28 NOVEMBER 2006 1 ELEVATOR ACTI VE GUI DANCE SYSTEM HAVI NG VE@@EIPZOOS
MULTI - I NPUT MULTI - QUTPUT CONTROLLER TECHNI CAL FI ELD The present 1 nvention
relates to elevators and nore particularly, to active horizontal guidance
as the el evator noves vertically al ong T ails in a hoi stway. BACKGROUND OF
THE | NVENTI ON Exi sting active horizontal guidance controllers use a sinple
control strategy that ELRVAINOR&STVE BWUIDANGE SyMETEMNMAVIRGti on to hold the

el evator within a pred4ORELABASED MIATAINRUT MELTICOOTHIT COMMROLLER | Y a
predet ermi ned acceptabl e range in values of the position, velocity, and

accel er atTEGHYIGA)e BEBIMt or. For controllers that are el ectronmagnet - based,
so-cal l ed active magnetic guidance (AM5 controllers, the el ectromagnetic
act uat ors t hat Tiy passe ifvendasreldles @ gdevators ahdinotk parditulanly,ab aativehdrizontadr
gui de- head. use only the gap information for that direction at that

parti cul aéui@éﬂc@%s Re2ElevarbimBvdshR QIS AfonR ey 64 nb¥vap, act uator for one
direction at one gui de-head can produce notion at anoOther gui de-head or at

t he sane guide-head in a transverse direction, when only infornmation |ocal
to an actuator is taken into account by the controller, one actuator can

interfere w r s are often of the "proportional

I nt egral géﬁ@gg%hﬁ(%me These controllers, the control
information utilized by the controller in determ ning actuator forces

consi sts of thEXigine eefitechenzontal muisanee, sopsenilers vie dfsimple ook seey tatati ve

to the
utilizes only local gap information to hold the elevator within a predetermined operating

envelope, essentially a predetermined acceptable range in values of the position, velocity, and
acceleration of the elevator. For controllers that are electromagnet-based, so-called active
magnetic guidancé (AMG) controllers, the electromagnetic actuators that produce forces in
a particular direction at a particular guide-head use only the gap information for that direction
at that particular guide-head. Since the forces produced by an actuator for one direction at
one guide-head can produce motion at another guide-head or at the same guide-head in a
transverse direction, when onI'y. information local to an actuator is taken into account by the
controller, one actuator can interfere with another.

The controllers are often of the "proportional integral derivative” (PID) type. For
these controllers, the control information utilized by the controller in determining actuator
forces consists of the gap (determined from the position of the guide-head relative to the
fail), the absolute velocity of the guide-head, and the integrated gap over time. Such a
controller uses sensors to directly measure guide-head acceleration and gap, and infers
velocity of the guide-head from its integrating acceleration over time. For each guide-head,
acceleration and gap are usually sensed in two directions, called here the x and y-directions,
which are mutwally perpendicular and also both perpendicular to the direction of the

hoistway, taken here to be in the z-direction.
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DISCLOSURE OF THE INVENTION

The object of the present invention is to control the position and motion of an elevator
relative to the guide-rails it moves along as it travels the length of a hoistway, doing so
according to a force law that commands a set of actuators to pull the elevator toward the
guide-rails with a force based on knowledge of the position and accelel;ation of a set of points
of the elevator corresponding to the set of atmators, and based on knowledge of how the
elevator as a whole will respond to the pulling forces exerted by the actuators.

According to the present invention, an active guidance system for an elevator in a
hoistway having two guide-rails von opposing walls, the guide-rails lying in a direction
parallel to a hoistway axis extending lengthwise along the hoistway, the elevator having

attached to it four guide-heads for guiding the elevator along the guide-rails, comprises:

a) sensors responsive to absolute acceleration of the elevator and position of tl;e
elevator relative to the guide-rails at four locations in a first sensing direction
transverse to ﬁe hoistway axis, and at two locations in a second sensing direction
transverse to the hoistway axis, for providing control information signals indicative

thereof,
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actuators. According to the present invention, an active gui dance system for
an elevator in a hoistway having two guide-rails on opposing walls, the
guide-rails lying in a direction paralBel to a hoistway axis extendi ng

| engt hw se al ong the hoi stway, the elevator having attached to it four

gui de- heads for guiding the elevator along the guide-rails, conprises: a)
sensors responsive to absolute accel eration of the elevator and position of
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sensing direction transverse to ol stway axi s, ons in

