| P1634 - 1 - Elevator with Frictional Drive The invention relates to an

el evator and, nore particularly, to an elevator frictionally driven along a
track. 5 Africtionally driven elevator is described in EP-A1-0870718 in
which a drive wheel and a support wheel are rotatably nmounted on | evers
which arel®i83tally attached to a | ower 1yoke of a car frame. A conpression
spring biases the support wheel towards the drive wheel thereby clanping a
track t heEddatowrwith Flictionalnivssi on spring provides a 10 constant nor nal
force to ensure that there is sufficient frictional engagenment between the
drive wheel and the track during all operating conditions. This constant

nor mal f oMbe inventiaretedates toeah élevator drel, ovore parditulathe tatn etpvetondictiooally\dnigen t he

el evat or oF:18 [ Str;{ lﬂl |y | oaded and noving upwards at naxi num accel eration. 15
An obj ect Ve9& "t He present invention is to provide alternative ways of
clanpimg the frictional drive to the track. This objective is achieved by
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way of specific exanples with reference to 30 the acconpanying drawings in

which: Figure 1 is a partial plan view of an el evator according to a first
enbodigentanobbjettivepsfetr@npresenty RIentdh; is to provide alternative ways of clamping the

frictional drive to the track. This objective is achieved by an elevator comprising a movable
component, a vertical track mounted along an elevator shaft, driven frictional engagement
means for frictional engagement with one side of the track with a first coefficient of friction,
and support means disposed on an opposite side of the track. The frictional engagement
20 means is pivotally mounted on at least one first lever which pivotally supports an effective
weight of the movable component whereby the first lever makes a first angle with the
horizontal. The tangent of the first angle is less than or equal to the first coefficient of

friction.

25  Accordingly, the driven frictional engagement means are self-gripping against a track. This
effect is achieved primarily by converting the effective weight of the moving component

into normal force acting on the frictional engagement means.

The present invention is herein described by way of specific examples with reference to
30 the accompanying drawings in which:
Figure 1 is a partial plan view of an elevator according to a first embodiment of the present
invention;
Figure 2 is an exploded view of the frictional drive unit of the elevator of Fig. 1;
Figure 3 is a diagram representing the forces acting on the drive unit of Fig. 2;
35 Figure 4 is a plan view of an elevator according to a second embodiment of the invention;
Figure 5 is an exploded view of the frictional drive unit of the elevator of Fig. 4;



Figure 2 is an exploded view of the frictional drive unit of the el evator of
Fig. 1; Figure 3is a diagramrepresenting the forces acting on the drive
unit of Fig. 2; 35 Figure 4 is a plan view of an elevator according to a
second enbodi nent of the invention; Figure 5 is an exploded view of the
frictional "¥3¢e unit of the el evator of 2Fi g. 4; 1P1634 -2 Figure 6 is a

pl an view of an alternative frictional drive unit according to a third
enbodi ment Figlire Ife is @velani vieyw ahdnFalgrnative7 Kictionat Glrivee upit aacoeiding tofa ghird

frictional eQBBé{iﬁer‘Bftthéﬁ-R@WSH“Qn o a fourth enbodinent of the invention in

different operating conditions. A self-propelled elevator 1 according to
t he i nvent Figureass?Asteolih atscpianaiewsaf layfrictionsl dyive ubit agperding tFladfoetth eenbodiment
conpri ses K ' b ri : frictional drive unit 10 along a
verti cal t?%@E"%%Hﬁﬂkﬁgﬁhﬁﬁgékéﬁg?p¥ﬁﬁm r{es'drive unit 4 conprises a pair of
driven #heels 12,14 symmetrically arranged about the track 6 to
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di f f er enceinslirtedest mntdnglet attalthd horzont@hBll force Ff and the wei ght ng provides
the necessary elevator acceleration A. To determ ne an acceptabl e range for

the angle a which ensures that the driven wheels 12,14 are self-clanping to
t he trask Bhe forces actingmiathy ficionalnBivd enit tiDarelllevtadted irlFigt 3r B totdl weigh®b of hi s

by the uheliscershgie Raasite frgedh BeievBistie BieeleslEardiotd seet SbaAruethr y
frictional wheelgd2Fisivaichidevelop equal but opposite normal forces N on opposing sides of the
track 6. The total frictional force F; of the drive unit 10 is a combination of the individual
frictional forces and the motive forces M developed by the wheels 14, 16 against the track
20 6. The difference between the total frictional force F; and the weight m.g provides the

necessary elevator acceleration A.

