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IMPROVED JOINT AXIS FOR COORDINATE MEASUREMENT MACHINE

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Patent Application
No. 60/871,729, entitled “JOINT AXIS FOR COORDINATED MEASUREMENT
- MACHINE”, filed December 22, 2006, pending.
[0002] Also, this applécation hereby incorporates by reference the above-

identified application, in its entirety.

BACKGROUND

Field of the Invention

o

[0003] The present invention relates to measuring devices, and more particularly,
to articulated arm coordinate measurement machines for measuring the coordinates of
three-dimensional objects.

Description of the Related Art

[0004] Rectilinear measuring systems, also referred to as coordinate measuring
machines (CMM's) and artlculated arm measuring machines including portable coordinate
measuring machines (PCMM's) have been described for generating geometry information
from various objects and areas. " In general, these instruments capture the structural
characteristics of an object for use in electronic rendering and duplication. One example of a
conventional apparatus used for coordinate data acquisition comprises a support and a
moveable measuring arm rr;ade up of hinged segments to which a contact-sensitive probe or
remote scanning device is attached.

[0005] Geometry information or three-dimensional coordinate data characterizing
the shape, features, ancl__ﬁ_giZe of the object may be acquired by tracing or scanning along the
object's surface and qorltours. Probe or scanning device movement is typically tracked
relative to a reference coordinate:_ system resulting in a collection of data points and
information that may be used to dévelop an accurate electronic rendering of the object. In

conventional implementations, the acquired geometry information is processed by a computer
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capable of making use of the information to model the surface contours and dimensions of
the object.
SUMMARY

[0006] One aspect of the present invention comprises a coordinate measurement
device that includes an articulated arm having a first end, a second end, and aplurality of
jointed arm segments therebetween, each arm segment including at least one position
transducer. A measurement probe assembly is coupled to the second end of the arm. The
measurement probe assembly comprises a first joint providing a first axis of rotation between
the second end of the arm and a body of the measurement probe assembly. A read head and
an encoder disk ar provided. The encoder disk is configured to rotate about a second axis
with respect to the encoder read head. A first probe is rotatably fixed with respect to the
body about the second axis of rotation. A second prove is coupled to the body such that the
measurement device rotates about a second axis with respect to the first probe.

[0007] Another aspect of the present invention is a coordinate measurement
apparatus that includes an articulated arm having a first end, a second end, and plurality of
jointed arm segments therebetween, each arm segment including at least one position
transducer. The measurement probe assembly is coupled to the second end of the arm. The
measurement probe assembly includes a first joint providing a first axis of rotation between
the second end of the arm and a body of the measurement probe assembly. A probe is rigidly
coupled to the first joint. A measurement device is configured for rotation about the probe.

[0008] Another aspect of the present invention comprises a portable coordinate
measurement machine (CMM) for measuring the position of an object in a selected volume.
The CMM can include a manually positionable articulated arm having opposed first and
second ends, said arm including a plurality of rotary joints. A measurement assembly can be
coupled to the second end of the arm. The measurement assembly comprises a first rotable
joint providing a first axis of rotation and a probé rigidly coupled to the first joint. The
measurement device is configured for rotation about the probe. The machine also includes
means for rotating the measurement device about the probe along a second axis of rotation.

[0009] Another aspect is a joint for a coordinate measurement apparatus. The

joint comprises a joint body, a rotatable joint, a first probe connector, and a second probe
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connector. The joint body is connectable to a coordinate measurement apparatus. The
rotatable joint definines an axis of rotation of the joint. The first probe connector is
rotationally fixed with respect to the joint body about the axis of rotation of the joint. The
second probe connector is rotatable with respect to the joint body about the axis of rotation of
the joint.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Further objects, features and advantages of the invention will become
apparent from the followirig detailed description taken in conjunction with the accompanying
figures showing illustrative embodiments of the invention, in which:

[0011] FIG. 1 is a perspective view of an embodiment of coordinate measuring
machine;

[0012] FIG. 2A is a perspective view of an embodiment of an end joint assembly
for a coordinate measuring machine;

[0013] FIG. 2B is a front view of an embodiment of the end joint assembly of
FIG. 2A a coordinate measuring machine; and