a second sensi | i Q I ransyerse t 1,S y axis, for providing
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controller, responsive to the control information signals, for providing a
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comand si gnal s e Ln ositi e [ r .
ocatton and i RSl sBpisosiEh cht EheRR fosie 308 oISt Red < 16008h oa in
direction of a cqrresponding .sensor, wherein the fq(I),rce, Iava determ nes ‘a
val ue of force 3 GiFecERB COFETPOBJing de i lacation and sensHisdiFRSHOR HTA ResErsPoRding

rel ates geonetry and inertia of the elevator to notion of the el evator
caused by the sktesotes exerted by the actuators.

wherein the force law determines a value of force for exertion by each actuator according
to a model that relates geometry and inertia of the elevator to motion of the elevator caused

by the forces exerted by the actuators.

A controller for such a system is here called a model-based multi-input multi-output
(MIMO) controller, and, according to the present invention, can be a PID type controller.
The controller holds the elevator position and motion within a predetermined acceptable
range of values. It is model-based in that it determines what forces the actuator should exert
is based on certain simplifying assumptions about the dynamical motion of the elevator cab,
such as that the cab can be regarded as a rigid body with velocity-dependent damping of its
motion transverse to the hoistway, and further based on determining, through measurement
and experimentation, values for all the parameters of the model. The controller uses the
model to calculate what actuator forces should be exerted to restore the elevator cab to
position and motion within an acceptable operating envelope. It is multi-input in that the
controller uses gap information from several actuator locations; and it is multi-output in that

the same controller produces commands for the actuator associated with each sensor.

The upshot of this approach is that each actuator provides forces based not only on the

gap information local to it, but on gap information globally, and uses this global information



A controller for such a systemis here called a nodel -based magINdvEMBER 2006
multi-output (M MO controller, and, according to the present invention,
can be a PID type controller. The controller holds the el evator position
and notion within a predeterm ned acceptable range of values. It is

nodel -based in that it determ nes what forces the actuator should exert is
based on certain sinplifying assunptions about the dynam cal notion of the
el evator cab, such as that the cab can be regarded as a rigid body with
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further based on determ ning, through nmeasurenment and experinentation,
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to cal cul ate what actuator forces should be exerted to restore the el evator

cab to position and notion within an acceptabl e operating envelope. It is
mul ti-input in that the controller uses gap information from several
actuator locations; and it is nmulti-output in that the sanme controller

produces conmands for the actuator associated with each sensor. The upshot
of this BRIESRESCRIPRIONQEHERRAWINGS i des forces based not only on the
gap information local to it, but on gap information globally, and uses this

gl obal i nformation,. 28 MBER 2006 ., 4 i.n dynam cal de] to deterpine the
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the actuators act in unison. BRI EF DESCRI PTI ON OF THE DRAW NGS An enbodi nent

of the | ASKOMPABADE Sirapeings.i BBy way of exanple with reference to the
acconpanyi ng draw ngs, in which:

Fig. 1 is a drawing of a conventional roller-guide elevator system.
Fig. 2 is a drawing of an active magnetic guidance controlled elevator system according

to both prior art and the present invention.

Fig. 3 shows a controller according to the present invention responsive to a sensed local

signal relating to a cab for providing a command signal to an actuator to impress a force.

Fig. 4 is a top view of a typical active magnetic guidance system guide-head and the

corresponding guide-rail according to both prior art and the present invention.

Fig. 5 is a schematic of the side-to-side motion, or y-direction motion, of an elevator

cab illustrating some of the coordinates used in the model of the present invention.

Fig. 6 is another schematic of side-to-side motion, showing both Cartesian coordinates

(¥1, ¥») and generalized coordinates (¢,, ¢,) used to describe that motion.

Fig. 7 is a schematic of the front-to-back motion, or x-direction motion, of an elevator
cab showing both the Cartesian coordinates (x,, X,, X3, X,) and the generalized coordinates

(8,, 9,, ¥) used in the model of the present invention.
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Is a draw ng of an active magnetic gui dance control |l ed el evator system
according to both prior art and the present invention. Fig. 3 shows a
controll er according to the present invention responsive to a sensed | ocal
signal relating to a cab for providing a conmand signal to an actuator to
inpress a force. Fig. 4is atop viewof a typical active nmagnetic gui dance
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el evator cab showi ng both the Cartesian coordinates (x1, x,, x3, x4) and
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BEST MODE FOR CARRYING OUT THE INVENTION

Fig. 1, which illustrates prior art, shows an elevator cab 40 held in a rectangular frame
38; the cab is raised and lowered along guide-rails (not shown) by steel cables 39. In this
prior art, the elevator cab is guided along the guide-rails by guide-wheels 37, which respond
mechanically to the elevator cab moving off-track. The guide-rails are mounted on opposite
hoistway walls and a motor in a machine room at the top of the building turns a sheave over

which the cables are lain. A counterweight is attached to the other end of the cables.

