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(54) DOUBLE DECK ELEVATOR

(57) There is provided a double deck elevator that is
capable of adjusting floor displacement levels of the up-
per and lower cages to reduce the floor level difference
by selecting either the main frame or the upper and lower
cages or both to be moved depending on conditions of
the respective floor displacement levels of the upper and
lower cages. In order to implement the present invention,
the double deck elevator according to the present inven-
tion compares whether at least one of cage-doorway
floor-displacement levels detected by upper- and lower-
cages’ detection sensors is equal to or larger than a

threshold value; performs calculations, when either floor-
displacement level is determined to be equal to or larger
than the threshold value, by substituting the respective
floor displacement levels of the two upper and lower cag-
es successively into a plurality of conditions for correcting
the floor displacement levels; and selects, when a rele-
vant condition among the plurality of conditions holds true
from the calculation result, either the main traction unit
or the cage-position adjusting drive unit or both of the
main traction unit and the cage-position adjusting drive
unit to be actuated, according to the relevant condition.
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Description

Technical Field

[0001] The present invention relates to a double deck
elevator that has an inter-cage distance adjusting mech-
anism for adjusting the distance between the upper and
lower cages.

Background Art

[0002] Recent years have seen increasing develop-
ment in height and capacity of buildings. Elevators in-
stalled in such buildings need to convey many passen-
gers at one time. However, since increase in the number
of elevators installed reduces floor spaces in the building,
a double deck elevator, which is capable of conveying
many passengers using one shaft, is employed particu-
larly as a shuttle elevator traveling directly to upper floors
from a main floor. Generally, inter-story heights are dif-
ferent between upper floors and a main floor in many
cases. Accordingly, there has been proposed a double
deck elevator that is adjustable for such inter-story
heights.
[0003] A conventional art for a double deck elevator
adjustable for inter-story heights is such that the upper
and lower cages are disposed inside the main frame and
wound around with ropes; the  positions of the upper and
lower cages are moved in mutually opposite directions
by actuating a cage-position adjusting drive unit provided
in the car, which allows adjustment for inter-story heights
(refer to Patent Document 1, for example).
[0004] In addition, in order to correct a floor displace-
ment occurring between the cage floors and landing
floors due to getting on and off of passengers after the
car arrives and stops at a destination floor, there has
been proposed a double deck elevator that performs a
floor leveling operation for the upper and lower cages
simultaneously using a method of adjusting by an inter-
cage distance adjusting unit the positions of the upper
and lower cages on the basis of a value calculated from
variations of ratios of loads in the cages (refer to Patent
Document 2, for example).

Prior Art Document

Patent Documents

[0005]

Patent Document 1: JP 2007-331871 A (paragraphs
[0024], [0025], and FIG. 1)
Patent Document 2: JP 2002-338154 A (paragraphs
[0027] through [0029], and FIG. 2)

Summary of the Invention

Problem that the Invention is to Solve

[0006] However, in the floor-height adjustable double-
deck elevator described in Patent Document 1, since the
upper and lower cages are ganged to move together, a
landing level displacement tends to occur, raising a prob-
lem that a floor level difference is highly likely to occur at
landing or at getting on and off of passengers after land-
ing.
[0007] In Patent Document 2, a floor leveling operation
is performed simultaneously for the upper and lower cag-
es by an inter-cage distance adjusting unit, based on the
premise that floor displacement levels of the upper and
lower cages due to getting on and off of passengers when
the car arrives at a landing floor are substantially the
same in the opposite directions. However, in actuality,
under the influence of rubber isolators provided under
the cage floors, floor displacements of the upper and low-
er cages happen to occur in the same direction and/or
at different levels, raising a problem that it is difficult to
reduce the floor displacement levels of the upper and
lower cages to zero in a system in which the upper and
lower cages are ganged to move together.
[0008] The present invention aims at providing a dou-
ble deck elevator that is capable of adjusting floor dis-
placement levels of the upper and lower cages to reduce
the floor level differences by selecting either the main
frame or the upper and lower cages or both to be moved,
depending on conditions of the respective  floor-displace-
ment levels of the upper and lower cages.

Means for Solving the Problems

[0009] A double deck elevator according to the present
invention includes a main traction unit for actuating a
main frame to travel up and down in a hoistway of a build-
ing; two upper and lower cages disposed inside the main
frame; a cage-position adjusting drive unit provided to a
top portion of the main frame and having a position ad-
justing drive sheave around which ropes suspending the
respective two upper and lower cages from the main
frame are wound, for varying a distance between the cag-
es by moving inside the main frame the cages vertically
in mutually opposite directions by rotating the position
adjusting drive sheave; a determination means for mak-
ing determination by comparing whether at least one of
cage-doorway floor-displacement levels detected by
cages’ detection sensors provided to the respective cag-
es is equal to or larger than a floor-displacement-level
threshold value that is stored beforehand in a storage
means and is a reference for whether or not the floor
displacement level to be corrected; a calculation means
for performing calculations by substituting respective
floor displacement levels of the two upper and lower cag-
es successively into a plurality of conditions for correcting
the floor displacement levels when the determination
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means determines that at least one of the cage-doorway
floor-displacement levels is equal to or larger than the
threshold value; and a selection means for selecting,
when  a relevant condition among the plurality of condi-
tions holds true from a calculation result of the calculation
means, either the main traction unit or the cage-position
adjusting drive unit or both of the main traction unit and
the cage-position adjusting drive unit to be actuated, ac-
cording to the relevant condition.