[0014] FIG. 2C is a cross-sectional view taken through line 2C-2C of FIG. 2B

with a probe of the assembly removed.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] FIG. 1 illustrates one embodiment coordinate measuring machine (CMM)
10. In the illustrated embodiment, the CMM 10 comprises a base 20, a plurality of rigid
transfer members 24, 26, 28, a coordinate acquisition member 30 and a plurality of
articulation members 40, 42, 44, 46, 48, 50 connecting the rigid transfer members 24, 26, 28
to one another. Each articulation member is configured to impart one or more rotational
and/or angular degrees of freedom. Through the various articulation members 40, 42, 44, 46,
48, 50, the CMM 10 can be aligned in various spatial orientations thereby allowing fine
positioning of the coordinate acquisition member 110 in three dimensional space.

[0016] The position of the rigid transfer members 24, 26, 28 and the coordinate
acquisition member 30 may be adjusted using manual, robotic, semi-robotic and/or any other

adjustment method. In one embodiment, the CMM 10, through the various articulation
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members, is provided with seven rotary axes of movement. It will be appreciated, however,
that there is no strict limitation to the number of axes of movement that may be used, and
fewer or additional axes of movement may be incorporated into the CMM design.

[0017] In various embodiments, the coordinate acquisition member 30 comprises
a contact sensitive member or probe 32 configured to engage the surfaces of a selected object
and generate coordinate data on the basis of probe contact. Alternatively, the coordinate
acquisition member 30 may comprise a remote scanning and detection component that does
not necessarily require direct contact with the selected object to acquire geometry data. In
one embodiment, a laser coordinate detection device (e.g., laser camera) may be used to
obtain geometry data without direct object contact. It will be appreciated that various
coordinate acquisition member configurations including: a contact-sensitive probe, a remote-
scanning probe, a laser-scanning probe, a probe that uses a strain gauge for contact detection,
a probe that uses a pressure sensor for contact detection, a probe that used an infrared beam
for positioning, and a probe configured to be electrostatically-responsive may be used for the
purposes of coordinate acquisition.

[0018] In certain embodiments, one or more of the rigid transfer members 24, 26,
28 comprise a composite structure that includes an inner portion and an outer exoskeletal
portion. In such an arrangement, the inner portions of the rigid transfer members 24, 26, 28
are interconnected to one another through articulation members 42, 44, 46, 48 that provide
the ability to position the coordinate acquisition member 30 in a variety of different
orientations in three dimensional space. The rigid transfer members 24, 26, 28 can likewise
be coupled to the base 20 and the coordinate acquisition member 30 by articulation members
40, 50. The outer portions surrounding the various inner portions of the rigid transfer
members 24, 26, 28 form an environmental barrier that at least partially encloses segments of
the inner portions. In one aspect, the inner portions are configured to "float" inside the
corresponding outer portions.

[0019] As is known in the art, the position of the probe 32 in space at a given
instant can be calculated by knowing the length of each member and the specific position of
each of the articulation members 40, 42, 44, 46, 48, 50. Each of the articulation members 40,

42, 44, 46, 48, 50 can be broken down into a singular rotational degree of motion, each of
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which is measured using a dedicated rotational transducer (e.g., an encoder or digital
encoder). Each transducer outputs a signal, which varies according to the movement of the
articulation members 40, 42, 44, 46, 48, 50 in its degree of motion. The signal can be carried
through wires or otherwise transmitted to a the base 20.

[0020] In one embodiment, the transducer can comprise an optical, or digital
encoder. In general, each encoder measures the rotational position of its axle by coupling is
movement to a pair of internal wheels having successive transparent and opaque bands. In
such embodiments, light can be shined through the wheels onto optical sensors which feed a
pair of electrical outputs. As the axle sweeps through an arc, the output of the analog encoder
can be substantially two sinusoidal signals which are 90 degrees out of phase. Coarse
positioning can occur through monitoring the change in polarity of the two signals. Fine
positioning can be determined by measuring the actual value of the two signals at the instant
in question. In certain embodiments, maximum accuracy can be obtained by measuring the
output precisely before it is corrupted by electronic noise. Additional details and
embodiments of the illustrated embodiment of the CMM 10 can be found in U.S. Patent No.
5,829,148, the entirety of which is hereby. As described in the ‘148 patent, one ore more of
the joints are preferably configured for infinite rotation.

