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[57] ABSTRACT

A bridge type coordinate measuring machine character-
ized by a bridge (20) that has a closed loop configura-
tion encircling the measuring machine base (10). The
bridge (20) includes two uprights (21, 22), an upper
member (23) connecting the uprights together and at
least one lower member (24) connecting the uprights
together below the upper surface (11) of the base (10).
Bearings (41) for the bridge are offset inwardly from the
vertical axes of the uprights of the bridge and a guide-
way (12, 13), along which the bearings travel, is located
on each side of the base. The bearings (41) operate
upwardly, downwardly and sidewardly against the
surfaces of the gnideways (12, 13) located on the sides
of the base (10). This arrangement both stiffens and
raises the resonant frequency of the bridge, thereby
improving the measuring accuracy and repeatability of
the coordinate measuring machines performance.

89 Claims, 2 Drawing Sheets
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BRIDGE TYPE COORDINATE MEASURING
MACHINE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion:; matter printed in italics indicates the additions made
by reissue.

This invention relates to a bridge type coordinate
measuring machine (CMM) for measuring the dimen-
sions of a workpiece.

A bridge type coordinate measuring machine is gen-
erally comprised of a base, a bridge F moveably] mov-
ably mounted to the base, a carriage [ moveably] mov-
ably mounted to the upper portion of the bridge, a probe
[moveably] movably mounted to the carriage and a
measuring and computation system that responds to
movement of the probe for measuring the dimensions of

3

2

encircles the upper surface of a measuring machine base
upon which a workpiece is placed for measurement and
is characterized by the location of the bearings for the
bridge being offset from the vertical axes of the uprights
of the bridge and by a guideway for the bearings located
on each side of the base.

The invention also is a bridge type coordinate measuring
machine characterized by a closed loop bridge configura-
tion that encircles the upper surface of the base, and a

10 plurality of bearings positioned to transmit force between

15

a workpiece located on the upper surface of the base. 20

Examples of bridge type coordinate measuring ma-
chines may be found in U.S. Pat. Nos. 3,749,501 entitled
“Measuring Machine” issued July 31, 1973; and
3,840,993 entitled “Coordinate Measuring Machine™
issued Oct. 15, 1974. The important functions of a coor-
dinate measuring machine are its accurate measurement
and its repeatability i.e. ability to repeat or obtain the
same measurement from the same workpiece. In a
bridge type coordinate measuring machine accuracy
and repeatability may be adversely affected by vibration
and relative movement between the uprights of the
bridge. Poor stiffness or ridigity of the bridge permits
relative movement between the uprights of the bridge
while height, spacing and stiffness all affect resonant
frequency, which if low, makes the measuring probe
mounted on the bridge more susceptible to vibrations.
~ One approach to minimizing or dampening the effect
of vibrations on a CMM has been to mount the CMM
on an air bag apparatus or large concrete platform.
These approaches are expensive, space consuming and
only isolate external vibrations i.e., ground vibrations.
Internal vibrations e.g., caused by electro mechanical
servo mechanisms mounted on the machine, would not
be isolated or dampened.

One approach to minimizing the effect of relative
movement between the bridge uprights is discussed in

the U.S. Pat. No. 3,749,501 patent where a position
indicator is located on each upright. However, this

increases the cost for the positional and measurement
apparatus of the CMM and still does not address the
problem of an undesirable low resonant frequency that
can be present in a bridge structure e.g. a resonant fre-
quency below 20 Hertz can adversely effect the measur-
ing accuracy of a CMM.

Accordingly, the accuracy of the measurements
made by a bridge type coordinate measuring machine
may be adversely affected by poor rigidity and vibra-
tions because of a low resonant frequency of the bridge.
This is especially true of a bridge type CMM used for
measuring large workpieces, such as an automobile
body or engine, because of the height and spacing of the
uprights of such a bridge e.g., about one to two meters
high with one and a half to two and a half meter spac-
ing.

DISCLOSURE OF THE INVENTION.
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the bridge and the base at least vertically and horizontally.

According to another aspect of the invention, a bridge
type coordinate measuring machine is provided, character-
ized by means for movably mounting the bridge to the base
which includes at least a first pair of laterally spaced bear-
ings, and a closed loop configuration wh ich encircles the
upper surface of the base and the first pair of bearings,
wherein the closed loop configuration is formed by a second
member connecting together the uprights of the bridge
below the upper surface of the base.

According to another aspect of the invention, a bridge
type coordinate measuring machine is provided, character-
ized by a closed loop bridge configuration encircling the
upper surface of the base, and means Jfor movably mount-
ing the bridge to the base which includes first, second and
third pairs of bearings positioned to transmit force between
the bridge and the base, wherein the first pair of bearings
operate in a vertical direction, the second pair of bearings
operate in a horizontal direction and in opposition to each
other, and the third pair of bearings operate in vertical
directions respectively opposite those of the first pair of
bearings.

