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(57) ABSTRACT 
The invention concerns a movement transmission unit and a 
movement transmission apparatus employing the same. The 
movement transmission transmits at least tWo movement 
components, each possessing one degree of freedom of 
movement, from an input-side (6) to an output-side (82, 84), 
Which movement then has at least tWo coupled degrees of 
freedom of movement, or vice versa. The invention also 
concerns one transmission unit (2) per input-side (6) degree 
of freedom of movement, i.e multiple transmission units (2), 
Which are functionally bound together in parallel by means 
of their respective output sections Each transmission 

unit (2) possesses an immobile, solidly ?xed ?rst section Its input facility is a second section (6), Which is bend linked 

to the ?xed ?rst section (4) by means of a uni?ed linkage 
structure encompassing parts (22, 26, 34; 28, 36) and 
forming What becomes knoWn as a ?rst “parallelogram 
linkage”. This is movably linked in the direction of the 
corresponding degrees of freedom of movement of the 
transmission unit The second section (6) is so designed, 
that by means of a second linkage structure, (46, 50, 58, 48, 
52, 60), i.e. another “parallelogram linkage”, second section 
6 alloWs output-side, free movement along the degree of 

freedom of movement of the other transmission units For the increase of the movement precision of such a 

movement transmission apparatus, the ?rst (22, 26, 34; 24, 
28, 36) and/or the second (46, 50, 58; 48, 52, 60) linkage 
structures are designed as bend linkages. Further, the second 
section (6), the second linkage, (50; 52; 58; 60) and the 
output-side (8) are so designed, that the associated trans 
mission unit (2) forms a rigid structure. 
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MOVEMENT TRANSMISSION UNIT AND 
MOVEMENT TRANSMISSION APPARATUS 

EMPLOYING THE SAME 

RELATED APPLICATIONS 

[0001] This application claims priority from German 
Patent Application No. DE 199 62 247, ?led Dec. 22, 1999. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to a move 
ment transmission apparatus. More speci?cally, the present 
invention relates to a movement transmission apparatus for 
the transmission of at least tWo input-side movement com 
ponents, each movement component having one degree of 
freedom, into one output-side movement With at least tWo 
degrees of freedom, or vice versa. Further, the present 
invention relates to a positioning apparatus formed from a 
number of individual transmission units that have been 
functionally coupled With one another in parallel arrange 
ment by means of their respective output sections. 

BACKGROUND OF THE INVENTION 

[0003] The ?rst mentioned movement transmission appa 
ratus Was disclosed by the CH-patent 672089, Which 
described a positioning apparatus With such a movement 
transmission apparatus. This movement transmission appa 
ratus exhibits three functionally parallel transmission units, 
Which, together permitted a positioning of an output part of 
the positioning apparatus in three degrees of freedom of 
movement. This positioning apparatus encompasses per 
transmission unit a ?rm base With an actuator, Which drives 
the one movable section of the movement transmission 
apparatus. The movable section, in turn, exhibits on its oWn 
account, tWo universal jointings and by means of these, is 
bound to the movable part of the movement transmission 
apparatus. The actuator sWings each transmission unit on its 
associated, movable section about a corresponding, rotatable 
axle. The tWo universal joints of the movable sections are 
bonded to one another by a rod, permit a movement of each 
transmission unit in the direction of the sWinging movement 
of the other tWo transmission units. The combined effect is 
that the movable output part of this movement transmission 
apparatus carries out a movement in space, in Which the 
inclination and orientation of this output part remains undis 
turbed, While the three transmission units continue to be 
driven. On the bases of this formulation, With sWinging axles 
and universal joints, this movement transmission apparatus 
does adapt itself, but only conditionally, for precision opera 
tions, since these universal linkages can be constructed only 
With the expenditure of considerable technical effort for the 
required minimum of movement play. 

[0004] The second named generic movement transmission 
apparatus is, for instance, taught by the DE 37 21 682 A1. 
This publication shoWs in one embodiment, a movement 
transmission apparatus With three transmission units, Which, 
on the input-side, respectively, are caused to undergo a linear 
or plane movement Which runs at an angle to the extending 
direction of the respective transmission unit. The transmis 
sion units are comprised of respectively one carrying arm, 
Which, by means of its oWn solid body sWing joint, for 
instance, a ?lm hinge, is coupled With the input and the 
output section of the respective transmission unit. The three 
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transmission units are coupled With one another by means of 
their output sections. With the special formulation of the 
transmission units, especially the solid body linkage, there 
arise nevertheless, displacement movements in the 
micrometer range, Which are not suf?ciently precisely 
adjustable and exhibit too much play, ie are too loose. 

[0005] EP 0 937 961 A2 brings into public knoWledge a 
mechanism for a multi-axle positioning apparatus, Which 
possesses a stationary and a movable section, Which are 
bound together, per axle, by a transmission apparatus to 
carry the force onto the movable section. The transmission 
units possess tWo parallel rods of ?exible material, Which, 
per rod, respectively encompasses tWo bendable sections. In 
this matter, the said rods are composed of holloW tubing, 
Which are interrupted at the bend sections, at Which place, a 
length of piano Wire is inserted. The transmission units 
transmit the force along their extending axes onto the 
movable part and permit a free movement perpendicular to 
its extended direction, that is to say, along the axles of the 
other transmission units. 

[0006] The US. Pat. No. 4,888,878 makes knoWn a posi 
tioning apparatus With a movement transmission apparatus, 
Which has the capability of controlling three or more degrees 
of freedom of movement. In this arrangement, the move 
ment transmission apparatus possesses several functional, 
in-series connected, transmission units, Wherein each, in 
output to input fashion, is coupled With the next. That 
transmission unit Which lies ?rst in the sequence, possesses 
an immovable anchor base, and the ?nal transmission unit in 
the line is coupled to the controlling output element of the 
movement transmission apparatus. Each transmission unit 
exhibits a driving means, that drives a movable second 
section relative to a “solid” section. The movable second 
section is connected With the said “solid” section by means 
of a ?exible bend linkage. The disadvantage of this move 
ment transmission apparatus lies therein, in that because of 
its serial build-up, each transmission unit is burdened With 
the increasing Weight of the sequential transmission units, 
Whereby, the dynamics are disadvantaged by sequentially 
compounding characteristics. 

[0007] Thus, there is a continuing need to further improve, 
in depth, the movement transmission apparatuses of the 
generic type in their functional parallel kinematics to the end 
that precision movements are made possible. 

SUMMARY OF THE INVENTION 

[0008] A transmission unit assembled in accordance With 
the teachings of the present invention encompasses a ?rst 
section and a second, input section linked to the ?rst section 
by means of a ?rst bend linkage. The ?rst section is movably 
linked in the direction of the corresponding degree of 
freedom of movement of the transmission unit. In this 
system, the second section is so designed, that, by means of 
a second, output-side bend linkage, the section alloWs free 
travel Within the degree of freedom of movement. 

[0009] Further, a movement transmission assembled in 
accordance With the teachings of the present invention 
permits the transmission of three input-side movement com 
ponents With respectively one degree of freedom of move 
ment into an output-side movement With three movement 
degrees of freedom, or vice versa. Three transmission units, 
each including one input section and one output section, may 
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be functionally coupled With one another by means of their 
output sections, With each transmission unit exhibiting an 
extended direction from its current input section to its 
respective output section. As a hingedly designed means of 
linkage, the output section of each transmission unit permits 
free movements perpendicular to its extension direction, 
Whereby, the input section of the transmission unit is so 
formulated, that the respective input-side movement is intro 
duced at an angle to the direction of extension. 

[0010] According to a ?rst aspect of the invention, in a 
generic type of a ?rst movement transmission apparatus, the 
?rst and the second jointing means are designed as bend 
linkages, and the second section, the second bend linkage 
means and the output section are so constructed, that in 
combination they form a rigid structure along the degree of 
freedom of movement of the input-side of the thereto 
associated transmission unit. 

