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(54) An apparatus for determining the position of a moveable mechanical element and method
of marking a mechanical element

(57) A mechanical element comprising an optically
readable marking, the optically readable marking com-
prising a surface having a first reflectivity and a plurality
of areas having a second reflectivity, characterised in
that:

said areas having a second reflectivity have a width
which is generally constant in a direction parallel to
the direction of movement of the mechanical ele-
ment.
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Description

Description of Invention

[0001] This invention is concerned with an apparatus
for determining the position of a movable mechanical
element and a method of marking a mechanical ele-
ment, particularly but not exclusively for a mechanical
element comprising a piston rod of a ram which is mov-
able relative to a cylinder of the ram.
[0002] Means for detecting the position of a piston rod
relative to a cylinder of a fluid operable ram are known,
but rely on detecting the position of a device actuated
by the ram by use of a sensor (such as a potentiometer)
placed on the fulcrum of the device, and then inferring
the position of the rod from a position of the device ac-
tivated thereby. However, the rod position measurement
obtained may be subject to mechanical deficiencies
such as backlash between the rod and the actuated de-
vice. Such position detectors may also be mechanical
and so are subject to deficiencies and wear themselves.
Magnetic marking of a piston rod has been used to give
a direct indication of the rod's position, but such mag-
netic systems are subject to electromagnetic interfer-
ence and to demagnetisation of the marking.
[0003] It is known to provide optically readable mark-
ing on the surface of a mechanically element, and in par-
ticular to provide these markings by means of laser
marking. However, such laser marking may impair the
corrosion resistance of the rod.
[0004] It is an aim of the present invention to over-
come or reduce at least one or more of the above prob-
lems.
[0005] According to one aspect of the present inven-
tion, we provide an apparatus for determining the posi-
tion of a movable mechanical element wherein the me-
chanical element has a marking which is optically read-
able, the optically readable marking comprising at least
part of the mechanical element with a surface having a
first reflectivity and a plurality of areas having a second
reflectivity, further comprising at least one of the follow-
ing expedients;

a) said part of the mechanical element being pro-
vided with a substrate between the mechanical el-
ement and the surface.
b) said areas having a second reflectivity having a
width which is generally constant in a direction par-
allel to the direction of movement of the mechanical
element.

[0006] Where expedient a) is present, the substrate
may be resistant to corrosion.
[0007] The substrate may be more resistant to laser
marking than said surface having a first reflectivity.
[0008] The surface having a first reflectivity may com-
prise chrome.
[0009] The substrate may comprise bronze.

[0010] The bronze may comprise 88% to 92% copper
and 12% to 8% tin.
[0011] The substrate may have a thickness in the
range 0.038mm to 0.051mm.
[0012] The substrate may have a surface finish in the
range 0.2 to 0.4 µm.
[0013] At least the part of the mechanical element to
be provided with a substrate may have a surface finish
of less than 0.8 µm.
[0014] The first reflectivity may be greater than the
second reflectivity.
[0015] Where expedient b) is present, the marking
may comprise a plurality of code elements, each com-
prising a plurality of said areas of second reflectivity.
[0016] Each code element may encode a numerical
value in binary digits.
[0017] Each binary digit may be indicated by the dis-
tance between two of said areas having a second re-
flectivity.
[0018] Each code element may encode a unique
number.
[0019] Each code element may comprise a unique
part of a pseudorandom binary sequence.
[0020] The apparatus may further comprise reading
means to provide an output dependent on the position
of the mechanical element, said reading means com-
prising illuminating means, detector means and decod-
ing means.
[0021] The illuminating means may comprise a light
emitting diode.
[0022] The detector means may be disposed to detect
light from the illuminating means reflected from said sur-
face having a first reflectivity and said areas having a
second reflectivity, the detector means comprising a de-
tector which provides a signal having a value within a
first range when light from a part of said surface having
said first reflectivity is reflected thereon and having a
valve within a second range when light from an area
having said second reflectivity.
[0023] The detector means may comprise an array
having a plurality of said detectors.
[0024] The array may provide an intermediate signal
to said decoding means, said intermediate signal com-
prising a signal from each of said detectors.
[0025] The decoding means may comprise electronic
means to decode said intermediate signal from said de-
tector means to provide said output.
[0026] The decoding means may comprise means to
detect a detector signal of the intermediate signal cor-
responding to a transition corresponding to an edge of
an area of second reflectivity and means to identify a
plurality of binary digits from the separation of a plurality
of said transitions.
[0027] The decoding means may comprise means to
identify a code element from said binary digits and pro-
vide said output indicating the position of the mechanical
rod dependent on said code element.
[0028] The decoding means may further comprise
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means to identify the detector of the detector array on
which a selected one of said transitions falls, to provide
a fine position.
[0029] The apparatus may further comprise focusing
means to focus light reflected from said surface said of
mechanical element or said areas onto said detector
means.
[0030] The mechanical element may comprise a pis-
ton rod of a fluid operated ram.
[0031] According to a second aspect of the invention,
we provide a method of marking a mechanical element
comprising the steps of providing a surface having a first
reflectivity on said mechanical element, and providing a
marking thereon with a laser, said marking comprising
a plurality of areas having a second reflectivity, further
comprising one of the following expedients;

