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@ Motor driven power tool.

@ The too! comprises a casing (12) which contains an
electric motor (11) connected to a too! holder (17) via a gear
box (14) and a torque sensitive clutch {15}, (16), (21), (22}. The
tool also includes switch means operable to cut off the motor
when a torque above a predetermined value is transmitted
across the clutch. The switch means includes a Hall effect
device comprising a stationary Hall effect element (43} and a
magnet (37) movable with a rod (32} in response to operation
of the torque sensitive clutch.

ZABTLEPNTE 5 ¢

~>—

)
nFUANE
FIG.1.

Croydon Printing Company Ltd

0 063 460




10

15

20

Folio 230P42085X 0063460

A MOTOR DRIVEN POWER TOOLY

This invention relates to a motor driven power
tool, e.g. a screwdriver and more particularly but not
exclusively to an electric motor driven power tool.

In accordance with the present there is provided
a power tool, comprising a casing having a tool holder
and a motor mounted therein, a ftorgue sensitive device
between the motor and the tool holder and switch means
operable to cut off the motor when a torque above a
predetermined value is transmitted across the device,
the switch means including a Hall effect device.

The Hall effect device can provide a low inertia
non-contact arrangement for cuttiﬁg off the motor when
the torgque exceeds said predetermined value.

Preferably, the Hall effect device comprises
a stationary Hall effect elemenf and a magnet movable
relative to the Hall effect element when the torque
transmitted across the torque sensitive device exceeds
said predetermined value-

Preferably, the Torgue sensitive device comprises
torque sensitive device parts movable axially relative
to each other when the torque exceeds said predetermined
value to move the magnet relative to the Hall effect element.

Advantageously, the Hall effect device is inter-

posed between the motor and the torque sensitive device.
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The motor and the torque sensitive device
may be axially spaced apart with the Hall effect device
adjacent to the motor and in this case, an elongate
actuating member, e.g. a push rod, couples the torque
sensitive device to the magnet of the Hall effect device-
A gear-box may be interposed between the motor and
torque sensitive device, in which case the elongate
actuating member will extend through the gearbox.

Preferably, the motor is an electric motor.

A switch may be provided for reversing the direction
of the motor.

In one embodiment, the switch means, including
the Hall effect device, may be operable to energise
the motor in response to axial movement of the torque
sensitive device towards the motor. In another
embodiment, the motor may be enérgised by a switch
mounted on the body of the tool.

The invention will now be more particularly
described, by way of example, with reference to the
accompanying drawings, wherein:;

Figure 1 is a 1ongitudina1Asection3through one
embodiment of a power tool aécording to ﬁhe invention

and illustrated in a datum position, and
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Figure 2 is a block diagram of the electrical
circuit for operating the motor of the tool shown in
Figure 1.

Referring to the draying, there is shown therein
a power tool 10, in the form of a screwdriver, which 1is
driven by an electric motor 11. The tool 10 has a tubular
casing 12 which contains the motor drivingly connected to
a shaft 1% via a gear box 4. A clutch has a driving
member 15, which is integral with the shaft 13 so as to be
rotated therewith, and a driven member 16, integral with a
tool holder 17 which is mounted in a bearing sleeve 18
fixed in one end of the casing 12 and is adapted to
releasably locate a screwdriver bit (not shown). One clutch membe
is constituted by a boss 20 at the rear end of the driven
member 16 and the other clutch member by balls 21 carried
in radial passages formed in thé forward end of the driving
mémber 15. The balls are biassed by means of a spring-
loaded sleeve 22 mounted on the driving member 15 and
having a frusto-conical end surface 23 which engages the
balls. Compression spring 24 pushes the sleeve 22 over
the balls and the end surface 23 pushes them in towards
the axis of the clutch.

The end of the compression spring 24 remote from
the sleeve 22 abuts against an annular block 25 keyed to
the shaft 13 in such a manner that its position along the

axis of the shaft 1% can be adjusted in order to vary the
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compression in the spring 24. The other end of the
spring 24 abuts against an outwardly extending flange

of collar 26 which is mounted on the shaft so as to be
axially slidable therealong. A latch sleeve 27 is also
mounted on the shaft 1% so as to be axially slidable
therealong and is biassed towards the rear end of the
collar 26 by a compression spring 28. A thrust bearing
29 is interposed between the collar 26 and the sleeve 22
so that the sleeve 22 caﬁ rotate freely relative to the
spring 24 which is under compression and which engages
the block 25 keyed as aforesaid to the shaft 13. The
sleeve 22 is free to rotate about the driving member 15
so that as the balls 21 are cammed outwards as herein-
after more fully explained, they will rotate about axes
parallel with the tool axis so that there is no sliding
between the ball surface and éither of the surfaces with
which the balls are in contac#.

