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Hydraulic equipment have been traditionally used for constructing machines with
high power density and durability. In particular, pumps and motors are considered
essential equipment, and are consistently investigated to find suitable methods for
optimal utilization of their characteristics. A kinematic analysis of a swash-plate-
type piston motor model using the hydraulic analysis program SimulationX® to
model a nine-piston motor and simulate a swash-plate angle with a low-pulsation
and high-efficiency performance of the motor has been provided in this paper.
Finally, along with the theoretical consideration of the stroke, the effect of
changing strokes and notch shape (V, U, non-type) on the pulsation is simulated
to analyze and determine the effects of reduction in pulsation. The optimal
swash-plate angle and stroke thus obtained will reduce the trial and error in future
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Fig. 1 swash plate type piston motor'”!
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Fig. 2 Rotary parts of Swash plate type piston pump and motor”!

w A2Ele] A2, AUES ol Hashs o g ol &
252 AN TRjslelor det AR TI2E 2E) A28,
A3, Qb4 gl REE S Slels B A A
Ziol that 77 Basie), Aol ojs) @4 sE2a, U5,
E21 5 ofg] fa5o] usiin] ol AS sl A3
o Qoo AMES, A4, 1EE) REE U]
7127} Btk Bace] ol AR SIAE Hio| WOE
dolE 4] el wE U % 4% AL AT A
Bac®le] =Rel i 024 AR IAE Yol i B 4
of g AT o] 2ol B ElSh BT = 9 B A
2ER S, A2 T A o) FolA) sl Fig. 29} e

Hzoh wElE FU B2 g2 A=Y, B

A

rlr

[e)

fo

3]
T

EZ o) 34
< B3l FYH EZ0| o] FoIR =Tt Aol R 2= Wl FA
St} sEARE A AE #9) 9 AR mE WE A7k IR KE
&0 A7t A7 vl FHEE wropzt ZEje] thdk A7
Zasitt wEbA B =ellAe 7] siils B AR T2
& 2B BdS npEo 2 {9 2279 5 Simulation X
0]4-3}4] Single Piston Motorg Z@st A W, 1 TE9
TH A%5S ¥ F JE ARLEE AEY S 53 2E Aol
o} &3 P 2EE o tigh o] £4 133 I AlEdoldS
3l
A

1 2E23 W] uhe UE G skl v e

3
Bl W2 dE AR 83 RS AT Zonk

-
-

152

i .
Pl e = ~
Sl R Fi

Cylinder block Walve plate
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Table 1 Parameter of the swash plate angle

Case Swash plate angle
1 14
2 16
3 18
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Fig. 4 Coordinate system in piston and swash plate'
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Fig. 5 Single piston motor modeling using Simulation X
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Table 2 Parameter of the model

Variable Value

Pressure supply (bar) 100
Piston diameter (mm), d 16.5
Stroke (mm), L 2Rtan

Pitch circle diameter (mm), R 37
Piston mass (g) 100
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Fig. 6 The opening area without notch
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Fig. 7 The rotary speed at single piston motor
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Fig. 8 The pressure pulsation at single piston motor
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Fig. 9 Nine piston motor model using simulation X

Table 3 Parameters of the model

Variable Value
Moment of inertia (kgm?) 0.01
Piston 9
Stiffness of contact (Nmyrad) 500000
Damper (Nms/rad) 0.001
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Table 4 Rotary speed & stable time
Case Time (s) Rotary speed (rpm)
Case 1 04 1966
Case 2 0.32 1833
Case 3 0.33 1707
H
v
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Fig. 11 The pressure pulsation at cylinder according to swash

plate angle
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Fig. 12 Torque pulsation according to swash plate angle

Fig. 13 Section diagram of ‘H,’1®™
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Pressure [bar]

Time [s]
Fig. 16 The pressure pulsation at cylinder according to ‘H)’

Table 5 Value of ‘H)’ and pressure pulsation

Case Piston stroke (mm) | Pressure pulsation (bar)
Case 1 17.5 14
Case 2 20 16
Case 3 25 17.5
Case 4 30 18.8
Non type V type U type
Fig. 17 Notch shapes
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Table 6 Comparison of pressure pulsation on three notch types

