
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

71
1 

13
6

A
1

TEPZZ 7___¥6A_T
(11) EP 2 711 136 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
26.03.2014 Bulletin 2014/13

(21) Application number: 13185414.3

(22) Date of filing: 20.09.2013

(51) Int Cl.:
B25D 11/12 (2006.01) B25D 16/00 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 21.09.2012 GB 201216903

(71) Applicant: Black & Decker Inc.
Newark, Delaware 19711 (US)

(72) Inventor: Gensmann, Stefan
D-56132 Frücht (DE)

(74) Representative: Bell, Ian Stephen et al
Black & Decker 
Patent Department 
210 Bath Road
Slough
Berkshire SL1 3YD (GB)

(54) A hammer drill

(57) A hammer drill comprising: a body (2); a cylinder
(58) mounted within the body (2); a piston (60) slideably
mounted within the cylinder (58); a motor (24) mounted
within the body (2) having an output spindle (30); a re-
ciprocating drive mechanism mounted within the body
which, when the motor is activated, converts the rotary
movement of the spindle (30) of the motor (24) into a
reciprocating movement of the piston (60) within the cyl-
inder (58); a ram (64) slideably mounted within the cyl-
inder (58) which is reciprocatingly driven by the recipro-
cating movement of the piston (60) via an air spring (62);
at least two air entry points (200, 202) formed through
the wall of the cylinder (58) in different axial positions
along the length of the cylinder (58), each of which are

capable of replenishing the air spring (62); a tool holder
(14) mounted on the body, the tool holder being capable
of holding a cutting tool (22) which, during normal use,
is repetitively struck by the reciprocating ram (64); where-
in there is further provided a selector mechanism (204)
which selectively opens and close the air entry points
(200, 204); characterized in that the selector mechanism
opens only one air entry point (200, 202) at any one time
during normal use, the selector mechanism closing all
other air entry points (200, 202), each of the air entry
point (200, 202) capable of replenishing the air spring
(62) during normal use when opened by the selector
mechanism (204).
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Description

[0001] The present application relates to a hammer drill
having a cylinder, in which is located a piston and a ram,
the reciprocating movement of the piston reciprocatingly
driving the ram via an air spring to impart impacts to a
cutting tool.
[0002] A pavement breaker is a type of hammer drill
which operates in a hammer only mode. However, other
types of hammer drill operate in two modes, namely a
hammer only mode or a hammer and drill mode, or in
three modes of operation, namely a hammer only mode,
a hammer and drill mode or a drill only mode.
[0003] EP1872913 discloses an example of a pave-
ment breaker which comprises a cylinder in which is
mounted a piston which is reciprocatingly driven by a
motor via a hammer mechanism. The piston in turn re-
ciprocatingly drives a ram which imparts impacts onto a
cutting tool via a beat piece. The cylinder comprises a
single bleed hole to refresh the air spring. The charac-
teristics of the performance of the pavement breaker vary
depending on the hardness of the material being cut. The
problem with this design is that the characteristics of the
performance of the hammer can not be adjusted.
[0004] According to a first aspect of the present inven-
tion, there is provided a hammer drill according to claim 1.
[0005] The normal use of the hammer drill is when the
hammer drill is running continuously whilst working on a
work piece.
[0006] It will be understood that each air entry point
can be a series of holes formed around the cylinder at
the same axial position along the cylinder. Alternatively,
one or more of the air entry points can comprise a single
bleed hole formed through the wall of the cylinder.
[0007] According to a second aspect of the present
invention, there is provided a method of altering the per-
formance characteristics of a hammer according to claim
15.
[0008] Preferably, when the cutting tool is capable of
being held by the tool holder in a range of axial positions,
the average axial position of the cutting tool within the
tool holder during use being dependant on the hardness
of the material being cut by the cutting tool, the method
further comprising the steps of measuring the position of
the cutting tool within the tool holder and selectively open-
ing one of the air entry points dependent on the average
position of the cutting tool within the tool holder.
[0009] Preferably, the method further comprises the
step of measuring the average position of the cutting tool
within the tool holder.
[0010] Ideally, when there is further provided a beat
support structure mounted within the housing; a beat
piece slideably mounted within the beat piece support
structure, wherein the ram strikes the cutting tool via the
beat piece, the method further comprising the steps of
determining the position of a cutting tool within the tool
holder by determining the position of the beat piece within
the beat piece support structure.

