. Wb375 110/ 8 DESCRI PTI ON ELEVATOR TECHNI CAL FI ELD [ 0001] The present W5375
invention relates to an el evator which has a brake device, and which
is suitable when it is desired to forcibly stop an el evator car by 1¢/8
the brake device, in particular in, in an energency or upon
mai nt enance. 5 BACKGROUND ART [Oooaitgc%ﬂ@@3ﬁ¢ion of an elevator, an
energency brake test is conducted by detecting an abnormal increase
in the speed of an elevator car and BEEVATORDl y stopping the el evator
car with use of a brake device having a hoist. [0003]1n order to
reduce a shock to an elevator car in an energency and to shorten the
10 brake distance of the elevator car, it is so far known to apply a
full brake force to a drive sheave upon energent braking and then to
apply alBCHRECAbAIBLEmal ler than the frill brake force to the drive

sheave eafter,, and fjnally to ly the ful]. brake, force.to the,.
ar e SHEG0e wnermheresent BFetbrySrfR o fo ivaintuniof by €hrobf GFyiee. ahd Btich
el evat dk s@itdblPREQTR S deiBéd ®Ifofdiif s@pRnUSAR: BhitithY BHAlE dedSe, in particular in,
di scl osed, for exanple, in Patent Literature 1. 15 [0004]In an

el evat OR a$MEEReACHN ypongpainieniced with a resin, in order to suppress
t he decel eration speed of an elevator car in an energency or upon
qui ck stoppage to a suitable value, it is also known, when an

el ecsr BBAGRGR@UNDeXRT devi ce is activated, to nmake rising of a brake

force sl ow by connecting a small resistor in parallel to an .
el ect r dREGHet i ¢ HRdnspeetinn of agsleyatog) qglse@gprgwcpgfagﬁttes[;stcgpg@qje@bygdetg@mg an

211l 8000 b L0 A5 ARGt epor o i
| NVENT [uGhlof b b dkEldbiviCAhaPROBh&iM.
[0003] In order to reduce a shock to an elevator car in an emergency and to shorten the

10 brake distance of the elevator car, it is so far known to apply a full brake force to a drive sheave
upon emergent braking and then to apply a brake force smaller than the full brake force to the
drive sheave thereafter, and finally to apply the full brake force to the drive sheave when the
absolute value of an acceleration of the elevator car becomes smaller than a predetermined value,
as disclosed, for example, in Patent Literature 1.

15 [0004] In an elevator using a main rope coated with a resin, in order to suppress the
deceleration speed of an elevator car in an emergency or upon quick stoppage to a suitable value,
it 1s also known, when an electromagnetic brake device is activated, to make rising of a brake
force slow by connecting a small resistor in parallel to an electromagnetic brake coil, as

disclosed in Patent Literature 2.
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SUMMARY OF INVENTION
256 TECHNICAL PROBLEM
[0006] In both of the aforementioned prior arts, the stoppage shock of the elevator car is

made merely soft and no consideration is paid to damage on the surface of the ropé. In other



< [0006]1n both of the aforenentioned prior arts, the stoppage shock %5375
the elevator car is made nerely soft and no consideration is paid to

damage on the surface of the rope. In other W375 2 words, when the
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applying a brake torque to the sheave, the brake device being
activated when the speed of the rope is higher than a predeterm ned

| evel ; soduaieROPROBOENSECEi ONn for a slip speed between the rope
and the sheave on the basis of the 15 rotational speed of the sheave

anq1@ hd08fded of Theabpupebiesinesnchentiained by revidivg guelerktos whaddt inciudesom
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the rope is higher than the predeterm ned |l evel, and then the brake

t or que brakeflovisehengactivated, whemsthg spepd oftheyrapeiiphigherdbaneprrdetgrnined leyple
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clear fromthe follow ng description of, enbodinents of the present
| nvent i96ing WRKE §6¥ice 15 pemineq B His e thrca culaf e RRIPeRESCRI PTI ON OF
DRAW NGS [0010][FIG 1] FIG 1 shows a side view of an elevator in

accordance with an enbodi nent of the present invention.
[ FI G 2]ABVANTAGHEQUS EXFEdsS OF aWVEINTEHOENe| evat or i n accordance with

anot her[OS(g%Odi marﬁl agc];or et]n%e Jith the. %)reisgn\{%]\;einggﬂ, the brake device is activated when the
speed of the rope is higher than the predetermined level, and then the brake torque is determined
20 by the value of a slip speed between the rope and the sheave. Thus a slip distance can be
minimized and damage on the surface of the rope can be reduced. ’
The other objects, features and advantages of the present invention will become
clear from the following description of embodiments of the present invention relating to the

attached drawings.

