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Description

Field of the Invention

[0001] The field of the invention generally relates to
probes, related devices and methods for measuring ma-
terial properties.

Statement Regarding Federally Sponsored Research or
Development

[0002] Thisinvention was made with Government sup-
port under Grant No. RO1 GM065354, awarded by the
National Institutes of Health. The Government has cer-
tain rights to this invention.

Background of the Invention

[0003] Various devices have been proposed to meas-
ure material properties. For instance, WO 2012/015592
reports a probe-based device that performs reference
point indentation without a reference probe. The inden-
tation distance is measured relative to the instrument
which remains substantially stationary during the impact
process, which occurs on the order of one millisecond.
In one embodiment, an impact motion with a peak force
of order 40N creates an indentation in bone with a depth
of approximately 150 wm during which the instrument
case moves less than 1 um. Thus the error in measuring
indentation depth due to the motion of the case is less
than 1%, making a reference probe unnecessary. US
4,752,166 discloses a probing device.

[0004] Despite the various proposed devices, a need
still exists in the art for novel material measuring probes,
devices and methods.

Summary of the Invention

[0005] The field of the invention generally relates to
probes, related devices and methods for measuring ma-
terial properties.

[0006] In an embodiment the present invention pro-
vides a test probe for use in a reference point indentation
device. The test probe comprises a tip at one end and a
self-centring mate at the opposite end. The self-centring
mate comprising a countersink of about 90 degrees to
about 100 degrees to a depth of between 0.010 in. (0.25
mm) and 0.035 in. (0.89 mm).

[0007] In another embodiment, the present invention
provides a probe mating chuck system for use in a ref-
erence point indentation device. The system comprises
a test probe and a magnetic chuck. The test probe com-
prises a tip at one end and a self-centring mate at the
opposite end. The self-centring mate comprising a coun-
tersink of about 90 degrees to about 100 degrees to a
depth of between 0.010 in. (0.25 mm) and 0.035 in.
(0.89mm). The self-centring mate is mated to a magnetic
chuck comprising an alignment ball, a ring magnet and
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an impact transfer shaft.

[0008] In another embodiment, the present invention
provides a method of measuring a property of a material.
The method comprises the steps of: a) obtaining meas-
urements on the material using a reference point inden-
tation device, wherein the device comprises a probe mat-
ing chuck system, and wherein the system comprises a
test probe and a magnetic chuck, wherein the test probe
comprises a tip at one end and a self-centring mate at
the opposite end, and wherein the self-centring mate
comprises a countersink of about 90 degrees to about
100 degrees to a depth of between 0.010 in. (0.25 mm)
and 0.035 in. (0.89 mm), and wherein the self-centring
mate is connected to a magnetic chuck comprising an
alignment ball, a ring magnet and an impact transfer
shaft; b) analysing the data to provide a measurement
of the material property.

Brief Description of the Figures

[0009]

FIG. 1 shows an embodiment of a reference point
indentation device as presented in WO
2012/015592.

FIG. 2 shows another embodiment of a reference
probe indentation device as presented in WO
2012/015592.

FIG. 3 shows another embodiment of a reference
probe indentation device as presented in WO
2012/015592.

FIG. 4 shows a chuck-probe system as presented in
WO 2012/015592.

FIG. 5 shows a chuck-probe system according to the
present invention.

FIG. 6 shows another view of a chuck-probe system
according to the present invention. FIG. 7 shows a
detailed illustration of the mating surface between
test probe 200 and magnetic chuck 300.

FIG. 8 shows an illustration of chuck-probe system
100 integrated into a reference pointindentation de-
vice.

FIG. 9 shows three variations of magnetic chuck con-
figuration.

Detailed Description of the Invention

[0010] The present invention specifically relates to
self-aligning probes, related magnetic chucks that mate
with the probes, devices using the probes that measure
material properties and corresponding methods. For ex-
ample, WO 2012/015592 describes a method and test
probe-based device for reference point indentation with-
out a reference probe. FIGS. 1-3 show embodiments of
the WO 2012/015592 reference pointindentation device.
[0011] FIG. 1 shows a mechanical embodiment of the
device described in WO 2012/015592. A test probe 202
is connected to a force generator which is in the form of
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an impact generator consisting of an optional magnet
204 inaprobe holder 206 connected to animpact transfer
rod 208 that is terminated by an impact transfer rod ad-
justment screw 210. Adjustment screw 210 effectively
changes the length of the impact transfer assembly 212
consisting of the impact rod 208 and the impact transfer
rod attachment screw 210. The impact transfer rod ad-
justment screw 210 is impacted by an impact mass 214
that is driven by a force normalizing ball 216 driven by a
primary spring 218. The impact mass is retained by set
screw 269, which prevents the mass from moving up-
wards when the primary spring 218 is not compressed.
The primary spring adjustment screw 220, together with
the impact transfer rod adjustment screw 210, adjusts
the maximum force applied to the sample 222 during the
impact.

[0012] The impact is triggered by a trigger device 228
consisting of a trigger ball 230 that pushes the impact
mass 214 off aledge 232 machined into aninner housing
234.The impact mass 214 then impacts the impact trans-
fer assembly 212. The trigger ball 230 is pushed by a set
screw 236 held in the outer housing 238. The set screw
236 travels down a groove 240 in the inner housing 234
as the primary spring 218 is compressed by the operator
(not shown) applying a force to the outer housing 238.
In this regard, the outer housing 238 moves relative to
the inner housing 234 thereby building potential energy
in the primary spring 218. Upon actuation of a trigger
device 228, the potential energy of the primary spring
218 is transferred into kinetic energy whereby the nor-
malizing ball 216 contacts the impact mass 214 which
contacts the transfer rod adjustment screw 210.