[0011] According to another aspect of the invention, in a 
second movement transmission apparatus of the generic 
type, the bend linkages are designed according to the kind of 
parallelogram-sWing linkages, Wherein each parallelogram 
sWing linkage encompasses one bar pair With respectively 
one bend linkage on all four bar ends. Further in this 
arrangement, the tWo respective ends of one bar, by means 
of the corresponding bend linkage, are respectively coupled 
With the input section and With the output section. By this 
arrangement, the rigidity of a transmission unit, and there 
With the precision of the entire movement transmission 
apparatus is advantageously increased. With advantage, the 
output movement has, in the stated arrangement, a move 
ment component along one of the three degrees of freedom 
of movement, the travel path of Which is greater, When 
compared to the travel path of the movement component of 
the tWo other degrees of freedom. 

[0012] Certain advantages and features of the disclosed 
embodiment are described in more detail beloW, With ref 
erence being made to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1a is a top plan vieW of a transmission unit 
assembled in accordance With the teachings of a ?rst 
embodiment of the present invention, Which transmission 
unit is for use in a movement transmission apparatus of the 

present invention; 

[0014] FIG. 1b is a side vieW thereof; 

[0015] FIG. 1c is a top plan vieW similar to FIG. 1a and 
illustrating the sWinging movement of the transmission unit; 

[0016] FIG. 1a' is a side vieW similar to FIG. 1b and 
illustrating additional sWinging movements of the transmis 
sion unit; 

[0017] FIG. 2 is a top plan vieW of a transmission unit 
assembled in accordance With the teachings of a second 
embodiment of the present invention; 

[0018] FIG. 2a is an enlarged fragmentary cross-sectional 
vieW taken along line A-A of FIG. 2c and illustrating one 
portion of the double bend linkage; 

[0019] FIG. 2b is an enlarged fragmentary cross-sectional 
vieW taken along line B-B of FIG. 2c and illustrating 
another portion of the double bend linkage; 
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[0020] FIG. 2c is an enlarged fragmentary top plan vieW 
taken about the circumscribed portion of FIG. 2 and illus 
trating a double bend linkage; 

[0021] FIG. 3 is a perspective vieW of a transmission unit 
assembled in accordance With the teachings of a third 
embodiment of the present invention and illustrating addi 
tional mechanical blockages; 

[0022] FIG. 4 is a perceptive vieW of a movement trans 
mission apparatus assembled using three of the transmission 
units of FIG. 3 coupled together, and Which, When so 
assembled form a ?rst preferred embodiment of a position 
ing apparatus; 

[0023] FIG. 5 is a perspective vieW of a positioning 
apparatus assembled in accordance With the teachings of a 
second embodiment of the invention and Which is comprised 
of three coupled transmission units; 

[0024] FIG. 6 is an enlarged cross-sectional vieW of a 
drive means assembled in accordance With the teachings of 
the present invention and Which drives the transmission 
units of the positioning apparatus; 

[0025] FIG. 7 includes tWo enlarged fragmentary vieWs in 
perspective illustrating the circular bend linkage assemblies 
and shoWing different parameters of the bend linkage assem 
blies; and 

[0026] FIG. 8 is a perspective vieW of a positioning 
apparatus assembled in accordance With the teachings of 
third embodiment of the present invention Which has been 
assembled using the transmission unit of the second embodi 
ment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0027] The folloWing description of the preferred embodi 
ments is not intended to limit the scope of the invention to 
the precise forms disclosed, but instead is intended to be 
illustrative of the principles of the invention so that others 
skilled in the art may folloW its teachings. 

[0028] In the folloWing ?gures, to the eXtent possible the 
same reference numbers Will apply to the same or similar 
components. 

[0029] Referring noW to FIGS. 1a and 1b of the draWings, 
a top plan vieW and a side vieW illustrate a transmission unit 
2 assembled in accordance With the teachings of a ?rst 
preferred embodiment of the present invention. Similarly, 
FIGS. 1c and 1d shoW the same embodiment as FIGS. 1a 
and 1b, eXcept that in FIGS. 1c and 1d the sWinging 
movements of the transmission unit 2 are illustrated. The 
transmission unit 2 is comprised of a ?rst section 4, a second 
section 6 and an output section 8. The ?rst section 4 is 
constructed as a rectangular plate With four side surfaces, 
namely, sides 10, 12, 14 and 16. The oppositely disposed 
side surfaces 12 and 16 each have a projection 18 and 20 
adjacent their corner Zones of the side surface 10. As an 
alternative, the ?rst section 4 can also be constructed as no 
more than a bar, With the tWo ends of the bar forming the 
projections 18 and 20. The shoWn plate shaped form is 
preferable for the structural advantages thereof and because 
of the fact that the ?rst section 4 may act as an immovable 
base for the ?rst movement transmission apparatus (dis 
cussed beloW), and thus plays no part Where the movable 
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Weights of each transmission unit 2 are concerned. Instead 
of the bar shaped designed ?rst section 4, this can also be 
fashioned, in a third alternative, as in the form of tWo, 
separately present projections 18 and 20, Which individually 
can be secured on an immovable base of the ?rst movement 
transmission apparatus. 

[0030] A pair of bars 22 and 24 extend adjacent the side 
surface 12 and 16, respectively, of the ?rst section 4. The bar 
22 extends adjacent to the side surface 12, While the bar 24 
similarly extends adjacent to the side surface 16. The bars 22 
and 24 are coupled by means of the respective bend linkages 
26 and 28 to the corresponding projections 18 and 20. The 
bend linkages 26 and 28 alloW the bars 22 and 24, respec 
tively, a sWinging movement from right to left in the 
embodiment depicted in FIG. 1a. 

[0031] The second section 6 includes a ?rst leg section 30 
and a second leg section 32. The ?rst and second leg sections 
30, 32 are coupled together in the shape of a right angle. The 
angular shaped second section 6 is placed in relation to the 
?rst section 4 as shoWn in FIGS. 1a and 1c such that the ?rst 
section 4 and the bars 22, 24 lie Within the area partially 
bounded by the ?rst and second leg sections 30, 32. 

[0032] On the inner side of the ?rst leg section 30, Which 
inner side is adjacent to the empty area, the bars 22 and 24 
are coupled to the ?rst leg section 30 by means of additional 
bend linkages 34, 36. In other Words, the front side of the bar 
22, by means of the bend linkage 34 in the front side of the 
?rst leg section 30 is coupled With the inner side of the ?rst 
leg section 30. Thus, the bar 22 is situated at right angles to 
the ?rst leg section 30. The bar 24 is, by means of its front 
side and the bend linkage 36 coupled With the inner side of 
?rst leg section 30. Also, the bar 22 is perpendicular to the 
?rst leg section 30. 

[0033] These form, based on the projections 18 and 20, the 
tWo bars 22 and 24, the four bend linkages 18, 20, 34 and 36, 
a parallelogram bend linkage, Which in embodiment 
depicted in FIG. 1a is sWingable from left to right in the 
manner shoWn in FIG. 1c. With the ?rst section 4 held ?rm, 
the tWo bars 22, 24 sWing respectively about their oWn bend 
linkages 26, 28 in pendulum like movement, While the ?rst 
leg section 30 carries out a translation-movement from left 
to right and vice versa (see FIGS. 1a and 1c). Due to the 
design of this parallelogram-linkage, the translation-move 
ment from right to left is an enforced-coupling, superim 
posed, translation movement of the second section 6 from 
above to beloW and vice versa. This, possibly undesirable 
superimposed translation movement can, by a corresponding 
combination of several transmission units 2, possibly be 
compensated for (see beloW for more). 

