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(57) Abstract: A metrological scale track comprising at least first and second metrological scale track strips. The at least first and
second metrological scale track strips are held in a spaced apart relationship by at least one spacer. The at least one spacer is con-
figured to be removed once the at least first and second metrological scale track strips have been secured to a substrate.
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SCALE TRACK

This invention relates to track for locating a scale for use with encoder apparatus

on a substrate.

Metrological scales are used in the position measurement of a moving part of a
machine relative to a stationary part. Metrological scale typically has a series of
features on it which can be read by a readhead so that the readhead can provide a

measure of its position along the scale. The metrological scale can be mounted

_ onto the sfationary or moving part of the machine and is read by a suitable

readhead which is attached to the other of the stationary and moving part. Types of
metrological scale include magnetic scales (in which the scale featu.res are
provided by features having particular magnetic properties), capacitive scales (in
which the features are provided by features having particular capacitive properties)
and optical scales (in which the features are provided by features having particular
optical properties). Optical scales can be transmissive or reflective. An example
of an optical sca1¢ cbnﬁguration is disclosed in EP-A-0 207 121 and also
US-A-4,974,962.

It is known to affix metrologidal scale to a part ﬁsing adhesive. This can however
make it difficult to remove and replace the metrological scale. There are
occasions when it would be more convenient if it were possible to remove and
replace the metrological scale; for instance on a large machine where the machine

has to be split into several parts for shipping and where the motion measured by

- the encoder spans two or more of these parts. The normal way of fabilitating this

removal and replacement is to fit the scale to the machine using a track.

An example of a known track consists of an aluminium extrusion 2 of cross-
section similar to that shown in Figure 6, that is bolted or bonded to the machine
axis 4 via a fastener 6. The scale 8 is inserted from the end of the track and -

located vertically and laterally by the features 10 of the extrusion 2. These features
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10 should not grip the scale 8 too tightly or it will not be possible to slide the scale
8 up the extrusion 2. The scale 8 can expand and contract along its measuring axis

within the extrusion 2 during use which helps to ensure it remains accurate over a

range of operating temperatures.

US 6049992 also describes a metrological scale track, which in this case
comprises separate track strips that are secured to a substrate via adhesive and

which locate the metrological scale directly against the substrate.

- This invention relates to improved scale track for retaining a scale in position.

According to a first aspect of the invention there is provided a metrological scale
track comprising at least first and second metrological scale track strips, held in a
spaced apart relationship by at least one spacer which can be removed once the at
least first and second metrological scale track strips have been secured to a

substrate.

The spacer aids mounting of the metrological scale track by maintaining the track
strips in a predeternﬁned spaced apart relationship. This has been found to greatly
increase the ease and speed of the track mounting procedure. Once the spacer has
been removed, a metrological scale can be received between the at least first and
second metrolo gical scale tracks and maintained agaiﬁst the substrate. The
invention has been found to provide greater control over the gap between the at
least first and sécond track strips resulting in better control over the lateral

positioning of a metrological scale received bétween the track strips.

The at least first and second track strips and at least one spacer could be provided
as a unitary component. Optionally, they could be formed out of separate pieces
of material and subsequently fused, for instaﬁce via welding, to provide a unitary

component.

PCT/GB2009/001468
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The at least one spacer could be removed by, for instance, cutting the point(s) of
interface between the at least one spacer and the at least first and second track
strips. Preferably, the at least one spacer is frangibly coupled to at least one first
and second metrological scale track strips. Accordingly, preferably the at least
one spacer can be removed by breaking the at least one spacer away from the at
least first and second track strips. Preferably, points of weakness are provided at

the join between the at least one spacer and the first and second track strips.

Preferably, the at least one spacer and the first and second track strips are formed
from a single piece of material. The piece of material can be configured such that |
the singlé: piece of material is weakened at the point(s) at which the spacer is
coupled to the first and second tracks. This can be achieved for. instance by the
single pieée of material being thinner at the point(s) at the interface between the

spacer and the first and second tracks.

The at least one spacer can comprise at least one guard adjacent its interface to the
first and second tracks. Preferably, the spacer comprise§ at least one pair of
guards, flanking either side of the ﬁoint(s) at which the space element is joined to
the first and second tracks.

The at least one spacer could comprise at least one spacer that is directly coupled
to each of the first and second track strips. Optionally, the at least one spacer |
could comprise first and second elements respectively directly coupled to the first
and se:cond metrological scale track strips and at least a third element releasably
joining the first and second elements. Accordingly, in this case it can be the at

least third element which controls the lateral spacing of the first and second track

| strips. At least a fourth elemént can be provided which releasably joins the first

and second elements. The at least third element (and at least fourth element if

provided) can be frangibly coupled to the first and second elements.

Preferably the first and second tracks are substantially identical in form and
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dimension. Preferably the first and second tracks are held such that they are
substantially directly opposing each other. The metrological scale track could
comprise a plurality of track strips on one side of the spacer and a plurality of
track strips on the other side of the spacer. Track strips on a common side of the
at least one spacer could be pushed up next to each other so that there is no gap
between them. Optionally they can be spaced apart along the lengfh of the at least
one spacer. A plurality of track stripﬁ on a common side could all be held by one

common spacer.

Accordingly, each side of the metroiogica.l scale track could be provided by a
plurality of discrete track strips as oppoéed to one long continuous track strip. The
track strips on one side of the track could all be identical. Optionally, at least one
of the track strips is different to at least one other track strip. The track strips on
opposing sides of the at least one spacer could be arranged in directly opposing
pairs. Optionally, the track strips on opposing sides of the at least one spacer
could be arranged in a staggered or even substantially random formation along the
length of the track.