[0011] The method could further comprise the step of
measuring the average position of the beat piece within
the beat piece support structure.
[0012] Two embodiments will now be described with
reference to the following figures of which:

Figure 1 shows a side view of a pavement breaker;
Figure 2 shows a vertical cross section of a pavement
breaker with a bleed hole in a first position;
Figure 3 shows an enlarged view of the middle part
of the vertical cross section of the pavement breaker
with the bleed hole in the first position as shown in
Figure 2;
Figure 4 shows an enlarged view of the tool holder
end of the vertical cross section of the pavement
breaker with the bleed hole in the first position as
shown in Figure 2;
Figure 5A which shows a diagram of part of the tool
holder and beat piece in a second position when the
cutting tool is cutting hard material;
Figure 5B which shows a diagram of part of the tool
holder and beat piece in a first position when the
cutting tool is cutting soft material;
Figure 6 shows a graph showing the properties of
the pavement breaker of Figure 2; dependent on the
hardness of the material it is working;
Figure 7 shows a vertical cross section of a pavement
breaker with the bleed hole in a second position;
Figure 8 shows a graph showing the properties of
the pavement breaker of Figure 7;
Figure 9 shows a first embodiment of the present
invention; and
Figure 10 shows a second embodiment of the
present invention.

[0013] Referring to Figure 1, the pavement breaker
comprises a body 2 comprising a middle housing 4 con-
nected to an upper housing 6 using bolts 8. Two handles
10 are moveably mounted on the upper housing via a
vibration dampening mechanism 12.
[0014] A tool holder 14 is attached to the opposite end
of the middle housing to that of the upper housing 6 using
bolts 16. The tool holder 14 comprises a body 90, a pivotal
clamp 16 having a U shaped bracket 18 which holds a
cutting tool 22, such as a chisel, when the pivotal clamp
16 is pivoted to the position shown in Figure 1. The design
of such pivotal clamps is well known in the art and there-
fore will not be described in any further detail.
[0015] Referring to Figure 2, the pavement breaker
comprises an electric motor 24 mounted within the upper
housing 6. The motor comprises a rotor 32 rotatably
mounted within a stator 36 in well known manner. The
motor 24 is powered by a mains electricity supply which
is provided via an electric cable 26 which connects to the
motor 24 via an electric switch 28. When the cable is
connected to an electricity supply, operation of the elec-
tric switch 28 activated the motor causing the rotor 32
together with an output spindle 30 to rotate.

1 2 



EP 2 711 136 A1

3

5

10

15

20

25

30

35

40

45

50

55

[0016] The output spindle 30 is comprises splines
which mesh with the teeth of a first gear 40. The first gear
40 is rigidly mounted on a rotatable shaft 42. A second
gear 44 is also rigidly mounted on the rotatable shaft 42.
The second gear 44 meshes with a third gear 46 which
is rigidly mounted on a rotatable crank shaft 48. The crank
shaft 48 comprises a disk 50 formed at one end on which
is rigidly mounted an eccentric pin 52. Rotation of the
spindle 30 of the motor 24 results in rotation of the crank
shaft 48 via the gears, which in turn results in rotation of
the eccentric pin 52 around the axis of rotation 54 of the
crank shaft 48.
[0017] A tubular cylinder 58 is rigidly mounted within
housing 2. A piston 60 is slideably mounted within the
cylinder 58 and is capable of sliding in a direction parallel
to longitudinal axis 74 of the cylinder 58. A con rod 56 is
rotationally attached at one end to the eccentric pin 52
via a bearing. The piston 60 is pivotally connected to the
other end of the con rod 56. Rotational movement of the
eccentric pin 52 around the axis of rotation 54 of the crank
shaft 48, results in a reciprocating sliding movement of
the piston 60 inside the cylinder in well known manner.
Each single rotation of the eccentric pin 52 around the
longitudinal axis 54 of the crank shaft 48 results in a single
back and forth movement of the piston in the cylinder and
is referred to as a hammer cycle. As such, rotation of the
spindle 30 results in a reciprocating movement of the
piston 60 within the cylinder 58. The piston comprises
piston rings 66 which form an air tight seal between the
sides of the piston 60 and the inner wall of the cylinder 58.
[0018] Located inside of the cylinder 58, forward of the
piston 60, is a ram 64. The ram 64 can freely slide within
the cylinder 58 in a direction parallel to the longitudinal
axis 74 of the cylinder 58. The ram 64 comprises sealing
rings 68 which form an air tight seal between the sides
of the ram 64 and the inner wall of the cylinder 58. The
ram 64 is connected to the piston 60 via an air spring 62
formed inside of the cylinder 58 between the piston 60
and the ram 64. As such, the reciprocating movement of
the piston 60, when driven by the motor, is transferred
to the ram 64.
[0019] A bleed hole 94 is formed through the side wall
of the cylinder 58 which enables the air spring to be re-
freshed. The bleed hole is circular in cross section and
has a diameter of 2mm. The maximum amount by which
the piston can slide within the cylinder away from the
motor is indicated by L3 which shows the position of the
front of the piston at this position. The bleed hole is lo-
cated 151 rearward of this position by 38mm so that the
piston 60 passes over the bleed hole 94 as it is recipro-
catingly driven. As such, the piston 60 repeatedly opens
and closes the bleed hole 94 when it is to the rear of the
bleed hole 94 or when it is covering the bleed hole 94
respectively. The ram 64 comprises a recess 100 formed
in its front end.
[0020] Mounted inside of the housing, in front of the
cylinder 58, is a beat piece support structure 70. Slideably
mounted within the beat piece support structure 70 is a

