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BRAKES

(67)  Theinvention relates to an elevator safety brake
unit (10b), an elevator comprising at least two safety
brake units mentioned above, and a method for testing
said safety brake units. Each safety brake unit comprises
a frame part (11), a movable composition movably sup-
ported on said frame part, a compression spring assem-
bly associated with said movable composition, and
adapted to activate a braking by pushing said movable

ELEVATOR SAFETY BRAKE, ELEVATOR AND METHOD FOR TESTING ELEVATOR SAFETY

composition forward, and a coil assembly (16) of an elec-
tromagnet disposed in said frame part and adapted to
deactivate the braking by pulling said movable composi-
tion backwards. Each movable composition comprises
at least two movable elements (12), one compression
spring (17) for each movable element, and at least one
coil assembly (16) adapted to deactivate the braking by
pulling said at least two movable elements backwards.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an elevator
safety brake as defined in the preamble of claim 1, an
elevator as defined in the preamble of claim 8 and a meth-
od for testing elevator safety brakes as defined in the
preamble of claim 11.

BACKGROUND OF THE INVENTION

[0002] Elevators are commonly used to carry people
up and down in buildings. The passenger safety in ele-
vators is one of the most important aspects. It must be
controlled that the elevator car cannot fall freely down-
wards or move uncontrolled upwards. Also, all acceler-
ations and decelerations must be kept in certain safe
limits. And further, an elevator car must stop substantially
smoothly in a correct place at the floor where itis landing.
Additionally, the elevator car must be able to leave the
floor substantially smoothly. In addition, the elevator car
must stay in its position in a floor also in overload situa-
tions.

[0003] For the reasons mentioned above the authori-
ties in different countries have drafted various regulations
related to elevator safety issues. The basic principle is
that the brake arrangement of an elevator must be able
to stop the elevator car from its nominal speed and keep
the elevator car in its position in a floor also in overload
situations. In addition, the brake arrangement must be
fault tolerant so that one mechanical fault is not able to
make the brake arrangement totally inoperative.

[0004] Among other things, some safety regulations
request that the elevator brake must be mechanically
doubled so if one part of the brake failures another part
of the brake still works properly. Mechanically doubled
elevator brakes are used in normal operation so that both
the brakes are always used at the same time. A problem
with this kind of a use is that a mechanical failure of one
of the brakes in the pair is not necessarily discovered. In
that case the elevator may operate a long time hinging
on one brake only. This may cause surprisingly danger-
ous situations.

[0005] Some other safety regulations request that the
elevator must have one driving machine brake or oper-
ating brake and one emergency brake. In some solutions
safety brakes, operating in contact with elevator guide
rails, act as emergency brakes. If the driving machine
operating brake failures the safety brake has to stop the
elevator car within a predetermined displacement so that
an uncontrolled acceleration of the elevator car will not
arise. A problem with these solutions is that the emer-
gency brake is activated only when a considerable speed
or acceleration has already been achieved and a dan-
gerous situation has grown up. The emergency brake
can prevent fatal injuries of the passengers, but it is not
able to prevent down fallings and/or all nonfatal injuries.
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[0006] Traction sheave elevators have a hoisting ma-
chinery with a traction sheave to move the elevator car
up and down in an elevator shaft. Due to the safety reg-
ulations mentioned above the hoisting machinery usually
comprise one or more electromechanical brakes to be
used as safety devices. Preferably, the brakes are ar-
ranged to apply braking force to the rotating traction
sheave or its rotating axis to decelerate and/or stop the
motion of the elevator car. Usually there are two separate
brakes, which must be dimensioned to stop and hold the
elevator car with 125% load at standstill in the elevator
shaft. This means that the brakes must handle an over-
load of 25%.

[0007] Further, the same brakes are also used in res-
cue situations and also in emergency braking situations
to stop the elevator car if an operational fault occurs. A
typical example of that kind of operational fault is an over
speed of the elevator car.

[0008] Still further, the same brakes are used to protect
elevator passengers from unintended car movement at
the landing and to provide safe operating environment
for the servicemen inside the elevator shaft. Therefore,
it is necessary to ensure that the brakes are operating
correctly. That is done by testing the operating condition
of the brakes. An advantageous method for testing the
operating condition of the elevator operational brakes is
presented in the European patent publication No.
EP1701904B1.

OBJECT OF THE INVENTION

[0009] One object of the present invention is to elimi-
nate drawbacks of prior art technology and to achieve an
elevator with safety brakes where the operation condition
testing of the safety brakes is fast and easy to perform.
Another object of the present invention is to achieve an
elevator having higher ride comfort due to a decreased
deceleration fluctuation as well as quieter braking oper-
ations. Yet another object of the present invention is to
achieve an elevator having smaller and more cost-effec-
tive brake units than in prior art technology. The elevator
safety brake according to the invention is characterized
by what is disclosed in the characterization part of claim
1. Other embodiments of the invention are characterized
by what is disclosed in the other claims.