[0021] In certain embodiments, one or more of the rigid transfer members 24,
26, 28 can be in the form of a dual concentric tubular structure having an inner tubular shaft
rotatively mounted coaxially within an outer tubular sheath through one or more bearings
mounted proximately to a first end of a member adjacent to a hinge joint (e.g., 42, 46) and
one or more bearings located at an opposite end of the member. The use of cylindrical tubes
for both sheath and shaft is preferred because they offer construction simplicity, rigidity, light
weight, and space inside for the transducers, slip rings etc.. The tubes are preferably made
from a light-weight, rigid material such as epoxy bonded carbon graphite which
inexpensively offers a strength to weight ratio in excess of that of steel. Another advantage
of carbon graphite is that it has a low thermal expansion coefficient. Although temperature
transducers are commonly used in coordinate measuring machines so as to compensate for
the thermal expansion of the arm and the article being measured, errors in compensation are

reduced in arms having a lower overall thermal expansion coefficient.
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[0022] FIGS. 2A-C are perspective, front and cross-sectional views of an
improved embodiment of a final joint assembly 100 of a portable CMM (such as the
embodiment described above). In some embodiments, the joint assembly 100 can be part of a
2-2-3 portable CMM, where each numeral represents the number of axes of movement at a
specified joint. Thus, a 2-2-3 portable CMM is a 7 axis CMM allowing 2 axes of rotation at
a first joint, two axes of rotation at a second joint, and 3 axes of rotation at a final joint. It
will be appreciated, however, that there is no strict limitation to the number of axes of
movement that may be used, and fewer or additional axes of movement may be incorporated
into the portable CMM.

[0023] As will be described below, in this embodiment, the assembly 100
includes a body 102 that is pivotably connected to the rest of the CMM 10 through joint 103
that rotates about a first axis of rotation 104. As indicated in the Figures, this first axis 104
can be the 6™ axis of a CMM. In other embodiments, additional or fewer axes can be
provided. In addition, in the illustrated embodiment, the first axis of rotation 104 comprises
a pivot axis. |

[0024] With reference to FIG. 2A, the assembly 100 also includes a first probe
106, which can be, for example, a rigid probe, an electrical contact probe, a touch trigger
probe, a strain sensing probe, a laser point probe, a laser line probe, an optical probe or other
probe. The first probe 106 can be rigidly coupled to the body 102 and joint 103. As will be
described below, a rotatable assembly 107 is journalled for rotation about a second axis 110
with respect to the body 102 and the probe 106.

[0025] With reference to Figures 2A-2C, in the illustrated embodiment, the
assembly can also include a second probe 108, which can be, for example, a rigid probe, an
electrical contact probe, a touch trigger probe, a strain sensing probe, a laser point probe, a
laser line probe, an optical probe or other probe.. As illustrated in Figure 2C, the second
probe comprises a laser scanner or other measurement device coupled to the assembly 107
such that the laser scanner can rotate about the second axis 110.

[0026] Thus, in the illustrated embodiment, the first probe 106 is fixed with
respect to the last axis of rotation of the device while the second probe 108 moves with the

last axis of rotation. In the illustrated arrangement, the first probe 106 is a hard probe and the




WO 2008/080142 PCT/US2007/088735

second probe 108 is a laser scanner. However, as mentioned above, the specific type of probe
can be modified.

[0027] The second axis 110 can be the 7™ axis of rotation of the CMM and can bé
configured for swiveling rotation about the first probe 106. Thus, in the illustrated
embodiment, the rotation about the second axis 110 of the second probe 108 is independent
of the first probe 106. This arrangement advantageously allows measurement with the first
probe 106 to be more accurate because it does not involve the additional second axis
transducer (which will be described below). The second probe 108 is however
advantageously provided with the additional axis of movement.

