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(54) Title: DISC BRAKE

(57) Abstract

A disc brake (30) comprises a brake pad (36) ar- .
ranged to engage a disc (34), a stack of disc springs (122)
arranged to urge the pad into contact with the disc, and
a piston and cylinder assembly (68, 74) operable to move
the pad away from the disc compressing the springs. The
stack of springs (122) is arranged in a plurality of sub-
stacks each contained in a cup (124) having a base (126)
extending through the stack and a wall (128) extending
parallel to the stack and limiting compression of the
sub-stack. .
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DISC BRAKE

This invention is concerned with a disc brake of the
fype in which a plurality of disc springs is arranged in
a stack to cooperate in urging a brake pad into contact
with a disc to be braked. The springs, thus, provide %he.
operating force to press the brake pad against the disc
to provide a braking force. Such brakes generally are
provided in pairs on opposite sides of a disc to operate

simultaneously.

With this type of disc brake, a problem arises due
to the limited deflection which individual disc springs
can tolerate while giving an acceptable fatigue life. In
practice, it is found that the springs in a stack at the
active end, i.e. nearest to the brake pad, undergo more
deflection than those at the static end. Particularly
where the disc makes axial or tilting movements relative
to the brake pad, the air gap required between the brake
pad and the disc when the disc is not being braked may
exceed the amount of movement which the stack of disc
springs can tolerate with acceptable fatigue life. The
air gap cannot exceed the deflection of the disc spring
at the active end of the stack which is found to be
approximately 4mm whereas for some applications an air
gap of 25mm would be desirable. The total spring force
is also difficult to adjusf-by varying the amount of
compression available without fatigue life problems
afising.

It is an object of the present invention to provide
a disc brake of the type referred to in which a larger

air gap can be achieved with acceptable fatigue life.
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The invention provides a disc brake comprising a
brake pad, a plurality of discvsprings arranged in a -
stack to cooperate in'urging the brake pad into cbn%act
with a disc to be braked, and withdrawing means operable
to move the brake pad away from the disc compressing the
springs, characterised in that the springs are arranged
in a plurality of sub-stacks each contained in a cup
comprising a base extending through the stack and a wall
extending parallel to the stack to limit the compression
of the sub-stack. 7

In a disc brake in accordance with the last
preceding paragraph, the stack of springs is divided into
a plurality of units each of which acts as a separate
stack with an active end and a static end so that the
maximum deflection experienced:by any spring is reduced

increasing fatigue life and allowing a larger air gap.

Preferably, the withdrawing means comprises a piston
and cylinder assembly which preferably has means for
adjusting its stroke. In order to enable easy force
adjustment, the disc brake preferably comprises means for
adjusting the distance of the piston and cylinder

assembly from the disc.

In order to adjust the air gap between the brake pad
and the disc, the disc brake preferably comprises means
for adjusting the position of the brake pad towards and

away from the disc relative to the withdrawing means.

In order to provide force equalisation across the
brake pad, the brake pad may be mounted on a tiltable
support, which preferably comprises a partly spherical

tilting surface allowing tilting in two.dimensions. The

support may also have a partly spherical surface
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concentric with the tilting surface and arranged to

transmit braking force to a fixed body of the disc brake.

There now follows a detailed description, to be read

with reference to the accompanying drawing of a disc

brake which is illustrative of the invention.

The drawing is a longitudinal cross-section taken

through the illustrative disc brake.

The illustrative disc brake 30 comprises two half

calipers 32 (only one of which is shown in the drawing)

arranged on opposite sides of a disc 34 mounted on a

shaft (not shown) which is to be braked.

Each half

caliper 32 is operable to bring a brake pad 36 into

contact with the disc 34 to apply a braking force to the

disc. The half calipers 32 are arranged to operate

simultaneously to bring their brake pads 36 into contact

with the disc 34 on opposite sides thereof.