[0010] Theinventive contentofthe applicationcanalso
be defined differently than in the claims presented below.
The inventive content may also consist of several sepa-
rate inventions, especially if the invention is considered
in the light of expressions or implicit sub-tasks or from
the point of view of advantages or categories of advan-
tages achieved. In this case, some of the attributes con-
tained in the claims below may be superfluous from the
point of view of separate inventive concepts. Likewise,
the different details presented in connection with each
embodiment can also be applied in other embodiments.
In addition, it can be stated that at least some of the sub-
ordinate claims can, in at least some situations, be
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deemed to be inventive in their own right.
BRIEF DESCRIPTION OF THE INVENTION

[0011] This invention discloses a new kind of elevator
safety brake, an elevator where said elevator safety
brake is used, and a motor-assisted test method of said
safety brake. The safety brake, in the form of a disc brake,
has been disclosed in more detail in earlier patent appli-
cations No. PCT/F12018/050596 and
PCT/F12018/050597, which may disclose a part of this
invention. However, the same basic principle, e.g. a
brake unit with at least two spring-actuated armatures in
a common brake unit frame containing a single electro-
magnet, is applicable to shoe brakes or drum brakes, as
well.

[0012] An aspect of the invention is to provide an ele-
vator safety brake unit having a frame part, a movable
composition movably supported on said frame part, a
compression spring assembly or corresponding associ-
ated with said movable composition, and adapted to ac-
tivate a braking by pushing said movable composition
forward, and a coil assembly of an electromagnet dis-
posed in said frame part and adapted to deactivate the
braking by pulling said movable composition backwards.
Advantageously, each movable composition comprises
at least two movable elements, such as brake plates in
case of a disc brake and armatures in case of a drum
brake, one compression spring or corresponding for each
movable element, and at least one coil assembly adapted
to deactivate the braking by pulling said at least two mov-
able elements backwards.

[0013] Preferably, each brake unit comprises N mov-
able elements and N compression springs, where N is
an integer greater than one.

[0014] Another aspect of the invention is to provide an
elevator comprising an elevator car movable up and
down along guide rails in an elevator shaft by a driving
machinery, which comprises a drive motor, a traction
sheave, and a brake assembly to stop the rotational mo-
tion of the traction sheave. Advantageously, the brake
assembly comprises at least two safety brake units men-
tioned above, which safety brake units are operatively
associated with the drive motor.

[0015] Yetafurtheraspectoftheinventionisto provide
a method for testing safety brakes in the elevator men-
tioned above.

[0016] Inthe elevator each safety brake unit comprises
N movable elements, where value of N being an integer
greater than one.

[0017] The test method comprises:

a) actuating less than N, preferably N - 1 movable
elements of a first safety brake unit and providing,
with a drive motor, a test torque to test the actuated
movable elements of the first safety brake unit. The
N - 1 movable elements are e.g. a subset of N.
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[0018] Atphasea),actuating simultaneously allN mov-
able elements of another safety brake unit.

[0019] Preferably before phase a) above, actuating all
movable elements of the other safety brake units while
keeping all movable elements of a first safety brake unit
open, and providing, with a drive motor, a test torque to
test the actuated movable elements of the other safety
brake units.

[0020] After phase a), repeating the test symmetrically
to all the safety brake units.

[0021] One significant advantage of the invention is
that the operation condition testing of the safety brakes
is fast, cost effecting and easy to perform. Another ad-
vantage is that the safety brake units can be small in their
size and cost effective. The dimensioning of the brake
units becomes smaller when the number of brake plates
or armatures increases. This means that the brake unit
is cheaper to manufacture and it fits into a smaller space.
In addition, the braking torque is not too high, which might
otherwise cause an uncomfortably high deceleration for
elevator passengers in some emergency stop situations.
Yet another advantage is higher ride comfort due to de-
creased deceleration fluctuation as well as a quieter op-
eration of the brakes. Further, thanks to atleast two brake
units with two or more movable brake elements like brake
plates with brake pads or armatures with brake bands or
linings a failure of abrake part decreases the usable brak-
ing torque only a little, and the brake arrangement re-
mains operable. Yet a further advantage of the inventive
test method according to the invention is that the me-
chanical brakes unit may be used as safety brakes, be-
cause the reliability of the brakes can be verified and
certified with in-use tests according to elevator regula-
tions.

LIST OF FIGURES

[0022] In the following, the invention will be described
in detail by the aid of example embodiments by referring
to the attached simplified and diagrammatic drawings,
wherein
Fig. 1 presents in a simplified and diagrammatic side
view an upper end of an elevator shaft with an
elevator machinery according to the invention,
and an elevator car approaching the uppermost
floor level,

presents in a simplified and diagrammatic ob-
lique top view an elevator machinery with two
driving machinery safety brake units according
to the invention,

presents in a simplified and diagrammatic ob-
lique top view the driving machinery safety
brake unit presented in Fig. 2 as an exploded
view with only main components shown,
presents in a simplified and diagrammatic front
view an elevator machinery according to the in-
vention with another type of driving machinery

Fig. 2

Fig. 3

Fig. 4
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safety brake units according to the invention,
presents in a simplified and diagrammatic side
view a safety brake unit of the elevator machin-
ery presented in Fig. 4,

presents in a simplified and diagrammatic front
view the safety brake unit presented in Fig. 5,
presents in a simplified and diagrammatic side
view the safety brake unit with two braking el-
ements presented in Fig. 4 as an exploded and
partially cross sectioned view with only main
components shown,

presents in a simplified and diagrammatic side
view another embodiment of a driving machin-
ery safety brake unit according to the invention
comprising three armatures with different sizes,
and

presents in a form of a chart effects to the total
torque of an elevator when increasing number
of armatures in elevator brakes.