Advantages of the Invention

[0010] According to a double deck elevator of the
present invention, an advantageous effect is brought
about that floor displacement levels of the upper and low-
er cages can be adjusted to reduce the floor level differ-
ences by selecting either the main frame or the upper
and lower cages or both to be moved, depending on con-
ditions of the respective floor displacement levels of the
upper and lower cages.

Brief Description of the Drawings

[0011]

FIG. 1 is a schematic view illustrating a configuration
of a double deck elevator according to an embodi-
ment 1 of the present invention;
FIG. 2 is a functional block diagram showing a func-
tion of a floor leveling control unit according to the
embodiment 1 of the present invention;
FIG. 3 is a flowchart showing an operation of the
double deck  elevator, according to the embodiment
1 of the present invention;
FIG. 4 shows examples explaining floor leveling per-
formed using a main frame by actuating a main trac-
tion unit, according to the embodiment 1 of the
present invention;
FIG. 5 shows examples explaining floor leveling per-
formed using the upper and lower cages by actuating
a cage-position adjusting drive unit, according to the
embodiment 1 of the present invention;
FIG. 6 shows an example explaining floor leveling
performed by actuating the main traction unit and
the cage-position adjusting drive unit, according to
the embodiment 1 of the present invention;
FIG. 7 is a flowchart showing an operation of a double
deck elevator according to an embodiment 2 of the
present invention;
FIG. 8 shows examples explaining floor leveling per-
formed by actuating the main traction unit and the
cage-position adjusting drive unit, according to the
embodiment 2 of the present invention;
FIG. 9 is a functional block diagram showing a func-
tion of a floor leveling control unit according to an
embodiment 3 of the present invention; and
FIG. 10 is a flowchart showing an operation of a dou-
ble deck elevator according to the embodiment 3 of

the present invention.

Best Mode for Carrying Out the Invention

[0012] Hereinafter, embodiments for carrying out the
present invention will be described with reference to the
drawings.

