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Mitsubishi Elevator Equipment in Shanghai Tower
tEFOCABEFH = ZERIRE

Abstract

Shanghai Tower has a height of more than 600 meters above the ground and consists of five
zones of skirt building zone, office zone, hotel zone, boutique office zone and observation
zone. The concept of transportation is to, utilizing the shuttle elevators, access to main lobby of
each zone firstly, then changing to and utilizing the satellite elevators in each zone for access
to each floor. A total of 106 units of elevators will be installed in Shanghai Tower, which include
three world's records; 1) The fastest single-deck elevators at 18 meters per second, 2) The fastest

Ikuo Nakazawa

lkuo Nakazawa

Mitsubishi Electric Corporation Inazawa Works
No.1 Hishi-machi

Inazawa, Aichi

Japan 492-8682

tel (#,3%): +81 0587 24 5735

fax (1% 3£): +81 0587 24 5745

email (. F # 44): Nakazawa.lkuo@
cs.MitsubishiElectric.co.jp

website url

Ikuo Nakazawa joined Mitsubishi Electric Corporation
in 1994 and has been working at Inazawa Works, which
is producing elevators and escalators. Nakazawa,
manager of the overseas marketing section, is mainly
in charge of China's market business, and is especially
responsible for total production management of
Shanghai Tower.

Tkuo Nakazawa M19944FFF#IRT = ZF etk &
H, —HEEKAEFT] BEHEHRIE. HitE
SMHERBAMK, TERARFETY, FAELE
FOHAEAEFEE,

double-deck elevators at 10 meters per second, and 3) The elevators with the longest travel
of 579.78 meters. Furthermore, adopting the latest technology, these elevators secure safety,
reliability and a comfortable ride. They also contribute to energy savings of the building.

Keywords: The world’s fastest elevators, The world’s longest travel elevator, Drive &
control system, Safety, Comfortable ride, Energy saving
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Elevator Layout for Efficient Vertical
Transport

In a high-rise building, a well-designed
elevator layout will make a remarkable
difference in vertical transport. A total of 106
units of elevators will be installed in Shanghai
Tower, which are arranged in such a way as to
facilitate vertical movements of large numbers
of people and goods in the high-rise.

Office Zone (From 8th to 81st Floor)

For efficient vertical transport, the office zone
will be laterally divided into five sections. The
two bottom floors in each section, excluding
the lowest section, are sky lobbies. Each
section is further subdivided into two, for
higher and lower floors.

Between the ground level and the sky
lobbies, a group of four double-deck elevators
per section will shuttle a large number of
passengers at a high speed of 5 to 10 meters
per second. Within the section, a group of
three (four in the lowest section) cars with a
middle speed of 2.5 meters per second and a
group of four (six in the lowest section) cars
with a high speed of 3.5 meters per second
will be installed as satellite elevators for the
lower and higher floors, respectively.

For smooth transfers from double-deck
shuttles to satellite elevators, two sky lobbies
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will be segregated by destination. The upper sky lobby will be used
by high-speed satellite elevators for higher floors, and the lower sky
lobby by middle-speed units for lower floors. Passengers, for instance,
traveling to higher floors in a section will board the upper decks to
arrive at the upper sky lobby.

Hotel Zone (From 84th to 110th Floor)

A group of four super-high-speed double-deck elevators will efficiently
transport passengers between the ground and the hotel. Passengers

in the lower decks will be shuttled between the 1st floor and the

hotel lobby on the 101st floor at a super-high-speed of 10 meters

per second. Within the hotel, a group of four satellite elevators will
transport passengers at a speed of 4 meters per second, and two
observation elevators without machine rooms will serve the 101st floor
hotel lobby, 102nd to 104th floors hotel restaurants and 105th floor
hotel conference center.

Boutique Office Zone (From 111th to 115th Floor)

While the lower decks of the double-deck elevators will shuttle
between the 1st floor and the hotel lobby on the 101st floor, the
upper decks will shuttle between the 2nd floor and the 102nd floor
where passengers can transfer to/from satellite elevators for boutique
office zone. A couple of satellite elevators with a speed of 4 meters
per second will serve not only the 102nd and boutique office floors,
but also floors with public facilities: the 103rd to 105th floors with
hotel restaurants and conference center and 120th floor with a sky
restaurant.

Observation deck and sky restaurant zone (From 118th to 120th
floor)

A group of three world'’s fastest elevators can take passengers straight
up from the 2nd basement floor to the observation decks on the 118th
and 119th floors at a speed of 18 meters per second. To access the
express elevators, passengers can take a machine-room-less elevator
or escalator from the 1st floor to the 2nd basement floor. Beyond

the observation deck, passengers can use three machine-room-less
elevators to the sky restaurant on the 120th floor.