[0013] A measurement device 242 monitors the dis-
placement of the test probe 202 in the sample 220 re-
sulting from an impact. Measurement device 242 can
have several embodiments implemented to quantify the
indentation measurement. As examples: (1) the meas-
urement device 242 can measure the relative displace-
ment of the test probe 202 with a capacitive sensor, linear
variable differential transformer (LVDT), or other elec-
tronic displacement sensor; (2) the measurement device
242 can measure the relative displacement of the test
probe with a mechanical mechanism such as used in
machinist’s dial gauges.

[0014] After animpact the secondary spring 266 push-
es the impact mass 214 back up the inner housing 234.
The impact mass is pushed laterally by a ball plunger
268 ontotheledge 232, ready for the nextimpact (if need-
ed). The end cap 270 can have an optional leveling in-
dicator 272, such as a bubble level, so the operator can
monitor the orientation of the device during operation, if
desired.

[0015] The flexure assembly 244 requires a calibration
to convert the output voltage to microns. This requires a
custom set up consisting of a calibrated displacement
transducer and a voice coil to provide a given displace-
ment. The flexure assembly 244 is displaced by a ramp
function generated by the calibration device with known
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displacements. The output voltage from the flexure as-
sembly 244 is recorded and a linear regression models
the relationship between the output voltage of the flexure
assembly 244. Alternatively, if measurements are report-
ed as ratios of indentation distances into a reference ma-
terial relative to indentation distances into the material
under test, then the need for absolute measurements is
decreased. Itis still useful, however, to have a roughidea
of absolute measurements to be sure the ratios come
from comparable absolute measurements in different in-
struments.

[0016] FIG. 2 illustrates a modified version of the em-
bodiment illustrated in FIG. 1. In this embodiment, a sep-
arate device such as a plunger 800 is used to load the
primary spring 818. Instead of a force being applied to
the outer housing 838 by the operator, the plunger 800
is used to apply the force to the primary spring 818 (e.g.,
store potential energy in the primary spring 818). The
operator would push the plunger 800 inward or distally
to load the primary spring 818 where the plunger 800
would lock in place. After the device triggers, either
through a separate trigger button or through advance-
ment of the outer housing 838, the plunger 800 would be
turned and pulled back to the original position where it
could be pushed back in for the next indentation cycle.
A secondary spring 866 may assistin restoring the plung-
er 800 back to the starting or original position.

[0017] FIG. 3 shows another embodiment of the probe
device presented in WO 2012/015592. The total mass
of this embodiment is less than 0.5 Ibs making the same
lightweight and easy to manipulate and use. It should be
understood that the probe device in general may weigh
more or less. As seenin FIG. 3, a probe 902 is connected
to an impact generator consisting of an optional magnet
904 in aprobe holder 906 connected to an impacttransfer
rod 908. Impact transfer rod 908 is impacted by animpact
mass 914 (weighing 0.011 Ib) that is driven by a force
normalizing ball 916 driven by a primary spring 918 with
a spring constant of 1.4 Ib/in. The impact mass is retained
by set screw 969, which prevents the mass from moving
upwards when the primary spring 918 is not compressed.
The primary spring 918 is held at the other end by an end
cap with a first vent hole 917, which is connected to the
outer housing 938. There is a second vent hole 992 lo-
cated in the side of the outer housing 938. The vent holds
917 and 992 mitigate any contribution of trapped air to
the effective spring constant of the primary spring 918.
[0018] The impact is triggered by a trigger device con-
sisting of a trigger ball 930 that pushes the impact mass
914 off a ledge 932 machined into the inner housing 934
when the primary spring is compressed to a force of about
11 N (typically in the 8N to 12N range). The trigger ball
930is pushed by a set screw 936 held in the outer housing
938. The set screw 936 travels down a groove 940 lo-
cated in the inner housing 934 as the primary spring 918
is compressed by the operator (not shown) applying a
force to outer housing 938. In this regard, the outer hous-
ing 938 moves relative to the inner housing 934 thereby
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building potential energy in the primary spring 918. A
housing alignment guide 988 is retained by a set screw
990 and follows a machined groove 986 in the inner hous-
ing 934 to maintain proper alignment when the operator
compresses the outer housing 992. This allows for more
precision for the trigger device 928. Upon actuation of
the trigger device 928, the potential energy (e.g., around
0.17J) of the primary spring 918 is then transferred into
kinetic energy whereby the normalizing ball 916 contacts
the impact mass 914 which contacts the impact transfer
rod 908.

