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Low reaction power wrench

The invention relates to a power wrench that is adapted to yield a low
reaction torque. According to a first aspect the invention relates to
a handheld power wrench in which the reaction forces experienced by an
operator holding the tool during a tightening operation are reduced.
According to a second aspect the invention relates to a fixed power
wrench in which the reaction forces in the fixture of the tool during

a tightening operation are reduced.

Background

Power wrenches are industrially used to tighten joints, such as bolts
screws and nuts. A general desire for all types of power wrenches,
especially handheld power wrenches is to keep the reaction forces that
are produced during a tightening operation as low as possible. It is
however also relevant to keep reaction forces low for tools that are
fixed in a structure such as robot arms or the like. Low reaction
forces will reduce the stress in such structures and will hence reduce
the mechanical demands on them, since they will merely need to be
constructed to carry the weight of the power wrench and to withstand a
limited reaction torque. Reduced stress demands will imply a
monumental saving with respect to tolerances of the construction

holding the tool.

Different techniques are known for keeping the reaction forces low.
One manner of reducing reaction forces is to use a pulsating motion or
to build up inertia in the power wrench, wherein the produced inertia
may be delivered to the joint without the creation of any reaction

forces.

These conventional methods have both advantages and drawbacks. Hence,
there is room for improvements in the field of power wrenches with a

low reaction force.
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Summary of the invention

An object of the invention is to provide new kind of power wrench with

a low reaction force.

This object is achieved by the invention, which relates to a power
wrench including:

- an electric motor comprising a stator and a rotor,

- a torque delivering output shaft that is drivingly connected to
the rotor, and

- a housing in which the stator is arranged, the rotor being
arranged to rotate with respect to the housing around a motor rotation
axis, wherein the stator is arranged such that it may rotate with
respect to the housing around a motor rotation axis and is resiliently
arranged with respect to the housing, and wherein at least one spring

is arranged to urge the stator towards an initial position.

The invention provides a power wrench in which the reaction forces
experienced by an operator holding the tool during a tightening
operation are reduced in that the stator is allowed to rotate around

the motor rotation axis inside the housing of the power wrench.

In one specific embodiment the at least one spring acts in both
rotational directions around the motor rotation axis and has a
proportional spring force that is proportional to its angular

displacement from the initial position.

In another specific embodiment the at least one spring acts in only
one rotational direction, whereas the stator is prevented from
rotation in the opposite direction around the motor rotation axis.
Preferably the stator in such an embodiment is arranged to only rotate
in the counter clockwise direction, i.e. in the opposite direction of
the tightening direction of a normal threaded joint, such that it may
recoil in response to a delivered torque during a tightening

operation.
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In yet another specific embodiment the at least one spring acts in

both rotational directions around the motor rotation axis and has a
spring force that increases in a non-linear manner with its angular
displacement from the initial position. The spring force may either

increase progressively with its extension or in a decreasingly manner.

In yet another specific embodiment at least one end stop i1s arranged

to limit the rotation of the stator around the motor rotation axis.

In one specific embodiment the rotor is rigidly connected to the

output shaft.

In another embodiment the rotor is instead connected to the output

shaft via a reduction gearing.

The reduction gearing may be a planet gear comprising a rim gear, a
sun gear and planet wheels there between, and wherein the rotor is
connected to the sun gear, the output shaft is connected to the planet
wheels via a planet carrier, and wherein the rim gear is rotatively
connected to the stator of the motor via a bridge, the output shaft
being coaxial with the rotor and arranged to rotate around the motor

rotation axis.

An angle meter may be arranged to monitor the rotation of the stator
around the motor rotation axis. Further, a second angle meter may be
arranged to monitor the rotation of the rotor around the motor
rotation axis. This may be useful for many reasons. For instance it 1is
useful to know the mutual position of the rotor and stator in order to
optimise the drive of the motor so as to powerize the correct section

of the stator to drive the rotor in an optimal manner.

