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(54) COOLING SOLUTION FOR HOISTING MACHINERY

(57) A hoisting machinery (1) for an elevator com-
prises a frame (2) with a stator flange (3), a stator (4)
supported at the stator flange (3), stator windings (5) ar-
ranged at the stator (4), and a cooling system having an
evaporator part (22), a condenser part (20) and an ex-
pansion tank (21), wherein a cooling medium can circu-
late through the cooling system. The evaporator part (22)

FIG. 1

is arranged at the stator flange (3) in a manner to allow
the cooling medium to receive heat generated by the sta-
tor windings (5). The condenser part (20) is arranged at
the frame (2) in a manner to be in contact with ambient
air. The expansion tank (21) is arranged at the frame (2)
in a manner to allow the condensed cooling medium to
be collected.
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Description

[0001] The present invention refers to a hoisting ma-
chinery for an elevator having a cooling system in the
form of a free flowing cooling system.

Background of the invention

[0002] Hoisting machineries for elevators are usually
embodied as electric motors having a stator core with
windings and a rotor with magnets. When electric current
is supplied to the windings, most of the electric energy
is transferred into a force acting on the rotor's magnets
for making the rotor rotate. However, a part of the electric
energy is transferred by the windings into heat which
heats the stator core and its surroundings. The generated
heat acts on the material of not only the windings and
the stator but also on that of isolators resulting in that
these materials are prone to thermal aging such that the
life span of the hoisting machinery is deteriorated. Hence,
sufficient cooling of the electric motor is always important.
[0003] In the technical field of elevators, hoisting ele-
vators have become more and more compact in the re-
cent years resulting in that thermal performance has be-
come achallenging task. Although powerlosses resulting
from heat generation when applying electric energy to
the windings, and thus the heat generation itself, can be
reduced by using more copper for the windings or better
electric steel/powder metallurgy (PM) material for the sta-
tor core, these countermeasures lead to an increase of
production cost. Furthermore, increasing the copper
amount also increases the size of the hoisting machinery
which counteracts the aim of having hoisting machineries
which are as compact as possible. A further counter-
measure is increasing the cooling area so as to improve
natural cooling. However, also this increases the size of
the hoisting machinery.

[0004] It is thus the object of the present invention to
provide a hoisting machinery for an elevator which can
be more efficiently cooled.

[0005] According to the present invention, the above
object is solved with a hoisting machinery having the fea-
tures of claim 1. Further embodiments are laid down in
the dependent claims.

[0006] A hoisting machinery for an elevator comprises
a frame with a stator flange, a stator supported at the
stator flange, stator windings arranged at the stator, and
a cooling system having an evaporator part, a condenser
part and an expansion tank, wherein a cooling medium
can circulate through the cooling system. The evaporator
part is arranged at the stator flange in a manner to allow
the cooling medium to receive heat generated by the sta-
tor windings, the condenser part is arranged at the frame
in a manner to be in contact with ambient air, and the
expansion tank is arranged at the frame in a manner to
allow the condensed cooling medium to be collected.
[0007] In this hoisting machinery, when heat is gener-
ated by the stator windings, the heat is transmitted to the
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evaporator part and the cooling mediumin the evaporator
partevaporates and becomes vaporous cooling medium.
The vapor is then received in the condenser part which
is in contact with ambient air. As a result, the vapor is
cooled in the condenser part and thus condenses to be-
come liquefied cooling medium. The liquefied cooling
medium can then flow back to the expansion tank where
it is collected so as to enter the evaporator part again.
With the hoisting machinery according to the present in-
vention, the cooling performance of the hoisting machin-
ery can be improved by transferring heat from the stator
to the outside of the hoisting machinery. As aresult, over-
heating of components of the electric motor can be avoid-
ed without taking expensive measures such as using
more copper for the windings or better electrical steel for
the stator. Size increasing measures such as increasing
the cooling area for improving natural cooling can also
be avoided. As a result, a space efficient hoisting ma-
chinery can be obtained. Furthermore, thermal aging of
the components such as insulators can be attenuated.
[0008] According to a preferable embodiment, the
evaporator part is an evaporator pipe which is arranged
in a meandering shape at the stator flange. This allows
the evaporator part to efficiently collect heat from the sta-
tor.