The at least first and second track strips can each have a side abutment face f01:
contact with one of the longitudinal edges of a metrological scale. These side
abutment faces can be for restricting lateral movement of a metrological scale

received between the track strips. The ﬁrét and second track strips can-be held by

 the at least one.spacer' such that the distance between their side abutment faces is

not less than, and is preferably substantially identical to, the width of a

metrological scale for use with the track.

The side abutment face of the first and second track strips can be substantially

straight. Accordingly, substantially the entire length of the side abutment face can
be for contact with the longitudinal edge of a metrological scale when in use.
However, as will be understood, the extent of the side abutment face of at least

one of the at least first and second track strips that is for contact with a
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métrological scale when in use can be less than the length of the first and second
track strips. Accordingly, the side abutment face of at least one of the first and
second tracks could be configured to contact the longitudinal edge of a
metrological scale received between the first and second track strips at a plurality
of discrete points along its length. In this case, when in use, there can be at least
one space between the metrological scale and the track strip, extending along the
length of the metrological scale and in the metrological scale’s plane.
Accordingly, the side abutment face of at least one of the first and second track
strips could comprise at least one abutment, for example a localisedprotrusion; for
instance at least one nub, for éontact with a longitudinal edge of a mefrological
scale. More préferably the side abutment face of at least one of the first and
seéond track strips comprise at least two abutments, for’ example at least two
localised protrusions, for instance at least two nub, for contact with a longitudinal

edge of a metrological scale.

Optionally, at least one, and preferably all, of the at least first and second track
strips comprise at least (;ne projection configured such that when the track strip 1s
mounted on a substrate, portions of a metrological scale can be received under the
at least one proj ectic;n and retained against the substrate by thé proj ections. The
projection on each of the first and second track strips need not extend along the
entire lehgth of the track strips. For instance, the af least one projection of each of
the first and second track strips could extend along at least 50% of the length of

their respective track strip.

Preferably the at least one projection is configured such that in use it extends
transversely across a metrological scale by not more than 25% of the width of the

scale, more preferably not more than 10%.

A track strip can comprise a plurality of discrete projections spaced along its
length. In this case a number of smaller projections could be used to restrict

movement of the metrological scale away from the substrate at a number of

PCT/GB2009/001468



10

15

20

25

30

WO 2010/004248 PCT/GB2009/001468

6

discrete points along the length of the metrological scale. The discrete
projections could be sized and spaced so that not more than 50% of the total
length of the track strip comprises projections, more preferably not more than
35%. Preferably, the discrete projections on a track strip are substantially identical
in shape and size. Preferably, the discrete projections on a track strip are

substantially evenly spaced along the track strip.

The metrological track can be configured such that when in use the gap between
the substrate and the at least one projection of each of the first and second track

strips is not less than, and is préferably substantially equal to, the thickness of a

_ metrological scale for use with the metrological track. Accordingly, the

metrological scale can be received in the gap without being compressed. This is
to be contrasted with scale clips or scaie clamps which are configured to grip a
scale by compressing it against the machine axis. The gap could be greater than
the thickness of the metrological scale. However, this would provide reduced

control over movement of the metrological scale away from the substrate.

Any abutments provided on a track strip (for confact» with the ldngitudinal edge of
a scale so as to control the transversé position of the scale) can be coincident with
a projef:tion. For instance, an abutment can be provided underneath a projection.
Preferably, the lateral positioning protrusioﬁs (i.e. the abutments) are not
coincident with the projections. For example, any abutment provided on a track
strip and the projections can be provided at different points along the length of a
track é’crip. Accordingly, a track strip’s abutment(s) and projection(s) can be

provided remote to each other.

~ The abutments can be substantially the same depth as the track strip (in contrast to

the projections which have reduced depth in order to enable a scale to fit between

the projection and the substrate).

‘When in use, a metrological scale received between the at least first and second
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track strips can be fixed at at least one point along its length to the substrate by a
fastener so as to prevent substantive movement of the metrolo gical scale relative
to the substrate along its measurement axis. The metrolbgical scale can therefore
be prevented from sliding along the substrate, but-as the metrological scale is fixed
at‘ a point only the metrological scale is free to expand along its length, for

instance due to thermal expansion.

The first and second track strips can each have a mounting surface via which they
can be mounted to a substrate. The substrate could be the same substrate on which

the metrological scale rests.

" At least one of the first and second track strips could be for mounting to a

substrate by an adhesive. For example, at least one of the first and second track - -

strips could be for mounting to a substrate via double-sided adhesive tape. The

‘double-sided adhesive tape could be supplied as a separate component to the track

strip. Optionally the mounting surface could be provided with an adhesive layer.

Optionally at least one of the first and second track strips could be for mounting

on a substrate by one or more fasteners. For instance one or more clamps or clips

could be used to hold at least one of the first and second track strips on a substrate.
Optionally at least one of the first and second track strips could be mounted on a
substrate using one or more bolts or screws. In this case at least one of the first
and second track strips can have at least one hole tﬁrough which a bolt 6r screw

can pass.

At least one of the first and second track strips can be formed as a single piece.
For instance at least one of the first and second track strips can be moulded or
extruded. Optionally at least one of the first and second track strips 1s formed
from sheet material. For instance, at least one of thé first and second track strips
can be formed from a single sheet of material. For example at least one of the first

and second track strips can be formed from a single sheet of material from which
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material is removed in order to provide the desired shape. For instance at least
one of etching, spark eroding or machining can be used to remove the material.
Optionally a single sheet of material can be folded to provide the desired shape.
Optionally at least one of the first and second track strips can be formed from a
number bf separate piéces. The separate pieces could be a:plu'rality of layers of
sheet material. The layers could be fastened ’Lo gether in order to provide the
desired shape. | i |
As will be understood, the first and second track strips could in use be mounted to
the substrate which in turn is mounted to a secondary substrate. For instance, the
substrate could be a she;et material. For example, the secondary substrate could_be
the bed of a machine. Accordingly, a scale can be maintained against the substrafe

by the first and second track strips. The substrate could be mounted to the second

-substrate, for instance via an adhesive or some other mechanical fastener. -

Track strips can be of particular use with thin scales. The track could be for use
with metrological scale having a thickness of not more than 1.5 mm, for example
not more than 1 mm, preferably not more than 0.5 mm, especially preferably not

more than 0.3 mm, most preférably not more than 0.2 mm.