Fig. 5

Fig. 6

Fig. 7

Fig. 8

Fig. 9

DETAILED DESCRIPTION OF THE INVENTION

[0023] Figure 1 presents in a simplified and diagram-
matic side view a part of the building where a sidewall of
an elevator shaft 3 is removed, and an elevator car 2 is
approaching the uppermost floor level 5. An elevator driv-
ing machinery 1 with a traction sheave 1a, two operating
safety brake units 1b and a brake disc 1c is preferably
fastened to a guide rail 4 at the upper end of the elevator
shaft 5. In this embodiment of the invention the safety
brake units 1b are disc brakes.

[0024] The elevator is a so-called Machine-Room-
Less (MRL) elevator where the elevator driving machin-
ery 1 with its operating brake units 1b and traction sheave
1ais in the elevator shaft 3 or in an appropriate space
adjacent to the elevator shaft 3, and preferably in the
upper area of the elevator shaft, advantageously just be-
low the ceiling of the elevator shaft 3. The elevator car 2
is arranged to run up and down in the elevator shaft 3
along guide rails 3 guided by guide shoes. In addition,
the elevator comprises a counterweight or balance
weight that is also arranged to run up and down in the
elevator shaft 3 along its own guide rails. The counter-
weight and its guide rails are not presented in figure 1
for the sake of clarity.

[0025] The elevator car 2 and the counterweight are
connected to each other with elevator ropes or hoisting
ropes that also are not presented in figure 1 for the sake
of clarity. The cross section of the hoisting ropes can
preferably be round or as a flat rectangle.

[0026] Figure 2 presents in a simplified and diagram-
matic oblique top view an elevator driving machinery 1
with two driving machinery safety brake units 1b accord-
ing to the invention. The driving machinery safety brake
units 1b can also be called operational safety brakes 1b.
Later in this context they are called in a shorter way only
safety brakes units 1b.

[0027] The elevator driving machinery 1 comprises at
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least a housing 1d, a drive motor, a traction sheave 1a,
a brake assembly having preferably at least two safety
brake units 1b that are disc brake units in the embodiment
and a brake disc 1c. The drive motor is inside the ma-
chinery housing 1d and is arranged to rotate simultane-
ously the coaxial traction sheave 1a and brake disc 1c.
The safety brake units 1b are fastened floatably to fas-
tening lugs 1e on the outer periphery of the housing 1d.
The safety brake units 2 have been arranged to decel-
erate and stop the rotational movement of the brake disc
1c and at the same time also the rotational movement of
the traction sheave 1a. In case of disc brakes the safety
brake units 1b can also be called brake calipers.

[0028] A discbrake type safety brake unit 1b according
to the invention is advantageously used as an elevator
driving machine brake unit to decelerate and stop move-
ments of the elevator car 2 and/or to keep the elevator
car 2 in its position during loading and unloading phases
and also when being out of use.

[0029] The invention relates to an elevator disc brake
assembly with at least two safety brake units 1b each
having at least two brake plates. Advantageously each
safety brake unit 1b comprises means or monitoring ar-
rangement for monitoring operation states of their both
brake plates. In the elevator disc brake assembly, the
required states of the brake plates of the two-plate brake
units 1b are monitored with the monitoring arrangement
comprising at least a state indicator assembly that pref-
erably comprises a monitoring/measuring sensor. The
purpose of the monitoring is to secure the reliable oper-
ation of the safety brake units 1b by checking if both the
brake plates ofthe safety brake units 1b are working prop-
erly, abnormally or if they do not work at all.

[0030] Figure 3 presents in a simplified and diagram-
matic oblique top view the safety brake unit 1b presented
in Fig. 2 as an exploded view with only main components
shown. Among other things each safety brake unit 1b
comprises a body or frame part 1f, a top element 1g, a
counter element 7 and a brake plate assembly 8 having
two separate brake plates 8a, 8b. The counter element
7 can be also called a caliper plate.

[0031] Theframe part 1fforms a hollow housing inside,
which a compression spring assembly for pressing the
brake plates 8a, 8b towards the counter element 7 and
brake disc 1c is placed. Advantageously, the spring as-
sembly comprises separate spring actuators for each
brake plate 8a, 8b. Each spring actuator may comprise
one or more springs. Preferably, the springs are com-
pression springs. That kind of brake structure is safe be-
cause in case of electric failure the springs of the spring
assembly press mechanically the brake plates 8a, 8b to-
wards the brake disc 1c and the rotation of the traction
sheave 1a and also the vertical movement of the elevator
car 2 is stopped in a safe way. For the sake of clarity, the
spring assembly is not presented in figure 3.

[0032] Also, an electromagnet arrangement compris-
ing a coil assembly 6 causing a magnetic force for pulling
the brake plates 8a, 8b free from the brake disc 1c when
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the brake is opened is placed inside the frame part 1f.
The coil assembly 6 comprises at least one coil.

[0033] The disc type safety brake assembly according
to the invention is arranged to operate so that when the
electromagnet arrangement comprising the coil assem-
bly 6 is powered the brake plates 8a, 8b are pulled against
the frame part 1f of the safety brake unit 1b free from the
brake disc 1c. In that case the brake is open and the
brake disc 1c and the traction sheave 1a can be rotated.
The brake is activated or closed by switching the power
off from the electromagnet arrangement. In the power off
situation the springs of the spring assembly press the
brake plates 8a, 8b against the brake disc 1c that cannot
be rotated any more.