[0028] With continued reference to FIGS. 2A-C, the rotatable assembly 107 can
comprise an encoder 112. The encoder 112 can generally comprise an encoder disk and an
encoder read head. In the illustrated embodiment, the encoder 112 can comprise an encoder
housing 114 and an encoder shaft 116. In the illustrated embodiment, the encoder 112
includes one or more bearings 118 for supporting the shaft 116 with respect to the housing
114. In some embodiments, the encoder read head can be positioned on the encoder shaft
116, and the encoder disk can be positioned on the encoder housing 114 such that the encoder
can measure rotation of the encoder disk relative to the encoder read head. In other
embodiments, the encoder read head can be positioned on the encoder housing 114, and the
encoder disk can be positioned on the encoder shaft 114. In still other embodiments, the
encoder 112 does not have a specific shaft and housing upon which the encoder read head
and encoder disk are positioned. Instead the read head and disk are positioned on
components of the assembly 100 that rotate with respect to each other. For example, the read
head or the disk can be positioned on the rotatable assembly 107 while the corresponding
disk or read head can be positioned on the non-rotatable body 102 or an component attached
thereto. In these embodiments, the second axis 110 can be defined as the axis of rotation
between the encoder read head and the encoder disk. As described above, the encoder 112
can be one of a variety of types of encoders configured to measure rotational movement of
the shaft with respect to the encoder housing.

[0029] With reference to Figure 2C, one end 120 of the encoder shaft 118 is non-
rotatably coupled to the body 102. The encoder 112 housing is, in turn, journalled for
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rotation with respect to the body 102 by one or more bearings 122. In this manner, the
encoder housing 114 can rotate with respect to the body 102 while the encoder shaft 116
remains fixed with respect to the body 102 and the first axis of rotation 104. As shown in
Figure 2C, the second probe 108 and a handle 126 can be coupled to the encoder housing 114
such that these components 108, 126 also rotate with respect to the body 102 of the assembly
100. As shown in FIGS 2A and 2C, the probe 106 can be coupled to a second end of the
encoder shaft 116 and thus is non-rotably coupled to the second axis of rotation 104. In the
illustrated embodiment, the second end of the encoder shaft 116 extends through the encoder
housing 114. A probe connector 128 can be provided between each of the first probe 106 and
the shaft 116 and the second probe 108 and the housing 114. The probe connector 128 can
include various electrical connectors for identifyjng the probe 106, 108 and/or receiving data
from the first probe 106, which can be transferred via wires (not shown) through the encoder
shaft 116, or, as noted below, via a slip ring 130, from the second probe 108.

[0030] As shown in FIG. 2C, the assembly 100 can include a slip ring 130, which
can be used to transmit data from the laser scanner 108 or other device on the second axis
110. In this manner, the wiring (not shown) associated with the scanner 108 or other device
on the assembly 107 can be passed internally through the joints of the CMM 10 and/or the
assembly 107 can be rotated infinitely (see e.g., the ‘148 patent incorporated by reference
herein). In other embodiments, the assembly 100 can be configured without the slip ring
and/or the wires can be passed externally of the CMM 10. In such embodiments, it may be
advantageous to provide a stop or other type of motion limit in the assembly 100.

[0031] While the illustrated embodiments of assembly 100 include two probes
106, 108, in some embodiments, it can be desirable to have more than two probes, such as
three, four, or more probes. In some of these embodiments, a first probe 106 can be
rotationally fixed with respect to the second axis 110, while two or more additional probes
are rotatable with respect to the second axis. In others of these embodiments, more than one
probe can be rotationally fixed with respect to the second axis 110, while a single probe is
rotatable with respect to the second axis 110. In other embodiments, a more than one probe
can be rotatably fixed and more than one probe can be rotatable with respect to the second

axis 110.
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[0032] In some embodiments, the CMM 10 and final joint assembly 100 can be
pre-assembled such that they are commercially available as a single unit. In other
embodiments, the CMM 10 and final joint assembly 100 can be individually commercially
available. The CMM 10 can also be configured such that the final axis of movement (i.c., the
rotatable assembly 107) can be removed and/or added to an existing device. The CMM 10
and the rotatable assembly 107 can be easily removably couplable with a repeatable
kinematic mount. Thus, in some embodiments, the CMM can be a 6 axis (2-2-2) CMM with
a kinematic mount allowing a rotatable joint assembly 107 to be mounted. The addition of
the final joint assembly to the 6 axis CMM would create a 7 axis (2-2-3) CMM.

