PNL-7240
ucC-310

(¥ 3

Subcontractor Report
—______________________________________}

Japanese and American
Competition in the Development
of Scroll Compressors and Its
Impact on the American Air
Conditioning Industry

February 1990

Prepared by Energy International, Inc.
for Pacific Northwest Laboratory
under Contract DE-AC06-76RLO 1830
with the U.S. Department of Energy

Pacific Northwest Laboratory
Operated for the U.S. Department of Energy
by Battelle Memorial Institute

0PTL-INd

s%Batielle



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of
the United States Government. Neither the United States Government nor
any agency thereof, nor Battelle Memorial Institute, nor any of their em-
ployees, makes any warranty, expressed or implied, or assumes any legal
llability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its
use would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its en-
dorsement, recommendation, or favoring by the United States Government
of any agency thereof, or Battelle Memaorial Institute. The views and opinions
of authors expressed herein do not necessarily state or reflect those of the
United States CGovernment or any agency thereof,

PACIFIC NORTHWEST LABORATORY
operated by
BATTELLE MEMORIAL INSTITUTE
for the
UNITED STATES DEPARTMENT OF ENERCY
under Contract DE-ACO6-76RLO 1830

Printed in the United States of America

Availabie to DOE and DOE contractors from the
Office of Scientific and Technical Information, P.O. Box 63, Qak Ridge, TN 37831;
prices available from (615) 576-8401. FT5 626-3401.

Available to the public from the National Technical Information Service,
U.5. Department of Commerce, 5285 Port Royal Rd., Springfield, VA 22161.

MNTIS Price Codes, Microfiche A0

Printed Copy
Price Code Page Range Price Code Page Range
AD2 1- 10 Al5 326-350
A03 11- 50 A6 351-375
A4 51- 75 Al7 376400
A0S 76-100 A8 401425
AD6 101-125 A19 426-450
A7 126-150 A0 451-475
A0 151-175 A21 476-500
A9 176-200 A22 501-525
Al0 201-225 A23 526-550
Al 226-250 A24 551-575
Al12 251-275 A25 576-600
A1l 276-300 A9 601-Up

A4 301-325



3 3679 00056 7406

JAPANESE AND AMERICAN COMPETITION IN
THE DEVELOPMENT OF SCROLL COMPRESSORS
AND ITS IMPACT ON THE AMERICAN AIR

CONDITIONING INDUSTRY

Kenji Ushimarn
Energy International, Inc.
Bellevue, Washington

G. L. Wilfert, PNL Task Manager

February 1990

Prepared by Energy International, Inc.
for Pacific Northwest Laboratory
under Contract DE-AC06-76RLO 1830
with the U.S. Department of Enerpy
under Agreement B-041536-A-V
Additional support has been provided
by the U.S. Department of Commerce

Pacific Northwest Laboratory
Richiand, Washington 99352

PNL-7240
UC-310






PREFACE

The development of Scroll compressor technology has been a major part of my professional career as a
mechanical engineer for the past 17 years. I have participated in this development as a player rather than as a
spectator; it has been a challenging and interesting adventure that happens perhaps once in a person’s lifetime.

When the basic concept for a gas compression device using involute-walled chambers was brought to us, I
was intrigued with the possibilities for such a machine which could have non-pulsating, quiet, efficient perform-
ance. A review of prior art indicated that little or no effort had been expended on designing the details-of this
type of compressor. Therefore, the opportunity to develop a patent position forming the basis for a technology-
licensing effort was revealed. From the start, our efforts were focused on developing and refining the compo-
nent parts of Scroll machines including, of course, suitable bearings and seals so that this machine would be
competitive with alternative compressors. During this evolutionary period, we developed a healthy respect for
existing gas compressor designs, which were in a mature state of development and manufacture, and which
appeared difficult to equal.

The machining of compressor parts incorporating Scroll or involute contours is easily done with gear-driven
generation techniques on conventional milling machines when producing parts one at a time. However, the best
means for mass production is not obvious. The involute contours are stmple to define mathematically, but the
configuration of the complete Scroll path does not lend itself to normal high-speed production machining
processes. As a result, it was difficult to interest production manunfacturing engineers in suggesting possible
ways to produce this type of compressor part in quantity, They secemed to be more interested in the possibility
that Scroll technology would fail; therefore, they would not have to deal with the production problems. In par-
tial defense of their position, it should be noted that this was near the end of the Wankel engine glorification
period when several machine tool builders developed special production equipment, but the market for these
machines did not materialize because of problems with the engine itself.