Skirt building (From 2nd basement to 5th floor)

Thirteen passenger elevators and 10 service elevators will connect
facilities in the skirt building such as public space, retail areas, event
center, conference center, and parking. This skirt building will be
connected to a subway station on the 2nd basement floor.

Service elevators in main building

In addition to passenger elevators, 12 high-speed service elevators will
be installed in the main building. Among them, two are designated
for VIP operation as well as fire emergency operation and can serve
every floor between the 3rd basement and 121st floor. Two other
service elevators, with large capacities of 3500 kg, will be splitting the
travel distance at the 50th floor where passengers transfer from one to
the other. Within office, hotel and boutique office zones, two to three
service elevators will operate. Furthermore, a group of three service
elevators will provide express service at a high speed of 8 meters per
second, especially for the convenience of maintenance, between the
ground level and floors where mechanical, electrical, and plumbing
(MEP) rooms are located directly under the sky lobbies.

Three world'’s records

The elevators in Shanghai Tower will have three world records as of the
completion of the building’s construction.

Figure 1. Elevator Core Layout at the First floor (Source: Building Design Drawing)
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Elevators Capacity Speed Traveling distance
L] REE BEE RAFE
World's fastest elevators 1600 kg 18 meters per second 565.4 meters

HFRREH

World’s fastest double- 10 meters per second 470.0 meters

deck elevators

s e )L

1600 kg/1600 kg

World's longest traveling 8 meters per second 579.78 meters

distance

BFRARS T EEH

1350 kg

Table 1. Specifications of three world’s top elevators.
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Figure 2. Main Elevator Map (Source: Mitsubishi Electric)
H2. £E#REE (HE: Mitsubishi Electric)

The world’s fastest elevators — 18 meters per second

A group of three shuttle elevators, surpassing the current world record
of 16.8 meters per second held by elevators in Taipei 101, can ascend
565 meters in approximately 55 seconds at 18 meters per second.

The descending speed will be kept at 10 meters per second or less to
mitigate ear discomfort, which tends to be more noticeable during
descent than during ascent.

The world’s fastest double-deck elevators — 10 meters per second
A group of four double-deck shuttle elevators will travel at the world’s
fastest speed of its kind, 10 meters per second, from the 1st and 2nd
floors to the 101st and 102nd floors.

The world’s longest travel — 579.78 meters

Two elevators designated for VIP operation and fire emergency
operation will have the world’s longest traveling distance of 579.78
meters, serving every floor between the 3rd basement floor and the
121st floor.

To realize elevators with super high speeds and long traveling
distances, Mitsubishi Electric developed various new technologies as
follows to secure safe and comfortable rides and to save energy and
space.

Technical Characteristics of Elevators

Highly-efficient drive and control systems

All 106 elevator units, including the world's fastest elevators (18 meters
per second) and machine-room-less low-speed elevators, will be
equipped with traction machines with permanent magnet motors.

Major advantages of traction machines with permanent magnet
motors

» Reduced vibration: Torque ripple during elevator operation
(including acceleration and deceleration) is only a few %.

» Reduced noise: Noise during traction machine operation is
approximately 10 dB(A) less than that of induction motors.

 Energy-savings: The energy efficiency is approximately 5%
better than that of induction motors.

Figure 3. PM Traction Machine (Source: Mitsubishi Electric)
FE3. PM #5[#l. (H E: Mitsubishi Electric)
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Figure 4. Doubling Safety Gear (Source: Mitsubishi Electric)
E4. MfrZattsi%E (4 H: Mitsubishi Electric)
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Figure 5. Multi-plunger Buffer (Source: Mitsubishi Electric)
E5. ZAEZEZwHE (HE: Mitsubishi Electric)

In the course of development of the world's fastest elevators,
Mitsubishi Electric has successfully minimized equipment size, despite
the large capacity, by adopting double three-phase winding and by

a parallel drive system with two control panels. For steady braking of
super-high-speed elevators with large loads, double hydraulic disc-
brakes with clamps have been adopted.

Safety and Reliability

High-strength hoisting rope: Mitsubishi Electric developed a
high-strength hoisting rope that can withstand its own weight in an
extremely long shaft. Compared to conventional ropes, it has higher
intensity per weight with an ensured safety factor. Furthermore,
effective cross-sectional area was expanded by increasing wire density,
which ultimately reduced rope stretch approximately 25% and
stabilizes ingmotion .

Lightweight traveling cable: For long and heavy hanging parts of
cables in the tall shaft, the intensity of the cables was enhanced by
increasing the steel core diameter. On the other hand, to reduce its
weight, a lightweight casing is employed. Also, a highly-efficient power
transmission system was developed to reduce the weight of power
lines.