beat piece 72. The beat piece 72 comprises a tubular
body 82 with a radially extending flange 84 formed at the
front end of the beat piece 72. The beat piece support
structure 70 comprises a tubular section 92 which slid-
ingly engages with the sides of the tubular body 82. The
beat piece 72 can slide in a direction parallel to the lon-
gitudinal axis 74 of the cylinder 58. The rear end of the
beat piece projects into the cylinder 58 and is repetitively
struck by the base of the recess 100 of the ram 64 when
it is reciprocatingly driven by the piston 60 via the air
spring 62. This in turn results in the front end of the beat
piece repetitively striking the end of the cutting tool 22
when held in the tool holder 14.
[0021] A tubular counter mass 76 surrounds the out-
side of the cylinder 58 and is capable of sliding in a di-
rection parallel to the longitudinal axis 74 of the cylinder
58 along the outside of the cylinder. The tubular counter
mass is sandwiched between two helical springs 78, 80
which wrap around the cylinder 58 and which are each
held in position at one end by the housing. The counter
mass 76 oscillates in response to vibrations in the hous-
ing. The weight of the counter mass 76 and the strength
of the springs 78, 80 are set to predetermined values so
that oscillation of the counter mass 76 counteracts the
vibrations in the housing, thus acting as a vibration damp-
ener.
[0022] The beat piece support structure 70 abuts
against the rear of the tool holder 14. A circular washer
86 is sandwiched between beat piece support structure
70 and the body 90 of the tool holder 14. The circular
washer 86 has an inner diameter which is greater than
that of the tubular body 82 of the beat piece 72 but the
same as that of the periphery of the flange 84, thus form-
ing a inner washer space 87 in which the flange 84 can
freely slide inside of the washer 86. A forward facing
chamfer 88 is formed on the forward part of the beat piece
support structure 70. The chamfer 88 tapers from the
inner surface, which faces towards the beat piece 72, of
the washer 86 towards the inner wall of the tubular section
92 of the beat piece support structure 70 which slidingly
engages the side of the tubular body 82 of the beat piece
72. The body 90 of the tool holder comprises a tubular
recess 96 which extends forward from the rear of the
body 90 until a rearward facing chamfer 98 formed inside
of the body 90. An elongate tubular space formed by the
tubular recess 96 of the tool holder 14 and the washer
space 87, and which is terminated at one by forward fac-
ing chamfer 88 on the beat piece support structure 70
and rearward facing chamfer 98 inside the body 90 of
the tool holder 14. The flange 84 of the beat piece 72 can
axially slide within the elongate tubular space 96, 87 be-
tween a second position where the rear side of the flange
84 abuts the forward facing chamfer 88 on the beat piece
support structure 70 and a first position where the forward
side of the flange 84 abuts the rearward facing chamfer
98 inside of the body 90 of the tool holder 14.
[0023] The cutting tool 22 can axially slide in a direction
parallel to the longitudinal axis 74 of the cylinder 58. The
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cutting tool 22 comprises a rib 102 which limits the range
of axial movement of the cutting tool within the tool holder
when the pivotal clamp 16 is in the locked position as
shown in Figure 1. The cutting tool 22 can slide between
a first position (shown in dashed lines 102’ in Figure 2)
where the rib 102’ abuts against the U shaped bracket
18 and a second position where the rib 102 abuts against
the body 90 of the tool holder as shown in Figure 2.
[0024] Referring to Figure 4 which shows an enlarged
view, during use, the working end (not shown) of the cut-
ting tool 22 is place against a work piece to be cut. The
ram 64 strikes the beat piece 72 which in turn strikes the
end of the cutting tool 22 which strikes the work piece.
When the cutting tool 22 is struck by the beat piece 72,
the cutting tool 22 is pushed forward (left in Figure 2) out
of the tool holder 14 and into the work piece. However,
its average position within the tool holder 14 is deter-
mined by the hardness of the work piece being cut by
the cutting tool. If the work piece is made from hard ma-
terial, the cutting tool will penetrate the work piece to a
lesser extent during each impact of cutting tool and there-
fore will rebound (to the right in Figure 2) from the work
piece to a greater extent after it has struck it. In this sit-
uation, the rib 102 will be located in close proximity to
the body 90 of the tool holder 14 as shown in Figure 4.
If the work piece is made from soft material, the cutting
tool 22 will penetrate the work piece to a greater extent
during each impact of cutting tool 22 and therefore the
cutting tool 22 will rebound from the work piece to a lesser
extent after it has struck it. In this situation, the rib 102’
will be located in close proximity to the U shaped bracket
18 of the pivotal clamp 16 (shown in dashed lines 102’
as shown in Figure 4).
[0025] During each impact cycle (i.e. the impact of the
cutting tool followed by its rebound) by the cutting tool
22, whilst the position of the rib 102 will maintain an av-
erage position relative to the body 90 of the tool holder
22 (close to the body 90 of the tool holder 14 for hard
material; close to the U shaped bracket 18 of the pivotal
clamp 16 of the tool holder for soft material), the actual
position of the rib 102 will move across a small range of
positions whilst it is located at that average position dur-
ing each impact cycle.
[0026] Referring to Figure 5A which shows the position
of the cutting tool 22 and beat piece 72 when the cutting
tool 2 is cutting a hard material, the average position of
the rib 102 of the cutting tool 22 within the tool holder 14
is in close proximity to the body 90 of the tool holder 14.
During each impact, the rib 102 will move axially during
the impact and subsequent rebound (the impact cycle).
The rib 102 will move between positions 104 and 106.
The centre point 108 of the rib 102 will travel over the
range of movement indicated by Arrow R1 as rib 102
moves between its two end positions 104, 106. However,
the rib 102 will remain generally in close proximity to the
body 90 of the tool holder14 and is referred to as the
average position 110.
[0027] Referring to Figure 5B which shows the position

