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"Providing Comfort through Air-
Conditioning and Assuring the
Quality of Frozen Food"
-Service Technology for Air-
Conditioning and Refrigeration-

Air-conditioning products are installed in various kinds of buildings to create a comfortable living space. Refrig-
eration products preserve the quality of food during transportation from the site of origin to consumers. Mitsubishi
Heavy Industries, Ltd. (MHI) is making efforts to improve service technology so that these products may always give
excellent performance and reach consumers in satisfactory condition. Air-conditioning products include packaged
air-conditioners, gas engine driven heat pumps (GHP) and large-sized refrigerating machines, while refrigeration
products include transport refrigeration units. It is intended to prevent troubles and respond quickly in case of
necessity by remote control monitoring and a centrally controlled management system.

1. Introduction1. Introduction1. Introduction1. Introduction1. Introduction
Air-conditioning products such as packaged air-con-

ditioners, gas engine driven heat pumps and centrifugal
chillers are widely installed in various kinds of build-
ings,  creating comfortable l iving environments.
Transport refrigeration units and other refrigeration
products contribute greatly to keeping the freshness of
food, both frozen and fresh, in varied locations from the
site of origin to the consumer market. MHI is always
improving its service technology so that these products
may be maintained to give best performance and be used
by customers in a satisfactory state.

Repair services of air-conditioning and refrigeration
products are concentrated in summer. To obtain greater
customer satisfaction, it is essential to receive repair
requests from customers immediately, make visits on the
requested date, and finish diagnosis and repair work
promptly. For this purpose, MHI started a local service
front center (SFC) to serve general customers in the
Kinki district in 2001, to receiving telephone calls for
service 365 days a year.  Similar SFC operations were
started in the Kanto and Chubu districts in 2002. To
support this repair service, a 365-day parts shipping ser-
vice was also started in 2002.

As demonstrated by the popularity of multiple type
packaged air-conditioners, the functions and controls of
products are diversified, while the progress of informa-
tion technology represented by the Internet has been
dramatic. In response to such rapid changes, MHI is
endeavoring to acquire advanced service technology and
develop service tools. This paper presents the latest news

of service technology relating to packaged air-condition-
ers, gas engine driven heat pumps, centrifugal chillers,
and transport refrigeration units.

2. Packaged air-conditioner2. Packaged air-conditioner2. Packaged air-conditioner2. Packaged air-conditioner2. Packaged air-conditioner
2.1 Maintenance needs of air-conditioning for2.1 Maintenance needs of air-conditioning for2.1 Maintenance needs of air-conditioning for2.1 Maintenance needs of air-conditioning for2.1 Maintenance needs of air-conditioning for

buildingsbuildingsbuildingsbuildingsbuildings
The building construction in Japan began to decrease

in the early 1990s, and the building business changed
from new construction to emphasis on renewal of exist-
ing buildings. This is because the prolonged economic
depression and ecological considerations have not per-
mitted the hitherto easy "scrap-and-build" policy.
Renewal requirements are mainly related to equipment,
because the service life of equipment is generally shorter
than the life span of the building itself, while the re-
quired rate of improvement of function and performance
of equipment is faster.

Regarding equipment, air-conditioners are the ob-
jects most frequently requiring maintenance among
owners and residents of buildings. Important service
activities include quick response to repair calls, sav-
ing of energy, and repair and replacement of parts and
equipment.

2.2 Enhanced service function of new products (Hyper2.2 Enhanced service function of new products (Hyper2.2 Enhanced service function of new products (Hyper2.2 Enhanced service function of new products (Hyper2.2 Enhanced service function of new products (Hyper
Inverter)Inverter)Inverter)Inverter)Inverter)

One example of advanced service in products is the
Hyper Inverter that was put on the market in Novem-
ber 2002. This energy-saving inverter air-conditioner has
recorded high coefficient of performance (COP) in the
industry, and its service functions have also been im-
proved as follows:
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 . Advanced diagnosis function of operating state
The remote control unit displays the operation

data, and also shows the operation data of outdoor
units such as compressor motor frequency and com-
pressor low pressure.  In this way, the operating state
of the outdoor unit can be easily ascertained and
checked without doing outside. The outdoor unit con-
trol panel also has other display functions such as
compressor low pressure, suction superheat degree,
and suction pipe temperature, and by displaying a
greater amount of information, the operating status
of the unit can be diagnosed easily.

 . Reduced troubleshooting time
Data immediately before abnormal stop is dis-

played by the remote control unit, enabling the cause
to be known instantly and the repair time to be short-
ened.

 . Improved precision of maintenance plan
From start of use of the air-conditioner, the cumu-

lative running time and compressor operation time
are displayed by the remote control unit, the clean-
ing period of heat exchanger is suggested, and the
maintenance schedule may be planned easily.

