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two elevators in the same elevator shaft (1) are mutually different from each other.
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ELEVATOR ARRANGEMENT WITH MULTIPLE CARS IN THE SAME SHAFT

The present invention relates to an elevator arrangement
with multiple cars in the same shaft as defined in the pre-

amble of claim 1.

In prior art solutions elevators are usually provided with
one car traveling up and down in a shaft. Because each car
needs 1its own shaft the shafts for instance in a high-rise
building require a lot of wvaluable space. For that reason
the transportation capacity of the elevator systems has been
tried to improve by installing two or more elevator cars in
the same elevator shaft so that the cars travel one under-

neath another.

One solution according to prior art is shown in US patent
No. US5419414A. Particularly Fig. 2 of the US patent pre-
sents the structure of an elevator system where three eleva-
tor cars are installed one underneath another in the same
elevator shaft. The cars are driven by the elevator motors
which all are placed above the elevator shaft. Only a single
hoisting rope fastened in the middle of the car roof is re-
quired between the uppermost or the first car and its coun-
terweight. A term hoisting rope here in this description
means usually a set of several parallel ropes that together
form a bunch of ropes. The number of parallel ropes may be
for example from two to eight. Because the second car is un-
derneath the first car there is no room for the similar sus-
pension as 1is with the first car. Now the hoisting ropes
must pass the first car. In that case two separated hoisting
ropes are used for the second car, these hoisting ropes be-
ing disposed on two different sides of the second car and
running laterally outside the first car. The same kind of
passing solution has been done also for the lowermost or the

third car. However, now even four hoisting ropes are needed,
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two hoisting ropes on each side, in order to achieve symmet-
rical hoisting. The problem with this solution is the short-
age of the space in the machine room and long driving shafts
with two mutually separated traction sheaves for the two
lowermost elevator cars. The shortage of space in the shaft
may also lead to smaller elevator cars with their cross-
section. Yet another problem is a complicated and time re-
quiring installation that leads also to more expensive

costs.

Another solution according to prior art is shown in US pa-
tent No. US7753174B2. The patent presents the structure of
an elevator system where two elevator cars are installed one
underneath another in the same elevator shaft. The cars are
driven by the two elevator motors which both are placed
above the elevator shaft. Also in this case a single hoist-
ing rope fastened in the middle of the car roof is required
between the uppermost car and its counterweight. A term
hoisting rope here means usually a set of several parallel
ropes that together form a bunch of ropes. And two different
hoisting ropes are used for the lowermost car, these hoist-
ing ropes being disposed on two different sides of the low-
ermost car and running laterally outside the uppermost car.
As to the using of space this solution has the same problems
as the previous solution described above. Also a complicated

and time requiring installation cause additional costs.

The object of the present invention is to eliminate the
drawbacks described above and to achieve a reliable, easy to
install, wversatile and cost efficient elevator arrangement
having a good transporting capacity with multiple cars in
the same shaft. One object of the present invention is to
achieve an elevator arrangement where the space in the ele-
vator shaft can be utilized better than in earlier solutions
so that total cross-sectional areas of elevator cars can be

made bigger in same size of the elevator shafts. Yet a fur-
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ther object of the present invention is to achieve an eleva-
tor arrangement where elevator cars can be moved later to
serve new floors when floors are built or when new floors
are taken for new use. The elevator arrangement according to
the invention is characterized by what is presented in the
characterization part of claim 1. Other embodiments of the
invention are characterized by what is presented in the oth-

er claims.

According to the invention at least two elevators have their
elevator cars travelling in the common elevator shaft. The
uppermost of the elevators have an elevator car travelling
above all the other elevator cars and the lowermost of the
elevators have an elevator car travelling below all the oth-
er elevator cars. Preferably two elevators cars travel in
the elevator shaft. The types of two elevators in the common
elevator shaft differ from each other. Preferably one of the
elevators has its hoisting machinery in or near the top of
the elevator shaft and other one has its hoisting machinery
in or near the pit of the elevator shaft. Near the elevator
shaft means in this context a machinery location in a ma-
chine room or machine space near or adjacent to the elevator
shaft. The distinction between the elevator types could be
also of other kind, for example the first one of the eleva-
tors is suspended and/or driven by aid of steel wire ropes
and the second one of the elevators is suspended and/or
driven by aid of belts or flat ropes. A possible arrangement
according to the invention is such that one of the elevators
is a linear motor elevator and other one 1is a traction

sheave elevator.

The inventive content of the application can also be defined
differently than in the claims presented below. The in-
ventive content may also consist of several separate inven-
tions, especially 1if the invention 1is considered in the

light of expressions or implicit sub-tasks or from the point
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of view of advantages or categories of advantages achieved.
In this case, some of the attributes contained in the claims
below may be superfluous from the point of view of separate
inventive concepts. Likewise the different details presented
in connection with each embodiment can also be applied in
other embodiments. In addition it can be stated that at
least some of the subordinate claims can, 1in at least some

situations, be deemed to be inventive in their own right.

