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[57] ABSTRACT

The invention applies principally to hand-operated bi-
cycle brakes of the type which bring brake blocks
mounted on calipers to bear on the wheel rims, al-

“though the invention may be applied to other types of

brakes such as disk or hub brakes and to other vehi-
cles and machines. A varying mechanical advantage,
the degree of which being set by sensing the applica-
tion force, is given between the application lever and
the brake blocks. Such an arrangement allows for a
large braking force to be applied compared with
mechanisms having constant mechanical advantage,
and it can compensate for wear without the need for
periodic adjustments. The larger-than-normal braking
force allows the use of brake-block materials which,
while having a lower dry coefficient of friction than
the conventional rubber composition brake blocks,
have relatively improved wet-weather performance.

3 Claims, 3 Drawing Figures
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1

VARIABLE-LEVERAGE BRAKES FOR BICYCLES
AND THE LIKE

This invention principally concerns bicycle brakes
which operate on standard wheel rims, front or rear,
and provide improved wet-weather braking, automatic
wear compensation, and reduced cable and linkage
stresses with consequent greatly improved reliability.

Presently available bicycle brakes are manufactured
in several types. The most commonly used in the
United States has been the rear-wheel ‘coaster’ or
back-pedalling brake, which is effective on the back
wheel only in wet and dry conditions. However, be-
cause the weight of a vehicle and rider is transferred
predominantly to the front wheel in emergency stops,
it is important to have adequate braking means on the
front wheel.

Internal-expanding drum brakes have also been made
for bicycles and have been used on both wheels. Their
effectiveness has been generally judged to be poor even
in dry weather. In addition, a heavy hub and spokes
have to be used to transmit the braking torque at a
small diameter.

Recently, disk brakes have been developed for motor
cycles and lately for bicycles. On bicycles these have so
far been applied only to the rear wheels. They are
claimed to be a considerable advance on drum brakes,
but still involve a weight penalty.

So-called lightweight bicycles use brakes in which
rubber-composition blocks are squeezed on to. the
wheel rims by means of calipers. These brakes are ef-
fective in dry weather, but suffer a very serious drop in
performance when the wheel becomes wet. The coeffi-
cient of friction has been found in tests to fall to be-
tween one-third and one-twentieth of the normal, dry,
value. Riders must therefore compensate by applying a
much greater braking force. In doing so, the flexible-
cable system, which is almost universally used for actu-
ation, is strained and occasionally fails at the moment
when the need is greatest. .

It is not feasible simply to change the leverage be-
tween the hand lever and the brake blocks because a
considerable allowance must be made for wheel wob-
ble and for brake-block wear in determining the maxi-
mum movement which the brake blocks must undergo
when the hand lever is squeezed.

The present invention is designed to overcome the
major disadvantages of rim brakes and thereby to make
them superior to any existing form of bicycle brake for
either front or rear wheel.

The essential principle of the present invention is that
the connection between the hand lever and the brake
block has a varying mechanical advantage. Initial
movement of the hand lever moves the brake blocks at
a low mechanical advantage; in other words, the brake
blocks move a comparatively large distance for a small
movement of the hand levers. As the brake blocks
make contact with the rim, the mechanisms to be de-
scribed sense the increase in reaction force and, at a
predetermined level, increase the mechanical advan-
tage gradually or in a step-wise manner so that a normal
force at the hand lever is capable of giving a force at
the rim much increased over that which can be deliv-
ered by normal caliper brakes.

This capability in itself gives substantial advantages.
It also enables one to use brake-block materials which,
while having a smaller dry coefficient of friction than
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have typical rubber-composition brake blocks, suffer a
smaller proportional reduction in friction coefficient
when wet. We have carried out tests on typical bicycle
wheels with various brake-block materials, and these
tests have shown that materials formulated for automo-
bile disk brake pads experience a fall in coefficient of
friction from about 0.35 when dry to 0.10 when wet.
Typical rubber-composition brake blocks showed a fall
from about 0.90 to 0.13 in the same conditions.

Two embodiments of this invention will now be de-
scribed. The first approach is to use mechanical levers
having at least two alternative fulcrum points. The sec-
ond approach is to use hydraulic cylinders of at least
two face areas. In both cases the transfer from low to
high mechanical advantage is effected by sensing

brake-block contact forces.

These embodiments of the invention will now be de-
scribed in conjunction with the appended drawing in
which

FIG. 1 is an elevation showing the basic components
of a mechanical system; .

FIG. 2 shows a detail of FIG. 1; and

FIG. 3 illustrates a hydraulic system.