[0033] The various devices, methods, procedures, and techniques described
above provide a number of ways to carry out the invention. Of course, it is to be understood
that not necessarily all objectives or advantages described may be achieved in accordance
with any particular embodiment described herein. Also, although the invention has been
disclosed in the context of certain embodiments and examples, it will be understood by those
skilled in the art that the invention extends beyond the specifically disclosed embodiments to
other alternative embodiments and/or uses and obvious modifications and equivalents
thereof. Accordingly, the invention is not intended to be limited by the specific disclosures

of preferred embodiments herein.
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WHAT IS CLAIMED IS:

1. A coordinate measurement device comprising:
an articulated arm having a first end, a second end, and a plurality of jointed
arm segments therebetween, each arm segment including at least one position
transducer; and
a measurement probe assembly coupled to the second end of the arm, the
measurement probe assembly comprising:
a first joint providing a first axis of rotation between the second end of
the arm and a body of the measurement probe assembly;
a read head and an encoder disk, the encoder disk configured to rotate
about a second axis with respect to the read head;
a first probe rotatably fixed with respect to the body about the second
axis of rotation; and
a second probe coupled to the body such that the measurement device
rotates about the second axis with respect to the first probe.

2. The coordinate measurement device of claim 1 wherein said arm includes 7
axes of rotation and the first and second axes comprise the 6™ and 7™ axis of rotation
respectively.

3. The coordinate measurement device of claim 2, wherein the jointed arm
segments are arranged in a 2-2-3 joint configuration.

4, The coordinate measurement device of claim 1, wherein the measurement

second probe is a laser scanner.

5. The coordinate measurement device of clam 1, wherein the first probe is a
touch probe.

6. The coordinate measurement device of claim 1, wherein the first probe is a
rigid probe.

7. The coordinate measurement device of claim 1, further comprising a slip ring

provided between the read head and the second probe.
8. The coordinate measurement device of claim 1, further comprising a handle

coupled to the body.

-10-
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9. The coordinate measurement device of claim 1, wherein the measurement
probe assembly is removably coupled to the articulated arm.
10. A coordinate measurement apparatus comprising:
an articulated arm having a first end, a second end, and plurality of jointed
arm segments therebetween, each arm segment including at least one position
transducer; and
a measurement assembly coupled to the second end of the arm, the
measurement assembly comprising:
| a first joint providing a first axis of rotation between the second end of
the arm and a body of the measurement assembly;
a probe rigidly coupled to the first joint; and
a measurement device configured for rotation about the probe.
11. A portable coordinate measurement machine (CMM) for measuring the
position of an object in a selected volume, comprising:
a manually positionable articulated arm having opposed first and second ends,
said arm including a plurality of rotary joints; and
a measurement assembly coupled the second end of the arm, the measurement
arm comprising a first rotable joint providing a first axis of rotation, a probe rigidly
coupled to the first joint, a measurement device configured for rotation about the
probe and means for rotating the measurement device about the probe along a second
axis of rotation.
12. The CMM of claim 11 wherein said arm includes 7 axes of rotation and the
first and second axes comprise the 6™ and 7™ axis of rotation respectively.
13, The CMM of claim 12, wherein the arm is arranged in a 2-2-3 joint
configuration.
14. The CMM of claim 11, wherein the measurement device is a laser scanner.
15. The CMM of clam 11, wherein the probe is a touch probe.
16.  The CMM of claim 11, wherein the probe is a rigid probe.
17. The CMM of claim 11, further comprising a handle coupled to the

measurement device.

-11-
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18.  The CMM of claim 11, further comprising a slip ring.
19.  Ajoint for a coordinate measurement apparatus comprising:

a joint body connectable to a coordinate measurement apparatus;

a rotatable joint defining an axis of rotation of the joint;

a first probe connector rotationally fixed with respect to the joint body about
the axis of rotation of the joint; and

a second probe connector rotatable with respect to the joint body about the
axis of rotation of the joint.

20.  The joint of Claim 19, further comprising a first probe coupled to the first
probe connector.

21.  The joint of Claim 20, wherein the first probe comprises one of a rigid probe,
an electrical contact probe, a touch trigger probe, a strain Sensing probe, a laser point probe, a
laser line probe, and an optical probe.

22.  The joint of Claim 19, further comprising a second probe coupled to the
second probe connector.

23.  The joint of Claim 22, wherein the second probe comprises one of a rigid
probe, an electrical contact probe, a touch trigger probe, a strain sensing probe, a laser point
probe, a laser line probe, and an optical probe.

24.  The joint of Claim 19, wherein the joint is configured to be removably

couplable to the coordinate measurement apparatus.

-12-
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