Each half caliper 32 comprises a caliper body 38

which is provided with bolt holes 40 by which the body 38

is bolted to a fixed support 42 by bolts (not shown).
The bodies 38 of the two half calipers 32 are bolted to
opposite sides of the support 42. As the half calipers

32 are of identical construction only one is described

hereinafter.

The caliper body 38 is in the form of a disc
extending parallel to the disc 34. The body 38 has a
hole passing therethrough. The hole has a portion 50

which is cylindrical about an axis 46 extending normally

of the disc 34 and an enlarged portion 48 nearest the

disc 34 into which the portion 50 opens.

The portion 48

o
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is rectangular in transverse cross-section. The portions

48 and 50 are separated by a step 52.

Four poSts 54 of the half caliper 32 are mounted on
the body 38 and project parallel to the axis 46 away from
the disc 34. 1In modifications of the illustrative brake
30, there may be three or more than four posts 54. The
posts 54 have their end portions which are remote f¥bh -
the body 38 screw-threaded and provide steps 56 on which
a cross-beam member 58 of the half caliper 32 is

supported.

The cross-beam member 58 is in the shape of a disc
extending parallel to the disc 34 and the body 38. The
member 58 has four screw-threaded holes therein into
which are screwed four spacers 60. Each spacer 60 is
generally cylindrical with a central bore 62 therethrough
and an external flange 64 at the end remote from the disc
34. The spacers 60 are of greater extent than the
thickness of the cross-beam member 58. The threaded end
portion of each of the posts 54 is received in the bore
62 of a spacer 60 until the non-flanged end of the spacer
abuts the step 56 and the spacers 60, and hence the
cross-beam member 58, are held on the posts 54 by nuts 66
threaded on to the posts 54 until they abut the flanges
64 of the spacers 60. The spacing of the cross-beam
member 58 from the body 38 can be adjusted by rotating
the spacers 60 in the threaded holes in the member 58.
The flanges 64 set a limit to this adjustment when they
abut the member 58.

Formed integrally with -the cross-beam member 58 is a
cylinder 68 of the half caliper 32. The cylinder 68 is
symmetrical about the axis 46 and projects from the

member 58 in a direction away from the disc 34. The

H
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cylinder 68 has an end cap 70 and its interior is entered.
by a port 72 which extends radially adjacent to the‘
member 58. A piston 74 is movable within the cylindér'68
between limits defined by the member 58 and by an annular
spacer 76 secured to the end cép 70 within the cylinder.
Introduction of hydraulic fluid through the port 72
causes the piston 74 to move away from the disc 34 until
it engages the spacer 76 (as shown in the drawing). ‘Thé
spacer 76 provides means for adjusting the stroke of the
piston and cylinder assembly 68, 74 since it can be
replaced by a spacer of a different thickness. The

piston 74 is secured to a piston rod 78 which has its

“longitudinal axis co-incident with the axis 46. The

piston 74 is secured to the piston rod 78 by means of a
split-collet 71, a retaining ring 73, and a spring clip
75. The piston rod 78 projects out of the cylinder 68
towards the disc 34 through a bore 80 through the
cross-beam member 58, the bore 80 being provided with
seals 82. A drain port 81 is provided to drain off fluid
which may pass the seals 82. The piston rod 78 has a
cylindrical threaded recess 83 in its end which is |
closest to the disc 34. In the recess 83, a threaded
support member 84 is threadedly received. The position
of the member 84 in the recess 83 can be adjusted towards
or away from the disc 34 by means of a spindle 86 which |
extends through-an axial bore through the piston rod 78
and through a bore 87 in the end cap 70. The spindle 86
is hexagonal in transverse cross-section so that it can
be turned by means of a spanner applied to the end which
projects beyond the end cap 70. The spindle 86 enters a
closely-fitting hexagonal passage 89 in the support
member 84 so that when the spindle is turned so is the
member 84. A spring 88 is contained in a cyiindrical
passage in the member 84 which enters the passage 89.