Embodiment 1

[0013] A double deck elevator according to an embod-
iment 1 of the invention will be described. First of all, a
configuration of the double deck elevator is described.
[0014] FIG. 1 is a schematic view illustrating a config-
uration of the double deck elevator according to the em-
bodiment 1 of the present invention. Referring to FIG. 1,
a main traction unit 20 having a main traction sheave 21
coupled thereto is installed at the top of an elevator hoist-
way, for driving an elevator car unit 50; a deflection pulley
22 is disposed near the main traction unit 20, for keeping
the elevator car unit 50 and a counterweight 25 from con-
tact with each other; a main cable 23 consisting of a plu-
rality of ropes in a bundle is wound around the main trac-
tion sheave 21 and the deflection pulley 22, and at one
end of main cable 23 the elevator car unit 50 is suspended
and at the other end thereof the counterweight 25 is sus-
pended; the elevator car unit 50 and the counterweight
25 are suspended by the main cable 23 in a 1:1 roping
arrangement and travel up and down in the hoistway by
the traction force of the main traction unit 20. Here, the
1:1 roping arrangement refers to such a roping configu-
ration that a speed ratio between the main cable 23 and
the elevator car unit 50 is 1:1.
[0015] A main frame 24 of the elevator car unit 50 is
made up of a  pair of vertical beams 1, a top beam 2, a
middle beam 4 and a bottom beam 3, and is provided
with a pair of upper-cage guide rails (not shown) and a
pair of lower-cage guide rails (not shown). The top beam
2 is fixed horizontally between the top ends of the vertical
beams 1. The middle beam 4 is fixed horizontally be-
tween the middle portions of the pair of vertical beams
1. The bottom beam 3 is fixed horizontally between the
bottom ends of the vertical beams 1. The upper-cage
guide rails and the lower-cage guide rails both are fixed
inside the main frame 24 and in parallel with the vertical
beams 1, for respectively guiding an upper cage 26 and
a lower cage 28 moving up and down relative to the main
frame 2.
[0016] The main frame 24 has vertically separated
spaces. In the upper space, i.e., between the top frame
2 and the middle beam 4, the upper cage 26 is disposed,
and in the lower space, i.e., between the middle beam 4
and the bottom beam 3, the lower cage 28 is disposed.
The upper cage 26 and the lower cage 28 are up-and-
down movable along the upper-cage guide rails and the
lower-cage guide rails, respectively.
[0017] The upper cage 26 and the lower cage 28 have
suspending pulleys 27, 29 at their bottoms, for suspend-
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ing the respective cages. A plurality of ropes 30, 33 for
respectively suspending the two upper and lower cages
from the main frame are wound around the suspending
pulleys. One end of the rope 30 for the upper cage is
secured to a securing member 31 provided to the top
beam 2 at the top portion of the main frame, and the other
end is wound around a position adjusting drive sheave
32 of a cage-position adjusting drive unit 5. Likewise, one
end of the rope 33 for the lower cage is secured to a
securing member 34 provided to the middle portion of
the main frame, and the other end is wound around the
position adjusting drive sheave 32 of the cage-position
adjusting drive unit 5. The cage-position adjusting drive
unit 5 is secured to a bottom portion of the top beam 2,
i.e., an upper portion of the main frame 24, for adjusting
the distance between the upper cage 26 and the lower
cage 28 by moving both of them vertically in mutually
opposite directions inside the main frame 24. Further,
the cage-position adjusting drive unit 5, which has the
position adjusting drive sheave 32, is disposed so as to
align the rotation axis of the position adjusting drive
sheave 32 to be in parallel with the widthwise direction
of the upper cage 26.
[0018] The upper-cage rope 30 and the lower-cage
rope 33 are formed of one continuous rope, and the con-
tinuous other ends of the upper-cage rope 30 and the
lower-cage ropes 33 are wound, for example, approxi-
mately one and a half turns around the position adjusting
drive sheave 32. The upper and lower cages are sus-
pended with a roping arrangement of 2:1 and ganged to
move together by actuating the cage-position adjusting
drive unit 5. Note that a 2:1 roping arrangement refers to
such a roping  arrangement that the speed ratio between
the main cable 23 and the car unit 50 is 2:1. In addition,
the upper-cage rope 30 and the lower-cage rope 33 may
be formed of separate ropes. In that case, the upper-
cage rope 30 and the lower-cage rope 33 should be
wound in the clockwise direction and the counterclock-
wise direction around the position adjusting drive sheave
32, and their respective other ends may be secured to
an upper portion of the middle beam 4.
[0019] Designated at 35 are buffers for the upper cage
and at 36 are buffers for the lower cage, for absorbing
shock of the cages. The upper and lower cages 36, 38
are provided with detection sensors for detecting cage-
doorway floor displacements occurring when or after
landing. Designated at 37 is an upper cage’s detection
sensor that is provided to the upper cage and capable of
detecting a floor displacement level 41 by sensing a rel-
ative position to a plate 38 placed in the hoistway. Like-
wise, a lower cage’s detection sensor 39 is provided to
the lower cage and capable of detecting a floor displace-
ment level 42 of the lower-cage doorway by sensing a
relative position to a plate 40 placed in the hoistway. On
a top portion of the main frame 24, a floor leveling control
unit 12 is provided that sends a floor-leveling operation
instruction based on the floor displacement levels 41, 42
detected by the upper cage’s detection sensor 37 and