It was only after Japanesc-produced Scroll compressors were sold in the U.S. that our industry began to
respond to the challenge of manufacturing Scroll compressors in production quantities. Scroll technology was
basically reduced to practice in the United States, but the Japanese were the first to make Scroll compressors in
production. The fundamental reasons for this appear to be that Japanese manufacturers are better able 1o
carry out long-range product development and the associated production machine tool development activities.
Their focus on export products, coordinated economic activity, and a patent system supportive of Japanese
industry provides a fertile environment for their industries.

By contrast, U.S. machine tool builders and product manufacturers seem more fragmented, making joint
product development activitics difficult. Also, the focus of U.S. industry on short-term financial return and dis-
tractions caused by merger or acquisition activities does not provide a fertile environment for long-term product
development. Even in product development, the U.S. has focused on product rather than process innovation.
That has certainly been my focus.
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I hope that the events described in this document will be useful to others by bringing to light the necessity
for resolving the inequities of the Japanese patent system, improving the cooperation between 1.S. product and
machine tool manufacturers, and reinforcing the need for U.S. industry to accept the challenges of manu-
facturing process innovation, as well as product innovation, with some enthusiasm.

John E. McCullough
Arthur D, Little, Inc.
Cambridge, Massachuselts

June 9, 1989

John E. McCullough is a Director of Technology and Product Development at Arthur D, Little, Inc. He is
one of the leading inventors of modern scroll technology. At Arthur D. Little, Inc., Mr. McCullough is respons-
ible for projects in all areas of specialized mechanical design, with emphasis on those where proprietary tech-
nology can be generated. He is now working on second-generation Seroll compressor designs to improve effici-
ency, reduce noise, and reduce manufacturing costs. Mr, McCuliough holds twenty-four patents on Scrolt
equipment, and three in the field of commercial combustion equipment.
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ABSTRACT

This report examines the technological development of scroll compressors and its impact on the air condi-
tioning equipment industry. Scroll compressors, although considered to be the compressors of the future for
energy-efficient residential heat pumps and possibly for many other applications, are difficult to manufacture on
a volume-production base. The manufacturing process reguires computer-aided, numerically controlled tools
for high-precision fabrication of major parts.

Japan implemented a global strategy for dominating the technological world market in the 1970s, and scroll
compressor technology benefited from the advent of new-generation machine tools. As a result, if American
manufacturers of scroll compressors purchase or are essentially forced to purchase numerically controlled tools
from Japan in the future, they will then become dependent on their own competitors because the same Jap-
anese conglomerates that make nnmerically controlled tools also make scroll compressors.

This study illustrates the importance of the basic machine tool industry to the health of the U.S. economy.
Without a strong machine tool industry, it is difficult for American manufacturers to put innovations, whether
patented or not, into production. As we experience transformation in the air conditioning and refrigeration
market, it will be critical to establish a consistent national policy to provide healthy competition among
producers, to promote innovation within the industry, to enhance assimilation of new technology, and to elim-
inate practices that are incompatible with these goals.






SUMMARY

Scroll compressors, the latest development in energy-efficient compressors for residential heat pumps and
air conditioners, are considered the compressors of the future for energy-efficient residential heat pumps and
possibly for many other applications. Although an American company has some of the earliest patents on
improved scroll compressor technology, it was a Japanese company, Sanden, that sold the world’s first commer-
cial scroll compressor for automobile air conditioners in 1981, Another Japanese company, Hitachi, sold the
world’s first scroll compressor for heat pumps. An American company (Copeland Corporation) began selling
scroll compressors for heat pumps in 1987, and another American company (The Trane Company) entered the
scroll compressor market in 1988.

H properly designed and manufactured, scroll compressors are believed to be more energy efficient than
other compressors of their size, both as a fixed-speed and as a variable-speed compressor. It is also believed
that they produce less vibration, and therefore, can be guieter, lighter, and smaller than other compressors.
Because they contain a smaller number of moving parts, scroll compressors are also potentially more reliable.

One of the main reasons the scroll compressor was not commercialized more quickly after its invention in
1886 is that its design is a complex curve requiring precise fabrication if it is to be efficient. Such precise
fabrication, based on a low-cost, high-volume production schedule, was impractical or impossible until the
development of computer-aided, nuemerically controlled tools. Althongh numenically controlled machine tools
were invented in the United States, in 1971 the Japanese government adopted a plan promoting them; and by
the 1980s, Japan absolutely dominated the world market in machine tools.