To determine an acceptable range for the angle a which ensures that the driven wheels

12,14 are self-clamping to the track 6 it is necessary to consider the elevator 1 at rest. In
25 this condition, the wheels 12,14 are stationary, no motive force M is developed by the

wheels 12,14 against the track 6 and therefore the total stationary frictional force Figy is

developed solely from the normal forces N applied to the track 6 from the wheels 12,14.

The stationary frictional force Fit must be able to counteract the weight m.g of the car 2

for all loads otherwise the drive unit 10 will slip. This condition is expressed
30  mathematically in Eqgn. 1.

Egn. 1: FrmZm.g
However since the total frictional force Fr. is derived solely from the normal forces Ny, the
equation can be rewritten in the following sequences:

Eqgn. 2: 2uN 2 m.g



devel oped solely fromthe normal forces N applied to the track 6 fromthe
wheel s 12,14. The stationary frictional force Ftstat nust be able to
counteract the weight ncg of the car 2 for all |oads otherw se the drive
unit 10 wll slip. This condition is expressed 30 mathematically in Egn. 1.
Eqn. 1: Fj'Pd§34 m % However since the tétal frictional force Ffstat is
derived solely fromthe normal forces N1, the equation can be rewitten in
t he folloméqg sequences: Eqn. 2m 2pW? m % |1P1634 - 3 - Egqn. 3: Mi g >nig
tan a Egn.%:3tana < u Cbnsidergggzé%gpecific application where the car 2
has a mass of 200kg and a rated foad 5 of 450kg, the coefficient of
friction pegmetween the track fngnd,each of the driven wheels 12,14 is 0.3,
and the maxi num el evator acceleration Ais 2m s2. For self-gripping, the
angle a, must be equal to or less than 16.7 (arctan 0.3) and in this
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full accel sgé bpmusttve equal & lesstharh §6 A) (aactan 0-3) 208 M (Bis inbancoistseatoy15°i f t he
prior art frictional drive of EP-A1-0870718 is used for the sane 20 system

t he biasing spring nust exert constant force equal to the maxi num nor nal
force NmaXhd HaRENM homedl gdrce Ng,.dezeloped by ieach ef the ayreeit 1t oocsutls whemthewhi ch
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drive unit 30 is used to drive a counterbal anced elevator 1'. As in the

revious enbodinment, the driye unit 30 cC ri se air of driven wheel s
5)2, 14 symmetrically Nmax =Y mcmax(g+RﬂBna1 FrofeN’

The minimum normal force N, developed by each of the wheels 12,14 occurs when the
15 car 2 is unloaded (m.,»= 200kg) and travelling downwards at full acceleration:

On the contrary, if the prior art frictional drive of EP-A1-0870718 is used for the same

20 system, the biasing spring must exert constant force equal to the maximum normal force
Nmax (1028N) through the wheels during all operating conditions which ultimately reduces
the lifespan of the wheels.

Figs. 4 and 5 illustrate an alternative embodiment of the present invention wherein a

25 frictional drive unit 30 is used to drive a counterbalanced elevator 1'. As in the previous
embodiment, the drive unit 30 comprises a pair of driven wheels 12,14 symmetrically
arranged about the track 6 to frictionally engage opposing sides of the track 6. The wheels
12,14 are rotatably mounted on a first pair of levers 16,18 which are interconnected at a
first hinge 20 from which the car 2 is suspended. Each of the levers 16,18 is inclined at an

30 angle a, to the horizontal H. The drive unit 30 also includes a second pair of levers 36,38
arranged symmetrically to the first pair of levers 16,18 about the horizontal H. The second
pair of levers 36,38 is interconnected at a second hinge 32 which is disposed above the
first hinge 20. The second hinge 32 is attached by a rope 22 which is deflected over one
or more pulleys 24 mounted in the top of the elevator shaft 4 to a counterweight 8.