a) prior to providing the mechanical element with
said surface having first reflectivity, the step of pro-
viding the mechanical element with a substrate on
which said surface is then provided,
b) marking said areas having a second reflectivity
such that said areas have a width which is generally
constant in a direction parallel to the direction of
movement of the mechanical element.

[0032] According to a third aspect of the invention we
provide a mechanical element marked by a method ac-
cording to the second aspect of the invention.
[0033] The apparatus according to the first aspect of
the invention may comprise a mechanical element ac-
cording to the third aspect of the invention.
[0034] An embodiment of the invention will now be de-
scribed with reference to the accompanying drawings
wherein

FIGURE 1 is a schematic view of a fluid operable
ram incorporating an embodiment of the invention
FIGURE 2 is a cross-section on line 2-2 of Figure 1
FIGURE 3 is a enlarged view of part of Figure 1
FIGURE 4 is a graphical representation of an inter-
mediate signal
FIGURE 5 shows an example schematic arrange-
ment of decoding means
FIGURE 6a is an example of part of an intermediate
signal
FIGURE 6b is the intermediate signal of Figure 6a
after passing through the decoding means of Figure
5
FIGURE 7 is a flowchart showing an example of
steps performed by a decoding means according to
one aspect of the invention
FIGURE 8 is a flowchart showing an example of er-
ror checking steps performed by a decoding means
according to one aspect of the invention
FIGURE 9 is a schematic arrangement of an elec-
tronic feedback control system incorporating an
embodiment of the invention.

