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ABSTRACT

Simulation study on the performance characteristics
of a variable displacement vane pump

Oh, Jae-kyeong
Advisor: Prof. Cho, Hong-hyun, Ph. D.
Department of Mechanical Engineering

Graduate School of Chosun University

Recently, most automatic transmission vehicles use a gear pump where the
discharge flow rate increases as engine speed rises. The discharge flow rate in-
creases excessively when the gear pump rotating speed goes beyond a certain
range, and cavitation occurs at the suction port due to an increase in the
low-pressure region leading to a power loss. When the cavitation occurs, the per-
formance of the pump is reduced dramatically with vibration and noise, indicating
an unstable state. Therefore, research is actively underway on preventing power
loss due to excessive oil discharge flow of the gear pump and minimizing cav-
itation generation by using flow control of the oil pump in the automatic trans-
mission at high rotating speed.

Few cases have applied variable displacement vane pumps to engines.
However, it cannot be applied directly to the automatic transmission oil pump be-

cause of high operating pressure. Therefore, it must be re-designed in consid-

- viil -
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eration of the working pressure. In order to make it possible for the flow control
of the vane pump to be applied in an automatic transmission, it is very necessary
to analyze the variation in pressure ripples, cavitation generation, and flow rate,
which are really important for flow control and vane pump design, according to
operating temperature and rotation speed. However, the financial and time costs
are high in figuring out performance characteristics under variable operating con-
ditions through experimentation. Therefore, time and money can be saved by us-
ing computational fluid dynamics (CFD) to analyze the variations in performance
under different operation conditions.

In a previous study, research on the variations in pressure ripples and cav-
itation occurrences was hardly found. As well, the study of cavitation generation
is still lacking compared to that of the pressure ripple. Many existing studies of
cavitation focus on single blades or vanes. The performance and fluid flow study
for whole vane pumps is not enough, especially for automatic transmissions, which
are operated under high pressure.

In the present work, the variation of discharge flow rate, Driving torque,
cavitation generation, and the pressure field of the flow-control vane pump are
applied to automatic transmissions and analyzed using the simulation model. In or-
der to understand the performance due to change in variable amounts, were ana-
lyzed discharge mass flow rate, pressure ripples, cavitation amount and cam ring
movement while changing the rotational speed, operating temperature and feed-
back pressure. Discharge flow rate showed up to decreases with rise of operating
temperature and bigger clearance and fixed by 38 l/m with chamber displacement
angle. Driving torque decreased with operating temperature and clearance in-

creases and in inverse proportional to the variation amount. Flow and pressure

- iX -
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ripples were increased by an increase in viscosity due to lowering of the operat-
ing temperature and higher discharge flow rate with increasing rotational speed.
Cavitation show a tendency to occur in the suction section, disappear by collapse

rapidly discharge portion.
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Fig. 1.1 Exterior of automatic transmission.

Fig. 1.2 vane pump of automatic transmission.
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(b) Volume of the chamber with displacement outer ring

Fig. 21 Schematic of a vane type oil pump.
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Table 2.1 Specifications of vane pump
Specification Item Value
Rotor Radius (mm) 42.8
Cam ring Radius (mm) 45.7
Vane Number (EA) 9
Vane tip gap (mm) 0.0675
Clearance
Side leak gap (mm) 0.03
Spring length (mm) 39
A (mm) 0(39)
Model and
B (mm) 2(37)
spring distance
C (mm) 4(35)
Pivot angle angle (°) 104.5
- 11 -
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Fig. 2.2 Flow field of a vane type oil pump.
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Table 2.2 Simulation conditions

Item Specification
1,000
A model
2,000
(0 mm)
3,000
B model 2,000
Model type and
(2 mm) 3,000
rotation speed (RPM)
3,000
C model 4,000
(4 mm) 5,000
6,000
Inlet pressure (bar) 1

16 (driving condition)

Outlet pressure (bar)
20 (backing condition)

Temperature (C) -40, 20, 80, 120

- 14 -
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ch = (mmax — Mmin )U (2-9)

(2-10)

[Cj;z+ D%fz Tpressure - Tfriction + Tspring + Thaditional (2-1D
G (Tp;>< (r— 7 )do (2-12)
T iction = / ) frx (r=r,)do (2-13)
Topring = (_ a— Fp?‘eload)X (Z‘ Z) (2-14)

AZNA Fps 2EF O A2l wet A 2z do] Wl mE Az

B ATl o] &3 7 S5y WPz A WMee Hu 182 7] o

oz 2Ae Ho] 2@2-1De thed} go] Akgch

o do
[ﬁ+ DE: ];ressure - ]}'riction + ];Jreload + Tadditional (2715)
T;)reload = Fpreload X (T_ ?"0) (2_16)
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(2-17)

K= kd*

(2-18)
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Fig. 2.3 Variation of inlet mass flow rate with simulation time.

- 20 -

Collection @ chosun



Fig. 2.4 Monitering point for analysis data collection.

01 -

)Collection @ chosun



A5 A AERA

APL dolur AP AHlE Z8ste] APHAoH V8 5.08

&717k ol gHTh AW A ZA TERE, QUHE o9W, oUWE =

—o
o
of
2
of
e

A, HEE TN FEEHE AFHETE JHNA LLdHEZE 255t

X
o
&
i
ot
rlo
1-0

A FUE ¥ &5 HAAE T3l 8HTE 1A H

2,50 YEFR AT

Oil Temperature
Controller
(heater and cooler)

Automatic
Transmission

RPM Mass Flow meter -/
i C j .  Valve Body
Valve Bﬂdy —  Controller

Fig. 2.5 Schematic diagram of experimental system.
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Fig. 31 Comparision of outlet mass flow rate and

torque with rotation speed.
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Fig. 3.2 Variation of chamber volume with vane angle.
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Fig. 3.3 Variation of average mass flow rate with rotation speed.
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Fig. 3.4 Variation of outlet flow ripples with rotor rotation(16 bar).
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Fig. 3.5 Variation of outlet flow ripples with rotor rotation(20 bar).
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Fig. 3.6 Variation of volumetric efficiency with vane rotation

speed.
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Fig. 3.7 Variation of cavitation volume in the chambers with

rotation speed.
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Fig. 3.8 Cavitation occurs in A, B, C models(16 bar).
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Fig. 3.9 Variation of outlet pressure ripples with rotor rotation(16 bar).
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Fig. 3.11 Pressure chapter in A, B, C models(16 bar).
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Fig. 3.12 Variation of driving torque with rotation speed.
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Fig. 3.13 Variation of cavitation volume with vane angle(16 bar).
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Fig. 3.19 Variation of outlet pressure ripples with rotor rotation.
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Fig. 321 Valve module flow field of a vane type oil
pump.

Table 3.1 Simulation conditions for valve module application

Specification Specification
Inlet pressure (bar) 1
Outlet pressure (bar) 16

3.02 (2200 RPM)

Feed back
3.41 (2600 RPM)
pressure (bar)

3.8 (3000 RPM)

Temperature (C) 85
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