[0019] A measurement device 942 monitors the dis-
placement of the probe 902 in the sample 922 resulting
from an impact. The measurement device 942 consists
of a flexure assembly 944 consisting of a flexure 246,
with a spring constant of 26.1 Ib/in, made of hardened
Beryllium Copper with strain gauges. The ends of the
flexure assembly 944 rest freely in grooves 956 and 958
in the nose cone 960. The center of the flexure assembly
has a hole that slips over the impact transfer rod 908 and
is held in place by an upper stop 962 and lower stop 964,
which limits the travel of the test probe into the sample
(travel limited to less than 0.014"). The reference point
fromwhich displacements are measured is the ledge 957
on the nose cone 960. The reference mass is 0.34 Ib and
consists primarily of the nose cone 960 and inner housing
934. Due to the short duration of the impact (less than 1
millisecond) the reference mass stays substantially fixed
in time (to within approximately 1 micron), allowing for
the displacement to be measured without a physical ref-
erence probe in contact with the sample.

[0020] After impact, the secondary spring 966, with a
spring constant of 1.2 Ib/in, pushes the impact mass 914
up the inner housing 934. The impact mass is pushed
laterally by a ball plunger 968 onto the ledge 932 and
held into place with a 0.5 Ib lateral force, ready for the
next impact (if needed). The end cap 917 can have an
optional leveling indicator, such as a bubble level, so the
operator can monitor the orientation of the device during
operation, if desired.

[0021] FIG. 4 shows a probe and mating chuck as pre-
sented in WO 2012/015592. Test probe 401 has a flat
base in contact with a flat magnetic chuck 403 (listed as
optional magnet 204 in FIGS. 1-2 and optional magnet
904 in FIG. 3). The flat magnetic chuck is in a probe
holder 405 (e.g., a ring magnet). Impact transfer shaft
407 is connected to probe holder 405.

[0022] In certain cases, it was found that the probe and
mating chuck system consisting of a flat magnetic chuck
and a flat backed test probe (FIG. 4) did not provide for
optimal alignment of the test probe 401. Debris can build
up on the surface between the flat magnetic chuck and
the flat test probe. Where this occurs, measurement er-
rors on the order of 10% can be observed during the
evaluation of material properties. The debris build up may
also result in magnetic chuck damage due to the transfer
of impacts through the brittle magnet material.

[0023] FIG. 5 shows a self-aligning probe and mating
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chuck system 100 according to the present invention.
Test probe 200 is in contact with magnetic chuck 300.
As shown in FIG. 6, test probe 200 consists of a self-
centering mate 202, a main body 204, a probe stop 206,
a guide portion 208, an extension shaft 210, a tapered
shaft 212, and tip 214. The probe stop 206 prevents the
probe from being removed during retraction by a guide.
The probe design allows for easy penetration of soft tis-
sue without the use of a hypodermic needle to cut through
it (e.g., skin).

[0024] Inanembodiment, the tip 214 of test probe 200
is 90 degrees and conical with a sharp point (typically
less than 0.004 in. radius). The conical base of tip 214
typically has a diameter between 0.010 in. and 0.035 in.
(e.g., 0.015in.) with a tight tolerance (e.g., =0.0005 in.).
The diameter is small enough to allow tip 214 to pierce
soft materials (e.g., tissue) with a low force, but it is large
enough totransfer force generated from a reference point
indentation to a test specimen (e.g., bone).

[0025] Tapered shaft 212, which is above tip 214, of-
tentimes has a taper of 1.25to 3.75 degrees from normal
(e.g., 2.5 degrees from normal) to a typical total length
of 0.21in.t0 0.6 in. (e.g., 0.4 in.). This allows the probe to
support high impact forces (e.g., ~35N to 40N peak force)
that are transferred down to the tip and into the sample.
Extension shaft 210 is usually not tapered and is typically
between 0.1 in. to 0.5 in. in length (e.g., 0.2 in.). The
extenson shaft 210 can allow for thicker samples (e.g.,
soft tissue) to be tested without interference from the
probe guide.

[0026] Test probe 200 can be made of any suitable
material or combinations of material. Nonlimiting exam-
ples of such materials include: 440C hardened stainless
steel; tungsten carbide. Tip 214 may be made ofthe same
material as generally used for probe 200, or it could be
a different material such as diamond.

[0027] Magnetic chuck 300 (FIG. 6) consists of an im-
pact transfer shaft 302, a ring magnet 304, and an align-
ment ball 306. Impact transfer shaft 302 transmits energy
generated from the reference point indentation device
through the alignment ball 306 to test probe 200. During
this energy transfer, ring magnet 304 and alignment ball
306 remain securely fixed. Chuck-probe system 100 sub-
stantially prevents energy loss and compliance due to
debris buildup. It furthermore applies a precision axial
load to a sample, minimizing offset forces that would cre-
ate measurement altering torques. Chuck-probe system
additionally substantially lessens, or even prevents,
damage to magnet 304.

[0028] FIG.7 shows adetailed illustration of the mating
surface between test probe 200 and magnetic chuck 300.
Self-centering mate 202 consists of a 90 degree coun-
tersink to a particular depth (e.g., 0.018 in.) centered
along the long axis of test probe 200. (Although the shown
countersink is 90 degrees, it may vary from just about 90
degrees to about 100 degrees - e.g., about 90 degrees
to about 100 degrees, about 90 degrees to about 98 de-
grees, about 90 degrees to about 96 degrees, about 90
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degrees to about 94 degrees, and about 90 degrees to
about 92 degrees.) The self-centering mate 202, shown
in the cross section mates with alignment ball 306 such
that there is contact along a circular profile in which the
center is free from contact. Alignment ball 306 ensures
magnetic chuck 300 is centered with the long axis of test
probe 200. It also tranfers energy from the instrument
through magnetic chuck 300 to test probe 200 and, even-
tually, to the sample in a precise manner.

