
Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
64

7 
51

3
A

2
��&����������
�

(11) EP 1 647 513 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
19.04.2006 Bulletin 2006/16

(21) Application number: 05007196.8

(22) Date of filing: 01.04.2005

(51) Int Cl.:
B66B 7/06 (2006.01) B66B 9/00 (2006.01)

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HU IE IS IT LI LT LU MC NL PL PT RO SE SI SK TR
Designated Extension States: 
AL BA HR LV MK YU

(30) Priority: 15.10.2004 JP 2004300904

(71) Applicant: Hitachi, Ltd.
Tokyo (JP)

(72) Inventors:  
• Seki, Kenta 

c/o Hitachi, Ltd. 
Int. Prop. Group
Tokyo 100-8220 (JP)

• Hagiwara, Takayuki 
c/o Hitachi, Ltd.
Int.Prop.Gr.
Tokyo 100-8220 (JP)

• Fujino, Atsuya 
c/o Hitachi, Ltd.
Int. Prop. Group
Tokyo 100-8220 (JP)

• Hayano, Tomio 
c/o Hitachi, Ltd.
Int. Prop. Group
Tokyo 100-8220 (JP)

(74) Representative: Beetz & Partner
Steinsdorfstrasse 10
80538 München (DE)

(54) Multicar elevator

(57) With a circulation type multicar elevator, a plu-
rality of cages (3A-3F) is arranged in ascent and descent
paths (1A, 1B). Ropes (4A, 4B) connect the plurality of
cages (3A-3F) in pairs. A drive device for the ropes com-
prises a plurality of rope drive pulleys (26), on which the
ropes (4A, 4B) are stretched. The rope drive pulleys (26)
are dispersedly arranged on an arc or a smooth curve
above and below the ascent and descent paths (1A, 1B).
The rope drive pulleys (26) are grouped and drive motors
(23) are provided every group to rotatingly drive the rope
drive pulleys (26). The respective groups correspond to
pairs of cages (3A-3F).
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a multicar ele-
vator, and more particular, to a multicar elevator, in which
a plurality of cages provided in a shaft moves in circula-
tion.
[0002] JP-A-8-26629 describes an example of con-
ventional multicar elevators. With the multicar elevator
described in this document, two main ropes arranged in
parallel to each other are wound around a drive wheel
and a deflector wheel. The main ropes form loops each
comprising an ascent portion, a descent portion, and up-
per and lower horizontal portions. A connection beam
straddles the two main ropes. Passenger cages are ro-
tatably mounted on the connection beam. The main
ropes and the passenger cages form circulating loops.
Plural sets of such circulating loops are provided, and
drive sources for independently driving the drive wheels
are provided on the respective circulating loops.
[0003] With the multicar elevator described in JP-A-
8-26629, a plurality of cages is constructed to be circu-
latingly driven independently, and a method for realizing
a multicar system is shown. However, consideration is
not specifically given to a method of operating respective
loops and connection of ropes and passenger cages, and
there are involved several problems in actual realization
of a multicar elevator. For example, in the case where
the main ropes are composed of wire ropes, a load of a
passenger cage suddenly bears on the wire rope when
the passenger cage is switched to vertically movement
from horizontal movement, and so there is a fear that
rope tension is varied to generate vibrations and slip of
the rope.

Brief Summary of the Invention

[0004] The invention has been thought of in view of
the disadvantage of the prior art described above, and
has it object to provide for stable operation and improve
reliability in a multicar elevator.
[0005] Another object of the invention is to reduce vi-
bration and noise in a multicar elevator.
[0006] According to one aspect of the invention, there
is provided a circulation type multicar elevator comprising
plural pairs of passenger cages each connected to both
ends of two ropes diagonally arranged, and wherein the
ropes connecting the pair of passenger cages are driven
by a first plurality of rope drive pulleys arranged on a
smooth curve or a line, which includes smooth curves
and straight lines.
[0007] It is preferable that in the circulation type mul-
ticar elevator, the plurality of rope drive pulleys are pro-
vided separately every pair of cages and arranged in dif-
ferent positions from one another in a direction of pas-
senger cage travel.
[0008] Further, it is preferable that the circulation type

