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Description

This invention relates to a power wrench in-
tended for two-step tightening of screw joints, cf.
e.g. EP-A-0 271 903 and the preamble of claim 1.

In power wrenches of the above type it is a
problem to avoid overtightening of so called stiff
joints, i.e. screw joints with a steep torque growth
characteristic in relation to angle of turn. By split-
ting the tightening process into two steps, of which
the first step is a preliminary high speed step
ending at a torque snug level and the second step
is a final low speed high torque step ending at the
desired tightening condition, it is avoided that the
high speed inertia forces of the rotating parts of the
wrench would cause an undesirable augmentation
of the intended final torque level.

However, the two-step tightening process in
itself, is not a guarantee that the desired final
torque level is not exceeded when tightening very
stiff joints. In such cases, it is required that even
the first step is ended very rapidly to ensure that
the inertia forces of the rotating parts of the wrench
do not cause any augmented final forque level.

A problem inherent in previously known power
wrenches is either that the interruption of the deliv-
ered torque is not fast enough and that by these
power wrenches a torque overshoot is not avoid-
able when tightening very stiff joints or that extra
wiring communication with the tool is needed for
connection of speed sensing means on the tool fo
the power supply means.

In the above mentioned E.P. 271903 there is
described an electrically powered two-step tighten-
ing apparatus in which the snug level is detected
by a speed sensor mounted in proximity to one of
the parts rotated by the motor. This sensor emits
pulses as the motor rotates, and the frequency of
these pulses is converted to a voltage which is
reflective of the rotational speed of the motor. By
means of a differential amplifier the derivative of
the speed reflecting voltage is formed. A positive
derivative indicates an acceleration of the motor
speed, and a negative value of the derivative in-
dicates a retardation. After the snug level has been
reached, the motor speed is reduced,and the tight-
ening is completed at a lower speed.

This known apparatus has a less favourable
feature in that the speed sensor arrangement re-
quires extra wiring for communication with the con-
trol and power supply unit. This will make hand
held tool versions more akward to handle and more
exposed to damage on the part of the wiring and,
consequently, the snug level detecting function as
well.

A solution to the wiring problem that might
seem feasible is to provide a speed sensor in the
form of a motor frequency sensitive means incor-
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porated in the power supply unit and to have
decelerations of the motor speed calculated. How-
ever, this is not a fast enough method to accom-
plish a snug level signal, because when for exam-
ple using an asynchronous induction motor, there
is a slip between the driving frequency and the
motor speed. This slip, which is a sort of "lost
motion"”, would cause an undesirable delay in the
frequency change signal and, accordingly, a late
interruption of the torque delivery.

For accomplishing a fast reacting power shut-
off initiating means intended for interrupting the
first, high speed tightening step, the invention em-
ploys a mechanical retardation responsive activat-
ing means of a type similar fo those previously
used in impact wrenches. See for instance US
2,768,546.

The invention concerns an electric power
wrench supplied with power from a power con-
verter with variable voltage and frequency output,
and current responsive means are comprised in the
power converter to accomplish a power shut-off as
a desired final tightening level is reached. This
belongs to prior art in itself and is marketed by
Atlas Copco under the name: Tensor A-CC-Drive.

The main object of the invention is to accom-
plish an electric power wrench for two-step tighten-
ing of screw joints in which a torque overshoot
even at very stiff screw joints is safely avoided.
This is obtained by means of the features of claim
1. The invention comprises a combination of a
retardation responsive switch means associated
with the motor rotor of the tool for initiating in-
terruption of the initial tightening step, and a cur-
rent responsive power shut-off means associated
with the power converter for discontinuing the final
tightening step.

Further objects and advantages will appear
from the following detailed description.

On the drawing:

Fig 1 shows fragmentary a power wrench ac-
cording to the invention in a rest or constant
speed condition.

Fig 2 shows the power wrench in Fig 1 during
retardation.

Fig 3 shows, on a larger scale, the inertia mem-
ber.

Fig 4 shows, on a larger scale, details of the
control and power supply unit.

The power wrench illustrated in the drawing
figures is of the angle nut runner type intended for
two-step tightening of threaded joints and powered
by an electric AC motor 10. The motor 10, which is
of the asynchronous induction type, is supplied
with electric power from a control and power sup-
ply unit 11. As stated above, the supply unit is of a
prior art type known as Tensor A-CC-Drive mar-
keted by Atlas Copco. This control and supply unit
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comprises a solid state inverter 51 for delivering an
AC current of variable frequency and voltage to the
motor 10 as well as means for controlling the
inverter in response to signals obtained by a cur-
rent sensing means within the unit 11 and by a
switch 12 mounted in the tool housing 13.

