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(57) ABSTRACT 
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Heerbrugg (CH) Suring machine, comprising a coupling element on the sensor 

element side for mechanically and optically connecting to a 
(21) Appl. No.: 13/128,397 coupling element on the measuring machine side. An optical 

fiber is arranged in the coupling element on the sensor ele 
ment side, wherein said optical fiber comprises an optical 

(22) PCT Filed: Nov. 12, 2009 interface for connecting to an optical machine contact ele 
ment of the measuring machine, wherein said optical inter 

(86). PCT No.: PCT/EP2009/06504.8 face is formed by an optical sensor contact element having a 
self-centering ferrule that encloses the end of the optical fiber. 

S371 (c)(1), The ferrule is Supported in the coupling element on the sensor 
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OPTICAL SENSORELEMENT FORA 
MEASURING MACHINE, AND COUPLING 

ELEMENT THEREFOR ON THE 
MEASURING MACHINE SIDE 

0001. The invention relates to an optical sensor element 
for a measuring machine, in particular for a coordinate mea 
Suring machine, as claimed in the preamble of claim 1, and to 
a coupling element on the measuring machine side as claimed 
in the preamble of claim 10. 
0002 Coordinate measuring devices or coordinate mea 
Suring machines have long been known in various embodi 
ments. For example, these devices are used to measure object 
Surfaces with high precision, in particular in the manufactur 
ing industry, where the measurement and inspection of work 
piece surfaces are very important. 
0003 Typical generic systems are coordinate measuring 
machines of the Portal type such as are described, for 
example, in DE 43 25 337, or 3D coordinate measuring 
articulated arms that, for example, are known from U.S. Pat. 
No. 5,402,582 or EP 1474 650. 
0004 Such coordinate measuring machines have a base, 
which is known in a reference coordinate system and fixedly 
positioned, as one end of the measuring system or of the 
articulated arm, and an oppositely situated movable measur 
ing end on which a probe element is arranged. A tactile probe 
that can be brought into contact with a measuring point of an 
object surface and consists, for example, of a ruby ball that is 
mounted on a measuring rod can be used as standard stylus. 
Optical sensor elements are beginning to become increas 
ingly important in Such coordinate measuring machines. 
0005. The world of measurement is currently being domi 
nated to a large extent by tactile probe elements that are 
present in various embodiments, for example in order to 
probe the measurement object axially or laterally. The probe 
elements are designed in this case with different lengths and 
diameters in order to be able to reach even locations that are 
difficult to access. 
0006. In order to couple the tactile probe elements to coor 
dinate measuring machines, mechanical and mechanical/ 
electrical couplings have been developed such as emerge, for 
example, from U.S. Pat. No. 7.282,017 B2, which permit a 
very reproducible mechanical coupling via three ball-cylin 
der contacts and also enable electrical transmission of mea 
Suring signals via springed pin contacts. These interfaces can 
be designed such that there is space for the probe elements in 
a tool changer, and said elements can be accommodated inde 
pendently of the coordinate measuring machine. 
0007. However, it goes hand in hand with the new optical 
measurement methods for coordinate measuring machines 
that there is also a need to guide an optical fiber from a sensor 
element to a control unit of the coordinate measuring 
machine, said optical fiber being used as optical conductor 
and for optical signal transmission of the measuring radiation. 
Given the lack of efficient optical couplings that enable fre 
quent changes of sensor element, it has so far been possible to 
implement only coordinate measuring machines on which a 
sensor element is permanently fastened. 
0008 Suitable optical fibers are widespread in telecom 
munications for signaling transmission. In order to couple 
said optical fibers, a multiplicity of plug-in couplings exists 
that are coordinated with the respective application purposes, 
and enable even high energy optical radiation to be transmit 
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ted via the optical fibers and the plug-in couplings in conjunc 
tion with low losses. However, the plug-in couplings have a 
decisive disadvantage: they have been produced for static 
connections. Because of the high level of sensitivity of the 
optical interface to contamination and damage, they cannot 
be frequently plugged in. The forecast service life of the 
known couplings is 500 to 1000 plug-in cycles. However, in 
practice they are opened only to be serviced. In addition, in 
order to ensure optimum transmission, the cleaning of the 
surfaces of the optical fibers at the optical interface is required 
under a microscope before plugging together is undertaken 
aW. 

