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ABSTRACT

This paper is on a new device developed to measure the piston stroke length (PSL) of the variable dis-
placement swash plate compressor (VDSC), with which the test bench for the VDSC and test system
for automotive air conditioner with VDSC is constructed. The volumetric efficiency, PSL and displacement
control, and transient behavior along with air conditioning load or compressor rotary speed are investi-
gated experimentally. The experiment results show that the volumetric efficiency of the VDSC is directly
proportional to the PSL due to the constant absolute clearance at different piston stroke lengths. When
the air conditioning load keeps constant, the PSL and displacement of the VDSC are regulated to meet
the air conditioning load at different compressor rotary speeds or vehicle speeds. When the air condition-
ing load changes gradually, the PSL has a number of small step changes so that the refrigerating capacity
of the VDSC can well fit the air conditioning load. When the compressor rotary speed changes abruptly,
the piston stroke length, refrigerant mass flow rate, and other parameters change with a very short time

delay to ensure a nearly constant refrigerating capacity of compressor.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

The variable displacement compressor has been used popularly
in the automotive air conditioning (AAC) system due to its contin-
uous operation, better thermal comfort inside car, and lower petrol
consumption [1-3]. Of the variable displacement reciprocating
compressors, there are two types: wobble plate and swash plate.
The difference between them is that, for the former, the wobble
plate and pistons are connected with the piston rods while for
the latter, there is no piston rod and the swash plate inserts into
the pistons directly, which is used more and more widely due to
its simple structure, low noise and excellent performance.

Though it has been widely applied, there are only a few papers
published on the variable displacement swash plate compressor
(VDSC) due to the competition between companies. Taya et al.
[4] introduced the structure, principle, mechanism of variable dis-
placement, and the evaluation results of the VDSC developed by
them. Miyagawa and Kayukawa [5] presented the development
principles, structures, and special features of their VDSC, which is
a swash plate-type continuously variable displacement compres-
sor with one-sided compression. However, in these two papers,
only the structure and working principle of the VDSC are intro-
duced and there is no detailed measured steady-state performance
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or transient behavior included. Yuan [6] investigated experimen-
tally the transient behavior of externally controlled VDSC in an
environmental simulation bench, and got the transient response
of discharge pressure, suction pressure, evaporating temperature
along with the change of input current of control valve and vehicle
speed, but there is no measured piston stroke length (PSL). Tian et
al. [7] developed a steady-state mathematical model of VDSC com-
bining the sub-models of control mechanism, moving components
dynamics and compression process, and simulated the steady-
state performance with the verified model.

As for the PSL measurement, Delvaux et al. [8] designed an
apparatus to measure the PSL of a variable displacement wobble
plate compressor in order to find out how the PSL changed. A posi-
tion sensor was set in the center of the wobble plate at the end
near the discharge cavity, and its displacement signal was obtained
outside the compressor so that the PSL could be measured. How-
ever, it is difficult to install the position sensor and there is possible
refrigerant leakage since the position sensor is fixed at the location
with complicated structure. Tian et al. [9,10] developed a new de-
vice to measure the PSL for a five-cylinder type variable displace-
ment wobble plate compressor. The PSL could be calculated from
measured displacement of journal pivot pin and geometric relation
of moving components inside compressor, and this measurement
method had been proved simple, reliable, and convenient.

As there is no published paper on the PSL measurement device
and experimental investigation with measured PSL on the VDSC,
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Nomenclature

(@)

constant

distance of origin O and P (m)

mass flow rate (kg/h)

compressor rotary speed (r/min)

pressure (MPa)

refrigerating capacity (kW)

radius of the cylinder distributing round (m)
p piston stroke length (m)

» relative piston stroke length

time (s)

real displacement (m?/r)

theoretical displacement (m?/r)

refrigerant specific volume at suction end (m?/kg)
position on X axis (m)

position on Y axis (m)

position on Z axis (m)

swash plate angle (°)

compression ratio

SRS ZES

Wl n
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0 rotation angle (°)

On azimuth angle of No. n piston (°)

Ny volumetric efficiency

A seal coefficient

Ap throttling coefficient

A preheating coefficient

oy clearance coefficient

Subscripts

d discharge

n No. n piston

s suction

sc swash plate case

t central point of the connection between piston and slid-
ing shoe

o coordinate system X,~Y,-Z,

0 coordinate system Xy-Y,-Z,

this paper explores a new device to measure the PSL of VDSC, and
constructs the test bench for VDSC and test system for automotive
air conditioner with VDSC, with which the steady-state perfor-
mance and transient behavior are investigated experimentally.

2. PSL measurement device
2.1. Measurement principle

The VDSC for AAC system consists of the following main moving
components: a main shaft, a drive rotor, a swash plate, and seven
pistons. The drive rotor is fixed in the main shaft and drives the
swash plate rotating along with the main shaft. The swash plate
converts its rotary motion into linear reciprocation of the pistons
through the sliding shoes inside the pistons (Fig. 1). The control
mechanism is composed of a throttling orifice and a mass flow
compensation control valve (MFCV). The refrigerant vapor is intro-
duced from the discharge chamber to swash plate case through the
throttling orifice, and then into the suction chamber through
MFCV. When the automotive air conditioning load decreases, the
suction pressure falls down, then the opening of MFCV decreases,
and the swash plate case pressure increases. The decrease of suc-
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Fig. 1. Variable displacement swash plate compressor.

tion pressure and increase of swash plate case pressure cause the
force moments acting on the swash plate great enough to make
the swash plate angle (or PSL) decrease, and the displacement falls
down to match the decrease of the air conditioning load. In the
similar way, the PSL and displacement will increase when the air
conditioning load rises. The absolute clearance of cylinder keeps
constant at different PSLs for the VDSC.

The distinct difference between the variable displacement com-
pressor and the fixed displacement compressor is that the PSL of
the variable displacement compressor is variable. Thus the chang-
ing rule of PSL is the most important for the characteristics of
VDSC. It is difficult to ascertain how the PSL changes by force anal-
ysis because of the complicated mechanism of the VDSC, so the PSL
measurement turns out to be an indispensable way. However, the
swash plate and pistons are all inside the closed and opaque shell
of compressor, so the PSL cannot be measured by optical means
such as laser interferometry, and the ultrasonic measurement is
complex and very expensive. Therefore, we try to find out the sim-
ple and reliable PSL measurement method according to the struc-
ture of VDSC.

Three coordinate systems are set-up in order to analyze the rel-
ative geometric relations among the moving components (Fig. 2).
The static coordinate system X-Y-Z is defined on the swash plate
case, where the origin O is located on the intersecting point of
the main shaft center and distal end face of the drive rotor to the
cylinders; the Y axis is vertically upward, and the Z axis coincides
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Fig. 2. Three coordinate systems.
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