1P1493 -1 Thermal Protection of El ectromagnetic Actuatom The present
invention relates to a nethod and apparatus for preventing overheating of
an electromagnetic actuator. EP-8-0731051 descri bes an el evator
instal l ati dR7#¥ which the ride quality-is actively controlled using a
plurality of electromagnetic |inear actuators. Such a systemin comonly
referred to as an active ride control system As an elevator car travels
along guide rails provided in a hoistway, sensors nmounted on the car

measur e t herhdritalProfecticiC6LERChOmdgiidiccActmatorst he direction of travel.
Signals fromthe sensors are input to a controller which conputes the
activation current required to suppress the sensed vibrations for each
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for passengjedtromagaetéd adigatai-t hin the car is enhanced. 15 Considering the
case whesre a large asymmetric load is applied to the car or where the car
i s poorl’y balanced, it would be necessary for one or nore of the linear

actuators tEp- B@73mﬁme|destnbes1tannaleua;tby instalatien donwhichethentidd anely Fhadsively

continual energjzati on wou sethe actuator to d.i t.
unchecked CQ?['.# gh teiei 41 P rqh@é 8'%%%“?%???&?“65% %glga[%racﬁugﬁ oféyshﬂ in
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and that there are other cases where conditions i npose | eyat or car
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its energi Zatrons ACcor |ngI he tenperature of the actuator rises to
t he predet eqominobet mkuqhvaonnputesetmeuaetwtl@n oﬁurlteﬁé IeAWERChItP| BUPPresspthet lsensed

binmetallic e i it
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falls to beémtbﬂsemt@det@rem rdachpeat theatvitwatiorise aper dtcwaby difie trite tquahtyafdrl c
strip. It wll bea cia t§1hat at this switch off point there 30 would
be an i nstaPﬁsé?ﬂQS[% B9 d)tﬁg't 8159 1§ €PR¥SEr f or mance of the active ride

control 45 systemsince a force would no | onger be generated by the effected
actuator to stabilize the elevator car. Furthernore this deterioration in
per f or manceCansidedn®ehg ease diherepyarge asymmetric load is applied to the car or where the car

is poorly balanced, it would be necessary for one or more of the linear actuators to be
powered continuously to overcome the imbalance. This continual energization would
cause the actuator to heat up and if left unchecked could potentially lead to the thermal
20  destruction of the actuator itself. It will be appreciated that the above is only an example
and that there are other cases where conditions imposed on the elevator car similarly lead

to overheating.

A conventional solution to this problem would be to incorporate a bimetallic strip into the
25  actuator to control its energization. Accordingly when the temperature of the actuator
rises to the predetermined activation temperature of the bimetallic strip, the bimetallic
strip within the actuator would break the energization circuit and the respective actuator
would be de-energized until its temperature falls to below the predetermined activation
temperature of the bimetallic strip. It will be appreciated that at this switch off point there
30 would be an instantaneous deterioration in the performance of the active ride control
system since a force would no longer be generated by the effected actuator to stabilize
the elevator car. Furthermore this deterioration in performance would be immediately
perceptible to any passengers traveling in the elevator car and would therefore defeat the

purpose of, and undermine user confidence in, the active ride control system.



perceptible to any passengers traveling in the elevator car and woul d
therefore defeat the purpose of, and underm ne user confidence in, the
active rideggﬁ rol system |P1493 The objective of the present invention
is to overc he probl ens associated with the prior art electromagnetic
actuators by providing an apparatus and hod according to the appended
clains. 5 In particular the present invention provides a thermal protection
device for an electromagnetic actuator, conprising a tenperature

eval uation unit that determ nes an estimate tenperature of the actuator

froma sign ropartional to a current. lied t t actuat o an
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10 tenper at yier gft diE@rodtdgnatiobetesestp proViding tan Rippdelter ahdesktheiTpebAling &
Hence, the actuator is protected fromthernmal deterioration and

dest r uct i onthe-apRENERHBIRENS.t he tenperature evaluation unit can be | ocated
renmote fgomthe actuator in any circuit controlling the current delivered
to the actuator, 15 Preferably, the current supplied to the actuator is
restricted tlo paricwlamethe| presenti finvendormcpraeides t & nfherradlupeotestionhdeves et orn
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determ ned suU y di'ssipa actuator due to the current
is equal testmaleeempelraarenefahe laasiatdrrfeom tahegreat thugiostiordiliéo bacucrend sigiplied tand