[0035] Referring now to Figure 1, a fluid operable ram
is shown at 9 comprising a cylinder 10 having a piston
11 received in the cylinder 10 and attached to a piston
rod 12. In the present example, the mechanical element
comprises the piston rod 12, although it will be clear that
the invention may be used with any suitable mechanical
element. The cylinder 10 and piston rod 12 may be at-
tached to other mechanical devices as desired by ears
13 and 14 respectively. One end of the cylinder 10 is
sealed by a cylinder end cap 15. The piston rod 12 has
a surface 12a marked with an optically readable marking
16 disposed on the surface 12a. A reading means 17 is
disposed within the cylinder end cap 15 and is connect-
ed to decoding means indicated generally at 18. The op-
tically readable marking 16 comprises a series of code
elements each encoding a numerical value based on the
position of the code element along the length of the rod
12, in a fashion to be described hereinafter.
[0036] The reading means 17 is shown in Figure 2.
Optical pathways 19a, 19b are provided in the end cap
15. An illumination means 17a comprising a number of
light emitting diodes (LEDs) 20 transmits light down
pathway 19a such that it falls upon a part of the optically
readable markings 16 provided on the surface 12a of
the piston rod 12. The optical pathway 19b is disposed
such that light reflected from the surface 12a of the pis-
ton rod 12 travels along the pathway 19b and is focused
onto the detector array 21 preferably by a lens 22. The
LEDs 20 are disposed to provide even illumination of
the part of the optically readable markings 16 viewed by
the detector array 21 in order to simplify subsequent
processing. The reading means 17 is required to be
compact to enable it to be mounted in or near the end
cap 15 as shown.
[0037] An example of the encoding scheme is shown
in Figure 3. This shows one code element 16a, that is,
a distinguishable part of the optically readable marking
16 encoding one numerical value in binary digits (bits).
The numerical value indicates the position of the code
element 16a on the rod 12. The code element 16a com-
prises a part 23 of the surface 12a of the piston rod 12
having a first reflectivity upon which are marked areas
24 having a second, lower, reflectivity. The areas 24
have a fixed width T. Disposed between the areas 24
are spaces 25. The width of each space 25 encodes a
bit; where the width of a space 25 is 2T, this indicates a
bit having the value "1" and where a space 25 has a
width of 1T, this indicates a bit having the value "0". The
code element 16a shown in Figure 3 thus encodes the
binary sequence 1010101010.
[0038] The marking may comprise a series of succes-
sive, discrete, code elements, in which case end mark-
ers may be included, for example, a width of 4T between
a pair of adjacent areas 24. In this case each successive
code element 16a may encode a value increasing with
its position along the length of the rod. The size of the
code element 16a dictates the resolution with which the
rod position may be measured.
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[0039] More preferably, the marking uses a pseudor-
andom binary sequence to encode the positional infor-
mation. Pseudorandom sequences and methods gen-
erating pseudorandom sequences are well known. The
advantage is that for any pseudorandom sequence of
order N, any N-bit segment of the sequence occurs only
once, i.e. each N-bit segment is unique. The marking
hence comprises a series of unique, overlapping code
elements of length N bits. Where a sequence of order
N is used as the pseudorandom sequence, the length
in bits of the sequence is given by 2N-1, and the se-
quence produced will contain 2N-1 bits having the value
"1" and 2N-1-1 bits having the value "0". The total length
of the marking 16 for such a sequence where '1' bits
have a width of 2T, '0' bits have a width of T and the
digits are separated by marks of width T will be (2N+1 +
2N-1+1)T. The use of a pseudorandom sequence has the
advantage that a single track of markings can used to
provide absolute position sensing with a resolution of
the width of one binary digit. The resolution of the sys-
tem can be selected by varying the length T and the or-
der of the pseudorandom binary sequence, and the
marking is scaleable for different lengths of mechanical
elements by altering the order of the pseudorandom bi-
nary sequence.
[0040] The resolution of the position information can
be further increased to the width of one detector of the
detector array by calculating a fine position as discussed
below.
[0041] The linear detector array 21 comprises a semi-
conductor device comprising an array of discrete photo-
detectors arranged in a line disposed parallel to the lon-
gitudinal axis of the rod 12. Each photo-detector produc-
es a signal whose voltage is proportional to the amount
of light which falls upon the photo detector. The inter-
mediate signal from the detector array comprises a se-
ries of voltage values, each value corresponding to the
signal of one of the photo-detectors. Each discrete value
may be referred to by the position (hereinafter referred
to as its 'detector number') of its producing detector in
the array. The focusing means 22 and width T of the
areas 24 is preferably selected such that the light from
any given region of the surface 12a having a width T
falls upon at least two photo-detectors. It is essential to
ensure that the maximum size code frame 16a, (in an
example having 8 bits, a code frame 16a encoding the
value 11111111), will fit within the length of the detector
array. The resolution to which the position is measurable
and the width T are hence variable depending on the
resolution of the detector array. The use of the detector
array 21 provides a compact detector means with a high
density of photo detectors.
[0042] Most preferably, the detector can detect more
bits than the minimum needed to identify a unique code
element. In case of the pseudorandom binary se-
quence, the additional bits can be used for the purpose
of error checking.
[0043] An example of the intermediate signal from the