[0034] For the sake of clarity, the brake plates 8a, 8b
in figure 3 are slightly separated from each other. The
brake plates 8a, 8b are substantially flat plates compris-
ing a group of friction pads or linings 9 on the surface
that is facing to the rotating brake disc 1c.

[0035] The counter element 7 also comprises friction
pads or linings on its surface that is facing to the rotating
brake disc 1c. Preferably those pads or linings are sub-
stantially similar to the pads orlinings 9 of the brake plates
8a, 8b.

[0036] Advantageously, the size and shape of the
brake plates 8a, 8b are substantially equal but the thick-
ness is different so that, for example, the first brake plate
8a is thicker than the second brake plate 8b. For that
reason, the horizontal gap between the braking surface
of the first brake plate 8a and the braking surface of the
brake disc 1c is smaller than the corresponding gap be-
tween the braking surface of the second brake plate 8b
and the braking surface of the brake disc 1c. That feature
makes the sequential brake arrangement possible. Due
to the smaller gap the first brake plate 8a hits the brake
disc 1c slightly earlier than the second brake plate 8b
when a braking is actuated and the brake is closed by
the spring assembly after the magnetic force provided
by the coil assembly 6 is weakened or removed. This
braking arrangement gives a higher ride comfort due to
decreased deceleration fluctuation, as well as a quieter
operation because there are only two minor clicks instead
of one louder slam.

[0037] Above is mentioned that the brake plates 8a,
8b in each disc type safety brake unit 1b are otherwise
similar but preferably their thickness is unequal. Thus,
there may be a brake plate assembly 8 comprising alto-
gether four brake plates with four diverse thicknesses,
or two brake plates with a first thickness and the other
two brake plates with a second thickness. So, in the first
case all the brake plates 8 are unequal in their thickness.
Thus, they all can be pressed against the braking surface
of the brake disc 1c at slightly diverse time, one after the
other.

[0038] The electromagnet arrangement of the safety
brake unit 1b is placed inside the frame part 1f. In this
embodiment the frame part 1f comprises the coil assem-
bly 6 with only one coil that is common for both the brake

10

15

20

25

30

35

40

45

50

55

plates 8a, 8b. Therefore, the coil extends, preferably
symmetrically, to the area of each brake plate 8a, 8b and
is arranged to interact in the same way with both the
brake plates 8a, 8b.

[0039] In another advantageous embodiment accord-
ing to the invention the coil assembly 6 may comprise a
separate coil for each brake plate 8a, 8b. Preferably in
that kind of embodiment the brake assembly comprises
adjusting means for adjusting each brake plate 8a, 8b
separately. Thus, the first brake plate 8a is interacted by
the first coil and the second brake plate 8b is interacted
by the second coil. In that embodiment the operation of
the two brake plates 8a, 8b can be freely adjusted.
[0040] In general, it is characteristic to the assembly
according to the invention that it has at least two separate
safety brake units 1b, each brake unit 1b comprising at
least two separate brake plates 8a, 8b that are placed
sequentially in the direction of rotation of the brake disc
1c.

[0041] Figure 4 presents in a simplified and diagram-
matic front view an elevator machinery 10 according to
the invention with another type of driving machinery safe-
ty brake units 10b according to the invention. The safety
brake units 10b of the brake assembly of this embodiment
are operationally fastened to the frame 10d of the elevator
machinery 10. Instead of a brake disc and disc type safety
brake units the elevator machinery 10 now comprises a
brake drum 10c and two shoe type safety brake units 10b
arranged to stop the rotational motion of the brake drum
10c and at the same time the rotational motion of the
traction sheave 10a that is on the same rotation axis as
the brake drum 10c.

[0042] Figures 5-7 present in simplified and diagram-
matic views a safety brake unit 10b presented in figure
4. Figure 5 presents the safety brake unit 10b in a side
view and figure 6 presents the same safety brake unit
10b in a front view. Further, figure 7 presents the same
safety brake unit 10b as exploded and in a partially cross-
sectioned side view, and with only main components
shown.

[0043] The safety brake unit 10b comprises a frame
part 11, which further comprises at least one coil assem-
bly 16 to form an electromagnetinside the frame part 11.
Also, other necessary electric and electronic compo-
nents are placed in the connection of the frame part 11.
The safety brake unit 10b is fastened to the frame 10d
of the elevator machinery 10 through the frame part 11.
[0044] Preferably the safety brake unit 10b comprises
at least two separate armatures 12, a first armature 12a
and a second armature 12b each having a braking ele-
ment 13 equipped with a braking surface 14 that is ar-
ranged to be pressed against the braking surface of the
brake drum 10c.

[0045] The safety brake unit 10b further comprises a
spring assembly with compression springs 17 that are
placed between the frame part 11 and the armatures 12
to press the braking elements 13 towards the brake drum
10c when the power from coil assembly 16 of the elec-
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tromagnet is switched off. The efficiency of the coil as-
sembly 16 has been dimensioned so that it is capable of
pulling the braking surfaces 14 of the braking elements
13 free from the brake drum 10c and keep them on the
loose when the electric power has been switched on to
the coil assembly 16. At another time the compression
springs 17 keep the braking elements 13 pressed against
the brake drum 10c so that the traction sheave 10a can-
not rotate.

[0046] In addition, the safety brake unit 10b comprises
guiding elements 15 to guide the linear back and forth
motion of the armatures 12.