‘The at least first and second track strips and at least one spacer could be for

cutting by a user in order to obtain a desired length of track strip. The at least first
and second track strips and at least one spacer could be for cutting by a user in
order to obtain a plurality of shorter 1engths of track strip from the one original
length of track s'trip; |

This application also describes a kit compﬁsing at least one metrological track as
described above and a metrological scale for location between the at least first and

second tracks.

‘According to a second aspect of the invention, there is provided a metrological

PCT/GB2009/001468
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scale track strip for mounting on a substrate, the track strip comprising a plurality

| of projections spaced along its length. The projections are configured such that

when the track strip is mounted on a substrate, portions of a metrological scale can
be received under the projections and retained against the substrate by the

projections.

As will be understood, the features concerning the track of the above described
first aspect of the invention are also suitable for the track strip according to the

second aspect of the invention.

In particular, preferably the track strip comprises a side abutment face for
abutment with a longitudinal edge of a metrological scale so as to restrict lateral

movement of the metrological scale perpendicular to its measurement axis when

in use. Preferably, the abutment face comprises a plurality of abutments spaced

along' its length, each for contact with a local region of the longitudinal edge'of a

metrological scale so as to control the transverse location of a metrological scale.

Pfeferably, at least some of the abutments are positioned at different points along

the length of the track to the projections.

Preferably there is provided at least first and second metrological scale track strips
according to the second aspect of the invention, held in a spaced apart relationship
by at least one spacer which can be removed once the at least first and second
metrolo gical scale track strips have been secured to a substrote. Preferably, the at
least one spacer is ﬁrangibly coupled to the at least first and second metrological

scale track strips.

According to a further aspect, there is provided a measurement apparatus
c.omprising.an elongate metrological scale located on a substrate and at least first
and second track strips according the above described second aspect of the
invention mounted to the substrate on opposing longitudinal sides of the

metrological scale, in which the plurality of spaced apart projections extend part

PCT/GB2009/001468
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way over the metrological scale so as to restrict movement of the metrological

scale away from the substrate.

The metroiogical scale can be fixed at a single -point by a fastener so as to prevent
movement of the metrological scale relative to the substrate at that point.
Optionally, the metrological scale is fixed ata plurality of points to the substrate
by at least one fastener such that the scale is constrained to move with the

substrate.

As described above, the at least first and second track strips can be mounted to the

substrate via an adhesive.

Preferably, the gap between the substrate and the projection of each of the first and
second track strips is not less than, and is preferably substantially equal to, the
thickness of the metrological scale.

As described above in connection with the other aspects of the invention, the at
least first and second track strips can comprise abutment faces for contact with the
longitudinal edges of the metrological scale so as to restrict lateral movement of
the metrological scale perpendicular to its measurement axis. Preferably, the at
least first and second track strips are spaced apart such that the distance between
their side abutment faces is not less than, and preferably is substantially identical
to, the width of the metrological scale. Preferably, the length of the side abutment
face of each of the at least first and second track strips that is in contact with the

metrological scale is less than the length of the first and second track strips.

As will be understood, the features concerning the track strips according to the

above described other aspects of the invention are also suitable for the track strips

of the measurement apparatus according to this aspect of the invention.

Preferably the track strip is configured such that it can wound into a coil having an

PCT/GB2009/001468
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inner radius of not more than 90 mm, more preferably not more than 75 mm and

especially preferably not more than 50 mm without stretching the track strip

_ beyond its elastic limit. This enables a long length of the track strip to be made

and easily stored and transported without deforming the track strip. For instance,
the track strip can be at least 1 metre long, optionally at least 10 metres long, for

example at least 50 metres long, for instance at least 100 metres long.

This application also describes a scale track which is formed from sheet material.
In particular the application describes a scale track formed from a single piece of

sheet material.

This application also describes metrological scale track comprising a sheet of
material folded along opposing edges to define first and second track strips and a
base between them, the first and second tracks each having a project'ion‘ each
defining a si)ace between it and the base in which opposing longitudinal edges of a

metrological scale can be received.

Although in this aspect metrological scale will be supported by the track, the
position of metrological scale is still highly controllable and predictable. This is
because the thickness of sheet material can be formed to a high degree of
aécuracy. Accordingly the variation in height of metrological scale supported by
the track relative to a substrate on which the track is mounted will be negligible

‘along the length of the metrological scale.

This application also describes a metrological scale track for locating metrological
scale relative to a substrate, the metrological scale tracking having at least one
proj ection for restricting movement of a metrolo gibal scale located in the track

away from the substrate, the track being formed from sheet material.