multicar elevator further comprises rope drive means for
driving the two ropes, and wherein the rope drive means
comprises a drive motor, a belt drive shaft that transmits
motive power of the drive motor to a rope drive system
for the ropes diagonally arranged, and a first drive belt
stretched round the belt drive shaft and the drive motor,
and the rope drive system comprises second drive pul-
leys fixedly mounted coaxially to the first plurality of rope
drive pulleys to synchronously rotate therewith, tension
pulleys positioned between the second drive pulleys, and
a second drive belt stretched round the second drive pul-
leys and the tension pulleys.
[0009] According to another aspect of the present in-
vention, there is provided a multicar elevator comprising
plurality of cages arranged in an ascent and descent path,
ropes pairing and connect the plurality of cages, and drive
means for driving the ropes, and wherein the drive means
comprises a plurality of rope drive pulleys, on which the
ropes are stretched, and which are arranged above and
below the ascent and descent path and driven to cause
the cages to travel, the plurality of rope drive pulleys being
dispersedly arranged on an arc or a smooth curve, and
wherein the plurality of rope drive pulleys are grouped,
a drive motor is provided every group to rotatingly drive
the plurality of rope drive pulleys, and the respective
groups correspond to the pairs of cages.
[0010] It is preferable that the multicar elevator further
comprises fourth drive pulleys mounted on one end sides
of those shafts, on the other end sides of which the rope
drive pulleys are mounted, the shafts having substantially
the same length every group, and second drive belts
stretched every group round the fourth drive pulleys, and
wherein the motors drive the second drive belts through
first drive belts to rotate the plurality of rope drive pulleys
of the same group at the same rotating speed.
[0011] It is preferable that the multicar elevator further
comprises rope fastening portions arranged in diagonal
positions on a top of the cage, and wherein the rope drive
pulleys and the fourth drive pulleys are arranged above
the ascent and descent path to be positioned correspond-
ing to diagonal positions on the cage in a position, in
which the cage advances straight, and the pair of cages
are connected at the rope fastening portions to the ropes
to form two rope loop systems.
[0012] It is preferable that in the multicar elevator, the
drive means comprises two rope drive systems corre-
sponding to the two rope loop systems, a belt drive shaft
having a differential gear mechanism between the rope
drive systems, a second drive pulley mounted on an in-
termediate portion of the belt drive shaft, and third drive
pulleys mounted on both ends of the belt drive shaft, and
wherein a first drive pulley mounted to the motor and the
second drive pulley are connected to each other through
the first drive belt, and the third drive pulleys, respectively,
mounted on both shaft ends are connected to the fourth
drive pulleys through the second drive belt, and wherein
the second drive belt, the third drive pulleys, and the
fourth drive pulleys constitute the rope drive systems,
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and the drive means synchronously drive the two rope
drive systems.
[0013] It is preferable that in the multicar elevator, the
rope fastening portions are formed to be turnable, and
counterweights and rotation damping devices are pro-
vided on turning shafts of the rope fastening portions.
[0014] It is preferable that in the multicar elevator,
springs are mounted on the rope fastening portions to
adjust rope tension and absorb extension and contraction
of rope length.
[0015] It is preferable that the multicar elevator further
comprises further drive means, provided on the rope fas-
tening portions, for making the cage independently mov-
able vertically.
[0016] It is preferable that in the multicar elevator, the
drive motor is provided in a position above the rope drive
pulleys and the fourth drive pulleys, or axially away from
the belt drive shaft.
[0017] It is preferable that the multicar elevator further
comprises a first tension roller arranged between the
fourth drive pulleys to give tension the second belt, a
second tension roller arranged above the first tension
roller to have the second belt stretched thereround, a
breakage sensor provided on the second tension roller
or the third drive pulley to detect breakage of the second
belt, and a brake device provided in the vicinity of the
fourth drive pulleys to give a brake force to the fourth
drive pulleys and having an electromagnetic solenoid.
[0018] It is preferable that the multicar elevator further
comprises a detection device provided in the vicinity of
the second belt to detect breakage of the second belt,
and a brake device mounted on an output shaft of the
differential gear mechanism, and wherein the brake de-
vice is actuated when the detection device detects break-
age of the second belt.

Brief Description of the Several Views of the Drawing

[0019]

Fig. 1 is a front view showing an embodiment of a
multicar elevator according to the invention; and
Figs. 2 to 9 are views showing respective portions
of the multicar elevator.
Fig. 2 is an enlarged view showing a straight move-
ment section of the multicar elevator.
Fig. 3 is an enlarged view showing a reversal move-
ment section of the multicar elevator.
Fig. 4 is a transverse, cross sectional view showing
the multicar elevator.
Fig. 5 is a front view showing details of a rope fas-
tener used in the multicar elevator.
Figs. 6 to 8 are views illustrating a drive device used
in the multicar elevator, in which Fig. 6 is a perspec-
tive view, Fig. 7 is a front view, and Fig. 8 is a per-
spective view.
Fig. 9 is a front view showing an emergency stop
system.

