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Computer Aided Bondgraphs Modeling and Simulation
of Hydrostatic Transmission

Seongwoo Woo*, Raeseok Park*, and Jongkil Lee*
ABSTRACT

To get the time response characteristics of the hydrostatic transmission, seaborne winch is modeled by
using bond graphs. After modeling of its basic elements, it is represented as power flow, and the determi-
nation of variable causality. The state equations are derived by using CAMP. As dynamic stabilities and
solutions are investigated by perturbation method and direct integration, winch system is stable. Simula-
tions are performed under the conditions of low speed, high speed. and maximum tension. The pressure
and flow rate of the hydrostatic transmission have a big overshoot. But when it is compared to the empiri-
cal data with simulation resulfs, it is similar to each other. When a lead compensator is applied to improve
response characteristics of the hydrostatic transmission, rise time and overshoot of the system are

improved.

Key Words: Winch($1X]), Hydrostatic Transmission(¢ E#474). Bond Graphs(2= AL),
CAMP(Computer Aided Modeling Program), ACSL(Advanced Continuous Simulation Language)
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Fig. 1 Schematic diagram of the hydrostatic transmission
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Table 1 Basic parameters of the hydraulic system

et
;

Effort Eft) Torque, Pressure

Flow F(t) Angular velocity, Volume Flowrate
Momentura P Integral of Pressure
Displacement Q Volume

Power PO=EM FB on)-T(), P O
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Fig. 2 Electric motor and hydraulic pump modeling

e gddeA FEA7F Fdsle] HEeR ofFd
W o]8 2= Ax=E Rd3 &9 Fig 37 Zo] X84
. Table 29 £ 5 A2wlo Al4dE JEH,
TOTAL AZOLLAS 469 84X & Yehiich A=A
C@ Cp 2 AF 79 45 FEE vEd Aoz ZA5H
Fo| AR B4 AFE rolE golvh AH & A
BE 6,000 - 12,000 barrte]9} gt& ol Apgsted|
%17} & 10,000 bar2 A&sit}.

A\Rzz 1 Ra6
e — ‘\
S
P e
Cpy —n d T — P
g ¢
R I R
/] 1 1 4 /] 26
E"2-1A(] —_ 1 >~ L%.&.
B s
C R ¢

Fig. 3 Fluid line modeling

Table 2 The properties of hydraulic oil

ZOLEA
Specific weight (g) 8.63
Density (o) 0.88
Viscous coefficient( v ) 4.048x10”
Ol volume(¥’,) 59.38x10”
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Table 3 The hydraulic pump and motor leakage when
pressure increases
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Fig. 5 Bondgraph of the hydrostatic transmission
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Table 4 The constant values of bond graph modeling of
hydrostatic transmission

[ ity L Exéme 3
Muwr and Pump | _Flow Source
Model Motor

R, ~186xJ0™
Resistance

Pump MIF,,, =1432x10 %@
Capacitance where low and ugh o2, =1,
mix, fension g, =077
Prpe Modsl Eluid Cyp= (1, 5938 % 1070

Capacitance
Fiuid Iritia 1, 716710 |
Pump Resistance] . =3409 = 10 _
Motot R, =6667x10°
Resistance
Flwd Resistance | R, =2435%10°

Hydraulic Motar | Metor TFype =17 64 % 10 (low speed, max wpson) |

and Load Model | _Capacuance 882 %10 * (gh spoed)

| Ineriiq [, =005
| Resistance Ry=1-%
Torque SL,= 15 (hugh), 30 (Jow), 39 (max tension)

Controller Fegignn | Time Constence | = 08 7. 210, §, =005, T,=0!

Value Gun K=K=10
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Fig. 6 State equations of the system using by CAMP
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Table 5 Steady solutions of € equations and eigenvalues
A from modes

oo =10434, B, = 103006, -00137516 £1423925,
G = 10398, =100718 34 =—0.0176004 1001760041

Low Speed 1
A
T = L2226 oy = 110523, ) 70, = - UOI61S4 £ 1416581,
)
y
A

High Speed
G = 121955, 5y =0.72833 | 4, =~ 0017736:£0.0823881s
G 12036, i, = 11053, | 4, =—-00137916:£1423924,
G = 101437, 5, = 103929 | Ay, =~ D.OLT6004 £ 01641731
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