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(57) Abstract: A method for determining the angular displacement of the output shaft (¢,) of an impulse nut runner at tightening
& a screw joint to a predetermined final torque level (Ty) by means of an impulse nut runner having a motor driven impulse unit (23)
& with an inertia drive member (27), an output shaft (24) to be coupled to the screw joint to be tightened and an angle sensing device
(g (35, 38) associated with the drive member (27) and arranged to deliver signals in response to the rotational movement of the drive
member (27), wherein the total angular displacement of the output shaft (24) in relation to a threshold torque level (T)) is calculated
as a difference between the total angular displacement (¢pr) of the drive member (27) as a result of a total number of delivered
impulses (Ny) and the angle of the total number of full revolutions minus one full revolution [ (N -1) . 360).
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The invention relates to a method for determining the
angular displacement of the output shaft of an impulse nut
runner and, hence, the screw joint during a tightening
process by using information from an angle sensing device
which is arranged to detect the angular movement of the

inertia drive member of the impulse nut runner.

In impulse nut runners there is a problem to obtain an
accurate information about the angular displacement of the
output shaft and, hence, the angular displacement of the
screw joint during a tightening process. In prior art,
there are described impulse nut runners where the output
shaft is provided with an angle sensor for obtaining
rotation angle related signals. See for instance US
6,341,533. A problem concerned with this type of angle
sensing device is that it causes an undesirable increase of
the outer dimensions of the nut runner, the length of the
tool in particular. Particularly, in such impulse nut
runners where an angle sensor is already comprised for
detecting angular displacement of the inertia drive member
for torque calculation purposes an extra angle sensor at
the output shaft adds unnecessarily to the outer dimensions
and the complexity of the nut runner. See for instance

WO 02/083366.

The main object of the invention is to create an impulse
nut runner in which the angular displacement of the output
shaft during tightening is obtained without using an angle
sensing means on the output shaft. Instead, the angular
displacement of the output shaft and the screw joint is
readily calculated from angle signals provided by an angle
sensing device detecting the angular displacement of the

inertia drive member of the impulse unit.
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Further objects and advantages of the invention will appear

from the following specification and claims.

A preferred embodiment of the invention is described below

with reference to the accompanying drawing.

In the drawing

Fig. 1 shows, partly in section, a side view of a impulse
nut runner suitable for performing the method according to
the invention.

Fig. 2 illustrates schematically a longitudinal section
through an impulse nut runner of the type shown in Fig. 1
in connection with a threaded fastener.

Fig. 3a shows a perspective view of a ring element forming
part of the rotation detecting device of the tool in Fig.
1.

Fig. 3b shows a perspective view of a sensor unit forming

part of the rotation detecting device.

The method according to the invention is intended to be
performed by an impulse nut runner having a certain type of
angle sensing means, namely an angle sensor associated with
the inertia drive member of the torque impulse generating
pulse unit. In order to improve understanding of the
invention an impulse nut runner of this type is below

described in detail.

The impulse nut runner schematically illustrated in Fig. 1
comprises a housing 10 with a handle 11, a throttle valve
12, a pressure air inlet connection 13 and an exhaust air
outlet 14. The nut runner further comprises a pneumatic
vane motor 20 with a rotor 21 and a stationary cylinder 22,
a pulse unit 23 with an output shaft 24 for connection to a

threaded fastener 25 via a nut socket 26.

The pulse unit 23 also comprises a cylindrical inertia

drive member 27 which is rigidly connected to the motor
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rotor 21 and which contains a hydraulic fluid chamber 29
partly defined by a front end wall 30. The output shaft 24
is formed with a rear end portion 34 which extends into the
hydraulic fluid chamber 29 to receive torque impulses from
an impulse generating mechanism. The latter comprises two
opposed pistons 3la, 31b which are reciprocated by two
activation balls 32a, 32b in a transverse bore 33 in the
output shaft 24. The balls 32a, 32b engage a non-
illustrated cam surface on the inner cylindrical surface of
the drive member 27. The pistons 31la, 31b form between them
in the bore 33 a high pressure compartment for generating

torque impulses.

This type of pulse unit is previously described in for
instance US Patent No. 5,092,410 and is not described in
further detail since it does not form a part of the

invention.

In order to detect the rotational movement of the rotating
parts of the torque delivering tool the inertia drive
member 27 is provided with a ring element 35 of a resinous
material which is magnetised in a large number of parallel
bands 36 representing magnetic poles equidistantly
distributed throughout the circumference of the ring
element 35. Se Fig. 3a. As illustrated in Fig. 2, the ring
element 35 is secured to the inertia drive member 27 by two
screws 37 and forms a rigid unit with the inertia drive

member 27.