Fine ceramics safety gear: The high resistance to abrasion and
thermal shock of fine ceramics ensures reliable braking performance
of brake shoes at high temperatures caused by friction. By adoption of
double safety gears, the total load could be significantly increased.

Multi-plunger buffer: The higher the elevator speed, the longer the
buffer stroke and thereby the deeper the pit required. This is to comply
with regulations stipulating that the average deceleration must be
kept to 1G or less when a buffer is struck at the maximum speed.
However, total height can be shorter by approximately 30% with a
three-plunger buffer than with a single-plunger buffer.

Emergency operation against strong wind: High winds against
high-rise buildings can cause sympathetic vibration, which can
sway the upper floors. If elevator ropes resonate with the building

Figure 6. Actie Roller Guide (Source: Mitsubishi Electric)
K6, &I S (HE: Mitsubishi Electric)
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movement, they may be caught in other equipment in the shaft. If the
ropes are expected to swing widely, the elevators go to the nearest
floor to evacuate passengers before going to ‘stand-by’

Comfortable Ride

Vibration reduction. Two major causes of car vibration are warped
rails and windload while the cars are running. As cars run faster,

the magnitude and frequency of the vibration increases. There are

no quick-fixes, such as the addition of vibration insulators. Diverse
approaches were required to curb vibration materially through
adoption of high-precision rails, pneumatic-resistant car design and a
proactive vibration control system.

« High-precision rail: Straight rails manufactured with high
precision will minimize excitation forces during car operation.

« Active Roller Guide: When vibration of a car or car frame is
detected, the roller guides supporting the car act to cancel this
vibration. The device ensures a more comfortable ride than
conventional roller guides.

Noise reduction. Noise prevention is a difficult challenge in designing
high-speed elevators, as the volume of noise in a cabin increases as the
elevator runs faster. There are two main approaches: One is to reduce
the source, pneumatic noise itself, through streamlining the airflow
around the car; The other is to enhance acoustic isolation of the car by
blocking airborne sound.

« Streamlined fairings: Mitsubishi Electric has designed the
optimum streamline for fairings according to the results of
simulation and wind-tunnel tests and will cover roller guides
since noise is notable around them, especially concerning high-
speed elevators.

» Soundproofing car structure: Through a series of tests and
thorough study, a car structure with the optimum degree
of sound absorption was developed. Since noise in cabins
can be significantly reduced by minimizing door draft, the
structure employed a mechanism that blocks door draft almost
completely during car operation.

« Atmospheric pressure control in cabin: Ear discomfort occurs
by changes in air pressure in cabins due to elevation difference.
To examine ear discomfort in relation to atmospheric pressure,
tests were performed in a compression chamber with various
pressure patterns. These led to a control system that can keep
atmospheric pressure in cabins optimum for ear comfort.

Energy savings
The following technologies helped acquire a Leadership in Energy and
Environmental Design (LEED) certificate.

Traction machines with permanent magnet motors. All 106
elevators are equipped with traction machines with permanent
magnet motors. Unlike conventional traction machines with induction
motors, they do not require an excitation current and thereby excel at
controlling performance and energy savings.

Power regeneration function. The power regeneration function will
be provided for all elevators with a speed of 2.5 meters per second

or higher. The traction machine with this function works as a power
generator (regenerative operation) when the motor rotates towards
the heavier side of the car or the counterweight which is designed

to be balanced with the car at a half-capacity load. The regenerated
power is fed into the building’s electrical grid along with general power
supply to be used by other elevators, lighting and other electrical
equipment.

Figure 7. Elevator Car with Streamlined fairings (Source: Mitsubishi Electric)
E7. RAREREFME (HE: Mitsubishi Electric)
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Energy-Saving Operation — Allocation Control (ESO-W). All
passenger elevators under group control are equipped with this
effective feature for energy saving operation. When a passenger
presses a hall button, this system estimates power consumption to
serve the call based on position and load of all elevators in the same
group and selects the car that best balances operational efficiency and
energy consumption. Priority is given to operational efficiency during
peak hours and energy efficiency during non-peak hours.

Conclusion

Efficiently arranged, all 106 elevators, including the world's fastest
speeds or longest travel, will demonstrate easy and convenient vertical
transport in such a tall building where dynamic traffic is expected.
Traffic control, however, was not the only primary challenge in the
Shanghai Tower project. Safety and comfort will not be compromised.
The enhanced technologies that ensure safe and comfortable rides
were adopted to assure the best performance, even under difficult
conditions such as super-high speed and a long traveling distance.

Note: The information above is as of completion of building
construction.
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