' MECHANICAL-LEVER MECHANISM

This embodiment of the invention may be under-
stood by reference to FIG. 1. In this figure, 1 and 2 are
the brake blocks which bear on the metal rim of the
wheel, 3. The main caliper of the brake, 4, is pivoted
to the bicycle frame through a hole, §, and provided
with a centering spring or other mechanism, not shown,
of conventional type.

Brake-block 1 is rigidly fixed to the main caliper 4

while brake-block 2 is mounted on a spring-returned
slider, 6, in the second caliper, 7, which is free to slide
on a straight member 8 of the main caliper, of such a
form that relative rotation of the second caliper is not
possible. For instance, the straight member of the main
caliper, 8, may be of rectangular section, as it was in
the prototype, or there may be a multiplicity of circular
rods, or one member circular in cross section may have
a keyway.
. Alever, 9, is pivoted on the second caliper by a pin
or other bearing 10, serving as a fulcrum and bears on
the slider-mounted brake block 2 at a cam drive en-
gagement surface, 11, The lever 9, incorporates a re-
tainer or fastener, 12, for the actuating cable, 13. The
outer housing, 14, of the actuating cable, 13 is retained
in a conventional screw adjuster, 15, mounted on the
main caliper. The operating cable is connected to a
conventional hand lever (not shown) as used on most
lightweight bicycles. A spring, 16, tends to push the
second caliper outward on member 8 when the actuat-
ing cable is released.

In operation, squeezing of the hand lever causes re-
traction of the actuating cable in the normal manner
for bicycle hand brakes. The proportionns of the mech-
anism (to be more fully described below) are such that
the second caliper 7 slides along the straight member
8 until a predetermined force has been applied, which
will normally occur through the action and reaction of
the brake blocks 1 and 2 bearing against the wheel rim
3. When a force on the cam drive surface 11 has built
up sufficient force to overcome the preload on the
spring, 17, together with frictional forces, in the slider-
mounted brake block 2, it can be designed that the sec-
ond caliper 7 will lock on the straight member 8. Fur-
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ther movement of the actuating cable moves the lever
¢ around the fulcrum pin 10, and brings a high mechan-
ical advantage to movement of the brake block 2.

The proportions to which the mechanism must be de-
signed are now described with reference to FIG. 2,
which shows diagrammatically the second caliper 7 on
the straight member 8 of the main caliper, at the point
of sliding. The force applied by the actuating cable is
F’; the brake-block reaction is Fo, and the normal and
frictional forces acting at the ends of the slider are Flx,
Fly, F2x and F2y. The signifacant dimensions q, b, c,
and d are shown in FIG. 2.

Consideration of the balance of forces and moments
results in the following.

Fly=Fy Fly=2y=Fy.

Flx=uFly=uF2y= F2x = Fx

(F2x = uF2y) where u is the coefficient of friction

F'=2Fx = Fo

Fyd+F b+ Fxa=Foc

These can be rearranged to show the relationship be-
tween Fo and F’:

((FolF") =((dfap.) + 2bla + 1)/((d/ap) + 2cla + 1))

This relationship enables the actuating force F' at
which the brake-force reaction reaches a certain value
Fo, to be set. The spring preload in the spring-returned
slider 6 carrying brake-black 2 should be adjusted to
this force F'.

For the second caliper to lock under the brake-force
reaction Fo, the following relation must be satisfied.

2ulal2b + ¢/d) > 1

In the prototype, s for aluminum on aluminum is
about 1.05, and a/d = 0.63 and ¢/d — 1.58. b was ap-
proximately zero.

Hydraulic mechanism

The hydraulic embodiment of this invention will now
be described with reference to FIG. 3.

The brake blocks, 18, are fixed to the pistons of iden-
tical brake cylinders, 19, of conventional design. The
master cylinder, 20, which is actuated by a hand lever
(not shown) contains a stepped piston, 21, having a
larger diameter, 22, and a smaller diameter, 23. The
outlet, 24, from the smaller-diameter cylinder and the
outlet, 25, from the larger-diameter cylinder are con-
nected to a pressure-sensing bypass valve, 26 in which
is incorporated (in the present embodiment) a hydraul-
ic-fluid reservoir, 27. The smaller-diameter cylinder is
connected directly through a tee-connection, 28, with
the brake cylinders and also with the high-pressure face
of a spool, 29. The spool and the ports machined in the
surrounding cylinder constitute the spool valve.

The spool, 29, is urged to the left by a spring, 30. In
the leftward position, fluid leaving the larger-diameter
cylinder through the port, 25, enters the chamber, 31,
and leaves through port, 32. This fluid then combines
with the fluid from the smaller cylinder in the manifold,
33, the total of which fluid passes on to the brake cylin-
ders.

