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*Yukio Kusuoka is General Manager of Overseas Marketing Division.

Overview
New Elevators and Escalators

by Yukio Kusuoka*

Here in Japan, there are very vocal concerns regarding the hollowing out of
industry or the loss of technological precedence. In the world of elevators, it is a
fact that we have allowed the Europeans to get ahead of us in machine room-less
elevators and that the Chinese and Korean manufacturers whose selling point is
their cheap prices are catching up on us. But, stop for just a moment. Has Japan’s
ability to produce really become so enfeebled?

  Japanese merchandise, which right after the war was a synonym for cheap, poor
quality goods, is now recognized for its top quality globally. Japanese manufacturers
have found their driving force in an unswerving focus on cultivating manufacturing
technologies and skills with the aim of producing high quality products; Japan’s
superiority in this regard remains unshaken. Notably, for elevators, which serve as
a vertical transit system, reliability and safety are of critical importance.

  This concept of quality as number one is a constant throughout Mitsubishi el-
evators’ history, and our products have gained an excellent reputation from custom-
ers in the major markets. With reliability and safety as the basis, we are also giving
consideration to comfort, efficiency, as well as people-friendly designs and protec-
tion for our earth’s environment. Always producing products that anticipate the
demands of the times —  this is the basic concept of Mitsubishi elevators.

  We at Mitsubishi Electric can introduce with all confidence our machine room-
less elevator ELENESSA, equipped with slim-line gearless traction machines (de-
veloped in-house). No matter what aspect you consider, be it layout, ride comfort or
quietness, these are unparalleled landmark products. Technologies for the
corporation’s slim-line gearless traction machines will continue to evolve, and soon,
based on these technologies, we will be able to ship product lines that cover all
types of elevators from low-speed to ultra-high-speed models.

  In addition to these products, through the pages of Advance we are introducing
other new products and technologies that will lead the 21st century.  Combining
an accurate grasp of market needs with cutting-edge technologies generated by our
ongoing research and development activities, and so continuing to produce tech-
nologies and products that can become global standards —  this, I submit, is MELCO’s
mission as a leading manufacturer.

  Mitsubishi Electric’s elevators and escalators will always continue to evolve, in
order to supply products of the highest quality, products that customers can use
with peace of mind and no regrets over many, many years. ❑
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*Hideaki Kodera and Takehiko Kubota are with Inazawa Works

by Hideaki Kodera and Takehiko Kubota*

The “ELENESSA” Machine Room-Less
Elevator for Overseas Markets

Mitsubishi Electric Corporation has developed a
new machine room-less elevator for overseas
markets, the “ ELENESSA,”  sales of which began
in April 2001. ELENESSA elevators require less
space for installation than any other elevator
model in the industry and adopt universal de-
sign practice for greater convenience. This prod-
uct conforms to EN standards, which pay full
consideration to maintenance and to safety in
the event of emergencies. This article discusses
the concepts on which development of ELENESSA
was based and describes the features and new tech-
nologies incorporated in this elevator series.

Product Concepts
In developing ELENESSA, Mitsubishi Electric
engineers aimed at an elevator that would be used
not only in Europe but also in Asia, the Middle
East, and other world markets. Product
development kept to the following three principles.

GREATER FREEDOM OF ARCHITECTURAL DE-
SIGN. Engineers strove to reduce the space re-
quired for elevator installation, aiming at an
easy-to-install elevator that would occupy the
smallest amount of space in the industry, in or-
der to make effective use of building space and
to cut construction costs.

UNIVERSAL DESIGN. The concepts of universal
design introduced in 1997 were taken further,
with operation improved and panel indicators
made easier to understand, so that the elevator
could be readily operated by the elderly and by
those with disabilities. The aim was to create
an elevator that everyone would find easy to use.

EVOLUTION OF MITSUBISHI QUALITY. Another
goal was to ensure the quality, performance and
reliability that have traditionally distinguished
the corporation’s elevators, while adding further
enhancements to an even safer and more reli-
able elevator product.

Product Features and New Technologies

SYSTEM CONFIGURATION. The traction machine,
control panel and all other equipment are installed

within the elevator shaft, and the principal ma-
chinery has been made more compact for greater
space savings. Fig. 1 shows the ELENESSA sys-
tem configuration. The traction machine is in-
stalled at the upper end of the guiderails for
counterweights, installed vertically in the eleva-
tor shaft; an underslung 2:1 roping system was
adopted in which a counterweight is hung on a
suspension rope. By employing a self-supporting
design in which the traction machine and both
ends of the suspension rope are supported by the
upper part of the guiderail, the vertical-direction
loads of the elevator are supported by guiderails,
thereby alleviating the load placed on the build-
ing. The overall system configuration conforms
to EN81-1 and to EN81-1:2000/prA2:2002.

Slim gearless traction machine
with PM (permanent magnet) motor

Slim control panel

Hall inspection panel

Suspension ropes

Direct drive smart door system

Counterweight

Slim car operating panel

Car guide rails

Counterweight guide rails

Fig. 1 Construction of ELENESSA

SLIM PM GEARLESS TRACTION MACHINE. As
the traction machine, a slim gearless traction
machine incorporating a permanent magnet
(PM) synchronous motor was adopted. Fig. 2 is
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an external view of the slim PM gearless trac-
tion machine (3.7 kW). This equipment draws
on the corporation’s own closely wound stators
and the development of compact double brakes
for incorporation in traction machines, helping
to reduce the equipment radial thickness to 187
mm (one fifth or less than that of previous mod-
els) at a rating of 3.7 kW. Motor-torque ripple
was reduced through magnetic pole analysis
techniques, for a smoother, more pleasant el-
evator ride.

SLIM CONTROL PANEL. Because the control
panel needed to be installed in the limited space
between the car and the elevator shaft, a slim
control panel only 98mm thick and 340mm wide
was newly developed. Fig. 3 is an external view
of this panel. The control and driving circuitry
assembled within the control panel consists of
two types of highly integrated subunits, an inte-
grated power unit (IPU) and a control process-
ing unit. The IPU integrates a DC/DC converter
specifically for elevator control with an inverter
for elevator drive, based on an intelligent power
module (IPM), over a single heat sink, to obtain
a highly integrated power supply and driving unit
with a thin shape. The control processing unit
is equipped with a large-scale system LSI for el-
evator equipment for more functionality and a
higher level of integration.

DIRECT-DRIVE SMART DOOR DEVICE. A slim PM
synchronous motor was newly developed for the
door-drive motor, adopting a direct-drive design
without a decelerator; the door-drive motor was
incorporated in the door device (Fig. 4). In this

Fig. 2 Slim gearless traction machine with PM
motor (3.7kW).

IPU
(Integrated
power unit)

Control
processing
unit

Fig. 3 Slim control panel

Door driving unit

Direct drive
PM (permanent magnet)
door motor

Fig. 4 Direct drive smart door system

way, the space occupied is reduced to just 60%
of the volume of conventional door devices, for
a dramatic improvement in layout freedom and
substantial space savings. Also, the door-drive
unit has an auto-tuning function that monitors
the weight and condition of the doors on each
floor and optimizes door opening/closing. As a
result, door opening/closing performance is
smoother and more stable.

COMPACT GOVERNOR. Installed at the top of the
elevator shaft, this compact governor is reduced
to just 60% of the size of conventional equip-
ment. A remote-operation mechanism is pro-
vided so that tests to confirm operation during
inspections, and operation in the event of an
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emergency, can be performed from the hall with-
out accessing the elevator shaft.

SLIM CAR-OPERATING PANEL. The newly devel-
oped car-operating panel is slim (only 25mm
deep) and can be housed within a panel in a car
side wall. As a result, the dimensions of the el-
evator shaft can be further reduced.