The control and power supply unit 11 is lo-
cated remotely from the tool and communicates
with the latter via power supply conduits 15, 16
connected to the motor 10 and signal wires 17, 18
connected to the switch 12. A manually operable
switch 19 (just schematically illustrated in the draw-
ing figures) is mounted on the tool housing 13 for
operator controlled start of the power supply to the
motor 10. The switch 19 is operated by a lever 20
and is connected to the control and power supply
unit 11 via wires 21, 22.

The control and power supply unit 11 is of a
previously known type and does not in itself con-
stitute a part of the present invention. Therefore, it
is not described in great detail. The main parts of
the unit 11, however, as illustrated in Fig 4, com-
prise a rectifier 50, which is connected to an exter-
nal AC power source, and a computerized inverter
51 connected to the rectifier 50 as well as to the
power wrench via the conduits 15-18, 21, 22. A low
ohmic resistance 52 is provided in the DC section
between the rectifier 50 and the inverter 51, and
the voltage drop across the resistance 52 is sensed
as being indicative of the motor current and, there-
by the delivered torque of the motor 10.

Moreover, the power wrench comprises an an-
gle head 23 journalling an output shaft 24 with a
square end for connection of a nut socket.

At its rear end, the rotor 25 of the motor 10 is
formed with a central coaxial bore 26 in which a
spindle 27 is rotatable as well as axially displace-
able. On the spindle 27 there is rigidly secured an
inertia member in the form of a flywheel 28. In the
latter there are rigidly secured two axially extend-
ing pins 29 which act as cam followers as they are
arranged to engage a pair of cam surfaces 30 on
the rear end of the rotor 25. (One only of the cam
surfaces 30 is visable in the drawing figures.) Each
of the cam surfaces 30 has a top portion 31 with 90
degrees inclination. This portion 31 serves as a
stop means to prevent the cam followers 29 from
riding over the cam top.

A spring 32 acts between a shoulder 33 in a
coaxial bore 34 in the housing 13 and a sleeve 35,
thereby exerting an axial bias force on the latter.
The sleeve 35, which is displaceably guided in the
bore 34 rests via a ball 36 against the centre of the
flywheel 28 to, thereby, transfer the axial bias force
of the spring 32 to the flywheel 28.

An axially displaceable actuating pin 38 rests
with its one end against the ball 36, whereas the
opposite end of the pin 38 engages the activation
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arm 39 of the switch 12. The actuating pin 38 is
displaceably guided in a bush 40 mounted in the
housing 13.

The switch 12 is secured to a plate 41 which is
mounted in the housing 13 by means of a stud 42
and a fixing screw 43. The latter extends through
an elongate opening 44 in the plate 41 which
provides for a certain adjustability of the switch 12.

In operation, the tool is fitted with a nut socket
and is applied on a screw joint to be tightened,
while the control and power supply unit 11 con-
nects the tool to a power source. The tightening
process is commenced by the operator pressing
the lever 20, thereby making the switch 19 deliver
a signal to unit 11 which immediately staris sup-
plying a power current to the motor 10 via conduits
15, 16.

During a preliminary tightening or running
down step, the torque resistance in the screw joint
is very low and the speed of the tool is high. As
long as the motor speed is constant or increases,
the flywheel 28 and the spindle 27 remain in their
forward positions as shown in Fig 1, biassed by the
spring 32 via the sleeve 35 and the ball 36.

As the screw joint is run down and a torque
resistance in the screw joint arises, the rotating
parts of the tool, inclusive of the motor rotor 25
start decelerating. This point is called the snug
level and indicates where the first or preliminary
tightening step shall be ended.

At deceleration of the rotor 25, the flywheel 28
tends, due to its inertia, to uphold the speed,
whereby a relative rotation between the flywheel 28
and the rotor 25 occurs. Then, the cam following
pins 29 slide along the cam surfaces 30, thereby
accomplishing an axial displacement of the
flywheel 28, the spindle 27, the ball 36 and the
actuating pin 38. The latter activates the switch 12
which in turn delivers a signal to the control and
power supply unit 11 via wires 17, 18.

Due to the provision of the 90 ° top portions 31
of the cam surfaces 30, there is ensured that the
cam following pins 29 do not ride over the cam
tops and fall back to engage the next cam surface.
At such movements there would be temporary dis-
continuations of the signal delivered by the switch
12 which would disturb the operation.

Upon receiving a signal from the switch 12, the
control unit 11 is programmed to shut off the power
supply to the motor in the tightening direction and,
instead initiate electrical braking of the motor so as
to effectively absorb the remaining kinetic energy
of the rotating parts of the tool and prevent the
inertia forces of these parts from causing a torque
overshoot.