[0029] FIG. 8 shows an embodiment of a probe and
mating chuck system 100 integrated into a reference
point indentation device. To implement the system, test
probe 200 is inserted into nose cone 402 by hand through
a luer lock 404 of the reference point indentation device.
Magnetic ball chuck 300 pulls test probe 200 toward
alignment ball 306 and centers the test probe. It also
pushes any debris aside. An operator (not shown) twists
on guide 406, which locks into luer lock 404. Guide 406
is designed to maintain lateral alignment of test probe
200 and prevent inadvertent extraction of the test probe.
[0030] When the probe and mating chuck system of
the present invention is used in a reference point inden-
tation device without a reference probe as described in
WO 2012/015592, the standard deviation of measure-
ments taken on PMMA over 35 test runs is typically at
least 5% less than the standard deviation of measure-
ments taken by the device including the chuck probe sys-
tem discussed in WO 2012/015592 on PMMA over 35
test runs. In certain cases, the obtained standard devia-
tionis atleast 7.5%, 10.0%, 20%, 30%, 40% or 50% less.
[0031] The probe and mating chuck system of the
present invention substantially reduces debris buildup
between the chuck and probe as compared to the refer-
ence point indentation device as described in WO
2012/015592. In certain cases, it reduces debris buildup
by at least 20%. Oftentimes, it decreases debris buildup
by at least 30%, 40%, 50%, 60%, 70%, 80% or 90%.

Experimental Results

Self-Centering Mate Geometries

[0032] Different geometries of self-centering mate 202
were tested, totaling 10 prototype test probes (200).
Countersinks of 90 and 120 degrees at different depths
were tested as well as a 3/32 in. ball end groove designed
to mate with a 3/32 in. alignment ball 306. Each config-
uration was tested on a calibration material (PMMA) 30
times, and standard deviations were obtained. Graph A
below shows the experimental results.

Magnetic Chuck Configurations

[0033] Three variations of chuck configurations were
tested. The first configuration (901 in Fig. 9) is a "flat"
magnetic chuck. Configuration 903 is a "flat centering"
magnetic chuck, and configuration 905 is a "ball" mag-
netic chuck configuration of the present invention. Each
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configuration was tested 35 times and the following
standard deviations were obtained: configuration 901,
STDEV = 1.75; configuration 903, STDEV = 2.12; con-
figuration 905, STDEV = 1.20.

Probe and Mating Chuck System Standard Deviations
and Mean Drift

[0034] The probe and mating chuck system of the
present invention ("V Probe") was tested against the
probe system discussed in WO 2012/015592 ("Flat
Probe"). The experiment was conducted in 3 phases: 1)
Clean - clean magnetic chuck and clean probe; 2) Dirty
1 - pressed end of the probe on a dusty surface; 3) Dirty
2 - pressed end of probe on dusty surface again. Each
phase consisted of 30 indentations on a calibration ma-
terial (PMMA) where the probe was reset at an interval
of 10 to determine settling effects. The standard devia-
tions for the V-Probe were as follows: Clean (0.97); Dirty
1 (1.06); Dirty 2 (1.35). The standard deviations for the
Flat Probe were as follows: Clean (1.13); Dirty 1 (1.25);
Dirty 2 (2.23). In addition to reducing the standard devi-
ations, the drift (change in mean measurement over time)
is improved with the present invention. For each phase
of 30 indentations conducted in this experiment, the
probe was removed from the chuck after 10 indentations
and reinserted. This was to investigate drift, which is due
to debris buildup, resulting in the probe settling differently
in the chuck. The difference in means from the first in-
dentation set to the last indentation set on the phase
"Dirty 2" was 4.5% for the Flat Probe and only 0.2% for
the V-Probe.

Claims

1. Atestprobe (200) for use in a reference pointinden-
tation device, wherein the test probe (200) comprises
a tip (214) at one end and a self-centring mate (202)
at the opposite end, said self-centring mate (202)
comprising a countersink of about 90 degrees to
about 100 degrees to a depth of between 0.010 in.
(0.25 mm) and 0.035 in. (0.89 mm).

2. The test probe (200) according to claim 1, wherein
the tip (214) of the test probe (100) is 90 degrees
and conical, and wherein the tip (214) has a point
less than 0.004 in. (0.10 mm) in radius.

3. The test probe (200) according to claim 2, wherein
the test probe (200) mates with an alignment ball
(306) such thatthereis contactalongacircular profile
with a centre, and wherein the centre is free from
contact.

4. The test probe (200) according to claim 3, wherein
the test probe (200) further comprises a tapered
shaft (212) having a first and second end, an exten-
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sion shaft (210) having a first and second end, and
amainbody (204) with a first end comprising a probe
stop (206) and a second end, and wherein the tip
(214)is connected to thefirst end of the tapered shaft
(212), and wherein the first end of the extension shaft
(210) is connected to the second end of the tapered
shaftand the second end of the extension shaft (210)
is connected to the probe stop (206) end of the main
body (204), and wherein the second end of the main
body (204) comprises the self-centring mate (202),
and wherein the tapered shaft (212) has ataper from
1.25 to 3.75 degrees from normal.