UNIVERSAL DESIGN. The universal design
adopted for existing GPQ models has been fur-
ther extended and a design developed with care
taken to ensure ease of use by everyone. Fig. 5
shows an example of this universal design. The
car-operating panel is positioned on a side wall
of the car so that it is immediately visible on
entering the elevator. Button positions and
heights are also set such that even children and
persons in wheelchairs can operate the eleva-
tor. The indicator characters in the car are en-
larged to 1.6 times their usual size, making them
easy to read. Also, the characters in the buttons
of the car operating panel and in hall call but-
tons are embossed, so that they can be touched
and understood by persons with impaired eye-
sight. Finally, by enlarging the open-door button
within the car compared with other buttons (by
1.6 times), the chances that the wrong button
will be pressed are reduced.

and adequate space for maintenance is provided.
To further ensure safety, a car-locking device is
provided to mechanically prevent any unexpected
movement of the car during maintenance.

HALL-INSPECTION PANEL. A hall-inspection
panel is built into the hall call button panel on
the top floor, so that the elevator can be oper-
ated without entering the elevator shaft during
maintenance inspections and in times of emer-
gency. In addition to indicators showing the el-
evator stage, the hall-inspection panel includes
an operating switch for use in maintenance and
inspections, an emergency rescue operation
switch, an emergency stopping device, and other
devices and functions to ensure the operation of
safety mechanisms. The hall-inspection panel
is installed within a box behind the hall call but-
ton panel on the top floor so as not to compro-
mise the aesthetics of the hall (see Fig. 6).

Large indicator

Tactile buttons

Car operating panel
in the car side wall

Large open buttons

Fig. 5 Universal design for car

SAFE MAINTENANCE ON THE CAR ROOF. Main-
tenance of the traction machine, control panel
and other equipment installed in the elevator
shaft is performed on the roof of the car. To en-
sure greater safety for these maintenance opera-
tions on the car roof, it has a flat, non-skid surface

Hall call button Hall inspection panel

Fig. 6 Hall inspection panel behind hall call
button

The new features and new technologies of the
ELENESSA elevator, sales of which commenced
in April 2001, are a landmark in Mitsubishi
Electric’s ongoing commitment to make further
advances in speed, capacity, and other areas. We
will be working to develop technologies for the
further evolution of the corporation’s elevator
products. ❑

Reference
[1]Yoshikatsu Hayashi, Shigeki Yamakawa, and Takashi Yumura:

“The ELEPAQ-i Mitsubishi Machine Room-Less Elevator”, Mitsu-
bishi Electric Technical Journal, 75, No. 12, 766-771 (2001).
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by Kenji Inoue and Nobuaki Miyake*

New Traction Machine for Machine
Room-Less Elevators

Mitsubishi Electric Corporation has developed
a new traction machine for machine room-less
elevators. The world-leading slim form factor pro-
vides for great convenience in layout design. In
addition, the slim traction machine also runs
smoothly, ensuring a comfortable ride, and can
be manufactured with high productivity. This
article introduces the structure of this slim trac-
tion machine and the motor technology that
made it possible.

Features of the Slim Traction Machine
As well as possessing the basic functions and
performance required of drive equipment for el-
evators, the new traction machine for machine-
room-less elevators had to be compact and quiet.
With the GPQ series, which the corporation first
marketed in 1999, we eliminated the need for a
machine room by using permanent magnet (PM)
synchronous motors to develop a cylindrical form
of gearless traction machine. Now, we have
developed the new slim traction machine, de-
signed to be flat and thin, to improve the ma-
chine layout in the hoistway. Fig. 1 shows the
new slim traction machine, released in October
2001, that was developed for ELENESSA eleva-
tors. Its features are listed below.

Fig. 1 External view of slim traction machine.

First, the size has been reduced to a world-
leading slim form factor. In addition to imple-
menting the corporation’s proprietary joint-
lapped core, the rotor, sheaves, brakes, and en-
coder were all included in the unit. In the 3.7kW
model we achieved a unit that was 187mm in
axial dimension, less than 20% the size of the
previous product.

Second, the ride is comfortable. Using the
corporation’s expertise in magnetic field analy-
sis, we reduced torque ripple. The result is a
ride that lives up the long-standing reputation
of Mitsubishi elevators for quiet and smooth-
riding comfort.

Third, productivity is excellent. As well as
implementing automated winding of the motor
through the use of concentrated winding tech-
niques, the assembly procedures were also sim-
plified by integrating the rotor, sheaves and
brakes into a single unit, while at the same time
adopting other methods of raising productivity.

Traction Machine Structure
Fig. 2 compares the structure of the previous
traction machine and the recently developed slim
traction machine. As long as the sheaves, mo-
tor, brake and encoder were set in series along
the same axis, the space required to accommo-
date this configuration limited the possible re-
duction in length. In the slim traction machine,
the motor’s rotor has been given a hollow cylin-
drical form and this allows the inner surface to
be used for an internal expanding double brake.
Moreover, the encoder has been installed within
the space inside the brake mechanism. Then, by
integrating the rotor and sheaves within the unit
itself, and by dispensing with coupling parts, the
dimensions of the equipment were reduced and
reliability was raised. Overall, denser mounting
of the internal components of the traction ma-
chine enabled minimization of the external di-
mensions.

Furthermore, the ultimate form and configu-
ration of the main unit were decided after struc-
tural analysis to ensure adequate strength and
rigidity under loads encountered in normal run-
ning, at emergency stops, during manufacture,
and under various other conditions.
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Ultimately, along with reduction of the size
of the motor, brakes, and other elements, struc-
tural analysis enabled us to optimize the form
of the equipment so that the 3.7kW model of
the slim traction machine weighed only about
300kg, some 33% less than the equivalent pre-
vious model.

Motor Electromagnetic Engineering Design
For machine room-less elevators Mitsubishi Elec-
tric implemented PM synchronous motor tech-
nology that combined compact form and high
torque at low speed. During the development of
the slim motor, as in the past, we adopted high-
performance rare-earth magnets. There were
four other additional main design features: con-
centrated winding methods; high density of
ampère-conductor; larger diameter; and multi-
pole configuration.

Compared with distributed winding, concen-
trated winding enables reduced motor size be-
cause coil ends are smaller. Besides this, we

Fig. 2 Comparative structure of traction
machines.

Above : Previous type of traction machine
Left     : Slim traction machine

Sheaves Bearing Motor Bearing Brake Encoder

Fig. 3 Effect of multipole design.

Stator 

Rotor 

Large number of poles Small number of poles

Core back

Iron core

Core back

Permanent
magnet

Coil

Shaft side view

were able to apply proprietary joint-lapped core
technology to achieve both high density wind-
ing (and therefore higher ampère-conductor den-
sity), and improved productivity through
automated winding.

Multi-pole design is a common approach to
down-sizing motors. As shown in Fig. 3, in this
motor it enabled shortening of the coil ends and
reduction of the radial dimension of the motor.
In multi-pole designs, the magnetic flux between
the poles can be weaker at smaller pole pitches.
This allows the core back of the iron core to be
thinned and also makes it possible to reduce the
radial thickness of the stator and rotor. More-
over, because a big space within the rotor be-
came available, in this case it became possible
to mount the brake there, thus enabling a com-
pact design for the entire traction machine.

Motor-Manufacturing Technology
In the development of any high-performance
motor it is important to review the basic struc-
ture of the motor from the point of view of manu-
facturing productivity. Once the fundamental
design is settled, it is no longer possible to make
extensive improvements in working procedures
and assembly, and further dramatic improve-
ments in the overall motor characteristics are
not to be expected.