35



arranged about the track 6 to frictionally engage opposing sides of the
track 6. The wheels 12,14 are rotatably nounted on a first pair of |evers
16,18 which are interconnected at a first hinge 20 fromwhich the car 2 is
suspended. Each of the levers 16,18 is inclined at an 30 angle a, to the
hori zont al If4634he drive unit 30 also incfudes a second pair of |evers 36, 38
arranged symmetrically to the first pair of |evers 16,18 about the
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| oad (225kg), the maxi mum normal force Nnmax devel oped by each of the wheels
12, 14 occurs when the cary 2. ul | } ?chfg) and travel ling
upwards at full accel eratl'bah ’S[W”A) F@EAF?E%E%+A + mv(g-A)]tanai =
1473N The m ni mum normal force Nm n devel oped by each of the wheels 12,14
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accel t an
show an al t&rhiaunlcadéd (m&nineﬁaokgjralnderauellimg dvariis ehfull ancdderatisred i n t he
elevator 1 of Fig. 1 or in the counterbal anced elevator 1' of Fig. 4. The
drive thit 40 has a simlar 15 arrangenment to that of Fig. 5 with the
exception that a passive Nppo¥m.ald+A0 mefgA)dteasaond44l t he driven wheel s
12,14. The single driven wheel 12 is nounted on a | ower lever 16 and an
upper lever 36 at one side of the track 6. Each of the |evers 16,18
suppor ti ngFighe stibwvamnaiteshatede flitidnal diived umiied athichncamnigs esedirt tneteﬂmlaltmﬁ gont al
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16,46 ase énnirgeommn&x:thatiofafug & Withr thb éxce;gmn:tlﬁ)at aypaskive tshpparpdir4Ol replaces o6, 48
are inter CS’HH %Fl\?edn w eels ?592%6‘ sin e drlven wheel 12 is mounted on a lower lever 16 and
an upper lever 36 at one side of the track 6. Each of the levers 16,18 supporting the driven
wheel 12 is inclined at an angle a; to the horizontal H. The passive roll 40 is mounted at
the opposing side of the track 6 on a lower support lever 46 and an upper support lever
20 48. The lower levers 16,46 are interconnected at a first hinge 20, while the upper levers

36,48 are interconnected at a second hinge 32.

Since the passive support roll 44 generates no frictional force against the track 6, the
single driven wheel 12 is responsible for developing the total frictional force F; for driving,

25 holding and braking the elevator 1,1’. Accordingly, equations 1 to 4 need to be modified
and the drive unit 40 is self-clamping so long as the following expression is fulfilled:

Eqn. 5: tanaz_ %

Hence, if the coefficient of friction u, between the track 6 and the driven wheel 12 is 0.3 as
in the previous embodiments, then the angle a, at which each of the levers 16,18

30 supporting the driven wheel 12 is inclined to the horizontal H must be equal to or less than
8.5°. The angle B, at which each of the levers 46,48 supporting the roll 44 is inclined to the
horizontal H is not critical since the support roll 44 generates no frictional force against the
track 6.



Since the passive support roll 44 generates no frictional force against the
track 6, the single driven wheel 12 is responsible for devel oping the total
frictional force Ff for driving, 25 holding and braking the elevator 1,1'.
Accor di ngl equations 1 to 4 need to be nodified and the drive unit 40 is
self-clanp%ﬁ@ o long as the following é®pression is fulfilled: Egn.5:
tana2<< 2 Hence, if the coefficient of friction p, between the track 6 and
the dri venIm\mwicallaonlisatﬁpretrmcariniStShapqmdedifromstherﬁitﬁbd\ingerﬂos(asﬂmEiQSt hendnpl e
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horizontal His not critical since the support roll 44 generates no

