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A surface testing equipment com-
prises a holder for holding a specimen
to be tested at a predetermined location;
a test probe mounted for recoil move-
ment away from the predetermined loca-
tion in a predetermined direction; means
for urging the test probe towards the pre-
determined location; means for oscillat-
ing either the holder or the test probe so
as to cause, in use, repeated impacts be-
tween the test probe and a specimen; and
means for monitoring the position of the
test probe. The testing equipment is ca-
pable of being used for surface tough-
ness testing or adhesion testing depend-
ing upon the nature of the specimen and
the mode of operation of the equipment.
One such method comprises the steps of:
(a) mounting the specimen in a holder;
(b) urging a test probe which is capable
of recoil movement away from the spec-
imen into contact with the specimen; (c)
oscillating either the specimen holder or
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the test probe so as to cause repeated impacts between the specimen and the test probe; and (d) monitoring the position of the test probe

whilst the specimen or the test probe is being oscillated.
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SURFACE TESTING EQUIPMENT AND METHOD

This invention relates to surface testing equipment and to a method of
measuring surface properties e.g. surface toughness and adhesion between
surfaces such as between a film and a substrate. By "surface toughness" as
used herein is meant surface fracture resistance to repeated impacts, for

example such as occur when a surface is subjected to multiple impacts or

erosive wear.

A number of techniques are routinely used to measure the mechanical
properties of wear-resistant coatings and surfaces. These include, for
instance, scratch testing, indentation testing and pin-on-disk wear testing.
However, it is often difficult or impossible to correlate results obtained

from such tests with actual product performance.

Measurement of the adhesion of a thin film to a substrate is often
performed by means of scratch testing. In this technique, a probe e.g. a
diamond stylus is slowly drawn across the surface of a specimen under
either a constant load or a progressively increasing load until failure of the
interface occurs. Failure is detected by several methods, e.g. (i) by the
detection of an abrupt change in the frictional force between the diamond
and the substrate; (ii) by microscopic observation of the so-called wear

track; or (iii) by detection of a burst of released acoustic energy.

Scratch testing generates elastic and plastic deformation around the probe
tip. The details of such deformation are generally extremely complex with

both the film and the substrate usually being affected. The critical load for
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film failure depends not only on the interfacial adhesion, but also on the
mechanical properties of the film and substrate materials; thus it is usually
not possible to convert scratch test data into absolute adhesion energy

values. In addition, the applied force can actually cause re-adhesion of

the film in some cases.

In some cases, adhesion failure can also be detected through
straightforward indentation measurements. Basically, a sharp diamond is
impressed into the surface such that it penetrates the film and substrate.
Eventually, the stress generated may be sufficient to cause interfacial
failure, which may be detected by acoustic emission or diamond

displacement monitoring.

It is an object of the present invention to provide an improved surface
testing equipment and methods suitable for measuring a surface property

such as surface toughness or adhesion between surfaces.

According to the present invention, there is provided surface testing
equipment, comprising a holder for holding a specimen to be tested at a
predetermined location; a test probe mounted for recoil movement away
from the predetermined location in a predetermined direction; means for
urging the test probe towards the predetermined location; means for
oscillating either the holder or the test probe so as to cause, in use,
repeated impacts between the test probe and a specimen; and means for

monitoring the position of the test probe.
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Said testing equipment is capable of being used for surface toughness
testing or adhesion testing depending upon the nature of the specimen

and the mode of operation of the equipment.

Also according to the present invention, there is provided a method of
measuring surface properties of a specimen, said method comprising the
steps of:-

(@) mounting the specimen in a holder;

(b) urging a test probe which is capable of recoil movement away from the
specimen into contact with the specimen;

(c) oscillating either the specimen holder or the test probe so as to cause
repeated impacts between the specimen and the test probe; and

(d) monitoring the position of the test probe whilst the specimen or the

test probe is being oscillated.

It is to be appreciated that it is possible to generate surface damage
through recoil and subsequent collision between the probe and the
specimen and to detect the evolution and progress of such damage by
continuously monitoring the change in the position of the test probe.
Furthermore, the degree of recoil can be used to determine the energy
absorbed at the contact location between the specimen and the impacting
test probe. Thus, the method is particularly suited to measuring surface

toughness.

The influence of repetitive contact between the probe and one site on the
specimen can be assessed by this method. However, it is possible to

measure the effects of impact at a site or sites adjacent to a prior impact
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site by effecting relative movement between the holder and the probe in a
direction transverse (eg. perpendicular) to that of the oscillatory motion
applied to the specimen holder or test probe. This permits the influence
of large-area damage emanating from an impact site to be determined.
Such a technique is useful in assessing many types of surface or coating
failure situations, e.g. in tool bit coatings which invariably impact a

workpiece at slightly different locations due to vibration.