Fig. 2 shows an elevator system with the coordinates used in the model of the preferred
embodiment. There are four guide-heads 31 affixed to the frame 38. The actuators are
electromagnet-based in the preferred embodiment, and are located on the guide-heads. These
actuators produce forces at each guide-head in the x-direction for countering side-to-side

motion, and in the y-direction for countering front-to-back motion, as directed by the

controller according to the present invention.

Referring now to Fig. 3, a controller 21 according to the present invention responds to

gap information from several local sensors 22, each having a corresponding actuator 23.
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operating envel ope of acceptable position and noti on.
guide-head are used to provide an x-actuator; whereas one electromacnet 32 on one guide-

head and its oppositely oriented electromagnet on the other guide-head on the other guide-
rail, at the same height along the hoistway, is used to form a single y-actuator. Thus, eight
electromagnets make four x-actuators, and four electromagnets make two y-actuators. Each
such actuator is capable of exerting a force that is positive or negative, controlled by simbly

turning on one or the other electromagnet of the pair that make up the actuator.

The side-to-side (x-direction) gap 34 and front-to-back (y-direction) gap 35 are often
measured with air-gap sensors but can be measured in any convenient manner. Side-to-side

and front-to-back acceleration of each guide-head are often measured with an accelerometer.

Referring now to Fig. 5, the two y-actuators that act on the cab to cause side-to-side
motion are shown. In this description the y-actuators are associated with the semsors at
guide-heads with coordinates having numbered subscripts one and two in Fig. 2 are used.
Thus, in this control system, side-to-side motion is countered with only two forces F,, and

F,,, either of which can be positive or negative.

Fig. 6 also shows what are here called generalized coordinates (¢,, ¢,) used to describe

the side-to-side motion of the elevator cab. These coordinates are related to the (directly



Fig. 4 shows how el ectromagnetic actuators can be affixed to zg gOVEMBER 200631
to nove it farther from or closer to, a guide-rail 36 in the two
transverse directions, front-to-back (x-direction) and side-to-side
(y-direction). Two front-to-back el ectrgmagnets 33 on one guide-head are
used to provide an x-actuator; whereas one el ectromagnet 32 on one gui de-
head and its oppositely oriented el ectromagnet on the other gui de-head on
the other guide- rail, at the sane height along the hoistway, is used to
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of the elevator cab. These coordl nates are related to the (directly 28
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Referring now to Figs. 5, 6 and 7, the geometry and force diagram for the equations of

motion ignoring damping for side-to-side and front-to-back motion are shown. In these
equations, the acceleration due to gravity is represented by g, Young’s modules for stretching
of the steel cables is represented by E, and the cross sectional area of each of the steel cables
is represented by A. Finally I, I, I, are the moments of inertia of the elevator cab for
rotation about the x, y, and z axis, respectively, passing through the center of mass of the
elevator cab. The lengths 1,5 and 1,5 are between the hitch 41 (Fig. 5) and the top side-to-
side actuator and top front-to-back actuators, respectively. Similarly, the lengths lzcs and lgcp
are between the hitch 41 and the bottom side-to-side actuator and the bottom front-to-back

actuators, respectively.