[0009] According to a further preferable embodiment,
the frame constitutes a part of a hoisting machinery hous-
ing and the evaporator partis arranged inside the hoisting
machinery housing, and the condenser part and the ex-
pansion tank are arranged outside the hoisting machin-
ery housing. This allows the heat collected in the evap-
orator part to be transferred to the outside of the hoisting
machinery housing.

[0010] According to a further preferable embodiment,
the evaporator part exits the hoisting machinery housing
at an upper portion of the hoisting machinery housing
and is connected to the condenser part. This allows the
vaporous cooling medium in the evaporator part to rise
upward and to easily enter the condenser part where the
vaporous cooling medium can condense to become lig-
uid cooling medium.

[0011] According to a further preferable embodiment,
the expansion tank is arranged on a lower side of the
hoisting machine housing and is connected to the evap-
orator part and the condenser part. This allows the lig-
uefied cooling medium to easily flow back to the expan-
sion tank by gravity. Preferably, the evaporator part is
connected to a lower portion of the expansion tank and
the condenser part is connected to an upper portion of
the expansion tank. This assures that the liquefied cool-
ing medium can enter the expansion tank by gravity and
that the evaporator part is always in communication with
the liquefied cooling medium.

[0012] According to a further preferable embodiment,
the hoisting machinery further comprises frame fixing
means for fixing the frame to a guide rail for guiding an
elevator car in a shaft.

[0013] According to a further preferable embodiment,
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the condenser part is heat conductively connected to a
guide rail for guiding an elevator car in a shaft. This allows
to more effectively transfer the heat of vaporous cooling
medium to the ambient air.

[0014] According to a further preferable embodiment,
the stator is part of an electric motor having an outer rotor.
[0015] According to a further preferable embodiment,
the electric motor is configured as a radial flux machinery.
[0016] According to a further preferable embodiment,
the electric motor has a rotor comprising a traction
sheave which has a smaller diameter than a magnet
mounting portion of the rotor for mounting rotor magnets.
[0017] Inthefollowing, an embodiment of the invention
is described with making reference to the figures, in which

Fig. 1 is a side view of a hoisting machinery with a
cooling system according to an embodiment of the
invention;

Fig. 2 is a vertical cross sectional view of the hoisting
machinery with the cooling system according to the
embodiment of the invention.

Fig. 3 is a perspective view of a half-cut-away hoist-
ing machine without the rotor.

[0018] A hoisting machinery 1 according to an embod-
iment of the invention is configured as an electric motor
having a stator 4 and a rotor 6 being mounted to a ma-
chine frame 2. The machine frame 2 has a shell-like struc-
ture for partly covering the electric motor from one side
thereof.

[0019] As can be seen in Fig. 1, the machine frame 2
has a vertical rail slot 16 allowing a guide rail 9 to pass
the machine frame 2. The guide rail 9 is mounted to a
not shown elevator shaft and is also used to guide an
elevator car along the guide rail 9 during the up and down
movement of the elevator car in the shaft.

[0020] The machine frame 2 further comprises lower
struts 24 and upper struts 25 on each of the left and right
side and machinery brakes 26 are mounted vertically be-
tween the outer end portions of the struts 24, 25.
[0021] At the lower left and right sides of the machine
frame 2, rope openings 17 are formed in the machine
frame 2 below the lower struts 24 so as to allow ropes
23 to pass from inside the hoisting machinery 1 to the
outside thereof. The ropes 23 are driven by the hoisting
machinery 1 so as to make the elevator car move up or
down in the shaft. The rope openings 17 also allow am-
bient air to flow towards the electric motor for cooling
purpose.

[0022] Atthe middle left and right side of the machine
frame 2, lateral vent openings 18 are formed between
the lower struts 24 and the upper struts 25 so as to allow
ambient air to flow towards the electric motor for cooling
purpose. The lateral vent openings 18 are formed be-
tween respective lower struts 24 and upper struts 25 of
the machinery frame 2.
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[0023] At the upper left and right side of the machine
frame 2, upper vent openings 19 are formed above the
upper struts 25 so as to allow ambient air to flow towards
the electric motor for cooling purpose. The upper vent
openings 19 are formed to lie in a substantially horizontal
plane.