0009. In order to be able to use a coordinate measuring 
machine to measure complex measuring objects, for example 
engine blocks, there is a need to change the sensor element 
relatively frequently. As a rough estimate, there is a need for 
a sensor element to be changed approximately once per hour. 
Since the coordinate measuring machines often are driven 
round the hour, 100 plug-in cycles are easily reached per 
week, and so the optical plug-in couplings known from tele 
communications would reach the end of their expected Ser 
Vice life as early as after approximately 3 months. 
0010. In order for it to be possible to make rational use of 
optical sensor elements in coordinate measuring machines, 
the optical couplings must fulfill at least the same require 
ments with regard to robustness and precision as do the 
mechanical or mechanical/electrical coupling elements. 
0011 Proceeding from this state of the art, it is the object 
of the invention to demonstrate an optical sensor element and 
a measuring machine in the case of which the mechanical 
coupling is Supplemented by an optical part, the optical inter 
face needing to be capable of withstanding at least 50 000 
plug-ins without damage, being easy to clean, and also per 
mitting measurements to be reliably continued given low 
levels of contamination. 
0012. The first part of the object is achieved by an optical 
sensor element for a measuring machine that has the features 
of claim 1, and by a coupling element on the measuring 
machine side having the features of claim 10. Advantageous 
embodiments of the optical sensor element follow from the 
dependent claims. 
0013 The optical sensor element has a coupling element 
on the sensor element side for mechanical and optical con 
nection to the measuring machine and/or the coupling ele 
ment thereof on the machine side. According to the invention, 
the optical sensor element further has an optical fiber in the 
coupling element on the sensor element side, and an optical 
interface that is guided by a floating bearing. 
0014. The optical contact element assigned to the coupling 
element on the sensor element side is advantageously formed 
with a ground bevel, and has a beam cross section enlarged by 
comparison with the optical fiber core. This solution has the 
advantage that the optical sensor element is particularly 
robust and, as has also been shown in experiments, withstands 
over 115 000 plug-ins, which is also illustrated in FIG. 1. 
00.15 Optical sensor elements are used for coordinate 
measuring machines in order to probe Surfaces of workpieces 
or other objects without contact and with high precision, and 
to measure them or to check dimensional stability. 
0016. In the case of the inventive coupling, use is made as 
optical fiber for transmitting measuring signals of in particu 
lar, a single mode fiber that has a core diameter of below 10 
um and is extraordinarily Suspectible to irreversible contami 
nation and damage in the core region. Such contamination or 
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damage very quickly increases the transmission loss and the 
backscatter, something which is extremely disadvantageous, 
particularly in the case of highly sensitive interferometric 
applications. This is where the invention steps in and pro 
poses to mount, preferably to weld, onto the optical fiber an 
optical contact element that expands the beam cross section at 
the optical interface by a multiple in comparison with the 
optical fiber. The beam path at the optical interface should in 
this case be collimated. Owing to the widened beam cross 
section, a bidirectional optical signal transmission is ensured 
even when regions of the optical interface become impen 
etrable by the optical radiation owing to contamination or 
damage. Furthermore, the insertion attenuation and the back 
scatter are substantially reduced by the ground bevel at an end 
face of the contact element. The obliquely ground Surface 
need not be coated and is easy to clean. 
0017. The beam cross section is advantageously enlarged 
at least by a factor of 5 by comparison with the optical fiber 
core. The beam cross sectional Surface area is preferably 
enlarged by at least a factor of 10, 20 or 50. The enlarged beam 
cross section reduces the Susceptibility of the sensor element 
to contamination and damage, including the case in which the 
contact elements do not come to bear againstone another over 
their full surface area. 