An émbodiment of the invention will now be described with reference to the

following drawiﬁgs in which:

PCT/GB2009/001468
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Figures 1(a) and 1(b) illustrate isometric topside and underside views respectively

of a first embodiment of a pair of tracks strips;

Figures 2(a) and (b) illustrate isometric top and bottom views respectively of a

second embodiment of a pair of track strips;

Figures 3(a) and (b) illustrate underside views of a track strip according the first

and second embodiments;

Figure 4 illustrates a cross-section of the pair of track strips shown in Figures 1(a)
and (b);

Figure 5 illustrates a cross-section of a pair of track strips according to a third

embodiment;
Figure 6 illustrates a known track system,;

Figure 7 illustrates a side view of a track strip mounted across a joint between

parts of a machine;

Figure 8 illustrates a cross-section of a track strip formed by layers of sheet

material;

Figure 9 illustrates a cross-section of a track strip formed by a folded sheet -

material;

Figure 10 illustrates an underside view of a pair of track strips in which a-

metrological scale is laterally constrained by a pair of separate compbnents;

Figure 11 illustrates an isometric view of another embodiment of a track strip;

-
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Figure 12 illustrates an underside isometric view of a pair of track strips held in a

spaced apart arrangement by a plurality of spacers;

Figure 13(a) illustrates a top view of a pair of track strips held in a spaced apart

arrangement by a single continuous spacer;

Figure 13(b) provides a detail view of a section of the pair of track strips and
spacer of Figure 13(a); '

Figure 14(a) illustrates a top view of a scale located by a pair of track strips -

according to the present invention and held at one point by a clamp; and

Figure 14(b) provides a detail view of the a section of the pair of track strips and

scale, and the clamp shown in Figure 14(a).

" Referring to Figures 1(a) and 4 there is shown a metrological scale track 3,

comprising first 12 and second 14 track strips which are used to retain a scale 8 on
a substrate 4 (not shown in Figures 1 and 2 for clarity). Each track strip 12, 14
comprises a strip of material which in the described example is sheet stainless ‘\
steel although other metals and other non-metal materials can be used. Each track
strip 12, 14 has a projection (i.e. a lip) 16 which extends along the length of the
track. ’

The first 12 and second 14 track strips are affixed direétly onto the substrate 4 by

. double-sided adhesive tape 18. Each track strip 12, 14 is fixed such that its

projection 16 is spaced apart from the substrate. Furthermore, the track sﬁips 12,
14 are mounted such that the first 12 and second A14 tracks are spaced apart from
each othef, in a substantially parallel arrangement and with their projections 16
facing each other. Once affixed to the substrate the first 12 and second 14 track

strips define a measurement axis A along which a length of metrological scale can -

PCT/GB2009/001468
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be laid.

It will be understood that mechanisms other than double-sided adhesive tape could
be used to secure the tracks 12, 14 to the substrate 4. For instance, the track strips
12, 14 could be bolted in position through holes in the tracks 12, 14. As will be
understood, the number of bolts_ or screws used to secure the track strips 12, 14 in
place will depend on many factors such as the length of the track strips 12, 14 and
their rigidity. Nevertheless, double-sided adhesive tape is a particularly preferred
for securing the track stfips 12, 14 especially on hard substrates such as substrates
made of granite as it significantly reduces the preparation work required to fit-the
track sﬁ‘ips 12, 14 to the substrate.

The gap between the underside of the projections 16 and the substrate 4, and the
spacing between the first 12 and second 14 track strips are configured such that a
metrological scale 8 can be laid between the first 12 and second 14 track strips by
sliding the metrological scale 8 under the projections 16 from one end of the first
12 and sécond 14 tracks. Once the metrological scale 8 has been laid between the
first 12 and second 14 track strips, its position is controlled in two perpendicular

dimensions, i.e. in dimensions perpendicular to the measurement axis A.

As the metrological scale rests directly 6n the substrate the position of the scale
relative to the substrate in a dimension perpendicular to the substrate’s surface is
accurately controilable. This is in contrast to tracks having a scale carrying
portion such as those illustrated in Figﬁré 6 because any inaccuracy in the
manufacture of the scale carrying portion can lead to variations in the height of the

scale relative to the substrate along the scale’s length.

It can be important that the gap between the substrate 4 and the underside of the
projection 16 is tightly controlled. The gap is preferébly configured to be of a size
such that the metrological scale 8 is substantially free to move along the length of

the measurement axis A but is constrained from moving away from thc substrate.
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Making the gap such that the metrological scale 8 is substantially free to move
along the length of the measurement axis A can aid assembly and disassembly of

the metrological scale 8.

Furthermore, the metrological scale 8 and the substrafe 4 are likely to be made

- from materials with different thermal masses (i.e. different coefficients of thermal

expansion). Accordingly, the metrological scale 8 and the substrate 4 will change

length along the measurement axis A due to thermal expansion at different rates.

The more freély the metrological scale 8 can move relative to the substrate 4, the
more predictable will be fhe effect of temperature on the measurement given by a
réadheéd (not shown) reading the metr_ological scale 8. This is therefore another
reason for making the gap a sufficient size to a\(bid the track strips 12, 14 |
impinging on the metrological scale 8.

Whilst it can be preferred that the metrglogical scale 8 is free to move relative to
the substrate 4 over most of its length, the metrological scale is preferably
restrained at a single point to provide a datum from which all measurements are
taken. This datum point could be achieved by means of a mechanical clamp (not
shown) applied to the metrological scale 8 at a point along its length. This could
be where, for instance, a gap has.been left in one of the first 12 and second 14
track strips. Preferably, especially on a longer metrological scale, the datum
clamp is applied approximétely half way_along' the length of the metrological scale

8, thus minimising any disturbance effects.

Alternatively, the metrological scale 8 could be mastered to the substrate 4 so that

it assumes the thermal characteristics of that substrate. This could be achieved for

example by applying a mechanical clamp to both ends of the metrological scale 8.

Ina particulariy preferred embodiment, ensuring free movement of the

metrolo gical scale 8 can be achieved by controlling the gap such that it is
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approximately the same height as the thickness of the metrological scale 8. For
instance, in the described embodiment the metrological scale 8 is approximately
0.2 mm thick. The track strips 12, 14 are approximately 7 mm wide and 0.4 mm
thick with the projections 16 being approximately 1 mm wide and 0.2 mm deep.
Accordingly, the gap between the underside of the proj ections 16 and the substrate
4 is approximately 0.2 mm high (the depth of the double-sided adhesive tape being
negligible) which is approximately the same height as the thickness of the
metrological scale 8. As will be understood the same principle can be applied to
metrological scales and tracks of different dimensions. It has been however found

that the invention is particulaﬂy advantageous for metrological scales having a

_ thickness of not more than 1.5 mm and especially advantageous for metrological

scales having a thickness of not more than 1 mm.