 . Improved efficiency and reliability of pumpdown op-
eration

At the time of activities such as moving the out-
door unit, pumpdown operation for collecting the
refrigerant in the condenser is needed, and a
pumpdown switch is provided in the control panel of
the outdoor unit. The pumpdown operation can be
terminated automatically while protecting the com-
pressor, which greatly enhances the working efficiency
and reliability.
2 .3  Upgraded service  funct ion  by  operat ion2.3  Upgraded service  funct ion  by  operat ion2.3  Upgraded service  funct ion  by  operat ion2.3  Upgraded service  funct ion  by  operat ion2.3  Upgraded service  funct ion  by  operat ion

monitoring toolmonitoring toolmonitoring toolmonitoring toolmonitoring tool
Ahead of its competitors in the industry, MHI has

developed a building management system air-condition-
ing control network "Superlink" for controlling dozens
of indoor units and outdoor units.

Recently, communication protocols for building man-
agement systems have been introduced, as represented
by LonWorks(R) and BACnet, and communications are
enabled with building management systems among dif-
ferent vendors, and not only single buildings but also a
plural number of buildings can be managed comprehen-

sively by a uniform system, and district management is
expected in future. MHI has already developed commu-
nication facilities conforming to LonWorks(R) and
BACnet, and is aiming to create an intelligent building
management system.

MHI is further upgrading the function of QSS-net
(Quick Service Support system-network) which is the
operation monitoring tool of packaged air-conditioner
developed. It is also planning to present the latest main-
tenance information, feed back field information to the
design section, and predict troubles, by sending opera-
tion data from the remote monitoring terminals installed
in the air-conditioners to the monitor center, and man-
aging cases of trouble by an integrated system.

3. Gas engine driven heat pumps  (GHP)3. Gas engine driven heat pumps  (GHP)3. Gas engine driven heat pumps  (GHP)3. Gas engine driven heat pumps  (GHP)3. Gas engine driven heat pumps  (GHP)
GHP are generally used in relatively large buildings,

and require periodic maintenance service to assure reli-
ability and safety because gas engines and fuel gas are
used. Besides, the unit is composed of diversified com-
ponents, so that precise accurate information and quick
countermeasures are needed in case of trouble. Fault
prediction is also necessary as a means of preventing
trouble. To meet such needs, four GHP manufacturers
and three gas companies have been jointly developing
the "GHP remote control system." In April 2002, a com-
mercial operation was started at Toho Gas Co., and
customer service has been further improved.

An outline of the system is shown in FigFigFigFigFig..... 11111. The com-
munication system is NTT-DoPa, and the remote control
monitor adapter and communication terminal (DoPa ter-
minal) are packaged to form a remote control monitor
unit. This monitor unit is connected to an outdoor unit
of the GHP, and the operation data collected by the re-
mote control monitor unit is transmitted to the monitor
server installed at the gas company through packet com-
munication.

By this system, (1) any trouble can be discovered in-
stantly and remedied quickly, (2) the operation data is
managed in batches, and maintenance costs are lowered
by efficient periodic inspections, and (3) gas consump-
tion and other information are presented for each
customer on the customers' home page of the gas com-
pany, resulting in merits such as saving of energy.

On the other hand, in the case of installation in other

Fig. 1  Configuration of remote monitor system
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district or overseas countries, there are differences in
gas composition, climate and other conditions, and it is
necessary to check the operating state of the GHP. In
addition, constant monitoring of the operating state of
the unit can provide information for preventive mainte-
nance and trouble may thus be prevented. For new
overseas sites, MHI has since 2001 been operating a new
remote control monitor system utilizing Internet circuits.

At present, data is collected in the United States, and
the reliability of the GHP of MHI is being confirmed.
Every day, data is transmitted automatically to Japan
via the Internet, and processed. The processed data is
disclosed in the corporate LAN and can be seen by the
related departments or from overseas offices. The data
includes the operation pressure of the unit, local ambi-
ent temperature, fuel gas consumption, set temperature
of individual indoor units and others. By accumulation
of year-long data it is possible to determine whether the
unit is installed appropriately in consideration of the
heat load of the building. The data may be utilized in
various ways, aside from its use as design information,
such as gathering of service information before going to
the site of maintenance and as a means of explaining
the merits of the running cost of the GHP to local cus-
tomers who are not familiar with it.

Installation of the remote control monitor system is
relatively easy, and data can be transmitted by connect-
ing a locally purchased personal computer to the
Internet. The work can be conducted in cooperation with
the local staff, and the operational information of the

GHP can be shared from the stage of trial operation.
The GHP of MHI is enjoying increasing sales, and is

widely used around the world. Use of the remote control
monitor system is expected to increase in order to en-
hance reliability of the product. From now on, data
management will be used in all parts of the world.