When the brake shoes contact the rim of the wheel,
34, the continued force on the hand lever causes the
pressure in the fluid lines to increase. This pressure is
sufficient to overcome the initial loading in the spring,
30, causing the spool, 29, to move to the right. Almost
immediately the spool valve closes the port, 32, from
which fluid from the larger-diameter cylinder could
pass to the brake cylinders. Thus only fluid from the
smaller-diameter cylinder is used to provide the brak-
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ing action, resulting in a high force mechanical advan-
tage.

Meanwhile, pressure in the chamber, 31, increases
until the auxiliary spool, 35, compresses the soft spring,
36, and allows the fluid to escape through the port, 37,
into the reservoir, 27. Thus the pressure in the chamber
is always below the pressure on the spool valve at the
inlet port, 38.

Release of the hand lever reduces the high pressure
at the left-hand port, 38, and the compressed spring,
30, returns the spool, 29, to its original position. Return
springs, 39, in the brake cylinders assure rapid release
of the brake blocks from the wheel rim, while forcing
fluid back into the master cylinder. Suction caused by
the spring-induced return action of the master piston
draws the remaining fluid necessary from the reservoir
through the one-way ball valve, 40, the chamber, 31,
and/or manifold, 33, back to the master cylinder.

What we claim is:

1. A braking mechanisms for bicycle wheels and the
like, comprising a pair of caliper elements each carry-
ing a respective brake block;

one such caliper element being carried by the other
caliper element and having relative movement
thereon; and means predetermining an initial brak-
ing force whereby said one caliper element has said
relative movement to a limiting position responsive
to said brake blocks having initial wheel engage-
ment for braking thereof with said initial predeter-
mined braking force;

manually operable means for effecting relative move-
ment of said caliper elements to effect said initial
wheel engagement;

a lever carried by said one caliper element and secur-
ing means providing relative movement with re-
spect thereto;

said manually operable means being attached to said
lever to effect said initial relative movement of said
caliper elements and respective brake blocks to ef-
fect wheel engagement;

said means predetermining an initial braking force
comprising a movable mount means for the respec-
tive brake block of said one caliper element for
subsequent movement of said brake block after
said initial engagement to effect increased braking
pressure upon continued operation of said manu-
ally operable means;

and drive means whereby said lever effects move-
ment of said latter brake block to effect said in-
creased braking pressure.

2. A braking mechanism as set forth in claim 1, said
other caliper element having a member on which said
one caliper element is slidable and tiltable, and a spring
intermediate said caliper elements and carried on said
member for initially spacing the respective brake
blocks away from a wheel; wherein initial braking force
applied to said caliper elements effects tilting of said
one caliper element on said member to achieve a
locked condition thereon responsive to said initial
wheel engagement.

3. A braking mechanism as set forth in claim 1,
wherein said one caliper element is slidable on said
other caliper element and said securing means permits
rocking of lever; said movable mount means of said re-
spective brake block comprising bias means having a
preloaded stress which determines the initial braking
force and being overcome by rocking of said lever sub-
sequent to said initial engagement of said brake blocks

to effect said increased braking pressure.
* ¥ * * *
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1

BICYCLE BRAKE WITH FORCE MODIFYING
MEANS

BACKGROUND OF THE INVENTION

This invention relates to variable leverage types of
bicycle brake assemblies such as disclosed in my prior
copending application, Ser. No. 602,668, filed Aug. 7,
1975, with respect to which the present application is a
continuation-in-part.

Generally, brake assemblies of the foregoing type
include a pair of calipers having brake pads that are
sequentially displaced into braking contact with the
bicycle wheel rim at low and high leverage ratios re-
spectively when force is applied through a Bowden wire
cable device from a handle bar mounted actuator. The
higher mechanical advantage available with such brake
assemblies as compared to standard brake assemblies
heretofore utilized, permits use of brake pads made of
friction material having a much lower dry coefficient of
friction and a higher wet coefficient of friction whereby
a slightly better dry braking action is realized while wet
braking is significantly improved.

In the brake assembly disclosed in my prior copend-
ing application aforementioned, a slidable caliper is
disclosed displaceable on a locking track structure
associated with the force applying linkage to prevent

further displacement of the slidable caliper after initial -

brake contact is achieved resulting in subsequent dis-
placement of the pivoted caliper at a higher leverage
ratio. In such an arrangement, machining of the track
and slider parts is difficult making fabrication of the
brake assembly expensive. Also, the track and slider
parts are exposed to wheel spray and likely to accumu-
late dirt and contaminate the lubricant required for the
slide bearing surfaces. Further, because of the torque
loading involved, track parts require high strength ma-
terial or heavy section material.