The shaft 13 is splined to the output member of the
gearbox 14 so as to be axially slidable relative thereto-
A compression spring 30 urges the shaft 13 and hence
driving and driven members 15 and 16'respective1y forwards
until a shoulder 31 on the driven member 16 engagesrthe_
bearing sleeve 18. A push rod 32, which operates the

motor as explained hereinafter extends through the gear-

_box 14, and into the shaft 13 where it engages a latch

bolt 33. The shaft 13 has radial passages which
accommodate balls 34. The balls 34 normally project

-
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into an annular recess in the latch bolt 3% where they
are retained by the latch sleeve 27, but the sleeve 27
and collar 26 define an annular groove 35 which when
aligned with the passages accommodating the balls 34 as
hereinafter aescribed allows the balls 34 to move
radially away from the axis of the shaft 13%.

The boss 20 is of generally square cross-section
but each face has a detent recess adjacent to the
trailing'edge of the face when viewed in the direction
of forward rotation of the boss 20. The purpose of these
detent recesses will be explained hereinafter.

The rear end of the push rod 32 has a
piston %6 attached thereto. The rear face of the piston
%6 bears against a permanent magnet 37 which together
with the piston 36 is axially slidably mounted in a
hollow non-magnetic transmission shaft 38 which drivably
connects the electric motor 11 to a pinion %9 at the
input end of the gearbox 14. A non-magnetic permanent magnet
return spring 40 is disposed within fhe transmission
shaft 58 between the magnet 37 and a spacer 41. Surround-
ing the transmission shaft and fixed against angular
movement relative to the casing 12 is an axially adjust-
able non-nagnetic carrier 42 for a Hall effect element 43.

As shown in Figure 2, the Hall effect element 43
connected to a Hall effect enable switch 44 which is in

turn connected to a power switching circuit 45 operable
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to supply power to the motor 411. The tool is provided
with a touch switch pad 46 which is activated by the
pressure of a conductive mass of significant size in
contact with the pad. An output signal of the touch
switch is conditioned by a conditioning circuit 47 to
provide a digital signal fed to a phase splitter 48
which in turn sets the power switching circuit into a
forward or reverse state.

In operation, the screwdriver bit is located
in the head of the screw and sufficient thrust is applied to
compress the springs %0 & 40The push rod 32 and the
ﬁermanent magnet move rearwardly and this operates the
Hall effect device so that power is supplied to the motor
11. The torque is transmitted from the shaft 13 through
the driving member 15 and the balls 21 to the driven
member 16 and the screwdriver bit., During rotation
below a predetermined torque, the balls 21 grip the boss
20, and the driving and driven members 15 and 16 respect-
ively rotate in unison with the balls.

"When the maximum torque is approached, the load
retards the driven member 16 and the boss 20 turns
slightly slower than the driving member 15. As a result,
the balls 21 begin to roll along the respective camming
surface of the boss and are cammed outwards against the
force exerted by the sleeve 22. As this takes place, the

sleeve is moved axially against the spring 24. When the f
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set torque is reached,all the balls 21 are just'before
that edge of their camming surface remote from the respec-
tive detent recess and the groove 35 defined by the latch
sleeve 27 and collar 26 is aligned with the radial passages
accommodating the balls %4.. Thus, the balls 34 are all-
owed to move radially away from the axis of the shaft 13
and such movement releases the latch bolt 33 which will
move axially forward under the influence of return spring
40. Hence,the magnet moves forwardly and the Hall effect
element operates to deenergize the motor. Due to the influ-
ence of any stored energy in the motor and gearbox, the
driving member 15 will continue to rotate and the balls 21
will pass over the edge of the cam surfaces on the boss 20.

Thrust on the screwdriver bit is then relaxed thus
allowing the driven member 16 to datum on shoulder 31 due
to the influence of spring 30. The push rod 36 is preven-
ted from folloﬁing the clutch assembly forﬁard by shoulder
50. Spring 49(which is .weaker than,spring!40) will hold
the latch bolt %3 in contact with the push rod %6,so that
as shaft 1% moves forward,the balls 34 are aligned with
the groove in the latch bolt %3 and the latch sleeve 27
resets under the influence of spring 28.