As Fig. 4 shows, at Mitsubishi Electric we have
developed a “ joint-lapped core”  technology that
features flexible joints. The joint-lapped core is able
to open and be bent back at the joint for winding
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easily. This design has been applied to various of
the corporation’s motors. For each product, the coil
space factor has been greatly improved. As well
as achieving lighter, more compact motors with
higher efficiency, we are moving towards complete
automation of winding.

Built up in successive layers with high preci-
sion, the joint-lapped cores are straightened in po-
sition after extraction from high-speed presses. The
forms in the presses work on flat rolled magnetic
steel that is fed in strips. By synchronizing the
feed switching from multiple dies and punch blades,
the structure is built up and an arrangement of
flexible articulating joints is produced.

As shown in Fig. 5, while winding, the joint-
lapped core is bent back at the joint. The coil-
winding nozzle can be moved in a circular locus
because free space is available around the teeth.
This means that no distortion arises by adding
unnecessarily to coiling wire. It is possible to
achieve perfect coil alignment with thick wire
coils. Moreover, rather than using a single iron
core with large diameter, the joint-lapped core
is radially divided. This increases the yield when
the cores are stamped and improves transport
efficiency during stator production.

Torque Ripple Reduction
To ensure a comfortable elevator ride, one of the
technologies that Mitsubishi Electric has been

successfully adopting is motor-torque ripple re-
duction. In the recently developed slim traction
machine, there was initially a tendency toward
increased torque ripple because of the marked
size reduction and the use of a concentrated
winding method. Torque ripple was greatly re-
duced, however, by considering magnetic satu-
ration and potential production errors at the
design stage. The resulting slim traction ma-
chine provides the same smooth riding comfort
that has always been the mark of Mitsubishi
elevators.

The slim motor design features high density
of ampère-conductor. Consequently, torque
ripple tends to increase because stator teeth are
easily subject to magnetic saturation during high
current loads. After using magnetic field analy-
sis to investigate different forms and dimensions
of teeth, we abandoned the previous semi-closed

A type 

B type

Teeth 1

 Teeth 2

 Teeth 3

Magnified view of 
X- X cross section

For layer fixing

For layer fixing For layer fixing
For linking For linking

(Joint)

Teeth 1 Teeth 2
Joint

Freely rotating

X

X

Fig. 4. Structure of articulating joint-lapped core.

Coil-winding 
nozzle Teeth

Joints

Bent back iron core

Fig. 5. Iron core at time of winding.
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Fig. 6 Comparative torque ripple results.

slot for a semi-open slot design. Consequently,
magnetic flux leakage from the tips of the teeth
mitigated magnetic saturation. This change, as
shown in Fig. 6, halved torque ripple during over-
load and cut it by a third during normal run-
ning. The overall result was to reduce torque
ripple across a broad range of operation.

Errors that occur during manufacturing pro-
cesses increase torque ripple and cause product
variations. We therefore analyzed the types of
manufacturing error that can lead to torque
ripple. To thoroughly clarify the relationship
between such working errors and torque ripple,
we freely applied magnetic field analysis in vir-
tual engineering. Reflected in both motor design
and production management, the results of this
analysis brought about the benefit of motors with
low torque ripple and consistent production.

As well as finding ways to extend the applica-
tions for slim traction motors, we are commit-
ted to further improving elevator product
performance and quality. We remain determined
to develop attractive products that have winning
appeal. ❑
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by Kazuko Matsuda and Masayuki Miyawaki*

“Universal Design” in ELENESSA
(Machine Room-Less) Elevators

Universal design implies the creation of prod-
ucts that are easy for all to use irrespective of
age or disability. The concept of universal de-
sign is central to Mitsubishi Electric’s machine
room-less ELENESSA elevators; newly added fea-
tures include side-panel mounted car-operating
panels and raised character buttons.

Universal Design for Elevators
To summarize, universal design is design that
everyone finds equally easy to use. “ Everyone”
here specifically includes people with disabili-
ties and the elderly along with regular users.
With deepening understanding of aging societ-
ies and their physically or otherwise challenged
members, universal design is becoming more
important in a number of fields.

Elevators perform the function of vertical trans-
port for their users, and they operate under very
simple controls, but in the limited space of an
elevator car it is extremely difficult, and therefore
important, to create interfaces that are equally
easy to use for each of a number of unspecified
users.

On a global scale, as many efforts are being
made to improve the mobility of the disabled,
there are more countries that have legislation
covering disabled persons and elevators; incor-
porating universal design in products is there-
fore becoming essential.

Also, we should work to improve the elevator
experience, relieving the unease users may feel
while they are cooped up in the elevator car,
and the impatience they will feel while waiting
at the landing.

Mitsubishi Electric’s new machine-roomless
ELENESSA elevator is based on universal design,
and the article describes its use in this product.

Main Universal Design Features in the
Operation and Display Devices

SIDE-PANEL MOUNTED CAR-OPERATING PANELS.
The car-operating panel is depicted in Fig. 1. By
moving car-operating panels from beside the
doors (the front return panels, where they have
previously been mounted) to the side panels, we
achieve the following benefits:

Fig. 1 Car design

It is easier to find the car-operating panels
when entering the elevator (they catch your eye
as the doors open).

Users in wheelchairs can operate the car with-
out having to wheel themselves around (or reach
back over their shoulder) within the car.
Even for non-wheelchair users, not needing to
turn around to get the car moving means greater
ease of use.

Building Regulation 1999 M2 (of the United
Kingdom)  stipulated that the appropriate mount-
ing location for a car-operating panel is the side
panel, at least 400mm away from the front wall.
The reason for this appears to be to make it easy
for users in wheelchairs to use the buttons after
entering the car. For this product, we paid strict
attention to ease of use, and decided to mount
car-operating panels in locations which would
satisfy the condition described above.

MOUNTING HEIGHT FOR BUTTONS. Legal codes
such as the Building Regulations, Approved
Document M2 of 1999 (of the United Kingdom)
and Code on Barrier-Free Accessibility in Build-
ings 1995 (of Singapore) have stipulations regard-
ing the mounting height for car-operating
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buttons, based on considerations of the issue of
operability by the disabled. For this product,
based on these code stipulations, we have lo-
cated car-operating buttons between 900 and
1200mm above the car floor. Also, by putting
the Open, Close and Alarm buttons below the
Floor buttons, even those who cannot reach very
high can readily operate them. Thus, even if chil-
dren or others whose hands cannot reach very
high enter the car by mistake, our design al-
lows them to avoid entrapment by using the
Open button. Also, if an entrapment were to take
place, parties outside the car can be notified
through use of the Alarm button.

SYMBOLS ON OPERATING BUTTONS. A general
view of the operating panel is given in Fig. 2.
Embossing the numbers and symbols found on
operating buttons enables them to be read by
touch. This aids users who are visually handi-
capped but do not read Braille.

Numbers and symbols are raised 1mm above
the button surface; we determined the precise
embossing patterns to use based on evaluative

(a) Picture of whole panel

(b) Operating buttons

Fig. 2 Car-operating panel

tests performed with 20 men and women with
impaired vision (including individuals with weak
eyesight and the totally blind, both those born
with impaired sight and those whose vision was
later impaired). In these evaluative tests, we
prepared various different samples with many
embossing patterns, and had the subjects evalu-
ate the relative ease of understanding buttons
by touch (Fig. 3 and 4). As a result, it became
clear that readily understood designs were those
where the embossed edge was thin, and the pat-
terns were clearly raised above the button sur-
faces.