Thus the equations for side-to-side motion, or motion in the y-direction, are

M, + Mgl ¢, = (F, + Fp 1

‘ . 2
M d* + )b, + (Mgd + AE”

) &, = -Flips + F,p lgcs

where the sensor-measured gaps y, and y, are related to ¢, and ¢, by the equations
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descri be the side-to- side notion but which nake the equations of notion
nore conplicated. Referring to Fig. 7, the second type of notion is in the
front-to-back direction, or x- directiog, countered by forces FX1, Fx2, Fx3
and Fx4 produced by x-actuators at guide-heads w th nunbered subscripts one
through four in Fig. 2. Fig. 7 also shows the three generalized coordi nates
(61, 62, ) needed to describe the front-to-back notion assum ng the

el evator cab is a rigid body. Referring nom1to Figs. 5, 6 and 7, the

geormetry and force diagramfor the, equgt+d nmoti on ignoring danping for
side-to-side and front-to-back motion are S In these equations, the
acceleration due to gravity is re r&s teq g, Young's nodul es for
stretching of the steel cables is2represeff by E, and the cross sectional

area of each of the steel cables is represented by A Finally 1" 1y, 1,

are the novisch defife 3 Wensfdrmation betweesn the gensralizedl ahd Cartesianmeoosdinaiprolor sidhdox Y,
and z axis, respectively, passing through the center of nass of the

el evat or cs&ad);mmim.l engt hs 11 ABS and 1ABF are between the hitch 41 (Fig. 5)
and the top side-to- side actuator and top front-to-back actuators, '
respectively. Simlarly, the lengths 1BCS and 1BCF are between the hitch 41
and the bot t cFespysall dymimies of-the frant-terhark metidr twiich fsrroption i tha akdirection,
actuators, respectively. Thus the equations for side-to-side notion, or

not i on indaheye}ded{trlit&dtﬁyouhc equation§ err] where the sensor-neasured gaps y, and
y2 are related to 0, and 02 by the equations 28 NOVEMBER 2006

MI*8, + Mgl = (F, + F, + F, + F )l

AER?

(Md* + 1)8, + (Mgd+ Y )8, = ~(Fo+F ) e (F +F lper

- Wy Wy
LE = -(F,+F, _2‘+ (Fy + Fx4)-_2—

where the four sensor measurements X,, X,, X; and x, are related to the (generalized

coordinates) angles 6,, 6, and by the equations

Wy
X, =18, + lpe 8, + 7"’
Wy
x2 = lel - IABFBZ + 7\]}
Wy
X3 =16, + I8, ‘z“l’
Wy
x, =18, - 19, - —2"‘"

which defines a transformation between the generalized and Cartesian coordinates for front-

to-back motion.



8 [err] which define a transformati on between the general i zed2@ROVERBER 20681
coordi nates for side-to- side notion. The overall dynanm cs of the
front-to-back notion, which is notion in the x-direction, can be described
by the equations [err] where the four sgnsor neasurements x1, xz, x3 and x,
are related to the (generalized coordinates) angles 81, 6 2 and yr by the
equations [err] which defines a transformation between the generalized and
Cartesian coordinates for front- to-back notion. 28 NOVEMBER 2006 9 The
dynam cal equations for front-to-back and side-to-side notion can be
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and the linear array H to represent all of the actuator forces calculated by the controller, so

that
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the dynamical equation can be written in matrix form as

MQ = KQ + CQ + BH
with matrices M, K, and B defined by the dynamical model, i.e. with elements set equal to
the appropriate terms in the dynamical equations for front-to-back and side-to-side motions
as written in non-matrix form above. In addition, the matrix C has as its elements
coefficients that represent damping of the transverse motion of the cab (front-to-back and
side-to-side motion) in proportion to its transverse velocity. These coefficients are derived
from experimental measurements. The linear array H can also be used to represent direct

disturbance forces acting on the elevator, such as aerodynamic wind forces.

Using the notation G = (¥;-Yu1, Y2 ¥a2r X1-Xe» X2-X2» X3-Xe3, x4-x;;) to represent the
measured gaps, here accounting for rail irregularities using R = (¥;1, Ye2r Xets Xe20 Xe3» Xea)
where each componént of the column matrix R is a z-dependent constant of the elevator
system, the equations of the coordinate transformation between the gap measurements G and

the generalized coordinates Q can be written in matrix form as



with matrices M K, and B defined by the dynamical nodel, i.egNgIVEMBEREZ008! S
set equal to the appropriate terns in the dynam cal equations for
front-to-back and side-to-side notions as witten in non-matrix form above.
In addition, the matrix C has as its el nts coefficients that represent
danpi ng of the transverse notion of the cab (front-to-back and side-to-side
notion) in proportion to its transverse velocity. These coefficients are
derived from experinmental neasurenents. The |linear array H can al so be used
to represent direct disturbance forces acting on the elevator, such as
aerodynam c wnd forces. Using the notation G = (yi Yri, Yl-Ya, xi xr"
X2-xa, x3-xt3, x4-x,;) to represent phe aﬁured gaps, here accounting for
rail irregularities using R= (Yrt, F27C£§i, xr2, xr3, xr4) where each
conponent of the colum matrix R is a z-dependent constant of the el evator