In order to obtain movement of the calipers in the
correct sequence, a rather heavy preload spring was
required to prevent initial displacement of the high
leverage caliper. Because of this resisting force require-
ment, design of brake assemblies in accordance with
the disclosure in my prior copending application, afore-
mentioned, was restricted by the preload spring size.

It is therefore an object of the present invention to
provide an improved brake assembly of the variable
leverage type which avoids the drawbacks aforemen-
tioned including a reduction in the preload spring re-
quirement, more easily machined and less massive
parts and greater protection against lubricant contami-
nation.

SUMMARY OF THE INVENTION

In accordance with the present invention, the caliper
initially displaced at a low leverage ratio is pivotally
mounted about a pivot axis fixed to the bicycle frame
and connected by a link to a slide collar to which the
sheathing of the cable actuator is connected. The slide
collar is slidably mounted on a cylindrical guide mem-
ber for displacement against the bias of a shielded pre-
load spring until locking occurs because of eccentric
loading applied when brake contact is achieved. The
low leverage caliper is thereby locked to a bridging
lever element to which the guide member is connected.
The bridging element is pivotally mounted on the same
fixed pivot axis and pivotally carries the high leverage
caliper to which the cable core is connected for subse-
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quent displacement. The high leverage caliper is cou-
pled to the bridging lever element by a toggle device
through which the resisting force of the preload spring
is applied. The toggle device buckles when miovement
of the high leverage caliper begins to thereby reduce
the resisting force applied.

The slide collar and guide member form a slide cou-
pling assembly which is less massive and more easily
machined and also mounts the preload spring. A pro-
tective cap interconnects the cable sheathing with the
slide collar coupling and protectively encloses the
guide member coupling to retain and prevent contami-
nation of lubricant for the slide bearing surfaces.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

FIG. 1 is a front elevational view of a bicycle brake
assembly in accordance with the present invention.

FIG. 2 is a side elevational view of the brake assem-
bly as viewed from one side of FIG. 1.

FIG. 3 is a side elevational view of the brake assem-
bly as viewed from a plane indicated by section line
3—3in FIG. 1.

FIG. 4 is a top section view taken substantially
through a plane indicated by section line 4—4 in FIG.
1

FIG. § is an enlarged partial section view taken sub-
stantially through a plane indicated by section line 5—35
in FIG. 4.

FIG. 6 is a front elevational view of a disassembled
force modifying toggle device associated with the brake
assembly in an inactive limit position.

FIG. 7 is a front elevational view of the toggle device
as shown in FIG. 6 but in an activated position.

FIG. 8 is a graph depicting the resisting force rela-
tionship for the high leverage braking action associated
with the brake assembly of the present invention.

FIG. 9 is‘a partial sectional view taken substantially
through a plane indicated by section line 9—9 in FIG 1.

DETAILED DESCRIPTION OF A SPECIFIC
EMBODIMENT

Referring now to the drawings in detail, FIG. 1 illus-
trates a brake assembly generally referred to by refer-
ence numeral 10 associated with a conventional two
wheel bicycle having a wheel 12 adapted to be engaged
by the brake assembly. The brake assembly is opera-
tivey mounted on the bicycle frame so as to position a
pair of brake engaging pads 14 and 16 adjacent oppo-
site axial sides of the wheel rim 18 associated with the
wheel 12. The brake pads are respectively carried by
the lower end portions of a pair of calipers 20 and 22 of
the brake assembly. The brake assembly is manually
actuated by means of a standard type of hand lever
actuator 24 adapted to be mounted, for example, on
the handle bar 26 of the bicycle as shown. The hand

" lever actuator is connected to the brake assembly 10

60
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through a Bowden wire cable device 28 which includes
an outer tubular casing or sheathing 30 and an inner
slidable core or cable 32. The outer tubular sheathing is
anchored at one end of the actuator bracket 34 while
the cable 32 is connected to the hand lever 36 through
connecting pin 38. The ends of the sheathing 30 and
cable 32 remote from the actuator 24 are connected to
the brake assembly 10 in a manner to be described
hereafter in detail.

Referring now to FIGS. 2 and 4 in particular, the
brake assembly 10 is pivotally mounted on the frame of
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the bicycle by means of an attachment bolt 40 having a
head 42 at one axial end abutting the caliper 22 that is
pivotally carried on the bolt to establish a fixed pivotal
axis about which the caliper 22 is pivotally displaced.
The caliper 22 constitutes a third class lever pivotally
mounted by the bolt 40 having a long lever arm that
extends from the fixed pivotal axis to the point 44 on
the brake pad 16 at which it contacts the wheel rim 18.