A major conclusion of this report is that American technology is not far behind the Japanese in inventiveness
and the advancement of a technology base for high-quality, long-life refrigerant compressors. It is important to
note that the technological incubation time for high-precision, engineering-intensive products such as scroll
compressors is significant. That two U.S. manufacturers are now competing effectively in the scroll compressor
market indicates that the U.S. industry is keeping pace with international competition. What is important is
whether the high-precision machine tool industry in the United States will be competitive.

In securing a leadership position in the world’s heating, ventilation, and air conditioning {(HVAC) industry,
as well as other engineering-product markets, it is concluded that the U.S, machine tool industry must be resur-
rected. This report presents a consolidated view of the relationship between the machine tool industry and its
impact on the basic manufacturing imdustry using the large domestic HVAC market as an example,

Present HVAC work implies that consistent national trade and industrial leadership are crucial for reviving
the machine tool industry, which is the foundation of our industrial strength and national security. The suc-
cessful introduction of scroll compressors in the early 1980s by Japanese manufacturers (before their U.S. com-
petitors) was primarily the result of the U.S. machine tool industry’s suffering great losses during the 1970s
when technology for high-precision fabrication and assembly was needed. Seroll technology had to be devel-
oped by paralle! advances in design engineering and integrated design fabrication technology, which unfor-
tunately, was not occurring in the United States at that crucial time. However, future competition for the basic
manufacturing industry in the United States by international conglomerates is now likely.

The sustained competitiveness of American scroll manufacturers is important because, in the future, scroil
and other compressors could be important factors in the competitiveness of American manufacturers of heat
pumps and air conditioners. If, in the future, American manufacturers of heat pumps and air conditioners pur-
chase, or are ¢ssentially forced to purchase, their compressors from Japan, then they could become dependent
on their own competition. This is because the Japanesc conglomerates that make compressors also make heat
pumps and air conditioners. Although Japanese conglomerates now concentrate on small-capacity heat pumps
for the Japanese market, they conceivably could begin manufacturing larger-capacity heat pumps for the



mainsiream American market, just as they began by selling small cars developed for the Japanese market and
progressed to selling larger cars for the mainsiream American market. In short, Japanese conglomerates who
began by dominating the numerically controlled machine tool industry, are now making a strong bid for the
compressor industry. These conglomerates could make a bid for the heat pump and air conditioner industry as
well.
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1.0 INTRODUCTION

Energy conservation in U.S. industrial and econ-
omi¢ systems has received increasing attention smce
the 1970s energy crisis. For applications in the heat-
ing, ventilation, and air conditioning (HVAC) mar-
ket, most energy consumption occurs in vapor com-
pression work, which has developed a need for high-
efficiency compressors within the U.S. market.
Overseas, particularly in Japan, the need for low
noise/vibration is more predominant than the need
for an efficiency advantage. The scroll compressor,
as explained in this report prepared for the Pacific
Northwest Laboratory,™ is an alternative compres-
sion mechanism that offers potential advantages for
both markets.

Piston (or reciprocating-type) compressors, the
workhorse of the air conditioning and refrigeration
indusiry since the 1930s, offer good efficiency levels
and, through proper design and application, work

well for a variety of HVAC applications. These ap-

plications mclude air conditioning, refrigeration, and
beat pumps. In addition, the design and operating
parameters of piston compressors are well devel-
oped and understood; the technology presents no
particular manufacturing problems.

However, industry requirements for final pack-
ages are changing necessitating corresponding de-
sign changes and performance specifications for
compressors. Competition, high energy costs, and
increased government regulations are compelling
domestic manufacturers to develop even more ef-
ficient systems, and attaining this goal cost effec-
tively will require compressor efficiencies higher
than piston technology can achieve. At the same
time, end users are beginning to demand improved
comfort characteristics from air conditioning and
heat pump systems. System noise is also becoming a
greater concern, with local regulations on system
sound levels becoming more common. Japanese
manufacturers, compelled by a need for quiet sys-
tems (appropriate for a high-density housing envi-
ronment), have developed residential split systems
with noise levels typically below those of comparable
U.S. models (Copeland 1988).

(a) Pacilic Northwest Laboratory (PNL) is aperated for the U.S.
Department of Energy by Battelle Memorial Institute under
Contract DE-ACO6-76R1LO 1830.
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The new market demands are leading the air
conditioning mdustry away from piston technology
to alternative designs. Scroll compressor technology
offers many of the features required to meet the fu-
ture needs of air conditioning heat pump systems,
and interest in scroll technology has accelerated with
the increasing competition for global market share.

