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Tille: Torque Sensor Adaptor

FIELD OF THE INVENTION

This invention relates to a torque transducer assembly and to a torque
transducer incorporating such an assembly. The invention has particular
applicatidn to méasurin‘g torque in a fastening tool in which torque is
generated in pulses and to measuring torque in an adaptor mountable fo a
pulsed-torque type of fastening tool.

The invention further relates fo an electrical power generator for
generating power from mechanical vibrations such as are generated in pulse-
type fastening tools.

BACKGROUND TO THE INVENTION

Considerable attention has been given in recent times to measuring the
torque-generated in pulsed torque tools and controlling operation of the tool to
achieve a pre—determined torque. Such tools may be sometimes refeired to
as powered torque wrenches. They have been long used for applying é
tightening torque to fasten nuts to balts, or similar operations.

1

Pulsed torgue tools include two categorfes. One in which an impact
generates a torque impulse, such as rotary hammer and anvil mechanisms:
the other in which a pulse of cantrolled characteristics is generated, such as
by a pressure pulse generated with the aid of a piston and cylinder
mechanism. In both cases, a train of successive torque pulses is generated
to produce increasing torque on the load being tightened. Impact-type tools
may be electrically or pneumatically driven (e.g. compressed air). Pressure
pulse-type toals may be hydraulically driven (e.g. oil) or electrically driven.
The torque pulses are generated at one end of an output shaft and are

transmitted to an adaptor at the other end configured to fit the load such as a
nut or bolt head.
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The control of a power impact tool using a torque transducer is
described in published U.S, patent application US2002/0020538A1. The
torque transducer uses a ferromagnéﬁc sensor and specifically discloses a
magneto-elastic ring cotpled to the output shaft of the toal. An impact tool
cantrol method and apparatus is described in International patent application
publication WO01/44776. The control system uses a magneto-elastic torque
fransducer mounted exteriorly of the tool in which the magneto-elastic
transducer element is an integral portion of a shaft through which torque is
transmitted. This document also discloses the implementation of the cantrol
system as a retrofit systerh for use in controlling an existing impact tool. |

- PCT. patent appltcatlon PCT/EPOZIOSQGO filed 24" June 2002
discloses the control of a pulsed torque tool using magneﬂc-based torque

i%gransduoer which has a transducer element or region integral with the output
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shaft of the tool. The control apparatus including the transducer disclosed in
this application is disposed interiorly of the power torque tool.

The present invention arises from addressing the problem of providing

an adaptor'attachable to a conventional power torque tool of the pulsed-type

Whereby torque measurement and control can be exercised on the tool. The
invention is also concemed with measuring thé torque generated on a load by
each hulse in order to exercise control of the application of torque to the load
and particulaﬂy to stop operation of the power tool when a predetermined
torque is reached. Another aspect of the invention also proposes using the
mechanical vibration associated with the operation of a power torgue tool to
derive electrical energy for operating circuitry for the measurement and
control procedures. This aspect of the invention is of more general utility for

generating electrical energy from mechanical vibration.

Aspects and features of this invention relating o a torque transducer
assembly suitable for use in an adaptor are set forth in Claims 1 to 7 and 22
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following this description. The invention also provides a torque transducer as

set forth in Claim 8 to 10.

Aspects and features of this invention relating to an electrical power
generator in accordance with this invention are set forth in Claims 11 to 20.
The generator may be mounted to a pulsed-type power torque tool.

The invention and its practice will be further described with reference to

‘the accompanying drawings:

BRIEF DESCRIPTION OF THE DRAWINGS

~_Fig. 1 shows a diagrammatic view of a torque sensor adaptor kit fora
conventional power torque tool in accordance with this-invention; - Coe

Fig. 2 shows an axial cross-sectional view through an adaptor for use
as the torque sensor adaptor shown in Fig. 1;

Fig. 3 shows an axial cross-sectional view through another torque

sensor adaptor showing additional mechanical detail;

Fig. 4 illustrates a signal-processing feature efnployed in the
measurement/control unit of Fig. 1; L

Fig. 5 shows an axial view through one embodiment of a vibration-
powered electrical generator unit according to the invention; and

Fig. 5a shows the coil of the unit connected with a rectifier for
generating a direct voltage output.

