(11) Application No. Al 2003246744 B2
(19) AUSTRALIAN PATENT OFFICE

(54)  Title

Control of an elevator

(51)2  International Patent Classification(s)
B66B 1,30 (2006.01) 20060101AF12005100

B66E 1730 8BMEP
PCT-FIZ003-000552
(21) Applioation No: 2003246744 (22) Application Date: 2003 07 .09

(87)  WIPO No:  wons.005300

(43) Publication Date : 2005 01 28
(43) Publication Journal Date : 2005 03 10

(1) Applicant(s)

Kone Corporation

(72) Inventor(s)

Hawkins, Giovanni

(74) Agent/Attorney
Collison & Co, 117 King William Street, Adelaide, SA, 5000

(56)  Related Art
us 5984052 A
us 5780786 A
Us 5241141 A




o
<
—
S
&
v
S
S
S~
v
=
S
Q
g

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATE

(19) World Intellectual Property
Organization
Inlernalional Bureau

(43) International Publication Date
20 January 2005 (20.01.2005)

PCT

T COOPERATION TREATY (PCT)

00 OO0 OO

(10) International Publication Number

WO 2005/005300 Al

(51) Tnternational Palent Classification”: B66B 1/30// 1728

{21) International Application Number:
PCTAT2003/000552

(22) International Iiling Date: 9 July 2003 (09.07.2003)

(25) Filing Language: English

(26) Publication Language: Lnglish

(71) Applicant (for all designated States except US): KONE
CORPORATION [FL/FI]; Kartanontic 1, FIN-00330
Helsinki (IFT).

{72) Inventor; and
(75) Inventor/Applicant (for US only): HAWKINS, Giovanni
[GB/TT]; Repovuerentie 20 D, FIN-00670 Helsinki (TT).

(74) Agent: KONE CORPORATION / PATENT DEPART-
MENT:; PO. Box 677, 'IN-05801 Hyvinkai (D).

(81) Designated States (narional): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,

€7, DE, DK, DM, D7, EC, FF, ES, FI, GB, GD, GE, GTI,
GM, TIR, TITJ, T, T, IN, 1S, TP, KF, KG, KP, KR, K7, 1.,
LK, LR, LS, LI, LU, IV, MA, MDD, MG, MK, MN, MW,
MX, MZ, NI, NO, N7, OM, PH, PL,, PT, RO, RU, SC, SD,
SE, SG, SK, ST, TT, TV, TN, TR, TT, T7, TA, TG, TS,
L7, VC, VN, YU, ZA, “M, ZW.

(34

Designated States /regional): ARIPO patent (GH, GM,
KL, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Hurasian patent (AM, AZ, BY, KG, KZ, MD, RU, 1), TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, IIU. IE, IT, LU, MC, NL, PT, RO,
SE, SL SK, TR), OAPI patent (BF, BJ, CF, CG. CI, CM.
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with infernational search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes an Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: CONTROL OF AN ELEVATOR

(57) Abstraci: Method and system of controlling a counterweighiless elevator sys-
tem provided with an elevator car and a variable speed drive with an electric motor,
wherein the elevator car load is weighed, and wherein the elevator system is con-
trolled in order to reduce the physical/electrical dimensions of the system. The total
mass of the elevator is defined by the equation Mtotal = Mcar (mass of the car) + A*
Maxpayload, wherein Mear is the mass ol the car, A is a coellicient and Max payload
is the maximal payload. If the payload supercedes A*Maxpayload the clevator is
controlled so that the speed and/or acceleration of the motor is reduced, andfor the
idle time of the elevator is increased.
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CONTROL OF AN ELEVATOR

The present invention relates to a control method and control sys-
tem for controlling an elevator, especially a variable speed low weight counter-
weightless elevator.

In many residential applications elevator cars and their hoisting sys-
tems are dimensioned for (a) maximum planned traffic capacity or maximum
number of persons, (b) size of floor area to satisfy occasional large furniture
removal and/or wheelchair access. Particularly in counterweightless or coun-
terweightfree elevators, that is mainly hydraulic elevators and drum elevators,
this leads to bulky motors and large fuses which can cause much problems es-
pecially when installing new elevators in older buildings or modernizing or up-
grading old elevators. Naturally bulgy motors and large fuses and associated
high current electric cables also cause higher costs.

However, in majority of trips the elevator carries typically less than
30% of the rated load. Approximately half of the trips there are no persons in
the elevator car (see figure 1 a hypothetical usage curve of a counterweightless
elevator).