of the cutting tool 22 and beat piece 72 when the cutting
tool 22 is cutting a soft material, the average position of
the rib 102’of the cutting tool 22 within the tool holder is
in close proximity to the U shaped bracket 18 of the pivotal
clamp 16 of the tool holder. During each impact cycle,
the rib 102’ will move axially during the impact and sub-
sequent rebound. The rib 102’ will move between posi-
tions 104’ and 106’. The centre point 108’ of the rib 102’
will travel over the range of movement indicated by Arrow
R1 as rib 102’ moves between its two end positions 104’,
106’. However, the rib 102’ will remain generally in close
proximity to the U shaped bracket 18 of the pivotal clamp
16 of the tool holder and is referred to as the average
position 110’.
[0028] The average position of the cutting tool 22 within
tool holder 14 effects the average position of the beat
piece 72 within the beat piece support structure 70. When
the cutting tool 22 is cutting hard material, the average
position of the rib 102 is close to the body 90 of the tool
holder 14 which in turn results in the beat piece 72 being
moved to a position where the flange 84 is located in
close proximity to the forward facing chamfer 88 formed
within the beat piece support structure 70 as shown in
Figure 5A. When the cutting tool 22 is cutting soft mate-
rial, the average position of the rib 102’ is close to the to
the U shaped bracket 18 of the pivotal clamp 16 of the
tool holder 14 which in turn results in the beat piece 72
being moved to a position where the flange 84 is located
in close proximity to the rearward facing chamfer 98
formed within the body 90 of the tool holder 14 as shown
in Figure 5B.
[0029] During each impact cycle, whilst the position of
the flange 84 of the beat piece 72 will maintain an average
position relative to the beat piece support structure 70,
the actual position of the flange 84 will move across a
range of positions whilst it is located at that average po-
sition during each impact cycle.
[0030] Referring to Figure 5A, the average position of
the flange 84 is in close proximity to the forward facing
chamfer 88 within the beat piece support structure 70.
During each impact cycle, the flange 84 will move axially
during the impact and subsequent rebound. The flange
84 will move between positions 112 and 114. The centre
point 116 of the flange 84 will travel over the small range
of movement indicated by Arrow R2 as the flange 84
moves between its two end positions 112, 114. However,
the flange 84 will remain generally in close proximity to
the forward facing chamfer 88 within the beat piece struc-
ture 70 and is referred to as the average position 118.
[0031] Referring to Figure 5B, the average position of
the flange 84’ is in close proximity to the rearward facing
chamfer 98 within the body 90 of the tool holder 14. During
each impact cycle, the flange 84’ will move axially during
the impact and subsequent rebound. The flange 84’ will
move between positions 112’ and 114’. The centre point
116’ of the flange 84’ will travel over the range of move-
ment indicated by Arrow R2 as the flange 84’ moves be-
tween its two end positions 112’, 114’. However, the
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flange 84’ will remain generally in close proximity to the
rearward facing chamfer 98 within the body 90 of the tool
holder 14 and is referred to as the average position 118’.
[0032] The average position of the beat piece 72 within
the beat piece support structure 70 effects the amount
by which the ram 64 can slide within the cylinder 58 away
from the piston 60. When the cutting tool 22 is cutting
hard material, the average position of the beat piece 72
within the beat piece support structure 70 is such that
the maximum forward position of the front 120 of the ram
64 away from the piston 60 is limited to the position in-
dicated by L1 as shown in Figure 3. When the cutting
tool 22 is cutting soft material, the average position of
beat piece 72 within the beat piece support structure 70
is such that the maximum forward position of the front
120 of the ram 64 away from the piston 60 is limited to
the position as indicated by L2 as shown in Figure 3,
which is closer to the tool holder 14.
[0033] It will be appreciated by the reader that the char-
acteristics of the performance of the pavement breaker
will be effected by the type of material that is being work
on as the internal average positions of the beat piece 72
and cutting tool 22 will alter together with the maximum
amount of travel of the ram 64.
[0034] Figure 6 shows a graph showing the properties
of the pavement breaker shown in Figure 2 dependent
on the hardness of the material it is working on. The piston
is being reciprocatingly driven at 15.2 Hz by the motor.
[0035] The horizontal axis (X axis) 130 is the Restitu-
tion Coefficient and is an indicator of the harness of the
material being work on. The Restitution coefficient is the
return speed of the ram 64 (after it has impacted the
material) divided by the impact speed of the ram (Resti-
tution coefficient (RC) = return speed ram (V re) / speed
ram (V) [m/s / m/s]). The harder the material, the faster
the ram 64 will bounce back. For example, for a soft ma-
terial such as lime stone, the Restitution Coefficient,
Vre/V, is 2/20 = 0.1 (when the impact speed is 20ms-1).
For a hard material, such as granite, the Restitution Co-
efficient, Vre/V is 10/20 = 0.5 (when the impact speed is
20ms-1). The higher the value of the Restitution Coeffi-
cient, the harder the material being worked on.
[0036] Four graphs are shown in Figure 6, each having
a different Y axis.
[0037] The first Y axis 132 is the ETA which ranges
from 0 to 1.0. The ETA is the number of Watts of energy
delivered by the ram to the cutting tool divided by the
amount of energy in the connecting rod driving the piston.
As such, it is a measure of the efficiency of the hammer
mechanism. This varies depending on the hardness of
the material being worked on and produces the graph
134 when the ETA is compared with the Restitution Co-
efficient.
[0038] The second Y axis 136 is power delivered by
the hammer in Watts. This varies depending on the hard-
ness of the material being worked on and produces the
graph 138 when the power is compared with the Resti-
tution Coefficient.