The test probe (200) according to claim 4, wherein
the tapered shaft (212) has a total length of 0.2 in.
(5.0 mm) to 0.6 in. (15 mm), and wherein the exten-
sion shaft (210) is not tapered, and wherein the ex-
tension shaft (210) is between 0.1 in. (2.5 mm) and
0.5in. (12.7 mm) in length.

A probe mating chuck system (100) for use in a ref-
erence point indentation device, wherein the system
comprises a test probe (200) according to claim 1
and a magnetic chuck (300), wherein the self-cen-
tring mate (202) is mated to a magnetic chuck (300)
comprising an alignment ball (306), a ring magnet
(304) and an impact transfer shaft (302).

The probe mating chuck system (100) according to
claim 6, wherein the tip (214) of the test probe (200)
is 90 degrees and conical, and wherein the tip (214)
has a point less than 0.004 in. (0.10 mm) in radius.

The probe mating chuck system (100) according to
claim 6 or claim 7, wherein the test probe (200) mates
with the alignment ball (306) such that there is con-
tactalong a circular profile with a centre, and wherein
the centre is free from contact.

The probe mating chuck system (100) according to
any one of claims 6-8, wherein test probe (200) fur-
ther comprises a tapered shaft (212) having a first
and second end, an extension shaft (210) having a
first and second end, and a main body (204) with a
firstend comprising a probe stop (206) and a second
end, and wherein the tip (214) is connected to the
first end of the tapered shaft (212), and wherein the
first end of the extension shaft (210) is connected to
the second end of the tapered shaft (212) and the
second end of the extension shaft (210) is connected
to the probe stop (206) end of the main body (204),
and wherein the second end of the main body (204)
comprises the self-centring mate (202), and wherein
the tapered shaft (212) has a taper from 1.25t0 3.75
degrees from normal.

The probe mating chuck system (100) according to
any one of claims 6-9, wherein the tapered shaft
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1.

12.

13.

14.

15.

(212) has a total length of 0.2 in. (5.0 mm) to 0.6 in.
(15 mm), and wherein the extension shaft (210) is
not tapered, and wherein the extension shaft (210)
is between 0.1 in. (2.5 mm) and 0.5 in. (12.7 mm) in
length.

A method of measuring a property of a material,
wherein the method comprises the steps of:

a) obtaining measurements on the material us-
ing a reference point indentation device, where-
in the device comprises a probe mating chuck
system (100), and wherein the system compris-
es a test probe (200) and a magnetic chuck
(300), wherein the test probe (200) comprises a
tip (214) at one end and a self-centering mate
(202) at the opposite end, said self-centring
mate (202) comprising a countersink of about
90 degrees to about 100 degrees to a depth of
between 0.010in. (0.25 mm) and 0.035in. (0.89
mm), and wherein the self-centring mate (202)
is connected to a magnetic chuck (300) com-
prising an alignment ball (306), a ring magnet
(304) and an impact transfer shaft (302),

b) analysing the data to provide a measurement
of the material property.

The method according to claim 11, wherein the tip
(214) of the test probe (200) is 90 degrees and con-
ical, and wherein the tip (214) has a point less than
0.004 in. (0.10 mm) in radius.

The method according to claim 11 or claim 12,
wherein the test probe (200) mates with the align-
ment ball (306) such that there is contact along a
circular profile with a centre, and wherein the centre
is free from contact.

The method according to claim any one of claims
11-13, wherein test probe (200) further comprises a
tapered shaft (212) having a first and second end,
an extension shaft (210) having a first and second
end, and a main body (204) with a first end compris-
ing a probe stop (206) and a second end, and where-
in the tip (214) is connected to the first end of the
tapered shaft (212), and wherein the first end of the
extension shaft (210) is connected to the second end
of the tapered shaft (212) and the second end of the
extension shaft (210) is connected to the probe stop
(206) end of the main body (204), and wherein the
second end of the main body (204) comprises the
self-centring mate (202), and wherein the tapered
shaft (212) has a taper from 1.25 to 3.75 degrees
from normal.

The method according to any one of claims 11-14,
wherein and wherein the tapered shaft (212) has a
total length of 0.2 in. (5.0 mm) to 0.6 in. (15 mm),
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and wherein the extension shaft (210) is not tapered,
and wherein the extension shaft (210) is between
0.1in. (2.5 mm) and 0.5 in. (12.7 mm) in length.

Patentanspriiche

1.

Prifsonde (200) zur Verwendung in einer Referenz-
punkteindruckvorrichtung, wobei die Prifsonde
(200) eine Spitze (214) an einem Ende und ein
selbstzentrierendes Gegenstlick (202) an dem ent-
gegengesetzten Ende umfasst, wobei das selbst-
zentrierende Gegenstiick (202) bis zu einer Tiefe
von zwischen 0,010 Inch (0,25 mm) und 0,035 Inch
(0,89 mm) eine Senkung von etwa 90 Grad bis etwa
100 Grad umfasst.

Prifsonde (200) nach Anspruch 1, wobei die Spitze
(214) der Priufsonde (100) 90 Grad und konisch ist
und wobei die Spitze (214) einen Punkt mit einem
Radius von weniger als 0,004 Inch (0,10 mm) auf-
weist.

Prifsonde (200) nach Anspruch 2, wobei die Prif-
sonde (200) derart mit einer Ausrichtungskugel
(306) zusammenpasst, dass entlang eines kreisfor-
migen Profils mit einem Zentrum Kontakt besteht,
und wobei das Zentrum kontakffrei ist.