The spring 88 acts between a step of the member 84 at the
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end of the passage 89 and a flanged bush 90 mounted on

the spindle 86 so that the spindle 86 is urged away from .
the disc 34. The spindle 86 continues beyond the member -
84 towards the disc 34 as a threaded end portion 92. The
threaded end portion 92 extends into a recess in the end
100 of the member 84 and has a first nut 94 thereon which
serves to prevent the spindle 86 from moving away from

the disc 34 relative to the member 84.

The surface 100 of the threaded support member 84
which is closest to the disc 34 is part spherical and is
engaged by a complementary tilting surface of a pressure
plate 102 of the half caliper 32 on which the brake pad
36 is mounted. The plate 102 provides a tiltable support
for the brake pad 36. The engagement of the part
spherical surfaces of the support member 84 and the
pressure plate 102 allows rocking movement to adjust the
pad 36 relative to the disc 34. The pressure piate 102
is secured to the support member 84 by a second nut 103
on the threaded end portion 92 of the spindle 86 which
passes through a bore in the pressure plate 102 (fhis
bore provides clearance around the portion 92.). The nut
103 is received in a recess in the pressure plate 102
which is. covered by the brake pad 36 and acts on a spring
109 contained in the recess. The pressure plate 102 has
a cylindrical projection 101 towards the cross-beam
member 58. The projection 101 forms a step 105 with the
main body of the plate 102 (which step 105 faces the step
52 so that movement of the plate 102 away from the disc
34 is limited). The outer surface 107 of the projection
101 is part spherical about the same centre of curvature
as the surface 100 of the support member 84 and is hence
concentric with the tilting surface of the piate 102.

The surface 107 engages the surface of the portion 50 of

RS e
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the hole through the body 38, a bearing ring 111 being

set into this surface.

The piston rod 78 also has an external flange 106 at
its end which is closest to the disc 34. This flange 106
.is abutted by an annular reaction member 108 which has a
frusto-conical surface 110 facing the cross-beam member
58 and tapering towards it. The reaction member 108 is
within the projection 101 of the pressure plate 102.

Between the reaction member 108 and the cross-beam
member 58, two spring units 120 of the half caliper 32
are located. Modifications of the illustrative brake 30
may, however, have more than two spring units 120. The
spring units 120 together provide a plurality of disc
springs 122 threaded on the piston rod 78 and arranged in
a stack to cooperate in urging the brake pad 36 into
contact with the disc 34 to be braked. Each spring unit
120 comprises a sub-stack of six disc springs 122
received within a cup 124. There may, however, be more
or less than six disc springs 122 in a sub-stack. Each
cup 124 has an annular base 126, extending through the
stack and around the piston'rod 78, and a cylindrical
wall 128 integral with the base 126, projecting from the
base parallel to the stack. The wall 128 acts to limit
the compression of the sub-stack. The sub-stack of disc
springs 122 engages the base 126 within wall 128 and
projects away from the base further than the wall 128.
The base 126 of one of thequps 124 abuts the cross-beam
member 58 while its sub-stack abuts the base of the other
cﬁp 124 whose sub-stack in turn abuts the surface 110 of
the reaction member 108. A cover 130 in the shape of a
concertina extends from the body 38 to the cross-beam
member 58 around the spring units 120 to prevent dirt

from reaching the spring units. The cover 130 can extend
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or contract when the distance between the body 38 and the
cross-beam member 58 is adjusted and is readily removable
to allow inspection of the springs 122. The bases 126
act to divide the stack of disc springs 122 up into
sub-stacks while the walls 128 limit the compression of
each sub-stack. The springs 122 are thus arranged in a
plurality of sub-stacks each contained in a cup 124
comprising a base 126 extending through the stack and.a
wall 128 extending parallel to the stack to limit |
compression of the sub-stack.