the lower cage’s detection sensor 39 to the main traction
unit 20, the cage-position adjusting drive unit 5, or both.
Note that a reference numeral 6 indicates an inter-story
height between contiguous upper and lower floors.
[0020] Next, the operation will be described. The car
unit 50 (the main frame 24) and the counterweight 25
travel up and down in the hoistway by drive force by the
main traction unit 20. While the upper cage 26 and the
lower cage 28 land vertically contiguous landing floors
at the same time, since inter-story heights of a building
are in some cases not exactly constant but different de-
pending on floors, in such case, the upper cage 26 and
the lower cage 28 is moved up and down relative to the
main frame 24 by the cage-position adjusting drive unit
5 so that the distance between the cages is adjusted in
accordance with an inter-story height. Specifically, when
the upper cage 26 moves downwardly, the lower cage
28 moves upwardly and the distance between both re-
duces; conversely, when the upper cage 26 moves up-
wardly, the lower cage 28 moves downwardly and the
distance between both increases. That is, the absolute
value of movement amounts of the upper and lower cag-
es by the cage-position adjusting drive unit 5 are sub-
stantially the same. Ordinarily, inter-story heights for the
cages to be moved are memorized in advance, whereby
the distance between the upper and lower cages is ad-
justed before arrival, and then the main frame 24 travels
to a landing floor.
[0021] FIG. 2 is a functional block diagram showing a
function of  the floor leveling control unit according to the
embodiment 1 of the present invention. In FIG. 2, the
upper cage’s detection sensor 37 and the lower cage’s
detection sensor 39 are the detection sensors provided
to the upper and lower cages 36, 38, respectively, for
detecting floor displacement levels. The position of the
plate 38 is determined so that when the position of the
upper cage’s detection sensor 37 coincides with that of
the plate 38 placed in the hoistway, the floor displacement
level becomes zero. Likewise, the position of the plate
40 is determined so that when the position of the lower
cage’s detection sensor 39 coincides with that of the plate
40, the floor displacement level becomes zero. Note that
it is assumed that upward displacement of a cage from
its reference position is expressed as positive, and down-
ward displacement is expressed as negative.
[0022] The floor leveling control unit 12 provided on
the top portion of the main frame 24 performs floor lev-
eling, i.e., corrects a floor displacement by adjusting the
positions of the upper and lower cages 26, 28 so that
floor level differences occurring between landing floors
and the upper and lower cages 26, 28 become within a
threshold value or zero. The floor leveling control unit 12
includes a floor-displacement level recognition and de-
termination means 7, a conditional expression calculat-
ing means 8, a storage means 9, a floor-leveling opera-
tion selecting and calculating means 10, and a floor-lev-
eling operation instruction means 11.
[0023] The floor-displacement level recognition and
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determination means (determination means) 7 recogniz-
es the floor displacement levels 41, 42 detected by the
upper cage’s detection sensor 37 and the lower cage’s
detection sensor 39, and determines whether a floor dis-
placement level of the upper cage 26 or the lower cage
28 is equal to or larger than the floor-displacement-level
threshold value that is a reference for whether or not to
perform floor leveling. The storage means 9 stores in
advance the threshold value, which is used in the com-
parison when the floor-displacement level recognition
and determination means 7 determines whether a floor
displacement level of the upper cage 26 or the lower cage
28 is equal to or larger than the floor-displacement level
threshold value, and also stores conditional expressions
for determining whether the main traction unit 20 or the
cage-position adjusting drive unit 5 or both is/are to be
actuated and mathematical expressions for determining
a floor leveling amount. The conditional expression cal-
culating means (calculation means) 8, when the floor-
displacement level recognition and determination means
7 determines that at least one of floor displacement levels
of the upper and lower cages 26, 28 is equal to or larger
than the threshold value, performs calculations by sub-
stituting the floor displacement levels of the upper and
lower cages 26, 28 successively into the plurality of con-
ditional expressions stored in the storage means 9. When
the calculation result of the  conditional expression cal-
culating means 8 meets a relevant condition among the
plurality of conditional expressions, the floor-leveling op-
eration selecting and calculating means (selection
means) 10 selects, according to the relevant condition,
either the main traction unit 20 or the cage-position ad-
justing drive unit 5 or both to be actuated, and calculates
based on the floor-leveling amount determining mathe-
matical expressions stored in the storage means 9 how
many millimeters either the main traction unit 20 or the
cage-position adjusting drive unit 5 or both is/are to be
moved. The floor-leveling operation instruction means
11 outputs, according to the selection and calculation
result of the floor-leveling operation selecting and calcu-
lating means 10, an actuation instruction to the main trac-
tion unit 20 or the cage-position adjusting drive unit 5 or
both.
[0024] An after-landing operation of the double deck
elevator according to the above embodiment 1 will be
described. FIG. 3 is a flowchart showing the operation of
the double deck elevator according to the embodiment
1 of the present invention. As described above, before
the elevator car unit 50 arrives at a landing floor, the
distance between the upper and low cages is adjusted
and then the main frame 24 travels to the landing floor.
However, due to getting on and off of passengers after
the car unit 50 stops, a floor displacement occurs be-
tween the upper cage 26 and its landing floor and/or be-
tween the lower cage 28 and its landing floor. At this time,
because of influences such as of distortion of rubber-
isolators provided under the upper and lower cage floors
for preventing the cages from vibration due to a passen-