In the traction sheave elevators the counterweight is generally di-
mensioned on the weight of the car and half the payload. This means that en-
ergy corresponding to the weight of the car is saved, both when the car is
traveling full and empty. However on empty down trips, which is common in
residential elevators, the hoisting system requires its maximum power, as it has
1o be able to lift the net difference between the counterweight and the unloaded
car. This leads to unnecessary energy consumption. US5884052 discloses a
counterweight slevator system includss a control system that determines the
amount of load of the car, and that determines the opsrating spesd piofile of the
car basad upon the amouni of load in the car, In a pariicular embadiment, the
control system includes a load wsighing devics and uses the weight of the car
to determine the selection batween fwo operating speed profiles: a normal op-
erating speed profile and a reduced operating speed profile. The conirol system
compares the measured live load to a pre-selected threshold, such as the car
weight plus twice the percentage balancing multiplied by the rated full load of
the elevator system. If this threshold is exceeded, then the reduced operating
speed profile is selected. In this way, reduced balancing may be used. The se-
lected percentage balancing may be determined empirically or estimated by
taking into account the building size, usage and other operational characteris-
tics. Thus, in US5984052 energy can be saved by dimensioning the counter-
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weight based on less than half the payload and by reducing the speed of the
hoisting system when the car is loaded closer to full capacity. This kind of a re-
duced counterweight system is difficult to realize in practice.

In many cases the counterweightless hydraulic or drum driven or
screw driven or chain driven elevators are used because they offer certain ad-
vantages for example with respect to shaft space efficiency. A prior art solution
to reduce the hoisting motor size in counterweightless elevators is o dimension
the motor smaller than normally by a certain factor and limit the starts per hour.
However, this means that the motor stili needs to be dimensioned at approxi-

" mately 70% of full capacity. On empty up trips this means that the motor con-
sumes energy to carry the weight of the car and almost the full payload.

One object of the present invention is to eliminate the drawbacks of
prior-art solutions and to achieve a system that would allow that the elevator
hoisting systems in counterweightless elevators could be dimensioned smaller
than in prior art solutions. An additional object is to provide an economically
dimensioned counterweightless traction sheave elevator. Further objects are
indicated explicitly or implicitly in this specification. One can say that one of the
tasks of the invention is to enable underdimensicning of the machine and elec-
tric drive and possibly other components without compromising car size and
capacity too much.

The present invention is based on the idea where wherein a varia-
ble speed hoisting system is combined to a counterweightless elevator with a
low weight car. The present invention is in detail defined in the attached claims.
Other embodiments of the invention are characterized by what is presented in
the other claims. Some inventive embodiments are also discussed in the
description section of the present application. The inventive content of the
applicetion can elso be defined differently ihan in the claims presenied below.
The inveniive content may also consist of several separaie inventions,
espedially if the invention is considerad in the light of sxplicitly expressed or
implicit sub-tasks or from ihe point of view of advaniages or categories of
advantages achieved. In this case, some of the definitions contained in the
claims below may be superfluous from the point view of separate inventive
concepts.

The advantageous combination of a low weight car, load weighing
device or other means to estimate the elevator's current load, variable speed
hoist and an optional regenerating systemn will enable (1) significant reduction in
hoisting motor and drive size and cost, (2) smaller fuses, (3) significant im-
provements in energy consumption; with an optional regenerative system some




10

15

20

N
[4)]

36

WO 2005/003300 PCT/FI12003/000552

3

energy produced on down trips may be saved and fed back to the electricity
supply system; the use of a variable speed hoisting system combined with a
counterweightless elevator allows that the system is tuned for any payload on
every trip. The prior art system elevators, e.g. in US5984052, have fixed coun-
terweights and therefore the majority of trips will use some fixed balancing sys-
tem. This means that for all empty down trips the motor still uses energy to lift
the counterweight.

In the following, a preferred embodiment of the present invention
will be described in detail by reference to the drawing, wherein

Fig. 1 presents a hypothetical usage curve of a counterweightless
elevator, and

Fig. 2 presents a counterweightless traction sheave elevator.

The counterweightless elevator may be a counterweightless
traction sheave elevator according to Fig. 2. Fig. 2 illustrates a
counterweightless traction sheave elevator comprising an elevator car 1 and a
hoisting device with a variable speed motor drive (e.g. frequency converter 12
and an AC motor 10}, the traction sheave 11, diverting pulleys 4, 6, 15 and
hoisting ropes 3.

The elevator in Fig. 2 is an elevator without machine room, in which
the drive machine 10 is placed in the elevator shaft. The elevator shown in the
figure is a traction sheave elevator with machine above. The passage of the
hoisting ropes 3 of the elevator is as follows: One end of the ropes is immovably
fixed to an anchorage 16 located in the upper pait of the shaft. From the
anchorage, the ropes run downward and are passed around a diverting pulley
14 on the car roof, from which the ropes 3 run further upward to a second
diverting pulley 15 and back to a third diverting pulley 13 on the car roof.
Therzfrom the ropes run further upward io the traction shaave 11 of the drive
machine 10, passing around the fraction sheave along rope grooves on the
sheave. From the traction sheave 11, the ropes 3 run further downward to the
elavaior car 1 moving along car guide rails 2, passing under the car via a fourth
diverting pulley 4 under the rail 2, and going then upward again io a fifth
diverting pulley 5 under the elevator car, again downwards to a sixth diverting
pulley 6, an again up to a seventh diverting pulley 7 under the car. From this
pulley 7 the ropes are further anchored to the shaft floor 9 with a spring 8
tightening the ropes against the traction sheave and diverting pulleys.

The rope suspsnsion acts in a substantially centric manner on the
elevator car 1, provided that the rope pulleys supporting the elevator car are
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4
mounted substantially symmetrically relative to the vertical centerline passing
via the center of gravity of the elevator car. 1.