Fig. 3 A scene from testing

0 .8 mm 0 .8 mm

R0 .5 R0 .4 R0 .2

1 .5 mm 1 .5 mm 1 .5 mm

Proposal A
Vertical rise
R0.5

Proposal B
Character width 
at point 0.8
R0.4

Proposal C
Character width 
at point 0.8
R0.2

Fig. 4 Cross section of sample embossed
characters

In evaluating embossing patterns, it became
clear that ease in understanding by means of
touch is influenced by choice of character fonts,
and so we adopted a character font more easily
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distinguished than our previous choice (Fig. 5).
For instance, when compared to the previous
font, the difference between “ 6”  and “ 9”  is much
clearer in the new font, and is readily distin-
guished even by those with weak sight.

car, improving the car’s anti-crime profile and
providing a greater sense of freedom while
within.
CAR MIRRORS. We have added an optional full-
height mirror running from floor to ceiling. To
keep this from being a hindrance to car passen-
gers, the face of the mirror is flush with the car
wall, eliminating any protrusion into the car.

HANDRAILS. We expanded the handrails to a di-
ameter of 38mm (32.5mm in previous models),
based on anatomical research data, and made it
easier to grip. Also, we will put the plaquette
portion at an angle as shown in Fig. 6, improving
the join of the corners to the wall so that clothes,
etc., will not get caught on handrail ends.

Fig. 6 Handrails

New font (Remodeled based on Gill Sans Medium)

Previous font (Helvetica)

Fig. 5 New numeral designs for buttons

Also, car buttons for the main floor have been
made green, and raised about 5mm more than
other buttons. This is done in order to make it
easier to detect evacuation floors in case of di-
sasters; these main-floor buttons stand out above
the other buttons, so even the visually impaired
can readily distinguish evacuation floors.

ENLARGING THE OPEN BUTTONS. Since it is hard
to distinguish immediately between the Open
and Close buttons, we have changed the size of
the Open button as shown in Fig. 2, making it
easier to recognize it instantly. We chose the
Open button to make it easier to use, since it
may need to be used instantly.

CAR INDICATORS. We enlarged the character
size in car indicators (about three times the sur-
face area of previous models), thus improving
visibility.

Major Universal Design Features for the Car
and Landings

DOORS WITH LARGE WINDOWS. Doors with
large windows have been added as an option.
Installing windows in the door has the effect of
alleviating the sense of confinement within the

We investigated laws throughout the world writ-
ten considering the physically handicapped, and
have been able to create a product that satisfies
both ease-of-use demands and legal require-
ments. However, when considered in terms of
the lofty ideal of universal design— easy use by
anyone— we would claim no more than that this
product is a step in the right direction. We are
committed to achieve further and greater im-
provements in this direction. ❑

References
1. Office of the Deputy Prime Minister, Government of the United

Kingdom, Building Regulations Approved Document M, Section M2
(1999).

2. Ministry of National Development, Building Construction Authority,
Building Control (Singapore) Code on Barrier-Free Accessibility in
Building 1995.
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by Masaaki Amano and Toshio Masuda*

The New ΣΣΣΣΣAI-2200 Elevator
Group-Control System

The ΣAI-2200 system incorporates new func-
tions such as a dynamic rule-set optimizer that
selects the appropriate rule according to changes
in traffic conditions, a destination oriented pre-
diction sub-system that controls car allocation
according to the destination floor, etc., by adopt-
ing new technologies such as high performance
RISC processors, a real-time OS and a network
dedicated to group control using Ethernet.[1]

Background
With advances in the application of intelligence
to today’s increasingly complex buildings, we
have entered an age where high performance
and diverse functions are being sought in the
group-control system for elevators. In conven-
tional group-control systems, a fixed car allo-
cation rule set was used for each traffic pattern
(e.g., if it was the morning rush hour, the gen-
eral purpose rule set for the morning rush hour
was used). However, traffic is different for each
building and car allocation applied with the gen-
eral-purpose rule set may not always be opti-
mal. Therefore, a new system called the
dynamic rule-set optimizer was developed for
the ΣAI-2200. This system performs a simula-
tion on a number of morning rush-hour rule
sets prepared in advance with a real time
simulator loaded in the ΣAI-2200 and selects
the optimum rule set.

This system was configured to enable the
group-control system to be provided with a simu-
lator for verifying the effect of group control as
conventionally performed using personal com-
puters. This simulation requires a high arith-
metic performance from the main computer that
performs the group-control arithmetic. The per-
formance of microcomputers has improved no-
ticeably in recent years and generic RISC
microprocessors capable of high-speed arithmetic
operations are available. A RISC processor is em-
ployed as the main computer for group control
in ΣAI-2200 to implement the real-time simula-
tion function mentioned above.

Also, with enhanced group-control perfor-
mance and the addition of new functions, there
is a need to strengthen communications be-
tween the group control and the elevator con-

trol panel and between the group control and
the hall operating devices. Communication tech-
nology has scored remarkable advances in re-
cent years, demonstrating high communication
performance and reliability. Application has now
become possible even for communication be-
tween the devices of elevators requiring high
communication performance and reliability.

System Configuration
Fig. 1 shows the system configuration. It fea-
tures the group-control CPU card with improved
arithmetic performance and the communication
network with enhanced and expandable com-
munication capabilities.

CPU Board for Group Control
Fig. 2 shows the appearance of a CPU board for
group control. A CPU is provided for each
assigned function on the board and there are
three CPUs, namely, a RISC processor for per-
forming the main arithmetic for group control
such as allocation, learning, etc., a CPU for com-
munication control, and a CPU for general pur-
pose I/O control. In order to obtain the high
arithmetic performance particularly necessary
for real-time simulation, a type with a floating-
point co-processor was selected for the group-
control arithmetic RISC. The clock runs at 200
MHz. Also, a real-time OS with the µITRON
3.0[2] specifications has been loaded in order to
enhance the reliability of the system.

Due to the optimization of the bus between
the RISC and the peripheral devices, the high
speed clock at the core of RISC, and having
optimized the S/W configuration so that the
instruction cash and data cash function
effectively as described above, improvement in
the group control main arithmetic performance
of about ten times that of the conventional group
control system was achieved.

Communication Network
The communication system comprises a group
control– control panel communication network
(or more briefly, “ group-control network” ) and
an optional network that connects the new hall
devices, etc.
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Fig. 3 shows the protocol of the group-control
network. This group-control network used
Ethernet for the physical layer of the network
in order to secure expandability and flexibility
for the future and to create a network suited for
the recent intelligent building systems.
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Fig. 3 Protocol construction of group-control
network

Furthermore, to enhance the reliability of the
communication system and to secure adequate
response, a node-separating function has been
provided for cases where a new connection or
failure in the network node is generated. Con-
sequently, adequate network reliability has been
secured so that device additions or node failures
do not influence the whole network.

Improved communication capabilities are es-
sential in the destination-oriented prediction sys-
tem discussed below. Therefore, response and
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reliability were secured by means of a data-colli-
sion bypass protocol and an optional network
based on a field bus of superior expandability for
device additions. With this optional network, the
communication capabilities improve and even the
restriction on the number of floors installed with
a hall operating panel is relaxed considerably.

New Functions

DYNAMIC RULE-SET OPTIMIZER. The dynamic
rule-set optimizer is realized by combining three
sub-modules, neural networks, a group-control
rule base, and a real-time simulator as shown in
Fig. 4.

The neural networks detect the traffic patterns
during the morning rush hour, regular hours,
etc., as well as performing a more detailed esti-
mate of the traffic data and outputting the esti-
mated data. The group-control rule base is stored
with each set of rules peculiar to a specific traf-
fic condition as a group-control rule set. Also, a

number of rule sets capable of optimization are
selected as rule-set candidates according to the
detected traffic pattern. The real-time simula-
tor performs its simulations when the rule-set
candidates and the estimated traffic data are
input, and then the waiting time and the ser-
vice completion time are output for each rule
set. The optimum rule set is selected based on
this output. In group-control execution, controls
such as call allocation, dispatching of cars, etc.
are executed in accordance with the optimum
rule set.