Also pivotally mounted on the bolt 40 intermediate
its opposite longitudinal ends, is a bridging element 46
in the form of a first class lever which is arranged to be
pivotally displaced in a pivotal plane disposed in close
parallel spaced relation to the pivotal plane of move-
ment for the caliper 22. The bridging lever element 46
as shown in FIG. 4 is provided at one end with an axi-
ally extending formation 48 through which a pivot bolt
50 extends. The caliper 20 is pivotally carried by the
lever element 46 on the pivot bolt 50. The caliper 20 as
more clearly seen in FIG. 1, is a first class lever having
a relatively short lever arm extending between the
brake pad 14 and the pivotal axis of pivot bolt 50 and
a relatively long lever arm extending between the axis
of pivot bolt 50 and the pivot bolt assembly 52 to which
the actuator cable 32 is connected. The caliper 20 is
pivotally displaced in a pivot plane disposed in close
parallel spaced relation to the pivotal plane of caliper
22 on a side opposite the bridging lever element 46 as
more clearly seen in FIG. 4.

The pivot bolt assembly 50 forms part of a linkage
arrangement through which the calipers are mounted
on the frame and operatively connected to the force
applying cable device 28. This linkage arrangement
also includes the bridging lever element 46 aforemen-
tioned and a link 54 pivotally connected to the caliper
22 intermediate pad 16 and the fixed pivot bolt 40. The
link 54 is also pivotally connected to a locking guide
assembly 56 through a connecting slide collar 58.
Spaced pivot pins 60 and 62 as more clearly seen in
FIG. 1 interconnect the link 54 with the caliper 22 and
the slide collar 58 in order to establish a lever ratio for
the caliper 22 that is determined by the distance be-
tween the axis of pivot pin 60 and the fixed axis of pivot
bolt 40 constituting a short lever arm and the long lever
arm aforementioned. The foregoing lever ratio repre-
sents a mechanical disadvantage under which force is
transmitted by the linkage arrangement through the
caliper 22 to the brake pad 16 during initial take up
displacement of the caliper 22. The caliper 20, on the
other hand, transmits force at a relatively high mechan-
ical advantage during its subsequent displacement. The
high mechanical advantage is determined by the short
and long lever arms aforementioned in connection with
the caliper 20. It will, therefore, become apparent that
initial take-up movement of caliper 22 occurs at a rela-
tively rapid rate with a relatively small force while
subsequent movement of the caliper 20 occurs more
slowly but with a substantially higher brake engaging
force.

As more clearly seen in FIG 5, the guide assembly 56
includes a cylindrical guide member 64 having a lower
threaded end portion 66 connected to the end portion
of the bridging lever element 46 remote from its pivotal
mounting on the frame established by the bolt assembly
40. The upper end of the cylindrical guide member 64
slidably mounts the slide collar 58. A bore 68 is formed
centrally through the guide member 64 and receives
the cable 32 therethrough. The lower projecting end of
the cable 32 may accordingly be connected to the cali-
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per 20 by the bolt assembly 52 as aforementioned. The
sheathing 30 of the cable device is anchored to a pro-
tective cap 70 secured to the slide collar 58 in coaxial
relationship to the cylindrical guide member 64. The
cylindrical guide member and slide collar 58 are thus
slidably displaceable relative to each other within limits
established by the axial space 78 formed within the cap
70 at the upper end of the guide member. The guide
member is continuously biased downwardly relative to
the slide collar 58 as viewed in FIG. 5 by a preloaded
spring 72 protectively enclosed within telescoping,
plastic tubular shield sections 74 and 76. The upper
shield section 74 is fixed to the slide collar 58 while the
lower shield section 76 is fixed to the bridging lever
element 46. The axial space 78 formed within the cap
70 may retain lubricant for the cylindrical slide bearing
surfaces associated with the guide member 64 and slide
collar 58. A bore 80 may be formed in the cap 70 for
introducing lubricant into the space 78 when called for.