4. Large-sized refrigerating machines4. Large-sized refrigerating machines4. Large-sized refrigerating machines4. Large-sized refrigerating machines4. Large-sized refrigerating machines
So far, MHI has shipped about 13 000 units of cen-

trifugal chillers and absorption machines. Customers of
these large-sized refrigerating machines continue to use
them for a long period. Machine conditions vary with
conditions of use, and the machine specifications may
also be changed as a result of modifications or repair
works.

Hitherto, designing and manufacturing information
has been independently utilized within the company,
while the modification and repair-related information
has been managed separately at service stations. To
manage them in batches by using the Internet, MHI has
developed a service support system for large-sized re-
frigerating machines, responding quickly in the event of
trouble by always monitoring the condition of each ma-
chine of every customer, in the style of a family doctor.

4.1 System configuration4.1 System configuration4.1 System configuration4.1 System configuration4.1 System configuration
The basic configuration is shown in FigFigFigFigFig..... 22222. Hitherto,

the design, operational, manual and other kinds of in-
formation has been individually managed within the
company. These information systems are integrally man-
aged by the WEB server via the Internet. Individual

WEB

Fig. 2  Outline of support system for large-sized refrigerating machines
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systems differ in their methods of operation, but as a
result of integration, all the employees and service staff
in local districts can access all information by common
screen manipulation, while local service stations are con-
nected by the exclusive network and the distributed data
of machine repair history can be shared. In addition, by
security-related telephone connections, service staff can
access directly from the site and troubleshooting time is
shortened.

4.2 Diagnosis card system4.2 Diagnosis card system4.2 Diagnosis card system4.2 Diagnosis card system4.2 Diagnosis card system
As shown in FigFigFigFigFig..... 33333, the diagnosis card system has been

developed for the purpose of accurately analyzing the
state of the machine of each customer, as if it was the
family doctor of the large-sized refrigerating machine.

With this system, by simple input of the machine num-
ber to identify the machine, all information related to
design, manufacture, modification and operation can be
obtained.
(1) Individual machine information

Management of design information such as refrig-
erating capacity and temperature condition, customer
information such as plant name, date of installation,
date of completion of trial run, date of delivery, etc.

(2) Improvemed service information
Ascertaining the most recent status of the machine

by registering its history information such as over-
haul, annual maintenance, parts replacement in
repair and modification works, additional specifica-
tions, etc.

(3) Operational information
Management of operational information collected

by trial operation at the manufacturing factory, start-
up at the site, patrols and periodic inspections within
guarantee period and maintenance contract. Creat-
ing optimum maintenance plan by analyzing condition
of the machine from this status history.

(4) Complaint information
Collecting complaint information from service sta-

tions. Informing service stations of development of

countermeasures, and conducting appropriate rem-
edies and management by understanding the
respective status.
4.3 Technical document management system4.3 Technical document management system4.3 Technical document management system4.3 Technical document management system4.3 Technical document management system
Technical information includes the operation manual,

handling instructions and other technical data, product
catalog and other service documents. All documents are
stored as electronic data of Word, Excel, PDF, etc.

The technical document management system is linked
to the diagnosis card system, and documents necessary
for individual machine service can be accessed instantly.
Through the overall text retrieval function, required in-
formation can be easily obtained by entering a key word,
and problems can be solved in a shorter time.

4.4 Effects and future plans4.4 Effects and future plans4.4 Effects and future plans4.4 Effects and future plans4.4 Effects and future plans
This system is currently in the process of inputting a

huge volume of data on individual machines to enable
its operation to be started in April 2003. This is expected
to shorten the service response time, recommend energy-
saving measures to customers and lower maintenance
costs by eliminating the information gap between local
service stations and design and manufacturing depart-
ments.

MHI is already operating "Hot Support" to improve
the operation rate by remote control monitoring of cus-
tomers' machines, and it is planned in the near future to
reinforce preventive maintenance, shorten repair time,
enhance the operation rate of refrigerating machines,
and obtain greater customer satisfaction.

5. Transport refrigeration units5. Transport refrigeration units5. Transport refrigeration units5. Transport refrigeration units5. Transport refrigeration units
Transport refrigeration units of MHI consist of ma-

rine transport refrigeration units and truck refrigeration
units.

Marine transport refrigeration units are packaged in
ISO standard containers and transported around the
world not only by sea but also by truck and train.

