JRATA INTERNATIONAL SYMPOSIUM 2025
Copyright © JRAIA

Innovative VE SRB type Compressor Development compatible with R454B refrigerant
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ABSTRACT

In order to reduce greenhouse gas emissions, we have rapidly responded to refrigerant regulations in the North
American market and aimed for miniaturization and weight reduction of twin rotary compressors. We addressed the
challenges of reduced suction flow paths in thin CYLINDER, CRANKSHAFT run-out in a wide range, and refrigerant
backflow in 1-pass SUCTION PIPE by introducing technologies such as circle-oval JOINT PIPE, asymmetric
BALANCE WEIGHT, and Whistle structure. As a result, we have developed a lineup of 'SRB type compressors'
compatible with R454B, achieving a weight reduction rate of 13.8% in compressors for the North American market
while maintaining the same efficiency (energy-saving performance) as our conventional SNB type compatible with
R410 refrigerant. Moving forward, we will standardize this specification and expand globally, including our existing
bases in Japan, China, and Thailand, as well as new bases in India and USA, contributing to the realization of carbon

neutrality.
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1. INTRODUCTION

Our corporation defines the resolution of societal
challenges through business activities as a fundamental
mission. Within the air conditioning sector, our objective
is to contribute to the establishment of a sustainable
society by pursuing carbon neutrality through the
reduction of greenhouse gas emissions. From an
environmental policy perspective, the Montreal Protocol,
adopted in 1987 to address ozone depletion and global
warming, has positioned the phased elimination of
chlorofluorocarbons (CFCs) and the phasedown of
hydrofluorocarbons (HFCs) as international priorities.
Following the Kigali Amendment to the Montreal
Protocol in 2016, the United States enacted the American
Innovation and Manufacturing (AIM) Act in December
2020 and subsequently ratified the Kigali Amendment in
September 2022, thereby providing a regulatory
framework for refrigerants. Consequently, beginning in
2025, refrigerants with a global warming potential
(GWP) exceeding 700 will be prohibited for use in air
conditioners and heat pumps (Fig. 1). This regulatory
development renders the continued utilization of R410A,
a refrigerant widely applied in the North American
market, not feasible and necessitates a transition toward
lower GWP alternatives.

In response, our company, in pursuit of carbon
neutrality, developed a new refrigerating machine oil
with excellent stability, lubricity, and low-temperature
fluidity, thereby enabling compatibility with the R454B
refrigerant (GWP 466). Through this advancement, we
aimed to expand the product lineup of SRB type twin
rotary compressors compatible with R454B, a lower-
GWP alternative to R410A refrigerant (GWP 1924).
Reducing greenhouse gas emissions over the product life
cycle requires not only improving the energy efficiency
of the products themselves but also reducing material
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usage, minimizing processing and assembly burdens,
and shortening production times to lower simultaneously
targeted greenhouse gas emission reductions through
downsizing and weight reduction.

As a result, in the North American market, we
realized the development of an R454B compatible SRB
type compressor lineup (Fig.2) that achieves a 13.8%
weight reduction compared with our conventional
R410A compatible SNB type model, while maintaining
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equivalent efficiency (energy-saving performance).
The subsequent sections describe the methodologies and
technical considerations that enabled this achievement.

2. TECHNOLOGIES FOR IMPLEMENTATION

For downsizing and weight reduction of
compressors, effective approaches include reducing the
volume of individual components or decreasing the total
number of components. When decomposed into major
functional elements, the compressor can be classified
into three parts: the compression mechanism, the motor,
and the shell (including the suction muffler) (Fig.3).
Accordingly, downsizing and weight reduction efforts
were implemented for each of these three elements.
Specifically, for volume reduction, cylinder height
reduction (thin cylinder) and expansion of the
permissible rotational speed range (wide range) were
implemented, while for component count reduction, a 1
pass suction pipe configuration was introduced. On the
other hand, since reducing the motor height leads to a
decline in motor performance, efficiency improvements
were pursued through the development of items in the
compression mechanism. By allocating these efficiency
gains to motor height reduction, compressor downsizing
was successfully achieved.
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Fig.3 Structure of compressor and development elements