DESCRIPTION OF EMBODIMENT OF ADAPTOR KIT

Fig. 1 shows a conventional power torque tool 10, such as an impact-
type fastening tool which provides torque pulses at an output shaft 12. The
tool illustrated is powered by compressed air through fine 14. Itis
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conventional to fit a load-engaging adaptor on the end 12a of the shaft 12
distal the power tool for transmitting torque to the load, e.g. a nut or bolt head.
Such an adaptor is exemplified in PCT/EP02/06960. The adaptor is a passive
article for transmitting totque from the shaft to the load. As described in
PCT/EP02/06960, the disclosure of which is hereby incorporated by

reference, torque measurement and control is performed within the tool body
10.

" In accordance with one aspect of the present invention a kit including a
tarque sensor adaptor 20 is provided to enable forque measurement and
control {o be exercised on a conventional puised torque tool not containing
such prows;on The- adaptor 20 couples to-the tool output shaft at one end. .
and receives a conventlonal passive adaptor for engaging a load at the other

‘end. The adaptor incorporates a torque transducer arrangement using a

magnetic-based torque transducer element. The adaptor 20 can be
characterised as an active device in contrast to prior passive devices. In the
kit illustrated the-torque-debendent signals from the sensor arrangement in
adaptor 20 are supplied over cable connection 22to a signal processing and

controller unit 30 which in turn supplies a shut-off sighal over cable connection

32 to an air-valve unit 40 acting in line 14. The unit 30 may include a display
34,eg.an LCD display, for displaying relevant parameters on a manually
actuable key pad 36 for entering control instructions and data to a
programmed microprocessor (not shown) housed in unit 30. The unit 30 can
be mounted or carried so as to be free of the vibration generated in operation
of the tool 10. As schematically illustrated by chain lines 24 the adaptor 20 |
has a body portion 26 which is securable or attachable to the body of the
power tool 10 as will be described below. The adaptor has a torque
transmiiting shaft extending through the body and having an output end 28.

Fig. 2 shows one form of construction for the adaptor 20 which'is
'constructed to transmit torque about an axis A-A. - It is a general aim of the
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construction to keep the axial length of the torque transmitting shaft as short
as possible. The adaptor has a housing 26 with an internal circular bore 27
in which is mounted a torque transrn-itting transducer assembly 60 rotatable
within the housing 26 abdut central axis A-A. Details of support and
mounting are shown in Fig. 3

The assembly 60 has a shaft portion 62 disposed between an input
portion 64 and an output portion 66 providing the output end 28 of Fig. 1.
The input and oﬁtput roles are reversible but the shaft portions 62 and 64 are
shaped in accord with usual power tool practice. The input portion 64 is
engaged with to the shaft 12 of tool 10. It is of larger diameter than the shait

v portlon 62 and includes an axial blmd bore 68 conﬁgured to fit on the distal
‘end 12a of the tool output shaft 12. For example, if the tool output shaft is of

a square cross-section, the bore 68 is of a matching square section. The
output portion 66 is shown in this embodiment as a square cross-section shaft

 similar to the output shaft 12 of the power tool and to which a passive load-

engaging adaptor can be fitted. It will be understood that the input and output
portions of the assembly 60 can be configured as required by the tool and the

load adaptor respectively; or the output portion 66 could be configured for
direct engagement with the load. y

The shaft portion 62 is of circular cross-section and is radially-spaced
from the adjécent inner surface of housing 26. Shaft portion 62 is
magnetised at 70 to provide a torque-sensitive transducer element or region
which emanates a torque-dependent magnetié field which is sensed by a

* sensor arrangement 72.

The region 70 is a region of stored magnetisation. Thatis, itis
remanently magnetised to store a permanent magnetisation. Preferably the
magnetisation is an annulus of longitudinal magnetisation about axis A-A.
Longitudinal magnetisation is in the direction of axis A-A. The longitudinal
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magnetisation may be of the kind known as circumferential sensing as
disclosed in WQ01/13081 or, preferably, of the kind known as profile-shift
(axial or radial sensing) as disclosed in WO01/79801. Another torque
measuring technique which does not require a region of stored magnetisation
is that disclosed in British patent application GB 0204213.3 filed 22

February, 2002. In this technique the transducer element is not a previously
magnetised or (encoded) region of the shaft but is a defined region in which
the torque-sensitive element is established in use.

The magnetic field sensor arrangement is disposed in the space
between the portion 62 and the adjacent interior surface 27 of housing 26.