Truck refrigeration units are assembled in trucks of
various kinds according to the application, and used for

Fig. 3  Image of operation of service support system for large-sized refrigerating machine
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land transportation in all parts of the world.
Both marine and truck transport refrigeration units

are refrigerating and chilling machines used for trans-
porting cargos of frozen and fresh food without
deterioration of its quality. However, since lowering of
quality cannot be seen from outside the cargo, the ma-
rine and truck transport refrigeration units are required
to record, display and monitor whether the cargo is be-
ing transported without deterioration of its quality.

Also, by monitoring the operation of the marine and
truck transport refrigeration units, any abnormality
must be discovered on the spot and deterioration of its
quality prevented.

The present situation and future outlook of service
technology for supporting transport refrigeration units
are discussed.

5.1 Present situation5.1 Present situation5.1 Present situation5.1 Present situation5.1 Present situation
The marine transport refrigeration units incorporate

sensors for checking before loading in the cargo, actua-
tors and automatic operation checking functions (pre-trip
inspection, PTI), and a compartment temperature record-
ing function during transportation in order to protect
the quality of the cargo. For temperature recording data,
the circular chart was traditionally used. However, as
the capacity of semiconductor memory has increased dra-
matically in recent years, temperature recording data
during voyages can be accumulated in the semiconduc-
tor memory for up to ten years, and the recorded data
for each time the cargo is transported can be accessed
easily whenever required.

MHI has also made semiconductor memory in the form
of a small independent memory board, which can be eas-
ily transferred to another controller. In this way, the
temperature data can be recorded continuously, while
the container number of the unit, calendar, cumulative
operation time of compressor, and various items of trans-
port information can be transferred at the same time.
As a result, no initial setting is required when replacing

the controllers, the data input work is reduced, input
errors are eliminated, and quick replacement is realized.
The recorded data can be obtained from a personal com-
puter,  and this  merit  is  widely uti l ized in the
maintenance work of shipping companies and service
activities of MHI.

The marine transport refrigeration unit has the moni-
toring system making use of the power line carrier for
communicating by way of the power supply, and when
operated in a container yard or inboard, the operating
status or trouble information can be monitored in real
time from a monitoring center. Accordingly, conventional
periodic patrols by service staff can be reduced, and quick
reaction is possible in the event of trouble.

5.2 Future outlook of transport status monitoring5.2 Future outlook of transport status monitoring5.2 Future outlook of transport status monitoring5.2 Future outlook of transport status monitoring5.2 Future outlook of transport status monitoring
serviceserviceserviceserviceservice

The monitoring system using power line carrier, how-
ever, is affected by the following problems.
(1) Automatic monitoring is limited to shipyard, container

ships or others equipped with a monitoring system.
(2) Automatic monitoring is impossible during land

transportation by truck or train.
In addition, the refrigerating system of the unit is

sophisticated in function, support by professional engi-
neers may be needed for analysis of recorded data or
diagnosis of alarm, and real-time maintenance support
is necessary. To solve these problems, MHI is developing
a remote monitoring system using satellite communica-
tion as shown in FigFigFigFigFig..... 44444 to realize real-time monitoring of
containers anywhere on the earth.
(1) The refrigerated container management department

can manage the behavior, monitor the temperature,
and detect occurrence of troubles in units operating
on sea and land.

(2) By transferring detailed operation data at the time
of occurrence of trouble, the nature of the trouble can
be ascertained at the service company or MHI, and
support or instruction for repair by the service com-

Fig. 4  Outline of monitoring system by satellite communications
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pany or MHI's local service center is possible.
As satellite communication technology to be incorpo-

rated in such marine or land transport refrigerating
machines, MHI has already developed systems using low-
altitude orbiting satellites and geostationary satellites,
and is promoting mobile communication experiments on
sea and land. MHI is also planning a system capable of
presenting information services to shipping companies
and service companies from containers operating any-
where on the earth.

At present in addition to satellite communications,
cellular phone networks are being constructed as wide-
area mobile communication media, and application to
containers is being promoted while the trend for estab-
lishment of a global standard is being watched.

6. Conclusion6. Conclusion6. Conclusion6. Conclusion6. Conclusion
Air-conditioning and refrigeration products are prod-

ucts in general use by consumers in large quantities, and
the number of service cases is increasing proportionally.
At the same time, as exemplified by convenience stores,
the 24-hour operation is considered normal, and service
technology to support such a system is becoming impor-
tant.

Service is not limited to repair of troubles, but is di-
versified and required to maintain products and systems
for customers in a satisfactory condition throughout the
life cycle.

Koichi Morimura

Against this background, MHI is developing accurate
and prompt diagnosis technology and service tools, and
is creating a system for information management of prod-
ucts .  MHI se l l s  an  extremely  wide  var iety  o f
air-conditioning and refrigeration products, and is en-
deavoring to satisfy all customers by presenting flexible
services suited to customers' business environments and
establishing systems that make use of the latest infor-
mation technology.
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