The elevator arrangement according to the invention has the
advantage among other things that it saves space in the ma-
chine room and/or in the elevator shaft. That makes it pos-
sible to use bigger elevator cars than earlier in the same
shaft where at least two cars are installed one underneath
the other in the same shaft. The arrangement according to
the invention makes it also possible to install two or more
elevator cars in higher elevator shafts than earlier. One
more advantage is that the lowermost elevator car can be in-
stalled afterwards without disturbing the uppermost elevator
car. Further an advantage is that lowermost elevator car can
act as a jump lift when the building is under construction,
and the final elevator car can be installed later when the
building is high enough. After that the lowermost elevator
car can serve for example for the whole building or only for
the lowermost floors. Having both the lowermost and the up-
permost elevator in operation, preferably the both elevators
serve at least one of the lowermost floors. A suitable uti-
lization of the invention is such that all the floors being
along the common travel of the both elevators are served by

both the lowermost and the uppermost elevator.

In the following, the invention will be described in detail
by the aid of an example by referring to the attached sim-

plified and diagrammatic drawings, wherein
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Fig. 1 presents 1in a simplified and diagrammatic front
view an elevator arrangement according to the in-
vention with two elevator cars in the same shaft,

Fig. 2 presents 1in a simplified and diagrammatic front
view another elevator arrangement according to the
invention with two elevator cars in the same shaft,

Fig. 3 presents 1in a simplified and diagrammatic front
view an elevator arrangement according to Fig. 1
where both the elevator cars are in the upper part
of the same shaft,

Fig. 4 presents 1in a simplified and diagrammatic front
view an elevator arrangement according to Fig. 1
where both the elevator cars are in the lower part
of the same shaft,

Fig. 5 presents 1in a simplified and diagrammatic front
view yet another elevator arrangement according to
the invention with two elevator cars at their low-
ermost positions in the same shaft, and

Fig. 6 presents 1in a simplified and diagrammatic front
view an elevator arrangement according to Fig. 5
with two elevator cars at their uppermost positions

in the same shaft.

It is essential to the solution according to the invention
that there are at least two elevator cars running in the
same elevator shaft, and that the uppermost elevator car is
driven by a hoisting machinery that is above the elevator
shaft or at least at an upper part of the elevator shaft,
and the lowermost elevator car is driven by a hoisting ma-

chinery that is underneath the lowermost elevator car.

Figure 1 presents 1in a simplified and diagrammatic front

view an elevator arrangement according to the invention with
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two elevator cars 10 and 20 running in the same elevator
shaft 1. The first or the uppermost elevator car 10 is driv-
en by a first hoisting machinery 14 equipped with a traction
sheave 15 and a diverting pulley 16. In this example the
hoisting machinery 14 is placed in a separate machine room 2
above the elevator shaft 1 but it could as well be placed
also at the upper part of the elevator shaft 1. A hoisting
rope 11 is installed between the first elevator car 10 and
its counterweight 13 that can also be a compensating weight.
The hoisting rope 11 in all embodiments of the invention can
be a single rope or a bunch of similar parallel ropes. A
first end of the hoisting rope 11 is secured at the upper
part of the uppermost elevator car 10 and from the elevator
car 10 the hoisting rope 11 is passed around and over the
traction sheave 15 of the first hoisting machinery 14, and
from the traction sheave 15 the hoisting rope 11 is further
passed over the diverting pulley 16 to a first counterweight
13. The suspension ratio in the suspension like this is 1:1.
The uppermost elevator car 10 is arranged to run through the
whole elevator shaft 1 from the lowermost floor level 4a to

the uppermost floor level 4b and vice versa.

The second or the lowermost elevator car 20 is driven by a
second hoisting machinery 24 equipped with a drive wheel 25.
In this example the second hoisting machinery 24 is placed
in the lower part of the elevator shaft 1 below the second
elevator car 20. First ends of the two suspension ropes 22
have been secured at the lower part of the lowermost eleva-
tor car 20 each end at its own side of the lowermost eleva-
tor car 20 where fastening points 22a are situated. Instead
of the lower part the fastening points 22a can be situated
at any height of the lowermost elevator car 20. From the
fastening points 22a the suspension ropes 22 are passed

around and over the diverting pulleys 28 that are placed in
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the machine room 2 or at the upper part of the elevator
shaft 1 so high that the lowermost elevator car 20 can be
landed at the uppermost floor lever 4b of the elevator shaft
1. And finally from the diverting pulleys 28 the suspension
ropes 22 are led to a second counterweight 23 that can also

be a compensating weight.

