
IP1634 - 1 - Elevator with Frictional Drive The invention relates to an
elevator and, more particularly, to an elevator frictionally driven  along a
track. 5 A frictionally driven elevator is described in EP-A1-0870718 in
which a drive wheel and a  support wheel are rotatably mounted on levers
which are pivotally attached to a lower  yoke of a car frame. A compression
spring biases the support wheel towards the drive  wheel thereby clamping a
track therebetween. The compression spring provides a 10 constant normal
force to ensure that there is sufficient frictional engagement between the
drive wheel and the track during all operating conditions. This constant
normal force is  determined from the critical operating condition when the
elevator car is fully loaded and  moving upwards at maximum acceleration. 15
An objective of the present invention 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; IP1634 -2 Figure 6 is a
plan view of an alternative frictional drive unit according to a third
embodiment of the invention; and Figures 7A to 7C are plan views of a
frictional drive unit according to a fourth embodiment  of the invention in
different operating conditions. 5 A self-propelled elevator 1 according to
the invention is shown schematically in Figs. 1  and 2. The elevator 1
comprises a car 2 which is driven by a frictional drive unit 10 along a
vertical track 6 mounted in a shaft 4. The drive unit 4 comprises a pair of
driven wheels  12,14 symmetrically arranged about the track 6 to
frictionally engage opposing sides of 10 the track 6. The wheels can be
rotated in a conventional manner by one or two motors  (not shown). The
wheels 12,14 are rotatably mounted on levers 16,18 which are  interconnected
at a hinge 20 from which the car 2 is suspended. Each of the levers is
inclined at an angle a, to the horizontal H. 15 The forces acting on the
frictional drive unit 10 are illustrated in Fig. 3. The total weight of  the
car mcg is transmitted through the symmetric levers 16,18 and into each of
the driven  wheels 12, 14 which develop equal but opposite normal forces N
on opposing sides of the  track 6. The total frictional force Ff 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 Ff and the weight mg 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 Ffstat is  



developed solely from the normal forces N applied to the track 6 from the
wheels 12,14.  The stationary frictional force Ftstat must be able to
counteract the weight mcg of the car 2  for all loads otherwise the drive
unit 10 will slip. This condition is expressed  30 mathematically in Eqn. 1.
Eqn. 1: Fj"og >_ m % However since the total frictional force Ffstat is
derived solely from the normal forces N1, the  equation can be rewritten in
the following sequences: Eqn. 2: 2pW ? m,% IP1634 - 3 - Eqn. 3: Mn`g >m'g
tan a  Egn.4: tana <_u Considering a specific application where the car 2
has a mass of 200kg and a rated load  5 of 450kg, the coefficient of
friction p, between the track 6 and each of the driven wheels  12,14 is 0.3,
and the maximum elevator acceleration A is 2m/s2. For self-gripping, the
angle a, must be equal to or less than 16.7 (arctan 0.3) and in this
instance is set to 15.  The maximum normal force Nmax developed by each of
the wheels 12,14 occurs when the  10 car 2 is fully loaded (mcmax 650kg) and
travelling upwards at full acceleration: Nmax =',,2mcmax(g+A)tana, = 1028N
The minimum normal force Nmin developed by each of the wheels 12,14 occurs
when the  15 car 2 is unloaded (mcmin 200kg) and travelling downwards at
full acceleration: Nmin ='1/2 mcmin(g-A)tana, = 209N 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 IP1634
-4 Using the same parameters from the last embodiment and assuming the mass
of the  counterweight mH, is the mass of the car (200kg) plus half the rated
load (225kg), the  maximum normal force Nmax developed by each of the wheels
12,14 occurs when the car  2 is fully loaded (mcmax 650kg) and travelling
upwards at full acceleration: s Nmax ='%2 [mcmax(g+A) + mw(g-A)]tanai =
1473N The minimum normal force Nmin developed by each of the wheels 12,14
occurs when the  car 2 is unloaded (mcmin= 200kg) and travelling upwards at
full acceleration: 10 Nmin ='' A [mcmin(g+A) + mw(g-A)]tana, = 444N Fig. 6
show an alternative frictional drive unit 40 which can be used in the
elevator 1 of  Fig. 1 or in the counterbalanced elevator 1' of Fig. 4. The
drive unit 40 has a similar  15 arrangement to that of Fig. 5 with the
exception that a passive support roll 40 replaces one of the driven wheels
12,14. The single driven 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 a2 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 Ff 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:  Egn.5:
tana2<< 2 Hence, if the coefficient of friction p, between the track 6 and
the driven wheel 12 is 0.3 as  in the previous embodiments, then the angle
a2 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 R,
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. IP1634 -5 In a typical application,
the car 2 is suspended from the first hinge 20 (as in Figs. 1 and 4)  and,
if present, a counterweight 8 can be interconnected to the second hinge 32
(as in Fig.  4). 5 Figs. 7A to 7C illustrate a frictional drive unit 50
according to the presently preferred  embodiment of the invention. The drive
unit 50 comprises a pair of belt drives 52,54  symmetrically arranged about
the track 6 to frictionally engage opposing sides of the track  6. Each belt
drive 52,54 includes a toothed drive wheel 56 which engages with a toothed
internal surface of an endless belt 58. The belt 58 passes around a
deflection roller 60 to 10 come into engagement with the track 6, along
pressing rollers 62 spring biased towards  the track, and comes out of
engagement with the track 6 at a second deflection roller 60  where it is
returned to the drive wheel 56. The rollers 60,62 are carried on a retainer
64 which is pivotally mounted on a lower lever  15 16,18 and an upper lever
36,38. The lower levers 16,18 are interconnected at a first hinge  20 and
the upper levers 36,38 are interconnected at a second hinge 32 arranged
vertically  above the first hinge 20. Each of the levers 16,18,36,38 is
inclined at an angle a3 to the  horizontal H. For self-clamping, the angle
a3 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(mw mc) 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(mw mc) 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 IP1634 -6- clearance C between the connector
66 and the first hinge 20 ensures there is no force  transmission
therethrough. Fig. 7B illustrates the reverse situation when the car 2 is
fully loaded and the weight  5 imbalance acts as a downwards force g(m,-mw)
on the connector 66. The connector 66  engages with the first hinge 20 to
impart forces through the lower levers 16,18 and the  roller retainers 64.
These imparted forces are converted by the rollers 60,62 into normal  forces
pressing the belts 58 into frictional engagement with the respective sides
of the  track 6. During this procedure, the second hinge 32 is loosely
retained in its recess 70 and 10 a clearance C between the connector 66 and
the second hinge 20 ensures there is no  force transmission therethrough.
When the car 2 and the counterweight 8 are balanced and stationary, as shown
in Fig. 7C,  there is no effective weight acting on the connector 66. The
compression spring 72  15 ensures that the belts 58 remain in engagement
with the track 6 by counteracting any 