[0039] The third Y axis 140 is the impact speed of the
ram in metres per second. This varies depending on the
hardness of the material being worked on and produces
the graph 142 when the impact speed is compared with
the Restitution Coefficient.
[0040] The fourth Y axis 144 is the amount of compres-
sion of the air spring 62 in cylinder 58. The amount of
compression is determined by the maximum air pressure
of the air spring 62 divided by the pressure of the atmos-
phere. This varies depending on the hardness of the ma-
terial being worked on and produces the graph 146 when
the amount of compression is compared with the Resti-
tution Coefficient.
[0041] The characteristics of the performance of the
pavement breaker are effected by the size and axial lo-
cation of the bleed hole 94 in the cylinder 58 relative to
the piston 60. Figure 7 shows a second design of pave-
ment breaker which is identical to that shown in Figure
2 except that the size and axial position of the bleed hole
150 has been altered. Where the same features are
present in the second design shown in Figure 7 are
present in the first design as shown in Figure 2, the same
reference numbers have been used. The bleed hole 150
is a circular in cross section and 4mm in diameter and
has been located 152 further forward (80mm) of the bleed
hole 150 shown in Figure 2 and forward of the maximum
amount L3 by which the piston 60 can slide within the
cylinder 58 away from the motor. The ram 64 passes
over the bleed hole 150 as it is reciprocatingly driven by
the piston 60. As such, the ram 64 repeatedly opens and
closes the bleed hole 150 when it forward of the bleed
hole 150 or when it is covering the bleed hole respec-
tively. This results in the timing of when the bleed hole
150 is open and closed within a hammer cycle being al-
tered when compared to that disclosed in Figure 2.
[0042] Again, it will be appreciated by the reader that
the characteristics of the performance of this hammer
will be effect by the type of material that is being work
on. Figure 8 shows a graph showing the properties of the
pavement breaker shown in Figure 7 dependent on the
hardness of the material it is working on. The piston 60
is being reciprocatingly driven at 15.2 Hz by the motor.
The same reference numbers for the Restitution Coeffi-
cient, ETA, impact speed, power and compression used
in Figure 6 have been used for the same features in Fig-
ure 8.
[0043] As can be seen when comparing Figure 6 with
Figure 8, when the bleed hole 150 is of the size and is
located in the position shown in Figure 7, the performance
of the pavement breaker on hard material is greatly im-
proved when compared to a bleed hole 94 of the size
and position shown in Figure 2. However, when the bleed
hole 150 is of the size and is located in the position shown
in Figure 7, the performance of the hammer on soft ma-
terial is reduced when compared to a bleed hole 94 of
the size and position shown in Figure 2.
[0044] A first embodiment of the present invention will
now be described with reference to Figure 9. The design
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of the embodiment is the same as the hammer described
previously with reference to Figure 2 except for the pro-
vision of two bleed holes 200, 202 and a switching mech-
anism for opening and closing the bleed holes 200, 202
depending on the average position of the beat piece 72
within the beat piece support structure 70. Where the
same features are present in the first embodiment are
present in the pavement breaker described with refer-
ence to Figure 2, the same reference numbers have
used. Please note the vibration dampener is not shown
in Figure 9 to aid clarity.
[0045] Referring to Figure 9, the cylinder comprises
two bleed holes 200, 202 formed through the side of the
cylinder 58. The position and size of the first bleed hole
200 is the same as the bleed hole shown in Figure 2. The
position and size of the second bleed hole 202 is the
same as the bleed hole shown in Figure 7. Surrounding
the cylinder is a sleeve 204 having two apertures 206,
208 formed through it. The sleeve 204 is cable of axially
sliding along the cylinder 58 in a direction (Arrow A) par-
allel to the longitudinal axis 74 of the cylinder 58 but is
prevented from rotating around the longitudinal axis 74.
Each aperture 206, 208 is capable of aligning with a cor-
responding bleed hole 200, 202 on the cylinder 58. The
length of each of the apertures 206, 208 (in a direction
parallel to the longitudinal axis 74 of the cylinder 58) is
greater then the diameter of its corresponding bleed hole
200, 202 enabling the each aperture 206, 208 to align
with its corresponding bleed hole 200, 202 whilst the
sleeve 204 is in a range of axial positions. The width (in
a direction perpendicular to the longitudinal axis 74 of
the cylinder 58) of each of the apertures 206, 208 is slight-
ly greater than the diameter of the corresponding bleed
hole 2002, 202. A lubricating grease is sandwiched be-
tween the cylinder 58 and the sleeve 204 to form an air
tight seal between the two.
[0046] The positions of the apertures 206, 208 in a di-
rection parallel to the longitudinal axis 74 of the cylinder
58 is greater than the distance between the bleed holes
200, 202 and is such that when one first aperture 206 is
aligned with the first bleed hole 200, the second aperture
208 is located away form the second bleed hole 202, the
sleeve 204 sealing the second bleed hole 202. As the
sleeve 204 slides along the cylinder 58 away from the
beat piece support structure 70, the first aperture 206
ceases to be aligned with the first bleed hole 200, the
second aperture 208 becoming aligned with the second
bleed hole 202. In this location, the sleeve 204 seals the
first bleed hole 200. During the transition, the positions
of the apertures 206, 208 on the sleeve 204 are such that
both bleed holes 200, 202 can not be open at the same
time. As such, only one bleed hole is open at any one
time depending on the axial position of the sleeve 204
on the cylinder 58.
[0047] The amount of sliding movement of the sleeve
204 is limited so that the sleeve 204 can slide between
two positions, a first position where the first aperture 206
is aligned with the first bleed hole 200, with the second