A further aspect of the invention resides in a bridge type
coordinate measuring machine, characterized by a closed
loop bridge configuration which encircles the upper surface
of the base in which the closed loop configuration is formed
by means for connecting together the uprights of the bridge
below the upper surface of the base, and means for movably
mounting the bridge to the base which includes first and
second pairs of bearings, wherein the first pair of bearings
has a first bearing coacting with the base, and one of the
uprights and a second bearing coacting with the base and
the other upright, and wherein the second pair of bearings
is located between the uprights below at least a portion of
the means for connecting together the uprights and operat-
ing in a horizontal direction.

A still further aspect of the invention resides in a bridge
type coordinate measuring machine, characterized by a
closed loop bridge configuration that encircles the upper
surface of the base, and means for movably mounting the
bridge to the base which includes a first pair of bearings
applying forces in opposite directions (o each other in a
vertical plane, a second pair of bearings applying forces in
opposite directions to each other in a horizontal plane, and
a third pair of bearings applying forces in opposite direction
to each other in a vertical plane spaced from the vertical
plane of the first pair of bearings, and wherein all of the
bearings are positioned to transmit forces between the
bridge and the base.

60 The invention also consists of a bridge type coordinate

measuring machine, characterized by a closed loop bridge
configuration encircling the upper surface of the base and
at least a portion of means for movably mounting the
bridge to the base, wherein the closed loop configuration is

65 formed by a second member connecting together the up-

The invention is a bridge type coordinate measuring

machine that has a closed loop bridge configuration that

rights of the bridge.
A further aspect of the invention resides in a bridge type
coordinate measuring machine, characterized by a closed



Re. 33,254

3

loop bridge configuration defined by a first loop encircling
the upper surface of the base, and a second loop below the
first loop.

According to another aspect of the invention, a bridge
type coordinate measuring machine is provided, character-
ized by a closed loop bridge configuration encircling the
upper surface of the base, wherein the closed loop configu-
ration is formed by a second member connecting together
the uprights of the bridge at the lower ends of the uprights.

According to a still further aspect of the present inven-
tion, a bridge type coordinate measuring machine is
characterized by a bridge having a closed loop configura-
tion encircling the upper surface of the base in which the
closed loop configuration is formed by a second member
connecting together the uprights at a position below the
upper surface of the base, and the bridge is mounted on

the base by means of a pair of laterally spaced bearing

means, each of the bearing means acting in at least
vertical and horizontal directions, the pair of bearing
means being arranged such that the forces transmitted by

the pair of bearing means are symmetrically balanced with

respect to the center of the bridge.

One advantage of this invention is that it mpmves
the measuring accuracy of a CMM used for measuring
large workpieces such as an automobile engine or body.

Another advantage of this invention is that it im-
proves the ridigity of the bridge of a CMM.

Another advantage of this invention is that it lowers
the effect of vibrations on the probe mounted on the
bridge of a CMM by increasing the rescnant frequency
of the bridge.

Another advantage of this invention is that it mini-
mizes the need for an expensive system to isolate the
measuring probe of a CMM from external vibrations.

DETAILED DESCRIPTION OF THE
INVENTION

FIGS. 1 and 2 are perspective views of a bridge type
coordinate measuring machine incorporating the princi-
ples of this invention.

FIG. 3 is a cutaway view of a CMM showing one
arrangement of the bridge mounted to the base of a
CMM.

FIG. 4 is still another arrangement of a bridge
mounted to the base of a CMM.

Referring now to the drawings, FIG. 1 illustrates a
bridge type coordinate measuring machine of the type
having a base 10, a bridge 20 [moveably] movably
mounted to the base 10, a carriage 50 [moveably]}
movably mounted to the bridge 20, and a probe 30
F'moveably] movably mounted to the carriage 50. The
base 10 includes an upper surface 11 upon which a
workpiece (not shown) to be measured is located and
guideways 12, 13. The base 10 is divided into an upper
table portion 14 separated from the lower portion by
legs 15. Rubber feet 16 at the bottom of the base 10,
minimize the affect of external vibrations on the CMM.
This arrangement of the guide ways 12, 13, and legs 15
provides space, if desired, for a motor and suitable drive
mechanism for moving the bridge 20 to be located at the
center of the base 10. The bridge 20 includes two up-
rights 21, 22 connected together by an upper member 23
and a lower member 24. Moveably mounted on the
upper member 23 of the bridge 20 is a carriage 50 which
has [moveably] movably mounted thereto a probe
shaft 31 having a probe 30 at one end thereof. The probe
30 is generally of the type that, upon contact with a
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piece to be measured, provides a signal to appropriate
computation and measuring apparatus. One example of
such a probe may be found in U.S. Pat. No. 4,270,275
entitled “Probes” and issued June 6, 1981. The bridge 20
is [ moveably] movably mounted to the base 10 along
guide ways 12, 13, the surfaces of which interface with
bearings 41 mounted in respective channels 25 in the
bridge 20. Preferably, air bearings 41 are used to facili-
tate movement of the bridge 20 along the guideways 12,
13 of the base 10. Movement of the bridge, carriage and
probe shaft 31 allows the probe to move and take mea-
surements in three dimensions. Electrical or mechanical
means responsive to movement of the probe indicate the
position of the probe in 3 coordinates and, when re-
quired, calculate measurements e.g., The Warner and
Swasey Company, Sheffield Measurement Division
measurement processor model MP3.