ger load or of temporary stretch of the upper and lower
cage ropes 30, 33 due to a passenger load, the floor
displacements of the upper cage 26 and the lower cage
may occur in the same direction as well as in the reverse
direction.
[0025] As shown in FIGS. 1 through 3, the upper cage’s
detection sensor 37 detects the doorway floor displace-
ment 41 occurring in getting on and off of passengers
after the upper cage 26 has landed. Likewise, the upper
cage’s detection sensor 39 detects the doorway floor dis-
placement 42 occurring in getting on and off of passen-
gers after the upper cage 28 has landed. Then, the floor-
displacement level recognition and determination means
7 recognizes the floor displacements 41, 42 input from
the upper cage’s detection sensor 37 and the lower
cage’s detection sensor 39. Further, the floor-displace-
ment level recognition and determination means 7 com-
pares the floor displacements 41, 42 with the threshold
value stored in the storage means 9, to determine wheth-
er at least one displacement of the upper cage 26 and
the lower cage 28 is equal to or larger than the threshold
value (S101). If the displacement is equal to or larger
than the threshold value, the process proceeds to S102
and the subsequent steps and calculations are made by
substituting the floor displacement levels of the two upper
and  lower cages successively into the plurality of con-
ditional expressions stored in the storage means 9. On
the other hand, if the displacement is smaller than the
threshold value, the later steps are not executed.
[0026] In S102, the conditional expression calculating
means 8 substitutes the floor displacement levels 41, 42
into a conditional floor-displacement expression stored
in the storage means 9: | (upper-cage floor displacement
level 41) - (lower-cage floor displacement level 42)| / 2 ≤
(threshold value), to determine whether the conditional
expression holds true. Then, if the conditional expression
holds true, the process proceeds to S106. Conversely,
if the conditional expression does not hold true, the proc-
ess proceeds to S103.
[0027] In S106, according to the conditional expres-
sion validity determined by the conditional calculation
means 8, the main traction unit 20 (the main frame 24)
is selected to be actuated. As for the actuation amount,
i.e., the floor-leveling amount, using a mathematical ex-
pression stored in the storage means 9: (main-frame floor
leveling amount) = - ((upper-cage floor displacement lev-
el 41) + (lower-cage floor displacement level 42)) / 2, the
floor-leveling amount is calculated by substituting the up-
per-cage floor displacement level 41 and the lower-cage
floor displacement level 42 into the mathematical expres-
sion. Then, the floor-leveling operation instruction means
11 outputs to the main traction unit 20 an actuation in-
struction to actuate the main traction unit 20 by the cal-
culated floor-leveling amount, and the main traction unit
20 performs the floor leveling in accordance with the in-
struction.
[0028] Specific examples are described here with ref-
erence to FIG. 4. FIG. 4 shows examples explaining the
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floor leveling performed using a main frame by actuating
the main traction unit, according to the embodiment 1 of
the present invention. First, the threshold value stored in
the storage means 9, for necessity or non-necessity of
performing the floor leveling, is assumed to be 5 mm for
example. In that case, the floor leveling is performed
when the upper-cage floor displacement level 41 or the
lower-cage floor displacement level 42 is equal to or larg-
er than 5 mm, or equal to or smaller than -5 mm. When
|(upper-cage floor displacement level 41) - (lower-cage
floor displacement level 42)| / 2 ≤ (threshold value (5
mm)), the main frame is moved. Here, substituting an
upper-cage floor displacement level of 8 mm and a lower-
cage floor displacement level of 4 mm into the mathe-
matical expression: (main-frame floor leveling amounts)
= - ((upper-cage floor displacement level 41) + (lower-
cage floor displacement level 42)) / 2 yields -6 mm. Ac-
cordingly, the main frame (the main traction unit 20) is
moved by -6 mm. Thereby, the upper-cage floor displace-
ment 41 becomes 2 mm and the lower-cage floor  dis-
placement 42 becomes -2 mm, so that the upper and
lower doorways are leveled within the threshold value of
5 mm. Likewise, when the upper-cage floor displacement
41 is 3 mm and the lower-cage floor displacement 42 is
7 mm, movement of the main frame by 5 mm brings the
upper-cage floor displacement 41 to become -2 mm and
the lower-cage floor displacement 42 to become 2 mm,
so that the upper and lower doorways are leveled within
the threshold value. In this way, movement of the main
frame 24 alone can level the upper- and lower- cage floors
within the threshold value.
[0029] Proceeding to S103, the conditional expression
calculating means 8 then substitutes the floor displace-
ment levels 41, 42 into a conditional floor-displacement
expression stored in the storage means 9: |(upper-cage
floor displacement level 42) + (lower-cage floor displace-
ment level 44) | / 2 ≤ (threshold value), to determine the
conditional expression holds true. If the conditional ex-
pression holds true, the process proceeds to S105. Con-
versely, if the conditional expression does not hold true,
the process proceeds to S104.
[0030] In S105, based on the conditional expression
validity determined by the conditional calculation means
8, the position adjusting drive unit 5 (the upper and lower
cages 26, 28) is selected to be actuated. As for the floor
leveling amounts, i.e., the  actuation amount, using math-
ematical expressions stored in the storage means 9: (up-
per-cage floor leveling amount) = ((lower-cage floor dis-
placement level 42) - (upper-cage floor displacement lev-
el 41)) / 2 and (lower-cage floor leveling amount) = ((up-
per-cage floor displacement level 41) - (lower-cage floor
displacement level 42)) / 2, the floor-leveling amounts
are calculated by substituting the upper-cage floor dis-
placement level 41 and the lower-cage floor displace-
ment level 42 into the mathematical expressions, respec-
tively. Then, the floor-leveling operation instruction
means 11 outputs to the position adjusting drive unit 5
an actuation instruction to actuate the position adjusting