system tRenkdYals @e% 25 kriiSfoeaidc Atk ddfmes byrdiRhabok KREUSENhiNRILAe |
nmeasurenents G and the generalized coordinates Q can be witten in matrix
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generalized coordinates for both front-to-back and side-to-side notion. Wth

this notation, Wi thi9n6@Eok, theBrdes fthi)ed;ﬁ-QviBé/d h%&h%?,%corﬁﬁﬁ% fheMRodep t he
nodel - based MLMO controller in the preferred enbodi nent of the present
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as

H=-B MK, T"'G+K,Q+K,T™ f Gdt]-B"Y{KQ+CQ]

where K;, Ky, and K are 5 x 5 diagonal matrices with diagonal elements determined as

described below.

With this choice of the control law, the dynamical equation becomes, in matrix form,

MIQ + K,Q + K, Q + K, [Qdil=M [K,T'R + K,T™ [Ra]

and by eliminating the common factor, matrix M, the system of dynamical equations becomes

five uncoupled non-homogeneous integro-differential equations.

To use this force law it is necessary to determine values for the (diagonal) elements
of X;, Kp, and K;. These are determined by setting the right-hand side of the equation to
zero. This results in five uncoupled homogeneous integro-differential equations, which, in

matrix form, is a system-independent control equation

Q+K,Q+K,Q+K,[Qdr=0



descri bed below. Wth this choice of the control |aw, the dynzeWOWEMBER20060N
becones, in matrix form MQ+ KPQ+ KDQ + K, f QAr]=M[KT-'"R + KT-' f Rdr]
and by elimnating the conmon factor, matrix M the system of dynam cal
equati ons becones five uncoupl ed non- qumgeneous i ntegro-differenti al
equations. To use this force law it is necessary to determ ne values for the
(diagonal) elenments of Kp, KD, and Kl. These are determ ned by setting the
right-hand side of the equation to zero. This results in five uncoupled
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I nstance, the equation for 51 becones [err] where the vari-abl es kdl, kpl,
and ki 1 arRecOmes 1.1 (diagonal) elenents of KD, Kp and K1 respectively, and
are chosen so as to hold the elevator to within a predeterm ned operating
envel ope with respect to the generalized coordinate 01. In the present

cont ext, thetermoperatingevl e, nefer o] cecgptable range in the
position, velocity, and accg} grﬁ dn cl)cgl §h§ ke‘i’ e{agttﬁ ?n each generali zed
coordi nate, each

where the variables kg, k;,, and k; are the I-1 (diagonal) elements of Kp, K; and K|
respectively, and are chosen so as to hold the elevator to within a predetermined operating

envelope with respect to the generalized coordinate ¢,.

In the present context, the term operating envelope refers to an acceptable range in
the position, velocity, and acceleration of the elevator in each generalized coordinate, each
generalized coordinate corresponding to a different degree of freedom of the elevator
according to the model used. From the point of view of the sensors at each guide-head, the
controller should aim to hold 2 nominal gap at each guide-head, it should respond with a
minimum force from the actuators to an off-balancing force, such as from an imbalance in
load tending to tilt the elevator, and it should respond so as to move the elevator back to the
nominal gap without causing the elevator to vibrate internally i.e. in non-rigid body (elastic)

modes of vibration.

In practice, the values of the (diagonal) elements of the matrices K, K; and K| are
chosen bj transforming each of the individual integro-differential equations represented by
the system-independent control equation into an algebraic equation, using, for example, a
Laplace transform. Then to hold the elevator within the operating envelope, the values of

the (diagonal) elements of K;, K, and K are chosen, according to the teaching of the present



generalized coordinate corresponding to a different degree of 26§ NOYEMBERR0OEE
el evator according to the nodel used. Fromthe point of view of the sensors
at each gui de-head, the <controller should aimto hold.a nom nal gap at each
gui de-head, it should respond with a %i mum force fromthe actuators to an
of f - bal ancing force, such as froman i |l ance in load tending to tilt the
el evator, and it should respond so as to nove the el evator back to the

nom nal gap w t hout causi ng the elevator to vibrate internally i.e. in
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transform ng each of the i ndi vidual integro-differential equations
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equation, using, for exanple, a Laplace transform Then to hold the
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el enents of Ko, K and Kl are chosen, according to the teaching of the
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equation has its poles in the left-half conplex plane.” Next, values of the
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rigid body oscillatory notion of the cab, the elenents of KD nmust be kept
bel ow a threshold that depends on the elevator. Consistent with this constraint on K, the elements

of K; and K are chosen to be above minimum values preset by the user so that the poles of
the equations derived by Laplace transform of the integro-differential equations for each of

the generalized coordinates have as negative a real part as possible.