DESTINATION-ORIENTED PREDICTION SYSTEM.
A hall operating panel that replaces the
conventional UP/DOWN type hall buttons is
installed at the hall on the lobby floor. Fig. 5
shows the configuration of the device. In this
hall operating panel, a service-elevator code in-
dicator that shows the assigned service eleva-
tor code was mounted near the destination
buttons so that the passenger who pushes the
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Traffic pattern

Rule set 
candidate

NN for estimating 
traffic

Estimated 
traffic
data

Rule set 1

Rule set 2

Real-time 
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Rule set selection 
evaluation part

Optimum
rule set

Group control 
execution part

Fig. 4 Dynamic rule-set optimizer
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Fig. 5 Destination-oriented prediction system

destination button can know the code of the
assigned service elevator immediately.

Operation is as follows. When it is the morn-
ing rush-hour zone and up peak time is detected
by the neural network, dispatching of cars ac-
cording to the respective destination floor (car
allocation tuning) takes effect. During this time,
the elevator transports the passenger to the
destination floor according to the following se-
quence.

1. The optimum car is selected for each desti-
nation call made at the hall and this is notified
to the passenger with the hall lantern and
the service-elevator code indicator.

2. The maximum number of possible destination
call registrations allocated to one car is
determined according to the aforementioned
dynamic rule-set optimizer and if destination
calls in numbers exceeding this value are reg-
istered, a newly predicted car is selected in
compliance with the destination call.

3. When it has been detected that the passen-
ger has boarded the predicted car, the desti-
nation call allocated to the pertinent car is
registered automatically.

By applying the destination-oriented prediction
system, the number of destination calls for each
car per run can be reduced due to the effect of
car allocation tuning, the transport efficiency is
improved, and the congestion at the lobby floor
can be minimized.

In the future, we intend to make further ad-
vances in elevator group-control systems such
as interlocking with the building security sys-
tem, etc., to further accommodate the applica-
tion of intelligence in buildings. ❑

References
[1]  Ethernet is a registered trademark of Xerox Corporation.
[2]  µITRON is Micro ITRON, ITRON is Industrial TRON, and TRON is

an abbreviation for The Real Time Operating System Nucleus.
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by Yasuhiko Tanabe*

The Overseas Version of the MIC &
Remote Maintenance System

The overseas version of Mitsubishi information
center (MIC) and remote maintenance systems
will improve maintenance inspection techniques
and capabilities in responding to fault conditions
in Mitsubishi Electric Corporation’s elevators
overseas, and will also make it possible to handle
remote maintenance, which is beginning to be
implemented in world markets.

At present, overseas MIC systems are being
implemented by International Elevator & Equip-
ment (Philippines), as well as companies such
as Ryoden (Malaysia), Worachak International
(Thailand), Mitsubishi Electric Saudi (Saudi
Arabia) and P.T. Mitsubishi Jaya Elevator and
Escalator (Indonesia). This is bringing significant
performance improvements.

We are also seeing the introduction of remote
maintenance systems, from Shanghai Mitsubishi
Elevator Co. (China), through Ryoden Lift Ser-
vices Limited (Hong Kong) and ETA-MELCO
Elevator (U.A.E) to China Ryoden Co. (Taiwan).
Shanghai Mitsubishi Elevator Co., Ltd. plans to
install 500 remote maintenance systems in this
market during the current fiscal year.

The corporation’s plans involve constructing
a world-wide network that links the domestic
MIC system with overseas MIC systems, as we
further envision the possibility of supporting
from Japan the collection and analysis of diag-
nostic elevator data by means of remote
maintenance in conjunction with fault data and
customer information.

System Configuration:
The overseas version of the MIC/remote
maintenance system allows the unified
supervision of all circumstances related to fault
repairs through telephone contact with our
clients and through receipt of signals from
monitored elevators. We developed this overseas
version by identifying the minimum essential
functionality within our Japanese system, see
Fig. 1.

This system is made up of a client/server type
personal-computer based MIC system (with Win-
dows NT operating system and an ORACLE da-
tabase) and a remote maintenance system,

where software for remote maintenance is
loaded into the elevator’s operating panel.

As subsystems under both of these systems,
we will set up communications control devices
(devices with automatic incoming/outgoing
phone-line control functions), establishing data
transmissions between the call center and
elevators over public phone lines.

Functions and their Effects—the MIC system.

RECEIPT OF MALFUNCTION REPORTS. Tele-
phone contacts with customers and the receipt
of elevator signals are all drawn together and
dealt with at call center.

Since this makes it possible to conduct detailed
breakdown analyses using accumulated field
data, this can lead to improvements in the qual-
ity of maintenance work and strengthen call-
back service (CBS) management capabilities.
(CBS is used to identify a breakdown-response
system where maintenance personnel are sent
out immediately after receipt of a dispatch
request from customers, or once we receive a
“ dispatch signal”  transmitted under the main-
tenance operations protocol of a remote moni-
toring device.)

Furthermore, it is possible to record contract
information that goes beyond customer informa-
tion and the points of concern in dealing with
customer issues. This other information can then
be utilized in what we may translate as a regis-
try of simple maintenance contracts and for vari-
ous types of administrative data.

SUPERVISING DISPATCHES FOR FAULTS. Elevator
by elevator, we are managing the whole se-
quence of events from the occurrence of the fault
(whether learned about by transmissions from a
remote monitoring device or communicated over
the telephone) to the order for dispatch of per-
sonnel, the actual dispatch, arrival of the main-
tenance team and completion of repairs.

Based on this, it is possible to confirm and fol-
low through the status when any aspect of fault
repair is omitted or delayed, or when repairs are
prolonged. Furthermore, it will be possible to
inform owners and management companies
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Software Structure

System Structure Diagram

Printer

Database

Settings for the three types of processing software can be changed for each command console client. As a result, installation operations 
and response to hardware failures are simplified. 

Following is our recommended structure:
- Command console clients #1 and #2 are set up for command console client operations and REP communications software; it is 
possible to perform on-screen operations of command consoles while receiving signals from REP.

- Command console Client #3 is set up solely with data collection software, and operates exclusively as a collector of remote 
surveillance data.

(In cases where there are few elevators under management, it is possible to jointly use remote surveillance clients.)

(Receipt of fault data, 
abnormal signals, etc.)

(Receive panel)
REP#1

(Receive panel)
REP#2

(Receive panel)
REP#3

Normal usage

Backup Voice 
communication 
device

Direct 
conversation 
device

For screen prints

Command console 
Client #1 (install 
software 1 and 2)

Command console 
Client #2 (install 
software 1 and 2)

(Data collection for 
remote maintenance)

Command console Client # 3 
(install only software 3) 

Remote maintenance: Client # 1 
(Shows results of remote 

maintenance in printed form)

Field mechanics and 
branch office

Router

Printer for maintenance results

Server

Internal PBX

(On call receiving)

(Current status supervision) 
Orders for dispatching 
engineer - completion reports etc. 

Public
Telephone 
network

Customer

Backup

Normal usage

Printer 
data 
switch

Used exclusively for data 
collection; no operations done here

Data

Servicing for each client
Monitoring of each client

ORACLE Access97 SOCKET 
OCX

ORACLE
SQL NET

ORACLE
SQL NET

SOCKET
OCX

SOCKET
OCX

REP
OCX

Command console client
Command console client 
operation software

REP communications 
software

Data collection software

Confi-
guration 
software

Hardware, networks and underlined software items to be arranged for locally

Remote maintenance client

Editing and output software for 
remote maintenance results

Windows NT 4.0 Server Windows NT 4.0 WS Windows NT 4.0 WS

MOP (Monitor Panel)

Fig. 1 Description of the overseas MIC/Remote Maintenance System

immediately in response to their inquiries on
how faults are being handled.