During a following short stand still sequence,
the flywheel 28, the spindle 27 and the actuating
pin 38 are returned tfo their original positions by the
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spring 32. This means that the switch 12 is allowed
to resume its inactivated position in which no shut-
off and braking signal is delivered to the control
unit 11. Instead, the control unit 11 resumes the
power supply to the motor 10 to make the tool start
the final tightening step in which the screw joint is
tightened to a certain desired final torque or pre-
tension level. This torque level corresponds o a
certain current magnitude set as a reference value
in the inverter 51, and the final tightening step is
discontinued automatically as the current level in-
dicated as a voltage drop across the resistance 52
reaches that value.

Claims

1.  Power nut runner for tightening screw joints in
a two-step tightening process, the first step of
which comprises an initial tightening to a pre-
determined torque snug level and the second
step comprises a final tightening from said
torque snug level to a desired final torque
level, the nut runner comprises a housing (13)
an electric motor (10) having a rotor (25), an
output shaft (24) drivingly coupled to said rotor
(25), and a power supply means (11) which
includes a variable voltage and frequency out-
put power converter and a current responsive
power shut-off means for interrupting the pow-
er supply to said motor (10) at the attainment
of said final torque level,
characterized in that said power supply
means further comprises a mechanical retarda-
tion responsive torque overshoot protective
switch means (12, 28) associated with said
rotor (25) for delivering a shut-off signal to said
power converter to interrupt the power supply
fo said motor (10) if attaining a predetermined
retardation magnitude during said first tighten-
ing step.

Patentanspriiche

1. Motorschraubenschliissel zum Anziehen von
Schraubverbindungen in einem zweistufigen
Anzugsverfahren, dessen erste Stufe ein an-
fdngliches Anziehen auf ein vorbestimmtes An-
lage-Drehmomentniveau und dessen zweite
Stufe ein endgliltiges Anziehen von dem Anla-
ge-Drehmomentniveau auf ein gewlinschtes,
endgliltiges Drehmomentniveau beinhaltet, wo-
bei der Schraubenschlissel ein Geh&duses
(13), einen Elektromotor (10) mit einem Rotor
(25), eine Ausgangswelle (24), die mit dem
Rotor (25) treibend verbunden ist, und eine
Leistungsversorgungseinrichtung (11) besitzt,
die einen Leistungswandler mit variablem
Spannungs- und Frequenzausgang und strom-
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abhingige Mittel zur Leistungsabschaltung fiir
das Unterbrechen der Leistungsversorgung
des Motors (10) beim Erreichen des endglilti-
gen Drehmomentniveaus besitzt, dadurch ge-
kennzeichnet, daB die Leistungsversorgungs-
einrichtung weiterhin eine mechanische, auf
Verzdgerung reagierende  Schalteinrichtung
(12, 28) zum Schutz vor Drehmomentiiber-
schreitung besitzt, die mit dem Rotor (25) ver-
knipft ist, um dem Leistungswandler ein Ab-
schaltsignal zum Unterbrechen der Leistungs-
versorgung des Motors (10) zu geben, wenn
ein vorbestimmtes Verz8gerungsniveau wih-
rend der ersten Anzugsstufe erreicht ist.

Revendications

1. Outil de vissage d'écrou & moteur pour serrer
des connexions de vissage dans un processus
de serrage en deux étapes dont la premiére
étape comprend un serrage initial & un niveau
de couple ajusté prédéterminé et dont la se-
conde étape comprend un serrage final pour
passer du niveau de couple ajusté & un niveau
de couple final voulu, I'outil de vissage d'écrou
a moteur comprenant un carter (13), un moteur
électrique (10) muni d'un rotor (25), un arbre
de sortie (24) couplé en entrainement au rotor
(25) et des moyens d'alimentation de puissan-
ce (11) comprenant un convertisseur de puis-
sance de sortie A tension variable et fréquence
variable, et des moyens de coupure de puis-
sance répondant au courant pour interrompre
I'alimentation de puissance du moteur (10)
lorsqu'on atteint le niveau de couple final, ca-
ractérisé en ce que les moyens d'alimentation
de puissance comprennent en ouire des
moyens de commutateur de protection contre
des dépassements de couple répondant & un
retard mécanique (12, 28) associés au rotor
(25) pour fournir un signal de coupure au
convertisseur de puissance de maniére 2 inter-
rompre l'alimentation de puissance du moteur
(10) si l'on atteint une amplitude de retard
prédéterminée pendant la premiére étape de
serrage.
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