Due to their size and material the track sttips 12, 14 of the deséribed embodiment
can be readily coiled up for shipment;' This therefore enables very larée lengths of
the track, for instance léngths of up to 100 metres to be manufactured and
supblied. Preferably the track strips 12, 14 are configured such that they can be

coiled to a radius of 50 mm without being stretched beyond its elastic limit.

Figures 1(b) and 3(a) shows the underside view of the first 12 and second 14 track
strips according to a first embodiment. In this case the inner edge 20 of each track
strip 12, 14 which face and contact the elongate edges of the metrological scale 8
when in use is straight. However, this need not necessarily be the case as shown
in Figurés 2(a), 2(b) and‘3(b) which illustrate a second embodiment which is
substantially the same as the first with like reference numerals identifying like
features. In this second embodiment of the invention, the inner edge 20 of the
track strips 12, 14 which faces the elongate edge of the metrological scale 8
comprises a number of abutments 22 for contact with the metrological scale 8.
These abutments 22 reduce the length of the inner edge 20 that is in contact with
the metrological scale 8 thereby reduciﬁg the ambunt of friction between the track

strips 12, 14 and measurement 8. These abutments also create small areas 24
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between the metrological scale 8 and the track strips 12, 14 where contaminants
could collect without affecting the performance of the metrological scale 8. As
will be understood, the abutments 22 could be formed as one piece with the track

strips 12, 14 or could be separate components to the track strips 12, 14.

Furthermore, the inner edges 20 need not contact the elongate edges of the
metrologicél scale 8 at all. Accordingly, the first and second track strips can be
configured such that in use there is space between the metrological scale and at
least one of the first and second track strips along the entire length of the track
strip in the plane that wholly contains the metrological scale. For instance, the
lateral pbsition of the metrological scale 8 could be controlled by separate first 44
and second 46 lateral restraining components located on either side of the
metrological scale 8 at at least one end of the first 12 and second 14 track strips
for example as illustrated in Figure 10. As will be understood a second set of
lateral restraining components could be located at thé opposing end of the first 12
and second 14 trackistrips. However, as will be understood, the projection 16 still

overhangs the metrological scale 8 thereby retaining it against the substrate 4.

The projection 16 need not be a continuous along the length of the track strip but
could instead be divided into discrete proj ectibns 52 spaced along the length f the
track strip 12, 14, for example as illustrated in Figure 11. Accordingly, the track
stn'psb 12, 14 do not cover the metrological scale at the points between the
projections 52. This can be advantageous as it enables any dirt that colle.cts

between the scale and track strips 12, 14 to escape.

In addition to the projections 52 for retaining the scale against the substrate, the

track strip illustrated in Figure 1 1 also has abutments 54 for controlling the lateral

position of the scale. These abutments 54 could be superimposed on the
projections 52 or could be remote from them as illustrated. As previously
discussed the track strip can be formed out of thin sheet metal with the thickness

of the metal at the projection reduced for example by chemical etching. Unless
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this etching is very skilfully done, a small radius ma3; be formed at the root of the
projection where it joins the main body of the track strip. This radius may
interfere with the free movement of the scale within the track. By placing the
abutments 54 remote from the projections 52, the abutments prevent the scale

contacting any radius formed at the root of the discrete lengths of projection.

When the track strips are produced as continuous lengthé, they must be cut to the |
correct length for installation on the machine. If the projectioh 16 is continuous as
illustrated in Figure 3, it is difficult to cut the track strip to length without
_distorting the projection. Any distortions in the projection may prevent the free
movement of the scale within the track. This problem can be avoided by limiting
the projection to discrete lengths 52 as illustrated in Figure 11 as it should be
possible to cut the track between the discrete lengths of projection, thereby

removing the risk of distortion.

Particularly preferred methods for forming the track strip of the present invention

include making the track strip from sheet material. The thickness of sheet material |

can be manufactured to a high degree of accuracy and therefore this enables the
depth of the track strip and projection to be controlled accurately. In the
embodiment described with reference to Figure 4 the original cross-sectional
shape of the strip of material forming the track strip is substantially rectangular
and thé projection 16 is formed by removing material from fhe corner of the strip
of material along its length. The material could be removed for instance by
chemical etching, spark erosion or machining. Instead of being etched out of a
single i)iece of material the track strips 12, 14 could be built up from two or more
strips of material, such as first 34 and second 36 strips as illustrated in Figure 8.
As illustrated the first 34 and second 36 strips have different widths such that the |
first 34 strip overhangs the second strip 34 so as to create the projection. 16. The
first 34 and second 36 strips could be for example, metal bonded, welded or
otherwise secured together. The tracks 12, 14 could also be made from a single

piece of material 38 folded or formed to produce the projection 16 as illustrated in
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Figure 9.

As will be understood, the substrate 4 onto which first 12 and second 14 track

- strips and metrological scale 8 are mounted could be a machine — that is the first

12 and second 14 track strips and metrological scale 8 could be mounted directly
onto a moving or stationary part of a machine. Optionally, the substrate 4 could

be an intermediate member which is fixed to a machine,

This could be particularly preferred when the track strips 12, 14 and metrological

scale 8 are to be mounted across a joint between two different parts of a machine,

such as for example the joint 26 between first 28 and second 30 parts of a machine

illustrated in Figure 7. It can be important that when designing the joint 26 care is
taken to ensure that the surfaces either side of the joint 26 onto which the
metrological scale will be applied are coplanar. If it is not possible to make them
sufficiently coplanar, instead of applying the traéks 12, 14 directly to the machine
axis, a narrow strip of a rigid material for example strip 31 could be secured to the
surface of the second part 30 and shimmed 32 to give a coplanar surface to which
the first track strip 12 and second track strip 14 (not shown m Figure‘ 7) are then
applied. '

Furthermpre, the first 12 and second 14 track strips could be etched and folded
from a single piece of suitably folded thin material 40 as illustrated in Figure 5.
Accordingly, the first 12 and second 14 track strips are joined by a scale support
42 on which the metrological scale 8 rests when the mefrological scale 8is
inserted between the first 12 and second 14 track strips. In this embodiment, the
thin material 40 is preferably sheet material thereby ensuring a uniform thickness

of the scale support 42 along the measurement axis A.