drive unit 5 by the calculated floor-leveling amount, and
the position adjusting drive unit 5 performs the floor lev-
eling in accordance with the instruction.
[0031] Specific examples are described here with ref-
erence to FIG. 5. FIG. 5 shows examples explaining the
floor leveling performed using the upper and lower cages
by actuating the cage-position adjusting drive unit 5, ac-
cording to the embodiment 1 of the present invention.
First, the threshold value stored in the storage means 9,
for necessity or non-necessity of performing the floor lev-
eling, is assumed to be 5 mm for example. In that case,
the floor leveling is performed when the upper-cage floor
displacement level 41 or the lower-cage floor displace-
ment level 42 is equal to or larger than 5 mm, or equal
to or smaller than -5 mm. When  |(upper-cage floor dis-
placement level 41) + (lower-cage floor displacement lev-
el 42)| / 2 ≤ (threshold value (5 mm)), the upper and lower
cages are moved. For example, when the upper-cage
floor displacement is 5 mm and the lower-cage floor dis-
placement 42 is -7 mm, the upper cage is moved by -6
mm and the lower cage, by 6 mm. Thereby, the upper-
cage floor displacement 41 becomes -1 mm and the low-
er-cage floor displacement 42 becomes 1 mm, so that
the upper and lower doorways are leveled within the
threshold value. In this way, actuation of the cage-posi-
tion adjusting drive unit 5 alone can level the upper- and
lower- cage floors within the threshold value.
[0032] In a case of not meeting the conditions of S102
and S103 (i.e., in a case where conditional floor-displace-
ment expressions stored in the storage means 9: |(upper-
cage floor displacement level 41) + (lower-cage floor dis-
placement level 42)| / 2 > (threshold value) and |(upper-
cage floor displacement level 41) - (lower-cage floor dis-
placement level 42)| / 2 > (threshold value) hold true, the
process proceeds to S104 and the main traction unit 20
and the position adjusting drive unit 5 are selected to be
actuated. As for the floor leveling amounts, i.e., the ac-
tuation amounts, by substituting the upper-cage floor dis-
placement level 41 and the lower-cage floor displace-
ment level 42 into the following mathematical expres-
sions stored in the storage means 9, a floor-leveling
amount by the main frame 24 is calculated using the
mathematical expression: (upper-cage floor leveling
amount) = - ((lower-cage floor displacement level 42) +
(upper-cage floor displacement level 41)) / 2; and floor-
leveling amounts by the upper and lower cages 26, 28
are calculated using the respective mathematical expres-
sions: (upper-cage floor leveling amount) = ((lower-cage
floor displacement level 42) - (upper-cage floor displace-
ment level 41)) / 2 and (lower-cage floor leveling amount)
= ((upper-cage floor displacement level 41) - (lower-cage
floor displacement level 42)) / 2. Then, the floor-leveling
operation instruction means 11 outputs, to both of the
main traction unit 20 and the position adjusting drive unit
5, actuation instructions to actuate them by the respective
calculated floor-leveling amounts for the main frame and
the upper and lower cages, and the main traction unit 20
and the position adjusting drive unit 5 perform the floor
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leveling in accordance with the instructions.
[0033] A specific example is described here with ref-
erence to FIG. 6. FIG. 6 shows an example explaining
the floor leveling performed by the main traction unit and
the cage-position adjusting drive unit, according to the
embodiment 1 of the present invention. First, the thresh-
old value stored in the storage means 9, for performing
the floor leveling, is assumed to be 5 mm for example.
In that case, the floor leveling is performed when the up-
per-cage floor displacement level 41 or the lower-cage
floor displacement level 42 is equal to or larger than 5
mm, or equal to or smaller than -5 mm. For example,
when the upper-cage floor displacement level is 3 mm
and the lower-cage floor displacement level 42 is 15 mm,
the main frame is moved by -6 mm and the upper and
the lower cages are moved by 3 mm and -3 mm, respec-
tively, so that the upper-cage floor displacement 41 be-
comes 0 mm and the lower-cage floor displacement 42
becomes 0 mm. In this way, the upper- and lower-door-
way floor displacement levels can be 0 mm.
[0034] According to the embodiment 1 of the present
invention, by selecting a mode of the floor leveling de-
pending on upper- and lower-cage floor displacement
levels, the upper- and lower-cage floor displacement lev-
els can be suppressed within a threshold value even
when passengers are getting on and off during the open
states of the doors, thus achieving an optimal floor lev-
eling of the upper and lower cages.
[0035] The above describes a correction of floor dis-
placements occurring in getting on and off of passengers
after the car unit 50 arrives at a landing floor. However,
similar floor leveling can be applied not only to the cor-
rection but also to a correction of floor displacements
occurring when the car unit 50 arrives at a landing floor.
In addition, while the above corrections are implemented
in accordance with microcomputer software, the correc-
tions using addition and subtraction calculations and
threshold comparison can be implemented not only by
software but also by providing  circuitry such as an adder
circuit and a subtracter circuit.