2.1 CHALLENGES AND SOLUTIONS IN THIN
CYLINDER

The cylinder of a rotary compressor is a principal
component forming the compression chamber and
constitutes one of the largest parts in terms of volume.
However, attempts to reduce the thickness of the cylinder
present several challenges, such as increased assembly
deformation due to reduced rigidity and a reduction in
the suction flow passage resulting from dimensional
constraints on the suction hole. To mitigate assembly
deformation, our company applied a production
technique known as heat caulking, which reduces
cylinder strain during assembly. With respect to the issue
of suction passage reduction, the conventional circular
joint pipe [Fig. 4(a)] limited the effective flow area. To
address this problem, we expanded the cylinder suction
hole in the radial direction and introduced an oval joint
pipe [Fig. 4(b)], thereby enlarging the effective cross-
sectional area of the passage and overcoming the
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efficiency loss caused by reduced flow area. However, as
shown in Fig. 4(b), making the cylinder, shell, joint pipe,
and suction pipe all adopt an oval shape presented the
challenge of increased processing load (longer
processing time). To address this, we introduced a circle-
oval joint pipe [Fig. 4(c)], with a circular rear end and an
oval front end. This allowed the use of a circular suction
hole in the shell and a circular suction pipe, both of
which offer favorable formability, thereby achieving
both high compressor efficiency and reduced processing
load.
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Furthermore, the compression chamber of a rotary
compressor consists of the cylinder, rolling piston, and
vane. A major portion of the refrigerant leakage from the
high pressure region to the low pressure region occurs
through the radial clearance between the inner diameter
of the cylinder and the outer diameter of the rolling



piston (Fig.5). The leakage area at the side surface of the
rolling piston can be expressed as [cylinder width] x
[radial clearance between the cylinder inner diameter
and the rolling piston outer diameter]. Accordingly,
reducing the cylinder thickness is effective in
minimizing leakage loss, thereby contributing to higher
efficiency. Based on these efforts, while improving
efficiency, we achieved a 20.6% volume reduction in our
9.2 cc model by reducing the cylinder height from 13.6
mm to 10.8 mm.
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2.2 CHALLENGES AND SOLUTIONS IN WIDE
RANGE

In rotary compressors, the shaft run-out under
centrifugal force during high speed operation, leading to
shaft wear and increased vibration; thus, an upper limit
on rotation speed is generally imposed. Expanding this
speed limit to allow a wide range enables a single
compressor to cover a broader capacity range.
Consequently, compared with current models, a smaller
stroke volume can be selected, thereby allowing
downsizing through the use of more compact and
lightweight compressors. This approach not only
contributes to size and weight reduction but also
decreases the number of required product variants, which
in turn reduces setup requirements during manufacturing
and lowers power consumption. Furthermore, by
adopting a smaller stroke volume, the compressor can
operate at higher rotation speed to deliver the same
capacity. Operation in this higher speed region
suppresses refrigerant leakage from the compression
chamber, thereby improving compressor efficiency. To
achieve these benefits, we developed a one-dimensional
CAE (1D-CAE) of the compressor to suppress shaft run-
out during high speed operation (Fig.6).
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The compressor is subjected to complex
phenomena involving forces across multiple fields, such
as gas compression loads, motor magnetic attraction, and
centrifugal forces, and therefore requires complicated
analyses to resolve vibration transmission between
components. However, the present 1D-CAE enables
rapid analysis by utilizing Multiphysics models and
Multibody dynamics models, and has established an
optimal design method for balance weights, including
“asymmetric balance weights” with differences in upper
and lower mass, which traditionally require significant
time for design and evaluation. As represented by our 14
cc model in Fig. 6, the shaft run-out increases up to 200%
at 160 rps compared with the baseline at 130 rps, the
maximum rotation speed of the conventional model.
However, by introducing the optimally designed
asymmetric balance weight(B/W) derived from the 1D-
CAE analysis, the shaft run-out at 160 rps was
suppressed by 37%. Furthermore, this 1D-CAE enables
continuous refinement of analytical accuracy through
feedback from experimental results, thereby improving
its predictive performance throughout the development
process. As a result, significant downsizing was achieved,
including the replacement of the M type 33 cc model
(shell outer diameter @132.3) with the smaller S type
28cc model (shell outer diameter ¢107).
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2.3 CHALLENGES AND SOLUTIONS IN 1 PASS
SUCTION PIPE