The stator and the rotor may be disc-shaped and arranged opposite to

each other.

Other features and advantages of the invention will be apparent from

the figures and from the detailed description of the shown embodiment.
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Short description of the drawings

In the following detailed description reference is made to the

accompanying drawings, of which:

Fig. 1 shows a schematic view of a power wrench according to a first

specific embodiment of the invention;

Fig. 2 shows a front view of a motor house according to the first

embodiment of the invention:;

Fig. 3 shows a cut along the line III-III of the motor house shown in

fig. 2;

Fig. 4 shows a perspective view of the motor house shown in fig. 2;

Fig. 5 shows a perspective cut view of the motor house shown in fig.

4;

Fig. 6 shows a front view of a motor house according to a second

embodiment of the invention;

Fig. 7 shows a cut along the line VII-VII of the motor house shown in

fig. 6;

Fig. 8 shows a perspective cut view of the motor shown in fig. 6; and

Fig. 9 shows a schematic view of a power wrench according to a second

aspect of the invention.

Detailed description of the shown embodiment of the invention

In fig. 1 a power wrench 10 according to a first embodiment of the
invention is shown. The power wrench comprises a housing 11 that
houses an electric motor 13. A lower part of the housing is formed as
a handle 34 with a trigger 12 for driving the electric motor 13. The
motor 13 includes a stator 14 and a rotor 15. A power source 18, such
as a rechargeable battery an electric cable or a combination thereof,

is arranged below the handle 34 to power the motor 13. Typically, the
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power wrench further includes a control unit for controlling the
motor, and a communication unit for communicating with a distant

control station.

An output shaft 16 is arranged for delivering a torque to a joint that
is to be tightened or loosened. The rotor is arranged to rotate around
a rotational axis X. The output shaft is 16 drivingly connected to the
rotor 15, such that the rotation of the rotor 15 is transferred to the
output shaft 16, directly or via a gearing. Typically, the rotor 15
and the output shaft 16 are arranged to rotate around a common axis,
the rotational axis X. In the shown embodiment the motor 13 is
arranged inside a motor house 17, which is rigidly connected to the
main housing 11. The motor may however just as well be directly
supported by the housing 11, such that the motor house could be
dispensed with. In the shown embodiment the motor house 17 tightly
encloses and supports the rotor 15 and the stator 14 of the motor 13.
As 1s indicated in fig. 1 the stator 14 is rotatively arranged with
respect to the motor house 17, such that it may rotate around the same

rotational axis X as the rotor 15.

In the first embodiment, shown in figures 1-5, the rotor 14 is rigidly
connected to the output shaft 16, which in turn is connectable to a
screw, bolt or nut for tightening or loosening a joint including said
screw, bolt or nut. In the embodiment shown in figure 1 a socket 22

for connection to a bolt or a nut is arranged on the output shaft 16.

The stator 14 is resiliently arranged with respect to the housing 11
and the motor house 17. A spring 19 is arranged to keep the stator 14
in an initial position, in which the spring is in equilibrium. In the
shown embodiment the spring 19 is a torsional spring with a first end
20 fixed to the stator 14 and a second end 21 arranged to the motor

house 17.

The stator 14 will rotate within predetermined limits as a result of
reaction forces created during a tightening operation. The torque

created by the motor will drive the output shaft and when the
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resistance in the joint increases will be transmitted as reaction
forces to the stator. A normal tightening operation typically
comprises a first threadening phase in which the bolt, screw or nut of
the joint is rotated with only a substantially low torque applied by
the motor and a second phase in which a clamp force is build up in the
joint such that the torque increases continuously. In the first phase
the stator 14 will remain substantially still, but during the second
phase the stator 14 will rotate in the opposite direction with respect
to the rotational direction of the rotor 15. The spring 19 may have a
spring force that is proportional to its offset from the initial
position. There may be also be two or more springs. Further, the
spring or springs may be non-linear such that the torque acting on the
stator increases non-linearly with an increasing angular displacement
of the stator, either exponentially or converging towards a maximum

value.