0018. It is advantageous when the optical contact element 
is a lens, preferably a gradient index lens. Gradient index 
lenses have the great advantage that they are of cylindrical 
design and therefore can also be provided in an extension of 
the optical fiber. Independently of its length and the monomer 
fiber used, the gradient index lens permits an expansion of the 
beam cross section, approximately by a factor of ten-ac 
companied by a drop in divergence to a tenth. However, 
according to the invention it is also possible to use multimode 
fibers, in which case the requirement of beam expansion can 
be obviated in the transition region. 
0019. The optical fiber should expediently be surrounded 
by a ferrule or an end sleeve. In this case, the ferrule protects 
the end of the optical fiber and fixes the latter in position. In 
addition, the ferrule can be arranged in the coupling element 
more effectively than can the optical fiber. 
0020. The ferrule should terminate flush with the optical 
contact element, in order to ensure an acceptable bearing of 
the obliquely ground end face of the optical contact element. 
0021. So that the optical sensorelement can more easily be 
plugged into the coupling element on the measuring machine 
side, it is advantageous when the ferrule is arranged in a 
floating fashion in the coupling element. It is possible in this 
case for a lateral offset of the ferrule of a few hundred um to 
be corrected during plugging in. 
0022. The ferrule advantageously has on a peripheral side 
an orientation Surface for holding the ferrule in an assigned 
orientation. This ensures that the obliquely ground end faces 
come to bear against one another over their full Surface area 
when the optical sensor element is coupled to the measuring 
machine. 

0023. A spring can be applied, preferably in an axial direc 
tion of the optical fiber, to the ferrules in order to produce a 
contact pressure at the optical interface. 
0024. It is expedient to provide a chamfer on a free end of 
the ferrule in order to facilitate the plugging in of the ferrule 
by the conical design. 
0025. The measuring machine, in particular a coordinate 
measuring machine, has a coupling element on the measuring 
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machine side that can be coupled to a sensor element in 
accordance with one of claims 1 to 9. 

0026. Provided in the coupling element on the measuring 
machine side and the coupling element on the sensor element 
side are optical fibers that are held at one end in ferrules. The 
coupling element on the measuring element side preferably 
also has an optical contact element, and the ground bevels of 
the optical contact elements are formed and arranged so that 
they make all-over mutual contact in the coupled State and 
form an unbroken optical passage surface. The optical radia 
tion can in this way be transmitted with low loss and in both 
directions via the optical interface. 
0027. Furthermore, one of the ferrules can be surrounded 
by a guide sleeve that projects in an axial direction beyond the 
ferrule, and is preferably provided at its free end with a 
chamfer on the inner surface. Such a guide sleeve likewise 
facilitates the bringing together of the optical contact ele 
ments during a coupling operation. The likewise floating 
bearing of the second ferrule in the guide sleeve in conjunc 
tion with the chamfers at the end sleeves and the guide sleeve 
enables self centering in the plug-in operation, which Sub 
stantially relax the mechanical tolerances in the alignment of 
the ferrules before the plug-in contact. 
0028. In order to be able to further reduce a lateral offset 
between the ferrules that possibly exists before the plug-in 
operation, it is, in addition, provided that the inner Surface of 
the guide sleeve has a roundness with a radial deviation that is 
much smaller than the core diameter of the fiber used. With 
normal monomer fibers to be a core diameter of approxi 
mately 9 um given a wavelength of 1.5 um, the roundness 
should be smaller than or equal to 1 Jum, as a result of which 
a precise centering of the optical contact elements held in the 
ferrules is effected. 

0029. It is particularly advantageous when the guide 
sleeve and/or the ferrule is arranged exchangeably in the 
coupling element. This permits the optical fiber with the 
ferrule to be removed from the coupling element, and the end 
face of the optical contact element to be cleaned. It is pre 
ferred to use a special tool to loosen and fix the guide sleeve 
or ferrule, in order to render unauthorized manipulation of the 
coupling difficult. 
0030. Furthermore, a cover element for covering the end 
face of the optical contact element in the open state of the 
coupling can be provided at the end of the optical fiber. The 
intensity of the optical radiation used in coordinate measuring 
machines is certainly low, but damage can occur when the 
optical radiation impinges directly on sensitive body parts 
Such as, for example, the optic nerves. A further advantage of 
the cover element is that the obliquely ground end face of the 
optical contact element in the plugged-out state is protected 
against damage and contamination. 
0031. The ferrules and the guide sleeve are produced from 
Zirconium oxide. Zirconium oxide is a highly abrasion resis 
tant material and ensures a constant precision of plugging in 
over the service life of the sensor element. Furthermore, it is 
possible to provide on a coupling element a cleaning device 
for cleaning the obliquely ground end faces of the optical 
contact elements. The cleaning device can be designed so that 
a cleaning element is wiped over the obliquely ground end 
face during plugging and unplugging. 
0032. The obliquely ground end faces of the optical con 
tact elements can have an inclination angle C. between 0° and 
10°, preferably between 2° and 8°. 
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0033. In order to further reduce possible backscatter at the 
optical interface, the end face of one of the optical contact 
elements can be provided with a coating, in particular an 
antireflection coating. In this case, the end face can also be 
polished level, that is to say not have a ground bevel. It is 
likewise possible to dispense with the ground bevel and a 
coating when the measurement method does not react sensi 
tively to retroreflections. 
0034. Non-interfereometric measurement methods, such 
as chromatic confocal measurement, for example, require 
multimodal fibers. In this case, the diameter of the fiber core 
(for example 50 um) is already substantially larger than in the 
case of monomode fibers. There is no longer a need here for 
beam expansion. 
0035. The invention is explained in more detail below with 
the aid of exemplary embodiments illustrated in the figures. 
In the drawing: 
0036 FIG. 1 shows a graphic evaluation of a service life 