convection. , Accordi ngl .the actuator can be continuqu energi.zed al heit
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the vibration of an elevator car as it travels alone guide rails in a

hoi st way. TiRetugtarr Bnpratecteddremt taraels detgrigiabionadnd, deptrqtion. feirthagnore, the
tenperature t ISt [ ! r ;
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qual ity is lceskollig thepiimehedeliversdde dngyactgatorur t her nore, the ther mal
protection device and nmethod can be easily incorporated in a controller
for the actuators w thout any additional hardware conponents. 30 By way of
exanpl e 1enl yprefpradfye theecliresmb eghpiead ts tref actdtoris essemdted tw @ miiniatal lavell if the actual

temperature of the actuator exceeds a second predetermined temperature. The minimal
level can be determined such that energy dissipated in the actuator due to the current is
equal to or less than heat lost from the actuator due to conduction and convection.
Accordingly, the actuator can be continuously energized albeit with a limited driving

20 current.

The invention is particularly advantageous when applied to actuators used in elevator
systems to dampen the vibration of an elevator car as it travels along guide rails in a
hoistway. The current to the actuators is gradually limited as the temperature exceeds the

25 first predetermined temperature, as opposed to being switched off completely. Hence,
and deterioration in the ride quality is less perceptible to passengers.

Furthermore, the thermal protection device and method can be easily incorporated in a
controller for the actuators without any additional hardware components,

30
By way of example only, preferred embodiments of the present invention will be

described in detail with reference to the accompanying drawings, of which:



described in detail with reference to the acconpanying draw ngs, of which.
I'P1493 FIG 1 is a schematic representation of an el evator car traveling
al ong gui de ﬁ?‘#‘fj the car incorporating |inear actuators to suppress
vibration of éca FIG 2 is a side elevation illustrating the
arrangement of the mddie roller and Iever3 5 together with the associ ated
actuator of one of the guide assenblies of"FIG 1; FIG 3 is a perspective
view of one of the actuators fromFIG | and FIG 2; FIG 4 is an enpirical

nmodel of thel@ct wad sahenfatiomepresdntatibntaf ad; elevh&)rl-HaGtraEelin@ aorgy gyibe efils the car
resul ts obtai ned usl ﬁ]the nodel of FIG shows a signal flow

4
scheme of t W¥ORAANNG IMegeadtddProi %‘985‘9@%"?@“096@ R @ ator installation of

FIG 1 incorporating thermal protection according to a first enbodi nent of
15 the invention; and FIG 7 shows a sitgnal flow schenme of the active ride
control syst¥m Pob a ideeplevatioarilustiesipgl thatareinoemer ef the imigde gehelt arty lever

thermal pgrotg h&%lﬁ?ﬁ@ﬁ%&% aluato Bflgnéaﬁigt‘l\} Wﬁf@tassé?ﬁ 8% Fy gnt i on. 20

FI G 1|sas ematic Il |ono an e installation
i ncorporating an active ride control system accor di ng to t he EP-6-0731051

present || nvaii Dt e ICRREVAT B e 3 B dfisa M FRTEFRIRGET Bssenbl i es

5 along rails 15 nmounted in a shaft (not shown), Car 1 is carried
elastically in a 25 car franme 3 for passive oscillation danping. The

passi ve osciflfat iSon BRI §qds! fdhe sFivatprs §9msFé@§r Lo fubber springs 4,
which arg designed to be relatively stiff in order to isolate sound or

vi brations having a frequency higher the 50 Hz. The roller guide assenblies
5 are | at er dllGy5 pougiepd ohbwvesdisobeinedweag thermaee! 3f Fiachh  3e assenbly 5

i ncludes a nounting bracket and three rollers 6 carried on | evers 7 which
are pivotally connected to the bracket. Two of the rollers 6 are arranged

| ateral | y tdl@ngashpewsappigsainfiowisdeemefoftthe agﬁVdeideadohtrﬂ;BsysTém foevtes slevator
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engage wist h tRe ghivehtadn; @Ad of the guide rail 15. Each of the levers 7 is