[0047] Figure 8 presents in a simplified and diagram-
matic side view another embodiment of a driving machin-
ery safety brake unit 10b according to the invention. In
this embodiment the safety brake unit 10b comprises
three armatures 12, a first armature 12a, a second ar-
mature 12b and a third armature 12c.

[0048] Preferably, the linear back and forth motion of
the armatures 12a-12c is arranged so that the traveling
length of the firstarmature 12ais the longest, the traveling
length of the second armature 12b is the second longest
and the traveling length of the third armature 12c is the
shortest. Advantageously, this is arranged so that the
armatures 12a-12c are different in their sizes so that in
their direction of movement the dimension of the first ar-
mature 12a is the shortest, the dimension of the second
armature 12b is the second shortest, and the dimension
of the third armature 12c is the longest. In that case a
gap 18 or distance between the back surface of the ar-
matures and the counter surface of the frame part 11
varies so that with the first armature 12a the distance is
the longest and so on.

[0049] The dimension differences make also the gaps
between the braking surfaces 14 of the armatures 12a-
12¢ and the braking surface of the brake drum 10c dif-
ferent from each other. When the brake is open, i.e. it
does not brake, the gap of the first armature 12a is the
longest, the gap ofthe second armature 12bis the second
longest and the gap of the third armature 12c is the short-
est.

[0050] That feature makes the sequential brake ar-
rangement possible when a braking is actuated and the
brake is closed by the springs 17 after the magnetic force
provided by the coil assembly 16 is weakened or re-
moved. Due to the smaller gap the brake surface 14 of
the first armature 12a hits the brake drum 10c slightly
earlier than the brake surface 14 of the second armature
12b, which in its turn hits the brake drum 10c slightly
earlier than the brake surface 14 of the third armature
12c. This braking arrangement gives a higher ride com-
fort due to decreased deceleration fluctuation, as well as
a quieter operation because there are only three minor
clicks instead of one louder slam.

[0051] The same kind of improvementin a ride comfort
can also be arranged in the elevator driving machinery
10 where only two armatures 12 are used in the safety
brake unit 10b, and even in the driving machinery with

10

15

20

25

30

35

40

45

50

55

disc type safety brake units 1b as described above. In
that case, for example, the thickness of the brake plates
8a, 8b is unequal. Also, instead of two or three the brake
plates 8 or armatures 12 can be more, for instance four
or more, and their dimensions in the direction of the linear
back and forth motion can be unequal.

[0052] Itis common to both the disc type safety brake
unit 1b and to the drum type safety brake unit 10b ac-
cording to the invention to have a frame part 1f, 11 that
comprises a coil assembly 6, 16 for an electromagnet,
and a movable composition having two or more movable
elements like disc plates 8 or armatures 12 that are
pushed by the compression springs 17 of the spring as-
sembly outwards from the frame part 1f, 11 and pulled
by the coil assembly 6, 16 towards the frame part 1f, 11.
[0053] The movable elements 8, 12 comprise braking
surfaces 9, 14 to contact with the braking surface of the
brake disc 1c or brake drum 10c. That kind of braking
contact is also called an engagement in this document,
and the disengagement in this document means the op-
posite or removing the braking contact between the brak-
ing surfaces 9, 14 of the movable elements 8, 12 and the
braking surface of the brake disc 1c or brake drum 10c.
Correspondingly the verb engage means achieving a
braking contact and the verb disengage means the op-
posite or removing the braking contact.

[0054] More generally, each brake unit 1b, 10b may
comprise N movable elements 8, 12 and N compression
springs 17, where N is an integer greater than one.
[0055] The invention also relates to an elevator com-
prising an elevator car 2 that is movable up and down
along guide rails 4 in an elevator shaft 3 by a driving
machinery 1, 10, which comprises a drive motor, a trac-
tion sheave 1a, 10a, and a brake assembly to stop the
rotational motion of the traction sheave 1a, 10a. Prefer-
ably, the brake assembly comprises at least two safety
brake units 1b, 10b operatively associated with the drive
motor. The structure and operation of the safety brake
units 1b, 10b are described above.

[0056] The structure of the brake assembly may vary.
Forinstance, the brake assembly may comprise disc type
safety brake units 1b that are arranged to engage and
disengage with a brake disc 1c rotated by the drive motor
of the driving machinery 1, or the brake assembly may
comprise drum type safety brake units 10b that are ar-
ranged to engage and disengage with a brake drum 10c
rotated by the drive motor of the driving machinery 1. In
the disc type safety brake units 1b the movable elements
8 are brake plates 8a, 8b. Whereas in the drum type
safety brake units 10b the movable elements 12 are
called armatures 12a-12c.

[0057] Figure 9 presents in a form of a chart effects to
the total torque of an elevator machinery brakes in the
function of used brake armatures 12 when the number
of brake armatures 12 are increased in elevator drum
type safety brake units 10b.

[0058] The brake torque requirements of an elevator
are set by a code as follows:
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TArmature > TElevator/ (N_l) 14

where

T Armature = TOrque of a brake armature

TEjevator = Minimum elevator level torque in case one
armature has failed

N = Number of brake armatures in the machinery

[0059] This means that the machinery brakes must
produce at least the nominal torque, even if a single ar-
mature of a brake unit fails. Elevators according to prior
art typically comprise only one armature for each brake.
Thus, in a classical case for an elevator this means that
if another brake unit fails a single brake unitmust produce
the elevator level requirement torque of 125%. In order
to fulfill this requirement, the two brake units in total com-
prising, one armature each, must produce 250% elevator
level torque when both the brake units are working prop-
erly. In that case either of the brake units may fail and
still the requirement of 125% torque can be achieved.
[0060] It can be seen in the chart of figure 9 that the
curve formed by the points representing the elevator level
torque (in percentage) required is converging slowly to-
wards the requirement of 125% torque with one failed
armature when the number of armatures is increased.
When one armature is in each of the two brake units the
requirement is 250% torque, when eight armatures are
used, for instance four armatures in each brake unit, the
requirement is less than 145% torque. This means that
the more armatures the smaller and lighter brake ar-
rangement is possible.