On installation, the first 12 and second 14 track strips could be positioned on a .
substrate against a locating edge or other locating members such as locating pins.

Opfionally, the first 12 and second 14 track strips could be positioned using an
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applicator temporarily bolted to the machine in place of the readhead. The first 12
and second 14 track strips could be installed once the machine onto which the
track strips 12, 14 are to be installed has been assembled, thus reducing the risk of
damage to them or the metrological scale 8. In the event that the first 12 and
second 14 track strips do become -damaged, they could be removed and replaced

without the need to strip down the machine.

It can be important that the first 12 and second 14 track strips are positioned the
correct distance apart. Positioning the first 12 aﬁd second 14 track strips the
correct distance apart can be made easier if, during manufacture, they are linked
together by a spacer that is removed once the tracks have been installed. In certain
situations, removal of fhe spacer is made easier if the spacer is made in discrete
pieces that can be removed independently. One exemplar solution is illustrated in
Figure 12 in which a spacer unit 61 comprises first 64 and second 66 longitudinal
spacers and first 62 and second 63 transverse spacers. The first 64 longitudinal
spacer is connected to the first 12 track strip by tags 70 and the second 66
longitudinal spacer is connected to the second 14 track strip by similar
corresponding tags 70. Furthermore, the first 64 and sechd 66 longitudinal
spacers are joined together by thé first 62 and second 6.3 transverse spacers using

tags 68.

Tags 68 and 70 are produced by locally reducing the thickness of the metal by the
same means used fo form the discreté lengths of projection 52. This can be done,-
for instance, by an etching process. The tags therefore provide a point of
weakness, or a point of reduced strength. The longitudinal spacers 64, 66 ‘and
transverse spacers 62; 63 are configured so that the abutments 54 on the first 12
and second 14 track strips are the correct distance apart. The tags 70 join onto the
ﬁfst 12 and second 14 track strips between the discrete lengths of projection 52
and abutment 54 at recessed locations 71. Recessed locations 71 are provided

such that, once the tags 70 are broken, they cannot contact the scale 8.
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During installation the first 12 and second 14 track strips remain linked together ‘
by the spacers 62, 63, 64, 66 until after they have been secured to the substrate.
Once the first 12 and second 14 track strips are secured, the tags 68 joining the
first 62 and second 63 transverse spacers to the first 64 and second 66 ldngitudinal

~ spacers are broken by lifting up the free ends of the first 62 and second 63

transverse spacers. The tags 70 joining the first 64 and second 66 longitudinal
spacers to the first 12 and second 14 track strips respectively are then broken by
lifting up the free edges of the first 64 and second 66 longitudinal spacers. As
shown, areas of reduced depth 73 can be provided at the free ends of the spacers
62, 63, 64, 66 so as to facilitate the insertion of a tool (or for instance a fingernail)

under the spacers so as to make it easier to lift the spacers. '

It has been found that dividing the spacer into discrete longitudinal and transverse
members facilitates the removal of the spacer whilst reducing the risk of
disturbing the position of the first 12 and second 14 track strips. However, as will
be understood, instead of making the spacer in discrete elements as shown in
Figure 12, it could be made in fewer pieces. For example, the first and second
longitudinal spacers could be joined directly to each other along their lengths by
breakable tags extending between them. The tags extending between the first and
second longitudinal spacers cduld be broken first, before breaking the tags |

between the spacers and tracks.

Figure 12 shows at least one spacer being used to join a pair of continuous lengths

of track strip together. Suitably configured, at least one spacer could be used to

join multiple discrete lengths of track together in'the_correct configuration. Again

suitably configured, such an arrangement could avoid the need to cut the track to

length.

Figure 13 illustrates an alternative embodiment in which the first 12 and second

14 track strips are held in a spaced apart relationship by a single continuous

removable spacer 80. The removable spacer 80 is connected to the first 12 and
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second 14 track strips by a small tag 82 at a plurality of points (in this example
every 25mm) along its length. The small tag 82 is etched part way through the
track thickness to produce a point of weakness. Because the tag 82 is etched from
the top side instead of from the bottom side of the track strips 12, 14 should the
sharp edge be raised when the spacer 80 is removed, it will still be below the top
of the track strips 12, 14 and, therefore, not present a snagging/cutting hazard.

As shown, for structural integrity the width of the spacer 80 is only slightly
smaller than the distance between the first 12 and second 14 track strips along
most of its length. For instance, for the significant majority of the length of the
spacer 80, at any two opposing/facing points on the first 12 and second 14 track
stripé, the width of the spacer is at least 90% of the distance between the opposing
two points. However, at regular points 86 along the length of the spacer 80, the
width of the spacer 80 is significantly reduced (for instance to less than 50% of the
distance between the first 12 and second 14 track strips).

There are two important dimensions to the first 12 and second 14 track strips. The
first important dimension is the depth of etching on the projections 52 that in use
hold the scale down on fhe substrate — this ca.n' be measured on samples using a
micrometer. The second important dimension is the width between the small

abutments 54 that locate the scale laterally when in use. This can be measured

- using a go/no-go gauge at the areas 86 where the spacer 80 has been locally

reduced in width as shown in figures 13(a) and (b).