These capabilities are the basis for the powerful
appeal of this system to customers, for it enables
swift response to breakdowns, and its installation
will provide them premier elevator performance.

BREAKDOWN STATISTICS/ANALYSIS (an export
tool). Through this export tool, it is easy to ac-
quire the necessary data from accumulated cus-
tomer information, elevator specification
information and fault data that has been entered
into the system.
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The resultant quick and easy analysis and
collection of data on fault details makes it pos-
sible to provide rapid support for data feedback
to the manufacturer and proposals to reduce the
recurrence of faults.

Remote Maintenance System

NOTIFICATION OF FAULTS AND ABNORMAL
CONDITIONS. This function automatically noti-
fies the call center when elevators malfunction.

In addition to the details of the malfunction,
information on the floor where the malfunction
occurred and data on factors that may be pre-
sumed to have caused the malfunction is also
provided.

This function has made it possible to maxi-
mize the unique capabilities of microcomputers
and so to carry out continuous remote electronic
monitoring twenty-four hours a day, 365 days a
year. This is very different from the necessarily
fragmentary inspections normally carried out by
our maintenance staff, and offers major benefits
as a public relations tool with respect to cus-
tomers.

VOICE COMMUNICATION FUNCTION. This func-
tion permits conversation over a communica-
tions device between people trapped in the
elevator and personnel in the call center, should
a malfunction result in entrapment or an eleva-
tor be rendered inoperable.

Since this allows command center personnel
to transmit appropriate instructions to people
trapped in the elevator, those entrapped can feel
reassured, and content to wait until help arrives.

REMOTE MAINTENANCE FUNCTIONS. Here we
have two types, irregularity-detection functions
and performance data-recording functions. The
irregularities of “ irregularity detection”  (or
movement diagnostic) functions are not
situations where a fault has occurred, but
situations where a temporary logical con-
tradiction may arise from contact-point signals
and/or where bad input/output signals may be
encountered within the control unit due to
deterioration over time, wear and tear and grime.
Such irregularities also include situations where
even though elevator systems are functioning
normally under regular operating conditions,
they may not function properly under emergency

conditions, impairing safety and functionality.
By their very nature, it is extremely difficult

to track down such irregular conditions during
regular on-site inspections. Based on analyses
of data gathered over time that identify the
course of events preceding malfunctions, model
by model, we can now detect such conditions
by using an operational diagnostic program us-
ing structured logic.

PERFORMANCE DATA-RECORDING FUNCTIONS.
Measuring such things as the number of opera-
tions and duration of current flows as well as
the number of door openings and closings at each
floor for the equipment installed, yields infor-
mation that is vital in drawing up elevator in-
spection, maintenance and replacement
schedules. Through this process, it is possible
to identify elevator abnormalities that are on
their way to creating breakdowns and to rapidly
carry out the appropriate preventive mainte-
nance.

Furthermore, when there is a persistent inci-
dence of irregular data, the elevator transmits
irregular signals/data to the call center. Main-
tenance personnel analyze the reasons for the
irregular data received, and then can carry out
effective preventive maintenance, implementing
action plans based on their analyses.

Since elevators have an important role as a
means for vertical transportation within cities,
we must maintain their functioning and safety
at a high level at all times. For this purpose, in
Japan the corporation has set up and is operat-
ing a system capable of remote monitoring for
more than 200,000 elevators under its manage-
ment.

Based upon our experience within Japan, we
have developed an overseas version of the MIC/
Remote Maintenance System. It has already been
installed in a number of countries and is pro-
ducing clearly evident benefits. In view of these
results, and in concert with the overseas sales
activities of Mitsubishi Electric, from the cur-
rent fiscal period on the corporation will run a
campaign to promote use of this system and to
determine its proper positioning, moving ahead
to enhance and expand the maintenance activi-
ties of affiliated overseas businesses. ❑



R & D P R O G R E S S R E P O R T

· 19September 2002

*Satoru Kato is with Inazawa Works and Jun-ichi Higaki is with the Advanced Technology R&D Center.

by Satoru Kato and Jun-ichi Higaki*

The World’s
Fastest Elevators

High-rise buildings are more popular than
ever. This trend is driving progress to improve
the performance of the elevators that provide
vertical transport in tall structures. Shuttle el-
evators and double-deck elevators have also come
into favor. Rising to the challenge, Mitsubishi
Electric Corporation has developed both the
world’s fastest elevator, which travels at an ul-
tra high-speed 1,080m/min, and a high-speed,
high-capacity elevator that can carry loads of
up to 4,800kg at 600m/min.

Along with the development of high-perfor-
mance traction motors to hoist and lower the
elevator cars and control systems to operate the
traction motors, increasing the speed of eleva-
tors also entails taking care to ensure that pas-
sengers can ride in comfort at extremely high
speeds of 1,000m/min. It was also necessary to
develop technology to minimize vibration and
noise within the cars.

This article shows how new technologies have
been implemented in the creation of the world’s
fastest elevators.

High-Capacity Traction Motors
Mitsubishi Electric usually classifies as high-
speed elevators those that travel faster than
120m/min. For this class of elevator we were
the first company in the industry to adopt the
use of PM (permanent magnet synchronous)
motors, which combine excellent efficiency with
quiet operation. These days, PM motors have
come to be used for nearly all high-speed eleva-
tors.

In the case of the ultra high-speed elevators
discussed in this article, when the shaft length
exceeds 400m, the mass of the hoisting ropes
and the car contribute to mechanical inertia,
making it too large compared with general el-
evators. Consequently, to accelerate and decel-
erate the elevator, we needed a motor that
would be able to exert very large torques.

This led to the adoption of a double-winding
three-phase design for the PM motor. This wind-
ing method involves creating, in a single motor
unit, a double coil around the iron core. This
tandem method and miniaturization give an
excellent structure. Moreover, the independent
winding of each coil enables use of twin control
systems for parallel-drive control.

Fig. 1 shows both the external view of a trac-
tion motor that incorporates a double-winding
three-phase motor for high-speed, high-capacity
elevator applications, and its control system.

Fig. 1 The traction motor and its control system

Drive-Control System
Fig. 2 shows the configuration of the control
system for a high-speed, high-capacity elevator.
Parallel drive control is configured so that each
of the main circuits is controlled independently
and this increases the degree of design freedom
for the layout of the control panels. The inverter
uses six IGBT (insulated gate bipolar transistor)
modules rated at 600A connected in parallel. A
single unit of this type of control equipment is
able to handle operation of an elevator rated for
a speed of 540m/min and a load of 4000kg.

In the parallel control system, the inverter con-
troller has both a single-speed controller and two
electrical-current controllers. Control takes into
account mutual interference between the two
coils of the double-winding three-phase motor.
This enables very precise control of traction
motor speed and torque, thus ensuring a com-
fortable ride.

The converter controller maintains a constant
DC voltage supply to each part of the drive sys-
tem. The phase of the power supply voltage is
detected, and the power factor of the output
current is maintained at  1 (unity) during pow-
ered operation and at -1 during regenerative op-
eration.

Vibration-Damping Equipment
Comfort during the running of high-speed eleva-

R&D PROGRESS REPORT
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tors largely determined by car vibration. When
riding inside the car, passengers are particularly
sensitive to lateral (horizontal) vibration, which
is often experienced as discomfort. Lateral vi-
bration primarily results when deformed or
slightly misaligned guide rails generate a per-
turbing force on the car. The higher the car
speed, the higher the perturbations become, thus
increasing the strength of vibration.

In the past, to reduce the vibration, oil damp-
ers and other passive devices were introduced
to the guide shoe or located between the eleva-
tor car and the frame. Additionally, the greatest
care is taken to increase the precision of guide
rails during machining and to improve align-
ment accuracy during installation to minimize
the perturbing force.