[0024] As can be seen in Fig. 2, the machine frame 2
comprises a stator flange 3 which protrudes from the in-
ner side of a central portion 29 of the machine frame 2
(see Fig. 1) in a direction away from the guide rail 9 and
is formed integrally with the machine frame 2. In this em-
bodiment, the stator flange 3 has the shape of continuous
ring. However, according to other embodiments, there
might be a plurality of stator flanges which are placed
along aring-shaped path on the inner side of the machine
frame.

[0025] Fig. 2 also shows that the machine frame 2 has
an upper projection which projects from the machine
frame 2 to the upper side, and a lower projection which
projects form the machine frame 2 to the lower side. An
upper fixing means 14 is fixed to the upper projection and
to the guide rail 9, and a lower fixing means 15 is fixed
to the lower projection and the guide rail 9. As a result,
the machine frame 2 is fixed to the guide rail 9.

[0026] As canbe seenin Fig. 3, the stator flange 3 has
stator flange openings 27 which correspond to the rope
openings 17 with respect to the circumferential direction
of the machine frame 2. These stator flange openings 27
each have a dimension in the axial direction correspond-
ing to a later described rope groove portion 8 of the rotor
6, in which grooves for accommodating the ropes 23 are
provided. The rope groove portion 8 corresponds to the
traction sheave according to the invention.

[0027] A ring-shaped stator 4 is mounted to the distal
end (left end in Fig. 2) of the stator flange 3 at a radial
outside position thereof and is fit onto a portion of the
stator flange 3 which has a reduced dimension in the
radial direction to form a seat against which the stator 4
is pressed in the axial direction by means of bolts. The
stator 4 comprises radially extending protrusions about
which stator windings 5 are wound in a manner to general
a radial magnetic flux. In this embodiment, the stator
windings 5 are wound to have longer components ex-
tending in the axial direction of the hoisting machinery 1
and shorter components extending in the circumferential
direction of the hoisting machinery 1.

[0028] The rotor 6 has a shell-like structure comprising
a rotor hub 11, the rope groove portion 8 and a magnet
mounting portion 7. The rotor hub 11 extends in the axial
direction and is supported by bearings 12, 13 which are
supported by a rotor fixing plate 10 mounted to the guide
rail 9 through the rail slot 16 of the machine frame 2.
[0029] The rope groove portion 8 extends in the axial
direction and within an axial range corresponding sub-
stantially to that of the rotor hub 11 and is connected to
the rotor hub 11 by a ring-disc-like portion which is partly
inclined to a vertical plane perpendicular to the rotor axis.
The rope groove portion 8 comprise a plurality of grooves
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for accommodating the ropes 23 connected to the ele-
vator car. When the rotor 6 rotates, the rotational force
is transmitted to the ropes 23 via friction between the
ropes 23 and the rope grooves.

[0030] The magnetmountingportion 7 isintegrally con-
nected to the rope groove portion 8 radially outside there-
of and has a substantially U-shaped cross-sectional
shape with the U opening towards the stator flange 3.
The radially outer portion of the U-shaped magnet mount-
ing portion 7 forms a ring on the radial inner side of which
magnets 28 are fixed in such a manner that they are
opposite to the stator windings 5 with a small gap be-
tween the magnets 28 and stator windings 5.

[0031] When the hoisting machinery 1 is operated,
electricity is supplied and controlled by an electricity sup-
ply and control units (not shown) to the stator windings
5. As a result, most of the electric energy is transferred
into a magnetic field which acts on the magnets 28 of the
rotor 6, and the rotor 6 is rotated so as the move the
elevator car up or down via the ropes 23.

[0032] However, a part of the electric energy is trans-
ferred by the stator windings 5 into heat which heats the
stator core and its surroundings. The generated heat acts
on the material of not only the windings 5 and the stator
4 but also on that of isolators resulting in that these ma-
terials are prone to thermal aging such that the life span
of the hoisting machinery would be deteriorated. Hence,
sufficient cooling of the electric motor is important.
[0033] For this purpose, the hoisting machinery 1 ac-
cording to the embodiment comprises a cooling system
having evaporator pipes 22 provided inside the hoisting
machinery 1, condenser pipes 20 provided outside the
hoisting machinery 1, and an expansion tank 21 provided
outside the hoisting machinery 1.