Prifsonde (200) nach Anspruch 3, wobei die Prif-
sonde (200) ferner einen verjingten Schaft (212),
welcher ein erstes und ein zweites Ende aufweist,
einen Verlangerungsschaft (210), welcher ein erstes
und ein zweites Ende aufweist, und einen Hauptkor-
per(204) miteinem ersten Ende, welches einen Son-
denanschlag (206) umfasst, und einem zweiten En-
de umfasst und wobei die Spitze (214) mit dem ers-
ten Ende des verjlingten Schafts (212) verbunden
ist und wobei das erste Ende des Verlangerungs-
schafts (210) mit dem zweiten Ende des verjlingten
Schafts verbunden ist und das zweite Ende des Ver-
langerungsschafts (210) mit dem Ende des Sonden-
anschlags (206) des Hauptkorpers (204) verbunden
ist und wobei das zweite Ende des Hauptkorpers
(204) das selbstzentrierende Gegenstiick (202) um-
fasst und wobei der verjlingte Schaft (212) eine Ver-
jingung von 1,25 bis 3,75 Grad gegentiber der Nor-
malen aufweist.

Prifsonde (200) nach Anspruch 4, wobei der ver-
jungte Schaft (212) eine Gesamtlange von 0,2 Inch
(5,0 mm) bis 0,6 Inch (15 mm) aufweist und wobei
der Verlangerungsschaft (210) nicht verjlingt ist und
wobei der Verldngerungsschaft (210) eine Lange
von zwischen 0,1 Inch (2,5 mm) und 0,5 Inch (12,7
mm) aufweist.

Sondenpaarungsspannsystem (100) zur Verwen-
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10.

1.

dung in einer Referenzpunkteindruckvorrichtung,
wobei das System eine Priifsonde (200) nach An-
spruch 1 und ein magnetisches Spannfutter (300)
umfasst, wobei das selbstzentrierende Gegenstiick
(202) mit einem magnetischen Spannfutter (300) zu-
sammengeflgt ist, welches eine Ausrichtungskugel
(306), einen Ringmagnet (304) und einen StoRwir-
kungsubertragungsschaft (302) umfasst.

Sondenpaarungsspannsystem (100) nach An-
spruch 6, wobei die Spitze (214) der Priifsonde (200)
90 Grad und konisch ist und wobei die Spitze (214)
einen Punkt mit einem Radius von weniger als 0,004
Inch (0,10 mm) aufweist.

Sondenpaarungsspannsystem (100) nach An-
spruch 6 oder Anspruch 7, wobei die Prifsonde
(200) derart mit der Ausrichtungskugel (306) zusam-
menpasst, dass entlang eines kreisférmigen Profils
mit einem Zentrum Kontakt besteht, und wobei das
Zentrum kontaktfrei ist.

Sondenpaarungsspannsystem (100) nach einem
der Anspriiche 6-8, wobei die Priifsonde (200) ferner
einen verjiingten Schaft (212), welcher ein erstes
und ein zweites Ende aufweist, einen Verlange-
rungsschaft (210), welcher ein erstes und ein zwei-
tes Ende aufweist, und einen Hauptkérper (204) mit
einem ersten Ende, welches einen Sondenanschlag
(206) umfasst, und einem zweiten Ende umfasstund
wobei die Spitze (214) mit dem ersten Ende des ver-
jungten Schafts (212) verbunden ist und wobei das
erste Ende des Verlangerungsschafts (210) mitdem
zweiten Ende des verjlingten Schafts (212) verbun-
den ist und das zweite Ende des Verldngerungs-
schafts (210) mit dem Ende des Sondenanschlags
(206) des Hauptkorpers (204) verbunden ist und wo-
bei das zweite Ende des Hauptkdrpers (204) das
selbstzentrierende Gegenstiick (202) umfasst und
wobei der verjlingte Schaft (212) eine Verjingung
von 1,25 bis 3,75 Grad gegenlber der Normalen auf-
weist.

Sondenpaarungsspannsystem (100) nach einem
der Anspriiche 6-9, wobei der verjiingte Schaft (212)
eine Gesamtlange von 0,2 Inch (5,0 mm) bis 0,6 Inch
(15 mm) aufweist und wobei der Verlangerungs-
schaft (210) nicht verjingt ist und wobei der Verlan-
gerungsschaft (210) eine Lange von zwischen 0,1
Inch (2,5 mm) und 0,5 Inch (12,7 mm) aufweist.

Verfahren zum Messen einer Eigenschaft eines Ma-
terials, wobei das Verfahren die folgenden Schritte
umfasst:

a) Erhalten von Messungen an dem Material un-
ter Verwendung einer Referenzpunkteindruck-
vorrichtung, wobei die Vorrichtung ein Sonden-
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paarungsspannsystem (100) umfasst und wo-
bei das System eine Prifsonde (200) und ein
magnetisches Spannfutter (300) umfasst, wobei
die Prifsonde (200) eine Spitze (214) an einem
Ende und ein selbstzentrierendes Gegenstlick
(202) an dem entgegengesetzten Ende um-
fasst, wobei das selbstzentrierende Gegen-
stlick (202) bis zu einer Tiefe von zwischen
0,010 Inch (0,25 mm) und 0,035 Inch (0,89 mm)
eine Senkung von etwa 90 Grad bis etwa 100
Grad umfasst, und wobei das selbstzentrieren-
de Gegenstiick (202) mit einem magnetischen
Spannfutter (300) verbunden ist, welches eine
Ausrichtungskugel (306), einen Ringmagnet
(304) und einen StoRwirkungsiibertragungs-
schaft (302) umfasst,

b) Analysieren der Daten, um eine Messung der
Materialeigenschaft bereitzustellen.