frictional force against the track 6. IP1634 -5 In a typical application,
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th.the tr t a . se d deflection roller 60 where it is
retur ned tgwﬂ? it ﬁf?vénei%ﬁgéhe @lrve“f% ?3§| | ers 60,62 are carried on a retainer
64 which is pivotally nmounted on a |ower lever 15 16,18 and an upper |ever
36,38. The.lo | s 16,18, ,are int. er nnect ed .at first n 20 and
Dhe uoper - ThE E5ere 80 82 Srd Barfigs 3hh tehtiSh S GEh Reufiualy fbliitbedb"S el ey
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Fig. 7C, aabovepthedsstaningprd.rfach2oflithadsaerd hé 18,3688 ibiintljred at armdnglbe:3 to the
horizontal H. For self-clamping, the angle q; falls within the range quoted in equation 1. As
shown specifically in Fig. 7C, a compression spring 72 biases the first hinge 20 and the

20 second hinge 32 apart.

The drive unit 50 is particularly useful in a counterbalanced elevator 1’ such as that shown
in Fig. 4. However, instead of connecting the car 2 directly to the first hinge 20 and the
counterweight rope 22 to the second hinge 32, both the car 2 and the counterweight rope

25 22 are connected to a connector 66. Accordingly, the effective weight g{m,,-m.) acting on
the connector 66 is the imbalance between the weights of the car 2 and the counterweight
8.

The connector 66 includes a first recess 68 retaining the first hinge 20 and a second
30 recess 70 retaining the second hinge 32. As illustrated in Fig. 7A, when the car 2 is empty,
the counterweight 8 is heavier than the car 2 and this imbalance in the respective weights
acts as an upwards force g(m,-m;) on the connector 66. The connector 66 in turn
engages with the second hinge 32 to impart forces through the upper levers 36,38 and the
roller retainers 64. These imparted forces are converted by the rollers 60,62 into normal
35 forces pressing the belts 58 into frictional engagement with the respective sides of the

track 6. During this procedure, the first hinge 20 is loosely retained in its recess 68 and a



20 second hinge 32 apart. The drive unit 50 is particularly useful in a
count er bal anced el evator 1' such as that shown in Fig. 4. However, instead
of connecting the car 2 directly to the first hinge 20 and the

count er wei rope 22 to the second hinge 32, both the car 2 and the
countermelgﬁp ope 25 22 are connected 0 a connector 66. Accordingly, the
effective weight g(nw nt) acting on the connector 66 is the inbal ance

bet ween t helearaheh Csbetveeh dhe genmectniB6 ard theufitslehings gRtensgresTiherecismretoresr 66

i ncl udes a etaining the first hinge 20 and a second 30
recess 70 Péé%ﬁ%ﬁ%ﬁﬁkﬁ%hgé %nd hinge 32. As illustrated in Flg, 7A, when the
car 2 is enpty, the counterweight 8 is heavier than the car and this
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i npart fortoeseﬂrénsou@prtmerdth!mghl evers 16, 18 and the roller retainers 64.
These inparted forces are converted by the rollers 60,62 into nornmal forces
pressing the belts 58 into frictional engagenment with the respective sides
of the tr¥Hendhe Eand anyl thieicoupteoraghtBegre tbhlanserdt amdistationpey, 38 shewhan§igl yC,
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t he second hihge Orce transmssio
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Wi th the tothelwife bgnd tuntaw diod ibells &H8yaway from the track 6. Once, the drive 50 unit
commences to move, one of the hinges 20,32 will again come into engagement with the
connector 66 and forces will be transmitted through the levers, retainers and rollers to
20 develop normal forces between the belts 58 and the track 6.

Considering a specific application where the car 2 again has a mass of 200kg and a rated
load of 450kg, the mass of the counterweight m, is 425kg, the maximum acceleration A is
2m/s® and the coefficient of friction s between the track 6 and each of the belts 58 is 0.2.
25  For self-gripping, the angle a; must be equal to or less than 11.3° (arctan 0.2) and in this

instance is set to 10°.
The maximum total normal force Nna developed by each of the belt drives 52,54 is:
30 Nmax = ¥2 (M-my}{g+A)tana; = 234N

Assuming that this is distributed evenly over the rollers 60,62, then the normal force per
roller 60,62 is only 59N.