FIG. 7 shows a signal flow scheme of the active ride control system for the elevator
installation of FIG. 1 incorporating thermal protection according to a second embodiment
of the invention.
20
FIG. 1 is a schematic illustration of an elevator installation incorporating an active ride
control system according to the EP-B-0731051 which further includes a thermal protection
unit in accordance with the present invention. An elevator car 1 is guided by roller guide
assemblies 5 along rails 15 mounted in a shaft (not shown). Car 1 is carried elastically in a
25 car frame 3 for passive oscillation damping. The passive oscillation damping is performed
by several rubber springs 4, which are designed to be relatively stiff in order to isolate

sound or vibrations having a frequency higher the 50 Hz.

The roller guide assemblies 5 are laterally mounted above and below car frame 3. Each
30 assembly 5 includes a mounting bracket and three rollers 6 carried on levers 7 which are
pivotally connected to the bracket. Two of the rollers 6 are arranged laterally to engage
opposing sides of the guide rail 15. The levers 7 carrying these two lateral rollers 6 are
interconnected by a linkage 9 to ensure synchronous movement. The remaining, middle

roller 6 is arranged to engage with a distal end of the guide rail 15. Each of the levers 7 is



1P1493 -4 biased by a contact pressure spring 8 towards the guide rail 15,
This spring biasing of the Ilevers 7, and thereby the respective rollers 6,
is a conveg%%&&gl nrt hod of passively danpening vibrations. 5 Each roller
gui de ase further includes two actuators 10 di sposed to actively

nmove the mddle "ever 7 in the y di recti_%n_ and the two interconnected,
|ateral levers 7 in the x direction, respectively, Unevenness ~ a rails

15, lateral: conponents of traction forces originated fromthe traction |o
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sensors 11 pampe@hy Sbratnde assenbly 5 continually nonitor the position of
the md-die | ever and the position of tile interconnected |ateral |evers
7, respectively. Furthernore, acceleroneters 12 neasure transverse

osci |l I ati.on i ' Sti i
O t e oaLaPf EFSLBLASLAN5, 08 POLIEL oIy W3 P 0RL oy ted
controll er tamdigevaveuniin thiely mamoaobrmirthertwooammbnné'dued datetal ddvees 7 émthe x
power unit 14 rocess S these signals to produce a current | to operate
the act uat or¥e¥®M FESHETREY: ons 20 such to oppose the sensed oscillations.
Ther eby, danpi ng of the oscillations acting on franme 3 and car 1. is

achieved, Gscillations are reduced to the extent that they are
i nper cept i bleyeneReinelady db oletesalswatagarnts Af ttwsmformsc@ngma(s%me@eatrawon
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the car frane I's passivel anpened by the contact pressure springs 8.
The signals derived from the positions sensors 11 and accelerometers 12 are fed into a

controller and power unit 14 mounted on the car 1. The controller and power unit 14

processes these signals to produce a current I to operate the actuators 10 in directions

20 such to oppose the sensed oscillations. Thereby, damping of the oscillations acting on

frame 3 and car 1 is achieved. Oscillations are reduced to the extent that they are

imperceptible to the elevator passenger.

Although FIG. 2 provides a further illustration of the arrangement of the middle roller 6
25 and lever 7 together with the associated actuator 10, it will be understood that the
following description also applies to the two lateral rollers 6 and interconnected levers 7.
Due to the parallel arrangement of the contact pressure spring 8 and the actuator 10 to
the lever 7, the roller guide assembly 5 remains capable of operating even after a partial
or complete failure of the active ride control system because the contact pressure spring 8
30 urges roller 6 against the guide rail 15 independently of the actuator 10. Hence, even
when no current I is supplied to the actuator 10, the car frame 3 is passively dampened

by the contact pressure springs 8.