[0034] A second leg section 32 of the second section 6 
possesses on its tWo ends respectively a one piece, con 
nected projection 42 and 44. On these projections 42, 44, are 
respectively a bar 46 and 48, Which are linked by a corre 
sponding double linkage 50, 52. The bar 46 runs, in this 
situation, oppositely to side surface 10 of the ?rst section 4, 
While the bar 48 runs oppositely to outside of a ?rst leg 
section 30 of the second section 6. Considered together, thus 
the tWo bars 22 and 24 enclose the ?rst section 4 betWeen 
them, While the tWo bars 46 and 48, along With the ?rst leg 
section 30, bound the ?rst section 4 in the transverse 
direction. Further, the tWo bars 46 and 48 are, as stated, 
orthogonal to the tWo bars 22 and 24. 
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[0035] The double linkage 50, as seen in the embodiment 
of FIG. 1a, d, is composed of a ?rst (single) linkage 54 and 
a second (single) linkage (56) Which are arranged orthogo 
nally to one another. The ?rst bend linkage 54 permits the 
bar 46 and 48 a sWinging movement as is shoWn in the 
embodiment of FIG. 1a, from above to beloW and vice 
versa. The second bend 56 of the double linkage 50 and 52, 
enables the bars 46 and 48 a sWing movement—of the 
embodiment shoWn in FIG. 1a—outside the plane of the 
draWing (also refer to FIGS. 1b, 1a) 

[0036] The bars 46 and 48 are, With their tWo other ends, 
respectively coupled With a double bend linkage 58 and 60 
to the output section 8. Further, the double linkages 58 and 
60, respectively in the forWard area of the output section 8, 
are coupled onto a longitudinal side of said output section 8. 
Thus, the bars 46 and 48 stand perpendicular to this longi 
tudinal side of the output-side 8. Both double bend linkages 
58 and 60, are built up from a combination of the ?rst 
(single) linkage 54 and the second (single) linkage 56. 

[0037] There is in each of the double bend linkages 50, 52, 
58 and 60 a ?rst bend linkage 54 made serially functional in 
a coupling With a second bend linkage 56, Which is accom 
plished by a load apportioning section 62. The load appor 
tioning section 62, in this action, is a bar shaped section, 
shortened in its length, the cross-section of Which is made to 
correspond With that of the bar 46 (the cross-section can be 
of optional shape, particularly it must suit the forces of said 
loadings). It length should at least be so long, that no notch 
loadings occur at the transition Zone to the tWo bend 
linkages. On the other hand, it should be short enough, that 
the tWo linkages lie as close as possible to one another. 

[0038] The double linkages, 50, 52, 58 and 60 are, in their 
longitudinal direction so dimensioned, that they correspond 
to the breadth of the bars 22 or 24. The double linkage 58, 
60 is further so placed, that the end of the ?rst bend linkage 
54 proximal to the bars 46, 48, aligns With the outside of the 
bar 22 Which is proximal to side surface 12 of the ?rst 
section 4, While the end of the second bend linkage 56 
proximal to the output section 8 aligns With the outside of 
the bar 22 Which is proximal to the output section 8. 

[0039] The bend linkages 34 and 36 are, on the other hand, 
so placed, that their centers (that is their thinnest Web) aligns 
With the side surface 14 of the ?rst section 4. The double 
linkages 50 and 52 are placed such that the ends of the 
second bend linkages 56 (Which ends are proximal to the tWo 
bars 46, 48) align With the outer side of the second leg 
section 32 of the second section 6, the outer side of Which 
is proximal to the bar 24. 

[0040] The second leg section 32 of the second section 6, 
the output section 8 and the tWo bars 46 and 48 form thus, 
a second parallelogram sWinging element, Which makes 
possible for the output section 8, as seen in the embodiment 
shoWn in FIG. 1a, a sWinging action both upWard to 
doWnWard and vice versa, i.e. out of the plane of the 
draWing. Once again, these tWo movements, Which are 
translational in nature and orthogonally directed to one 
another, are overridden by respective, orthogonally directed, 
translational movements by required coupling. In the case of 
a “translational” movement of the output section 8 from 
above to beloW, an override is made by a “translational” 
movement from left to right, and in the case of a “transla 
tional” movement of the output section 8 out of the plane of 
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the drawing, likewise, an override is made by a “transla 
tional” movement from right to left. 

[0041] FIG. 2 shows a plan vieW of a transmission unit 2 
assembled in accordance With the teachings of a second 
preferred embodiment of the invention (Which transmission 
unit 2 is employed in a ?rst movement transmission appa 
ratus of FIG. 4) in Which the double bend linkages 50, 52, 
58 and 60, are made from tWo bend linkages 54 and 56. The 
bend linkages 54, 56 shoW an angle of about 60° to one 
another, as Well as an angle of about 30° aWay from the plate 
plane of the transmission unit 2. This is particularly advan 
tageous, if the transmission unit 2, by means of the Wire 
spark erosion Work has been made out of one piece of plate 
shaped material, (for instance, a titanium alloy). In the case 
of this mode of production, there can be on the plate surface, 
namely Working remnants of the holding of the Workpiece, 
i.e. by additional turning of the Workpiece on the Work 
bench, When the plate-like extension of the transmission unit 
2 does not overstep the maXimal alloWable cross-sectional in 
this type of metal Working. 

[0042] The double bend linkages 50, 52, 58 and 60 shoWn 
in FIG. 2, 2a, and 2b, noW make possible a production 
method, Without these problematic plate parallel cuts, since 
their bend linkage 56 rotates out of the plate plane. When 
this is done, then the output section 8 can still carry out the 
same sWinging movements in relation to the second section 
6. This is enabled in that the double bend linkages 50, 52, 58 
and 60 are so dimensioned, that they alloW, besides their 
normal sWing movement, also a tWist movement. This 
means, that the second bend linkage 56 can make a tWist 
movement of the bar 46 relative to the load apportionment 
section 62, and the ?rst bend linkage 54 can make a tWist 
movement of the load apportionment section 62 in relation 
to the projections 42. The bar 46, in a sWinging movement 
of the output section 8 from above to beloW or vice versa, 
that is, out of the draWing plane, can carry out a tWist, or 
torsion movement, Which, because the tWist of the ?rst and 
the second bend linkage 54 und 56 is a necessary adjunct of 
the forced coupling of the sWinging movement. 

[0043] In the case of the perspective vieW presented in 
FIG. 3, a transmission unit 2 assembled in accordance With 
the teachings of a third preferred embodiment of the present 
invention is shoWn, Which shoWs the limitation of the 
sWinging range of the second section 6 in relation to the ?rst 
section 4 by means of a recess 38. The recess 38 is provided 
in the side surface 14 of the ?rst section 4. The recess 38 is 
engaged by a protuberance 40, Which protruberance is 
located on the inside of the ?rst leg section 30. The recess 
38 and the protuberance 40 are, in this function, so dimen 
sioned, that the ?rst leg section 30, proceeding from its idle 
position respectively can carry out a de?ned maXimal dis 
placement to the left and/or right. This maXimal displace 
ment, can occur because of the maXimum alloWable bending 
angle of the bend linkages 26, 28, 34 and 36. 

[0044] Further, in the output section 8 is provided an 
additional recess 64 for the acceptance of an elongation 66 
of the projection 18 of the ?rst section 4. The recess 64 and 
the elongation 66 operate similar to the protuberance 40 and 
the recess 38 to form a mechanical detent means, Which 
limits the sWinging movement of the output section 8, as 
shoWn in the FIG. 1 embodiment, in its movement from 
above to beloW. An additional, not shoWn mechanical block 
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age for the limitation of the sWinging range out of the plane 
of the draWing can be provided, in that on the elongation 66 
shoWn in FIG. 3, respectively, on the under and the upper 
sides a projecting collar is provided, Which limits a sWinging 
movement of the output section 8 out of the draWing plane. 

[0045] In the third embodiment eXample (?rst movement 
transmission apparatus) shoWn in FIG. 3, for the purpose of 
Weight reduction of the movable parts, the second leg 
section 32 of the second section 6 is designed With a large 
open end cutout 68. The second leg section 32 possesses 
noW, the shape of a narroW bar With tWo offset projections 
42, 44 on the said bar ends. 