35 The skilled person will readily appreciate that specific elements of any one of the

embodiments described above can be substituted with corresponding elements from



wei ght conponent of roller retainers 64 or any elasticity in the belts 58
which would otherwise tend to draw the belts 58 away fromthe track 6.
Once, the drive 50 unit conmences to nove, one of the hinges 20,32 wll
again cone _into engagenent with the connector 66 and forces will be
transnitteﬁ”@ﬁ?ough the levers, retaineré-and rollers to 20 devel op nor mal
forces between the belts 58 and the track 6. Considering a specific

appl i cat i oanatherrembddéimertrto Qivaganew harkanh ohthe snventi®0 Moy esandiple, any efdhe doeah of
450kg, the fy At c ) i kS .4 i ion A
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Nmax =' 96 (argle awis(ngedifjadeacedrdingh84N Assuming that this is distributed evenly
over the rollers 60,62, then the normal force per roller 60,62 is only 59N
35 The skilled person will readily appreciate that specific elenments of any
one of the enbodinents described above can be substituted with
correspondi ng el enents from | P1634 -7- another enbodi ment to give a new
variant of the invention. For exanple, any of the driven wheels 12,14 of

t he enbodi nents shown in Figs. 2, 5 or 6 can be replaced by a belt drive
52,54 according to Figs. 7A-7C and vice versa. Simlarly, either of the
belts drives 52,54 of Figs. 7A-7C can be substituted with a passive support
roller of Fig. 6 provided that the 5 angle a3 is nodified accordingly.

| P1634 -8- Cains 1. An elevator (1,1') conprising a novabl e conponent
(2,8,22,66), a vertical track (6) mounted along an el evator shaft (4),
driven frictional engagenent neans (12;58,60,62,64) 5 for frictional
engagenent with one side of the track (6) with a first coefficient of
friction (111;113), and support neans (14;44;58, 60, 62, 64) di sposed on an
opposite side of the track (6) wherein



the frictional engagenent neans (12;58, 60,62,64) is pivotally nounted on at
| east one first Ilever (16;36) which pivotally supports an effective wei ght
(mg) of the novabl e conponent 10 (2,8,22,66) whereby the first |ever (16;
36) makes a first angle (al;a2;a3) with the horizontal (H) characterised in
that a tanlfdf®4of the first angle (al:a28a3) is less than or equal to the
first coefficient of friction (N1;1J3) 15 2. An elevator (1,1') according
to claimiClamerein the frictional engagenent neans is a friction wheel
(14). 3. An elevator according to claim1, wherein the frictional engagenent
means 20 includes a plurality of rollers (60,62) pressing a notor driven
belt (58) 1.nto Angeyateeli1) spmpriginga maveklecemponentAR,8a2:66it avedicaldragkri®) t o
claim 3, . at
east one. APUREE alohf e dnall B bk ARHERERdeehent FElhy Pz 48¥0288, 2
An el evat ofor frintionali engagemantywithr eoe didegofcthaitrackvifemiihra filse cgefﬁgemtt offgietion
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nmovi ng conGpmbateir( 2, 8, 22, 66). 30 6. An el evat or according to claim5 having

?I f!stnglhlenfﬂhé?%u)oﬁéﬁeerng%&?r%erﬂw eﬂs’}ﬂg %\%e%%g%’ﬁ yc%l f%gbntbﬁeva?%’%@ﬁﬁ et?isat a
wher ei n t hieverppi86) whish pivotally suppertsan dfféatien wieight (ohaefl the meevgblessempomenins

(14; 58,50, &%nggls@m%rz%é@ fﬁéﬁ&?ér?‘i ?@fﬁé@s@nﬁs{’a & &”05 ﬁ)\r;\@% fﬁe%ﬁ.? ntal

fri ctlonal ans 1s rst Tever
(38) and a{H)ower first |ever (16) arranged | P1634 - 9 symTetrl cal ly about
t he horizo e first angle (al;a2;a3), the support nmeans (14; 44,
58, 60, 62, 6 a%cééége\qglﬁ eﬂaltly nount ed on an upper second |ever (38) and a | ower
second | evatanges ofahe dirg edgley(ommat, od) caleky thenoartequiaktohtbe ifirsi ropafficiehl ofdtiction
second angg

M1;H3).
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2. An elevator (1,1’) according to claim 1, wherein the frictional engagement means is

a friction wheel (14).

