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Simulation Analysis of Pressure Fluctuation for Hydrostatic Driving

System of Cooling Fan
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Abstract

The electrical-motor driving system, which has been
popular for the engine cooling fan system, is not adequate
for constructing a cooling fan system of small size and light
weight while achieving a reduced fan noise and a large air
flow. For satisfying these requirements, a new hydrostatic
driving system for cooling fans has been developed. This
system is composed of a hydraulic pump driven by an
engine, a hydraulic motor driving a cooling fan, a reservoir

tank, hoses, and an electronic control unit. The fan speed is

controlled by an electro-hydraulic pressure control valve in
the hydraulic pump. However, the pressure fluctuation with
extremely large amplitudes and relatively low frequencies
were observed to occur in this hydraulic system when
operated at low oil temperatures.

In this study, the cause and mechanism of the fluctuation
along with the countermeasures were clarified by utilizing a

simulation analysis technique.
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Fig. 1

Schematic diagram of system.

B R ZEHT R&D L ¥ a—  Vol. 28 No.3 (1993.9)

H25, ZOFRBEHDHAFRICL~T, ANE
Wit 57 7 VHEREFERICRE CETT 54
THILIGWI L, BEIRICY—VEDPBELR
TWIELEDREFH L, LrL, EDRHEART
HIMEAMEITE, KRBT, »oEER (10HA2E )
DENEEHPRET ABEZIEE Tz,

Z T, BREFFETIE Y AT 42 %3 5 IHE — ¥4
RIS L CEOEMEBITT 00 32— 3
TR T ADRE, FLTYAT LD T
T, ENEBOREREE S UBARE £LTM
HIEEZBES 2T L,

2. RBFE

NYFERTEIEH AT LA LALERObOEH
W, MERY 7RIV ORDYICEBERIZL 5T
—EE¥EEL (1000 rpm ) TERBIL 72 2L T, RV 7
DEAOB LKA, MEE—FOAOBIHOD
FESH, Ry THOEEORE, S6IMERY 78
LOGHE 7 7 o OREER R LR FNFNEBEKENE
33 ( Kuliteth#, HEM-375), ¥ — ¥ ViEEEr ( 2
— & 7a—3E, M2/0500/U3), FLTA 7 LA
YINBR—F Y I a—F (L 70Ty sitE
MES-30-360 ) IC X DEMMI L7 72, HEE—% D
WL, E— 5 RAKESE— 7 iEEEHIITIZHE

Table 1 Specifications of hydraulic system.
Hydraulic | Type Balanced and vane
pump Displacement 10.5 mé/rev
Valve Type Pressure control
(in pump) | Control range | 0.2~7.0 MPa
. Type Trochoid and internal gear
Hydraulic Displacement 5.0mé/
motor P Lmeirev
Output torque 45N -m
Cooling | Inertia moment | ¢ g053kg . m?
fan Diameter 430mm
Supply hose | Length 90 (S) + 310 (R) + 520
[with rubber | (=1270mm) (S) + 260 (R) +90 (S)
hose (R) and | Inper dia,
steel tube (S) | 6.5 (S)and 9.5 (R)
(mm)
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Table 2 Test conditions.

. o Power steering fluid
Kind of working oil [62 cSt (at 30°C)]
Oil temp. 40~80C
Rotational speed of pump 1000 rpm
Belt tension force 400N

Metering orifice

\
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Symbol "[]" is a point where oil
compressibility is considered.

Fig. 2 Simulation model.
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Fig. 3 Relation between input current vs. fan speed.
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Fig. 4 Wave forms of low temperature.
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Fig. 5 Wave forms of high temperature.
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Fig. 7 Relation between fan speed vs. fluctuating frequency.
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Fig. 8 Verification (1) for adequancy of simulation model.
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Fig.17. Influence of solenoid valve (simulation results).
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Fig.18 Influence of solenoid valve (experimental results).
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