FIG. 2 illustrates how the carriage 50 is [ moveably}
movably mounted to the upper member 23 of the bridge
20 along guideways 26, 27, 28 the surfaces of which
interface with bearings 55 in respective channels 51, 52,
$3 in the carriage 50. The probe 30 is mounted to the
bridge 20 for movement along 2 [axis] axes and is
moveable along a third axis by movement of the bridge.
Mounting arrangements for the probe and carriage are
described in further detail in the U.S. Pat. Nos.
3,749,501 and 3,840,993. Mechanical or preferably air
bearings 55 are used to facilitate movement of the car-
riage 50 relative to the bridge 20. Also shown is the

arrangement of the upper and lower bearings 41 of the
bridge 20 that coact with the surfaces of one of the

guide ways 12 of the base 10.

FIG. 3 illustrates further details of how the air bear-
ings 41, located essentially U-shaped in channels 25 in the
bridge 20, interface with the surfaces of the guide ways
12, 13 of the base 10. The air bearings 41 include first and
second laterally spaced pairs thereof. The first laterally
spaced pair of bearings 41 bear vertically upward from the
guideways 12, 13 respectively against horizontal surfaces
carried by the uprights 21, 22 and which form part of the
channels 25. The second laterally spaced pair of the bear-
ings 41 bear vertically downward against the lower member
24, such that the first and second pairs of bearings act in
opposite vertical directions. Further, the air bearings 41
include a third pair thereof which respectively bear horizon-
tally from the guideways 12, 13 against the uprights 21, 22
and in opposite horizontal directions, perpendicular to the
vertical direction in which the first and second pairs of air
bearings act. As a result of the bearing arrangement de-
scribed above, the forces transmitted by the bearings 41 on
each side of the bridge 20 are symmetrically balanced with
respect to the center of the bridge 20. Preferably, the lower
member 24 of the bridge 20 is located above the bearings 41
and below the table portion 14 of the base 10. The upper
table portion 14 of the base 10 is supported by only three
legs 15. This provides better vibrational and deflectional
isolation than would four legs i.e., one in each corner of the
table 14.

FIG. 4 illustrates an alternate embodiment of the
invention wherein the bridge 20 has two lower connect-
ing members 24, 29 with the bearings 41 coacting with
the guide ways 12, 13 of the base 10 located between the
2 lower members 24, 29 of the bridge 20.

I claim:

1. A bridge type coordinate measuring machine of the
type having a base (10) having an upper surface {(11) for
supporting a work piece to be measured, a bridge (20)
having two uprights (21, 22) and a first member (23)
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connecting the uprights (21, 22) together ahove the
upper surface (11) of said base (10), means (12, 13, 41)
for [ moveably] movably mounting the bridge (20) to
the base (10),-a probe (30), and means (50, 31) for
mounting said probe (30) to the first member (23) of said
bridge (20) for movement relative to said bridge and to
said base (10), characterized in that:

the bridge (20) has a closed configuration that encir-

cles the upper surface (11) of said base (10) said
closed loop configuration formed by a second
member (24) connecting together the uprights (21,
22) of the bridge (20) below the upper surface (11)
of said base (10) and below the means (12, 13) for
[ moveably] movably mounting the bridge (20) to
the base (10).

2. A bridge type coordinate measuring machine of the
type having a base (10) having an upper surface (11) for
supporting a work piece to be measured, a bridge (20)
having two uprights (21, 22) and a first member (23)
connecting the uprights (21, 22) together above the
upper surface (11) of said base (10), means (12, 13, 41)
for [moveably] movably mounting the bridge (20) to
the base (10), a probe (30), and means (50, 31) for
mounting said probe (30) to the first member (23) of said
bridge (20) for movement relative to said bridge and to
said base (10), characterized in that:

the bridge (20) has a closed loop configuration that

encircles the upper surface (11) of said base (10)
said closed loop configuration formed by a second
member (24) connecting together the uprights (21,
22) of the bridge (20) below the upper surface (11)
of said base (10); and by

the means for [moveably] movably mounting the

bridge (20) to the base (10) includes a pair of guide-
ways (12, 13), one of said guideways (12) located
on one side of said base (10) and the other of said
guideways (13) located on the opposite side of sad
base (10), said guideways (12, 13) coacting with
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bearings (41) in a respective channel (25) in each of 4