It will be apparent that a force applied to the cable
device 28 will be transmitted through the sheathing 30
and cable 32 to cause relative displacement of the
guide member 64 and slide collar 58 against the bias of
spring 72. Initially, the housing 30 of the cable device
exerts a downward force on the slide collar 58 through
cap 70 while an equal and opposite upward force is
exerted on caliper 20 by core 32 through the attaching

~ bolt 52. Motion of the caliper 20 in response to the
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force transmitted through core 32 is prevented prior to
initial brake pad contact by a locking action to be de-
scribed hereafter. Also, the guide member 64 is held
stationary by the bridging lever element 46 to which it
is rigidly connected because of frictional resistance of
its pivotal mounting on bolt assembly 40 and the resist-
ing bias of a centering spring 82 mounted on the bolt
assembly 40 as shown in FIG. 9. The actuating force
then transmitted by the sheathing 30 and the cap 70
displaces the sliding collar 58 downwardly as viewed in
FIG 5. Since the slide collar 58 is interconnected by the
link 54 to the caliper 22, the caliper 22 will be pivotally
displaced about the fixed pivot axis of pivot bolt 40 at
the low leverage ratio as aforementioned into braking
contact with the wheel rim 18. The loading thereby
applied to the slide collar 58 is eccentric relative to the
longitudinal axis of the guide member 64 on which it is
slidable because of the spacing between this longitudi-
nal axis and the connecting pin 62 through which the
link 54 is connected to the slide coliar. Such eccentric
loading of the slide collar causes it to tilt or be angu-
larly displaced relative to the guide member 64 to lock
the slide collar at points 84 and 86 as identified in FIG
5 as a result of brake pad contact causing a force at pad
16 opposing motion of caliper 22. Continued applica-
tion of actuating force to the cable device will then be
transmitted by the cable 32 to the caliper 20 through
pivot bolt assembly 52 and to the bridging lever ele-
ment 46 through a force modifying toggle device gener-
ally referred to by reference numeral 88. Continued
relative displacement between the slide collar 58 and
the bridging lever element 46 would ordinarily con-
tinue to be resisted by frictional locking of the locking
guide assembly 56 during subsequent displacement of
the caliper 20 at the high leverage ratio.

Referring now to FIGS. 3 and 6 in particular, the
force modifying toggle device 88 includes an upper link
94 pivotally connected by a pivot pin 96 to the bridging
lever element 46. A lower link 98- is pivotally con-
nected to the pivot bolt assembly 52 through an exten-
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sion pivot pin 100. The upper link 94 is pivotally inter-
connected with the lower link 98 by means of an inter-
mediate floating pivot pin 102. A stop formation 103 is
formed on the upper link 94 of the toggle device in
spaced relation below the intermediate pin 102 and is
adapted to engage the extension pin 100 in a limit
position of the toggle device as more clearly seen in
FIG. 6. The links 94 and 98 are biased to this limit
position by a torsion coil spring 104 mounted on an
enlarged section 105 of the pivot bolt assembly 52 abut-
ting the lower link 98 and spaced from an axial forma-
tion 106 of the caliper 20. The section 105 serves to
clamp the cable 32 to formation 106 and forms a sup-
port mandrel for spring 104 as shown in FIG. 3. One end
of the torsion spring is anchored to the caliper 20 while
the other end 107 abuts pivot pin 102, In the limit posi-
tion shown in FIG. 6, the extension pin 100 is out of
alignment with the pins 96 and 102 by a small angle a
as denoted in FIG. 6. Accordingly, the force transmit-
ted through the toggle device will tend to cause buck-
ling thereof. This buckling will, however, be resisted by
the spring 104 which is overcome by increasing trans-
mitted force when the aforementioned locking of the
slide collar 58 occurs relative to the guide member 64.
Buckling of the toggle device at that point as shown in
FIG. 7 will accordingly reduce the resisting force ap-
plied during displacement of the caliper 20 at the high

leverage ratio as graphically depicted by curve 90 in -

FIG. 8. Thus, the toggle device provides a negative,
non-linear spring rate for resisting movement of the
caliper 20.

As more clearly seen in FIG 9, the fixed pivot bolt
assembly 40 clamps an adjustment bracket 108 to the
frame (not shown). The bracket includes an arm 110
that overlies the bridging lever element 46. An adjust-
able centering screw 112 is threadedly mounted by the
arm 110 for engagement with the bridging lever ele-
ment. The centering spring 82 biases the bridging lever
element into engagement with the adjusting screw in
order to establish a centered position for the calipers
20 and 22 prior to the application of braking force.

As shown in FIGS. 2 and 4, a preload spring 114 is
mounted on the pivot bolt 50. Spring 114 biases caliper
20 clockwise as viewed in FIG. 1 to a limit position in
which the links 94 and 98 of the toggle device 88 are
fully extended as shown in FIG. 6. The action of spring
114 in resisting counterclockwise displacement of cali-
per 20 by the cable core 32 is characterized by a posi-
tive linear spring rate as depicted by curve 91 in FIG. 8.