Detailed Description of the Invention

[0020] An embodiment of a multicar elevator according
to the invention will be described hereinafter with refer-
ence to the drawings. Fig. 1 is a front view showing a
whole construction of the multicar elevator. A circulating
path comprises ascent and descent paths 1A, 1B in right
and left rows and reversal movement sections 2A, 2B
positioned above and below the ascent and descent
paths 1A, 1B. Six cages 3A-3B move in a clockwise di-
rection through the circulating path. Cages 3A, 3B are
arranged symmetrically in positions corresponding to
substantially halves of a length of the circulating path and
ropes 4A, 4B connect between the cages 3A, 3B. A pair
of cages 3A, 3B and a pair of ropes 4A, 4B form one
group. Likewise, a pair of cages 3C, 3D, and a pair of
cages 3E, 3F are also connected together by other ropes
(not shown) to form other groups. In the embodiment, six
cages 3A-3F constitute three groups.
[0021] Rope fasteners 5 are mounted on a left-rear
and a right-front of an upper surface of each of the cages
3A-3F. Two routes, that is, the rope 4B clamped at a
left-rear of each of the cages 3A-3F, and the rope 4A
clamped at right-front of each of the cages 3A-3F are
used. The rope 4A and the rope 4B of the respective
routes are wound round a plurality of first pulleys (illus-
tration thereof being omitted in Fig. 1) arranged in upper
and lower rope fastener guide rails 13A-13D, details of
which are described later, to form a loop.
[0022] For the sake of simplicity in explanation, only
the construction of the loop formed by the cages 3A, 3B
will be described hereinafter. A loop formed by the cages
3C, 3D and a loop formed by the cages 3E, 3F are also
constructed in the same manner as that of the cages 3A,
3B. A drive motor 23a is provided on an upper portion of
the upper reversal movement section 2A and fixed to an
associated building. A pinion is mounted on a shaft end
of the drive motor 23a to mesh with a differential gear 6a.
[0023] Different output shafts are connected to the dif-
ferential gear 6a in a front-rear direction, the front output
shaft acts to drive the rope 4A on the right-front side, and
the rear output shaft acts to drive the rope 4B on the
left-rear side. Therefore, belt drive pulleys, respectively,
are mounted on the front and rear output shafts of the
differential gear 6a. Drive belts 24 are stretched round
the belt drive pulleys. The drive belts 24 are also
stretched round second pulleys, which are mounted co-
axial with the above-described plurality of first pulleys
arranged in the upper rope fastener guide rails 13A, 13B.
Accordingly, when the second pulleys rotate, the first pul-
leys also rotate to circulatingly move the cages 3 with
frictional forces of the rope 4A and the rope 4B stretched
round the first pulleys.
[0024] Fig. 2 shows, in front view, a state, in which the
cage 3A upwardly moving is arranged in the ascent and
descent path 1A. The same construction and operation
as those described above are also applied to the other
cages 3B-3F and the ascent and descent path 1B. Ver-
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tically extending guide rails 9A, 9B formed in straight are
arranged on both right and left sides of the ascent and
descent path 1A. The guide rail 9B also serves as a guide
rail for the adjacent ascent and descent path 1B. Guide
rollers 8 are mounted on both right and left end sides of
an upper surface of the cage 3A and on both right and
left end sides of a lower surface of the cage 3A to be able
to roll along the guide rails 9A, 9B. Accordingly, the cage
3A can ascend along the guide rails 9A, 9B in the ascent
and descent path 1A with the use of the guide rollers 8
mounted top and bottom and right and left thereon.
[0025] The rope fasteners 5 are provided on the upper
surface of the cage 3A to mount the ropes 4A, 4B, which
suspend and drive the cage 3A, to the cage 3A. Rope
fastener supports 14 are mounted on and extended up-
ward from the cage 3A, and horizontally extending rotat-
ing shafts 15 are provided on the rope fastener supports
14. The rotating shafts 15 rotatably engage with the rope
fasteners 5. With such arrangement of the rotating shafts
15 and the rope fasteners 5, the rope fasteners 5 tend
to incline due to dead weight thereof even when the ro-
tating shafts 15 are arranged on axes of the ropes 4A,
4B. Hereupon, the rope fasteners 5 are adjusted in frame
shape or the like to make centers of gravity of the rope
fasteners 5 in agreement with axes of the ropes 4A, 4B.
[0026] Therefore, according to the embodiment, rope
fastener counterweights 7 are mounted on the rotating
shafts 15 of the rope fasteners 5. Further, in order to
suppress oscillation generated by swinging movements
of the rope fasteners 5, rotation damping devices (not
shown) are mounted to the rotating shafts 15. In addition,
while the counterweights 7 are used according to the
embodiment to prevent the rope fasteners 5 from inclin-
ing, vertically extending, straight guide rails may be pro-
vided on the ascent and descent paths 1A, 1B to support
the rope fasteners 5 and rope fastener guide rollers 12
may be provided on the rope fasteners 5 to be pushed
against the guide rails. Also, brakes for restraining rota-
tion of the rotating shafts 15 may be mounted in place of
the rope fastener counterweights 7 and the rotation
damping devices.
[0027] Fig. 3 shows details of the upper reversal move-
ment section 2A, in which the cage 3A makes reversal
movement from the left ascent and descent path 1A to
the right ascent and descent path 1B. The lower reversal
movement section 2B is constructed in the same manner
as that of the upper reversal movement section 2A and
the cage 3A is the same in operation in the lower reversal
movement section 2B as that of the upper reversal move-
ment section 2A. The guide rails 9A out of the guide rails
9A, 9B provided in the ascent and descent paths 1A, 1B
are provided to extend to positions slightly projecting into
the reversal movement section 2A from the ascent and
descent path 1A. On the other hand, the guide rail 9B is
mounted to extend only to a position inward about a
height of the cage 3A in the ascent and descent paths
1A, 1B. This enables the cage 3A to cross the ascent
and descent paths 1A, 1B in the reversal movement sec-