said uprights (21, 22) of said bridge (20) to facilitate
movement of said bridge (20) on said base, said
second member (24) connecting the uprights (21,
22) of the bridge (20) together located below said
guideways (12, 13).
3. A bridge type coordinate measuring machine of the
type having a base (10) having an upper surface (11) for
supporting a work piece to be measured, a bridge (20)
having two uprights (21, 22) and a first member (23)
connecting the uprights (21, 22) together above the
upper surface (11) of said base (10), means (12, 13, 41)
for [moveably] movably mounting the bridge (20) to
the base (10), a probe (30), and means (50, 31) for
mounting said probe (30) to the first member (23) of said
bride (20) for movement relative to said bridge and to
said base (10), characterized in that:
the bridge (20) has a closed loop configuration that
encircles the upper surface (11) of said base (10)
said closed loop configuration formed by a second
member (24) connecting together the uprights (21,
22) of the bridge (20) below the upper surface (11)
of said base (10); and by
guideways (12, 13) along which said bridge (20) s
[ moveable] movable and

a third member (29) connecting the uprights (21, 22)
of the bridge (20) together below the surface (11)
of said base (10) and above said guideways (12, 13),
said second member (24) connecting together the
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. 6
uprights (21, 22) of the bridge (20) located below
said guideways (12, 13).

4. A bridge type coordinate measuring machine as
described in claim 3 wherein the height of each of the
two uprights (21, 22) is greater than one meter.

5. A bridge type coordinate measuring machine of the
type having a base (10) having an upper surface (11) for
supporting a work piece to be measured, a bridge (20)
having a closed loop configuration that encircles the
upper surface (11) of said base (10) said closed loop
configuration formed by two uprights (21, 22), a first
member (23) connecting the uprights (21, 22) together
above the upper surface (11) of said base (10), and a
second member (24) connecting together the uprights
(21, 22) of the bridge (20) below the upper surface (11)
of said base (10), means (12, 13, 41) for [moveably]
movably mounting the bridge (20) to the base (10), a
probe (30), and means (50, 31) for mounting said probe
(30) to the first member (23) of said bridge (20) for
movement relative to said bridge and to said base (10),
the means for [moveably] movably mounting the
bridge (20) to the base (10) characterized by:

a pair of guideways (12, 13), located below the upper

surface (11) of the base (10), one of said guideways
(12) located on one side of said base (10) and the
other of said guideways (13) located on the oppo-
site side of said base (10), each of said guideways
(12, 13) coacting with respective bearings (41) lo-
cated in a respective channel (25) formed between
said second member (24), and an inwardly extend-
ing portion of each of said uprights (21, 22).

6. A coordinate measuring machine as described In
claim S wherein said bearings (41) include bearings that
coact against upwardly and downwardly facing sur-
faces of a respective guideway (12, 13).

7. A coordinate measuring machine as described in
claim 6 wherein said bearings (41) include bearings that
coact against a side of each of the guideways (12, 13).

8. A coordinate measuring machine as described in
claim 6 including a third member (29) connecting the
uprights (21, 22) of the bridge (20) together below the
surface (11) of said base (10) and above said guideways
(12, 13).

9. A bridge type coordinate measuring machine as
described in claim 5, wherein the bearings (41) are lo-
cated between the vertical axes of the uprights (21, 22).

10. A bridge type coordinate measuring machine as
described in claim 6 wherein the bearings (41) are lo-
cated between the vertical axes of the uprights (21, 22).

11. A bridge type coordinate measuring machine as
described in claim 7 wherein the bearings (41) are lo-
cated between the vertical axes of the uprights (21, 22).

12. A bridge type coordinate measuring machine as
described in claim 6 wherein the bearings (41) coacting
upwardly and downwardly are located beneath the
upper surface (11) of the base (10).

13. A bridge type coordinate measuring machine as
described in claim 7 wherein the bearings (41) coacting
upwardly and downwardly are located beneath the
upper surface (11) of the base (10). |

14. A bridge type coordinate measuring machine as
described in claim 8 wherein the bearings (41) coacting
upwardly and downwardly are located beneath the
upper surface (11) of the base (10).

15. A bridge type coordinate measuring machine as
described in claim 10 wherein the bearings (41) coacting
upwardly and downwardly are located beneath the
upper surface (11) of the base (10).
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16. A bridge type coordinate measuring machine as
described in claim 11 wherein the bearings (41) coacting
upwardly and downwardly are located beneath the
upper surface (11) of the base (10). |

17. A bridge type coordinate measuring machine as
described in claim 5 wherein the second member (24) is
located below the bearings.

18. A bridge type coordinate measuring machine as
described in claim 17 including a third member (29)
connecting the uprights (21, 22) of the bridge together
below the surface (11) of the base (10) and above the
guideways (12, 13).