bleed hole 202 being sealed by the sleeve 204, and a
second position where the second aperture 208 is
aligned with the second bleed hole 202, with the first
bleed hole 200 being sealed by the sleeve 200.
[0048] A spring 210 is sandwiched between the hous-
ing 4 and a bar 212 attached to the sleeve 204 which
urges the sleeve 204 forward towards its first position
where it is closest to the beat piece support structure 70.
Movement of the sleeve 204 from its first position to its
second position, away from the beat piece support struc-
ture 70, is against the biasing force of the spring 210.
[0049] A rod having three sections 214, 216, 218 is
attached to the sleeve 204. The third section 218 is lo-
cated inside and capable of sliding within a passage 220
formed through the beat piece support structure 70. The
end 222 of the rod projects in to the inner washer space
87 in which the flange 84 of the beat piece 72 can slide.
The maximum amount by which the end 222 can project
into the space 87 is limited by the middle section 216 of
the rod abutting against the rear of the beat piece support
structure 70 under the biasing force of the spring 210.
When the end 22 of the rod extends by its maximum
amount into the inner washer space 87, the sleeve 204
is in its first position.
[0050] When the pavement breaker is working on a
soft material, the beat piece 72 is located in its forward
average position. The flange 84’ (indicated by dashed
lines in Figure 9) of the beat piece 72 is in front of the
end 222 of the rod and makes no contact with the rod.
As such, the end 22 of the rod is allowed to extend by its
maximum amount into the space 87. When the rod is in
this position, the sleeve 204 is located in its first position.
In this position, the first aperture 206 is in alignment with
the first bleed hole 200 allowing the first bleed hole 200
to be functional. The second aperture 208 is located for-
ward of the second bleed hole 202 and as such, the sec-
ond bleed hole 202 is sealed closed by sleeve 204. As
such, only the first bleed hole 200 is operational. This
results in an improved performance of the pavement
breaker for soft material as the pavement breaker will
have the performance characteristics shown in Figure 6.
[0051] When the hammer is working on a hard mate-
rial, the beat piece 72 is located in its rearward average
position (indicated by solid lines in Figure 9). In this po-
sition, the flange84 of the beat piece 72 is located adja-
cent the forward facing chamfer 88 formed in the beat
piece support structure 70 and engaged with the end 222
of the rod which is pushed rearward by the flange 84.
When the rod is in this position, the sleeve 204 is pushed
to its second rearward position by the rod. In this position,
the second aperture 208 is in alignment with the second
bleed hole 202 allowing the second bleed hole 202 to be
functional. The first aperture 206 is located rearward of
the first bleed hole 200 and as such, the first bleed hole
200 is sealed closed by the sleeve 204. As such, only
the second bleed hole 202 is operational. This results in
an improved performance of the pavement breaker for
hard material as the pavement breaker will have the per-
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formance characteristics shown in Figure 8.
[0052] During each impact cycle, the flange 84 moves
axially over a small range of movement during the impact
and subsequent rebound. When the flange 84 is in its
rearward position in engagement with the end 222 of the
rod, this small range of movement will be transferred to
the rod which in turn will be transferred to the sleeve 204.
This movement is accommodated by the fact that the
length of the first aperture 206 (in a direction parallel to
the longitudinal axis 74 of the cylinder 58) is not only
greater then the diameter of the first bleed hole 200, but
is sufficiently greater than small range of axial movement
of the sleeve to enable the aperture 206 to remain aligned
with the first bleed hole 200 whilst the sleeve 204 moves
over the small range of axial positions.
[0053] It will be appreciated by the reader that a damp-
ener could be added to limit the movement of the sleeve
2004 caused by the limited movement of flange 84 over
the impact cycle, the sleeve 204 only moving in response
to the movement of the average position of the flange 84.
[0054] A second embodiment of the present invention
will now be described with reference to Figure 10. The
design of the second embodiment is the same as the first
embodiment except that the mechanism comprising the
rod 214, 216, 218 for moving the sleeve 204 in response
to the position of the beat piece 72 within the beat piece
support structure 70 has been replaced by a manual
switching mechanism. Where the same features are
present in the second embodiment are present in the first
embodiment, the same reference numbers have used.
Please note the vibration dampener is not shown in Fig-
ure 10 to aid clarity.
[0055] Referring to Figure 10, the slideable sleeve 204
with the apertures 206, 208 function in the same manner
as in the first embodiment to open and close the two
bleed holes 200, 202. However, the use of the rod 214,
216, 218 has been removed and replaced with a manual
switch. The manual switch comprises a rigid arm 300
attached to the sleeve 204 and which extends from the
sleeve 204 in a direction perpendicular to the longitudinal
axis 74 of the cylinder 58 from the sleeve 204 and through
an aperture 302 formed through the wall of the middle
housing 4. Attached to the end of the arm 300 is a finger
pad 304 which can be engaged by an operator. A catch
comprising a rib 306 mounted on the end of a leaf spring
308 which is attached to and extends side ways from the
arm 300 is biased towards a slide pad 312 which com-
prises two notches 314, 316. An operator can engage
the finger pad 304 and slide it (Arrow A) between a first
position (shown in dashed lines) where the rib 306 en-
gages the first notch 316 to a second position (shown in
solid lines) where it engages the second notch 314, or
vice versa. The sliding movement of the finger pad results
in a corresponding sliding movement of the sleeve 204.
In the first position, the first aperture 206 of the sleeve
204 is in alignment with the first bleed hole 200, with the
second bleed hole 202 sealed by the sleeve 204. In the
second position, the second aperture 208 of the sleeve