[0034] Ascanbe seeninthe Fig. 2, the expansion tank
21 is provided at a position between the machine frame
2 and the guide rail 9. In more detail, making reference
to Fig. 1, the central portion 29 of the machine frame 2
extends substantially within a vertical plane. This central
portion 29 has a lower portion which is divided by the rail
slot 16, is located between the two rope openings 17 and
has a lower borderline which is curved concentrically to
the rope groove portion 8. Below this curved borderline,
the machine frame 2 has a displaced portion 31 which is
displaced toward the rotor 6 such that a space is gener-
ated between this displaced portion 31 of the machine
frame 2 and the guide rail 9. According to one embodi-
ment of the invention, this space is used to mount the
expansion tank 21 which is shaped to have an upper
edge corresponding to the curvature of the lower border-
line.

[0035] Furthermore, the expansion tank 21 may be
supported by the lower fixing means 15. Hence, an al-
ready existing structure, namely the lower fixing means
15, can be used for supporting the expansion tank 21
such that no additional structural feature needs to be pro-
vided for this purpose.

[0036] As is shown in Figs. 1 and 2, the evaporator
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pipes 22 exit from the expansion tank 21 at positions right
and left from and close to the guide rail 9, and they are
guided to enter the inside of the machine frame 2 via the
rail slot 16 at both sides of the guide rail 9. Alternatively,
the evaporator pipes 22 can enter the inside of the ma-
chine frame 2 through through-holes provided in a tran-
sition portion 30 between the central portion 29 and the
displaced portion 31 on both sides of the guide rail 9.
Such a configuration is shown in Fig. 3.

[0037] Inside the machine frame 2, the evaporator
pipes 22 are guided to the radial inner side of the stator
flange 3 and are arranged in a meandering manner from
the lower portion of the stator flange 3 to the upper portion
thereof. The radial inner side of the stator flange 3 has
axially extending ribs 32 which are provided to increase
the cooling surface of the stator flange 3 for the purpose
of improving natural cooling. In this embodiment, the me-
andering arrangement of the evaporator pipes 22 is such
that portions of the evaporator pipes 22, which extend in
the axial direction of the hoisting machinery, are placed
in recesses 33 between the ribs 32, whereas circumfer-
entially portions of the evaporator pipes 22 cross over
the ribs 32.

[0038] Making referenceto Fig. 1, the meandering por-
tions of the evaporator pipes 22 are provided on the right
side and the left side of the rail slot 16, respectively. At
the upper side of the meandering portions, the evaporator
pipes 22 exit the machine frame 2 through the rail slot
16 between the guide rail 9 and the machine frame 2 at
both sides of the guide rail 9, respectively, and merge
into the condenser pipes 20 which are provided outside
the machine frame 2.

[0039] In an alternative embodiment shown in Fig. 3,
the evaporator pipes 22 penetrate the stator flange 3 so
as to exit the machine frame 2 and then merge into the
condenser pipes 20.

[0040] In a possible embodiment of the invention, as
canbeseeninFig. 1, the central portion 29 of the machine
frame 2 comprises, comparable to the lower side, also
at the upper side a curved borderline which is concentric
to the rope groove portion 8 and defines an upper tran-
sition portion 34 which is inclined towards the rotor with
respect to the central portion 29. The condenser pipes
20 are guided on both left and right sides of the rail slot
16 along the upper transition portion 34 in the circumfer-
ential direction towards recesses 35 having a substan-
tially trapezoidal shape with curved base lines and a ver-
tical leg and a horizontal leg. Each condenser pipe 20 is
guided along the vertical leg and the inner curved base
line of the recesses 35. Furthermore, the upper vent
opening 19 is formed along the horizontal leg of the trap-
ezoidal recess 35, and the condenser pipes 20 enter the
upper vent openings 19. Then, the condenser pipes 20
are guided behind the upper struts 25, are guided along
aradially inner edge of the lateral vent openings 18, cross
the lower struts 25 on the outside of the machine frame
2, and are guided along the radial inner edges of the rope
openings 17 towards the expansion tank 21. Here, the
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condenser pipes 20 are connected to the expansion tank
21.