Value
Non type V type U type
Pressure [bar] 224 18.3 139
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Fig. 21 Torque pulsation of 3 cases



Journal of the Korean Society of Manufacturing Technology Engineers 26:2 (2017) 151~157

o, §9Y 3 B3N 54T 7T 12 Wtz 9l
& A7le HEe AT 849 A Bl iE AAE F
& V typed} U typeoll tak si4e AAjst] BE At 235

3ol & Zlo|th Fig. 17+ non-typed} V type, U type =30
gk Folt}. o] gt F/d& EdIE Simulation X E2l| Fig.
189} Zo] 77+ HAle] WistE &l &

Table 59| Fig. 199] @%50] A7t XéE
ERfilom Al e ~2ERE 9] WH Zo|E Ao oA
Non-type U=V type, U type =22 W58 A7)0
o &84 Z1& sttt Fig. 209 ﬁJJroﬂxi EguE w3l

Non-type, V type, U type =02 QHY3}H
< 2t gelsisith

TA ]i Aelste] 1

6. 2 2

3]
=

&

o
LN T

i AE7IA19] A3 ZH Tl AHEE 2 P9
S 7R AR 9| aE REY| ARz A gl P ~E
A, WE Fo|E9 =X3 4 tigk A7E stom,
34 223391 Simulation XE -85 ARR3 gy ~E
23, 2] BH A% 9 #Fe) 7|4 dE AlEd ol
sttt I A¥ vt 22 A3E s g Itk AR, ARtz
L 7)E 145185 Alo]9] s °‘4i ARt} ARSIA,
BE gEnE grEol wet HA) A%r) EAst =2olM AR

g

E%rfm

x 1
1

9 BHe| 4% 14504 ZE] PYA0l EE o
& nolelnh S, W0 Jee FAE AAasse o8
02 Z95a 53 9|AE 99 2EZ} 9B 7N G
BN Filo] FHSIET, Ao WY AEZE o £24)o)

Asiel AT T H2o) B Lehde & 5 gk A, B
B Feo|=9] 7hPRizo] Wk A B UBY) A7k A
WEL WP AS U 5 Utk BEHOT B R AR

= T
o) 3APE TS Slstel ABzist 4 2E2

}11 il

AN
L
o

&

¢

|2 RE | 14

157

=10) o A BeloIig Ak, A1) Aazia 9y 2=
23, 98 FeolEe] wAPYE FohdoA ¥ ¥ UAS I
o glof BT E 4 QA H,

References

[1] Lee, Y. Y., 2012, Hydraulic Engineering, Munundang, Republic of
Korea.

[2] Kim, J. G., 2003, Performance Characteristics with Valve Plate Shapes
in Swash Plate Type Oil Piston Pumps, A Thesis for a Doctorate,
Chonbuk National University, Republic of Korea.

[3] Bae, J. H.,, Chung, W. J., Kim, S. B. 2015, Application of Simulation
X based Simulation Technique to the Design of Opening Area for a
Valve Plate of Swash Plate Type Piston Pump, Int’l Conf. Scientific
Computing 128-134.

[4]Jang, J. H., Chung, W.J., Jeong, S. W., 2012, A Study of Efficiency for
Variable Swash Plate Type Piston Pump, Proceedings of the KSPE
conference, 753-754.

[5]Jang, J. H., Chung, W.J., Lee, D. S., Yoon, Y. H., 2013, Application of
SimulationX based Simulation Technique to Notch Shape Optimization
for a Variable Swash Plate Type Piston Pump, Journal of The
International Conference on Scientific Computing, 40-46.

[6] Noh, D. K., Jang, J. S., 2013, Shape Design Sensitivity Analysis of the
Valves Installed in the Hydraulic Driving Motor, Journal of The KSFC,
22:3 81-87.

[7] Jeong, Y. W., 2015, A Study on the Design of Rotary Parts in a Fixed
Displacement Swash Plate Type Piston Motor, A Thesis for a Master
Degree, Changwon National University, Republic of Korea.

[8] ITL, 2011, SinulationX user Manual and Library Manual, ITI GmbH.

[9] Liy, L. L., Jang, J. S., 2013, Characteristics Analysis of the Hydraulic
Motor Design Variables, Journal of the KSAE, 21:4 188-194.