19. A bridge type coordinate measuring machine of
the type having a base (10) having an upper surface (11)
for supporting a work piece to be measured, a bridge
(20) having a closed loop configuration that encircles
the upper surface (11) of said base (10) said closed loop
configuration formed by two uprights (21, 22), a first
member (23) connecting the uprights (21, 22) together
above the upper surface (11) of said base (10), and a
second member (24) connecting together the uprights
(21, 22) of the bridge (20) below the upper surface (11)
of said base (10), means (12, 13, 41) for [moveably]
movably mounting the bridge (20) to the base (10), a
probe (30), and means (50, 31) for mounting said probe
(30) to the first member (23) of said bridge (20) for
movement relative to said bridge and to said base (10),
the means for [moveably] movably mounting the
bridge (20) to the base (10) characterized by:

a pair of guideways (12, 13), each of said guideways 30

(12, 13) coacting with a respective plurality of
bearings (41), said guideways and bearings located
directly below the upper surface (11) of the base
(10), one of said guideways (12) and its respective
bearings (41) located at one side of said base (10)
and the other of said guideways (13) and its respec-
tive bearings (41) located at the opposite side of
said base (10). o

20. A coordinate measuring machine as described in
claim 19 wherein said bearings (41) coact against up-
wardly and downwardly facing surfaces of a respective
guideway (12, 13).

21. A coordinate measuring machine as described in
claim 20 wherein said bearings (41) also coact against a
side of each of the guideways (12, 13).

22. A coordinate measuring machine as described n
claim 19 wherein said bearings (41) are located between
the vertical axes of the uprights (21, 22).

23. In combination, a bridge type coordinate measuring
machine of the type having a base (10) having an upper
surface (11) for supporting a workpiece to be measured, a
bridge (20) having two uprights (21, 22) and a first member
(23) connecting said uprights (21, 22) together above the
upper surface (11) of said base (10), means (12, 13, 41) for
movably mounting said bridge (2) to said base (10) , a
probe (30) , and means (50, 31) for mounting said probe
(30) to a first member (23) of said bridge (20) for move-
ment relative to said bridge and to said base (10), charac-
terized in that:

the bridge (20) has a closed loop configuration that

encircles the upper surface (11) of said base (10), said
closed loop configuration being formed by a second
member (24) connecting together the uprights (21, 22)
of the bridge (20) below the upper surface (11) of said
base (10) and below the means (12, 13) for movably
mounting the bridge (20) to the base (1) , and

the means (12, 13, 14) for movably mounting the bridge

to the base (10) includes a plurality of bearings (41)
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positioned to transmit force between said bridge (2)
and said base (10) at least vertically and horizontally.
24. A coordinate measuring machine as described in
claim 23, wherein said bearings (41) include air bearings.
25. A coordinate measuring machine as described in
claim 23, wherein said bearings (41) include at least a first
pair of laterally spaced bearings respectively acting in a
vertical direction against a pair of surfaces of said bridge
(20).
26. A coordinate measuring machine as described in
claim 25, wherein said pair of surfaces of said bridge (20)
against which said spaced bearings respectively act are
respectively defined within a pair of channels (25) in said
bridge (20).
27. A coordinate measuring machine as described in
claim 26, wherein each of said channels (25) is essentially
U-shaped.
28. A coordinate measuring machine as described in
claim 27, wherein said channels open inwardly toward each
other.
29. A coordinate measuring machine as described in
claim 26, wherein a portion of each of said channels (25) is
defined by said second member (24).
30. A coordinate measuring machine as described in
claim 28, wherein a portion of each of said channels (25) is
defined by said second member (24).
31. A coordinate measuring machine as described in
claim 25, wherein said first pair of bearings are air bear-
ings.
32. A coordinate measuring machine as described in
claim 26, wherein said pair of bearings and said surfaces
are disposed within said closed loop so as to be surrounded
by said bridge (20).
33. A coordinate measuring machine as described in
claim 32, wherein said pair of bearings are air bearings.
34. A coordinate measuring machine as described in
claim 25, wherein said pair of bearings is wholly disposed
above said second member (24).
33. A coordinate measuring machine as described in
claim 23, wherein:
said bearings (41) includes at least a first pair of [later-
ally spaced bearings respectively acting in a vertical
direction against a pair of surfaces of said bridge (20),

said pair of bearings and said surfaces are disposed
within said closed loop so as to be surrounded by said
bridge (20), and

the entirety of said second member (24) is spaced below

said pair of bearings.

36. A coordinate measuring machine as described in
claim 35, wherein said bridge (20) includes a pair of later-
ally spaced channels (25) opening toward each other, and
said pair of surfaces are respectively defined within said
channels (25).

37. A coordinate measuring machine as described in
claim 36, wherein said pair of surfaces extend parallel to
said second member (24).

38. A coordinate measuring machine as described in
claim 25, wherein said bearings (41) include a second pair
of laterally spaced bearings respectively acting in a vertical
direction against a pair of surfaces carried by said base
(10), said first and second pairs of bearings acting to trans-
mit force in opposite directions respectively upwardly and
downwardly.

39 A coordinate measuring machine as described in
claim 38, wherein said bearings (41) include a third pair of
laterally spaced bearings acting in a horizontal direction.