weight component of roller retainers 64 or any elasticity in the belts 58
which would  otherwise tend to draw the belts 58 away 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 mw is 425kg, the maximum acceleration A
is  2m/s2 and the coefficient of friction p3 between the track 6 and each of
the belts 58 is 0.2. 25 For self-gripping, the angle a3 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 Nmax developed by each of the belt drives 52,54 is:  30
Nmax ='% (m(,-mw)(g+A)tana3 = 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 IP1634 -7- another embodiment to give a new
variant of the invention. For example, any of the driven  wheels 12,14 of
the embodiments shown in Figs. 2, 5 or 6 can be replaced by a belt drive
52,54 according to Figs. 7A-7C and vice versa. Similarly, 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 modified accordingly.
IP1634 -8- Claims 1. An elevator (1,1') comprising a movable component
(2,8,22,66), a vertical track (6)  mounted along an elevator shaft (4),
driven frictional engagement means (12;58,60,62,64)  5 for frictional
engagement with one side of the track (6) with a first coefficient of
friction (111;113), and support means (14;44;58,60,62,64) disposed on an
opposite side of the track  (6) wherein 



the frictional engagement means (12;58,60,62,64) is pivotally mounted on at
least one first  lever (16;36) which pivotally supports an effective weight
(mg) of the movable component  10 (2,8,22,66) whereby the first lever (16;
36) makes a first angle (a1;a2;a3) with the horizontal  (H) characterised in
that a tangent of the first angle (a1;a2;a3) is less than or equal to the
first coefficient of friction  (N1;IJ3) 15 2. An elevator (1,1') according
to claim 1, wherein the frictional engagement means is  a friction wheel
(14). 3. An elevator according to 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). 25 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). 30 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 (meg) of an  elevator car (2) and
wherein the support means is a second driven frictional engagement  means
(14;58,60,62,64). 35 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 IP1634 -9- symmetrically about
the horizontal (H) at the first angle (a1;a2;a3), the support means  (14;44;
58,60,62,64) is pivotally mounted on an upper second lever (38) and a lower
second lever (18) arranged symmetrically about the horizontal (H) at a
second angle  



(a1;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 hinge
(32). 8. An elevator according to claim 7, wherein the moving component is
an  interconnected elevator car (2) and counterweight (8), whereby the car
(2) is connected 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
hinges (32,20). 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). 25 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 (N1;N3), and a tangent of the second angle (a1;a3)
is less than  or equal to the second coefficient of friction (N1;p3). 30 