Aiming to capture the bulk of the high-efficiency
HVAC equipment market, five Japanese and two
U.S. manufacturers are competing in the hermetic
scroll compressor market for residential and com-
mercial HVAC applications:

® Hitachi (Japan)

¢ Matsushita (Japan)

¢ Mitsubishi Electric (Yapan)
® Daikin Industries (Japan)
® Toshiba (Japan)

® Copeland (U.5.)

® Trane (U.S.).

In addition, two Japanese companies have com-
mercialized open-shaft-type scrall compressors for
automobile air conditioning application:

® Sanden
® Mitsubishi Heavy Industries,

This research work assesses Japanese scroll com-
pressor technology and its impact on the U S.
HVAC industry. The work builds upon a study pre-
viously performed by PNL, the U.S. Department of
Energy (DOE), and Energy International, Inc., on
Japanese technology for rotary compressors and
variable-speed heat pumps for HVAC applications
(Ushimaru 1987a, 1987b, and 1988). The previous
work covered all types of rotary compressors, as well
as reviewed how inverter technology served as a cat-
alyst for industry-wide changes in the Japanese res-
idential and commercial HVAC markets,



The objectives of the present work are as follows:

® to examine Japanese technology for scroll
COMPIessors

# (o contribute to U.S. industrial competitiveness
by facilitating access to the recent advances in
these areas

® to analyze how the technical advances taking
place in Japan may affect the U.S. HVAC
industry,

The basic thesis of this work presents the devel-
opment of scroll compressor technology not as a
techknical innovation, but as a successful result of a
complex industry-government structure for promot-
ing manufacturing excellence, including patent prac-
tice, machine tooling industry, air conditioning
equipment industry, and a national policy for export-
ing manufactured goods.

There is evidence that a significant portion of
Japan’s machine industry growth in the 1970s was
heavily subsidized, ¢ither publicly or cooperatively
by the Japanese government and industry-banking
conglomerates. The expansion of the machine tool
industry and its high-precision, high-volume machin-
ing equipment was a precursor to the subsequent
development of engineering products, which re-
quires extremely high-precision machining., Some of
the leading products include rolling piston compres-
sors, scroll compressors, Screw compressors, auto-
motive turbo-chargers, and high-performance
bearings.

A major conclusion of this report, however, is
that Western technology is not far behind the Jap-
anese in mventiveness and the advancement of a
technology base for high-quality, long-life refrig-
erant compressors. In fact, two of the leading U.S.
compressor manufacturers currently belong to the
fraternity of "scroll manufacturers.” It is important
to note that the technological incubation time for
high-precision, engineering-intensive products such
as scroll compressors is significant. That rwo U.S.
manufacturers are now competing effectively in the
scroll compressor market indicates that the ULS.

1.2

industry is keeping pace with international competi-
tion, at least in this area. What is important ig
whether the high-precision machine tool industry in
the U.S. will be competitive.

To secure a leadership position in the world's
HVAC industry (as well as other engineering pro-
duct markets), the U.S. machine tool industry will
have to be resurrected. This report presents a con-
solidated view of the relationship between the mach-
ine tool industry and its impact on the basic manu-
facturing industry by using the large domestic
HVAC market as ap example.

Over 80% of the global market for vapor com-
pressors used for the HVAC industry is controlled
by Japanese and U.S, manufacturers. The strength
of the Japanese manufacturers is in the area of
small-capacity (less than three tons), rotary-type
compressors for residential room air conditioning
units, refrigerators, and automotive air conditioning
units. The strength of the U.S. manufacturers lies in
the area of medium- to large-capacity (2.5 to
15 tons) reciprocating-type compressors. Aided by
the large domestic market in the United States, sev-
eral key domestic manufacturers are still quite suc-
cessful in the compressor market. However, the im-
pending enforcement date of the new efficiency
standards for air conditioning and refrigeration
equipment, as well as the change in the market de-
mand for product specifications, may significantly
reshape the U.S. HVAC industry in the 1990s.

Japan and the United States, the world’s two
great HVAC industry leaders, will be competing for
the new-generation HVAC equipment market share
based on the new compressor specifications. Be-
cause the scroll compressor concept is appropriate
for the medium-size range (3 to 5 tons), the leading
manufacturers of scroll compressors will first com-
pete in the U.S. HVAC market where the greatest
market demand is in that size range. This is, there-
fore, an opporiune time to reevaluate the founda-
tions of the U.S. basic manufacturing industry and
its technological base and to develop a consistent
national policy stance based on lessons learned dur-
ing the 1980s. This will enable the U.S. to compete
effectively in the technology-driven global market
for the 1990s.





















































































