In addition to the spring or springs end stops (not shown) may be
arranged to limit the rotation of the stator around the motor rotation
axis X. Typically, one single end stop may be arranged to physically
hinder the stator to rotate more than 360° or 180° in either
direction. Two end stops may however be arranged to allow the stator
14 to rotate less than any specific angle in either direction, and to

different degrees in the different directions.

Figure 3 and figure 5 shows a sectional view and a cut perspective
view, respectively. As is visible in these figures the stator 14 is
journalled with respect to the motor house 17 by means of a front
bearing 23 and a rear bearing 24. The rotor 15 is arranged opposite to
the stator 14. In the shown embodiment the rotor 15 and stator 14 are
disc-shaped. They may however also be cylindrical, one arranged

coaxially inside the other.

An advantage with a disc-shaped stator and rotor is that it may imply
an increased inertia in the stator, which increases the reaction

torque that may be compensated by the rotation of the stator.
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A second embodiment is shown in figures 6-8, in which the rotor is
connected to the output shaft 16 via a reduction gearing. In the shown
embodiment the reduction gearing is a planetary gear with a typical
reduction ratio of about 1:4, the output shaft 16 being co-axial to
the rotor 15 and arranged to rotate around the same rotational axis X
as the rotor 15. Specifically, the rotor 15 is rigidly connected to a
sun wheel 28 of the planetary gear. A planet carrier 30 carries a
number of planet wheels 29 that rotate around separate planet gear
shafts 32. In the shown embodiment three planet wheels 29 are
arranged. There may however also be 1, 2, 4 or more planet wheels. The
planet carrier 30 is rigidly connected to the output shaft 16. A rim
gear 31 is arranged to enclose the planet wheels 29 which will rotate
around the sun wheel 28 and their own shafts 32 as a function of the
rotation of the sun wheel 28, which in turn is implied by the rotation

of the rotor 15.

The reaction forces that are created during a tightening operation are
provided to the rim gear 31. In the prior art a rim gear is normally
rigidly arranged inside the housing so as to transmit the reaction
forces to the housing of the power wrench. In the inventive second
embodiment these reaction forces are instead transferred to the stator
14. Namely, the rim gear 31 is connected to the stator 14 via a bridge
33. The bridge 33 is journalled with respect to the motor house 17 in
the front stator bearing 23, and the rotor is journalled with respect

to the stator 14 in the front rotor bearing 25.

The inventive stator arrangement is intended to be controlled by means
of a control unit so as to deliver a controlled and well defined
torque to a joint. In addition to the torque transducer 27 arranged
inside the rotor shaft an angle encoder may be arranged to monitor the
rotation of the output shaft 16 and a meter may be arranged to monitor
the rotation of the stator 14. As the spring action of the spring 19
increases according to a known formula with respect to the angular
displacement of the stator 14, and as the reaction forces will be

transmitted to the stator the angular displacement of the stator 14
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around the rotational axis X will be an indirect indication of the
reaction forces produced during a tightening operation. Hence, a
torque meter, an angle meter or both may be used to monitor the
angular displacement of the stator 14. A torque meter could be
arranged at the second end 21 of the spring 19 to register the force

with which the spring acts on the motor house 17.

The control unit may further be configured to control the motor in
response to the angular displacement of the stator 14 around the
rotational axis X. For instance, the control unit may be configured to
limit the angular displacement of the stator 14 such that the
experienced reaction torque will remain below a predetermined
threshold. Further, a gyro (not shown) may be arranged to monitor the
rotation of the housing 11 around the motor rotation axis of the
output shaft, which is common to the rotational axis X of the rotor
15. At a specific angular rotation of the housing the motor may be
slowed down or turned off as a safety arrangement. Depending on the
magnitude of the angular displacement of the housing the tightening
operation may either be concluded a moment later or interrupted to be

concluded at another time.