The angle encoder further comprises a stationary sensor
unit 38 located on a circuit board 39 and arranged to
detect the rotation of the inertia drive member 27 as a
movement of the magnetic bands 36 of the ring element 35
past the sensor unit 38. The circuit board 39 is secured to
the tool housing 10 which also contains power supply means
connected to the motor 20. The sensor unit 38 is arranged

to deliver signals in response to the number of passing
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magnetised bands 36, and an external control unit 40
connected to the sensor unit 38. The control unit 40
includes calculating means for determining the retardation
. magnitude of the rotating parts as well as the delivered
torque by using the signals received from the sensor unit
38 and from the total inertia moment value as a tool
related constant. Some signal treating electronics may also

be located at the nut runner itself.

The sensor unit 38 comprises a number of elongate sensing
loops 42 arranged in parallel and spaced relative to each
other at a distance different from the spacing of the
magnetised bands 36 on the ring element 35 so as to obtain
phase delayed signals from the sensor unit 38. By this
phase delay it is possible to determine in which direction

the inertia member 27 is rotating.

The angle encoder described above is particularly suitable
for this application since it has a rugged design and
provides a very good angle resolution. It is not new in
itself but is commercially available as a Series EK 622
Encoder Kit from the U.S.-based company Admotec (Advanced

Motion Technologies) .

In operation, the output shaft 24 is connected to the
threaded fastener 25 via the nut socket 26, and the motor
20 is supplied with motive pressure air so as to deliver a
driving torque to the pulse unit 23. As long as the torque
resistance from the fastener 25 is below a certain level,
the pulse unit 23 will forward the continuous motor torque
directly to the output shaft 24, without generating any
impulses. When the fastener 25 is properly run down and the
torque resistance increases above this certain level, the
pulse unit 23 starts converting the continuous motor torque
into torque impulses. This means that the inertia drive
member 27 is repeatedly accelerated during a full

revolution between two successive impulses to deliver
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kinetic energy to the output shaft 24 via the impulse
mechanism 23. The torque delivered via this kinetic energy
is several times higher than the continuous torque
delivered by the motor 20 and will accomplish a step-by-
step tightening of the fastener 25.

By detecting the movement of the rotating parts by means of
the magnetised ring element 35 and the sensor unit 38, the
rotation speed as well as the retardation magnitude of the
rotating parts may be calculated, and by using the
retardation magnitude thus calculated and the total inertia
moment of the drive member 27 and co-rotating parts of the
tool the torque transferred to the fastener 25 may be

determined.

According to the invention it is also possible to determine
the angular displacement of the output shaft and the
threaded fastener by using the signals generated by the
angle sensor 35,38. Since the rotational movement ¢, of the
drive member 27 during each impulse generation comprises

one full revolution, i.e. 360°, plus the resultant
displacement of the output shaft Ag, the total output shaft
displacement ¢, can be calculated by determining at first
the total rotation angle @, of the drive member 27 and
then reducing that angle by the total angle ¢, of the
total number of full revolutions: N,, °~ 360°, minus one

full revolution: 360°. This could be expréssed:

Qotor = Pptor ~ (Nto: - 1) °© 360

One full revolution has to be deducted since the first
impulse could be preceded by an unknown acceleration angle

of the drive member.
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The total number of impulses as well as the total angular
displacement ¢, of the drive member 27 can not be counted
from the very first impulse in the tightening process,
because the initial part of the tightening is very
uncertain due to setting of the screw joint etc. Instead,
the total drive member displacement ¢, is counted from a
predetermined threshold torque level T, which suitably is a
certain percentage of the desired final torque level T,

for instance 50%.

The method according to the invention is advantageous in
that the angular displacement of the output shaft may be
safely determined by means of signals delivered by a angle
sensor associated with the impulse unit drive member which
is also used for other purposes like calculation of the
delivered output torque of the nut runner and does not
require any extra angle sensing means that would add to the

outer dimensions and complexity of the nut runner.
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Claims.

1. Method for determining the angular displacement
(p,) of the output shaft (24) of an impulse nut runner at
tightening of a screw joint to a desired final torque level
(T;) , wherein the impulse nut runner includes an impulse
unit (23) with a motor driven inertia drive member (27)
delivering one torque impulse per full revolution relative
to the output shaft (24), and an angle sensing device

(35,38) arranged to detect the rotational movement (¢,) of

the inertia drive member (27), comprising the following
steps:
U defining a threshold torque level (T,) from which

the rotational movement (¢,) of the inertia drive member
(27) shall be detected,

. determining the total rotation angle (g, ) of
the inertia drive member accomplished by the total number
of torque impulses (N, ) counted from said threshold torque
level (T,), and

. calculating the total angular movement (@) of
the output shaft (24) accomplished by the total number of
torque impulses (N..) counted from said threshold torque
level (T,) by reducing said determined total rotation angle
(Ppeoe) ©f the inertia drive member (27) counted from said
threshold torque level (T,) by the total angular movement
(Pyeor) ©f said total number (N.,) of full revolutions minus

one full revolution [(N,, - 1) - 360°].

2. Method according to claim 1, wherein said
threshold torque level (T,) is a predetermined percentage

of the desired final torque level (T;).
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FIG 2
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