tion 2A.
[0028] Since the cage 3A is not supported by the guide
rails 9A, 9B in the reversal movement section 2A, reversal
guide rails 11A, 11B, with which reversal guide rollers 10
mounted on an underside of the cage 3A come into con-
tact, are provided in the ascent and descent paths 1A,
1B. The reversal guide rails 11A, 11B are arcuate in
shape and arranged forwardly of a front surface of and
rearwardly of a rear surface of the cage 3A so as not to
interfere with the cage 3A when the cage 3A moves lat-
erally.
[0029] The reversal guide rails 11A, 11B are discon-
tinuous above the guide rail 9B. This eliminates interfer-
ence between the rope fasteners 5 and the reversal guide
rails 11A, 11B. Notches 11x, 11y are formed in regions,
in which travel loci of the rope fasteners 5 and the reversal
guide rails 11A, 11B intersect each other. Further, the
reversal guide rails 11A, 11B are arranged so that the
reversal guide rollers 10 on one side come into contact
with the reversal guide rails 11B to be able to support the
cage 3A before the reversal guide rollers 10 on the other
side pass the reversal guide rails 11A to reach the notch-
es 11x. In addition, no notches are formed in the lower
reversal movement section 2B, in which the rope fasten-
ers 5 and reversal guide rails 11 do not interfere with
each other, thus enabling the reversal guide rollers 10 to
smoothly advance.
[0030] The rope fasteners 5 provided on the upper sur-
face of the cage 3A are capable of swinging about the
rotating shafts 15. The rope fastener 5 are mounted on
rope fastener guide rollers 12. The rope fastener guide
rails 13A, 13B are provided in the reversal movement
section 2A to guide the rope fastener guide rollers 12.
Ends of the rope fastener guide rails 13A, 13B are ex-
tended slightly into the ascent and descent paths 1A, 1B.
The rope fastener guide rails 13A, 13B are similar in
shape to the reversal guide rails 11A, 11B and arranged
in different positions in the front-rear direction. The rope
fastener guide rails 13A, 13B overlap each other between
the ascent and descent paths 1A, 1B in a right and left
direction since there is no obstruction.
[0031] Rope fastener guide rails 13C, 13D are likewise
provided in the lower reversal movement section 2B. The
rope fastener guide rails 13C, 13D are similar in shape
to the reversal guide rail 11 arranged therebelow and
overlap each other between the ascent and descent
paths 1A, 1B. The rope fastener guide rails 13C, 13D are
also arranged in different positions in the front-rear di-
rection. Thereby, the cage 3A can be caused to travel
along the rope fastener guide rails 13A to 13D, which
include curved portions.
Accordingly, the cage 3A makes lateral movements while
having the rope fastener guide rollers 12 abutting against
the rope fastener guide rails 13A-13D provided above
the cage 3A and having the reversal guide rollers 10 abut-
ting against the reversal guide rails 11, 11A, 11B provided
below the cage, so that it is possible to suppress swinging
of the cage 3A.
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[0032] Mount positions of the rope fasteners 5, posi-
tions of the rope fastener guide rails 13A to 13D, and
positions of the reversal guide rails 11, 11A, 11B will be
described in detail with reference to Fig. 4. Fig. 4 is a
cross sectional view showing the multicar elevator ar-
ranged in an elevator shaft. A lower side in the drawing
corresponds to a front door side and an upper side in the
drawing corresponds to a back side. Taking the cage 3A
as an example, the rope fasteners 5 are arranged to
project rearward from a rear, left corner of the cage 3A
and to project forward from a front, right corner of the
cage 3A. The ropes 4Ba, 4Aa extending from the two
rope fasteners 5 suspend the cage 3A. Accordingly,
when a center of gravity of the cage 3A and a midpoint
of a line connecting between the two rope fasteners 5
are made in agreement with each other, no unbalanced
load is applied to the ropes 4Ba, 4Aa and so the cage
3A can be caused to ascend and descend stably. There-
fore, the pair of ropes 4Aa, 4Ba suspending the pair of
cages 3A, 3B are arranged at an outer side, the pair of
ropes 4Ab, 4Bb suspending the cages 3C, 3D are ar-
ranged at a center side, and the pair of ropes 4Ac, 4Bc
suspending the cages 3E, 3F are arranged at an inner
side with respect to the cages 3A to 3F.
[0033] The reversal guide rails 11, 11A, 11B are pro-
vided out of passage regions of the cages 3A to 3F in
the front-rear directions of the cages 3A to 3F so as to
enable the cages 3A to 3F to pass also through the re-
versal movement sections 2A, 2B as described above.
The reversal guide rollers 10 are provided on undersides
of the cages 3A to 3F in four front, rear, right and left
locations to correspond to the reversal guide rails 11,
11A, 11B. The rope fastener guide rails 13 are provided
further outside in the front-rear direction of the reversal
guide rails 11.
[0034] The rope fasteners 5 will be described in detail
with reference to a front view shown in Fig. 5. An expla-
nation will be given taking the rope fastener 5, which is
mounted on the right and front side of the upper surface
of the cage 3A, as an example. The rotating shaft 15 is
mounted centrally in a longitudinal direction of an elon-
gate rope fastener frame 16 provided centrally thereof
with a wide portion 16b. A pair of upper and lower rope
fastening pulley shafts 21 extend horizontally in the vi-
cinity of longitudinal ends of the wide portion 16b, and
rope fastening pulleys 17 are mounted on the respective
rope fastening pulley shafts 21. An upper rope part 4Aau
is wound round the rope fastening pulley 17 and con-
nected to one end of a spring rod 18 at a terminal 18b.
[0035] The spring rod 18 is formed at the other end
thereof with threads, with which a nut 20 engages. A
spring 19 is mounted on the spring rod 18 and one end
of the spring 19 is retained by the nut 20. The other end
of the spring 19 is retained by a spring stopper 22 mount-
ed to the rope fastener frame 16. At this time, the spring
rod 18 is adapted to slide in a hole formed in the spring
stopper 22. When the nut 20 is threaded into, a restoring
force is generated in the spring 19 to give a sufficient