test, 
0037 FIG. 2 shows a detail of an optical sensor element, a 
coupling element on the sensor element side being illustrated 
in cross section; 
0038 FIG.3 shows a cross section at the optical interface 
in the coupled-in state; 
0039 FIG. 4 shows a plan view of the coupling element on 
the sensor element side; 
0040 FIG. 5 shows a perspective view of the coupling 
element on the sensor element side; 
0041 FIG. 6 shows a further perspective view of the cou 
pling element on the sensor element side; 
0042 FIG. 7 shows a coupling element on the measuring 
machine side, in cross section; 
0043 FIG.8 shows the coupling element on the measuring 
machine side in a view from below: 
0044 FIG.9 shows the coupling element on the measuring 
machine side in a perspective view; and 
0045 FIG. 10 shows the coupling element on the measur 
ing machine side in a perspective view from obliquely above. 
0046. A graphic evaluation of a service life test is shown in 
FIG. 1. The relative intensity of the radiation transmitted via 
the optical coupling was measured as a function of the num 
ber of the plug-in cycles, the relative intensity being the ratio 
of the intensities of the optical radiation downstream and 
upstream of the optical coupling. Here, the end faces of the 
optical contact elements were cleaned at irregular intervals, 
something which is illustrated by vertical strokes 1. Up to a 
number of more than 95 000 plug-in cycles, the coupling 
transmitted the optical radiation with a relative intensity in the 
range from 0.8 to 1. Only from the 100 000" plug-in cycle is 
there a marked drop in the relative radiant intensity. After a 
multiple intensive cleaning of the optical contact elements at 
115 000 plug-in cycles, however, it was possible once again to 
achieve an approximately lossless transmission with a rela 
tive radiant intensity of 1. 
0047 FIGS. 2 and 4 to 6 illustrate an optical sensor ele 
ment 2 for a measuring machine, in particular for a coordinate 
measuring machine, in a detail with the aid of a coupling 
element 3 on the sensor element side. The coupling element 3 
on the sensor element side is provided for mechanical and 
optical connection, and optical signal transmission to a mea 
Suring machine. The coupling element 3 on the sensor ele 
ment side has an upper part 4 and a lower part 5 in this 
embodiment. The upper part 4 has two elements—a mechani 
cal/electrical part 6 and an optical part 7. The mechanical/ 
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electrical part 6 is known in principle from U.S. Pat. No. 
7,282,017 B2, to which reference is made here in full. A 
sleeve 8 that can be moved by a cam 9 is supported in an 
axially displaceable fashion in the upper part 4. In the 
coupled-in state, locking pins 10 come to bear in a locking 
fashion in grooves 11 of a bolt 13 inserted into an axial bore 
12 (compare also FIG. 7). Arranged in the radially outer 
region of the mechanical/electrical part 6 are three pairs of 
balls in modules 15 that are parts of a three-point bearing 16. 
In the coupled state, cylinders 17 that are provided in the 
coupling element 18 on the measuring machine side come to 
bear against these balls 14. 
0048 Spring loaded electrical pin contacts 19 are pro 
vided between the upper part 4 and the sleeve 8 for the 
purpose of electrically transmitting measuring signals. 
0049. To the left of the mechanical/electrical part 6, in the 
plane of the image, the optical part 7 is arranged in the upper 
part 4. Integrally formed for this purpose on the upper part 4 
is a bracket 21 in which the optical part 7 is accommodated. 
An optical fiber 22 carrying the measuring signals extends 
through the lower part 5 as far as into the optical part 7 of the 
upper part 4, and is held at the end in a ferrule 23. The ferrule 
23 projects into a cylindrical cutout 24 in the upper part 4 and 
has a chamfer 26 at its free end 25. A spring 27 is applied to 
the ferrule 23 in an axial direction of the optical fiber 22. The 
ferrule 23, and thus also the optical fiber 22, are supported in 
a floating fashion in the optical part 7 in order to compensate 
a lateral offset. 
0050 Shown in the coupled state (GZ) in a simplified 
schematic in FIG. 3 is an optical interface 30 at which the 
optical fiber 22 of the coupling element 3 on the sensor 
