-29, 2018.

Eglojle - HEE 2019. 3

Vol.15, No.4,

21