[0041] Inthismanner, the expansiontank 21, the evap-
orator pipes 22 and the condenser pipes 20 form a closed
free flow cooling system along which a cooling medium
can circulate.

[0042] Inoperation ofthe hoisting machinery 1, the sta-
tor windings 5 transfer part of the electric energy into heat
which heats mainly the stator 4. This heat is transmitted
to the evaporator pipes 22 and the cooling medium inside
the evaporator pipes 22 is evaporated, i.e. it makes a
phase transition from liquid to gas. This gas is rises up-
wards and exits the evaporator pipes 22 at the upper
portion of the hoisting machinery 1 where it enters the
condenser pipes 20 which have a lower temperature due
to being exposed to the ambient air. In the condenser
pipes 20, the cooling medium makes a phase transition
from gas to liquid such that the cooling medium is allowed
to flow back to the expansion tank 21 due to gravity.
[0043] Inthe evaporator pipes 22, the cooling medium
absorbs heat energy from the stator 4 by evaporation of
the cooling medium. The vapor is transmitted to the con-
denser pipes 20 where the heat energy is released to the
ambient air due to condensation of the vapor.

[0044] The cooling system is adjusted in such a man-
ner that the evaporation surface temperature of the cool-
ing medium is in a range of 80 to 90°C.

[0045] Preferably, the evaporator pipes 22 and the
condenser pipes 20 are made from copper. However,
the evaporator pipes 22 and the condenser pipes 20 can
also be made from aluminum or steel.

[0046] Preferably, the cooling system is adapted to be
operable with atmospheric pressure or over-pressure.
[0047] According to another embodiment, the evapo-
rator pipes are not provided at the inner radial surface of
the stator flange but on the outer radial surface of the
stator flange.

[0048] Accordingtoafurther possible embodiment, the
condenser pipes comprise cooling fins which improve
the cooling performance of the cooling medium within
the condenser pipes. The cooling fins may be provided
on the outer surface of the condenser pipes in a manner
to project in a radial direction of the condenser pipes and
to extend in a longitudinal direction of the condenser
pipes. The number of cooling fins for each condenser
pipe can be one or more.

Claims
1. Ahoisting machinery (1) for an elevator, comprising:

a frame (2) with a stator flange (3),

a stator (4) supported at the stator flange (3),
stator windings (5) arranged at the stator (4), and
acooling system having an evaporator part (22),
a condenser part (20) and an expansion tank
(21), wherein a cooling medium can circulate
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through the cooling system, wherein

the evaporator part (22) is arranged at the stator
flange (3) in a manner to allow the cooling me-
dium to receive heat generated by the stator
windings (5),

the condenser part (20) is arranged at the frame
(2) in a manner to be in contact with ambient air,
and

the expansion tank (21) is arranged at the frame
(2) in a manner to allow the condensed cooling
medium to be collected.

The hoisting machinery (1) according to claim 1,
wherein

the evaporator part (22) is an evaporator pipe
which is arranged in a meandering shape at the
stator flange (3).

The hoisting machinery (1) according to claim 1 or
2, wherein

the evaporator part (22) is arranged on an inner
radial surface of the stator flange (3).

The hoisting machinery (1) according to claim 1 or
2, wherein the evaporator part (22) is arranged on
an outer radial surface of the stator flange (3).

The hoisting machinery (1) according to any one of
claims 1 to 4, wherein

the frame (2) constitutes a part of a hoisting ma-
chinery housing and the evaporator part (22) is
arranged inside the hoisting machinery housing,
and

the condenser part (20) and the expansion tank
(21) are arranged outside the hoisting machin-
ery housing.

The hoisting machinery (1) according to claim 5,
wherein

the evaporator part (22) exits the hoisting ma-
chinery housing at an upper portion of the hoist-
ing machinery housing and is connected to the
condenser part (20).

The hoisting machinery (1) according to claim 4,
wherein

the expansion tank (21) is arranged on a lower
side of the hoisting machine housing and is con-
nected to the evaporator part (22) and the con-
denser part (20).

The hoisting machinery (1) according to claim 7,
wherein the expansion tank (21) is arranged be-
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tween the frame (2) and a guide rail (9).