tension to the rope parts 4Aau, 4Aad.
[0036] In addition, the lower rope part 4Aad is con-
structed in the same manner as described above. There-
fore, according to the embodiment, the rope part 4Aau
in the forward direction of the cage 3A and the rope part
4Aad in the backward direction of the cage 3A form a
loop and the rope fastener 5 connects the rope parts
4Aau, 4Aad individually. Thereby, adjustment in the
event of the rope being stretched and exchange of the
rope are facilitated as compared with the case where a
single endless rope is used.
[0037] In the embodiment, minute movements of the
cages 3A, 3B connected together by the ropes 4Aa, 4Ab
can be individually made when the rope fastener frame
16 and the rope fastening pulley shafts 21 are made sl-
idable in a vertical direction of the cage 3A and a line-
ar-movement actuator (not shown) is used to move the
rope fastening pulley 17 vertically. Since the cages 3A
to 3F can be minutely moved, floor adjustment is made
easy at the time of stop at elevator stops. An expansion
and contraction mechanism may be provided on the rope
fastener supports 14 to make floor adjustment. Also,
while according to the embodiment, the springs 19 are
provided to give tension to the ropes 4Aa, 4Ba, tension
of the ropes 4Aa, 4Ba can be adjusted when rotary ac-
tuators are mounted to the rope fastener pulley shafts 21.
[0038] Fig. 6 is a perspective view showing details of
a drive system 41 of the rope 4Aa that drives the cages
3A, 3B. Fig. 6 is a view showing an upper portion of the
cage 3A when the cage 3A is present in the ascent and
descent path 1A, as viewed from the front. The drive sys-
tem 41 for the rope 4Aa on the front side of the cage is
shown. The drive system 41 is positioned rightwardly and
upwardly of the front surface of the cage 3A. The rope
fastener guide rails 13A in the form of a partial arc are
fixed in the reversal movement section 2A formed above
the ascent and descent path 1A. The two rope fastener
guide rails 13A having the same shape are arranged in
opposition to each other, and rope drive pulleys 26 and
idle pulleys 38, round which the rope 4Aa is stretched,
are arranged between the rope fastener guide rails 13A.
[0039] The pulleys 26, 38 are arranged along the rope
fastener guide rails 13A. In the embodiment, the rope
drive pulleys 26 are seven in number and the idle pulleys
38 are provided one by one on both ends of a row of the
rope drive pulleys 26. The respective rope drive pulleys
26 are fixedly mounted on tip end sides of pulley connec-
tion shafts 27, which extend through one (one on the front
side in Fig. 6) of the rope fastener guide rails 13A, and
tip ends of the shafts 27 are rotatably held on the other
(one on the back side in Fig. 6) of the rope fastener guide
rails 13A. Fourth belt drive pulleys 25D, details of which
are described later, are fixedly mounted on opposite ends
of the pulley connection shafts 27. Accordingly, the fourth
belt drive pulleys 25D and the rope drive pulleys 26 rotate
together.
[0040] A drive system 42 for driving the rope 4Ba is
provided on an opposite side (the back surface side of
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the cage 3A) of the drive system 41 with the cage 3A
therebetween to have the same construction as that of
the drive system 41. The two rope drive systems 41, 42
are driven by the same drive motor 23 in order to syn-
chronize the two ropes 4Aa, 4Ba with each other. In Fig.
6, details of the drive system 42 for driving the rope 4Ba
on the back side of the cage 3A are omitted. In order to
drive the two rope drive systems 41, 42 with the same
drive motor 23, third belt drive pulleys 25C drive second
drive belts 24B stretched round the third belt drive pulleys
25C, which are fixedly mounted on tip ends of a belt drive
shaft 29. A second belt drive pulley 25B is fixedly mount-
ed on an intermediate portion of the belt drive shaft 29,
and a first drive belt 24A is stretched round the second
belt drive pulley 25B and a first drive pulley 25A mounted
on a tip end of the drive motor 23.
[0041] While the first drive belt 24A is used to transmit
motive power of the drive motor 23 to the belt drive shaft
29 in the embodiment, a gear transmission mechanism
can be used provided that the drive motor 23 can be
arranged near to the belt drive shaft 29. In addition, illus-
tration of the differential gear 6 is omitted in Fig. 6.
[0042] The belt drive shaft 29 is arranged obliquely up-
wardly or upwardly of the rope fastener guide rails 13A.
The second drive belt 24B stretched round the third belt
drive pulley 25C provided on the tip end of the belt drive
shaft 29 is also stretched round the fourth belt drive pul-
leys 25D provided on the tip ends of the pulley connection
shafts 27, which are arranged to extend through the rope
fastener guide rails 13A. Further, in order to give tension
to the second drive belt 24B and impart sufficient frictional
forces to the fourth belt drive pulleys 25D, tension rollers
28 are arranged between the fourth belt drive pulleys
25D, 25D and the second drive belt 24B is also stretched
round the tension rollers 28. The fourth belt drive pulleys
25D are arranged at both ends of a group of drive pulleys
composed of the fourth belt drive pulleys 25D and the
tension rollers 28, and three second tension rollers 28A
to 28C are arranged above the fourth belt drive pulleys
25D at the ends of the group of drive pulleys to impart
an appropriate tension to the second drive belt 24B.
[0043] With the drive system 41 constituted in a man-
ner described above, the rope 4Aa is wrapped round the
plurality of rope drive pulleys 26 and the idle pulleys 38,
which are aligned in an arc or a smooth curve including
straight lines. One rope drive pulley 26 is connected di-
rectly to one fourth belt drive pulley 25D through the pul-
ley connection shaft 27. The pulley connection shafts 27
are rotatably supported by the rope fastener guide rails
13A. The plurality of rope drive pulleys 26 are rotated
synchronously by the second drive belt 24B wrapped
round the fourth belt drive pulleys 25D.
[0044] According to the embodiment, the single drive
motor 23 is used to be able to rotate the plurality of rope
drive pulleys 26 all together, and traction forces of the
ropes 4Aa, 4Ab and the rope drive pulleys 26 enable the
cages 3A, 3B to be driven synchronously. Also, since the
plurality of rope drive pulleys 26 are arranged in an arc