element side is coupled to the optical fiber 31 of the coupling 
element 18 on the measuring machine side. To be seen in this 
figure are two optical fibers 22, 31, which are coupled to one 
another via an optical sensor contact element 33 and an opti 
cal machine contact element 34. The optical fibers 22.31 are 
single mode fibers with a core cross section of less than 10 
um. Optical contact elements 33, 34, gradient index fibers in 
this case by way of example, are welded onto the ends 35, 36 
of the optical fibers 22, 31. The optical interface 30 is located 
in the surface 40 in which the optical contact elements 33,34 
make all-over mutual contact. The end faces 41, 42 of the 
optical contact elements 33, 34 are respectively to be pro 
vided with a ground bevel 43, 44 that has an inclination angle 
C. of 4°. The ground bevels 43, 44 designed so that they form 
an unbroken optical passage Surface 45. 
0051. In order to enlarge the beam cross section 46 at the 
optical interface 30 by comparison with the optical fibers 22, 
31, the optical contact elements 33,34 have suitable lengths L 
of 4 pitch. The lengths of (2n-1)/4 pitch, n being a natural 
number, are, however, likewise possible. Optical contact ele 
ments 33, 34 of such design effect a collimated expansion of 
the optical radiation so that the beam cross section 46 is 
enlarged by a factor of 100 by comparison with the optical 
fibers 22.31 at the optical interface 30. 
0.052 The optical fibers 22, 31 and the optical contact 
elements 33,34 are held inferrules 23,48. The ferrules 23, 48 
terminate flush with the end faces 41, 42 of the contact ele 
ments 33,34 in an extension of the ground bevels 43,44. The 
ferrules 23.48 are provided at the end with a chamfer 26, 50. 
0053) One ferrule 48 is surrounded by a guide sleeve 51 
that projects beyond the free end 52 of the ferrule 48 in an 
axial direction AR. The guide sleeve 51 is provided at the end 
on the inner surface 53 with a chamfer 54. To center the 
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optical contact elements 33, 34, the inner surface 53 of the 
guide sleeve 51 has a roundness with a radial deviation of at 
most 2 um. 
0054 Looking back to FIGS. 2 and 4 to 6, there is provided 
below the spring 27 at the optical fiber 22 in the plane of the 
image a sleeve 60 that is provided on a peripheral side 61 with 
an orientation Surface 62 in order to ensure the correct align 
ment of the obliquely ground end face 41 of the optical 
contact element 33. For this purpose, an orientation element 
63 inserted into the upper part 4 bears against the orientation 
surface 62. 
0055. If the lowerpart 5 is screwed off the upper part 4, and 
the orientation element 63 is taken out of the upper part 4 by 
a tool, the optical fiber 22 and, with it, the ferrule 23 can be 
withdrawn downward from the upper part 4, for example in 
order to exchange defective parts or else for the purpose of 
cleaning. The ferrule 23 is therefore arranged exchangeably 
in the upper part. 
0056. A coupling element 18 on the measuring machine 
side is illustrated in FIGS. 7 to 10. The coupling element 18 on 
the measuring machine side is arranged in a holder that is part 
of the measuring machine head 70 and can be fastened on a 
measuring machine (not illustrated in more detail), in particu 
lar on a movable arm of the measuring machine. 
0057. In accordance with the coupling element 3 on the 
sensor element side, the coupling element 18 on the measur 
ing machine side also has elements in the form of a mechani 
cal/electrical part 71 and optical part 72. 
0058. The mechanical/electrical part 71 is likewise known 
in principle from U.S. Pat. No. 7.282,017 B2 as regards 
design. Provided in the coupling element 18 on the measuring 
machine side is an insert 73 that has a central axial bore 74 
through which the bolt 13 is plugged. A stack 76 of disk 
springs 77 is applied to the bolt 13 in an axial direction AR in 
order to provide a uniform contact pressure on the three point 
bearing 16, and tolerance compensation. In the coupling ele 
ment 18 on the measuring machine side, the three point bear 
ing 16 comprises three cylinders 17 that are arranged offset 
from one another about the longitudinal axis LA of the cou 