The control unit may be configured to control a tightening operation
actively during a tightening operation, e.g. in order to reach a set
target torgque with as little reaction force as possible. The control
unit may also be configured to deliver torque pulses and to optimise
these pulses in response to the movement of the stator 14. Such

optimisation may be dependent on many different parameters and may be

readily tested by a person skilled in the art.

A second aspect of the invention is schematically shown in figure 9.
In this embodiment the power wrench 10 is arranged in the form of a
fixed power wrench. Specifically a power wrench held by an articulated
robot arm comprised of three arm-parts 41,42,43 interconnected by

articulated joints 44,45. A third articulated joint 46 may be arranged
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in order to allow a proximal arm-part 41 to articulate with respect to

a base structure 47.

As is apparent from the schematic illustration in figure 9 the arm-
parts 41,42,43 and articulated joints 44,45,46 may be of a relatively
light construction, not adapted to withstand great torques but well
adapted to carry a power wrench in accordance with the invention and
to withstand the relatively low reaction torques that are produced by

the present inventive power wrench.

Above, the invention has been described with reference to two specific
embodiments. The invention is however not limited to these
embodiments. It is obvious to a person skilled in the art that the
invention maybe varied within its scope of protection, which is

defined by the following claims.
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Claims

1. A power wrench (10) including:

- an electric motor (13) comprising a stator (14) and a rotor (15),
- a torque delivering output shaft (16) that is drivingly connected
to the rotor (15), and

- a housing (11,17) in which the stator (14) is arranged, the rotor
(15) being arranged to rotate with respect to the housing around a
motor rotation axis (X), characterised in that the stator (14) is
arranged such that it may rotate with respect to the housing around
the motor rotation axis (X) and is resiliently arranged with respect
to the housing (11,17), wherein at least one spring (19) is arranged

to urge the stator (14) towards an initial position.

2. The power wrench (10) according to claim 1, wherein the at least
one spring acts in both rotational directions around the motor
rotation axis (X) and has a proportional spring force that is

proportional to its angular displacement from the initial position.

3. The power wrench (10) according to claim 1, wherein the at least
one spring acts in both rotational directions about the motor rotation
axis (X) and has a spring force that increases in a non-linear manner

with its angular displacement from the initial position.

4. The power wrench (10) according to anyone of the preceding
claims, wherein at least one end stop is arranged to limit the

rotation of the stator (14) around the motor rotation axis.

5. The power wrench (10) according to anyone of the preceding
claims, wherein the rotor (15) is rigidly connected to the output
shaft (16) such that the output shaft (16) is coaxial with the rotor

(15) and arranged to rotate around the motor rotation axis (X).

0. The power wrench (10) according to anyone of the claims 1-4,
wherein the rotor (15) is connected to the output shaft (16) via a

reduction gearing.
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7. The power wrench (10) according to claim 6, wherein the reduction
gearing is a planet gear comprising a rim gear (31), a sun gear (18)
and planet wheels (29) there between, and wherein the rotor (15) is
connected to the sun gear (18), the output shaft is connected to the
planet wheels (29) wvia a planet carrier (30), and wherein the rim gear
(31) is rotatively connected to the stator (14) of the motor (13) via
a bridge (33), the output shaft (16) being coaxial with the rotor (15)

and arranged to rotate around the motor rotation axis (X).

3. The power wrench (10) according to anyone of the preceding
claims, wherein an angle meter 1s arranged to monitor the rotation of

the stator (14) around the motor rotation axis (X).

9. The power wrench (10) according to anyone of the preceding
claims, wherein the stator (14) and the rotor (15) are disc-shaped and

arranged opposite to each other.

10. The power wrench (10) according to anyone of the preceding
claims, further comprising a handle (34) adapted to be held by an

operator.

11. The power wrench (10) according to anyone of the claims 1-9,
further comprising an attachment portion adapted to be fixed to a

robot arm.
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