or a smooth curve including straight lines, the same drive
force as that in case of using a single pulley having a
large diameter is generated, so that it is possible to inhibit
the ropes 4Aa, 4Ab from being suddenly varied in tension
at the time of reversal movement of the cage 3A. Also,
according to the embodiment, the rope fastener guide
rollers 12 travel on the rope fastener guide rails 13 when
the cage 3A passes through the reversal movement sec-
tions 2A, 2B. Therefore, it is possible to prevent the rope
fasteners 5 from striking against the rope drive pulleys 26.
[0045] In addition, when the third belt drive pulleys 25C
mounted on the front and rear of the belt drive shaft 29
are different in diameter from each other, the front and
rear rope drive pulleys 26 are different in rotating speed
from each other. In this case, either of the two ropes 4Aa,
4Ba drives the cage 3 while generating slip between it
and the rope drive pulleys 26. As a result, the rope drive
pulleys 26 are accelerated in wear. According to the em-
bodiment, the differential gear 6 (not shown) is provided
between the belt drive shaft sections 29 that connect be-
tween the front and rear third belt drive pulleys 25C.
Thereby, it is possible to absorb a difference in rotating
speed, caused by a difference in diameter between the
two third belt drive pulleys 25C.
[0046] The drive system for the pair of the cages 3A,
3B has been described in the above embodiment. Fig. 7
shows details of a drive system when three pairs of cages
3A to 3F are provided in the same circulating path as
shown in Fig. 1. Fig. 7 is a front view showing the drive
system that drive three pairs of the cages. The drive sys-
tem is positioned rightward forwardly and upwardly of the
cages 3A to 3F when the cages 3A to 3F are present in
the ascent and descent path 1A.
[0047] A first cage group with a suffix a, a second cage
group with a suffix b, and a third cage group with a suffix
c, respectively, are driven by different drive motors 23a
to 23c. For the sake of simplicity in explanation, a part of
the drive system will be described only with respect to
the first cage group.
[0048] A drive belt 24Aa is stretched round a first drive
pulley 25Aa mounted to a shaft end of a drive motor 23a.
The drive belt 24Aa travels independently of other drive
belts 24Ab, 24Ac. A group of fourth belt drive pulleys
25Da to 25Dc for driving of the drive belts 24Aa to 24Ac
is formed every cage group. Rope drive pulleys 26 are
connected to the respective fourth belt drive pulleys
25Da. The fourth belt drive pulleys 25Da, 25Db, 25Dc,
respectively, are arranged offset from one another in a
travel direction of the rope 4Aa.
[0049] That is, in Fig. 7, the fourth belt drive pulleys
25Db for driving the second cage group are arranged
between the fourth belt drive pulleys 25Da for driving the
first cage group and the fourth belt drive pulleys 25Dc for
driving the third cage group. Also, in Fig. 7, the fourth
belt drive pulleys 25Dc for driving the third cage group
are arranged between the fourth belt drive pulleys 25Db
for driving the second cage group and the fourth belt drive
pulleys 25Da for driving the first cage group. Central ten-
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sion rollers 28Ba to 28Bc arranged so that an appropriate
belt tension is imparted to second drive belts 24Ba to
24Bc between the tension rollers and the fourth belt drive
pulleys are also arranged offset from one another in a
right and left direction.
[0050] Fig. 8 is a perspective view showing details of
the rope drive pulleys. The ropes 4Aa to 4Ac for driving
the respective cages are arranged offset from one an-
other in a front-rear direction in order to decrease spac-
ings between rope drive pulleys 26a to 26c. Since the
ropes 4Aa to 4Ac are arranged offset from one another
in the front-rear direction, the rope drive pulleys 26a to
26c, round which the respective ropes 4Aa to 4Ac are
stretched, are also arranged offset from one another in
the front-rear direction. Also, the fourth belt drive pulleys
25Da to 25Dc are also arranged offset from one another
in the front-rear direction in the same manner as the rope
drive pulleys 26a to 26c so that the second drive belts
24Ba to 24Bc do not interfere with one another.
[0051] Since the rope drive pulleys 26a to 26c for driv-
ing respective cage groups are arranged offset from one
another in the front-rear direction and in the right and left
direction, the rope drive pulleys 26a to 26c do not interfere
with adjacent ones even when the cages are increased
in number. As a result, the rope drive pulleys 26a to 26c
can be made small in thickness-wise dimension, so that
space-saving of the drive devices is achieved. That is,
the elevator can be made small in size by the use of a
plurality of small-diameter pulleys as drive means. Also,
since the respective cage groups are driven by respective
different drive motors, the cages can be moved inde-
pendently to lead to an increase in transport capacity.
[0052] Safety devices are mounted on the rope drive
systems 41, 42. Fig. 9 is a front view showing details of
the safety device. The safety device is one for emergency
stop when the second drive belt 24B breaks for some
trouble. When the second drive belt 24B breaks, all the
rope drive pulleys 26 connected to the fourth belt drive
pulleys 25D through the pulley connection shafts 27 be-
come free in rotation. Therefore, whether the cages 3A
to 3F travel or stop, for example, the cage 3A and the
cage 3B become unbalanced in weight due to the weight
of passengers, so that one of the cage 3A and the cage
3B falls and the other of them ascends.
[0053] When the cage 3A and the cage 3B continue
to travel abnormally, there is caused a fear that they may
collide against the remaining cages 3C to 3F. In order to
prevent such collision, detection means for detecting
breakage of the second drive belt 24B is provided on a
second tension roller 28E positioned centrally. That is, a
detection spring 30 comprising a cmpression spring is
mounted to the tension roller 28E, and a detection switch
31 is provided on an axis of actuation of the detection
spring 30.
[0054] On the other hand, an arcuate brake friction pad
33 formed with recesses, which are conformed in exter-
nal shape to the fourth belt drive pulleys 25D and the
tension rollers 28, is arranged in the vicinity of the fourth