In the operation of the illustrative disc brake 30,
so long as a supply of hydraqlic fluid under pressure is
maintained to the port 72, the piston 74 is urged against
the spacer 76 (to the left viewing the drawing). The
piston 74 urges the piston rod 78 away from the disc 34.
This moves the support member 84 away from the disc 34 so
that the action of the spring 88 moving the spindle 86
with the member 84 moves the brake pad 36 clear of the
disc 34. The flange 106 of the piston rod 78 is also
urged away from the disc 34 so that the reaction member
108 compresses the spring units 120. It should be noted
that the two spring units 120 are equally compressed so
that the gap 132 between the wall 128 of one spring unit
120 and the base 126 of the other is equal to the gap 134
between the wall 128 of the other spring unit 120 and the
reaction member 108. Thus, in the compression of the
spring units 120, the individual springs 122 move more
uniformly than if the cups 124 were absent. In
particular, the spring 122 nearest to the reaction member
108 makes a smaller movement than if the cups 124 were
absent. The piston and cylinder assembly 68, 74 provides
withdrawing means operable to move the brake-pad 36 away
from the disc 34 compressing the springs 122. The amount

of compression of the springs 122 is controlled by the

-
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setting of the spacers 60 which form means for adjusting
the distance of the piston and cylinder assembly 68, 74
from the disc 34. The spindle 86 provides means fori :
adjusting the position of the brake pad 36 towards and
away from the disc 34 relative to the piston and cylinder
assembly 68, 74 to thereby adjust the air gap 136 between
the pad 36 and the disc 34.

When it is desired to apply braking force to the
disc 34, the port 72 is connected to tank and the springs
122 press the reaction member 108 so that the piston rod
78, the piston 74, the pressure plate 102, and the brake
pad 36 are urged towards the disc 34. The brake pad 36
engages the aisc 34 applying a braking force which is
reacted to the caliper body 38 by engagement of the
surface 107 and the surface of the portion 50 and thence
to the support 42. It-should be noted that during this

‘movement, the presence of the cups 124 reduces the

maximum movement made by any of the springs 122 as the
movement required is shared more equally among the
springs 22 than would be the case in a conventional
stack.

It is found in practice that the air gap 136 in the
withdrawn position between the disc 34 and the brake pad
36 can be made approximately 4mm for each sub-stack of
disc springs 122 and that acceptable fatigue life is
achieved. ' '

PCT/GB90/01360
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CLAIMS

1. A disc brake (30) comprising a brake pad.(36), a

'plurality of disc springs (122) arranged in a stack to

cooperate in urging the brake pad into contact with a
disc (34) to be braked, and withdrawing means (68, 74)
operable to move the brake pad away from the disc
compressing the springs, characterised in that the
springs (122) are arranged in a plurality of sub—staéks
each contained in a cup (124) comprising a base (126)
extending through the stack and a wall (128) extending
parallel to the stack to limit the compression of the

sub-stack.

2. A disc brake according to Claim 1, characterised in
that said withdrawing means (68, 74) comprises a piston

and cylinder assembly.

3. A disc brake according to Claim 2, characterised in
that the brake also comprises means (76) for adjusting
the stroke of said piston and cylinder assembly (68, 74).

4. A disc brake according to either one of Claims 2 and
3, characterised in that the brake also comprises means
(60) for adjusting the distance of said piston and
cylinder assembly (68, 74) from the disc (34).

5. A disc brake according to any one of Claims 1 to 4,
characterised in that the brake also comprises means (84,
86) for adjusting the position of the brake pad (36)
towards and away from the disc (34) relative to the
withdrawing means (68, 74).

<
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6. A disc brake according to any one of Claims 1 to 5,
characterised in that the:brake pad (36) is mounted on a
tiltable support (102).

7. A disc brake according to Claim 6, characterised in
that the tiltable support (102) comprises a partly
spherical tilting surface.

8. A disc brake according to Claim 7, characterised in
that the support (102) has a partly spherical surface
(107) concentric with the tilting surface and arranged to
transmit braking force to a fixed body (38) of the disc
brake. V
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