25 BRIEF DESCRIPTION OF DRAWINGS
[0010] [FIG 1] FIG: 1 shows a side view of an elevator in accordance with an
embodiment of the present invention.
[FIG 2] FIG 2 shows a side view of an elevator in accordance with another
embodiment of the present invention.
30 [FIG 3] FIG 3 is a graph showing a change in each factor with time upon

emergency braking in each of the embodiments.



30[FIG 3] FIG3 is a graph showing a change in each factor with ti NBy75375
upon energency braking in each of the enbodi nents. W375 3

[FIG4] FIG4 is a graph showing a rel at3| onship between a slip speed
and a frictional coefficient. [FI'G5] FIG5 shows a front view

of a hoi st accor g i : . i
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[0012] I n an el evator inspection, for the purpose of confirmng
energency braking operation, an enmergency braking test is conducted.

The WoIrBES CRE'TIORCOF PNBBODIMEREENS to detect an abnormal increase in
the speed of the elevator car and to forcibly stop the el evator car
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the shea\e pulle§ ofed b&sses therethrough many times, the damage may possibly become more
serious. '
[0013] In these years, the diameter of the hoist sheave is made smaller using a rope of a
20 highly flexible material such as a fiber or a belt. In order to pbrevent the surface damage of the
Tope, it is required to minimize a slip between the rope and the sheave.
[0014] Explanation will be made in connection with an embodiment of the present
invention by referring to the drawings. FIG. 1 shows a general arrangement of an elevator.
An elevator car 1 for carrying passengers in the car is lifted up and down by winding up a rope 6
25 by ahoist 7. The hoist 7 has a brake drum which is rotated by the same turns as a sheave 2, a
pair of brake devices, and an encoder 9 for detecting a rotation in the sheave. The brake
devices have brake shoes 3a, 3b, brake springs 31a, 31b for pushing the shoes against a brake
surface, and electromagnetic coils 33a, 33b for releasing these springs from the brake surface.
[0015] When the elevator car is stopped, no current flows through the electromagnetic
30 coils 33a, 33b, the brake shoes 3a, 3b are pushed against a drum by the brake springs 31a, 31b,
the sheave 2 is not rotated, thus the elevator car is put in its stopped state.
-[0016] When the lifting up or down of the elevator car 1 is started, currents flow through

the electromagnetic coils 33a, 33b to release the brake shoes 3a, 3b from the brake surface.



. devices have brake shoes 3a, 3b, brake springs 31a, 3 | b for pushi ng)gsws
t he shoes against a brake surface, and el ectromagnetic coils 33a, 3

for releasing these springs fromthe brake surface. [0015] When the

el evator car is stopped, no current ro through the el ectronagnetic
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the resin has a | ow hardness.
When a belt or twisted rope of a rope strand or a group of strands coated with a resin such as

urethane or rubber is employed, the resin surface may be damaged more badly, and particularly
so under the condition that the resin has a low hardness.

25 [0021] The speed of the rope 6 is detected using the governor rope 5 moving identically
with the elevator car 1, that is, using the output of the governor pulley 4. At the same time, a
rotation in the sheave 2 is detected in the form of a rotational speed of the encoder 9 which is
directly coupled to the sheave. From these values, a relative slip speed AV between the sheave
2 and rope 6 is found by an expression of (rs x ®s) — (re x we). In the expression, rs and re

30 denote radii of the sheave 2 and governor pulley respectively; and ws and we denote rotational
angular velocities of the sheave 2 and governor pulley respectively.

[0022] Upon emergency braking operation, it is preferable to stepwise (or intermittently)
change the timing of turning the current off (brake application) of the electromagnetic coils or

the brake torques in such a manner that a relative speed or slip speed between the rope and



. 25°70021] The speed of the rope 6 is detected using the governor r OP&y5375
5 noving identically with the elevator car 1, that is, using the

out put of the governor pulley 4. At the sane tine, a rotation in the
sheave 2 is detected in the formof a rotational speed of the encoder
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invention can obtain an effect of preventing damage of the rope 6 caused by slip.
[0028] The elevator car 1 of the elevator is usually required to be stopped accurately at

the floor level of a building. To this end, the hoist 7 is controlled by detecting a shield plate (17



the floor level of a building. To this end, the hoist 7 is controlled
by detecting a shield plate (17 W375 6 in FIG 1) installed to a W5375
car-side rail 15a with use of a position detector (16 in FIG 1)
provided to the elevator car 1. In this enbodinment, the shield plate
can be renoved, and the elevator car 1 éan be stopped at the floor
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to be rBPWRA the dpvisst maseof tbfwérawmgh Mifoyghshown thsreabis ke ship speediydiemslen
the botyiakelddhiRes are not controlled, control of the brake devices enables the slip speed (or slip

quantity) between the sheave 2 and the rope 6 to be set no larger than a predetermined value or to
be set null.