1P 1493 -5 As shown in FIG 3, the actuator 10 is based on the principle of
a noving magnet and conprises a lamnated stator 17, windings 16 and a
novi ng actu&%gg part. 18 conprising a permanent nmagnet 19. The novi ng
actuat or part 8 in connected to the top of the lever 7 so that as the
current | supplied to the wi ndings 16 chagges, t he magnetic flux changes

t hus causing the noving actuator part 18 “lever 7 and coupled roller 6
towards or away fromthe guide rail 15, The actuator 10 has the advantage

of sinple canthoNd ROFIG. t3y thé @¥tuatorelindintbadédl of TRé IprifBiglendf AMR®YRY, magrkt Bhgat
dynam c and static force gesi;%. 800I\_|é for _relatively | ow enerqé .
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time preventing thernmal destruction of the actuators 10, particularly when

a | arge asysntek e theeurens Igppiiasdtot thetwiedings 16 corngshetne magnesiafiug changes
poorly I ' C [ pt
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heat up and if, left unchecked coul d otenti,ally lead to the ther
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obj ective i@léti@el@%@éﬁerb?%oﬁﬁuﬁ{dmh. characteristics of the actuators 10.
From first principles, the power dissipated as heat by the el ectrical

circuit (i.e. the windings 16) produces an increase in the tenperature of

t he ?Cttb’it thelq&a'e&%%f%ﬁé‘pﬁ%er%ﬁ&e%ﬁﬁﬁ‘i’s tozé}\sgr%ntﬁfaﬁ’?'lluﬁ Q\%ilalﬁ@‘- f’ch{?&ﬁxé ride
di ssi pated -> e}rrperature iRereasa In actuator o (efrects of Nea
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actuators 10 to be powered continuously to overcome the imbalance. This continual

15  energization would cause the actuator 10 to heat up and if left unchecked could
potentially lead to the thermal destruction of the actuator 10 itself. The first step to

achieving the objective is to assess the thermal characteristics of the actuators 10. From

first principles, the power dissipated as heat by the electrical circuit (i.e. the windings 16)

produces an increase in the temperature of the actuator 10. This can be expressed

20  generally as:
EQN. 1  Power dissipated -> Temperature increase in actuator — (effects of heat conduction & convention)

This expression gives rise to EQN. 2:

25
en.2  pr=Se) g gy h )
where: I = average (or RMS) current delivered to actuator during sample period At;
R = electrical resistance of coils;
30 ¢ = specific heat capacity;

M = mass;
Ta = actual temperature after sample period At;

Tn-1 = previous temperature at the start of sample period At;



T,.1 = previous tenperature at the start of sanple period At; 1'1493 -6
Ta-.b = anbient tenperature; A = thermal conductivity; A:conductive
surface areag; éllh = convective heat transfer coefficient; 5 A2 = convective
surface arelg,m is equation can be solved for T' as follows; EQN. 3 10
12RA, +cAf ,,, , h,A For a specific type,of actuator 10, the values for c,
M A Al, hO and A2 can easily be deternined fromexperinentation in a
climate test chanber. Furthernore, the resistance R of the w ndings 16 can
be set to an aveT,age apwgitaehpsratuse, or for nore accurate results the true
tenperature dep;r:lg%at functjon for the resistance R can be evaluated 15
and used. In prdcTitEMa RNUAKYYal characteristics of the actuator 10 were
nmodel ed using thg 1 raikicBle sfrideebi@n shown in FIG 4, which yielded the
tenperature characteristics shown in FIG 5. 20 FIG 6 shows a signal flow
scheme of the adtiveonweededsat Fransfeyepetidensr the el evator Installation of
FIG 1 izncorporatin d tion according to the invention.

Ext er naI5 di stu?%ang%i\}ég{g{pgg{ﬁgﬁér%%ér 1 and frane 3 as they travell al ong
the guide rails 15. These external disturbances generally conprise high
frequenc Lbratians du ! t unevenness of the guide rails 15
andqr el a%/i V\Lllé]'i/eq w&ﬁgﬁ@ﬁ@ﬁﬁgs g(glowf‘bduced by 25 asymmetrical | oading
of the car I., lateral forces fromthe traction cable and air disturbance
or wind forces. The di sturbances are sensed by the positions sensors 11 and
accel er onet 42 \/\hifhz}fiRzMﬁr@MTsi ghald(Ahatt,4ve fed into the controller
and power untt "14. 30"I'n the gantspld em and power unit 14, the sensed
acceleration signal is inverted at the summation point 21 and fed into an
accel er@tion controller 23 as an acceleration error

For a specific type of actuator 10, the values for ¢, M, A, A;, h. and A; can easily be

determined from experimentation in a climate test chamber. Furthermore, the resistance

R of the windings 16 can be set to an average constant value, or for more accurate

results the true temperature dependent function for the resistance R can be evaluated
15  and used.