[0061] The same regularity correspondingly applies to
brake plates 8 of the disc type safety brake units 1b.
[0062] Further the invention also relates to a method
for testing safety brakes in the elevator that comprises
two or more safety brake units 1b, 10b according to the
invention. For testing the brakes, the drive motor of the
driving machinery 1 is used. The method comprises at
least the steps A-E as follows:

A. Engaging the movable elements 8, 12 of the first
safety brake unit 1b, 10b and the second safety brake
unit 1b, 10b, and driving the drive motor to provide
a first test torque.

According to the safety requirement if one brake is
defective, the remaining braking torque must be
110% of the nominal torque. The torque can be cal-
culated with an equation: T = 110%*TN*N/(N-1),
wherein T is a test torque, TN is a nominal torque of
an elevator, corresponding to an empty elevator car
with 50/50 balancing, and N is the total number of
brake armatures of both safety brakes.

B. Engaging the movable elements 8, 12 of the first
safety brake unit 1b, 10b, disengaging the movable
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elements 8, 12 of the second safety unit 1b, 10b, and
driving the drive motor to provide a second test
torque, which is lower than the first test torque.

In this step B at least 73% of the nominal torque is
provided to the brakes to detect if there is rotational
movement of the brake disc 1c or brake drum 10c.
This means that with an empty elevator car 2 drive
motor torque of -27% is provided.

C. Engaging all but one movable element 8, 12 of
the second safety brake unit 1b, 10b. This means
that one movable element 8 or 12 is blocked so that
it cannot move and engage with the braking surface
of the brake disc 1c or brake drum 10c. In addition,
the movable elements 8, 12 of the first safety brake
unit 1b, 10b are engaged, and the drive motor is driv-
enwith athird testtorque to detectifthere is rotational
movement. In addition, the third test torque is higher
than the second test torque but lower than the first
test torque.

Preferably, during this step C the testtorque is 110%
when one movable element 8 or 12 is blocked.

D. Engaging the movable elements 8, 12 of the sec-
ond safety brake unit 1b, 10b, disengaging the mov-
able elements 8, 12 of the first safety brake unit 1b,
10b, and driving the drive motor to provide the sec-
ond test torque, which is lower than the first test
torque.

Also, in this step D atleast 73% of the nominal torque
is provided to the brakes to detect if there is rotational
movement of the brake disc 1c or brake drum 10c.
This means that with an empty elevator car 2 drive
motor torque of -27% is provided.

E. Engaging all but one movable element 8, 12 of
the first safety brake unit 1b, 10b. This means that
one movable element 8 or 12 is blocked so that it
cannot move and engage with the braking surface
of the brake disc 1c or brake drum 10c. In addition,
the movable elements 8, 12 of the second safety
brake unit 1b, 10b are engaged, and the drive motor
is driven with the third test torque to detect if there
is rotational movement, wherein the third test torque
is higher than the second test torque but lower than
the first test torque.

[0063] Preferably, also during this step E the test
torque is 110% when one movable element 8 or 12 is
blocked.

[0064] In an advantageous method according to the
invention the movable element 8, 12 that is blocked, i.e.
not engaged, in phases C and E mentioned above, is
varied in the subsequent tests such that variation of brak-
ing forces between different movable element 8, 12 are
taken into consideration when evaluating test results.
[0065] If a rotational movement is detected during the
test steps or test sequences A-E, the brake unit under
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the testis determined as defective and a corrective action
is issued. Corrective actions are, for instance, an inter-
ruption of the elevator operation and/or a generation of
a service request to provide maintenance for the defec-
tive brake unit.

[0066] The order of the steps or sequences A. - E. of
the testing method mentioned above may also be differ-
ent. For example, it may be preferably as follows: at first
step B. - then engaging all but one movable element (step
C.) - then engaging all movable elements (step A.) - then
step D. - then step E. And then again step A. if required.
[0067] An advantageous method to perform the testin
the elevator mentioned above is as follows:

In the elevator, comprising two safety brake units 1b, 10b
of the driving machinery 1, each safety brake unit 1b, 10b
comprises N movable elements 8, 12, where value of N
is an integer greater than one.

[0068] The test method comprises:

a) actuating less than N, preferably N - 1 movable
elements 8, 12 of a first safety brake unit 1b, 10b
and providing, with a drive motor, a test torque to
test the actuated movable elements 8, 12 of the first
safety brake unit 1b, 10b. The N - 1 movable ele-
ments 8, 12 are e.g. a subset of N.

[0069] Atphasea), actuating simultaneously allN mov-
able elements 8, 12 of the second safety brake unit 1b,
10b.

[0070] Preferably before phase a) above, actuating all
movable elements 8, 12 of a second safety brake unit
1b, 10b while keeping all movable elements 8, 12 of a
first safety brake unit 1b, 10b open, and providing, with
a drive motor, a test torque to test the actuated movable
elements 8, 12 of the second safety brake unit 1b, 10b.
[0071] After phase a), repeating the test symmetrically
to both the safety brake units 1b, 10b.