40. A coordinate measuring machine as described in
claim 23, wherein said bearings (41) include first and
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second sets of bearings respectively acting in two directions 52. In combination, a bridge type coordinate measuring
perpendicular to each other. machine of the type having a base (10) having an upper

41. In combination, a bridge type coordinate measuring  surface (11) for supporting a workpiece to be measured, a
machine of the type having a base (10) having an upper  bridge (20) having two uprights (21, 22) and a first member
surface (11) for supporting a workpiece to be measured, a 5 (23) connecting said uprights (21, 22) together above the
bridge (20) having two uprights (21, 22) and a first member upper surface (11) of said base (10), means (12, 13, 41) for
(23) connecting said uprights (21, 22) together above the movably mounting said bridge (20) to said base (10), a
upper surface (11) of said base (10), means (12, 13, 41) for  probe (30), and means (50, 31) for mounting said probe
movably mounting said bridge (20) to said base (10), a (30) to a first member (23) of said bridge (20) for move-
probe (30), and means for mounting said probe (30) on said 10 ment relative to said bridge and to said base (10), charac-
bridge (20) for movement relative to said bridge and to said terized in that:

base (10), characterized in that: the bridge (20) has a closed loop configuration that
said means (12, 13, 4I) for movably mounting said encircles the upper (11) of said base (10), said closed
bridge to said base (10) includes at least a first pair of loop configuration being formed by a second member
laterally spaced bearings (41); and 13 (24) connecting together the uprights (21, 22) of the
said bridge has a closed loop configuration that encircles bridge (20) below the upper surface (11) of said base
the upper surface (11) of said base (10) and said first (10) and below the means (12, 13) for movably
pair of bearings, said closed loop configuration being mounting the bridge (20) to the base (10); and
formed by a second member (24) connecting together the means (12, 13, 41) for movably mounting the bridge
said uprights (21, 22) of the bridge (20) below the 2°  the base (10) includes a first, second and third pairs of
upper surface (11) of said base (10). bearings positioned to transmit force between said
42. A coordinate measuring machine as described in bridge (20) and said base (10), said first pair operaiing
claim 41, wherein said first pair of bearings transmit force in a vertical direction, said second pair operating in a
vertically. ' horizontal direction, said bearings in said second pair
43. A coordinate measuring machine as described in operating in opposing directions, and said third pair of
claim 42, wherein each of said uprights (21, 22) carries a bearings operating in a vertical direction opposite the
horizontal surface disposed within said closed loop, and direction of a respective bearing of said first pair of
said pair of bearings respectively bear against said horizon- bearings.
tal surfaces of said uprights (21, 22). 0 93 A coordinate measuring machine as described in

44. A coordinate measuring machine as described in claim 52, wherein said first, second and third pairs of
claim 43, wherein each of said bearings is an air bearing. bearings are air bearings.

45. A coordinate measuring machine as described in 54. A coordinate measuring machine as described in
claim 41, wherein said bridge (20) includes a pair of chan- claim 52, wherein said bearings are air bearings.
nels (25) therein, said channels (25) opening toward each ¢ 35. A coordinate measuring machine as described in
other within said closed loop, and said pair of bearings are claim 52, wherein said closed loop configuration encircles
respectively disposed within said channels (25). said first pair of bearings.

46. A coordinate measuring machine as described -in 56. A coordinate measuring machine as described in
claim 45, wherein each of said channels (25) includes a claim 54, wherein said closed loop configuration encircles
horizontal surface against which a corresponding one of 4o said first pair of bearings.

said bearings bears. 57. In combination, a bridge type coordinate measuring
47. A coordinate measuring machine as described in machine of the type having a base (I10) having an upper
claim 41, wherein: surface (11) for supporting a workpiece to be measured, a
a bridge (2) includes first and second vertically spaced bridge (20) having two uprights (21, 22) and a first member
pairs of horizontal surfaces, 45 (23) connecting said uprights (21, 22) together above the

said means (12, 13, 41) for movably mounting said upper surface (11) of said base (10), means (12,13, 41} for
bridge (20) to said base (10) includes a second pair of ~ movably mounting said bridge (20) to said base (10), a
bearings, probe (30), and means (50, 31) for mounting said probe
said first pair of bearings respectively bear upwardly (30) to a first member (23) of said workpiece (20) for move-
against said first pair of horizontal surfaces, and sg ment relative to said workpiece and to said base (10), char-
said second pair of bearings respectively bear down- acterized in that:

wardly against said second pair of horizontal surfaces. the bridge (20) has a closed loop configuration that
48. A coordinate measuring machine as described in encircles the upper surface (11) of said base (10), said
claim 47, wherein said closed loop configuration encircles closed loop configuration being formed by means (29)
said second pair of bearings. 55 for connecting together the uprights (21, 22) of the
49. A coordinate measuring machine as described in bridge (20) below the upper surface (11} of said base
claim 47, wherein said means (12, 13, 41) for movably (10), said uprights (21, 22) respectively carrying hori-
mounting said bridge (20) to said base (10) includes a third zontal surfaces; and
pair of bearings acting in opposite horizontal directions, the means (12, 13, 41) for movably mounting the bridge
and said third pair of bearings is vertically spaced below &0 to the base (10) includes a first and second pair of
said first pair of bearings. bearings, said first pair having a first bearing verti-
50. A coordinate measuring machine as described in cally coacting with the base and the horizontal surface
claim 49, wherein said third pair of bearings is vertically of one upright (21) and a second bearing vertically
positioned between said first and second pair of bearings. coacting with the base and the horizontal surface of
51. A coordinate measuring machine as described in 65 the other upright (22), said second pair of bearings
claim 47, wherein the bearings in said first pair thereof are located between the uprights below at least a portion of
respectively spaced inwardly toward each other from the the means (29) for connecting together the uprights

corresponding axes of said uprights (21, 22). (21, 22) and operating in a horizontal direction.
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38. A coordinate measuring machine as described in
laim 57, wherein said first and second pairs of bearings
re air bearings.

39. A coordinate measuring machine as described in
laim 57, wherein said first and second pairs of bearings
re air bearings.

60. A coordinate measuring machine as described in
laim 37, wherein said connecting means includes at least
first connecting member (24), and said closed loop con-
'quration encircles said first pair of bearings.

61. A coordinate measuring machine as described in
laim 60, wherein said connecting means includes a second
onnecting member (29) vertically spaced from said first
onnecting member (24), and wherein said second pair of
earings is positioned between said first connecting mem-
er (24) and said second connecting member (29).

62. A coordinate measuring machine as described in
laim 60, wherein said first and second pairs of bearings
re air bearings.

63. A bridge type coordinate measuring machine accord-
1g to claim 57 including a third pair of bearings coacting
ith the base and the bridge (20), said third pair of bear-
185 operating in a direction perpendicular to the direction
foperation of said second pair of bearings and in a direc-
on opposite said first pair of bearings.

64. A coordinate measuring machine as described in
laim 61, wherein said first and second pairs of bearings
re air bearings.

65. A coordinate measuring machine as described in
laim 63, wherein said third pair of bearings are air bear-
1gs.

60. A coordinate measuring machine as described in
laim 60, including a third pair of bearings coacting with
1e base and the bridge (20), said third pair of bearings

10
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perating in a direction perpendicular to the direction of 35

peration of said second pair of bearings and in a direction
oposite said first pair of bearings.

67. In combination, a bridge type coordinate measuring
1achine of the type having a base (10) having an upper

irface (11) for supporting a workpiece to be measured, a 40

ridge (20) having two uprights (21, 22) and a first member
)3) connecting said uprights (21, 22) together above the
pper surface (11) of said base (10), means (12, 13, 41) for
wovably mounting said bridge (20) to said base (10), a

robe (30), and means (50, 31) for mounting said probe 45

'0) to a first member (23) of said workpiece (20) for move-
tent relative to said bridge and to said base (10), charac-
rized in that:

the bridge (20) has a closed loop configuration that

12

69. A coordinate measuring machine as described in
claim 67, wherein all of said first, second and third bear-
ings are air bearings.

70. A coordinate measuring machine as described in
claim 67, wherein said closed loop configuration encircles
said first pair of bearings.

71. A coordinate measuring machine as described in
claim 68, wherein said closed loop configuration encircles
said first pair of bearings, and said first pair of bearings are
air bearings.

72. In combination, a bridge type coordinate measuring
machine of the type having a base (10} having an upper
surface {(11) for supporting a workpiece to be measured, a
bridge (20) having two uprights (21, 22) and a first mem-
ber (23) connecting said uprights (21, 22) together above
the upper surface of said base (10), means (12, 13, 41) for
movably mounting said bridge (20) to said base (10), a
probe (30), and means (50, 31) for mounting said probe
(30) to said first member (23) of said bridge (20) for move-
ment relative to said bridge (20) and to said base (10),
characterized in that: ,

the bridge (20) has a closed loop configuration encircling

the upper surface (11) of said base (10) and at least a
portion of the means (12, 13, 41) for movably mount-
ing said bridge (20) to said base (10), said closed loop
configuration being formed by a second member (24)
connecting together the uprights (21, 22) of the bridge
(20).

73. A bridge type coordinate measuring machine as
described in claim 72, wherein said mounting means (12,
13, 41) includes first and second bearings each transmit-
ting force in a vertical direction and second end and third
bearings each transmitting force in a horizontal direction.

74. A bridge type coordinate measuring machine as
described in claim 73, wherein said portion of said mount-
ing means (12, 13, 41) includes said first and second bear-
ings. |

7J. A bridge type coordinate measuring machine as
described in claim 74, wherein said first and second bear-
ings are laterally spaced apart.