[0046] FIG. 4 depicts a perspective vieW of a ?rst embodi 
ment of an invented ?rst movement transmission apparatus 
70, Which is composed of three transmission units 2 respec 
tively coupled With one another by means of the output 
section 8 of each. These three transmission units 2, in the 
embodiment of a ?rst movement transmission apparatus 70 
shoWn in FIG. 4, are certainly not mounted orthogonal to 
one another because of their plate shaped extension, but 
because their arrangement makes possible a coupled move 
ment of the output sections 8 Which are bound to one another 
With three degrees of freedom of movement. 

[0047] For a positioning of the output sections 8, Which 
are coupled together, the second sections 6 of the three 
transmission units 2, are coupled respectively by their sec 
ond leg section 32 With a drive means 72. The drive means 
72 is designed as an electromechanical actuator, Which, in 
relation to FIG. 6 Will be described in greater detail. The 
drive means 72 are respectively so dimensioned along their 
drive direction, that they ?t Well into the cutout 68 of the 
second leg section 32. In this matter, the interior of the 
cutout 68, is rigidly bound With the movable, driven com 
ponent 74 of the driving means 72, While the immovable, 
driving part 76 of the drive means 72 is rigidly af?Xed to the 
solid base in the Work room (not shoWn in FIG. 3) of the ?rst 
movement transmission apparatus 70. With this solid base, 
of the ?rst movement transmission apparatus 70, respec 
tively also the ?rst sections 4 of the three transmission units 
2 are rigidly af?Xed together. 

[0048] The shoWn driving means 72 advantageously 
alloWs a small movement of its driven component 74 
orthogonal to its drive direction (When both parts 74 and 76 
are correspondingly constructed—see FIG. 6). This is 
advantageous, since the section 6, by its movement in the 
drive direction alWays carries out an enforced coupled 
movement perpendicular to the drive direction. In the case 
of a drive means 72 constructed as a spindle drive, then the 
“solid” part, for instance, must be ?rmly bound to the base 
by means of a bend linkage, so that its spindle is not tilted. 

[0049] Each transmission unit 2 carries out a driven move 
ment of its output section 8 along the driving direction of its 
oWn driving means 72, Wherein each transmission unit 2 
form a rigid unit along this drive direction. This drive 
movement leads each transmission unit 2 by means of its 
?rst parallelogram sWing linkage, this being comprised of 
the bend linkages 26, 28, 34 and 36. Perpendicular to this 
drive direction (or Within an optional angle thereto) each 
transmission unit 2 alloWs a transitional movement in the 
drive direction of the tWo other transmission units, by means 
of its second parallelogram sWing linkage, the latter con 
sisting of the double bend linkages 50, 52, 58 and 60. The 
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said transitional movement, may be more exactly described 
as a swing movement Without rotation of the output section 
8. 

[0050] Because of the special arrangement shoWn in FIG. 
4 of the transmission units 2, each transmission unit 2, When 
it is driven alone, the other tWo transmission units 2 not 
being driven, besides the “swing movement” of the ?rst 
parallelogram-sWinging linkage (along the drive direction), 
carries out an enforced coupled “sWing movement” by 
means of the second parallelogram sWing linkage (and 
indeed principally by means of the second bend linkage 56 
of the second parallelogram sWing linkage is the “sWinging” 
accomplished). The ?rst parallelogram sWing linkage has, 
namely, also the above mentioned, enforced coupled trans 
lational cross movement, perpendicular to the driven trans 
lational movement. This enforced cross movement is picked 
up by a output section 8 Which is non-yielding to the cross 
movement in this direction (the driving means 72 in the tWo 
other transmission units 2, place a block in the direction of 
this cross movement). 

[0051] As becomes evident from the above arrangement of 
the single transmission units 2, these can be arranged at an 
optimal angle to one another. In doing this, one of these 
transmission units 2, even Without a drive means 72, can 
serve as a stabiliZing means for the movement of the 
common output section 8. 

[0052] FIG. 5 shoWs a perspective vieW of a second 
embodiment of a positioning apparatus 80 With a ?rst 
movement transmission apparatus 70, Which is a combina 
tion of three transmission units 2 orthogonally aligned With 
one another. These three transmission units 2 are respec 
tively rigidly af?xed, one to the other by means of a solid 
angle member 82 joining their output sections 8 With fas 
tening screWs 78. The said solid angle member 82 also 
carries a positioning pointer 84. The transmission units 2, in 
turn, are solidly af?xed in the Workroom to a base 88 by 
means of fastening screWs 86 Which penetrate the ?rst 
sections 4. The said rigid base 88 can, in this arrangement, 
take on the shape of a holloW block, in Which, the required 
driving means 72 for the transmission units 2 are af?xed, as 
Well as the (not shoWn) control means and positioning 
measuring devices. The transmission units 2 are so placed in 
relation to the outer edges of the rigid base 88, that the 
individual “sWing movements” are not interfered With by an 
object possibly standing in the paths thereof. The same 
applies for the fastening of the solid angle member 82 to the 
output sections 8. 

[0053] By means of the drive of the transmission unit 2 
shoWn in FIG. 5, located on the draWing to the right, ie on 
the negative ordinates of the y-axis, being superimposed on, 
for instance, the transmission unit 2 situated to the left in 
FIG. 5, through a corresponding “sWing movement” of its 
output section 8, a movement component is induced in the 
negative Z-direction. (This movement component can be 
likeWise evoked through the ?rst parallelogram-sWing 
movement of the left-lying, driven transmission unit 2). This 
movement component in the negative Z-direction can be 
compensated for by a corresponding drive in the FIG. 5 left 
situated transmission unit 2 in a positive Z-direction. The 
same applies for the drive of the positioning pointer 84 in the 
X and Z directions, in Which a corresponding compensation 
movement of the tWo other transmission units 2 is required. 
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[0054] These compensating movements can be regulated 
by a (not shoWn) control means With an integrated correction 
algorithm. The correction algorithm can, for this purpose, 
store the individual forced couplings in the form of a 3x3 
correction matrix, Which is multiplied by the 3-D movement 
vector of the desired spatial movement of the positioning 
pointer 84. As a result, the current movement component to 
be driven by each transmission unit 2 is obtained. This 3x3 
correction matrix can then, be determined either by a com 
puter from the geometry of the entire arrangement, or by 
means of a maximum of nine measurements of the spatial 
disposition of the positioning pointer 84 in different posi 
tions of the three driving means 72 of the three transmission 
units 3. 

[0055] The solid base 88, again, can be coupled With (not 
shoWn) large scale macro positioning, so that, as a Whole, the 
pathWay of the positioning pointer 84 is increased in scale. 
With appropriate design of the transmission units 2 and the 
positioning apparatus 80, the positioning pointer folloWs, 
namely, movements in the millimeter range, Which is espe 
cially governed by the alloWable sWinging movements of the 
bend linkage (about +/—10°) and the length of the bars 22, 
24, 46 and 48. 

[0056] The solid base 88 can be so installed in the Work 
room, that upon the moving of the positioning pointer in the 
Z-direction, (Which has been aligned in reference to the 
gravity axis), either only one transmission unit 2 (?rst 
alternative) is driven, or (second alternative) all three trans 
mission units 2 must be simultaneously driven. The second 
alternative has the advantage, that the drive means 72 of all 
three transmission units 2 must be, capacity Wise, built to be 
equally strong. In the case of the ?rst alternative, for the 
movement of the positioning pointer 84 in the Z-direction, 
the transmission unit 2 must be designed either stronger in 
its capacity and/or it must be coupled With a functional, 
parallel acting spring means betWeen the ?rst section 4 and 
the second driven section 6. In this Way, a preset tensioning 
against the force of gravity is produced. On the other hand, 
in the case of the second alternative, for a movement solely 
along the X and Y or the Z-axial directions, alWays, respec 
tively, all three transmission units 2 must be driven. This 
does not present any problem under the current control 
means of today. 