Embodiment 2

[0036] Next, a double deck elevator according to an
embodiment 2 will be described. Note that the same con-
figuration and operation as those of the embodiment 1
are appropriately omitted.
[0037] FIG. 7 is a flowchart showing an operation of a
double deck elevator according to the embodiment 2 of
the present invention. In FIGS. 2 and 7, the floor-dis-
placement level recognition and determination means 7
recognizes the floor displacement levels 41, 42 input from
the upper cage’s detection sensor 37 and the lower
cage’s detection sensor 39. Then, floor-displacement
level recognition and determination means 7 compares
the floor displacement levels 41, 42 with the threshold
value stored in the storage means 9, to determine wheth-
er a floor displacement has occurred to at least one of

the upper cage 26 and the lower cage 28 (S110).
[0038] After that, when a signal is input from a car
wheelchair-button call registration unit (not shown) that
registers an action on a wheelchair button panel provided
in the cages or from a hall wheelchair-button call regis-
tration unit (not shown) that registers an action on a
wheelchair button panel provided at landing floors, the
floor-displacement level recognition and  determination
means 7 determines the signal as a special condition in
S111 and advances the process to S104, so that floor
leveling is performed by the main traction unit 20 and the
position adjusting drive unit 5. This is because the floor
leveling for a cage whose wheelchair button panel is
pressed needs to be zero in order to prevent a wheelchair
user from tripping on the floor level difference when uti-
lizing the elevator. On the other hand, when the signal is
not input to the floor-displacement level recognition and
determination means 7 from a car wheelchair-button call
registration unit or a hall wheelchair-button call registra-
tion unit, the floor-displacement level recognition and de-
termination means 7 determines that there is no special
condition and advances the process to S102.
[0039] Proceeding to S102, the floor-displacement lev-
el recognition and determination means 7 determines
whether at least one floor-displacement level of the upper
cage 26 and the lower cage 28 is equal to or larger than
the threshold value (S101). Since the later steps are the
same as those in the embodiment 1, description thereof
is omitted.
[0040] Specific examples are described here with ref-
erence to FIG. 8. FIG. 8 shows examples explaining the
floor leveling performed by the main traction unit and the
cage-position adjusting drive unit, according to the em-
bodiment 2 of the present invention. In the  figure, when
a floor displacement occurs, the floor leveling is per-
formed. For example, when the special condition holds,
such as press of a wheelchair button panel (not shown)
in a cage or at a landing floor, the floor leveling is per-
formed by both of the main frame and the upper and
lower cages, which is similar to FIG. 6. When the upper-
cage floor displacement level is 8 mm and the lower-cage
floor displacement level 42 is 4 mm, the main frame is
moved by -6 mm and the upper and lower cages are
moved by -2 mm and 2 mm, respectively. Likewise, when
the upper-cage floor displacement level is 3 mm and the
lower-cage floor displacement level 42 is 7 mm, the main
frame is moved by -5 mm and the upper and lower cages
are moved by -2 mm and 2 mm, respectively.
[0041] In this way, the upper-cage floor displacement
level 41 becomes 0 mm and the lower-cage floor dis-
placement level 42 becomes 0 mm, i.e., both of the upper-
and lower-doorway floor-displacement levels become 0
mm. According to the embodiment 2 of the present in-
vention, the distance between the upper- and the lower-
cage floors can be thus adjusted to be equal to the inter-
story height 6 between landing floors, thereby achieving
enhancement in safety of elevator users.
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Embodiment 3

[0042] Next, a double deck elevator according to an
embodiment 3 will be described. Note that the same con-
figuration and operation  as those of the embodiments 1
and 2 are appropriately omitted.
[0043] FIG. 9 is a functional block diagram showing a
function of a floor leveling control unit according to the
embodiment 3 of the present invention, and FIG. 10 is a
flowchart showing an operation of a double deck elevator
according to the embodiment 3 of the present invention.
Referring to FIGS. 2, 9 and 10, the floor-displacement
level recognition and determination means 7 recognizes
the floor displacement levels 41, 42 input from the upper
cage’s detection sensor 37 and the lower cage’s detec-
tion sensor 39. Then, the floor-displacement level recog-
nition and determination means 7 compares the floor dis-
placement levels 41, 42 with the floor-displacement-level
threshold value stored in the storage means 9, to deter-
mine whether at least one of the floor displacement level
41 occurring to the upper cage 26 and the floor displace-
ment level 42 occurring to the lower cage 28 is equal to
or larger than the threshold value (S101). When either
level is equal to or larger than the threshold value, the
process proceeds to S112, and when smaller than the
threshold value, the later steps are not executed.
[0044] In S112, an abnormality detection means 43
provided to the floor leveling control unit 12 counts the
number of facts that the floor-displacement level recog-
nition and determination means 7 determines that at least
one of a floor displacement level 41 occurring to the upper
cage 26 and a floor displacement level 42 occurring to
the lower cage 28 is equal to or larger than the threshold
value, to determine whether the number is equal to or
more than a predetermined count (for example, five
counts or more) within a certain period of time. As a result,
if the facts are repeated for the predetermined count, the
abnormality detection means 43 determines that there
occurs an abnormal condition such as stretch of the up-
per- and lower- cage ropes 30, 33 due to long-term de-
terioration or slippage of the upper- and lower- cage ropes
30, 33 due to an imbalance state generated by extremely
uneven loads between the upper and lower cages, and
notifies the external of the abnormality to urge inspection
by maintenance staff.
[0045] According to the embodiment 3 of the present
invention, it is possible to determine an abnormal condi-
tion such as stretch of the upper- and lower- cage ropes
due to long-term deterioration or rope slippage due to
load imbalance between the upper and lower cages,
thereby ensuring enhancement in safety of elevator us-
ers.
[0046] It should be noted that when relative floor-lev-
eling speeds of the upper and lower cages 26, 28 with
respect to the main frame 24 become a certain value or
larger, the floor leveling operation can be aborted. For
example, assuming as A an upper-cage movement
speed detected by a speed detector for control (not