As w1ll become more apparent from the adaptor of- Flg 3; the space preferably -

houses a ring of mateﬂal in which the sensor arrangement is embedded and a ‘
portion of which provides a bearing supporting shaft portion 62. Various
magnetic field sensor devices are known in the art, e.g. Hall-effect and
magnetoresistive, but a preferred sensor device is a saturating-core inductor
device; particularly a saturating-core device or devices connected in a signal
conditldning and processing circuit (SCSP) of the kin_d described in

'WO098/52063. The complete sensor circuit arrangement is mounted to

hcusmg 26 within bore 27. The signal output cable 22 (Fig. 1) exists through
the aperture 11. The sensor device(s) and the associated SCSP are notin
contact with the shait.

By way of example, Fig. 2 illustrates the SCSP 72 as including two
saturating core sensor devices (MFS) 74a, 74b. As is described in '
W001/13081 and WO01/79801, two devices connected in series in an SCSP
circuit can be employed to additively combine torque-dependent components
of the field emanated by region 70 while cancelling out a common component
such as the Earth's magnetic field or an interfering component associated with
power tool at the workpiece to which torque is applie&. The placement and
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orientation of the sensor inductors is dépendent on the torque-dependent
component to be sensed.

The signal outputted on cable 22 is a train of pulses corresponding to
the successive impacts  the power tool or other apparatus generatiné pulses '
of torque. Each pulse of the output train has an amplitude and duration
representing the torque attained and the time over which the torque acts to
turn or attempt to turn the load. The train of torque-representing pulses are
processed by the programmed microprocessor in unit 30 to determine at
which point a pre-set torque is reached. The pre-set value is input by keypad
36. Proposals for determination of the torque achieved are discussed in U.S.

- 2002/002050538 A1 and W0O01/44776. More detailed infor:naiiqn onthe .

measurement is disclosed In PCT/EP02/06960.

On attaiﬁing a desired measured torque the miéroproéessor in unit 30
outputs a signal on cable 32 to actuate an air-valve controller 40 to shut-off
the air or other power supply to the power torque tool 10.

Inan altémativé arrangement the SCSP circuft is included in unit 30 so
that only the MFS devices are included within ithe adaptor and connected into
the SCSP through the cable 22.

in imp'lementing torque measurement using the adaptor described it
has been found beneficial to make a measurement for each torque pulse
signal which is referenced to the quiescent level of the signal output from
SCSP 72. This enables drift in the output of the SCSP to be disregarded.
Fig. 4 shows the outptjt voltage Vr of the SCSP over a number of pulses at
which the quiescent level Vo drifts (the drift is exaggerated). The pulse
amplitude Vr should be measured with respect to the quiescent level. Pulse
detection and measurement is preferably done using a sampling technique
enabling up to, say, 20 samples to be taken during the period of a pulse.
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Investigation to date has revealed that the external active adaptor now
proposed is likely to be more subject to interfering magnetie fields originating
outside the power tool than a powef' toal in which magnetic-based torque
measurement is made irfernally. On the other hand, measurement drifts and
variations due to part tolerances are likely to be better in the external adaptor "
than witﬁ'a magnetic-based torque transducer within the power tool.

It is recognised that the-active torque sensor device may have a limited
life expectancy. ltis used in a hostile environment. In addition to the
inherently vibratory nature of a power pulse torque tool, additional mechanical
stresses arise in the way the tool is applied to fasten a wheel nut. The angle

- of-the tool-to the next axis varies, the stiffness of the nut on the. engaged
thread is another vanable and | the power tool may run at a vely hxgh speed if
operated under no-load conditions. One additional feature that can be
provided in the unit 30 is to count the number of torque pulses detected and
processed as a measure of the use of the adaptor. An indicator can be

displayed on the display screen 34 when a predetermined number of pulses
have been recorded.

Turning now to Fig. 3, the torque sensor adaptor 120 performs and
operates in the same manner as that of Fxg 2 and those details of the sensor
assembly will not be repeated. Fig. 3 shows additional details of one
embodiment of the mechanical structure of the active adaptor. Features like

or similar to those of Fig. 2 bear the same reference numerals increased by
100.