Figures 8 and 9 show a prediction of how a single-input single-output (SISO)
controller would perform compared to a model-based MIMO controller according to the
present invention. The two kinds of controllers in this comparison have been tuned to yield
approximately the same level of performance with a rail disturbance input, as shown in Fig.
8. The displacement of the elevator per unit rail disturbance is seen to be the same at all
frequencies for both controllers. As shown in Fig. 9, for the same set of gains, the model-
based MIMO controller yields far superior performance when a wind disturbance is imposed.
The displacement per unit of wind force is seen to be almost an order of magnitude less in

the case of the model-based MIMO controller compared to the SISO controller. The model-

based MIMO controller in this case also has a 6 db gain margin and a 40° phase margin.

Although the invention has been shown and described with respect to a best mode

embodiment, it should be understood by those skilled in the art that the foregoing and various



threshol d that depends on the elevator. Consistent with this spOQOVEMBER 2006
KD, the elenments of Kp and K, are chosen to be above m ni mum val ues preset
by the user so that the poles of the equations derived by Laplace transform
of the integro-differential equations fof each of the generalized

coordi nates have as negative a real part as possible. Figures 8 and 9 show a
predi ction of how a single-input single-output (SISO controller would
perform conpared to a nodel -based M MO controller according to the present

i nvention. . ' & uned
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di st ur banc as shown The di spl acenent of the el evator per
unit rail E'ﬂebfé &hg ?‘géé?fqucﬁpgcgffl}?e‘n’é%m‘@nat all frequencies for both
controllers. As shown in Fig. 9, for the same set of gains, the nodel- based
M MO control ler yields far superior performance when a wi nd di sturbance is

i nposed. The displacenent per unit of wind force is seen to be al nbost an
order of magnitude less in the case of the nodel -based M MO controller
conpared to the SISO controller. The nodel - based M MO controller in this
case also has a 6 db gain margin and a 40 phase margin. Al though the

i nventi on has been shown and described with respect to a best node

enbodi ment, it should be understood by those skilled in the art that the
foregoi ng and various 28 NOVEMBER 2006 13 ot her changes, om ssions and
additions in the formand detail thereof may be nmade wi thout departing from
the spirit and scope of the invention. 28 NOVEMBER 2006




14 Havi ng now di sclosed the invention, what is clained is: 1. 28\NOYEMBER 2006
gui dance system for an elevator in a hoistway having two guide-rails on
opposing walls, the guide-rails lying in a direction parallel to a hoi stway
axi s extending |engthw se along the hojgstway, the elevator having attached
to it four guide-heads for guiding the elevator along the guide-rails, the
active gui dance system conprising: a) sensors responsive to absol ute
acceleration of the elevator and position of the elevator relative to the
guide-rails at four locations in a first sensing direction transverse to
the hoi stway Fdvéng AdW datlobedOtht AERKMiEH) SwHab iclgc@ng: sensing direction
transverse to the g*noi stway axis, for providing control information signals
indicative thereof, b) a controller, responsive to the control information
si gnal s, 1f orAmpaotivedpuidare Bysteml fok yan eMdvatoar mea toisoend hsvignaks gakleanitd og to a
force law, and c) a plurality of actuators, each responsive to a

corr espondi 1 ' I & Il itive
T R S L

| ocation an ' Lrecti. f ndi Lei.n, t force
| 2w det or i AR b IRE bhita; B AEFHATHS Mo aPhay SIRE RN F °1 0
a nodel that relates geonetry and jnertig of the elevator to notjon of the
el evat or caddiing{he dlevaesalong ‘ES‘(g?‘fj%‘ﬂa’-{ﬁyﬂiehaé;“éietgH%QlaB"ress,ysRﬁﬁé:PE}Pﬁ‘s’cnﬁé nodel is
of arigid body with danping of notion transverse to the hoistway axis, and