[0072] Incase thedriving machinery 1 comprises more
than two safety brake units 1b, 10b, an advantageous
method for performing the test is to act in principle as
above with two safety brake units 1b, 10b so that each
safety brake unit 1b, 10b is tested one after the after in
a normal way and after that each safety brake unit 1b,
10b is tested one after the after so that one movable
element (8, 12) is disengaged.

[0073] Yet an advantageous and fast method to per-
form a brake test in the elevator mentioned above may
also comprise steps as follows:

F. Engaging the movable elements 8, 12 of all the
safety brake units 1b, 10b by controlling the electric
current in the coil assembly 6, 16 of the electromag-
net of the brake units 1b, 10b, and driving the drive
motor to provide a first test torque.

In that case all the brake units 1b, 10b are activated
to brake at a full power, and all the movable elements
8, 12 are pressed against the rotatable braking sur-
face of the elevator driving machinery 1.
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G. Disengaging the movable elements 8, 12 of the
first safety brake unit 1b, 10b one after the other by
increasing the electric current in the coil assembly
6, 16 of the electromagnet of the first brake unit 1b,
10b, and driving the drive motor after each disen-
gagement to provide the following test torques.

In that case the movable elements 8, 12 of the first
safety brake unit 1b, 10b are disengaged one after
the other until all the movable elements 8, 12 of the
first safety brake unit 1b, 10b are disengaged. This
kind of sequential disengagement is made possible
preferably by a hysteresis air gap between the brak-
ing surfaces of the movable elements 8, 12 and the
braking surface of the brake disc between the rotat-
able braking surface of the elevator driving machin-
ery 1.

H. Disengaging the movable elements 8, 12 of the
second safety brake unit 1b, 10b one after the other
by increasing the electric current in the coil assembly
6, 16 of the electromagnet of the second brake unit
1b, 10b, and driving the drive motor after each dis-
engagement to provide the following test torques.
In that case the movable elements 8, 12 of the sec-
ond safety brake unit 1b, 10b are disengaged one
after the other until all the movable elements 8, 12
of the second safety brake unit 1b, 10b are disen-
gaged. This kind of sequential disengagement is
made possible preferably by a hysteresis air gap be-
tween the braking surfaces of the movable elements
8, 12 and the braking surface of the brake disc be-
tween the rotatable braking surface of the elevator
driving machinery 1.

|. Repeat step H. for each safety brake unit 1b, 10b
in the elevator driving machinery until all the safety
brake units 1b, 10b have been tested.

[0074] The steps F. to I. may also be done so that in-
stead of starting with a small current in the coil assembly
6, 16 of the electromagnets of the safety brake units 1b,
10b the high currentis used. In that case the safety brake
units 1b, 10b are released in the beginning of the test
sequence and they are not braking. Now, the current in
the first safety brake unit 1b, 10b is decreased little by
little so that at first one movable element 8, 12 with the
biggest hysteresis gap is pressed by the spring assembly
of the first safety brake unit 1b, 10b against the rotatable
braking surface of the elevator driving machinery 1. After
that the drive motor is used to provide a first test torque.
[0075] The currentin the first safety brake unit 1b, 10b
is then decreased until all the movable elements 8, 12
are pressed by the spring assembly of the first safety
brake unit 1b, 10b against the rotatable braking surface
of the elevator driving machinery 1. The torque is tested
in the way mentioned above after is engagement of the
movable elements 8, 12.

[0076] This procedure is then repeated to the rest of
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the safety brake units 1b, 10b one at a time.

[0077] Advantageously the movable elements 8, 12
are engaged with and disengaged from the rotatable
braking surface of the elevator driving machinery 1 by
adjusting current in the coil assembly 6, 16 of the elec-
tromagnets of the safety brake units 1b, 10b.

[0078] Another advantageous method to perform the
brake test in the elevator mentioned above is as follows:
In one test phase the movable elements 8, 12 of the safety
brake units 1b, 10b are kept in the first position in relation
to the rotatable braking surface of the elevator driving
machinery 1, and the drive motor is used to provide a
first test torque, after which the movable elements 8, 12
are moved to the second position in relation to the rotat-
able braking surface of the elevator driving machinery 1
one after the other, and after each movement the drive
motor is used to provide a current test torque.

[0079] Preferably, in the first position of the movable
elements 8, 12 the safety brake units 1b, 10b are kept
engaged to the rotatable braking surface of the elevator
driving machinery 1, and in the second position of the
movable elements 8, 12 the safety brake units 1b, 10b
are kept disengaged from the rotatable braking surface
of the elevator driving machinery 1.

[0080] Alternatively, in the first position of the movable
elements 8, 12 the safety brake units 1b, 10b are kept
disengaged from the rotatable braking surface of the el-
evator driving machinery 1, and in the second position
of the movable elements 8, 12 the safety brake units 1b,
10b are kept engaged to the rotatable braking surface of
the elevator driving machinery 1.

[0081] Preferably, the first position and the second po-
sition of the movable elements 8, 12 are controlled by
the current in the coil assembly 6, 16 of the safety brake
units 1b, 10b.