The hoisting machinery (1) according to any one of
the preceding claims, further comprising frame fixing
means (14, 15) for fixing the frame (2) to a guide rail
(9) for guiding an elevator car in a shaft.

The hoisting machinery (1) according to claim 9,
wherein the expansion tank (21) is supported with
the frame fixing means (15).

The hoisting machinery (1) according to any of the
preceding claims, wherein the condenser part (20)
is heat conductively connected to a guide rail (9) for
guiding an elevator car in a shaft.

The hoisting machinery (1) according to any of the
preceding claims, wherein the condenser part (20)
comprises cooling fins.

The hoisting machinery (1) according to any one of
claims 1 to 12, wherein the stator (4) is part of an
electric motor having an outer rotor (6).

The hoisting machinery (1) according to any one of
claims 1 to 13, wherein the electric motor is config-
ured as a radial flux machinery.

The hoisting machinery (1) according to claim 13 or
14, wherein the electric motor has a rotor (6) com-
prising a traction sheave (8) which has a smaller di-
ameter than a magnet mounting portion (7) of the
rotor (6) for mounting rotor magnets (28).

Amended claims in accordance with Rule 137(2)
EPC.

1.

A hoisting machinery (1) for an elevator, comprising:

a frame (2) with a stator flange (3), wherein the
frame (2) constitutes a part of a hoisting machin-
ery housing,

a stator (4) supported at the stator flange (3),
stator windings (5) arranged at the stator (4), and
a cooling system having an evaporator part (22)
and a condenser part (20), wherein a cooling
medium can circulate through the cooling sys-
tem, wherein

the evaporator part (22) is arranged at the stator
flange (3) in a manner to allow the cooling me-
dium to receive heat generated by the stator
windings (5),

the condenser part (20) is arranged at the frame
(2) in amanner to be in contact with ambient air,
characterized in that

the cooling system further comprises an expan-
sion tank (21), wherein the expansion tank (21)
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10.

1.

is arranged at the frame (2) in a manner to allow
the condensed cooling medium to be collected,
the evaporator part (22) is arranged inside the
hoisting machinery housing, and

the condenser part (20) and the expansion tank
(21) are arranged outside the hoisting machin-
ery housing.

The hoisting machinery (1) according to claim 1,
wherein

the evaporator part (22) is an evaporator pipe which
is arranged in a meandering shape at the stator
flange (3).

The hoisting machinery (1) according to claim 1 or
2, wherein

the evaporator part (22) is arranged on aninnerradial
surface of the stator flange (3).

The hoisting machinery (1) according to claim 1 or
2, wherein the evaporator part (22) is arranged on
an outer radial surface of the stator flange (3).

The hoisting machinery (1) according to claim 4,
wherein

the evaporator part (22) exits the hoisting machinery
housing atan upper portion of the hoisting machinery
housing and is connected to the condenser part (20).

The hoisting machinery (1) according to claim 4,
wherein

the expansion tank (21) is arranged on a lower side
of the hoisting

machine housing and is connected to the evaporator
part (22) and the condenser part (20).

The hoisting machinery (1) according to claim 6,
wherein the expansion tank (21) is arranged be-
tween the frame (2) and a guide rail (9).

The hoisting machinery (1) according to any one of
the preceding claims, further comprising frame fixing
means (14, 15) for fixing the frame (2) to a guide rail
(9) for guiding an elevator car in a shaft.

The hoisting machinery (1) according to claim 8,
wherein the expansion tank (21) is supported with
the frame fixing means (15).

The hoisting machinery (1) according to any of the
preceding claims, wherein the condenser part (20)
is heat conductively connected to a guide rail (9) for
guiding an elevator car in a shaft.

The hoisting machinery (1) according to any of the
preceding claims, wherein the condenser part (20)
comprises cooling fins.
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The hoisting machinery (1) according to any one of
claims 1 to 11, wherein the stator (4) is part of an
electric motor having an outer rotor (6).

The hoisting machinery (1) according to any one of
claims 1 to 12, wherein the electric motor is config-
ured as a radial flux machinery.

The hoisting machinery (1) according to claim 12 or
13, wherein the electric motor has a rotor (6) com-
prising a traction sheave (8) which has a smaller di-
ameter than a magnet mounting portion (7) of the
rotor (6) for mounting rotor magnets (28).
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