pling element 18 on the measuring machine side by an angle 
B of 120°. The stack 76 of disk springs 77 is held in position 
by a flange sleeve 79 and a hat-shaped part 80. The flange 
sleeve 79 and the hat-shaped part 80 are fixed on the bolt 13 by 
a washer 81 and a nut 82. The coupling element 18 on the 
measuring machine side is fastened on the measuring 
machine head 70 by a ring 83 that is screwed on. 
0059. In a radial direction RR between the longitudinal 
axis LA of the coupling element 18 and the cylinders 17 of the 
three point bearing 16, there are arranged in a fashion distrib 
uted on the periphery for the purpose of electrical transmis 
sion of measuring signals thirteen conducting elements 84 
against which the pin contacts 19 of the coupling element 3 on 
the sensor element side come to bear in the plugged-in state. 
0060. The optical part 72 is provided laterally on the 
mechanical/electrical part 71. An optical fiber 31 is guided 
into the coupling element 18 on the measuring machine side, 
and held at the end in a ferrule 48. The ferrule 48 has a collar 
85 that bears against a backing plate 86. The guide sleeve 51 
is pushed onto a free end 87 of the ferrule 48 and is supported 
on the backing plate 86. At its free end 88, the guide sleeve 51 
has a chamfer 54 on the inner surface 53. The ferrule 48 and 
the guide sleeve 51 are held in a floating fashion in the optical 
part 72, something which is clearly visible from the radial 
spacing between a sleeve 92 and the guide sleeve 51 that is 
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surrounded by the sleeve 92. In order to secure the guide 
sleeve 51 against axial displacements, a fixing sleeve 93 is 
pushed onto the inner end 94 of the guide sleeve 51 and fixed 
there. The sleeve 92, which surrounds the guide sleeve 51 at 
a radial spacing, is screwed into the insert 73. At its free end 
95, the sleeve 92 has peripheral chamfers 98.99 both on the 
inner side 96 and on the circumferential side 97. 
0061. A special tool can be used to screw the fixing sleeve 
out of the coupling element 18 on the measuring machine 
side. It is thereby possible to take out the guide sleeve 51, 
which can, if appropriate, be cleaned or exchanged. In this 
state, the ferrule 48 can also be effectively accessed for clean 
1ng. 
0062 On the side 100 averted from the guide sleeve 51, the 
ferrule 48 has an orientation surface 101 for the purpose of 
aligning the obliquely ground end face 42 of the optical 
machine contact element 34 in Such a way as to ensure all 
over seating of the end faces 41, 42 of the optical contact 
elements 33, 34, as is also shown in FIG. 3. A cover 102 
engages in the orientation surface 101. The cover 102 is 
secured against rotations by a locating pin 103 pushed into the 
insert 73 in a radial direction ROF relative to the optical fiber 
31. 
0063 FIG. 9 shows how the cover 102 of the optical part 
72 is fastened on the insert 73 by two screws 104, 105. The 
insert 73 is likewise fixed in the coupling element 18 on the 
measuring machine side by two screws 106. 
0064. The two coupling elements 3, 18 are designed so 
that during the plugging-in operation conical Surfaces interact 
in a predetermined sequence in order to compensate a lateral 
offset and to ensure a highly precise coupling of the coupling 
elements 3, 18. During plugging in, the conical Surface 110 
comes into contact at the free end 112 of the bolt 13 with the 
funnel-shaped expansion 113 of the axial bore 12 in the 
displaceable sleeve 8 of the coupling element 3 on the sensor 
element side, and a peripheral chamfer 114 on the coupling 
element 18 on the measuring machine side comes to bear 
against the coupling element 3 on the sensor element side. In 
order to couple the optical parts 7, 72, the sleeve 92 on the 
coupling element 18 on the measuring machine side is firstly 
pushed into the cylindrical cutout 24 in the coupling element 
3 on the sensor element side, before the ferrule 23 of the 
coupling element 3 on the sensor element side is pushed into 
the guide sleeve 51, supported in a floating fashion, of the 
coupling element 18 on the measuring machine side. In this 
way, the obliquely ground end faces 41, 42 of the optical 
contact elements 33,34 come to bear againstone another with 
a maximum lateral offset of 2 um. 