For brittle coatings, such transverse movement generates radial damage
emanating from each impact site, which is itself subjected to further
impact events. For some coatings, the individual impacts lead to
symmetrical localised interfacial stresses and interfacial failure, which
makes film removal due to the underlying steady load relatively easy. For
some other coatings, the production of indentations together with
specimen translation leads to easier removal since a delamination force is
applied to the coating cross section once the indentation has been made.
Thus, if the specimen comprises a film and a substrate, this technique is
particularly suited to adhesion testing (i.e. measuring the adhesion of the

film to the substrate).

Preferably, said oscillating means are arranged to oscillate the specimen
holder.

The means for urging the test probe towards the predetermined location
may be provided by mounting the test probe so that it is urged by gravity
towards said location (un-loaded) or another force-applying means may be

provided (pre-loaded). The test probe may be freely mounted for
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movement towards and away from the specimen holder on a pendulum
arm which may be acted upon by a force-applying means such as a coil

and magnet assembly acting on the arm to urge the probe towards the

specimen in use.

The means for oscillating the holder or test probe may comprise means for
causing elastic waves to be applied to the specimen in use, and may for
example be (i) a source of sound waves (e.g. a loudspeaker and a signal
generator connected therewith), (ii) a piezoelectric actuator connected to a
signal generator, or (iii) for higher load impacts, a solenoid with a plunger,
or a mass on a pendulum, which periodically makes contact with the
specimen holder in use in the recoil direction. In the last example, (iii),
test probe displacement data can be collected for a time after each impact
before the next impact occurs. Some arrangements may not employ
elastic waves, e.g. specimen oscillation may be effected at low
frequencies such that the test probe is simply accelerated away from the

surface.

The impact energy between probe and specimen is determined by the
oscillation amplitude and frequency and its effect is dependent, inter alia,
upon the underlying load applied by the urging means to the test probe
and the nature of the specimen. For example, if the applied load is
relatively high and/or the amplitude of the oscillations is relatively low,
then, depending upon the nature of the specimen, the surface of the
specimen may flex such that contact between the specimen and test probe
is maintained between impacts. Such flexing is useful for investigating

adhesion (and particularly fatigue-type failure) in multilayer specimens
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such as layered polymeric materials. Alternatively, if the applied load is
relatively low (eg. only gravity) and/or the amplitude of oscillations is
relatively high, then the specimen and the test probe may bounce apart

between impacts.

Each of the oscillation amplitude, frequency and underlying load may be

varied independently.

In a particularly preferred adhesion testing method, the load applied to the
test probe is increased linearly as relative movement takes place between
the test probe and specimen holder in a direction transverse to the

oscillatory motion.

The position of the test probe may be monitored capacitatively by
providing a fixed capacitor plate spaced on the opposite side of the test
probe to the specimen holder and mounting another capacitor plate for
movement with the test probe so that movement of the probe is

accompanied by a capacitance change.

It is also possible to collect probe positional data before and after the
oscillating means is actuated. In this way, it is possible to gather data on
the position of the probe when in contact with the specimen both before
and after repeated impact. This enables differences between brittle and
non-brittle materials to be assessed and also enables surface lifetime data
for brittle materials to be obtained. In this regard, it is to be understood
that, with brittle materials, the surface may break up and so cause the test

probe to be further away from the holder after repeated impact than at the
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beginning of the test due to the finite volume of the surface damage
generated. In contrast, ductile specimens may show only indentation

behaviour.

According to another aspect of the invention, there is provided surface
testing equipment comprising a holder for holding a specimen to be tested
at a predetermined location; a test probe mounted for recoil movement
away from the predetermined location in a predetermined direction;
urging means for applying a force to the test probe so as to cause, in use,
an impact between the test probe and a specimen; and means for

monitoring the position of the test probe after said impact.

In accordance with said another aspect of the present invention, the force
applied to the test probe causes the test probe to impact the surface of the
specimen and to recoil from it. Measurement of the amplitude of recoil
enables surface property data to be gathered and used to assess such

properties as surface toughness.

Embodiments of the present invention will now be described, by way of

example, with reference to the accompanying drawings in which:-

Fig. 1 is a schematic view of a basic pendulum arrangement to which the
teachings of the present invention can be applied to result in testing
equipment in accordance with the present invention,

Fig. 2 is a view of one embodiment of testing equipment according to the

present invention incorporating the basic pendulum arrangement of Fig. 1,
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Fig. 3 is a chart showing impact data on a specimen having a fused quartz
surface collected using the equipment of Fig. 2,

Fig. 4 is a second embodiment of testing equipment according to the
present invention, and

Fig. 5 is a chart showing impact data on a specimen comprising a titanium

nitride coating on a silicon substrate.