30 [0033] FIG: 4 shows a general relationship between slip speed and frictional coefficient.
When the slip speed is small, the frictional coefficient is large. The larger the speed is, the

smaller the friction coefficient is. Accordingly, when a relative speed between the sheave 2 and

the rope 6 is reduced by controlling the brake devices stepwise, a high frictional coefficient

continues to be maintained between the both and less slip takes place between the both.  This



.. Wb375 7 principle is the same as ABS control or punping break
operation in autonobiles. [0034]FIG 5 shows an exanple of the hoist,
wherein the sheave 2 is forned integral I,y with a rotor 21, and an
outer rotor type notor is provided vvith an outer peri pheral surface
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frome other.. ILn illustrated brake appligcation_ t gra
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smal |, pheogRsvel BpplP¥Rduitedr aph shows the case where the number of

coil winding turns’i's large, which indicates that the |arger the
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[ 0036] V\hen gaps (51 and 52 in FIG 5) between the braking surface
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coil s have th arretlm of turning 20 off_ their current
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and t hus orque e C ange
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t he sc08e of appended
Wth the aforementioned arrangement, since the timing of turning off the current
conduction is optimized while the relative slip speed between the rope 6 and the sheave 2 is
observed or monitored, the sheave 2 can be slowly or gradually stopped. As a result, the slip
25 speed (or slip distance) between the rope 6 and the sheave 2 can be reduced and rope damage can
be reduced.
Although the above explanation has been made in connection with some
embodiments, the present invention is not limited to the illustrated examples, but can include

various modifications and alterations within the sprit of the invention and the scope of appended

30 claims, which will be obvious to those skilled in the art.

REFERENCE SIGNS LIST
[0038] 1: elevator car

2: sheave



30 clains, which will
REFERENCE SI GNS LI ST [ 0038] 1:
brake shoes 4: governor
8b: bal ancing weight side rails 9:

enco

er

be obvious to those skilled in the art.
el evator car
pul l ey 5: governor

2: sheave W375 8 3a, 3t}y5375
rope 6. rope 57: hoist 8a,
10: controller ha, I|ib:

buffers 1012: br%‘ée3t§iﬁ3ir;}éée@ﬂoecsim“it 13: power converter 14: power
car 'si

supply 15a, 15b:
pl ate 18:

10

15

20

25

30

€ rails 16: position detector
rotati ongdedreatptley

5: governor rope
6. rope
7: hoist

8a, 8b: balancing weight side rails

9: encoder

10: controller

11a, 11b: buffers

12: brake driving circuit
13: power converter
14: power supply

15a, 15b: car side rails
16: position detector
17: shield plate

18: rotation detector
19: speed detector

20: balancing weight
21: rotor

22: braking surface
23a, 23b: brake arms

25a, 25b: arm fulcrums (supporting point)

31a, 31b: brake spring

32: emergency power supply

33a, 33b: electromagnetic coils

34a, 34b: windings

1517:

61: gap between braking surface and brake shoe (left side)

82: gap between braking surface and brake shoe (right side)

shield

AT1: time difference caused by changing the numbers of turns of coil windings

AT2; time difference caused by changing shoe gaps



. 19! speed detector 20: bal ancing weight 21: rotor 2022: braking ‘
“surface 23a, 23b: brake arns 25a, 25b: arm ful crunms (supporting W5375
poi nt) 31a, 31b: brake spring 32: energency power supply 2533a, 33b:

el ectromagnetic coils 34a, 34b: winding® 51: gap between braking

surface and brake shoe (left side) 5§§L§ﬁﬁ bet ween braki ng surface

and brake shoe (right side) AT 1: ?erence caused by changi ng

t he nur[tJEMMOf] turns of Q-’Qiélex)ﬂtcﬂcboﬁ%gs& AT2; time difference caused
by changi ng shoe ga&w Wb375 Al M 1] An el evat or

conprising: an eladetgvator ggrlifiedupeand do “@rhymmgw apd deming: rgpe Bnd SBRANA;
a rope by a shea o} t means for the
sheave; a br ake gstlag}%ﬁa?tsﬁééd dérém&?&%g &&%tsgg&ge to the sheave;