On reverse rotation initiated by activating the touch
switch pad 46,the situation is similar except that the
balls 21 will move along the respective camming surface and
into a detent recess of the boss as the predetermined torque

is approached. These recesses lock onto the balls 21 and
hence a greater force has to be
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applied to the balls before they run over the edges of

the camming surfaces than was the case of rotation in

the forward direction. In practice, the reverse rotation
is used to remove a screw and sleeve 22 will not be moved
enough to release push rod 32 and the balls will not run
over the edges of the camming surfaces, because sufficient
torque should be available to start the screw moving
before this stage 1s reached.

As aforesaid, the position of the block 25 can be
adjusted along the axis of the driving member 13 in
order to vary the compression in the spring 24. By this
means, the torque at which the sleeve 22 will move to
release the push rod 32 can be varied.

In an alternative embodiment (not shown) each detent
recess may be replaced with an ear which presents a more
steeply inclined camming surface (i.e. a surface with a
greater approach angle) to the balls than the remainder
of the camming surface. Therefore, once again the balls
21 will need to have a greater force applied to them to
overcome. this stecper slope when the tool is operated in
a reverse direction.

Moreover, other types of clutch with an unlatching
device may be used, e.g. the clutch described in British

Patent No. 1457496.
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The provision of the Hall effect device comprising
Hall effect element 4% and magnet 37, allows the push rod
32, push rod piston 36, magnet 37, and return spring 40
to slide freely within rotating parts whilst providing
a compact arrangement. Moreover, the system has low
inertia as only the push rod piston %6, magnet 37 and
return spring 40 affect the response time of the system.

Instead of a push start tool as hereinbefore
described, the torque sensitive clutch could be moved
rearwardly towards the motor 11 by a lever mechanism (not
shown) to energize the motor. Im this case, the tool
holder could be fixed against axial movement.

Instead of bringing the magnet 37 into line with
the Hall effect element 43 to energise the motor, the
reverse mode of switching could be employed where the
magnet 37 moves out of line with the Hall effect element
to energise the motor.

Furthermore, instead of using a latching mechanism
associated with the push rod 32, the sleeve 22 could act
on the.forward end of the push rod such as through the
intermediary of a pin connected to the sleeve 22 and
extending through slots in the shaft diametrically across
the bores of the shaft 13. In this case, the motor may
be energised by a touch sensitive switch mounted on the
body of the tool. When a torgue above said predetermined

value is transmitted across the clutch, the push rod 32
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moves the magnet 37 momentarily away from (or into
line with) the Hall-effect element. The motor is
switched off and an electric latching eircuit holds
the motor off until the pressure on the toudh sensitive
switch is released and, when required, re-applied.
This arrangement is particularly applicable to a tool
with an angle head i.e. with the axis of the tool
holder at an angle, e.g- 900, to the axis of the motor
(and clutch).

The torque sensitive clutch could be replaced

by any other appropriate torque sensitive device.
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CLATMS:

1. A power tool comprising a casing (12) having a
tool holder (17) and a motor (11) mounted therein, a
torque sensitive device (15,16,21,22) between the motor
and the tool holder and switch means operable to cut off
the motor when a torque above a predetermined value 1is
transmitted across the device, characterised in that

the switch means includes a Hall effect device (43,37).
2. The power tool of Claim 1, characterised 1n that
"the Hall effect device comprises a stationary Hall effect
element (43) an a magnet (37) movable relative to the
Hall effect element when the torque transmitted across
the torque sensitive device exceeds said predetermined
value.

3. The power tool of Claim 2, characterised in that
the torque sensitive device comprises torque sensitive
device parts (15,16,22) movable axially relative to each
other when the torgue exceeds said predetermined value
to move the magnet relative to the Hall effect element.
4. The power tool of any one of the preceding claims,
characterised in that the motor and the torque sensitive
device are axially spaced apart, in that the Hall effect
device 1s adjacent to the motor and in that an elongate
actuating member (32) couples the torque sensitive device
to the magnet of the Hall effect device.

5. The power tool of Claim 4, characterised in that

a gear-box (14) is interposed between the motor and the
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torque sensitive device and in that the elongate
actuating member extends through the gear-box.

6. The power tool of any one of the preceding claims,
characterised in that the Hall effect device is inter-
posed between the motor and the torque sensitive device.
7. The power tool of any one of the preceding
claims, characterised in that the motor 1s an electric
motor.

8. The power tool of Claim 7/, characterised by a
switch for reversing the direction of the motor.

9. The power tool of any one of the preceding
claims, characterised in that the switch means is
operable to energise the motor in response to axial
movement of the torque sensitive device towards the

motcor.
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