With the prospect of high-speed elevators trav-
eling at more than 1,000m/min, however, there
was concern whether these conventional pas-
sive-damping systems would be able to ad-
equately control vibration. Moreover, along with
increasing technical difficulties, it has become
prohibitively expensive to specify more precise
machining of guide rails and implement further
improvement in alignment accuracy. Conse-
quently, for these high-speed elevators, it was
necessary develop new technology for reducing
lateral vibration.

As a next-generation vibration damping sys-
tem for high-speed elevators, the corporation has
developed both an active roller-guide system to
suppress vibration originating at the guide rail
and an active control system installed between

car frame and platform to suppress car vibration
by using electromagnetic actuators. A descrip-
tion follows of the active-control system that is
installed between car frame and platform spe-
cifically designed for high-speed elevators.

Structure of the Active-Control System
Between Car Frame and Platform
Fig. 3 is a mimetic diagram of the active-control
system that was developed. Actuators are in-
stalled under the car floor between the platform
and car frame. The actuators reduce vibration
inside the car by using accelerative feedback
from an accelerometer (sensor) fitted in the car.
The actuators make use of electromagnetic at-
traction. This enables the small device to apply
a powerful force. Moreover, because the driving

Electromagnetic
actuator

Cage

Cage
platform

Yoke Coil

Accelerometer

Platform rubberDisplacement
sensorCage frame

Fig. 3 Active control system under the cage
platform.
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force does not require contact, the system has
the advantage of avoiding the effects of floor sink-
age caused by fluctuations in car loading.

Compensation for Non-Linearity
The disadvantage of using an actuator that
makes use of electromagnetic attraction as de-
scribed above is that because of the gap between
the coil and the pole, the force of electromag-
netic attraction is non-linear. This causes prob-
lems with effective control. To deal with this
issue, an eddy-current sensor is used in this sys-
tem to monitor the gap between the coil and
pole. Data from the sensor is processed to com-
pensate the current values and linearize the driv-
ing force.

Vibration-Suppression Control System
Fig. 4 is a block diagram showing the vibration-
suppression control system. The equation used
to regulate vibration control is shown below.

Fm = − KvTi + KpTi
2

 Gh(s)Gl(s)x1  Eq. 1
   Tis+1 (Tis+1)2 

..

Non-linearity
compensation D/A Amplifier Electromagnet

Elevator
mechanical 

system

Display sensor
compensation

g(x1-x2) Displacement
sensor Accelerometer

Controller
Kv

i* Fm x1-x2 x1
x1-x2

x1

F*m

-
-

x0: Displacement of guide rail

Kp 1/S 1/S A/D LPF

i

x2

x1
,

Fig. 4 Block diagram of active control system
installed between car frame and platform.

This concludes our introduction to some of the
technology associated with the successful de-
velopment of the world’s fastest high-speed el-
evator, operating at 1,080m/min. Practical
achievement of excellent ride comfort was based
both on the expertise that Mitsubishi Electric
has accumulated in past development of high-
speed elevators and on familiarity with the lat-
est technology. The corporation is committed
to meeting the needs of the world for the most
advanced forms of vertical transportation. ❑
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Fig. 5 Test results of floor active control

Here, Kv is feedback gain for the acceleration of
the car and Kp is feedback gain for the position
of the car. By optimizing these, the vibration of
the car is suppressed. Furthermore, Gh(s) is a
low-cut filter to attentuate the DC component
of vibration and Gl(s) is a low-pass filter to re-
duce high frequency noise from the accelera-
tion sensor.

Results of Trial Operation
Practical trials with an actual test elevator were
carried out using the actuators and control equip-
ment described above.

Fig. 5 shows test measurements of X vector
(left-right) and Y vector (front and back) motion
of the car with and without active-vibration con-
trol. It is clear that application of the control
effected a 50% reduction in vibration.
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*Manabu Ogura is with Advanced Technologies R&D Center and Yasumasa Haruta is with Inazawa Works.

by Manabu Ogura and Yasumasa Haruta*

Escalators with High-Speed
Inclined Sections

A basic technology has been
stablished for the inclined sec-
tions of high-speed escalators
capable of increasing the step-
moving speed within these sec-
tions by 1.5 times the correspond-
ing step-moving speed at the
landing sections.

Based on the new technology,
a one-fifth scale model (Fig. 1) was
fabricated and this confirmed that
basic operations such as chang-
ing speed, reversing, etc., can be
performed without any problems.
This is the world’s first such scale
model.

If high speeds can be achieved
in the inclined sections of an
escalator, the hitherto irrecon-
cilable aims of securing high
safety while getting on or off the
escalator and of minimizing the
time spent on the moving esca-
lator itself can both be achieved.

Also, if the inclined section is

Fig. 2 An expanded view of the upper landing of an escalator with
high-speed inclined section

Main track   

Folding link

Folding point Step link roller

Step
Riser

Trailing track

Trailing roller

Assistant roller

Assistant track

Fig. 1 A one-fifth scale model of an escalator with high-speed inclined
section

run at normal speed, this can be
combined with a slow-running
landing section, forming a very
safe escalator that is easy on the
elderly, children, etc.

The speed is changed by ex-
panding and contracting the
folding links that connect adja-
cent steps using a cam mecha-
nism comprised of rollers and

tracks so as to change the space
between the steps (see Fig. 2).
For the practical implementation
of this mechanism, we are cur-
rently evaluating the possibilities
by analyzing dynamic simula-
tions of step acceleration during
speed changes, drive resistance,
etc., and by optimizing the shapes
of the cam (track), the  precise
location of the turning-back
(folding) point of the steps, etc.

Issues requiring future work are
the development of a variable-
speed handrail system and the
examination of safety when walk-
ing on the steps. ❑

TECHNICAL HIGHLIGHTS
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by Teruo Konno and Naoya Yamada*

Diagnostic & Support Equipment for the
Insulation of Traction-Machine Motors

We have developed insula-
tion evaluation support equip-
ment that analyzes the state of
insulation from detailed, conve-
niently gathered measurement
data. This equipment can be
built into a support system that
enables assessment of deterio-
ration and estimation of remain-
ing service life.

Accumulated data for dielec-
tric breakdown and insulation
diagnostics has been built into
a database. This allows statisti-
cal estimation of the remaining
service life.

In the past, it has been custom-
ary to rely on meggers (megohm-
meters) to measure insulation
resistance. In-depth evaluation of
insulation called for separately
acquired data for DC absorption
currents and dielectric loss tan-
gents. This method involved
painstaking work and effective
assessment required expert analy-
sis, so it was seldom used on site.

As part of a company that has
been delivering increasing num-
bers of traction machines over
the past two decades, we set out
to develop a system that would
enable regular maintenance
staff to diagnose the degree of
deterioration of insulation in
traction-machine motors. This
equipment is described below; a
photograph is shown as Fig. 1.

First, we list the main specifi-
cations of the diagnostic equip-
ment used by the support system.

● Insulation resistance
measurement
Range: 0.1~10,000MΩ
Preliminary measurement:
at 250V DC (for 1min)
Normal measurement:

Fig. 1 External view of the diagnostic equipment

at 500/1000V DC selectable
(for 1min)

● Current measurement
Range: 0.01µA~10mA
Measurement voltage:
500/1000V DC selectable

● Dielectric loss tangent
measurement
Range: 0.1%~60%, 1~100nF
Measurement voltage:
100~500V AC variable,
50/60Hz.

As well as being able to mea-
sure the normal one-minute
value for insulation resistance
(in Megohms), a more accurate
assessment of the characteris-
tics of the insulation material
actually used in the motor can
be obtained by measuring DC
absorption current (attenuation
characteristics of leakage cur-
rent) so as to yield the polariza-
tion index (PI: an indicator of the
attenuation of DC absorption

current).
Furthermore, the equipment

analyzes the AC dielectric loss
tangent and shows its voltage
dependency.