[0082] Itis obvious to the person skilled in the art that
the invention is not restricted to the examples described
above but that it may be varied within the scope of the
claims presented below. Thus, for instance the number,
structures and components of the safety brake units may
differ from whatis presented above. Forinstance, instead
of two safety brake units there may be three or four or
even more disc brake units or drum brake units in the
driving machinery.

[0083] Itis also obvious to the person skilled in the art
that instead of two brake plates in each disc type safety
brake unit there may be three or four or even more brake
plates in each safety brake unit, or instead of two or three
brake armatures in each drumtype safety brake unitthere
may be four or even more brake armatures in each safety
brake unit.

[0084] It is further obvious to the person skilled in the
art that there may be only one magnet core for one or
more separate armatures in a safety brake unit according
to the invention. Each magnet core may comprise one
or more coils, for instance one coil for each brake plate
or each armature.

[0085] It is still further obvious to the person skilled in
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the art that the safety brake units, particularly at least two
safety brake units according to the invention can be in-
tegrated into one brake frame. In that case this kind of
structure could be a disc type brake mechanism that is
installed in a brake frame at an end of the rotation shaft
of the driving machinery. The brake frame of that kind
preferably comprises two disc brake units having brake
plates. Prior art structures typically comprise a semicir-
cular brake plate in each brake unit, whereas the solution
according to the invention comprises preferably two
brake plates of a quarter circle in each brake unit, the
said two brake plates having a brake magnetin common.
In that case the brake entity comprises four brake plates
in one brake frame.

Claims

1. Elevator safety brake unit (1b, 10b) having a frame
part (If, 11), a movable composition movably sup-
ported on said frame part (If, 11), a compression
spring assembly or corresponding associated with
said movable composition, and adapted to activate
a braking by pushing said movable composition for-
ward, and acoilassembly (6, 16) of an electromagnet
disposed in said frame part (If, 11) and adapted to
deactivate the braking by pulling said movable com-
position backwards, characterized in that each
movable composition comprises at least two mova-
ble elements (8, 12), one compression spring (17)
or corresponding for each movable element (8, 12),
and at least one coil assembly (6, 16) adapted to
deactivate the braking by pulling said at least two
movable elements (8, 12) backwards.

2. Elevator safety brake unit (1b, 10b) according to
claim 1, characterized in that each brake unit (1b,
10b) comprises N movable elements (8, 12) and N
compression springs (17), where N is an integer
greater than one.

3. Elevator safety brake unit (1b, 10b) according to
claim 1 or 2, characterized in that the movable el-
ements (8, 12) pushed by the compression springs
(17) of the safety brake unit (1b, 10b) are configured
to engage and disengage with different electromag-
net currents.

4. Elevator safety brake unit (1b, 10b) according to
claim 3, characterized in that the engagement and
disengagement of the movable elements (8, 12) are
adjusted by spring forces of the compression springs
(17) and/or the air gaps (18) between the movable
elements (8, 12) and the coil assembly (6, 16) .

5. Elevator safety brake unit (1b, 10b) according to
claim 3 or 4, characterized in that the engagement
and disengagement of the movable elements (8, 12)
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is actuated by gradually changing the current in the
coil assembly (6, 16) of the electromagnet in the
brake unit (1b, 10b).

Elevator safety brake unit (1b, 10b) according to
claim 3, 4 or 5, characterized in that the movable
elements (8, 12) are arranged to engage and disen-
gage one after the other.

Elevator safety brake unit (1b, 10b) according to any
of the claims 1-6 above, characterized in that the
type of the safety brake unit (1b, 10b) is preferably
one of the following: a shoe brake, a drum brake, a
disc brake.

Elevator comprising an elevator car (2) movable up
and down along guide rails (4) in an elevator shaft
(3) by a driving machinery (1, 10), which comprises
a drive motor, a traction sheave (1a, 10a), and a
brake assembly to stop the rotational motion of the
traction sheave (1a, 10a), characterized in that the
brake assembly comprises at least two safety brake
units (1b, 10b) of claim 1 operatively associated with
the drive motor.

Elevator according to claim 8, characterized in that
the safety brake units (1b) are arranged to engage
and disengage with a brake disc (1c) rotated by the
drive motor.

Elevator according to claim 8, characterized in that
the safety brake units (10b) are arranged to engage
and disengage with a brake drum (10c) rotated by
the drive motor.

Method for testing safety brake units (1b, 10b) in the
elevator of claim 8, the elevator comprising at least
two safety brake units (1b, 10b) of the driving ma-
chinery (1), each safety brake unit (1b, 10b) com-
prising N movable elements (8, 12), where N is an
integer greater than one, the method comprising:

a) actuating less than N, preferably N - 1, mov-
able elements (8, 12) of a first safety brake unit
(1b, 10b) and providing, with a drive motor, a
test torque to test the actuated movable ele-
ments (8, 12) of the first safety brake unit (1b,
10b).

The method according to claim 11, comprising:
atphase a), actuating simultaneously all N mov-
able elements (8, 12) of another safety brake
unit (1b, 10b).

The method according to claim 11 or 12, comprising:

actuating all movable elements (8, 12) of the oth-
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er safety brake units (1b, 10b) while keeping all
movable elements (8, 12) of a first safety brake
unit (1b, 10b) open, and providing, with a drive
motor, a test torque to test the actuated movable
elements (8, 12) of the other safety brake units
(1b, 10b).

14. The method according to any of claims 11 - 13, com-

prising:

after phase a), repeating the test symmetrically
to all the safety brake units (1b, 10b).
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