The supporting and moving of the lowermost elevator car 20
are gseparated from each other. The arrangement comprises a
separate traction member 21 that is connected between the
second counterweight 23 and the second elevator car 20. The
traction member 21 can be a single member or a bunch of sim-
ilar parallel members, for instance the traction member 21
can be a toothed belt, chain or other type of member that

does not slip on the drive wheel 25.

A first end of the traction member 21 is secured in its fas-
tening point 29 at the bottom of the elevator shaft 1 or at
another appropriate place at the lower part of the elevator
shaft 1. From the fastening point 29 the traction member 21
is passed around and over the diverting pulley 27 that is
placed at the lower part of the elevator car 20 and from the
diverting pulley 27 the traction member 21 is passed under
the drive sheave 25 of the second hoisting machinery 24, and
from the drive sheave 25 the traction member 21 is further
passed under a diverting pulley 26 to the second counter-
weight 23 where a second end of the traction member 21 is
secured to the second counterweight 23. The suspension ratio
in the suspension 1like this is 2:1. The lowermost elevator
car 20 1is also arranged to run through the whole elevator
shaft 1 from the lowermost floor level 4a to the uppermost

floor level 4b and vice versa.
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Figure 2 presents 1in a simplified and diagrammatic front
view another elevator arrangement according to the invention
with two elevator cars 10 and 20 running in the same eleva-
tor shaft 1. The concept of the elevator with two elevator
cars 10, 20 is basically the same as in Fig. 1 but now the
machine room is not needed because the hoisting machinery
14a of the uppermost elevator car 10 is placed at the upper
part of the elevator shaft 1. In this arrangement the first
end of the hoisting rope 11 for the first elevator car 10 is
secured at the upper part of the elevator shaft 1 and from
the fastening point 19 of the first end of the hoisting rope
11 the hoisting rope 11 is passed to and under diverting
pulleys 19a connected with the elevator car 10, and further
the hoisting rope 11 is led around and over the traction
sheave 15 of the hoisting machinery 14a that is installed at
the upper part of the elevator shaft 1, for instance to the
guide rail 3 or to the wall of the elevator shaft 1. From
the traction sheave 15 the hoisting rope 11 1is further
passed to the first counterweight 13. The suspension ratio
in the suspension like this is 2:1. Also in this arrangement
the uppermost elevator car 10 is arranged to run through the
whole elevator shaft 1 from the lowermost floor level 4a to

the uppermost floor level 4b and vice versa.

The suspension arrangement of the lowermost elevator car 20
is otherwise similar with the lowermost elevator car 20 as-
sembly of Fig. 1 but now the diverting pulleys 28 are at the
upper part of the elevator shaft 1, and preferably so high
above the uppermost floor level 4b that the lowermost eleva-
tor car 20 can also land to the uppermost floor level 4b so
that the uppermost elevator car 10 is then just above the
lowermost elevator car 20 and below the diverting pulleys

28.
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In the arrangements of Figs. 1 and 2 both the elevator cars
10, 20 are running along the same guide rails 3 that are
presented only in Fig. 1. The counterweights or compensating
weights 13, 23 are running in their own guide rails that are
not presented in the schematic figures. The control system
of the elevator group has been arranged so that the elevator
cars 10, 20 can move freely in the elevator shaft 1 without

colliding each other.

Figures 3 and 4 show the elevator cars 10 and 20 of the ele-
vator arrangement according to Fig. 1 in different positions
in the same elevator shaft 1. In Fig. 3 both the elevator
cars 10 and 20 are in the upper part of the same elevator
shaft 1, and the lowermost elevator car 20 is on the upper-
most floor level 4b, and the uppermost elevator car 10 is
above the lowermost elevator car 20 in the upper space of
the shaft 1 above the uppermost floor level 4b. Whereas in
Fig. 4 both the elevator cars 10 and 20 are in the lower
part of the same shaft 1, and the uppermost elevator car 10
is on the lowermost floor level 4a, and the lowermost eleva-
tor car 20 is below the uppermost elevator car 10 in the
lower space of the shaft 1 below the lowermost floor level
4a. So the upper space and lower space of the elevator shaft
1 are made so high that one elevator car can be parked to
that space when the other elevator car lands either to the

lowermost floor level 4a or the uppermost floor level 4b.