[0057] The driving means 72 can respectively be coupled 
With a (not shoWn) measurement apparatus, Which can 
separately determine the relative position of the second 
section 6 in relation to the ?rst section 4 of each transmission 
unit 2. With this feature, an exceptionally exact control of 
the positioning pointer 84 becomes possible. Further, With 
such a formulation, the positioning apparatus 80 can be 
designed as a joystick With force feedback. The joystick is, 
in this case, rigidly bound to the positioning pointer 84, so 
that a spatial movement of the joystick by the three (not 
shoWn) measurement devices can be determined and by the 
corresponding driving means 72, a force feedback to the 
joystick can occur. 

[0058] The ?rst and the second parallelogram sWing link 
age can be so constructed, that it, instead of a “sWinging 
movement” carries out a rotational movement of respec 
tively the ?rst leg section 30 or the output section 8 about a 
respective point of reference. This can be carried out, in that 
the bars 22 and 24 (or 46 and 48) of the tWo parallelogram 
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swinging linkage, are not parallel to one another, but are 
aligned somewhat trapeZoidally to one another. With a 
corresponding positioning apparatus 80, thus, a rotation of 
the positioning pointer 84 about the X, or Y, or Z aXis Would 
be possible. Such a positioning apparatus could be function 
ally, serially coupled With the positioning apparatus 80 
shoWn in FIG. 4, so that, a movement of the positioning 
pointer 64, independently, With siX degrees of freedom of 
movement is possible (three movements of translation and 
three movements of rotation). Obviously, also any other 
combination on transmitter unit 2 is possible so that com 
bined, a play space of from tWo to siX degrees of freedom of 
movement is covered. 

[0059] FIG. 6 shoWs a cross-section of a driving means 
72, based on a design of electro magnetic actuator. The 
movable and driven component 74 of the driving means 72, 
eXhibits, in its function, a boX shaped pot-like shape, the 
outer base of Which is rigidly bound to the second leg section 
32 of the second section 6. The immobile, driving compo 
nent 76 of the driving means 72, possesses an E-shape, the 
under and upper cross pieces of Which are designed as 
permanent magnets. 

[0060] As an alternative, a permanent magnet 90 in the 
area of this cross piece can be rigidly bound to the stationary 
component 76. The average cross piece 91 of the immobile 
component 76 protrudes upWard into the opening of the pot 
shaped component 74 and essentially ?lls the cross-section 
of the same. Further, the Wall thickness of the pot-like 
portion 74 is so dimensioned, that it essentially ?lls the free 
space betWeen the stationary cross pieces. About the outer 
section of the pot shaped component 74 (for instance, 
incorporated in the outer Wall) is a current carrying Winding 
92, Which, upon How of an electric current, induces a 
magnetic ?eld Within the pot shaped component 74 Which is 
directed toWard, or aWay from the said pot bottom. This 
magnetic ?eld acts upon the pole shoe of the central core 91 
formed by the tWo permanent magnets 90 of the immobile 
component 76. Dependent upon the applied strength of 
current, and the counter force of the driven, movable com 
ponent 74, the relative position of the movable component 
74 to the immobile component 76 becomes determined. The 
said counter force, in the shoWn positioning apparatus 80 of 
FIG. 5 is evoked by the individual bend linkages 26, 28, 34, 
36, 50, 58 and 60, When these are sWung out of their idle 
positions. Since the force on the movable component 74 is 
proportional to the applied current, a good control of the 
linear movement can be achieved. In coaction With a cor 
responding measurement instrument and an associated con 
trol loop betWeen the measurement equipment and the 
driving means 72, a very close control of the linear move 
ment can be carried out. 

[0061] FIG. 7 depicts tWo perspective vieWs of a special 
embodiment of notched bend linkages as installed in the 
invented movement transmission apparatus. In the illus 
trated embodiment of FIG. 7, the notching is circular in 
shape (all other kinds of notching are alloWable). Addition 
ally, in the tWo illustrative presentations of FIG. 7, respec 
tively the various parameters are inscribed, Which can be 
utiliZed in the description of the circular shaped bend 
linkages. Acircular bend linkage can be looked upon as a bar 
With a varied cross-section. 

[0062] In case a pure bending moment M acts upon the 
apeX of this bend linkage, this then bends through an angle 

Feb. 21, 2002 

0t. The angular rigidity of the bending element is de?ned as 
K=M/ot. This angular rigidity K can be approximated by a 
simpli?ed formula, Which provides a very close approach to 
the true value of the actual angular rigidity: 

[0063] Wherein: 

[0064] E=Young’s modulus of elasticity, 

[0065] b=the Width of the bend linkage, 

[0066] e=the thickness of the bend linkage at its 
thinnest section, and 

[0067] r=the radius of the circular cutout. 

[0068] Proceeding from this formula, further, an approxi 
mating formula for the maXimum bending loading in the 
said bend linkage can be evolved as a function of the 
bending angle 0t: 

[0069] This formula Will make plain, that small radii of the 
circular bend linkage give a high bending loading, and 
conversely, large radii provide a loW bending loading. This 
shoWs, that in the course of the miniaturiZation of the 
transmission unit 2, the single sections 4, 6 and 8 could be 
also bound together by simple circular shaped bend linkages 
of large radius (instead of additional parallelogram sWing 
linkage construction by the bars 22, 24, 46 and 48), so that 
in the result, principally We have only one kinematic 
arrangement of bend linkages orthogonally connected With 
one another. The three sections 4, 6 and 8 of the transmission 
unit 2 are, on this account, required to be only so largely 
dimensioned, that they offer a means of load apportionment 
betWeen the bend linkages Which are serially coupled With 
one another, and further, the said sections are to offer a 
binding possibility With the drive means 72, that is, With the 
output 82 and 84, i.e. the fastening to a solid base 88. 

[0070] For further details regarding the construction of the 
circular shaped bend linkages, especially in connection With 
their fabrication by an electro erosion process, refer to the 
publication “Fatigue Failure Of Thin Wire Electrodischarge 
Machined Flexible Hinges” by Simon Henein, Cedric 
Aymon, Stefano Bottinelli and Reymond Clavel, published 
in Procedures of SPIE Symposium on Intelligent Systems 
for Advanced Manufacturing, Boston, Mass., USA, Sep. 
19-22, 1999. 

[0071] FIG. 8 shoWs, in perspective vieW, an embodiment 
of a further positioning apparatus With a second movement 
transmission apparatus, Which is comprised of three trans 
mission units 2‘, similarly constructed to the transmission 
units 2 of the ?rst movement transmission apparatus. The 
transmission units 2 and 2‘ essentially differ in that in the 
case of transmission unit 2‘, respectively, the ?rst section 4, 
as Well as parallelogram-bending linkage composed of bend 



US 2002/0020069 A1 

linkages 26, 28, 34 and 36, along With the bars 22 and 24, 
between the ?rst section 4 and the second section 6 are 
lacking. Further, the input-side second section 6‘ is con 
structed somewhat differently than before. As to the rest, the 
transmission unit 2 and 2‘ are, hoWever, identically built, so 
that for a description thereof, reference is made to the above 
description. 
[0072] On the second section 6‘ of that transmission unit 
2‘ is a movable, driven part 94 of a drive means 96 so 
installed, that the second section 6‘ of each transmission unit 
2‘ is driven at a speci?ed angle in relation to the correspond 
ing extension direction of the associated transmission unit 2‘. 
In this case, a stationary driving part 98 of the drive means 
is constructed as a kind of travel rail, along Which the 
movable part 94 is moved in the fashion of a kind of linear 
motor. In the embodiment shoWn in FIG. 8, the drive of the 
second (input) section 6‘ of all three transmission units 2‘ 
runs parallel to the Z-direction, Which, in FIG. 8, is from 
above to beloW (this does not alWays have to be the case, for 
instance, all three immobile parts 98 can be placed at a 
speci?c angle to the Z-direction). Moreover, in the embodi 
ment shoWn in FIG. 8, the second (input) sections of each 
transmission unit are placed at the same angle to the ?xed 
part 98 of its corresponding drive means (alternatively, these 
can also be installed at different angles). 