LIST OF REFERENCE SYMBOLS 

0065. 1 Stroke 
0.066 2 Sensor element 
0067. 3 Coupling element on the sensor element side 
0068 4 Upper part of 3 
0069 5 Lower part of 3 
(0070) 6 Mechanical/electrical part of 3 
(0071 7 Optical part of 3 
0072 8 Sleeve 
0073. 9 Cam 
0074 10 Locking pin 
0075) 11 Groove 
0076 12 Axial bore 
0.077 13 Bolt 
0078. 14 - Ball 
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0079 
0080 
0081 
0082 
side 
0083 
0084 
0085 
0086 
0087 
0088 
0089 
0090 
0091 
0092 
0093 
0094) 
0095 
0.096 
0097 
0098 
0099 
01.00 
0101 
01.02 
(0103) 
0104 
01.05 
01.06 
01.07 
0108 
0109 
0110 
0111 
0112 
0113 
0114 
0115 
0116 
0117 
0118 
0119) 
0120 
0121 
0122) 
(0123 
0124 
0125 
0126 
O127 
0128 
0129 
0130 
0131) 
(0132 
0133) 
0134) 
0135) 
0136 
0137 
0138 
0139 
0140 
0141 

15 - Module 
16 Three point bearing 
17 Cylinder 
18 Coupling element on the measuring machine 

19 Pin contact 
21—Bracket 
22 Optical fiber 
23 Ferrule 
24—Cutout 
25 End of 23 
26—Chamfer 
27 Spring 
30 Optical interface 
31 Optical fiber 
33—Contact element 
34—Contact element 
35 End of 22 
36 End of 31 
40—Surface 
41 End face of 33 
42—End face of 34 
43—Ground bevel 
44—Ground bevel 
45—Passage surface 
46—Beam cross section 
48. Ferrule 
50 Chamfer 
51- Guide sleeve 
52 End of 48 
53- Inner Surface of 51 
54 Chamfer 
60 Sleeve 
61 Peripheral side of 60 
62—Orientation surface 
63—Orientation element 
70 Part of the measuring machine head 
71—Mechanical/electrical part 
72 Optical part 
73 Insert 
74. Bore 
75 Stack 
77 Disk spring 
79 Flange sleeve 
80 Hat-shaped part 
81 Washer 
82. Nut 
83 Cover 
84 Conducting element 
85 Collar 
86—Backing plate 
87 End of 48 
88 End of 51 
92 Sleeve 
93. Fixing sleeve 
94 End of 51 
95 End of 92 
96 Inner side of 92 
97 Circumferential side of 92 
98 Chamfer 
99 Chamfer 
100 Side of 48 
101—Orientation surface 
102 Cover 
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0.142 103—Locating pin 
0.143 104 Screw 
0144 105 Screw 
(0145 106 Screw 
0146 110 Surface of 13 
0147 112 End of 13 
0148 113—Expansion 
0149 114 Chamfer 
0150 AR-Axial direction 
0151. GZ Coupled state 
0152 L-Length 
0153. LA Longitudinal axis 
0154) ROF Radial direction 
0155 RR Radial direction 
0156 C. Inclination angle 
(O157 B-Angle 

1.-15. (canceled) 
16. An optical sensor element for a measuring machine, 

comprising: 
a coupling element on the sensorelement side for mechani 

cal and optical connection to a coupling element on the 
measuring machine side; and 

an optical fiber for measuring signal transmission in the 
coupling element on the sensor element side that has an 
optical interface for connection to an optical machine 
contact element of the measuring machine which optical 
interface is formed by an optical sensor contact element 
having a self-centering ferrule surrounding the end of 
the optical fiber, the ferrule being supported in a floating 
fashion in the coupling element on the sensor element 
side. 