belt drive pulleys 25D and the tension rollers 28. A mov-
able iron core 35 is mounted on an intermediate portion
of the brake friction pad 33. A solenoid coil 34 is arranged
around the movable iron core 35.
[0055] The solenoid coil 34 along with the movable iron
core 35 is accommodated in a casing 36. Support springs
37 are arranged on both ends of the brake friction pad
33 and inside the arcuate shape of the pad to push the
brake friction pad 33 toward the fourth belt drive pulleys
25D and the tension rollers 28. The brake friction pad 33,
the support springs, the movable iron core 35, and the
solenoid coil 34 constitute a brake device 32. The brake
device 32 is electrically connected to the detection switch
31.
[0056] The brake device, according to the embodi-
ment, constructed in this manner acts in the following
manner. When the second drive belt 24B breaks, the
restoring force of the detection spring 30 pushes the ten-
sion roller 28E toward the detection switch 31 to finally
bring into contact with the detection switch 31. When the
detection switch 31 is pushed by the tension roller 28E,
an input signal is generated in the detection switch 31
and an abnormality signal is transmitted to the brake de-
vice 32.
[0057] Since the solenoid coil 34 is supplied with elec-
tric current at all times, it attracts the movable iron core
35 downward in the drawing in a normal state to define
an air gap between the belt drive pulleys 25D and the
brake friction pad 33. When the abnormality signal is
transmitted to the brake device 32, the brake device 32
stops supplying of electric current to the solenoid coil 34.
As a result, the restoring forces of the support springs 37
act to push the brake friction pad 33 against the belt drive
pulleys 25D. Rotation of the belt drive pulleys 25D is
stopped by the brake friction pad 33. Since rotation of
the belt drive pulleys 25D is stopped, rotation of the rope
drive pulleys 26 connected directly thereto through the
pulley connection shafts 27 is also stopped.
[0058] According to the embodiment, frictional forces
between the rope drive pulleys and the ropes make it
possible to forcedly stop the cages. When the safety de-
vice shown in the embodiment is provided in an elevator
apparatus, it is possible to forcedly stop the cages even
when such trouble as suspension of electric power or the
like occurs, and to rapidly reopen the operation when
electric current is again supplied after suspension of elec-
tric power. In addition, while the brake friction pad 33 is
pushed against the belt drive pulleys 25D in the embod-
iment, the brake friction pad 33 may be pushed against
the rope drive pulleys 26 and the pulley connection shafts
27.
[0059] Also, while one cage group is stopped in the
embodiment, the brake friction pad 33 may be modified
in shape so that a single brake friction pad 33 can stop
all the cage groups. In this case, when one cage group
stops in emergency, the remaining cage groups are also
stopped forcedly, so that it is possible to surely prevent
collision among the cages.
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[0060] While the cages are driven with the use of two
front and back ropes in the embodiment of a multicar
elevator, a brake device mounted on the drive motor 23
may be actuated when the belt on one side of the drive
device breaks. In this case, since rotation of the rope
drive pulleys on that other side of the drive device, on
which the rope does not break, can be constrained, it is
possible to stop the cages. Also, a brake device for con-
straining rotation of the belt drive shaft 29, which con-
nects between the two rope drive systems 41, 42, may
be provided in the vicinity of the belt drive shaft 29 to stop
rotation of the belt drive shaft 29 to constrain rotation of
the rope drive pulleys 26.
[0061] While according to the embodiment the six cag-
es 3A to 3F are arranged in the same ascent and descent
paths 1A, 1B to form three groups, four cages may be
arranged in the same ascent and descent paths to form
two groups, or eight cages may be arranged in the same
ascent and descent paths to form four groups. Also, while
according to the embodiment a single drive motor drives
two ropes on the front and back of the cages at a time,
two drive motors may be used to drive respective ropes.
In this case, it is necessary to synchronously drive the
two drive motors.
[0062] Also, according to the embodiment, the drive
motor 23 is arranged centrally above the ascent and de-
scent paths 1A, 1B. In the case where, for example, as-
cent and descent paths are limited in height in relation
to, for example, the layout of a building, or two drive mo-
tors drive cages of a single group, one of a pulley con-
nection shaft and a drive motor shaft serve for a combined
use. Further, while according to the embodiment detec-
tion means for detecting breakage of the second drive
belt is provided on the second tension roller, it may be
provided on the third belt drive pulley 25C. Also, while
the drive pulleys are arranged in an arcuate configura-
tion, arcs, straight lines, elliptic curves, etc. may be com-
bined to form a curve with less variation in curvature, in
which case variation in a load on a rope is decreased in
the ascent and descent paths and the reversal movement
sections to result in an improvement in travel comfort.
[0063] While according to the embodiment the ascent
and descent paths 1A, 1B are formed separately from
each other, ascent and descent rails 9B may be arranged
at an intermediate portion within a single ascent and de-
scent path (an elevator shaft) to afford a divided use of
the ascent and descent path. That is, it goes without say-
ing that a construction may do to be able to arrange two
cages side by side in a single elevator shaft.
[0064] According to the invention, pairs of passenger
cages are connected by ropes to form circulating loops,
the loops are driven independently, and the loops are
made oval in shape, so that it is possible to operate a
multicar elevator stably. Also, since sudden fluctuation
in a load on a rope is lessened, it is possible to reduce
vibrations and noises.
[0065] The preferred embodiments described herein
are therefore illustrative and not restrictive, the scope of

the invention being indicated by the appended claims
and all variations which come within the meaning of the
claims are intended to be embraced therein.

Claims

1. A circulation type multicar elevator comprising plural
pairs of passenger cages (3A-3F) each connected
to both ends of two ropes (4A, 4B) diagonally ar-
ranged, and wherein the ropes (4A, 4B) connecting
the pair of passenger cages (3A-3F) are driven by a
first plurality of rope drive pulleys (26) arranged on
a smooth curve or a line, which includes smooth
curves and straight lines.