204 is in alignment with the second bleed hole 202, with
the first bleed hole 200 sealed by the sleeve 204.
[0056] The range of movement of the finger pad 304
is limited by the end stops 320 limiting the range of move-
ment of the rib 306.
[0057] When an operator knows that he is going to use
the pavement breaker on a soft material such as lime-
stone, he slides the finger pad 304 to its first position so
that only the first bleed hole 200 is operative. When an
operator knows that he is going to use the pavement
breaker on a hard material such as limestone, he slides
the finger pad 304 to its second position so that only the
second bleed hole 200 is operative.
[0058] The spring 210 biases the finger pad 304 to its
first position where the performance characteristics of
the pavement breaker are more uniform when used on
materials with a range of hardness. However, the leaf
spring 308 has sufficient strength to hold the rib 306 within
the second notch 314 against the biasing force of the
spring 210 when it is moved to this position.
[0059] Whilst the embodiments described above relate
to a pavement breaker, it will be appreciated by the reader
that the invention can be utilized on any type of hammer
drill having a cylinder, inside of which is a piston and ram,
where the reciprocating movement of the piston recipro-
catingly drives the ram via an air spring.

Claims

1. A hammer drill comprising:

a body (2);
a cylinder (58) mounted within the body (2);
a piston (60) slideably mounted within the cylin-
der (58);
a motor (24) mounted within the body (2) having
an output spindle (30);
a reciprocating drive mechanism mounted with-
in the body which, when the motor is activated,
converts the rotary movement of the spindle (30)
of the motor (24) into a reciprocating movement
of the piston (60) within the cylinder (58);
a ram (64) slideably mounted within the cylinder
(58) which is reciprocatingly driven by the recip-
rocating movement of the piston (60) via an air
spring (62);
at least two air entry points (200, 202) formed
through the wall of the cylinder (58) in different
axial positions along the length of the cylinder
(58), each of which are capable of replenishing
the air spring (62);
a tool holder (14) mounted on the body, the tool
holder being capable of holding a cutting tool
(22) which, during normal use, is repetitively
struck by the reciprocating ram (64);
wherein there is further provided a selector
mechanism (204) which selectively opens and
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close the air entry points (200, 204);
characterized in that the selector mechanism
opens only one air entry point (200, 202) at any
one time during normal use, the selector mech-
anism closing all other air entry points (200,
202), each of the air entry points (200, 202) ca-
pable of replenishing the air spring (62) during
normal use when opened by the selector mech-
anism (204).

2. A hammer drill as claimed in claim 1 wherein there
the cylinder (58) comprises two air entry points (200,
202), the selector mechanism (204) opening one air
entry point when it closes the other air entry point
and vice versa.

3. A hammer drill as claimed in either of claims 1 or 2
wherein the dimensions of the at least two air entry
points (200, 202) are different relative to each other.

4. A hammer drill as claimed in any one of the previous
claims wherein at least one of the air entry points
(200, 202) is further opened and closed using the
ram (64) and/or the piston (60).

5. A hammer drill as claimed in any of the previous
claims wherein the air entry points (200, 202) com-
prise a single bleed hole formed through the wall of
the cylinder.

6. A hammer drill as claimed in claim 5 wherein the
selector mechanism (204) comprises a sleeve
mounted in an axially slideable manner on the cyl-
inder (58) and which comprises at least two aper-