detector array 21 is shown in Figure 4. The areas 24
appear as minima 26, whilst spaces 25 corresponding
to binary "0" digits appear as narrow peaks 27 and spac-
es 25 corresponding to binary 1" digits appear as wide
peaks 28.
[0044] A possible configuration for a decoding means
is shown in Figure 5 in schematic form. The intermediate
signal is supplied by the detector array 21 in Figure 2
on line 30 to a DC voltage level shift 31, which is con-
trollable by a micro-controller 32 to vary the voltage of
the second output 30. The voltage-shifted intermediate
signal is supplied on line 33 from the DC voltage level
shift 31 to a discriminator 34 which compares the value
of the intermediate signal with a threshold voltage.
Where the value of the intermediate signal is above the
threshold voltage, the discriminator 34 generates a sig-
nal voltage of +5 volts, and where the value of the inter-
mediate signal is below the threshold voltage, generates
a signal voltage of 0V. The discriminator 34 thus con-
verts the intermediate signal into a waveform compris-
ing 5 volt "marks" which correspond to the spaces 25
and 0 volt "spaces" which correspond to the areas 24.
The waveform is then supplied on line 35 to the micro-
controller 32 which extracts the encoded numerical val-
ue and converts it to the output transmitted on line 37.
The intermediate signal on line 33 is read by the micro-
controller 32 and a voltage shift adjustment signal is pro-
vided accordingly on a line 36 to the DC voltage level
shift 31 to maintain the midpoint between the maximum
and minimum values of the intermediate signal coinci-
dent with the threshold voltage of the discriminator 34.
[0045] The decoding means may alternatively com-
prise a analogue to digital converter and a microcontrol-
ler, computer or other suitable programmable device
provided with suitable software to decode the interme-
diate signal. The analogue to digital convertor converts
the intermediate signal into a series of digitised valves
which is passed to the microcontroller. The software in
the present example then performs the steps of first
smoothing the digitised intermediate signal by taking an
average of adjacent values of the intermediate signal to
smooth out any high frequency components in the inter-
mediate signal, and then identifying those values of the
intermediate signal which correspond to the midpoints
of a transition between a minimum and a maximum by
comparing the rate of change between the signal from
adjacent detectors. Each transition corresponds to an
edge of an area 24. The step of identifying subsequent
transitions can be speeded up, once a first transition has
been identified. Since it is clear that a transition from
high to low must be followed by a transition from low to
high a given distance later, since the edges of each area
24 are a known distance apart, and that any transition
from low to high be followed by a transition from high to
low at either the given distance or twice the given dis-
tance later, corresponding to a space 25 of width T or
2T respectively, only those values of the intermediate
signal likely to correspond to a transition need be tested
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by the software. Since it will be known how many detec-
tors correspond to the width T of the areas 24, the likely
spacing of the transitions in terms of the number of de-
tectors will be known.
[0046] The steps performed by the decoding means
are shown in the flow chart of Figure 7. The intermediate
signal is passed to a discriminator which detects transi-
tions and notes the detector numbers of the values of
the intermediate signal which correspond to transitions.
The sequence of detector numbers each corresponding
to a transition is then decoded to extract the binary se-
quence by identifying the bits from the widths of the sep-
arations between transitions. The number of bits corre-
sponding to a word of the pseudorandom sequence is
extracted from the binary sequence and is validated to
ensure it is a valid part of the pseudorandom sequence.
Once it has been confirmed as valid, the position of the
mechanical element can be found from a look-up table,
in which each word of the pseudorandom binary se-
quence is matched against the corresponding position
of the rod.
[0047] Such a method gives the position of the me-
chanical element to within resolution of the width of one
binary digit of the pseudorandom sequence marked on
the mechanical element. A fine position can then be cal-
culated by identifying the detector number X of the de-
tector on which the first transition falls in Figure 4. The
position of the detector X thus gives the start of the bi-
nary sequence from a given reference point in this case,
the first detector 0 of the array. Since, as discussed
above, it is known how many detectors correspond to a
width T of the pseudorandom sequence, by counting the
number of detectors between X and 0 a fine position of
the piston rod can be calculated to within the width of
one detector of the detector array.
[0048] A simple flowchart for the validation stage is
shown in Figure 8. The identified bits are checked to see
whether they form a valid word. If not, the left most bit
of the word can be discarded and the next bit of the bi-
nary sequence appended to provide a new right most
bit. The resulting word is again tested to see whether it
forms a valid word. If it does, the word is looked up on
the lookup table to provide a position as described
above. If not, the process of discarding the left most bit
and appending a new right most bit is repeated. If all bits
are tested without producing a valid word, then an
invalid measurement is flagged. The validation stage
can thus identify errors caused by damage to the mark-
ing or the rod surface or electrical noise in the detection
means and decoding means.
[0049] It is desirable that the decoding means identify
where an invalid bit has occurred, e.g. due to erosion of
an area 24, for example by deducing which must be the
invalid bit from adjacent valid readings. If the position of
such an invalid bit can be identified, the correct value of
the bit can be identified and used in subsequent meas-
urements.
[0050] Such an apparatus for determining the position