Verfahren nach Anspruch 11, wobei die Spitze (214)
der Prifsonde (200) 90 Grad und konisch ist und
wobei die Spitze (214) einen Punkt mit einem Radius
von weniger als 0,004 Inch (0,10 mm) aufweist.

Verfahren nach Anspruch 11 oder Anspruch 12, wo-
bei die Priifsonde (200) derart mit der Ausrichtungs-
kugel (306) zusammenpasst, dass entlang eines
kreisférmigen Profils mit einem Zentrum Kontakt be-
steht, und wobei das Zentrum kontaktfrei ist.

Verfahren nach einem der Anspriiche 11-13, wobei
die Priifsonde (200) ferner einen verjiingten Schaft
(212), welcher ein erstes und ein zweites Ende auf-
weist, einen Verlangerungsschaft (210), welcher ein
erstes und ein zweites Ende aufweist, und einen
Hauptkorper (204) mit einem ersten Ende, welches
einen Sondenanschlag (206) umfasst, und einem
zweiten Ende umfasst und wobei die Spitze (214)
mit dem ersten Ende des verjlngten Schafts (212)
verbunden ist und wobei das erste Ende des Ver-
langerungsschafts (210) mit dem zweiten Ende des
verjingten Schafts (212) verbunden ist und das
zweite Ende des Verlangerungsschafts (210) mit
dem Ende des Sondenanschlags (206) des Haupt-
kérpers (204) verbunden ist und wobei das zweite
Ende des Hauptkérpers (204) das selbstzentrieren-
de Gegenstiick (202) umfasst und wobei der ver-
jungte Schaft (212) eine Verjingung von 1,25 bis
3,75 Grad gegentiber der Normalen aufweist.

Verfahren nach einem der Anspriiche 11-14, wobei
der verjlingte Schaft (212) eine Gesamtlange von
0,2 Inch (5,0 mm) bis 0,6 Inch (15 mm) aufweist und
wobei der Verlangerungsschaft (210) nicht verjlingt
ist und wobei der Verlangerungsschaft (210) eine
Lange von zwischen 0,1 Inch (2,5 mm) und 0,5 Inch
(12,7 mm) aufweist.
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Revendications

Sonde de test (200) destinée a étre utilisée dans un
dispositif d'indentation a un point de référence, dans
laquelle la sonde de test (200) comprend une pointe
(214) au niveau d’une extrémité et un élément d’ac-
couplement a centrage automatique (202) au niveau
de I'extrémité opposée, ledit élément d’accouple-
ment a centrage automatique (202) comprenant une
fraisure allant d’environ 90 degrés a environ 100 de-
grés a une profondeur comprise entre 0,010 pouce
(0,25 mm) et 0,035 pouce (0,89 mm).

Sonde de test (200) selon la revendication 1, dans
laquelle la pointe (214) de la sonde de test (100) est
a 90 degrés et conique, et dans laquelle la pointe
(214) a un point de rayon inférieur a 0,004 pouce
(0,10 mm).

Sonde de test (200) selon la revendication 2, dans
laquelle la sonde de test (200) s’accouple avec une
bille d’alignement (306) de sorte qu'il y ait un contact
le long d’un profil circulaire avec un centre, et ou le
centre est libre de tout contact.

Sonde de test (200) selon la revendication 3, dans
laquelle la sonde de test (200) comprend en outre
une tige effilée (212) ayant des premiére et deuxie-
me extrémités, une tige d’extension (210) ayant des
premiére et deuxiéme extrémités, et un corps prin-
cipal (204) avec une premiéere extrémité comprenant
une butée de sonde (206) et une deuxieme extrémi-
té, et ou la pointe (214) est reliée a la premiere ex-
tremité de la tige effilée (212), et ou la premiére ex-
tremité de la tige d’extension (210) est reliée a la
deuxieme extrémité de la tige effilée et la deuxieéme
extréemité de la tige d’extension (210) est reliée a
I'extrémité de butée de sonde (206) du corps princi-
pal (204), et ou la deuxiéme extrémité du corps prin-
cipal (204) comprend I'élément d’accouplement a
centrage automatique (202), etou la tige effilée (212)
a une conicité allant de 1,25 a 3,75 degrés par rap-
port a la normale.

Sonde de test (200) selon la revendication 4, dans
laquelle la tige effilée (212) a une longueur totale
allant de 0,2 pouce (5,0 mm) a 0,6 pouce (15 mm),
et ou la tige d’extension (210) n’est pas effilée, et ou
la tige d’extension (210) a une longueur comprise
entre 0,1 pouce (2,5 mm) et 0,5 pouce (12,7 mm) .