In Fig. 3, the rotatable transducer shaft assembly 160 comprises an
input portion 164, a transducer region 162 (the stored magnetisation is not
illustrated), and an output portion 126. The assembly is rotatably mounted in
housing 126. The output portion of square cross section includes recess 165
for co-operating with a standard passive adaptor. The transducer region 162
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is located for rotation within the housing by a plain beéﬁng provided by an
annular bush 180 of a plastics material which is bonded to or ctherwise
secured against rotation to a forward (i.e. toward the output end) inside
surface 127a of the housjng 126. The interior diameter of bush 180 is slightly
greater than the diameter of region 162, other than for a forward lip 182 which :

bears against the shaft. The bush 180 has the sensor devices 174a, 174b

embedded within it. In the construction of Fig. 3 itis assumed that the SCSP

circuit is external to the adaptor in the unit 30 of Fig. 1. The cable exit hole is
notshown.

“The rearward end of bush 180 seats against an internal step 127b of

housing 126 and also provides an abutment 184.for axially locating the

transducer assembly and specifically a Jorward surface of the eniarged input
portion 164. The input portion is sized to rotate freely within a part 126a of the
housing of reduced'intemal diameter extending from step 127b to a rearward
internal step 127c. Step 127c¢ lies adjacent a circumferential groove 165 in
the input portion 164. An annular bushing 186 of a low friction, self-lubricating
material is received in the groove and engages the interior surface of housing
126 and is axially located by step 127¢. The bushing 186, and therewith the
transducer assembly 160 is retained in the housing by an internally-located
press-fit retaining ring 188 at the rear of the héusing. _The housing 126 not
orily providés‘ mechanical support and protection but provides a magnetic
shield for the transducer assembly. It will be understoad that the construction
flustrated in Fig. 3 is diagrammatic in nature.

One feature of the assembly 160 of Fig. 3 which differs from that of
assembly 60 of Fig. 2 is that the input portion 164 terminates at 164a flush
with the rearward end 126b of the housing 126 or within the axial confines of
the housing which is in accord with the desire to keep the overall iength of the
active adaptor as small as possible. - The square-section bore 168 for
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engaging the output shaft of the power tool is contained within the housing.
The assembly 160is a push fit into the housing 126 from its rearward end.

To perform the fupction generally indicated at24 inFig. 1 of
preventing rotation of thé adaptor housing and to retain the output shaft of the K
power tool engaged within the bore 168, the exterior of housing 126 is
adapted to retain one end of a stiff helical spring: (or more than one such
spring) the t_:iherl end of which is retained on the housing of the power tool.
The spring, thus retained, is in an axially stretched state (in tension) so that
the tension maintains the active adaptor engaged with the power tool. It has
also been found that the flexibility of the retaining spring enables the power
tool fitted with the actlve adaptor to accommodate the variations in.the angle.. .
bemé;; the torque axis and the load belng fastened that occur in practlcal
use of the tool. It will be understood the plain bearing type of rotary squort

provided by bush 180 and bushing 186 could be substituted by other means

of bearing support. =,
' !

if a cable 22 is used the cable can be secured to the power tool 6ody
The unit 30 can be mounted anywhere convenient, e.g. on the airline 14 or

the valve unit 40. There is advantage in using a wire-less link (free of w:re
connectlon) from the active adaptor. '

The operation of the kit described requires electrical power to be
available to operate the SCSP in the adaptor 20 and the electronics in unit 30.
While such power can be derived from any source, it is preferred to make the
kit fittable to any power torque tool without any special electrical power
connection requiring to be made other than for the air valve control unit 40
which becomes part of the energy supply (air or otherwise) for the tool.

To this end the unit 30 may be battery powered and power to the
SCSP in adaptor 20 supplied through the cable 22. To at least support the
internal battery supply, it is now proposed to provide a means for electrical
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power generation which draws its energy from the mechanical vibration of the
power torque tool. Such a source would be of particular benefit where the
active adaptor 20, 120 does not use any form of cable communicétion to unit
30. Both from the point of View of compac:tneés and of reliability of operation
in an environment of high vibration, avoidance of a battery supply at the
adaptor is desirable.

DESCRIPTION OF ELECTRICAL POWER GENERATOR

A vibration-to-electrical power generator will now be described with
reference to Figs. 5 and 5a.

. Fig. 5 shows a generator 110 in WhICh a magnet 112 is disposed to be

freely movable along the axis of a heheal coil 114 shown as a two-layer

i%mndlng. The coil may be pile wound in any fashion. The axial movement of
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the magnet 112 and the magnet flux field associated with it generates an
electromotive force (e.m.f.) in the coil as the field lines cut the coil to transform
the kinetic mechanical energy of the magnet into electrical energy.