Referring now to Fig. 1 of the drawings, the basic pendulum arrangement
comprises a test probe 10 carried by a probe holder 12 on a pendulum
arm 14 mounted on an essentially frictionless pivot 16. The pendulum
arm 14 is extended above the pivot 16 and, at its upper end, carries a coil
18 which is disposed adjacent a magnet 20. A limit stop 22 prevents

excess movement of the coil 18 towards the magnet 20 when the former

is energised.

The probe holder 12 carries a conductive plate 24 which forms a parallel
plate capacitor 26 with a fixed plate 28. The capacitor 26 is mounted in a
capacitance bridge circuit (not shown). It will be understood that
movement of the plate 24 relative to the plate 28 is accompanied by a
capacitance change which can be detected by the capacitance bridge
circuit. In this way, actual displacements of the test probe 10 can be

measured capacitatively.

In this embodiment, the test probe 10 is a 25 pm radius spherical

diamond. However, a wide range of probe geometries may be used.
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The arrangement further comprises a specimen holder assembly 30 to
which a specimen S (in this embodiment, a fused quartz specimen) is
rigidly attached, for example by means of an instant adhesive (e.g. a

cyanoacrylate adhesive commonly known as "Superglue"). This rigid

attachment eliminates unnecessary compliance during impact testing.

In an alternative embodiment (not shown) the magnet and coil
arrangement is omitted and in use, the test probe is held against the

specimen surface only by gravity acting on the pendulum arm.

In accordance with the invention, and as illustrated in Fig. 2, the basic
pendulum arrangement described above with reference to Fig. 1 is
modified by the provision of an oscillatable holder assembly 30. The
holder assembly 30 is mounted for 3-axis movement whereby the holder
assembly 30 and specimen can be adjusted in position in two mutually
perpendicular directions which are themselves substantially perpendicular
to the direction of movement of the test probe 10 about the axis of pivot
16. The third axis of movement of the holder assembly 30 is towards and
away from the test probe 10. Guides, of which only two are shown at 32
and 34, are provided for guiding the main body 36 of the holder assembly

30 along its three mutually perpendicular axes.

At the rear of the holder assembly 30 (i.e. on the opposite side of the
holder assembly 30 to the specimen S), there is provided a displacement
actuator 38 which is arranged to impose oscillatory movement to the
holder assembly 30 as is shown by the double headed arrow O in Fig. 2.

In this embodiment, the displacement actuator 38 comprises a
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loudspeaker and signal generator connected therewith, and is arranged to

generate elastic waves in the assembly 30 and thus in the specimen S.

In use, the specimen S is brought into contact with the test probe 10 by
moving the holder assembly 30 relative to guide 32. A fixed normal load
is then applied between the probe 10 and the specimen S by means of the
magnet 20 and the coil 18 located at the top of the pendulum arm 14 (Fig.
1). At this stage, the actual position of the diamond probe 10 can be

measured capacitatively using the capacitive bridge circuit 26.

The displacement actuator 38 is then energised to generate elastic waves
timed so that repeated recoil of the test probe 10 and impact between the
probe and the surface of the specimen S take place. it will be appreciated
that in other embodiments the load applied by means of the magnet 20
and the coil 18 can be increased during operation of the displacement
actuator (the load and its rate of change may be under the control of a
computer). After a certain period, the recoil of the probe 10 abruptly
stops despite the fact that the displacement actuator 38 continues to
generate elastic waves. This is interpreted as energy absorption due to
surface damage to the brittle quartz surface of the specimen S generated
during pendulum recoil and collision between the probe 10 and the

specimen S.

Finally, the displacement actuator 38 is switched off to leave the probe 10
stationary on the surface of the specimen S. However, the surface
position of the probe 10 is detected as being slightly higher than the

starting position due to the finite volume of the surface damage generated.
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The position of the probe 10 before energisation, during energisation and
after energisation of the displacement actuator 38 is measured by a
continuous depth recording indentation instrument and is illustrated in
Fig. 3 where the position of the probe 10 is indicated by the “depth” axis.

The stage at which recoil of the probe stops can be seen clearly in Fig. 3.

In this manner, data can be generated on the surface fracture resistance of

a variety of specimens, such data giving an indication of actual product

performance.

Apart from the influence of surface damage on recoil of the test probe,
fracture events occurring on impact can be monitored by a acoustic

emission detector.

Referring to Fig. 4, the equipment of Fig. 2 is modified so that the
displacement actuator 38 connected to the rear of main body 36 of the
holder assembly 30, is replaced by a piezoelectric actuator 40 interposed
between the holder assembly 30 and specimen S having thereon a film to

be tested. Other parts of the equipment are accorded the same reference

numerals as in Fig. 2.

In one particular method of using the equipment shown in Fig. 4, the
specimen S is oscillated by means of the piezoelectric actuator 40
connected to a signal generator, such that the test probe 10 is caused to

“bounce” on the surface of the film on the specimen S.