17. The sensor element as claimed in claim 16, wherein the 
ferrule has a chamfer for self-centering during a connecting 
operation with the coupling element on the measuring 
machine side. 

18. The sensor element as claimed in claim 16, wherein the 
sensor contact element is formed with a ground bevel. 

19. The sensor element as claimed in claim 18, wherein the 
sensor contact element has a beam cross section enlarged by 
comparison with the core of the optical fiber. 

20. The sensor element as claimed in claim 18, wherein the 
sensor contact element has a beam cross section enlarged by 
comparison with the core of the optical fiber, the beam cross 
section being enlarged at least by a factor of 5, 10, 20 or 50 by 
comparison with the core of the optical fiber. 

21. The sensor element as claimed in claim 18, wherein the 
sensor contact element is a lens, a gradient index lens, or in the 
form of a fiber. 

22. The sensor element as claimed in claim 18, wherein the 
optical fiber is a single mode fiber. 

23. The sensor element as claimed in claim 16, wherein the 
ferrule terminates flush with the sensor contact element. 

24. The sensor element as claimed in claim 16, wherein the 
ferrule has on a peripheral side an orientation Surface for 
holding the ferrule in a defined fashion in an assigned orien 
tation. 

25. The sensor element as claimed in claim 16, wherein a 
spring is applied to the ferrule in order to produce a contact 
pressure at the optical interface. 

26. A coupling element on the measuring machine side for 
a measuring machine for connection to a sensor element as 
claimed in claim 16, wherein the coupling element on the 
measuring machine side has an optical machine contact ele 
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ment for connection to an optical sensor contact element of 
the sensor element for the purpose of measuring signal trans 
mission. 

27. The coupling element as claimed in claim 26, wherein 
the machine contact element has an optical fiber with a ferrule 
and a guide sleeve for self-centering of the ferrules of the 
sensor contact element and machine contact element, the 
ferrule and guide sleeve being Supported in a floating fashion 
in the coupling element. 

28. The coupling element as claimed in claim 27, wherein 
the ferrule and/or the guide sleeve have/has a chamfer for 
self-centering during a connecting operation with the sensor 
element. 

29. The coupling element as claimed in claim 27, wherein 
the optical fiber is held at one end in the ferrule and sur 
rounded by the guide sleeve, the guide sleeve projecting in an 
axial direction beyond the ferrule and preferably being pro 
vided at its free end with a chamfer on the inner surface. 

30. The coupling element as claimed in claim 27, wherein 
the machine contact element is formed with a ground bevel 
and has a beam cross section that is enlarged by comparison 
with the core of the optical fiber. 

31. The coupling element as claimed in claim 27, wherein 
an inner Surface of the guide sleeve has a roundness with a 
radial deviation that is smaller than the core diameter of the 
fiber used. 

32. The coupling element as claimed in claim 27, wherein 
an inner surface of the guide sleeve has a roundness with a 
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radial deviation that is smaller than the core diameter of the 
fiber used and is at most 2 um. 

33. The sensor element as claimed in claim 16, wherein a 
spring is applied in an axial direction of the optical fiber to the 
ferrule in order to produce a contact pressure at the optical 
interface. 

34. A coupling element on the measuring machine side for 
a coordinate measuring machine for connection to a sensor 
element as claimed in claim 16, wherein the coupling element 
on the measuring machine side has an optical machine con 
tact element for connection to an optical sensor contact ele 
ment of the sensor element for the purpose of measuring 
signal transmission for interferometric measurement meth 
ods. 

35. An optical sensor element for a coordinate measuring 
machine, comprising: 

a coupling element on the sensorelement side for mechani 
cal and optical connection to a coupling element on the 
measuring machine side; and 

an optical fiber for measuring signal transmission in the 
coupling element on the sensor element side that has an 
optical interface for connection to an optical machine 
contact element of the measuring machine for interfero 
metric measurement methods, which optical interface is 
formed by an optical sensor contact element having a 
self-centering ferrule Surrounding the end of the optical 
fiber, the ferrule being supported in a floating fashion in 
the coupling element on the sensor element side. 

c c c c c 