In practice, the thermal characteristics of the actuator 10 were modeled using the transfer

function shown in FIG. 4, which yielded the temperature characteristics shown in FIG. 5.

20 FIG. 6 shows a signal flow scheme of the active ride control system for the elevator
installation of FIG. 1 incorporating thermal protection according to the invention. External
disturbances act of the car 1 and frame 3 as they travel along the guide rails 15. These
external disturbances generally comprise high frequency vibrations due mainly to the
unevenness of the guide rails 15 and relatively low frequency forces 27 produced by

25 asymmetrical loading of the car 1, lateral forces from the traction cable and air
disturbance or wind forces. The disturbances are sensed by the positions sensors 11 and
accelerometers 12 which produce signals that are fed into the controller and power unit
14.

30 In the controller and power unit 14, the sensed acceleration signal is inverted at the
summation point 21 and fed into an acceleration controller 23 as an acceleration error
signal e,. The acceleration controller 23 determines the current I, required by the actuator

10 in order to counteract the vibrations causing the sensed acceleration. Similarly, the



signal ea. The acceleration controller 23 determnes the current la
required by the actuator 10 in order to counteract the vibrations causing
the sensed acceleration. Simlarly, the 1P1493 -7 sensed position signal is
conpar ed wi'Ph4% reference value P, ef at summation point 20 to produce a
position error signal e,. The position error signal e, is then fed into a
position controller 22 which determ nes” fhe current I p required by the
actuator 10 in order to counteract the disturbances causing the sensed
posi tion si@Agdd pesitdpviigh if EQbAree with eheernee viRe UL, By summBatiéhBoiRf ROMto
art, the two derived currents 1, and 1P are sinply conbined at a sunmation
poi nt 26 ariodyferp aediiicresrser €gnak ecolisi PRSIOUSTFARIONAL 8p tSHEeN ded (1&@ 8rPosiion | n
t he present i 4h : t ; Wi i
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function corresponding to EQN. 3. Since the resistance R of the w ndings 16
I's either @EItEht or represented as a tenperature dependent function
and the sanpling period At can be set to that of the controller 14, the

only variables (inputs) required by the transfer function are current Ip,;
m whi ch asln heppseridembodiment tio rcuirent iy amt Bee IpositiorrcopBoller nd? dfurter

t enper at ur N Lech: it her r . C r :
using. ot enprereteert ' SMUEF 25 BReRihd ooy §AEh SCORSAN uR MR eine
act uat or t exgfyradottbination wittwthec turrent i droed thenaaeteegtiont emtidfler 23 td Ipeovide a

t enperature eval uati on tmi &@24. Accr:]]g)r di ngly, the actual actuator

t enper at ur €OTPINE CUFEPel I MeABIFIHY t enper at ure eval uation unit 24 and
input to the limter 25. 25 The Imter 25 determ nes a maxi mum perm ssi bl e
current value Ipm, deliverable to the actuator 10 for a given actuator

t enper at ur eTE CYIRItS \@dienbim fromc digs Bmitere2hrd$ alsgetisedi @ aniiopilo @ Hemaewrtieor

const an® o poY Shise el LLaRR ARk atipGRing 18 k. £ ke die,
T,,;, This resismhenR cfuthreewindirals uks isseither el yordegre natereprasantied easpatemperature
el ectroni Csde%gaingein?gu%c%gn and the sampling period At can be set to that of the controller 14, the
only variables (inputs) required by the transfer function are current Iym, which as
explained above is derived from the limiter 25, the ambient temperature T,m,, Which can
20 either be a preset constant or measured using a temperature sensor, and the previously
recorded value for the actuator temperature T,.;, which is stored in a register 24a in the
temperature evaluation unit 24. Accordingly, the actual actuator temperature T, is

determined by the temperature evaluation unit 24 and input to the limiter 25.