[0073] This angle, for this service, can lie betWeen 90° and 
180°, Whereby the outside limiting values, ie 90° and 180°, 
are themselves excluded and such angles as approach these 
values are unfavorable, since in this range of angles, the 
pathWays of the coupled output sections 8 vertical to the 
Z-direction, Would be reduced to near Zero. The optimal 
situation is shoWn in the con?guration of FIG. 8, Wherein 
the angle is 135°, at Which value, besides the long pathWay 
along the Z-direction, also maximum pathWays are possible 
in the X and Y directions. The pathWay in the Z-direction is, 
for instance, predetermined by the length of the solid part 98 
(i.e.—the pathWay of the linear motor). 

[0074] The movement of the coupled output sections 8 in 
the X or Y directions, is done by different adjustments of the 
Z-coordinate of the three pieces 94 Which move relative to 
their ?xed rod-like component 98. Should, for instance, the 
left (as in the draWing) transmission unit run upWards from 
the position shoWn in FIG. 8, then the coupled output 
section 8 also runs upWard in the Z-direction but also in the 
X-direction to the left. By appropriate counter control, the 
tWo transmission units to the right (again per the draWing) 
moving doWnWard, can, for instance, can make only one 
movement of the coupled output section 8 in the X-direction 
to the left. Thus, an independent control of the coupled 
transmission units in all three spatial directions is possible. 

[0075] The extended direction of the transmission units 2‘ 
run along the bar 46, 48 betWeen the second section 6‘ and 
the output section 8 (in FIG. 8, in the case of the non 
compensated position of the double bend linkages 50, 52, 58 
and 60). 

[0076] Further structural and operational features of the 
disclosed embodiment(s) Will noW be discussed. With the 
disclosed design(s), the movement superimposed by pulse to 
the input section (the 2nd section) is precisely transmitted to 
the output. The principal advantage in the use of bend 
linkages in contrast to sliding joints or rollers as sWinging 
connections, is the absence of friction, Wear, mechanical 
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play and the general imperviousness to collecting interfering 
contamination. Further, a high degree of mechanical rigidity 
can be achieved, dependent upon the chosen general build 
up of a transmission unit. Such a structure is extremely 
important, especially for precision movements. With such a 
movement transmission apparatus, in the positioning of the 
output section, one can achieve, for instance, a positioning 
of 0.01 pm Within a total travel range of something like +/—1 
mm per dimension. 

[0077] By means of a bend linkage, that kind of an elastic 
linkage should be understood as it is used in special arrange 
ments of different elastic materials (see more beloW). Such 
a bend linkage, can, in its service, carry through various 
different types of movement, for instance, a sWinging move 
ment, a torsion movement or an axial movement, (compres 
sion vs tension). For a general illustration of special bend 
linkages, reference is made to the descriptions With the aid 
of the draWings given in the last part of this disclosure, the 
publication of Which is taken cogniZance of in this present 
description. 
[0078] In accordance With one or more of the preferred 
embodiments, the movement transmission apparatus may be 
constructed so that it transmits tWo entry side movement 
components (for instance, tWo translated input movements 
along the X and the Y axes) into an output movement of the 
movement transmission apparatus With at least tWo coupled 
degrees of freedom of movement, for instance, in the X and 
Y directions. In doing this, it is not absolutely required that 
translated movements once again must be converted into 
translated movements. Besides this, optional combinations 
of rotation and translation movements (the sWinging move 
ment here is considered a combination of rotation and 
translation movement) can be reformed into an exit move 
ment, Which, likeWise exhibits different kinds of freedom of 
movement, that is, any combination of rotation and trans 
lation movement. 

[0079] Beyond this, the reforming of the movement need 
not be in a 1:1 ratio, that is, the number of the input-side 
degrees of freedom of movement do not necessarily have to 
be the same number of the output-side degrees of freedom 
of movement. This should be valid principally for the most 
simple case of tWo input-side degrees of freedom of move 
ment, Which are converted into an output-side movement 
With tWo coupled degrees of freedom of movement, not one 
degree of freedom for pure translation or rotational move 
ment. The input section of a transmission unit can, for 
instance, in accord With its degree of freedom of movement, 
be forced along a complicated spatial path. 

[0080] The transmission of movement can, likeWise, can 
be effected in a direction from the output-side of the move 
ment transmission apparatus to the respective input section 
of the transmission unit, Which is especially advantageous 
for the subsequently described measurement device. 

[0081] Among the individual sections of a transmission 
unit, by a corresponding miniaturiZation of the movement 
transmission apparatus only such transmission sections be 
understood, Which couple the tWo bend linkage means With 
one another. By appropriate design of these tWo bend 
linkages, the borders betWeen the linkage means and the 
individual section merge into one another. In this lies exactly 
the advantage of the disclosed embodiment, since in the case 
of a design of the coupling means Wherein they appear as 
bend linkages, such a miniaturiZation becomes very easy. 
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[0082] However, care must be taken in the dimensioning 
of material thicknesses, in order that the individual bend 
linkages are properly constructed. 

[0083] Advantageously, the movement transmission appa 
ratus encompasses three transmission units for the transmis 
sion movement components received on three input sec 
tions, With, respectively, one degree of freedom of 
translation movement in one output-side movement With 
three degrees of freedom of translational movement. In this 
case, a movement transmission apparatus has been created 
Which is simple to control, as seen from the geometric point 
of vieW, and Which enables the spatial movement of its 
output in three dimensions. The three degrees of freedom for 
the input-side movements, must, in this case, not be arranged 
orthogonally to one another. 

[0084] For additional increase of the precision, the indi 
vidual transmission units are preferably constructed of one 
piece. In other Words, principally all sections, including the 
bend ?exures of a transmission apparatus are made out of 
one piece. Dependent upon the various demands as to 
precision, single transmission units of a movement trans 
mission apparatus can be single piece or multipiece in 
construction. 

[0085] Advantageously, the ?rst bend linkage means and/ 
or the second linkage means can each be made in the shape 
of a parallelogram element, Wherein the parallelogram 
sWing linkage encompasses a bar pair With respectively one 
bend linkage at all four bar ends, and the tWo ends respec 
tively of one bar, by means of the corresponding bend 
linkage, are respectively coupled With the ?rst (see FIG. 4), 
the second section, that is to say, coupled to the output. With 
this special formulation of the bend linkage means, the 
rigidity of the transmission unit is further increased, and 
along With this the precision of the entire movement trans 
mission apparatus is improved. 

[0086] Advantageously, one or all linkages are made With 
indentations in the material, especially indentations of cir 
cular geometry. In the case of the various notching shapes, 
the so constructed linkage can be optimiZed in regard to the 
notch effectiveness as a high amplitude of ?exibility can be 
attained and material fatigue avoided. Large notching on the 
rim of the linkage is, naturally, avoided. Circular notching 
proves itself as advantageous by imparting a high degree of 
?exibility, Which, in the outer layers of the bend linkage, 
depresses the tendencies to tension stresses. Given an appro 
priate thickness of the bend linkage, for example, circular 
indentations at the thinnest parts and by the use of materials 
With a high modulus of elasticity, a maximal de?ection can 
be achieved up to +/—10°. Furthermore, With these bend 
linkages, no concentration of loadings can occur on the ends 
of the linkages. At this point the bend linkages can have a 
higher compressional rigidity and a loWer ?ssuring or break 
age risk. 