- 76. In combination, a bridge type coordinate measuring
machine of the type having a base (10) having an upper
surface (11) for supporting a workpiece to be measured, a
bridge (20) having two uprights (21, 22) and a first member
(23) connecting said uprights (21, 22) together above the
upper surface of said base (10), means (12, 13, 41) for
movably mounting said bridge (20 ) to said base (10), a
probe (30), and means (50, 31} for mounting said probe

encircles the upper surface (11) of said base (10), said 50 (30) to said first member (23) of said bridge (20) for move-

closed loop configuration being formed by a second
member (24) connecting together the uprights (21, 22)
of the bridge (20) below the upper surface (11) of said
base (10) and below the means (12, 13) for movably
mounting the bridge (20) to the base (10); and
the means (12, 13, 41) for movably mounting the bridge
(20) to the base (10) includes a first pair of bearings
applying forces in opposite directions to each other in
a vertical plane, a second pair of bearings applying
- forces in opposite directions to each other in a horizon-
tal plane, a third pair of bearings applying forces in
opposite directions to each other in a vertical plane
spaced from the vertical plane of said first pair of
bearings, all of said bearings positioned to transmit
forces between said bridge (20) and said base (10).
88. A coordinate measuring machine as described in
aim 67, wherein said first, second and third pair of bear-
igs are air bearings.

b

ment relative to said bridge (20) and to said base (10),
characterized in that:

the bridge (20) has a closed loop configuration defined

by a first loop encircling the upper surface (11) of said
base (10) and a second loop below said first loop.

77. A bridge type coordinate measuring machine as
described in claim 76, wherein at least a portion of said
mounting means is encircled by said second loop.

78. A bridge type coordinate measuring machine as

60 described in claim 77, wherein said portion of said mount-

ing means includes first and second bearings transmitting
Jorce in a horizontal direction.

79. A bridge type coordinate measuring machine as
described in claim 78, wherein said first and second bear-

65 ings are respectively inboard of said uprights (21, 22).

80. A bridge type coordinate measuring machine as
described in claim 76, wherein said first loop is formed by
a second member (29) connecting together said uprights
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(21, 22) of the bridge (20) below
said base (10).

81. A bridge type coordinate measuring machine as
described in claim 80, wherein said second loop is formed
by said second member (29) and a third member (24)
below said second member (29).

82. A bridge type coordinate measuring machine as
described in claim 81, wherein said mounting means (12,
13, 41) includes first and second bearings disposed between
said first and second members (29, 24) and each transmit-
ting force in a horizontal direction.

83. In combination, a bridge type coordinate measuring
machine of the type having a base (10) having an upper
surface (11) for supporting a workpiece to be measured, a
bridge (20) having two uprights (21, 22) and a first member
(23) connecting said uprights. (21, 22) together above the
upper surface of said base (10), means (12, 13, 41) for
movably mounting said bridge (20) to said base (10), a
probe (30), and means (50, 31) for mounting said probe
(30) to said first member (23) of said bridge (20) for move-
ment relative to said bridge (20) and to said base (10),
characterized in that: '

the bridge (20) has a closed loop configuration encircling

the upper surface (11) of said base (10), said closed
loop configuration being formed by a second member
(24) connecting together the uprights (21, 22) of the
bridge (20) at the lower ends of said uprights (21, 22).

84. A bridge type coordinate measuring machine as
described in claim 83, wherein at least a portion of said
mounting means (12, 13, 41) includes bearings (41) dis-
posed inboard of said uprights (21, 22).

85. In combination, a bridge type coordinate measuring
machine of the type having a base (10) having an upper
surface (11) for supporting a workpiece to be measured, a
bridge (20) having two uprights (21, 22) and a first member

the upper surface (11) of

14

(23) connecting said uprights (21, 22) together above the

upper surface of said base (10), means (12, 13, 41) for

movably mounting said bridge (20) to said base (10), a

probe (30), and means (50, 3I) for mounting said probe
5 (30) to said first member (23) of said bridge (20) for move-
ment relative to said bridge (20) and to said base (10),
characterized in that:

the bridge (20) has a closed loop configuration encircling

the upper surface (1) of said base (10), said closed
loop configuration being formed by a second member
(24) connecting together the uprights (21, 22) at a
position below the upper surface (11) of said base (10),
and

the mounting means (12, 13, 41) includes a pair of

laterally spaced bearing means, each of the bearing
means acting in at least vertical and horizontal direc-
tions, said pair of bearing means being arranged such
that the forces transmitted by said pair of bearing
means are symmetrically balanced with respect to the
center of the bridge (20).

86. A bridge type coordinate measuring machine as
described in claim 85, wherein each of said bearing means
includes a bearing acting vertically upward, and a bearing
acting horizontally.

87. A bridge type coordinate measuring machine as
described in claim 86, wherein said horizontally acting
bearing acts outwardly.

88, A bridge type coordinate measuring machine as
30 described in claim 86, wherein each of said bearing means
includes a bearing acting vertically downward.

89. A bridge type coordinate measuring machine as
described in claim 88, wherein said horizontally acting
bearing acts outwardly.
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