25  The limiter 25 determines a maximum permissible current value I ma deliverable to the
actuator 10 for a given actuator temperature T, such as not to cause thermal
deterioration of the actuator 10. As shown in FIG. 4, the maximum permissible current
value Ipmay is constant for all temperatures up to a lower threshold actuator temperature
Ta. This constant current value is purely dependent on the power electronics driving the

30 position controller 22. As the temperature of the actuator 10 exceeds the lower threshold
To, the limiter 25 restricts the maximum permissible current value Ipma. If the
temperature of the actuator 10 reaches an upper threshold T,4, no current is derived from
the limiter 25. Hence, the actuator 10 is protected from thermal deterioration and

destruction.



3a position controller 22. As the tenperature of the actuator 1.0 exceeds
the lower threshold 'In;-[ the l[imter 25 restricts the maxi num
perm ssi bl e _¢c ent value lpnma:<. If the tenperature of the actuator 10
reaches an ﬁﬁgéﬁ threshold T,H no current is derived from the [imter 25.
Hence, the actuator 10 is protected fron1éhernal deterioration and
destruction. 1P 1493 g Al though the maX¥Yfmum perm ssible current |amar.,
and therefore current Ipj;m is zero for actuator tenperatures above Tj,
in the present enbodinment, it is clear fromEQNS. 1 and 2 that a nonzero

current 1, ;A can still be delivered even _in this tenperature_range vvi}hout
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the continuous energization of the actuator 10 and thereby Cause the

great est 15congatqusly esfergizs theractuaboraldt albgibwith adimitpdelseingsweReuency

di sturbagnces 27 manifest thenselves primarily in the position error signal
ep. Naturally an additional limter 25 and tenperature evaluation unit 24

can be i nsthlthegresent érebadinpot, tied [imiter 2Zicarel engeraiore eaniatioh ueit 22 3re applied
Alternativel

Y, a Si e current limter 25 and fenperature eval yation unit
o e be e Rufertol, aul L e Pasick cRBlkg 225G Tisfefash Reites ifhet B
conbi ned cugrtpéliow fredlehdy WiblurbdPReRPPr QedhadL syinirabtrit Neadigdneetiad Ware1, which
evaluation unit 24 and current limter 25 can be conbined as a single unit

in the contfiegyirethe pOEiNEBUHENGIFAEILPT Eif aFbREr nNGEha®Y faurerine Gheatest
cont rol [er SeABorset L e B e Ot MGy MRS e A anirest
themselves primarily in the position error signal e,. Naturally an additional fimiter 25 and
temperature evaluation unit 24 can be installed on the output of the acceleration
controller 23. Alternatively, a single current limiter 25 and temperature evaluation unit 24
can be applied to the output from summation point 26 to limit the combined current 1.
20
It will be appreciated that the temperature evaluation unit 24 and current limiter 25 can

be combined as a single unit in the controller.

A presently preferred embodiment of the invention is illustrated in FIG. 7. In this
25 embodiment, the combined analogue controller and power unit 14 from FIG. 4 have been
separated into a discrete digital controller 30 and a discrete actuator power unit 31. This
enables the digital processing of signals within the controller 30 which greatly improves
efficiency and accuracy. All components of the controller 30 correspond to those in FIG. 6,
however it will be understood that the digital signals from the position controller 22,
30  acceleration controller 23, the limiter 25 and the summation point 26 referred to as force
command signals F in the drawing are proportional to the currents I in the previous
embodiment. It is only after the combined force command signal F from the summation
point 26 in the controller 30 is passed to the power unit 31 that the actual driving current