of a mechanical element could be used in a servo sys-
tem operable to control the mechanical element in re-
sponse to the output signal of the apparatus. In the
present example, suitable valve means may be provid-
ed whereby supply of fluid pressure to the cylinder is
electronically controlled. A possible schematic arrange-
ment is shown in Figure 9. A fluid operable ram a like
that shown in Figure 1 comprises a reading means 17
and decoding means 18 as hereinbefore described. The
output from the decoding means 18 is passed on line
41 to an electronic controller 40. Signals from other sen-
sors or control means as desired may also be passed
to the electronic controller 40 on line 42. The electronic
controller 40 may then operate a fluid pressure control
means 44 comprising, for example, a solenoid valve by
sending a signal on line 43 to control the supply of fluid
on lines 45 to the ram 9 in response to the positional
information from the decoding means 18 and sensor in-
formation on line 42. The rod 12 will move accordingly
and its new position will be detected by the reading
means 17 and decoding means 18 and passed to the
electronic controller 40.
[0051] The requirements of the optically readable
marking 16 are that it should encode positional informa-
tion such that the absolute displacement of the rod can
be determined to a desired resolution, be tolerant of er-
rors introduced by loss of areas 24 and minimise the
number of areas 24 required on the rod surface. It is also
desirable that the marking be durable and corrosion re-
sistant, and as far as possible not impair the corrosion
resistance of the rod itself. Either expedient may be
used where it is desired to resist impairment of the cor-
rosion resistance of the mechanical element.
[0052] According to the first expedient of the inven-
tion, the optically readable marking is provided on a me-
chanical element once it has been ground to the diam-
eter required. In the present example, the mechanical
element is steel and the appropriate parts of it are first
coated with a bronze substrate. The mechanical ele-
ment is preferably ground or wet polished before coating
to have a surface finish of 0.8 µm or less. The bronze
substrate has a thickness in the range 0.038 to 0.051
mm and comprises 88% to 92% copper and 8% to 12%
tin. After coating, the bronze substrate should show no
sign of porosity, and is polished to achieve a surface fin-
ish of 0.2 to 0.4 µm. A chromium surface is deposited
on the bronze at a rate of 0.001 mm/hour by a conven-
tional electrodeposition technique to provide a surface
12a having a first reflectivity. The surface may have mi-
cro cracks at approximately 400 cracks/linear cm mini-
mum. The final chrome thickness may be varied for dif-
ferent components depending on the final use of the
component. Other suitable techniques or parameters
may be used as desired.
[0053] The chromium is then removed by scanning
the desired areas with a laser to produce exposed areas
of bronze having a second, lower, reflectivity. The laser
is scanned around a portion of the rod circumference to
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provide a circumferential mark in a plane perpendicular
to the axis of the piston rod 12. The rod 12 is moved a
slight distance axially and another region scanned until
an area 24 having the desired width has been generat-
ed. This process is repeated for each area 24 as de-
sired. The area 24 may alternatively be formed by par-
tially removing or discolouring the chromium without en-
tirely remaining the chromium, particularly where expe-
dient (b) of the invention is provided where it is envis-
aged that no or another substrate may be provided.
[0054] In the present example, the laser used is a Q-
switched Nd-YAG with a continuous wave power of 70
watts operated in Q mode at a power of 600 watts. The
beam diameter was 4mm and the focal length 137mm
with a scanning speed of 70mm per second. For a rod
having a circumference of 40mm, each area 24 was
scanned to extend around 5.7mm of the rod circumfer-
ence and to have a width of 0.5mm.
[0055] This method produces a durable corrosion re-
sistant marking, the bronze substrate resisting any im-
pairment of the corrosion resistance of the rod arising
from the laser marking of the chromium. Although nickel
is conventionally used as a substrate when depositing
chromium onto steel since it is generally regarded as
providing better corrosion resistance than a bronze sub-
strate, contrary to expectations a nickel substrate was
found to be less effective at countering any impairment
of the corrosion resistance caused by the laser making
of the chromium. In particular, it is difficult to control the
laser power so that the chrome is marked but so that the
laser does not significantly affect the substrate and the
mechanical element. Alternatively, where only chromi-
um is provided, the laser opens corrosion paths through
micro cracks in the chromium. A bronze substrate pro-
vides a corrosion resistant substrate which is highly re-
flective to the marking laser. The laser power need may
not be controlled so accurately, since once the chrome
surface has been marked, the laser light is subsequently
reflected by the bronze substrate, making it less likely
that the laser will burn through the substrate to the me-
chanical element below or open corrosion paths through
to the element. Further, the use of bronze, which has a
very different reflectivity to chrome, provides areas 24
of high contrast. The marking method provides a read-
able marking which lasts for a predetermined lifetime
without degradation. The marking are also sufficiently
durable not to be easily eroded by normal use or dam-
aged by accidental impact. Where the mechanical ele-
ment is provided with a conventional seal which wipes
the chrome surface, any dirt or oil on the element will
serve to heighten contrast between the surface and ar-
eas since the areas will be slightly recessed and will ac-
cumulate some oil or dirt, thus lowering their reflectivity
further.
[0056] The method can be used on induction hard-
ened steel, as well as other grades of steel including
non-induction hardened steel.
[0057] The use of constant width markings according