3. An elevator according te claim 1, wherein the frictional engagement means
20 includes a plurality of rollers (60,62) pressing a motor driven belt (58) into engagement
with the track (6).

4, An elevator according to claim 3, wherein the rollers (60,62) are housed in a
retainer (64) and at least one of the rollers (62) is spring biased towards the track (6).
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5. An elevator according to any preceding claim, wherein the support means
(14,44;58,60,62,64) is pivotally mounted on at least one second lever (18,38) which also
pivotally supports the effective weight (mg) of the moving component (2,8,22,66).

3 6. An elevator according to claim 5 having a single first lever {(16) and single second
lever (18) interconnected at a first hinge (20) which supports the weight (m.g) of an
elevator car (2) and wherein the support means is a second driven frictional engagement
means (14,58,60,62,64).

s 7. An elevator according to claim 5, wherein the frictional engagement means is

pivotally mounted on an upper first lever (38) and a lower first lever (16) arranged



(al; R, a3), the lower levers (16,18) are interconnected at a first hinge
(20), and the upper 5 levers (36,36) are interconnected at a second hi nge
(32) 8. An elevator according to claim7, wherein the noving conponent is
|nterc2ﬁ§$£ted el evator car (2) and éguntermeight (8), whereby the car
(2) is con d to one of the first and the second hinges (20,32) and the
counterweight (8) is connected to 10 the other of the first and the second

hi nges ( 325ypupetrically gbast dhartherizenteloittli #ighe direll angle 10+l eth SUPBORTVSHT

conmponent iﬁmé@r is pif&aIY MEMERNBREH UPpdNs&lofdabOsr &R dnd) a iGwér
count erwei ght {8), 'wher'eby the connecter (66) selectively engages with the

first and $avenddexsnd 1Bl Agasogheympptrigalie Abewghehasizartah ) at g saspad Angle
bet ween th@ B3, (t4e 1o 14 ?%W‘m earrwtg.%m(&}ed éto%ﬂéﬁ' hﬂg%VQbPranQQHQMQP&g to

claim9 fu er _conprising biasing nmeans ias the first and

second i nigeers (303 e ipsercenneptediat a sqeopd ékﬂﬂ@(@z)accordl ng to any of clains 7
to 10, wherein the support neans is a roll (44). 12. An elevator according
to any of clains 7 to 10, wherein the su_Pport nmeans is a second driven
fricti onal%nga’@f@n@ﬁvatmmor@m 39, 6827 .cwheredn thg, MRYing| @paPenericoram ng

to claimlg er%ﬁé@(b& e‘eﬁtﬁto?%ﬁp aflg| 'c¥ elfmrélﬁ'(é)n@hereﬁ?g?eg@émg)t |s'E’3ﬁHé°ctédlé

58, 60, 62, 64 es t te si ack second
coeffici en@neo@ft e iegtiand tbwﬁemyd hingr @O@hgéﬂttha)ﬁoqn’ﬁ@rw@a%@ igggnrected toal)

I's Tess, thaB ot P Hedrstlahd e sS&naHingee 83 oGl ent of friction (N1;p3). 30

9, An elevator according to claim 7, wherein the moving component is a connector
(66) interconnecting an elevator car (2) to a counterweight (8), whereby the connecter (66)
selectively engages with the first and the second hinges (20,32) depending on a weight

15 imbalance between the car (2) and the counterweight (8).

10. An elevator according to claim 9 further comprising biasing means (72) to bias the
first and the second hinges (20,32) apart.

20 11, An elevator according to any of claims 7 to 10, wherein the support means is a roll
(44).

12.  An elevator according to any of claims 7 to 10, wherein the support means is a
second driven frictional engagement means (14,58,60,62,64).
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13. An elevator according to claim 12, wherein the second driven frictional
engagement means (14;58,60,62,64) engages the opposite side of the track (6) with a
second coefficient of friction (us;Hs), and a tangent of the second angle (a,;as) is less than
or equal to the second coefficient of friction (J4;u3).

30