For more convenient on-site
use, the equipment automati-
cally evaluates insulation resis-
tance, followed by current
absorption, and then dielectric
loss tangent without needing
the operator to switch connec-
tions. Insulation resistance data
is graphically represented on the
display panel and recorded on a
computer diskette (see Fig. 2).

The insulation evaluation sys-
tem does more than gather data.
Besides on-screen displays of the
results of maintenance check
data, fuzzy logic is employed to
apply to the data the same cri-
teria used by expert technical di-
agnosticians. Following these
diagnostic rules, the state of in-
sulation deterioration (assessed
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Insulation resistance measurements and indicators
Preliminary measurement at 250V for 60s, 452MΩ
Normal measurement at 500V for 60s, 463MΩ
Weak point ratio 1.0

Service office K service office

Type of service contract M F

Control number 11234

Machine number 02

Equipment type D M N

Model number M G 246 DB

Evaluated part Stator

Date manufactured Feb. 1973

Date evaluated 7 Nov. 2000

Building name Building A

Weather Cloudy

Temperature 28.0˚C

Humidity 67%

Environment Good
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Recommendation
The insulation resistance measurement looks favorable, but taking 
into account the PI and tan δ measurements,  we may infer that 
contamination has already started and that the presence of voids 
makes moisture absorption possible.
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Fig. 2 Typical insulation measurement results



T E C H N I C A L H I G H L I G H T S

· 25September 2002

Fig. 3 Typical diagnostic display

grade) can be evaluated (see Fig.
3). Note: This display is only
available in Japanese.

To evaluate remaining service
life, the system collects and ana-
lyzes correlations between 820
measurements concerned with
insulation characteristics and 150
for breakdown voltage (BDV).

The system is able to provide
an averaged grade for assessed
deterioration from the values
gathered by the insulation evalu-
ation system. It also reveals com-
paratively good correlations
between the BDV of the arma-
ture, stator, field magnet, rotor
and other components of the
electric motor.

Consequently, using these cor-
relations, regression lines can be
derived for each tested component
and, from the yielded residual
BDV values, an estimate can be
made of remaining service life.

Analysis of the deterioration
reveals regression lines for de-

terioration and residual BDV to
yield 95%, 90%, and 50% reli-
ability assessment grades, thus
enabling estimation of remain-
ing service life (see Fig. 4a and
4b).

Based on the lower limit (BDV)
breakdown voltage shown in the
graph (Fig. 4b),the difference be-
tween the present 50% regres-
sion line value and the 90% or
95% reliability shows estimated
residual BDV.

The results of this system for
diagnosing the insulation dete-
rioration of the motors used for
elevators provide insight into
the state and form of deteriora-
tion and they enable technicians
to recommend specific courses
of action. The results conform
well with those obtained by ex-
pert technical diagnosticians
who use conventional methods.
Moreover, we have verified good
correlation of results for esti-
mated residual BDV and on-site
measurements of BDV.

Building name Building C

Access number 12345

Machine number 01

Machine type 175CS

Part evaluated Armature coil

Date manufactured April 1980

Date evaluated April 2001

Number of  indicator 6

Rated voltage 220V

Days in use 7,668

Residual breakdown voltages
50% reliability 2,573V
90% reliability    595V
95% reliability    198V

Estimated remaining service life
50% reliability 5.5 years (2,010 days)
90% reliability 3.0 years (1,105 days)
95% reliability 1.4 years (494 days)

Recommendation
The results of remaining life assessment
suggest that this motor is approaching the
end of its service life. Deterioration in the
insulation as a result of ageing suggests
that the motor should be replaced within
the next year or two.

Table 1 Data and Recommendation
  for Fig. 4



TE C H N I C A L  HI G H L I G H T S

Mitsubishi Electric ADVANCE26 ·

Fig. 4 Typical displays for estimated remaining service life

As this insulation diagnostic
equipment and insulation evalu-
ation support system goes into
more widespread use, its effi-
cacy will be further proved,
leading to still further applica-
tions. This will help to ensure
the reliable operation of rotary
motors and aid customer to ap-
propriately schedule the neces-
sary repairs and preemptive
replacements. ❑
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NEW PRODUCTS

MELART-II; New Full-Color Paint Finish

In December, 1995, Mitsubishi
Electric created a precedent in the
industry by introducing the use of
computer graphics for painted steel
elevator panels. These MELART
panels have provided elevators with
distinctive finishes ever since. How-
ever, increasingly diversified build-
ing designs and the role of elevators
as the main portals by which people
enter buildings have given rise to
demand for even more individualis-
tic and original, better-crafted de-
signs.

In response, the corporation has
made fundamental changes to the
previous method of producing
MELART panels, increasing the
graphic resolution for these large
panels from 400dpi to 720dpi. Im-
provements have also been made
to the light-resistance of the finish,
and MELART II options now extend
to gloss and semi-gloss (or matte)
full-color finishes.

The new panels use a special
printing process to create thermo-
setting films of paint combined with
technology to ensure that these
films can be “baked” onto the metal

surfaces, creating full-color steel
panels. This avoids the need for
plate making as in silk-screen print-
ing, and is ideal for short production
runs of many variants.

The technology for these painted
finishes is proprietary, and the sub-

New Home Elevators

Since starting to manufacture home
elevators (private residence
elevators) in 1988, Mitsubishi Elec-
tric has installed an impressive
number of these units; over 16,000
within Japan and hundreds over-
seas. The corporation’s new home
elevators meet the demand for high-
speed drives, which is particularly
strong in overseas markets.

The large buttons on the car-
operating panel provide easy-to-
use control and the machinery itself
has been downsized and lightened,
making home elevators as easy on
the environment as they are easy to
use. A typical car design is shown
in Fig. 1.

The basic (standard) specifica-
tions are for three passengers,
stopping at up to four floors (rise to
be 10m or less), with decorated
steel panels providing both rigidity
and high quality for the car and
doors. Ventilation fans, mirrors,
handrails and dual openings are
available. The compact designs
make minimal requirements for
space: installation is possible in a
space only 1.5m wide by 1.5m deep
(a special machinery room is un-
necessary).

The features of the new elevators
are as follows:

Fig. 1 An elevator door showing
the beautiful color finish
possible with MELART II.

Speed has been increased from
the previous 12m/min to 20m/min,
shortening operation time to 60%.
Although the rated speed has been
increased 1.7 times, the develop-
ment of low-noise motors, a new
winding machine and an improved
controller means that vibration and
noise characteristics are compara-
ble with the previous elevators.

The Mitsubishi emergency land-
ing device (MELD) system for
power failure is supplied with
batteries and a charger as
standard. Owners can therefore feel
safe in using these elevators.

Single-phase 200V AC power is
required, but different voltages can
be accommodated in individual
designs within the range 210 to
240V AC.

Installation of these home eleve-
ators is easier and can be complet-
ed faster than for previous elevators
thanks to the adoption of the front-
rail installation system. In this sys-
tem, the guide rails are installed on
the front-entrance side of the eleva-
tor shaft wall by means of brackets,
after which the entrance units are
mounted on the guide rails. ❑

Fig. 1 A typical car design

ject of pending patent applications.
It also has many potential applica-
tions beyond elevator panels.
MELART II panels have the
following characteristics:

MELART-II reproduces beautifully
and with complete fidelity and sta-
bility traditional Japanese paintings,
geometrical figures created by silk
screen printing, and graphic illus-
trations.

Well-suited for small-lot produc-
tion of many product variants,
MELART-II also has the clear ad-
vantage of undergoing only half the
fading of automobile finish coatings
under exposure to ultraviolet
radiation.❑
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