I is supplied to the actuator 10. In contrast to the previous embodiment, the limiter 25



separated into a discrete digital controller 30 and a di screte actuator
power unit 31. This enables the digital processing of signals wthin the
controller 30 which greatly inproves efficiency and accuracy. All
conponent s 614Phe controller 30 correspond to those in FIG 6, however it
wi |l be understood that the digital signals fromthe position controller
22, ao acceleration controller 23, the Iffiter 25 and the summation poi nt
26 referred to as force conmand signals F in the drawing are proportional

to the curr g enlpetdtutd@aRia8Yh QHE 24RHAGH BB limit!the kémBREY f@fcé @6mkfaRd signal
conmbi ned force corrmand signal F fromthe sunmation point 26 in

t he
control l er &0 ¢6§va@§&*@| the sumemaitane el Gig togtion Hartcet grsnraend, gignar (m Rgd the
t I t toth
mbod ment , “FRR BN e AnhBBg I8, RN el SR IS, P ot on uni ¢ 2

monitor and linit the conbl ned force corrmand signal (F) derived fromthe

h f h
R U PN S R G Mt T S gt W e
ar r angenent spply sQuH$ e6ltHepregdnateh@adintent.he previ ous enbodi nent  apply

equally to the present embodinent. Furthernore, the guide assenblies 5 may
i ncor porate gui de shoes rat her then rollers 6 to guide the car 1. along

the guide rPurHﬁrr%o@ tﬁé) g 4l I|E§‘ yeiﬁ@d? oﬂaWﬁﬁH%@@o&%trﬁ?%n rollers 6 to

specifically i ustrate CI‘I for Use o 't near actuators in
an active rgdee tfmardlalmgstﬂwerguzd& rdéﬂ*rb‘ian vi brations of an elevator car 1,
it wll,be appreciated that the thermal protection described herein can be

applied to any electronmagnetic actuator, 15 1P1493 -10 Clains 1. An
el evat or i naltldughtthe presenpmventivg: hasnbe&sln@patlﬁd:allvalllus(riahedgaﬁdjeehcbbrecgfdrdse on

assenbl i es al on uide rails 5 in a hoi
(9 c) linear a&ugtors %an an actlve rldse) con?ropsysgem to dampen wbratlon% of an elevator
car 1, it will be appreciated that the thermal protection described herein can be applied to
any electromagnetic actuator.
15



at | east one el ectromagnetic actuator (10) nounted between the car (1) and
each guide assenbly (5); and a controller (14;30) controlling an
energizatio%gy the actuators (10) in response to sensed vibrations 10
CHARACTER! SEDR f urt her conprising a tenperature evaluation unit (24),
remotely determning a tenperature (T") o{ the actuator (10); and a limter
(25), restricting a current (1) supplied %’the actuator (10) if the
determ ned tenperature (T;,) of the actuator (10) exceeds a first

pr edet er mi n€thimisenperature (TnL). 15 2. An elevator installation according
to claim1, wherein the tenperature evaluation wunit (24) includes a

regi ster (24a) storing at |east one previously recorded value for the

actuat or tefper ahHleRvhthr instalidBoBcorfristigevat or installation according to
claiml or claim?2, wherein the tenperature eval uation uni tq&sza%and t he
y

limter (25) areanglypigocat da guided iy quida assemblies((Pa aloy guide VRgupFed

i nstall agi on accg{gh&%%. claim3, wherein the controller (14;30) includes
a position controller J responsive to sensed positional signals and an
25 accel erati on eblebstadrieezlet@B)agnespacrtsatoe (10) nsamsextibetweeh dneatardids andaach
wherein the output %I a F@%G{}Eom the position controller (22) is conbined
with the output BYEERSSEM ff& accel eration controller (23) at a

summati on point @26ntrélRr PIHJUC&nrofingRalenefdizatibn of the) adauaemer(tdpinaksponsd tre
current (1) supplied to the actuator (1.0). 30 5. An elevator installation
accordi ng to cl aPensad Vi@fasn the controller (14) is an anal ogue

OO MET 2 ! EAARKERHISER O {8 TIRHAR DR BingeRflre SvlilAELILAR 24)( 1)

supplied to the actuator ator installation
according to cl aremetelywietergiimng hdemperatuse (By) of @) adteater di0yiarel  control | er

(P ani on i 52 Bao Ipuereii ® Py HoBiasCas doRe Pyt P EY thee
current (1) suppldeteeninedttbepacturat(@r) ¢fLthe. actuator (10) exceeds a first predetermined
temperature (Tq).
15
2. An elevator installation according to claim 1, wherein the temperature evaluation
unit (24) includes a register (24a) storing at least one previously recorded value

for the actuator temperature (T,.).