Removal of the spacer 80 cém be achieved by the insertion of a wedge-shaped tool.

(not shown) at the end of the first 12 and second 14 track sn‘ips such that it is

positioned under the spacer 80 and above the adjacent sections of first 12 and

- second 14 track strips. This tool can then be slid along the length of the track,

breaking the small tags 82 connecting the spacer 80 to the first 12 and second 14
track strips as it goes. It is possible in certain circumstances that once the spacer

80 has been removed, the-remains of the tags 82 on the spacer 80 can have sharp

o
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edges which have the potential to cut the hands of the operator. For this reason, a
small guard protrusion 84 of substantially full thickness material is placed either
side of the tag 82, effectively providing a guard either side of the sharp edge and

thus protecting the operator from harm.

One of the significant advantages of this invention is the low friction generated
between the first 12 and second 14 frack strips and substrate combination and the
scale 8. Because of this, the scale is free to expand with temperature as dictated
by its own coefficient of thermal expansion without significant influence from the
track or substrate. For the scale to work as a metrological device it must be firmly

anchored at a single point which then acts as the datum from which all

measurements are made.

There are several ways such a datum could be created. For instance, the scale 8
could be glued to at least one of the first 12 and second 14 track strips at one point-
using, for example, a cyanoacrylate adhesive. This would be easy to apply but

difficult to remove without damaging the track strip(s) 12, 14 and scale 8.

Optionally, at least one of the first 12 and second 14 track strips could be cut at the
point where the datum is required and a small coupon of material similar to the
track strips(s) glued to both the scale 8 and substrate. This would be more
difficult to install as the track would need to be applied in two lengths. It would,

however be easier to remove without damage.

‘A clamp 90, such as that ﬂlustrated in Figures 14(a) and (b), could be bolted to the

substrate using a bolt 92 screwed into a threaded hole (not shown) positionéd

beyond the outer margin of the second track 14 and, preferably without touching

" the second track strip 14, have a nib 94 that applies a clamping force to the scale

8. Such a clamp 90 could be used in pairs, one either side of the scale 8, or just on
one side only as shown in Figures 14(a) and (b). This has the disadvantage of

needing a threaded hole in the substrate and may not be able to withstand as high a
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longitudinal force as the qued alternatives. There must also be sufficient vertical
separation between the scale 8 and readhead to allow the latter to pass over the
clamp 90. It can, however, be removed and replaced with ease and without

damage to scale 8 or substrate.

In the embodiments described the first 12 and second 14 track strips are identical
in shape and size. In this case the first 12 and second 14 track strips could be
formed by making a single length of track which is cut in order to provide the
desired length of track. This can facilitate easy manufacturing and transportation

of the tracks.

However, as will be-understood the first 12 and secon(i 14 track strips need not be
identical. For instance the first track stn'p. 12 could take the form of the first
embodiment described in connection with Figure 1 and the secondrtrack strip 14
could take the form of the second embodiment described in connection with

Figure 2.

In the described embodiments the track strips are configured such that the
metrological scale rests directly on the substrate on which the fraCk strips are
mounted or on a piece of shee't material (see Figure 5 for example). This removes
any variation in the position of a metrological scale located by the tracks in
particular in the dimension perpendicular to the substrate surface which can be
caused by current known tracks such as that illustrated in F igure 6. This therefore
improves the consistency of the ride-height of a readhead travelling along the
measurement axis reading a metrological scale located by the track strips which in
turn improves the accuracy and reliability of measurements taken by a readhead
reading a metrological scale located by track strips accordiﬁg to the present

invention.

As described, the first and second track strips are substantially elongate. As will

be understood, the extent to which the first and second track strips extend along
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the metrological scale can vary from application to application. For instzince, the
first and second track strips could extent along at least 75% of the length of the
metrological scale, for exarhple at least 90%. The first and second track strips
could extend along the entire length of the metrological scale or could even be
longer than the metrological scale itself. Optionally, as will be understood, a
plurality of relatively short first and second track strips spaced along the length of

the metrological scale could be used.

As deséribed, the first and second track strips and spacer are formed and provided
as a single piece. However, as will be understood, this need not necessarily be the
case and the spacer could for instance be provided as a separate piece to the first
and second tracks. For instance, the spacer could be made as separate piece and
temporarily fixed to the first and second tracks. For instance, the at least one
spacer could be mechanically fastened, for inétance via clips, clamps, screws or
the like, to each of the first and second tracks at at least one point. In this case, the
spacer could be made from a material that is different to that of the first and

second track strips. Removing the spacer in this case could comprise, for instance,

| releasing or breaking the mechanical fasteners.

The metrological scale can be fixed at a single point by a fastener so as to prevent
movement of the metrological scale relative to the substrate at that point along its
measurement axis. In this case the metrological scale is free to move at other
points along the measurement axis, which may occur for instance due to

differences in the thermal expansion/contraction of the scale and substrate.

The metrological scale can be fixed at a plurality of points to the substrate, for
instance at at least two points, by at least one fastener such that the scale is
constrained to move with the substrate. The metrological scale can be fixed at a
plurality of points to the substrate, for instance at at least two points, by at least
one fastener such that the scale is constrained to move according to the thermal

characteristics of the substrate. A plurality of fasteners can be provided. In this
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case the scale can be forced to expand and contract with the substrate. That is
metrological scale can be mastered to the substrate so that it assumes the thermal

characteristics of that substrate.

As will be understood references to scale in this document include references to
niétrological scale, also cominonly known as encoder scale. The scale could be
optical scale. The scale could be magnetic scale. The scale could be capacitive

scale. The metrological scale could provide linear scale.