shown) provided  to the cage-position adjusting drive unit
5 and as B a main-frame movement speed detected by
a speed detector provided to the main traction unit 20, a
movement speed C = A + B expresses a relative speed
of the upper cage with respect to a landing floor when a
floor displacement level is corrected. When the speed C
> an abnormal speed level, the floor leveling is aborted.
In this way, a relative floor-leveling speed can be deter-
mined to be in an abnormal condition, thereby ensuring
safety.

Reference Numerals

[0047]

1: vertical beams

2: top beam

3: bottom beam

4: middle beam

5: cage-position adjusting drive unit

6: inter-story height

7: floor-displacement level recognition and de-
termination means

8: conditional expression calculating means

9: storage means

10: floor-leveling operation selecting and calculat-
ing means

11: floor-leveling operation instruction means

12: floor leveling control unit

20: main traction unit

21: main traction sheave

22: deflection pulley

23: main cable

24: main frame

25: counterweight

26: upper cage

27, 29: suspending pulley

28: lower cage
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30, 33 rope

31, 34: securing member

32: position adjusting drive sheave

35, 36: buffer

37: upper cage’s detection sensor

38, 40: plate

39: lower cage’s detection sensor

41, 42: floor displacement level

43: abnormality detection means

50: car unit

Claims

1. A double deck elevator comprising:

a main traction unit for actuating a main frame
to travel up and down in a hoistway of a building;
two upper and lower cages disposed inside the
main frame;
a cage-position adjusting drive unit provided to
a top portion of the main frame and having a
position adjusting drive sheave around which
ropes suspending the respective two upper and
lower cages from the main frame are wound, for
varying a distance between the cages by moving
inside the main frame the cages vertically in mu-
tually opposite directions by rotating the position
adjusting drive sheave;
a determination means for making determina-
tion by comparing whether at least one of cage-
doorway floor-displacement levels detected by
cages’ detection sensors provided to the re-
spective cages is equal to or larger than a floor-
displacement-level threshold value that is stored
beforehand in a storage means and is a refer-
ence for whether or not the floor displacement
level to be corrected;
a calculation means for performing calculations
by substituting respective floor displacement
levels of the two upper and lower cages succes-
sively into a plurality of conditions for correcting
the floor displacement levels when the determi-
nation means determines that at least one of the
cage-doorway  floor-displacement levels is
equal to or larger than the threshold value; and
a selection means for selecting, when a relevant
condition among the plurality of conditions holds
true from a calculation result of the calculation

means, either the main traction unit or the cage-
position adjusting drive unit or both of the main
traction unit and the cage-position adjusting
drive unit to be actuated, according to the rele-
vant condition.

2. The double deck elevator of claim 1, wherein when
among the plurality of conditions, a condition of |(up-
per-cage floor displacement level) - (lower-cage floor
displacement level) / 2 ≤ (threshold value) holds true,
the selection means selects the main traction unit to
be actuated.

3. The double deck elevator of claim 1, wherein when
among the plurality of conditions, a condition of |(up-
per-cage floor displacement level) + (lower-cage
floor displacement level)| / 2 ≤ (threshold value) holds
true, the selection means selects the cage-position
adjusting drive unit to be actuated.

4. The double deck elevator of claim 1, wherein when
among the plurality of conditions, conditions of |(up-
per-cage floor displacement level) + (lower-cage
floor displacement level)| / 2 > (threshold value) and
|(upper-cage floor displacement level) -  (lower-cage
floor displacement level)| / 2 > (threshold value) hold
true, the selection means selects the main traction
unit and the cage-position adjusting drive unit to be
actuated.

5. The double deck elevator of claim 1, wherein when
the determination means receives a signal from a
car wheelchair-button call registration unit that reg-
isters an action to a wheelchair button panel provided
in the cages or from a hall wheelchair-button call
registration unit that registers an action to a wheel-
chair button panel provided at landing floors, the se-
lection means selects the main traction unit and the
cage-position adjusting drive unit to be actuated.

6. The double deck elevator of claim 1, further compris-
ing:

an abnormality detection means for counting the
number of determinations made by the determi-
nation means that at least one of cage-doorway
floor-displacement levels is equal to or larger
than the threshold value, wherein the abnormal-
ity detection means, when it determines that the
number is equal to or more than a predetermined
count within a certain period of time, notifies an
external of an abnormality.
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