to the second expedient of the invention also resists im-
pairment of the corrosion resistance caused by laser
marking of the surface. If only chromium is provided, it
is desirable that the marking does not penetrate through
the chromium to the mechanical element, requiring con-
trol of the depth and penetration and hence power of the
laser. Where a substrate is provided, it may still be de-
sirable that the marking does not penetrate the chromi-
um, or alternatively that the marking does not result in
significant penetration or heating of the substrate. When
a mark is formed by a laser on a mechanical element,
the amount of heating caused to the element is depend-
ent on the size of the mark, which further affects the
depth of penetration of the laser. By making the marks
of constant width, the heating of the mechanical element
is normally constant and the depth of penetration will be
more easily controlled, since the effect of making the
mark will be known without having to calibrate the laser
power for different sizes of mark. The method can be
used in addition to or separate from the method of pro-
viding a bronze substrate described above to provide
corrosion resistance. The marking may be formed using
the technique described hereinbefore.
[0058] Further, as described above, since the width of
the areas is constant and the width of the space between
areas is either the width of one or two areas, the detec-
tion of transitions in the intermediate signal can be sped
up, thus accelerating the decoding process.
[0059] The reading means comprises no moving
parts, and does not interfere with the movement of the
element. The position measurement is taken directly
from the rod and not from a piece of apparatus actuated
to the element. This means that the position measure-
ment is not affected by mechanical deficiencies such as
backlash between the ram and the apparatus, or in the
reading means itself. The reading means also does not
add any extra moving parts to the ram which would be
subject to wear.
[0060] Other encoding or marking means may be
used as desired. While in the present example a piston
rod has been marked, it will be clear that such a method
of determining position optically would be appropriate
for any other mechanical element subject to axial or oth-
er movement. The illumination means and detector
means are mounted in the end cap of the cylinder and
are therefore mechanically protected and screened
from electro-magnetic disturbances, as well as being
relatively compact.
[0061] It will be apparent that the present invention
may be used on any mechanical element as desired,
and in particular a marking may be provided by any suit-
able technique as desired. Either or both expedients of
the invention may be used where it is desired to resist
impairment of the corrosion resistance of a mechanical
element.
[0062] The features disclosed in the foregoing de-
scription, or the following claims, or the accompanying
drawings, expressed in their specific forms or in terms
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of a means for performing the disclosed function, or a
method or process for attaining the disclosed result, as
appropriate, may, separately, or in any combination of
such features, be utilised for realising the invention in
diverse forms thereof.

Claims

1. A mechanical element comprising an optically read-
able marking, the optically readable marking com-
prising a surface having a first reflectivity and a plu-
rality of areas having a second reflectivity, charac-
terised in that:

said areas having a second reflectivity have a
width which is generally constant in a direction
parallel to the direction of movement of the me-
chanical element.

2. A mechanical element according to claim 1 wherein
a substrate is disposed between the mechanical el-
ement and the surface, the areas having a second
reflectivity comprising exposed areas of the sub-
strate.

3. A mechanical element according to claim 2 wherein
the substrate is resistant to corrosion.

4. A mechanical element according to claim 2 or claim
3 wherein the substrate is more resistant to laser
marking than said surface having a first reflectivity.

5. A mechanical element according to any of claims 2
to 4 wherein the surface having a first reflectivity
comprises chromium and the substrate comprises
bronze.

6. A mechanical element according to claim 5 wherein
the bronze comprises 88% to 92% copper, and 12%
to 8% tin.

7. A mechanical element according to claim 5 or claim
6 wherein the bronze substrate has a thickness in
the range 0.038mm to 0.051mm.