Since a twin rotary compressor is equipped with
two compression chambers, a 2 pass suction pipe
configuration with two suction pipes, as shown in Fig.
8(a), is generally used. This suction pipe typically has an
elbow structure and is made of copper, considering
brazeability to the compressor shell body. However, due
to the recent rise in copper prices, a 1 pass suction pipe
configuration, as shown in Fig. 8(b), which enables both
a reduction in the number of components and a decrease
in copper usage, was adopted. In contrast to the 2 pass
suction pipe, where each compression chamber is
connected in series with a dedicated suction pipe, the 1
pass suction pipe structure allows the refrigerant flowing
from a single suction pipe to branch in parallel inside the
mechanism and then flows into each compression
chamber. Under this configuration, backflow refrigerant
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generated when the rolling piston side leakage occurs
during compression, or when the discharge valve opens
and high pressure refrigerant flows from the discharge
port to the suction port, can enter the opposite
compression chamber (e.g., backflow from the upper
cylinder flowing into the lower cylinder). Such backflow
increases suction pressure loss and results in lower
efficiency compared with the 2 pass suction pipe. To
suppress this backflow during the opening of the
discharge valve, a “whistle structure” (Fig.9) was
introduced, in which the side of the suction hole opposite
to the vane slot was narrowed toward the inner side of
the suction hole, thereby reducing the suction closing
angle. This structure reduces the suction pressure loss
caused by backflow, which is particularly pronounced in
the 1 pass structure, and thus enables a highly efficient 1
pass configuration. The circle-oval joint pipe must be
capable of being inserted into the suction hole of the shell,
as shown in Fig. 4(c). To permit insertion into the shell,
the circle section of the circle-oval joint pipe must be
larger than the oval section. Therefore, compared with
the 2 pass suction pipe configuration, the 1 pass suction
pipe configuration, which allows easier expansion of the
suction pipe diameter, is well suited for use with the
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3. CONCLUTION

In order to reduce greenhouse gas emissions, we
have rapidly responded to refrigerant regulations in the
North American market and aimed for miniaturization
and weight reduction of twin rotary compressors. We
addressed the challenges of reduced suction flow paths
in thin cylinder, crankshaft run-out in a wide range, and
refrigerant backflow in 1-pass suction pipe by
introducing technologies such as circle-oval joint pipe,
asymmetric balance weight, and whistle structure. As a
result, we have developed a lineup of 'SRB type
compressors' compatible with R454B, achieving a
weight reduction rate of 13.8% in compressors for the
North American market while maintaining the same
efficiency (energy-saving performance) as our
conventional SNB type compatible with R410
refrigerant. Moving forward, we will standardize this
specification and expand globally, including our existing
bases in Japan, China, and Thailand, as well as new bases
in India and USA, contributing to the realization of
carbon neutrality.
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In order to reduce greenhouse gas emissions, we have rapidly responded to refrigerant regulations in the
North American market and aimed for miniaturization and weight reduction of twin rotary compressors. We addressed
the challenges of reduced suction flow paths in thin cylinder, crankshaft run-out in a wide range, and refrigerant backflow
in 1-pass suction pipe by introducing technologies such as circle-oval joint pipe, asymmetric balance weight, and whistle
structure. As a result, we have developed a lineup of 'SRB type compressors' compatible with R454B, achieving a weight
reduction rate of 13.8% in compressors for the North American market while maintaining the same efficiency (energy-
saving performance) as our conventional SNB type compatible with R410 refrigerant. Moving forward, we will
standardize this specification and expand globally, including our existing bases in Japan, China, and Thailand, as well as
new bases in India and USA, contributing to the realization of carbon neutrality.
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