SO uses a a) sensors responsive to absolute acceleration of the elevator and position of the

elevator relative to the guide-rails at four locations in a first sensing direction
transverse to the hoistway axis, and at two locations in a second sensing direction
transverse to the hoistway axis, for providing control information signals indicative

thereof,

b) a controller, responsive to the control information signals, for providing a plurality

of force command signals according to a force law, and

c) a plurality of actuators, each responsive to a corresponding one of the force
command signals, each for exerting positive and negative forces at a location and in
a direction corresponding to a location and sensing direction of a corresponding

sensor,

wherein the force law determines a value of force for exertion by each actuator
according to a model that relates geometry and inertia of the elevator to motion of the

elevator caused by the forces exerted by the actuators, wherein the model is of a rigid

body with damping of motion transverse to the hoistway axis, and so uses a

dynamical equation



dynam cal equation 28 NOVEMBER 2006 15 MXEKQ+CQ+BH to predi s ndiamBER bos
of the elevator transverse to the hoistway axis, where Qis a five-conponent

colum matri x of generalized coordinates that in conbination describe the
el evator notion transverse to the hoi sli?/ay axis, and is related to a
si x-conmponent colum matrix G of gap values indicated by the sensors
according to a transformation equation G=TQ- R in which T is a six-by-
five matrix determ ned fromthe geonetry of the elevator and Ris a six-
conponent columm matrix representing rail irregularities corresponding to
each sensor; His a si x-corrponeplt-- cgk m QRtri one conponent for each
actuator, each conponent having Qv ée*rcg@r’é ting the magni tude and
direction of force each actuator is to provide; Bis a five-by-six mtrix,
Wi t h conponenfospreditctit aictidn fof die didvatoyemmeierse wfthé heistwaly eaxist ovherd hat rel at es
forces applied by the actuators to the notion of the elevator expressed in
the generalized coordinates; Mand K are five-by-five matrices, M having
cal cul at ed con@nenfise-deppongitaplwmn mapey of genefaliz¢tecasrdinateothahing-orbirariong
cal cul at ed conponents depending on restoring torques acting on the
el evator; and describe the elevator motion transverse to the hoistway axis, and is related to
a six-component column matrix G of gap values indicated by the sensors
according to a transformation equation G = TQ - R, in which T is a six-by-
five matrix determined from the geometry of the elevator and R is a six-
component column matrix representing rail irregularities corresponding to each

Sensor;

H is a six-compoment column matrix, one component for each actuator, each
component having a value representing the magnitude and direction of force

each actuator is to provide;

B is a five-by-six matrix, with components calculated from the geometry of the
elevator, that relates forces applied by the actuators to the motion of the

elevator expressed in the generalized coordinates;

M and K are five-by-five matrices, M having calculated components depending on
inertia of the elevator and K having calculated components depending on

restoring torques acting on the elevator; and

C is a five-by-five matrix having components representing damping of motion of the
elevator in the first and second sensing directions transverse to the hoistway

axis.

2. The active guidance system as recited in claim 1, wherein the force law is



Cis a five-by-five matrix having conponents representing danpg NovEMBERI200¢
of the elevator in the first and second sensing directions transverse to
the hoistway axis. 2. The active guidance systemas recited in claim1,
wherein the force law is 28 NOVEMBER 20@6 16 H=-B-' M KPT-' GrKOQ+BK1T-" f
Gdt J- B-' [ KQtCQY where K2, Ko, and K, are five-by-five diagonal matrices with
el ements chosen so that a systemindependent control equation Q+tKDQ+KPQ+K1
f Qt=0 has a solution Q representing notion of the elevator in the first
and second sensing directions transverse to the hoistway axis within a

predeterm ned operati ng-epvRigpe- %;gg BE@*‘ /0L O ystemas recited
in claim2, wherein each act uat"or @nse‘s +wo g-:ﬁec oma(gnets oriented and

positioned for pulling the eIevator along a same line in opposite
directions. v

where K,, K, and K are five-by-five diagonal matrices with elements chosen so that

a system-independent control equation

Q+KpQ+K,Q+K,[Qdt=0

has a solution Q representing motion of the elevator in the first and second sensing

directions transverse to the hoistway axis within a predetermined operating envelope.

3. An active guidance system as recited in claim 2, wherein each actuator comprises two
electromagnets oriented and positioned for pulling the elevator along a same line in

opposite directions.