The impact energy is determined by the oscillation amplitude and

frequency and the underlying applied load. Film failure is detected
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through monitoring changes in probe displacement as the specimen S is
scanned underneath the probe 10. In some cases, when the film fails
catastrophically there is an abrupt and easily recognised shift in the

average probe position.

Before the measurements are started, the specimen S is brought into
contact with the test probe by moving the holder assembly 10 relative to
the guide 32. A small normal load is then applied by means of the
magnet and coil loading assembly located at the top of the pendulum arm
14. Specimen movement at right angles to the probe axis is then started.
(In other surface tests, it may be desirable to move the specimen S at some
other angle to the probe axis eg. 45° so that the specimen S is moved
towards the probe 10), After an initial constant load contact period
without specimen oscillation to allow the initial surface position to be
identified, the desired background normal load is applied and the impact
excitation is started simultaneously. Test probe displacement data is
collected throughout. An example is shown in Fig. 5 where probe
position is plotted against specimen position for a square wave oscillation
with a fixed frequency of 80 Hz and a fixed amplitude. The specimen
consisted of a titanium nitride coating on a silicon substrate. The step
change in mean probe position is indicative of film removal. The test
probe was a 25 um radius spherical diamond and the specimen velocity

was 100 nm/s.

In a slight modification of the above embodiment, the background load is

increased linearly during movement of the specimen.
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CLAIMS

1. A surface testing equipment, comprising a holder for holding a
specimen to be tested at a predetermined location; a test probe mounted
for recoil movement away from the predetermined location in a
predetermined direction; means for urging the test probe towards the
predetermined location; means for oscillating either the holder or the test
probe so as to cause, in use, repeated impacts between the test probe and

a specimen; and means for monitoring the position of the test probe.

2. Equipment as claimed in Claim 1, wherein means are provided to
effect relative movement between the holder and probe in a direction

transverse to the direction of oscillation of the holder or probe in use.

3. Equipment as claimed in Claim 1 or 2, wherein said oscillating

means are arranged to oscillate the specimen holder.

4, Equipment as claimed in any preceding Claim, wherein the test
probe is freely mounted for movement towards and away from the

specimen holder on a pendulum arm.

5. Equipment as claimed in Claim 4, wherein the urging means
comprises a coil and magnet assembly acting on the arm to urge the probe

towards the specimen in use.
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6. Equipment as claimed in any preceding Claim, wherein said
oscillation means is arranged to apply elastic waves to the specimen in

use.

7. Equipment as claimed in any preceding Claim, wherein said
oscillation means is either (i) a source of sound waves, or (ii) a
piezoelectric actuator connected to a signal generator, or (iii) a solenoid

with a plunger, or a mass on a pendulum.

8. A method of measuring surface properties of a specimen, said
method comprising the steps of:-

(a) mounting the specimen in a holder;

(b)  urging a test probe which is capable of recoil movement away from
the specimen into contact with the specimen;

(c)  oscillating either the specimen holder or the test probe so as to
cause repeated impacts between the specimen and the test probe; and

(d)  monitoring the position of the test probe whilst the specimen or the

test probe is being oscillated.

9. A method as claimed in Claim 8, wherein step (c) is effected by

oscillating the specimen holder.

10. A method as claimed in Claim 8 or 9, wherein contact is
maintained between the specimen holder and test probe between impacts

during step (c).
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11. A method as claimed in Claim 8 or 9, wherein there is separation of

the test probe and the specimen holder between impacts during step (c).

12. A method as claimed in any one of Claims 8 to 11, wherein the

force applied to the test probe during step (c) is constant.

13. A method as claimed in any one of Claims 8 to 11, wherein the

force applied to the test probe during step (c) is increased linearly.

14. A method as claimed in any one of Claims 8 to 13, wherein relative
movement takes place between the specimen holder and test probe in a

direction transverse to the oscillatory motion.

15. A method as claimed in Claim 14, wherein said relative movement

is continuous relative movement.

16. A method as claimed in any one of Claims 8 to 15, wherein the
position of the test probe is monitored capacitatively by providing a fixed
capacitor plate spaced on the opposite side of the test probe to the
specimen holder and mounting another capacitor plate for movement
with the test probe so that movement of the probe is accompanied by a

capacitance change.

17. A method as claimed in any one of Claims 8 to 16, wherein probe

positional data is collected before and after step (c).
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18. A surface testing equipment comprising a holder for holding a
specimen to be tested at a predetermined location; a test probe mounted
for recoil movement away from the predetermined location in a
predetermined direction; urging means for applying a force to the test
probe so as to cause, in use, an impact between the test probe and a
specimen; and means for monitoring the position of the test probe after

said impact.
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