In summary, actuating force exerted through the
actuator 24 is transmitted to the brake assembly simul-
taneously by the sheathing 30 and core 32 of the Bow-
den wire cable device. The force transmitted by the
sheathing 30 initially pushes the cap 70 and slide collar
§8 downwardly and through link 54 pivotally displaces
caliper 22 clockwise about the fixed axis through bolt
40 as viewed in FIG. 1 to obtain initial brake contact.
Following initial brake contact between the wheel rim
18 and pad 16, the cable core 32 pulling on the caliper
20 through bolt 52, pivotally displaces both the caliper
20 and bridging element 46 connected thereto about
the fixed pivot axis in a counter-clockwise direction
until the other pad 14 contacts the wheel rim. Contin-
ued increase in the actuating force applied causes the
toggle device 88 to yield or buckle to allow counter-
clockwise movement of caliper 20 relative to the bridg-
ing lever element 46 about the axis of bolt 50. At this
point the guide assembly 56 locks because of the ec-
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centric loading of the slide collar 58 to prevent any
relative displacement between caliper 22 and lever
element 46 during continued movement of caliper 20
applying force at the high leverage ratio.

Upon release of the actuator 24, the bias of spring 104
returns the toggle device 88 toward its limit position
causing clockwise movement of caliper 20 as viewed in
FIG 1 to relieve contact pressure on the wheel rim. The
caliper 22 is then displaced counter-clockwise under
the bias of spring 72. When the force on caliper 22 is
relieved, the lever element 46 swings back into contact
with the centering screw 112.

FIG. 8 also shows a typical resultant curve 92 repre-
senting the combined effect of the toggle device 88 and
the preload spring 114 in resisting movement imparted
to caliper 20. The spring rates for the toggle device 88
and the preload spring 114 may be selected to provide
a positive, a negative or a nearly zero resultant spring
rate while providing sufficient preload to lock caliper
20 until both brake pads contact the wheel rim 18. The
advantage of the negative spring rate depicted by curve
90, is to permit more of the cable actuating force to be
applied to the brake pads and less to the spring 114.
After spring 114 has ceased its locking function pre-
venting initial movement of caliper 20, it need only be
strong enough to insure return movement of caliper 20
to its rest position before caliper 22. The spring force
necessary for such rapid return movement of caliper 20
is substantially less than the force necessary for reliable
locking action in the absence of the toggle device. The
negative spring rate characteristic of the toggle device
allows the resisting force to decrease after the linkage
unlocks, to more closely approximate the resisting
force required during all operational phases not possi-
ble with a simple preload spring arrangement.

I claim: '

1. In combination with a force applying device, a
brake assernbly for an element rotatably mounted on a
frame, comprising a pair of calipers, brake pads carried
by the calipers and engageable with the rotatable ele-
ment, means pivotally mounting at least one of the
calipers for angular displacement about an axis fixed to
the frame, linkage means connected to said calipers for
displacement thereof respectively at different leverage
ratios, guide means connected to the linkage means for
guiding movement of said one of the calipers, and force
transmitting means connecting the force applying de-
vice to the linkage means and to the other of the cali-
pers for sequentially displacing the calipers relative to
the rotatable element at said different leverage ratios,
said linkage means including a lever element pivotally
mounted on the frame about said fixed axis, a link
connecting said one of the calipers to the force trans-
mitting means, and means pivotally connecting said
other of the calipers to said lever element about a mov-

_ able axis establishing a higher of said leverage ratios for
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said other of the calipers.

2. The combination of claim 1 wherein said guide
means includes a pair of slide coupling elements re-
spectively connected to the lever element and the link
and lock means mounted by the slide coupling ele-
ments for limiting relative displacement of the lever
element and the link in response to initial engagement
of said one of the calipers with the rotatable element.

3. In combination with a force applying device, a
brake assembly for an element rotatably mounted on a
frame, comprising a pair of calipers, brake pads fixed to
the calipers and engageable with the rotatable element,
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means pivotally mounting at least one of the calipers
for angular displacement about an axis fixed to the
frame, linkage means connected to said calipers for
displacement thereof respectively at different leverage
ratios, guide means connected to the linkage means for
guiding movement of said one of the calipers, and force
transmitting means connecting the force applying de-
vice to the linkage means and to the other of the cali-
pers for sequentially displacing the calipers relative
to the rotatable element at said different leverage ra-
tios, said guide means including a pair of slide coupling
elements respectively connected to the lever element
and the link and lock means mounted by the slide cou-
pling elements for limiting relative displacement of the
linkage means, said force applying device including a
tubular casing and an actuator cable slidable therein,
said force transmitting means including means anchor-
ing the tubular casing to one of the slide coupling ele-
ments and force modifying means coupling the other
of the coupling elements to said other of the calipers.