Systéme de mandrin d’accouplement de sonde
(100) destiné a étre utilisé dans un dispositif d’inden-
tation a un pointde référence, dans lequel le systeme
comprend une sonde de test (200) selon la revendi-
cation 1 et un mandrin magnétique (300), ou I'élé-
ment d’accouplement a centrage automatique (202)
est accouplé a un mandrin magnétique (300) com-
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prenant une bille d’alignement (306), un aimant an-
nulaire (304) et une tige de transfert d’'impact (302).

Systeme de mandrin d’accouplement de sonde
(100) selon la revendication 6, dans lequel la pointe
(214) de la sonde de test (200) est a 90 degrés et
conique, et dans lequel la pointe (214) a un point de
rayon inférieur a 0,004 pouce (0,10 mm).

Systeme de mandrin d’accouplement de sonde
(100) selon la revendication 6 ou 7, dans lequel la
sonde de test (200) s’accouple avec la bille d’aligne-
ment (306) de sorte qu’il y ait un contact le long d’un
profil circulaire avec un centre, et ou le centre est
libre de tout contact.

Systeme de mandrin d’accouplement de sonde
(100) selon I'une quelconque des revendications 6
a 8, dans lequel la sonde de test (200) comprend en
outre une tige effilée (212) ayant des premiére et
deuxiéme extrémités, une tige d’extension (210)
ayant des premiére et deuxieme extrémités, et un
corps principal (204) avec une premiére extrémité
comprenantune butée de sonde (206) et une deuxié-
me extrémité, et ou la pointe (214) est reliée a la
premiere extrémité de la tige effilée (212), et ou la
premiéere extrémité de la tige d’extension (210) est
reliée ala deuxieme extrémité de la tige effilée (212)
et la deuxieme extrémité de la tige d’extension (210)
est reliée a I'extrémité de butée de sonde (206) du
corps principal (204), et ou la deuxiéme extrémité
du corps principal (204) comprend I'élément d’ac-
couplement a centrage automatique (202), et ou la
tige effilée (212) a une conicité allant de 1,25 a 3,75
degrés par rapport a la normale.

Systeme de mandrin d’accouplement de sonde
(100) selon I'une quelconque des revendications 6
a9, dans lequel la tige effilée (212) a une longueur
totale allant de 0,2 pouce (5,0 mm) a 0,6 pouce (15
mm), et ou la tige d’extension (210) n’est pas effilée,
et ou la tige d’extension (210) a une longueur com-
prise entre 0,1 pouce (2,5 mm) et 0,5 pouce (12,7
mm) .

Procédé de mesure d’'une propriété d’'un matériau,
dans lequel le procédé comprend les étapes
consistant :

a) a obtenir des mesures sur le matériau en uti-
lisant un dispositif d’'indentation a un point de
référence, ou le dispositif comprend un systéeme
de mandrin d’accouplement de sonde (100), et
oule systéme comprend une sonde de test (200)
etun mandrin magnétique (300), ou la sonde de
test (200) comprend une pointe (214) au niveau
d’'une extrémité et un élément d’accouplement
a centrage automatique (202) au niveau de I'ex-
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12.

13.

14.

15.

trémité opposée, ledit élément d’accouplement
a centrage automatique (202) comprenant une
fraisure allant d’environ 90 degrés a environ 100
degrés a une profondeur comprise entre 0,010
pouce (0,25 mm) et 0,035 pouce (0,89 mm), et
ou I'élément d’accouplement a centrage auto-
matique (202) est relié a un mandrin magnétique
(300) comprenant une bille d’alignement (306),
un aimantannulaire (304) etune tige de transfert
d’'impact (302),

b) a analyser les données pour fournir une me-
sure de la propriété de matériau.

Procédé selon la revendication 11, dans lequel la
pointe (214) dela sonde de test (200) esta 90 degrés
et conique, et dans lequel la pointe (214) a un point
de rayon inférieur a 0,004 pouce (0,10 mm).

Procédé selon larevendication 11 ou 12, dans lequel
la sonde de test (200) s’accouple avec la bille d’ali-
gnement (306) de sorte qu'il y ait un contact le long
d’un profil circulaire avec un centre, et ou le centre
est libre de tout contact.

Procédé selon 'une quelconque des revendications
11a13, danslequel la sonde de test (200) comprend
en outre une tige effilée (212) ayant des premiére et
deuxieme extrémités, une tige d’extension (210)
ayant des premiere et deuxiéme extrémités, et un
corps principal (204) avec une premiére extrémité
comprenantune butée de sonde (206) etune deuxie-
me extréemité, et ou la pointe (214) est reliée a la
premiére extrémité de la tige effilée (212), et ou la
premiéere extrémité de la tige d’extension (210) est
reliée a la deuxieme extrémité de la tige effilée (212)
et la deuxieme extrémité de la tige d’extension (210)
est reliée a I'extrémité de butée de sonde (206) du
corps principal (204), et ou la deuxiéme extrémité
du corps principal (204) comprend I'élément d’ac-
couplement a centrage automatique (202), et ou la
tige effilée (212) a une conicité allant de 1,25 a 3,75
degrés par rapport a la normale.

Procédé selon 'une quelconque des revendications
11 a 14, dans lequel la tige effilée (212) a une lon-
gueur totale allant de 0,2 pouce (5,0 mm) a 0,6 pouce
(15 mm), et ou la tige d’extension (210) n’est pas
effilée, et ou la tige d’extension (210) a une longueur
comprise entre 0,1 pouce (2,5 mm) et 0,5 pouce
(12,7 mm).
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