The drive machine 10 placed in the elevator shaft is preferably of a
flat construction, in other words, the machine has a small depth as compared
with its width and/or height, or at least the machine is slim enough to be ac-
commodated between the elevator car and a wall of the elevator shaft. The ma-
chine may also be placed differently, e.g. by disposing the slim machine partly
or completely between an assumed extension of the elevator car and a shaft
wall. A different rope pulley position may be used for traction sheave. Easily
such different position can be arranged by having instead pulley 11 as the pul-
ley that transmits the traction to the rope another pulley as a traction sheave.
Naturally the drive machine is in such case associated with this another pulley.
In light of the machine dimensioning preferable are the pulley positions with
highest rope speeds i.e. positions pulleys 11 and 4. By increasing number of
pulleys and rope stretches to the rigging above and below the elevator car the
motor speed with respect to the elevator car speed can be increased and thus
the motor torque requirement and size can be reduced correspondingly. For
example, an traction sheave elevator according to the invention can be imple-
mented using above and below the elevator car suspension ratio of 8:1, 7:1,
8:1, 9:1, 10:1 or even higher suspension ratios. By increasing the contact angle
using a diverting pulley, the grip between the traction sheave and the hoisting
ropes can be improved. Therefore, it is possible to reduce the weight of the car
and counterweight and their size can be reduced as well, thus increasing the
space saving potential of the elevator. Alternatively or at the same time, it is
possible to reduce the weight of the elevator car in relation 1o the weight of the
counterweight. A contact angle of over 180° between the traction sheave and
iha hoisting rope is achieved by using one or more auiliary diveriing pullsys.
The elevaior shaft can be provided with equipment required for the supply of
power to the motor driving the iraction sheave 11 as wzll as equipment for sle-
vator conirol, both of which can bz placed in a cormmon instrument pansl 12 or
mounted separaiely from each other or integraied parily or wholly with the drive
machine 10.

The drive machine may be of a geared or gearless type. A
preferable solution is a geared machine. The drive machine may be fixed to a
wall of the elevator shaft, to the ceiling, to a guide rail or guide rails or to some
other structure, such as a beam or frame.

In the case of an elevator with machine below, a further possibility
is to mount the machine on the bottom of the elevator shaft.
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The system further includes load weighing means in the car 1 and a
control unit controlling the operation of the elevator system. The car has lower
total weight than generally, and especially much lower weight than a corre-
sponding counterweight elevator would have. The speed drive is a variable
speed drive. The variable speed hoisting system is dimensioned by power
Pnom and torque Tnom, where

Pnom = Miotal*V N

where V = speed and Mtotal = Mcar (mass of the car) + A*
Maxpayload, and Tnom is defined by Miotal, acceleration etc.

Ais a coefficient formed for example by the reduction of the speed
and acceleration of the motor, the increase in the idle time of the elevator efc.,
having values 0 — 0.5, defined experimentally by user studies.

If the payload supersedes A*Maxpayload:

1) the speed and acceleration of the motor is reduced accordingly

2) the idle time of the elevator is increased (e.g. by increasing the

door opening and closing times)

80 that the motor is allowed fo cool for an enough long period io
avoid thermal overloading.

Further, on empty trips the elevator could be slowed down
significantly if the waiting time is acceptable for the residents, thus further
saving energy.

It is obvious to the person skilled in the art that the embodiments of
the invention are not restricted to the examples presented above, but that they
can be varied within the scope of the following claims. Particularly in the case of
an elevaior with machine below, 2 further pogsikility is 1o use a dium elevaior,
wheraby the car is suspended with hoisting ropes wound on a drurn in the
hoisting machinery. Elevator with chain drive and suspension system is also
suitabls to apply ths inveniion. The load weighing device or other means o
estimate the elevator's load can be associated with elevaior car or with ropes or
the hoisting machine or other suitable elevator component or drive motor or
other component of elevator can be used to measure the load of elevator car or
other respective load information.
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CLAIMS

1. Counterweight-less elevator comprising a control unit, an elevator car
and a variable speed drive with an electric motor, the elevator comprising,
means for weighing the load of the car, characterized in that the control unit
defines the total mass of the elevator by the equation Mtotal = Mcar (mass of
the car) + A * Maxpayload, wherein Mcar is the mass of the car,Aisa
coefficient between 0 and 0,5 and Maxpayload is the maximal payload, and that
if the payload exceeds A * Maxpayload the elevator is controlled so that

- the speed and/or acceleration of the motor is reduced, andior

- the idle time of the elevator is increased,

whereby the elevator is provided with a regenerative system to utilize energy on
down travel of the elevator car.

2. Elevator as defined in claim 1, characterized in that the elevator is a
counterweight-less traction sheave elevator.

3. Elevator as defined in claim 1, characterized in that the elevator is a
counterweight-less drum elevator.

4. Elevator as defined in claim 1, characterized in that the elevator is a
counterweight-less hydraulic elevator.

5. Elevator as defined in claim 1, characterized in that the elevator is a
counterwelght-less chain driven elevator.
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