4. The combination of claim 3 wherein said linkage
means includes a lever element pivotally mounted on
the frame about said fixed axis, a link connecting said
one of the calipers to the force transmitting means, and
means pivotally mounting said other of the calipers on
said lever element at a location establishing a higher of
siad leverage ratios for said other of the calipers.

5. The combination of claim 4 wherein said force
modifying means includes toggle links respectively
connected to the lever element and the other of the
calipers at spaced pivot points, a pivot connection in-
terconnecting the toggle links at an intermediate pivot
point displaceable relative to said spaced pivot points
from a limit position, and spring means biasing said
toggle links to said limit position offset from the spaced
pivot points by a minimum amount.

6. The combination of claim 3 wherein said force
modifying means includes toggle links respectively
connected to the lever element and the other of the
calipers at spaced pivot points, a pivot connection in-
terconnecting the toggle links at an intermediate pivot
point displaceable relative to said spaced pivot points
from a limit position, and spring means biasing said
toggle links to said limit position offset from the spaced
pivot points by a minimum amount.

7. In combination with a force applying device, a
brake assembly for an element rotatably mounted on a
frame, comprising a pair of calipers engageable with
the rotatable element, force transmitting means opera-
tively connecting the force applying device to the cali-
pers for displacement thereof toward engagment with
the rotatable element at different leverage ratios, pre-
load means for respectively resisting displacement of
each of the calipers with a bias that increases in re-
sponse to displacement of said calipers, and force mod-
ifying means connected to the force transmitting means
for decreasing the resisting bias of the preload means
applied to one of the calipers when being displaced at
one of the different leverage ratios.

8. The combination of claim 7 including lock means
connected to the force transmitting means for limiting
initial displacement of the other of the calipers at an-
other of the different leverage ratios.
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9. The combination of claim 8 wherein said force
modifying means is rendered effective in response to
increase in the resisting bias applied to said other of the
calipers above a predetermined value.

10. The combination of claim 9 wherein said force
modifying means includes a pair of toggle links respec-
tively connected to the force transmitting means and
said one of the calipers at spaced pivot points, a pivot
connection interconnecting the toggle links at an inter-
mediate pivot point displaceable relative to said spaced
pivot points from a limit position, and spring means
biasing said toggle links to said limit position offset
from the spaced pivot points by a minimum-amount.

11. In combination with a force applying device, a
brake assembly for an element rotatably mounted on a
frame, comprising a pair of calipers engageable with
the rotatable element, force transmitting means opera-
tively connecting the force applying device to the cali-
pers for displacement thereof toward engagement with
the rotatable element at different leverage ratios, pre-
load means for respectively resisting displacement of
each of the calipers, lock means connected to the force
transmitting means for limiting initial displacement of
one of the calipers at a lower of the leverage ratios, and
means coupling the other of the calipers to the force
transmitting means for applying a resisting bias of the
préeload means to the other of the calipers during subse-

. quent displacement at a higher of the leverage ratios.
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12. The combination of claim 11 wherein said force
transmitting means- includes a bridging element on
which the other of the calipers is pivotally carried,
pivot means fixed to the frame for pivotally mounting
said one of the calipers and the bridging element about
a common pivot axis, a guide member connected to the
bridging element, a coupling element slidably mounted
on the guide member and link means interconnecting
said one of the calipers with the coupling element for
eccentric loading thereof in response to initial brake
contact. : :

13. The combination of claim 12 wherein said pre-
load means comprises a coil spring mounted on the
guide member in abutment with the coupling and
bridging elements.

14. The combination of claim 13 wherein said lock
means includes cylindrical slide bearing -surfaces
formed on the guide member and the coupling element
arranged to bind in response to said eccentric loading
of the coupling element.

15. The combination of claim 14 including a protec-
tive cap connected to the coupling element in protec-
tive enclosing relation to the guide member and the
slide bearing surfaces, said force applying device being
connected to the coupling element through the protec-
tive cap.

16. The combination of claim 12 wherein said lock
means includes cylindrical slide - bearing surfaces
formed on the guide member and the coupling element
arranged to-bind in response to said eccentric loading
of the coupling element. -

17. The combination of claim 16 including a protec-
tive cap connected to the coupling element in protec-
tive enclosing relation to the guide niember and the
slide bearing surfaces, said force applying device being
connected to the coupling element through the protec-

tive cap. :
* % %k %k %k