‘The scale could be an incremental scale for example as described in EP-A-

0207121. As will be understood, an incremental scale typically has a plurality of
incremental marks which define a substantially periodic pattern which generates a
periodic signal at the readhead when relative movement takes place between the
scale and the readhead. These periodic signals can produce an up/down count

which enables displacement between the scale and the readhead to be determined.

Reference marks can be provided which enable the exact position of the readhead
to be determined. The reference marks can be detected by the same readhead.
Reference marks may for example enable the accuracy of the incremental count to
be verified and/or to enable a readhead to find a ‘home’ or known reference
position from which to start the incremental count. Reference marks can be
located on the scale close to the incremental marks. For instancg, the reference
marks can be located in a track which runs parallel and adjacent to a track
containing the incremental marks. It is also known for reference marks to be
embedded within the incremental scale track, for example as disclosed in

Published International Patent Application WO 2005/124282.

The scale could be an absolute scale. Such scale typically has a plurality of

~ features which encode unique position data along the measurement direction of

the scale. The data can be in the form of, for instance, a pseudorandom sequence

or discrete codewords. By reading this data as the readhead passes over the scale
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the readhead can determine its absolute position.

The scale could be a hybrid incremental absolute scale. International Patent
Application no. PCT/GB2002/001629 discloses such a scale in which the absolute
position data is embedded in an incremental scale in the form of discrete
codewords. This can be achieved by missing lines out from an incremental sbale,
wherein the prescence of a line represents a “0” bit and the absence of a line
represents a “1”bit. Different combinations of missing iines in the incremental
scale enable codewords to be embedded in the incremental scale. Other
mechanisms to achieve a hybrid incremental absolute position scale also exists,
such as by varying the width of the lines of the incremental scale (wherein, for
instance, a line of one thickness represents a “1” bit and a line of another thickness

represents a “0” bit).
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CLAIMS:
1. A metrological scale track comprising at least first and second

metrological scale track strips, held in a spaced apart relationship by at least one
spacer which is configured to be removed once the at least first and second

metrological scale track strips have been secured to a substrate.

2. A metrological scale track as claimed in claim 1, in which the at least one
spacer is frangibly coupled to the at least first and second metrological scale track

strips.

3. A metrological scale track as claimed in claim 1 or 2, in which the at least
one spacer and the first and second track strips are formed from a single piece of

material.

4. A metrological scale track as claimed in claim 3, in which the single piece
of material is configured such that the single piece of material is weaker at the

point(s) at which the spacer is joined to the first and second tracks.

5. A metrological scale track as claimed in claim 4, in which the at least one
spacer comprisés at least one guard adjacent the point(s) at which it is joined to

the first and second tracks. -

6. A metrological scale track as claimed in any preceding claim in which at
least one of the first and second track étrips comprises a plurality of proj éctions
spaced along its length which are configured such that when the track strip is
mounted on a substrate, portions of a métrolo gical scale can be received under the

projections and retained against the substrate by the projections.

7. A metrological scale track as claimed in claim 6 in which at least one of

~ the first and second track strips comprises a side abutment face for abutment with
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a longitudinal edge of a metrological scale so as to restrict lateral movement of the

metrological scale perpendicular to its measurement axis when in use.

8. A metrological scale track as claimed in claim 7, in which the abutment
face comprises a plurality of abutments spaced along its length, each for contact
with a local region of the longitudinal edge of a metrological scale so as to control

the transverse location of a metrological scale.

9. A metrological scale track as claimed in claim 8, in which at least some of
the abutments are posifioned at different points along the length of the track to the

projections.

10. A kit comprising at least one metrological track as claimed in any
preceding claim and a metrological scale for location between the at least first and

second tracks.

11. A metrological scale track strip comprising a plurality of projections
spaced along its length which are configured such that when the track strip is
mounted-on a substrate, portions of a metrological scale can be received under the

projections and retained against the substrate by the projections.

12. A metrological scale track strip as claimed in claim 11 comprising a side
abutment face for abutment with a longitudinal edge of a metrological scale so as
to restrict lateral movement of the metrological scale perpendicular to its

measurement axis when in use.

13. A metroilogical' scale track strip as claimed in claim 12, in which the
abutment face comprising a plurality of abutments spaced along its length, each
for contact with a local region of the longitudinal edge of a metrological scale so

as to control the transverse location of a metrological scale.
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14. A metrological scale track strip as claimed in claim 13, in which at least .
some of the abutments are positioned at different points along the length of the

track to the projections.

15. A metrological scale track comprising at least first and second
metrologiéal scale track strips accordiﬁg to any of claims 11 to 14, held in a
spaced apatt rélationship by at least one spacer which is configured to be removed
once the at least first and second metrological scale track strips have been secured

to a substrate.

16. A metrological scale track as claimed in claim 15, in which the at least one
spacer is frangibly coupled to the at least first and second metrological scale track

strips.

17. A measurement apparatus comprising an €longate metrological scale
located on a substrate and at least first and second track strips according to any of
claims 11 to 14 mounted to the éubstrate on opposing longitudinal sides of {he
metrological scale, the plurality of spaced apart projections extending part way
over the metrological scale so as to restrict movement of the metrological scale

away from the substrate.

18. A measurement apparatus as claimed in claim 17 in which the metrological
scale-is fixed at a single point by a fastener so as to prevent movement of the

metrological scale relative to the substrate at that point.

19. A measurement apparatus as claimed in claims 17 or 18 in which the
metrological scale is fixed at a plurality of points to the substrate by at least one

fastener such that the scale is constrained to move with the substrate.

20. A measurement apparatus as claimed in any of claims 17 to 19 in which

the at least first and second track strips are mounted to the substrate via an
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adhesive.

21. A measurement apparatus4 as claimed in any of claims 17 to 20 in which
the gap between the substrate and the projection of each of the first and second
track strips is not less than the thickness of the metrological scale.
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