The movement of the magnet is constrained by disposing it within a
chindrical tube 116 around which the coil 114 is wound and the exient of
movement is limited by stops. The magnet vibrates axially within the tube in
sympathy with the vibration of a mechanical device, such as a power tool to
which the tube 116 is mounted. To enhance the to-and-fro vibration of the
magnet 112, at least one of the tube ends is closed by a resilient stop device,
such as a spring, against which the magnet bounces or recoils when it strikes
the device. Preferably each end of the tube is closed in similar manner as
indicated by resilient devices 118a and 118b. The tube is of a “slippery"
plastics to provide low friction for the axial vibration of the magnet.

- Polytetrafluoroethylene (PTFE) is an example.



WO 2004/018153

10

15

20

25

PCT/EP2003/009349

12

The magnet 112 is a bar-type of permanent magnet and preferably of
relatively high length (L) to diameter or width ratio to reduce its self- |
demagnetisation. The coil is of abdut the same length L as the magnet and
the resilient devices 1182 and 118b are spaced at a distance D from the
respective nearer end of the coil to allow the magnet to fully emerge from the
coil. D is preferably atleast 50% of L.

~ The springs or other resilient devices 118a and 118b not only serve to
retain the magnet 112 in the tube 116 but also to cushion the magnet against
violent shock. Furthermore, the assembly may be designed to have a "
resonance at a frequency of the vibrating source so as fo enhance the
transfer of vibration of the source into vibrations of me_mégngt:{

The vibration of the magnet 112: within coil 114 generates voltages of
both polatrities at a given end-of the coil with respect to the other. As shown
in Fig. 5a the coil 114 may be connected into a full-wave rectifier bridge 120 to
generate a single polarity of vgltagelcurrent output used, for example, to
charge a smoathing/storage capacitor C. N

The physical size of the generator of Fig. 5 is presently contemplated
as ranging from a magnet which is a piece of magnetised wire dispdsed within
a tube the size of a drinking straw — certain of the many such straws are of a
sufficiently “slippery" material — to a magnet fitting a tube of 1 cm diameter or
more.

The generator embodiment of Fig. 5 utilizes a straight tube. The
embodiment could be realised in an arcuate or other curved form. Other
forms of reciprocal movement along a predetermined path between
prescribed limits include a magnet constrained to move in an arcuate path
about an axis.
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As already stated the signal communication from the adaptor 20 to the
processirig unit could be done by a wire-less :_'néthod. such as an IR link,
rather than through the cable 22. As described the cable 22 allows power to
be distributed from the ufiit 30 to adaptor 22 or vice versa or a combination of

5 ‘'thetwo. To avoid use of the cable altogether requires the adaptor 20 and
unit 30 to have separate sources of power in which case the generator of Fig.
5 may be sufficient to fully power adaptor 20.
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Claims
A torque transducer assembly comprising:
a housing havinQ:;ln opening therethrough;

a torque transmission shaft extending in said opening and rotatable
about an axis extending through said opening, said shaft having
respective end portions accessible from exteriorly of said housing,

" a torque transducer element integral with, or carried by, said shaft to

emanate a magnetic ﬁeld dependent on the torque in the shatt,

a magnetic field sensor arangement located within said housing
adjacent said element for sensing the torque-dependent field, said
sensor arrangement being operable to provide a torque-dependent
signal; and ] ‘

means for communicating said torque-dependent signal to a signal
externally of the assembly.

A torque transducer assembly as claimed in Claim 1 in which one end

portion of said shaft projects exteriorly of said housing and provides an output
portion of the shatt.

3.

A torque transducer assembly as claimed in Claim 1 or 2 in which said

housing is configured to enable it to be secured against rotation.

4.

A torque transducer assembly as claimed in Claim 3 further comprising

a member having a first portion engaged with the housing and second portion
engageable with the body of a power torgue tool to secure the housing
against rotation with respect to said bady.
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15
5. A torque fransducer assembly as claimed in Claim 4 in which said
member comprises a helical spring.
6. A torque transducer assembly as claimed in ény one of Claims 1to 5 in ’.

which said magnetic field sensor arrangement comprises at least one
magnetic field sensor device.