Figures 5 and 6 show yet another elevator arrangement ac-
cording to the invention with two elevator cars 10, 20 in
the same elevator shaft 1. In Fig. 5 the two elevator cars
10, 20 are at their lowermost positions in the same shaft 1
and in Fig. 6 the two elevator cars 10, 20 are at their up-

permost positions in the same shaft 1.
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In this arrangement the uppermost elevator car 10 1is sus-
pended in the similar way as the uppermost elevator car 10
of Fig. 2. The hoisting machinery 14a with its traction
sheave 15 is placed at the upper part of the elevator shaft
1 and the uppermost elevator car 10 is arranged to run from
the basement floor 4 to the uppermost floor 4b and vice ver-
sa. The lowermost elevator car 20 is suspended also in the
similar way as the lowermost elevator car 20 of Fig. 2. Only
difference is now the fact that the diverting pulleys 28 are
not at the upper part of the elevator shaft 1 but are placed
in the elevator shaft 1 at the height where the lowermost
elevator car 20 can run from the lowermost floor 4a at high-
est to the basement floor 4 and vice versa. So, the only
floor level in common for both the elevator cars 10, 20 is
the basement floor 4. The diverting pulleys 28 are placed so

that the uppermost elevator car 10 can pass them.

The arrangement mentioned above can be for instance in a
building where the upper floors are for offices, shops or
residential purposes and the lower floors are for parking.
The ground floor can be for instance the basement floor 4.
As well, the diverting pulleys 28 for the lowermost elevator
car 20 can also be higher than just on the basement floor 4.
They can be at any height of the building depending on the

purpose of the use of the lowermost elevator car 20.

The lowermost elevator can be the first elevator in the ele-
vator shaft 1 and the uppermost elevator can be assembled
later. For instance the lowermost elevator can act as a jump
lift when the building is under construction, and the upper-
most elevator can be installed as a final elevator later
when the building is high enough. The uppermost elevator can
be installed also by using the lowermost elevator as an as-

sembly stand.
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According to the invention the uppermost elevator is a trac-
tion sheave elevator and the lowermost elevator is another
type of an elevator, for instance an elevator where support-
ing and moving has been separated from each other. Then the
traction member 21 is for instance a toothed belt, chain or
other type of member that does not slip on the drive wheel
25. Two different types of elevators in the same shaft 1
make it possible to better utilize all the spaces in the el-

evator shaft 1.

It is obvious to the person skilled in the art that the in-
vention is not restricted to the example described above but
that it may be varied within the scope of the claims pre-

sented below.



10

15

20

25

30

WO 2016/087706 PCT/F12014/050958

12

CLAIMS

1. An elevator arrangement with multiple elevator cars in
the same elevator shaft, the arrangement comprises at least
an uppermost elevator with its control system, hoisting ma-
chinery (14, 14a) and elevator car (10), and a lowermost el-
evator with its control system, hoisting machinery (24) and
elevator car (20), which elevator cars (10, 20) are arranged
to run in the same elevator shaft (1) along the same guide
rails (3), characterized in that the types of the two eleva-
tors in the same elevator shaft (1) are different from each

other.

2. Elevator arrangement according to claim 1, characterized
in that the uppermost elevator has a hoisting rope (11) that
is arranged to act as a suspension and moving means, and the
lowermost elevator has suspension ropes (22) separated from

the traction member (21) that acts as moving means.

3. Elevator arrangement according to claim 1 or 2, charac-
terized in that the hoisting machinery (14, 14a) of the up-
permost elevator has a traction sheave (15) that is arranged
to move the hoisting rope (11) connected between the upper-
most elevator car (10) and a counterweight (13), and the
hoisting machinery (24) of the lowermost elevator has a
drive wheel (25) that is arranged to move the traction mem-
ber (21) connected between the lower part of the counter-
weight (23) and the lower part of the lowermost elevator car

(20) .

4. Elevator arrangement according to claim 1, 2 or 3, char-
acterized in that the hoisting machinery (14, 14a) of the

uppermost elevator car (10) is above the elevator shaft (1)
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or at least at an upper part of the elevator shaft (1), and
the hoisting machinery (24) of the lowermost elevator car

(20) 1s underneath the lowermost elevator car (20).

5. Elevator arrangement according to any of the claims
above, characterized in that traction member (21) for moving
the lowermost elevator car (20) is a toothed belt, chain or
other type of a member that does not slip on the drive wheel

(25) of the hoisting machinery (24).

6. Elevator arrangement according to any of the c¢laims
above, characterized in that diverting pulleys (28) support-
ing the lowermost elevator car (20) are arranged to be
placed at any appropriate height in the elevator shaft (1)

or above the elevator shaft (1).

7. Elevator arrangement according to any of the claims
above, characterized in that the lowermost elevator car (20)
is arranged to act as a jump lift when the building is under
construction, and/or the uppermost elevator car (10) is ar-
ranged to be installed by using the lowermost elevator car

(20) as an assembly stand.

8. Elevator arrangement according to any of the c¢laims
above, characterized in that at least one of the lowermost
floors is served by the both lowermost elevator and the up-

permost elevator.
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