8. A mechanical element according to any one of
claims 5 to 7 wherein the bronze has a surface finish
in the range of 0.2 to 0.4 microns.

9. A mechanical element according to any one of
claims 2 to 8 wherein said part of the mechanical
element to be provided with a substrate has a sur-
face finish of less than 0.8 microns.

10. A mechanical element according to any one of the
preceding claims wherein the first reflectivity is
greater than the second reflectivity.

11. A mechanical element according to any preceding
claim wherein the areas having a second reflectivity
have substantially the same area.

12. A mechanical element according to any one of the
preceding claims wherein the marking comprises a
plurality of code elements, each comprising a plu-
rality of said areas of second reflectivity.

13. A mechanical element according to claim 12 where-
in each code element encodes a different numerical
value in binary digits.

14. A mechanical element according to claim 13 where-
in each binary digit is indicated by the distance be-
tween two of said areas having a second reflectivity.

15. A mechanical element according to claim 13 or 14
wherein each code element encodes a unique
number.

16. A mechanical element according to claim 15 where-
in each code element comprises a unique part of a
pseudorandom binary sequence.

17. An apparatus for determining the position of a mov-
able mechanical element, the apparatus compris-
ing a mechanical element according to any of the
preceding claims, the apparatus further comprising
reading means to provide an output dependent on
the position of the mechanical element, said read-
ing means comprising illuminating means, detector
means and decoding means.

18. An apparatus according to claim 17 wherein the il-
luminating means comprises a light emitting diode.

19. An apparatus according to claim 17 or claim 18
wherein the detector means is disposed to detect
light from the illuminating means reflected from said
surface having a first reflectivity and said areas hav-
ing a second reflectivity, the detector means com-
prising a detector which provides a signal having a
value within a first range when light from a part of
said surface having said first reflectivity is reflected
thereon and having a value within a second range
when light from an area having said second reflec-
tivity.

20. An apparatus according to claim 19 wherein said
detector means comprises an array having a plural-
ity of said detectors.

21. An apparatus wherein the mechanical element is
according to claims 17 or 18 wherein the said array
provides an intermediate signal to said decoding
means, said intermediate signal comprising a signal
from each of said detectors.
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22. An apparatus according to claim 21 wherein the de-
coding means comprises electronic means to de-
code said intermediate signal from said detector
means to provide said output.

23. An apparatus according to claim 22 where depend-
ent directly or indirectly on claim 14 wherein the de-
coding means comprises means to detect a detec-
tor signal of the intermediate signal corresponding
to a transition corresponding to an edge of an area
of second reflectivity and means to identify a plural-
ity of binary digits from the separation of a plurality
of said transitions.

24. An apparatus according to claim 23 wherein the en-
coding means comprising means to identify a code
element from said binary digits and provide said
output indicating the position of the mechanical rod
dependent on said code element.

25. An apparatus according to claim 24 wherein the de-
coding means further comprises means to identify
the detector of the detector array on which a select-
ed one of said transitions falls.

26. An apparatus according to any one of claims 17 to
25 further comprising focusing means to focus light
reflected from said surface said of mechanical ele-
ment or said areas on said detector means.

27. An apparatus according to any one of claims 17 to
26 wherein the mechanical element comprises a
piston rod of a fluid operated ram.

28. A method of marking a mechanical element com-
prising providing the mechanical element with a
substrate and providing a surface on said substrate
and providing a marking therein, said marking com-
prising a plurality of areas having a second reflec-
tivity, characterised in that the substrate compris-
es bronze and the surface comprises chromium and
the method comprises the step of marking said ar-
eas by removing the surface to expose the sub-
strate.

29. A method according to Claim 28 wherein the step
of removing the surface comprises using a laser to
remove the surface.

30. A method according to Claim 28 or Claim 29 com-
prising the step of marking said areas such that the
areas each have generally the same width in a di-
rection parallel to the direction of movement of the
mechanical element, wherein a binary digit is indi-
cated by the distance between two of said areas
having a second reflectivity.

31. A method according to claim 30 wherein the areas

having a second reflectivity each have generally the
same area.

32. A mechanical element where marked according to
the method of any one of Claims 28 to 31.

33. A mechanical element according to any one of
Claims 1 to 16 or an apparatus according to any one
of Claims 17 to 27 wherein the mechanical element
comprises a mechanical element according to
Claim 32.
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