2. Circulation type multicar elevator according to claim
1, characterized in that said plurality of rope drive
pulleys (26) are provided separately every pair of
cages (3A-3F) and arranged in different positions
from one another in a direction of passenger cage
travel.

3. Circulation type multicar elevator according to claim
1 or 2, characterized by further comprising rope
drive means (41, 42) for driving said two ropes (4A,
4B), and wherein the rope drive means (41, 42) com-
prises a drive motor (23), a belt drive shaft (29) that
transmits motive power of the drive motor (23) to a
rope drive system (41, 42) for the ropes diagonally
arranged, and a first drive belt (24A) stretched round
the belt drive shaft (29) and the drive motor (23), and
the rope drive system (41, 42) comprises second
drive pulleys (25B) fixedly mounted coaxially to said
first plurality of rope drive pulleys (26) to synchro-
nously rotate therewith, tension pulleys positioned
between the second drive pulleys (25B), and a sec-
ond drive belt (24B) stretched round the second drive
pulleys (25B) and the tension pulleys.

4. A multicar elevator comprising plurality of cages (3A-
3F) arranged in an ascent and descent path (1A,
1B), ropes (4A, 4B) pairing and connect the plurality
of cages (3A-3F), and drive means (41, 42) for driving
the ropes (4A, 4B), and wherein the drive means (41,
42) comprises a plurality of rope drive pulleys (26),
on which the ropes (4A, 4B) are stretched, and which
are arranged above and below the ascent and de-
scent path (1A, 1B) and driven to cause the cages
(3A-3F) to travel, the plurality of rope drive pulleys
(26) being dispersedly arranged on an arc or a
smooth curve, and wherein the plurality of rope drive
pulleys (26) are grouped, a drive motor (23) is pro-
vided every group to rotatingly drive the plurality of
rope drive pulleys (26), and the respective groups
correspond to the pairs of cages (3A-3F).

5. Multicar elevator according to claim 4, character-
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ized by further comprising fourth drive pulleys (25D)
mounted on one end sides of those shafts (27), on
the other end sides of which said rope drive pulleys
(26) are mounted, the shafts (27) having substan-
tially the same length every group, and second drive
belts (24B) stretched every group round the fourth
drive pulleys (25D), and wherein the motors (23)
drive the second drive belts (24B) through first drive
belts (24A) to rotate the plurality of rope drive pulleys
(26) of the same group at the same rotating speed.

6. Multicar elevator according to claim 5, character-
ized by further comprising rope fastening portions
(5) arranged in diagonal positions on a top of the
cage (3A-3F), and wherein the rope drive pulleys
(26) and the fourth drive pulleys (25D) are arranged
above the ascent and descent path (1A, 1B) to be
positioned corresponding to diagonal positions on
the cage (3A-3F) in a position, in which the cage (3A-
3F) advances straight, and the pair of cages (3A-3F)
are connected at the rope fastening portions (5) to
the ropes (4A, 4B) to form two rope loop systems.

7. Multicar elevator according to claim 6, character-
ized in that the drive means comprises two rope
drive systems (41, 42) corresponding to the two rope
loop systems, a belt drive shaft having a differential
gear mechanism (6) between the rope drive systems
(41, 42), a second drive pulley (25B) mounted on an
intermediate portion of the belt drive shaft (29), and
third drive pulleys (25C) mounted on both ends of
the belt drive shaft (29), and wherein a first drive
pulley (25A) mounted to the motor (23) and the sec-
ond drive pulley (25B) are connected to each other
through the first drive belt (24A), and the third drive
pulleys (25C), respectively, mounted on both shaft
ends are connected to the fourth drive pulleys (25D)
through the second drive belt (24B), and wherein the
second drive belt (24B), the third drive pulleys (25C),
and the fourth drive pulleys (25D) constitute the rope
drive systems (41, 42), and the drive means syn-
chronously drive the two rope drive systems (41, 42).

8. Multicar elevator according to claim 6 or 7, charac-
terized in that the rope fastening portions are
formed to be turnable, and counterweights and ro-
tation damping devices are provided on turning
shafts of the rope fastening portions.

9. Multicar elevator according to claim 6,7 or 8, char-
acterized in that springs (19) are mounted on the
rope fastening portions (5) to adjust rope tension and
absorb extension and contraction of rope length.

10. Multicar elevator according to any of claims 6-9,
characterized by further comprising further drive
means, provided on the rope fastening portions, for
making the cage (3A-3F) independently movable

vertically.

11. Multicar elevator according to any of claims 7-10,
characterized in that the drive motor (23) is provid-
ed in a position above the rope drive pulleys (26) and
the fourth drive pulleys (25D), or axially away from
the belt drive shaft (29).

12. Multicar elevator according to any of claims 7-11,
characterized by further comprising a first tension
roller (28A) arranged between the fourth drive pul-
leys (25D) to give tension the second belt (24B), a
second tension roller (28B-D)arranged above the
first tension roller to have the second belt (24B)
stretched thereround, a breakage sensor provided
on the second tension roller (28B-D) or the third drive
pulley (25C) to detect breakage of the second belt
(24B), and a brake device provided in the vicinity of
the fourth drive pulleys (25D) to give a brake force
to the fourth drive pulleys (25D) and having an elec-
tromagnetic solenoid.

13. Multicar elevator according to any of claims 7-12,
characterized by further comprising a detection de-
vice provided in the vicinity of the second belt (24 B)
to detect breakage of the second belt (24B), and a
brake device mounted on an output shaft of the dif-
ferential gear mechanism (6), and wherein the brake
device is actuated when the detection device detects
breakage of the second belt (24B).
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