t he brake device abﬁamagieamhlfmaé@@m@ebrdkbeomﬁemihefshetahé; rope becones

higher than a pr %geetgraedrcﬂigv?ge lXa?lllguaectwateg when the speed of the rope becomes higher than

a predetermined value; and

a calculation section for a slip speed between the rope and the sheave on the basis
of the rotational speed of the sheave and the speed of the rope,

wherein the brake torque after activation of the brake device is determined by the
value of the calculated slip speed, and the brake torque of the brake device is stepwise provided
such that the brake torque is reduced when the calculated slip speed becomes higher than the
predetermined value after the activation of the brake device and is increased when the calculated
slip speed becomes smaller than the predetermined level thereafter.
[CLAIM 2] An elevator according to claim 1, wherein the brake
device is released when the calculated slip speed becomes higher than the predetermined value
after the activation of the bfake device, and is intermittently activated when the calculated slip
speed becomes smaller than the predetermined value thereafter.
[CLAIM 3] An elevator according to claim 1, wherein the brake
device has two brake shoes to be contacted with a brake surface for applying a brake torque to
the sheave and also has electromagnetic coils for driving the respective brake shoes in such a
manner that the brake shoes generate a brake torque when current conduction through the coils is
turned off, the electromagnetic coils being controlled independently of each other, and a time
difference is provided between timings of turning the current conduction off.
[CLAIM 4] An elevator according to claim 1, comprises a governor rope moved in
synchronism with the elevator car and a governor pulley having the governor rope wound
therearound, and the speed of the rope is detected by detecting a rotational speed of the governor
pulley.
[CLAIM 5] An elevator according to claim 1, wherein the speed of the rope is detected by
detecting a speed of the elevator car.
[CLAIM 6] An elevator according to claim 1, wherein the brake
device has two brake shoes to be contacted with a braking surface for applying a brake torque to
the sheave and also has electromagnetic coils for driving the respective brake shoes in such a

manner that the brake shoes generate a brake torque when current conduction through the coils



a calculation section for a slip speed between the rope and the

sheave on the basis of the rotational speed of the sheave and the W5375
speed of the rope, wherein the brake torque after .

activation of the brake device is determ®ned by the val ue of the

| cul ated sl d, .t b k brake. dev j
ot epui 46 B BE 3280 bR e e EiiRet B birstites Plle UK ifares figerent from
cal cul at@d betwden IRFKELDLERRE §nd‘tlﬂhﬂier%ﬂﬁc@ sh&esoot'hﬁtd@ﬁﬁé ﬁhﬂ%e‘b@élééeshoe is

after the activation of the brake device and is increased when t

c ﬁl cul ?Wétg & Nty cariecs (Vithebe biake surfdcedy mpdedifferpat foodetive pntikibe pémebrake
1
br ake GRGH is broteht ML aa s wmIThE braRE it Mo Rt Aniediof HiEinE il bitfone

hi gher cbhduttibhefflareskeier m ned val ue after the activation of the brake
device, and is intermttently activated when the calculated slip
speed becones smaller than the predeterm ned val ue thereafter. [CLAM
3] An elevator according to claim1, wherein the brake device has two
brake shoes to be contacted with a brake surface for applying a brake
torque to the sheave and al so has el ectromagnetic coils for driving

t he respective brake shoes in such a manner that the brake shoes
generate a brake torque when current conduction through the coils is
turned off, the el ectromagnetic coils being controlled i ndependently
of each other, and a tinme difference is provided between tim ngs of
turning the current conduction off. [CLAIM 4] An el evator according
to claiml1, conprises a governor rope noved in synchronismwth the
el evator car and a governor pulley having the governor rope wound
~therearound, and the speed of the rope is detected by detecting a
rotational speed of the governor pulley. [CLAIM5] An el evator
according to claiml1l, wherein the speed of the rope is detected by
detecting a speed of the elevator car. [CLAM 6] An el evator accordi ng
to claim1, wherein the brake device has two brake shoes to be
contacted with a braking surface for applying a brake torque to the
sheave and al so has el ectromagnetic coils for driving the respective
brake shoes in such a manner that the brake shoes generate a brake

t orque when current conduction through the coils W375 10 are turned
off, a gap between the brake surface and one of the brake shoes is
made different froma gap between the brake surface and the other
brake shoe so that a tinme until one brake shoe is brought into
contact with the brake surface is nade different froma time until
the other brake shoe is brought into contact with the brake surface
even when timngs of turning the current conduction off are sane.