tures (206, 208) which are capable of being selec-
tively aligned with one or more of the bleed holes
(200, 202) as the sleeve (204) is axially slid along
the cylinder, the sleeve closing the remaining bleed
holes.

7. A hammer drill as claimed in any one of the previous
claims wherein the tool holder (14) is capable of hold-
ing a cutting tool (22) in a range of axial positions,
the average axial position of the cutting tool (22) with-
in the tool holder (14) during use being dependant
on the hardness of the material being cut by the cut-
ting tool;
wherein there is further provided:

a detection mechanism (214, 216, 218) which
determines the position of a cutting tool (22)
within the tool holder (14) and provides an indi-
cation of the cutting tools position; and
the selector mechanism (204), in response to
indication of the detection mechanism, opens
and closes the air entry points dependent on the
average position of the cutting tool within the
tool holder.

8. A hammer drill as claimed in claim 7 wherein the
detection mechanism determines the average posi-
tion of the cutting tool.

9. A hammer drill as claimed in any one of claims 7 or
8 wherein there is further provided:

a beat support structure (70) mounted within the
housing;
a beat piece (72) slideably mounted within the
beat piece support structure (70),
wherein the ram (64) strikes a cutting tool (22)
via the beat piece (72), the detection mechanism
determining the position of a cutting tool within
the tool holder by determining the position of the
beat piece (72) within the beat piece support
structure (70).

10. A hammer drill as claimed in claim 9 wherein the
detection mechanism determines the average posi-
tion of the beat piece.

11. A hammer drill as claimed in any one of claims 9 or
10 wherein the beat piece comprises a flange (84),
wherein the detection mechanism determines the
position of the flange.

12. A hammer drill as claimed in claim 11 wherein the
detection mechanism comprises a rod (214, 216,
218) which is biased towards and capable of engag-
ing with the flange.

13. A hammer drill as claimed in any one of claims 1 to
6 wherein the selector mechanism (204) is operated
manually to open and close the air entry points (200,
202).

14. A hammer drill as claimed in claim 13 wherein the
selector mechanism comprises a finger pad capable
of being engaged by the operator, the movement of
which results in the selector mechanism opening and
closing the air entry points.

15. A method of altering the performance characteristics
of a hammer comprising:

a body;
a cylinder mounted within the body;
a piston slideably mounted within the cylinder;
a motor mounted within the body having an out-
put spindle;
a reciprocating drive mechanism mounted with-
in the body which, when the motor is activated,
converts the rotary movement of the spindle of
the motor into a reciprocating movement of the
piston within the cylinder;
a ram slideably mounted within the cylinder
which is reciprocatingly driven by the reciprocat-
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ing movement of the piston via an air spring;
at least two air entry points (200, 202) formed
through the wall of the cylinder (58) in different
axial positions along the length of the cylinder
(58), each of which are capable of replenishing
the air spring (62;
a tool holder mounted on the body;
a cutting tool held by the tool holder which, dur-
ing use, is repetitively struck by the reciprocating
ram;
characterized in that the method comprises
selectively opening one of the air entry points
only which provides the most ideal performance
characteristic for the hardness of material in-
tended to be cut by the hammer whilst closing
the other air entry points, the open air entry point
replenishing the air spring during normal use.
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