20 3. An elevator installation according to claim 1 or claim 2, wherein the temperature

evaluation unit (24) and the limiter (25) are incorporated in the controller (14;30).

4, An elevator installation according to claim 3, wherein the controller (14;30)
includes a position controller (22) responsive to sensed positional signals and an
25 acceleration controller (23) responsive to sensed accelerations, and wherein the
output (Ig;Fp) from the position controller (22) is combined with the output (I;;F,)
from the acceleration controller (23) at a summation point (26) to produce a signal

(I; Fum) proportional to the current (I) supplied to the actuator (10).

30 5. An elevator installation according to claim 4, wherein the controller (14) is an
analogue controller and the output from the summation point (26) is the current
(I) supplied to the actuator (10).



57, An elevator installation according to any of clains 4 to 6, wherein
the tenperature evaluation unit (24) and the limter (25) are installed
bet ween the position controller (22) and the summation point (26), and the
tenperaturegg %I uation unit (24) determ nes the tenperature (T,) on the
basis of a d output fromthe 10 limter (25). S. An elevator
installation according to any of clains 4 fio 6, wherein the tenperature
evaluation unit (24) and the limter (25)1 re installed between the
summation point (26) and the actuator (10), and the tenperature eval uation

unit (24) 18, det ahraeve&)rﬁﬂrs@auaaa@ec@wn@tda in @nwhédreinasicentedllea (30)dnaldigital
output fromthe limter A nmethod for thermall fotecting an
el ectronmagnetic é?ﬁtEF&'?bran@ 1@3? QHSEHt gam ¥er evRaYHe PERF (é@flsaﬂ(fogeg%]nggand

assenbly (5) of %‘@n@'(‘ﬁe at Ql;hlchr@tf@& 't@taJSet{Wéi'QJnltz@ﬁuﬂﬁfcﬁ%%b ueRey B’Lﬁﬂﬂll@sﬁ s

conprising the stéps o renot el ermning an tenperature (T.) of the
actuator (10), aﬁktfl’@)t (I)e%lppileﬁﬁorfbetahfélatﬁn(i@nt (1) subsequently supplied to
the actuator (1.0) if the determ ned tenperature (T) of the actuator (10)
exceeds a predetermned tenperature (T.L). 25 10. A method according to
claim9 fur?her oéaomuvatirigstiilagosbemrdihg tceamy ofctlaimg 4 toed, wehereiertbe {dmperature

supplied to the actutor 0 ni if. th t ual erature
(T.) of the actu&dye tofoj"% ‘)@éioaé%awéeeégﬂﬁ [ﬁ @feermtﬁlge@a%?w?ﬁargteng

11. A nethod accegftidigdr I 2)@naitAe %urﬂmaﬂ&?b@ihf‘&ltd)eaﬁﬂ thiertBinpkvdk dvsluation unit
determ ned such that energy dissipated Iin the actuator (10) due to the

current (IFl;nm {(2)edpiamings Hie fesyeraturenlheat theoasist plomsighal aetpubfiom the)
due to qgnducti Oﬂmﬁgld(zcg?_nvecti on.

8. An elevator installation according to any of claims 4 to 6, wherein the temperature

evaluation unit (24) and the limiter (25) are installed between the summation

point (26) and the actuator (10), and the temperature evaluation unit (24)

15 determines the temperature (T,) on the basis of a signal output from the limiter
(25).

9. A method for thermally protecting an electromagnetic actuator (10) mounted
between the car (1) and a guide assembly (5) of an elevator installation to
20 suppress sensed vibrations comprising the steps of:
a) remotely determining an temperature (T,) of the actuator (10); and
b) restricting the current (I) subsequently supplied to the actuator (10) if the
determined temperature (T,) of the actuator (10) exceeds a predetermined
temperature (T,.).

25
10. A method according to claim 9 further comprising the step of restricting the
current (I) supplied to the actuator (10) to a minimal level if the actual
temperature (T,) of the actuator (10) exceeds a second predetermined
temperature (Tpy).
30

11, A method according to claim 10, wherein the minimal level is determined such that
energy dissipated in the actuator (10) due to the current (Im) is equal to or less
than heat lost from the actuator (10) due to conduction and convection.