[0087] Advantageous are the second bend linkage means, 
Which are constructed as double bend linkages. In this case, 
one double bend linkage encompasses tWo single bend 
linkages Which are functionally bound together by a load 
apportionment means. This arrangement alloWs a sWinging 
movement, respectively, in various directions, Such a double 
bend linkage Would be advantageously installed in a move 
ment transmission apparatus. The movement transmission 
apparatus Would include, at least three transmission units. 
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This is the equivalent of three input-side movements With 
respectively different degrees of freedom of movement, and 
Which are to be transmitted to one corresponding output 
movement. The double bend linkages here, characteriZe 
themselves by their simple buildup, Which permits one 
sWing action With tWo different degrees of freedom of 
movement. 

[0088] For easier fabrication of a single piece designed 
transmission unit, these are usually built in plate form. 

[0089] Advantageously, in each transmission unit, a 
mechanical block is provided, Which limits the movement 
Zone of the second section in respect to that of the ?rst 
section. The block may also limit the second section in 
regard to the output section along the associated degree of 
freedom of movement in both directions. Advantageously, 
these mechanical blockages prevent the single bend linkage 
elements from being stressed beyond their maximum alloW 
able bend limit. 

[0090] Preferably, the individual transmission units are 
made by means of a spark erosion process, especially a Wire 
spark erosion method. This special manufacturing procedure 
has proven itself exceptionally advantageous in the making 
of the single bend linkage. 

[0091] In particular, in the case of cutting a transmission 
unit out of one piece, the ratio of the Width of the gap to the 
depth of same is extremely small. As a consequence, the 
cutting of the gap, has to be of the highest precision, Which 
leads to a better protection of the mentioned indentations 
(bend linkage) With an ongoing lessening notch action. 

[0092] Advantageously, the tWo bend linkages of the 
double bend linkage are designed to be aligned at a speci?ed 
angle to one another, and each of the tWo bend linkages is 
turned at an angle to the plate surface of the associated 
transmission unit. This is exceptionally of advantage in 
connection With the fabrication of the bend linkage. In the 
case of such machining, it is possible that principally sec 
tions up to a maximal cross-section thickness can be carried 
out. In this matter, in the case of greater surfaced, plate 
shaped transmission units, it becomes dif?cult to carry out 
cutting parallel to the plate surface. The principle is, that 
bend linkages, Which carry out a sWinging operation per 
pendicular to the plate surface, can only be produced by this 
process With great dif?culty. Advantageously in this embodi 
ment, noW the bend linkages are so turned at an angle 
relative to the plate surface, that no cut parallel to the plate 
surface need be made. 

[0093] At this point, for the retention of the desired 
sWinging movements of the output section, i.e. vertical to the 
plate surface, it is of advantage, if the double bend linkages 
Were advantageously so dimensioned, that they permit, 
besides the sWinging action, also a torsion movement. Such 
a minimal torsion movement occurs, namely, exactly by the 
above mentioned tWisting of the tWo bend linkages in regard 
to the plate surface, if these, for instance, should be turned 
to be perpendicular to the plate surface. 

[0094] An advantageous state is to have the Weight of the 
movable parts of a transmission unit minimiZed, so that the 
dynamic behavior of the same, in turn can be optimiZed. For 
this purpose, a geometric optimiZation may be carried out 
(for instance, by means of a ?nite element computation) and 
the choice of suitable materials included therein. As a Whole, 
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by this procedure, no increase in cost Worth considering 
Would be incurred, but the dynamic characteristics of said 
behavior Would be substantially improved. 

[0095] Preference is given to the fabrication of the move 
ment transmission apparatus from: 

[0096] a titanium alloy, 

[0097] steel 

[0098] stainless steel 

[0099] aluminum 

[0100] an aluminum alloy 

[0101] a titanium-nickel alloy 

[0102] copper 

[0103] a copper alloy 

[0104] a ceramic, or 

[0105] a plastic material. 

[0106] The titanium alloy or the ceramics ?nd favor 
because of their light Weight and rigidity, Which contributes 
to the dynamic behavior and precision of the movement 
transmission apparatus. Plastic raW material alloWs the pro 
duction of loW cost units (particularly in large numerical 
quantities, When injection molding is employed). Copper 
and its alloys assure a high degree of elasticity and bend 
thresholds. Further, copper and its alloys, like other metals 
and alloys, are especially Well thought of in regard to their 
electrical conductivity Which facilitates electro erosive pro 
cessing for shaping. 

[0107] The disclosed embodiment, in addition to the 
above, creates also a positioning apparatus, Which includes 
in its structure a movement transmission apparatus. In this 
arrangement, each transmission unit is coupled With a driv 
ing means for the activation of its input section to move in 
the direction of the associated degree of freedom of move 
ment. 

[0108] In a preferential Way, the said driving means is an 
electromagnetic actuator or another electromotor-like preci 
sion drive for the producing of a linear movement, this being 
coupled With a positioning means. This special means of 
drive, characteriZes itself especially by its simple buildup 
and its high precision. Non-contact driving means, such as 
Voice-Coil-Actuators, have particularly demonstrated them 
selves as favorable. For further details in regard to this Voice 
Coil Actuator, reference should be made to speci?c publi 
cations on the subject, the disclosure of Which is hereby 
incorporated into the present description. 

[0109] The positioning apparatus is advantageously con 
ceived as a ?ne-positioning apparatus and/or, by means of 
the ?rst section of each transmission unit is functionally and 
serially coupled With a macropositioning device. Thanks to 
this coupling, advantageously great processing areas With a 
high positioning resolution become available. NoW the 
possibility is open, for instance, for the very eXact determi 
nation of a given spatial position by means of measuring 
devices suitable therefor, and subsequently, by means of the 
?ne-positioning apparatus to make corrections thereto With 
micrometer precision. 
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[0110] The said driving means are advantageously regu 
lated by a controller equipped With correction algorithms. 
These correction algorithms are so formulated, that in a case 
of the driving of the output of the movement transmission 
apparatus along a speci?c direction, compensation is pro 
vided to said driving means for such translation movement 
as may have been called up by the forced coupling action of 
the bend linkages. This is true for one or more driving 
means, or one or more such bend linkages. In a preferred 
type of movement of the bend linkage, i.e., the sWinging 
movement, principally, a rotation of the linked parts occurs. 
This is valid also for the preferred parallelogram-sWing 
linkage, With Which the rotation is indeed subdued. Further, 
hoWever, the said bend linkage compels a movement com 
ponent Which is orthogonal to the main input movement 
component. Dependent upon the geometry of the linked 
parts, there is alWays a movement of said parts in tWo 
directions transverse to one another. One of these tWo 
“undesirable” movement components can noW be compen 
sated, by means of a corresponding movement of one or 
more other transmission units. These said other transmission 
units carry out a drive movement, Which at least has a 
component Which counters the said “undesirable” move 
ment. 

[0111] The positioning apparatus is advantageously 
mounted in the operating space, so that in the case of an 
output-side movement of the movement transmission appa 
ratus solely along the Z-aXis, Which is aligned along the 
gravity direction, all driving means are essentially equally 
under load. This advantageous state can be achieved, in that, 
With three transmission units, all three driving directions of 
these transmission units run at the same angle to the Z-di 
rection. Advantageously, When this is done, all driving 
means are designed to be of equal strength and capacity, that 
is, no driving means must possess a higher level of load 
along the direction of gravity ads. 

[0112] In an alternative, but also preferred embodiment, 
the positioning apparatus is so erected in the Work space, 
that by so doing, principally, the “one driving means” is 
loaded. This driving means is to be along the gravity aXis. 
Preferably, the said directed movement is resisted by a 
means provided counter to gravity. This compensating 
action can preferably be a spring, functionally coupled in 
parallel and/or the said one driving means being, in capacity, 
stronger than the other driving means. 

[0113] In accord With a further embodiment eXample, a 
measurement device has been made, Which incorporates a 
movement transmission apparatus, Whereby the input of the 
said measurement device is the output of the said movement 
transmission apparatus. In this alignment, the input section 
of each transmission unit is coupled With corresponding 
measurement devices, Which enable a position measurement 
along the associated degree of freedom of movement of the 
corresponding input section. Advantageously, With this 
arrangement, an especially, very precise measurement of 
volume of the general magnitude of some mm3 can be 
carried out. This measuring device can, for instance, be 
advantageously installed as the measuring head for a coor 
dinated measurement machine. 