7. Atorque transducer assembly as claimed in Claim 6 in which said
magnetic field sensor arrangement further comprises a circuit into which the
magnetic field sensor device(s) is connected, the circuit and magnetic field
sensor device(s) being supported by said housing, the circuit being operable
to output signals representing torque through the means for éommunjcaﬁng.

ay

8.  Atorque transducer comprising a torque transducer assembly which is
as claimed in any one of Claims 1 to 7 and a signal processing. unit in
communication with said torque transducer assembly for processing said
torquédependent signals, wherein said signal processing unit is operable to
process pulse signals representing pulses of torque and is responsive to the

amplitude of each pulse signal with reference to the qﬁiescent signal level on
- which it is imposed. )

t

9. A torque transducer as claimed in Clairﬁ 7 or 8 wherein the means for

communication utilizes a wire-less (free of wire connection) form of
communication.

10. A torque transducer comprising a torque transducer assembly which is
as claimed in Claim 8 and a signal processing unit connected to said means
for communication by an electrical cable, said signal processing unit
comprising a circuit into which the magnetic field sensor device(s) is

connected through the cable, the circuit being operable to output signals
representing sensed torque.
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11.  Atransducer as claimed in Claim 10 in which signal procéssing unit is
operable to process pulse signals representing pulses of torque and is
responsive to the amplitude of each pulse signal with reference to the
quiescent level on which it is imposed.

12.  An electrical power generator comprising a permarient magnet
disposed to move freely back-and-forth along a predetermined path between
prescribed limits, a coil winding through which the predetermined path
extends, the magnet and coil being so arranged that back-and-forth
movements of the magnet with respect to the coil generates e.m.{.s in the coil,

and a rectifier arrangement for deriving voltage of a given polarity from the
emfs.  ~— ~ v .- e

13.  Anelectrical power generator as claimed in Claim 12 in which at least
one of said prescribed limits is defined by a resilient stop device from which
the permanent magnet impinging thereon rebounds.

14.  An electrical power generator as claimed in Claim 12 or 13 in which
- said coil is wound about a portion of said predetermined path, said magnet
has N-S poles aligned on said path and said prescribed limits are spaced from,

respective ends of said path portion. :

t

16.  An electrical power generator as claimed in Claim 12 wherein the
spacing between the prescribed limits and respective ends of said path
portion is not less than half the length of the magnet.

16.  An electrical power generator as-claimed in Claim 14 or 15 in which

said coil has a length along said predetermined path about equal to the length
of the magnet.

17.  An electiical power generator as claimed in any one of Claims 12 to 16
in which sald predetermined path is straight.
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18." An electrical power generator as claimed in any one of Claims 12 to 17
further comprising a tube in which the predetermined path extends, the
magnet being disposed within the tube and the coil being wound about a
portion of the tube

19.  An electrical power generator as claimed in Claim 18 and 13 in which
the or each resilient stop device is located within the tube. '

20.  An electrical power generator as claimed in any one of Claims 12 to 19

in which said rectifier arrangement comprises a full-wave rectifier connected
across said caoil.

.21, Apulsed-ype power torque tool to which an electrical power generator

as claimed in any one of Claims 12 to 20 is mounted whereby the magnet is
teciprocated back-and-forth along said predetermlned path with respect to the
coll by the vibration of the power torque tool when in operatlon

22. Atorque transducer assembly comprising
a housing having an opening therethrough,

a torque transmission shaft disposed in‘_‘ said housing for rotation aboui
an axis extending through said opening, said shaft having a first portion
supported in an annular bush secured to the housing and from which first
portion and output portion of the shaft projects,

said first portion having a torque transducer element integral therewith,
or carried thereby, to emanate a magnetic field dependent on the torque in the
shaft, a magnetic field sensor arrangement embedded in said bush adjacent
said element for providing a torque-dependent signal,

said shaft having a second portion distal said output portion and at
least partially contained within said opening,



WO 2004/018153 PCT/EP2003/009349

10

18

said second portion being of larger cross-section than said first portion
and abutting said bush,

first means for lacating said second portion to rotate with respect to
said housing and second means for applying axial force between the housing
and said second portion fo maintain same in abutment.

23. A torque transducer assenibly as claimed in Claim 22 in which said first
means comprises a bushing located in a circumferential groove around said
second portion and engaging an inner surface of said opening.

24. A torque transducer as claimed in Claim 23 in which said second
means comprises a retainer ring secured in said opening to apply anaxial =
force to said bushing.
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