[0114] The disclosed embodiment further concerns the use 
of such a positioning apparatus or measurement device in 
the area of processing Workpieces. Among these areas can be 
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mentioned: spark erosion treatment, electrochemical pro 
cessing, semiconductor fabrication, the manufacture of opti 
cal-electrical connection components, the fabrication of 
Microsystems, robotics, dynamometers and/or joy-stick 
With poWer feedback. Further applications can be found, for 
instance, in medicine during operations, in the chemical 
industry, in meter and instrument servicing, and the like. 
Generally, every technological ?eld can draW advantages 
from the present disclosure, Wherein ?ne i.e. micro adjust 
ments are necessary, for instance, tool Working, especially 
micro erosions, mask adjustments in semiconductor manu 
facture, adjustment in contact manufacture (bonding) of 
chips and the like. 

[0115] The input sections of the transmission units are 
advantageously so constructed, that the current input-side 
movements are introduced parallel to one another. In this 
Way, the difference in the travel paths of the individual 
movement components is once again reinforced. 

[0116] The transmission units of the second movement 
transmission apparatus advantageously (see the above men 
tioned preferred embodiment) in this Way, can be con 
structed similarly to the transmission units of the ?rst 
movement transmission apparatus, With the single eXcep 
tion, that here, their ?rst section as Well as the bend linkage 
of the second section by means of corresponding ?rst bend 
linkages are lacking. 

[0117] The disclosed embodiment creates further a posi 
tion apparatus With the invented second movement trans 
mission apparatus, in Which each transmission unit is 
coupled by means of its input section With a drive means for 
the driving of this input section along the corresponding 
input-side degree of freedom of movement. The driving 
means are, preferably, constructed together With the atten 
dant input sections according to the type of linear motor. 

[0118] It Will be understood that the above description 
does not limit the invention to the above-given details. It is 
contemplated that various modi?cations and substitutions 
can be made Without departing from the spirit and scope of 
the folloWing claims. 

1. A movement transmission apparatus for the transmis 
sion of at least tWo input-side (6) movement components 
With respectively one degree of freedom of movement in an 
output-side (82, 84) movement With at least tWo degrees of 
freedom of movement, or vice versa, Which per input-side 
(6) degree of freedom of movement, encompasses a trans 
mission unit (2), Whereby these transmission units (2), by 
means of their respective output sections (8) are coupled 
With one another in a functional and parallel manner, each 
transmission unit (2) includes a stationarily ?Xed ?rst sec 
tion (4) and as input section, a second section (6) Which is 
connected thereto by a ?rst linkage means (22, 26, 34; 24, 
28, 36), Which section (6) is movable linked in the direction 
of the corresponding degree of freedom of movement of the 
transmission unit (2), Whereby, the second section (6) is so 
constructed, that it, by means of a second linkage means (46, 
50, 58; 48, 52, 60) is permitted free travel along the degree 
of freedom of movement of the other transmission units (2), 
therein characteriZed, in that the ?rst (22, 26, 34; 24, 28, 36) 
and the second (46, 50, 58; 48, 52, 60) linkage means are 
constructed as bend linkages and that the second section 6, 
the second linkage means (50; 52; 58; 60) and the output 
section (8) are so constructed, that they, together, form a 
rigid structure along the input-side degree of freedom of 
movement of the associated transmission unit 
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2. The movement transmission apparatus according to 
claim 1, further comprising three transmission units (2) for 
the transmission of three input-side (6) movement compo 
nents With respectively one translational degree of freedom 
of movement to one output-side (82, 84) movement With 
three translational degrees of freedom of movement. 

3. The movement transmission apparatus according to 
claim 1, in Which each of the individual transmission units 
(2) are constructed of one piece. 

4. The movement transmission apparatus according to 
claim 1, Wherein at least one of the ?rst linkage means (22, 
26, 34; 24, 28, 36) and the second linkage means (46, 50, 58; 
48, 52, 60) are constructed in parallelogram sWing linkage, 
Whereby the parallelogram sWing linkage encompasses one 
pair of bars (22, 24; 46, 48) With respectively one bend 
linkage (26, 28, 34, 36; 50, 52, 58, 60) on all four bar ends 
and the tWo ends respectively of a bar (22; 24; 46; 48) are 
coupled With the ?rst (4) and the second (6) sections by 
means of the corresponding bend linkages (26, 28, 34, 36; 
50, 52, 58, 60). 

5. The movement transmission apparatus according to 
claim 1, Wherein at least one of the bend linkages (26, 28, 
34, 36; 50, 52, 58, 60) are constructed in particular as 
material notches, especially With a circular shaped geometry. 

6. The movement transmission apparatus according to 
claim 2, Wherein the second linkage mean, (50; 52; 58; 60) 
is constructed as double bend linkage, Wherein the double 
bend linkage incorporates a ?rst and second bend linkage 
(54, 56) each of Which is serially and functionally bound to 
the other a ?rst and second by means of a load apportioning 
means (62), thus enabling a sWinging movement in various 
directions. 

7. The movement transmission apparatus according to 
claim 1, Wherein the transmission units (2) are designed in 
a plate-like shape. 

8. The movement transmission apparatus according to 
claim 4, Wherein the ?rst section (4) and/or the output 
section (8) of a transmission unit (2) are designed in bar or 
plate shapes, and incorporate the second section (6), a ?rst 
and a second leg section (30, 32), Which, in a speci?ed angle 
are especially disposed at right angles to one another, a ?rst 
side surface (10) of the ?rst section (4) is coupled With the 
?rst leg section (30) of the second section (6) by means of 
a ?rst parallelogram sWing linkage (22, 26, 34, 24, 28, 36), 
and the second leg section (32) of the second section (6) by 
means of a second parallelogram sWing linkage (46, 50, 58, 
52, 48, 60) is so coupled With the output section (8), that the 
?rst (22, 26, 34, 24, 28, 36) and the second (46, 50, 58, 52, 
48, 60) parallelogram-sWing linkage are aligned With one 
another at a de?ned angle, especially being orthogonal to 
one another. 

9. The movement transmission apparatus according to 
claim 8, in Which the bar pair (22, 24) of the ?rst parallelo 
gram-sWing linkage (22, 26, 34, 24, 28, 36) encompass tWo 
oppositely disposed side surfaces (12, 16) of the ?rst section 
(4) and the bar pair (46, 48) of the second parallelogram 
sWing linkage (46, 50, 58, 52, 48, 60) enclose the other 
oppositely situated side surfaces (10, 14) of the ?rst section 
(4) and encompass also the ?rst leg section (30) of the 
second section 

10. The movement transmission apparatus according to 
claim 1, Wherein in each transmission unit (2) includes a 
mechanical detent (38, 40; 64, 66) Which limits the move 
ment range of the second section (6) in relation to the ?rst 
section (4) and/or the second section (6) in relation to the 
output section (8), said limitation being along the associated 
degree of freedom of movement in both directions. 
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11. The movement transmission apparatus according to 
claim 1, Wherein the individual transmission units (2), are 
machined by means of a spark erosion process, especially a 
Wire-spark erosion process. 

12. The movement transmission apparatus according to 
claim 7, Wherein the tWo bend linkages (54, 56) of the 
double bend linkage (50; 52; 58; 60) are aligned at a de?ned 
angle to one another and each of the tWo bend linkages (54, 
56) is set at a de?ned angle relative to the plate surface of 
the associated transmission unit 

13. The movement transmission apparatus according to 
claim 6, Wherein the double bend linkages (50; 52; 58; 60) 
are so dimensioned, that they alloW besides the sWinging 
movement, also a tWisting movement. 

14. The movement transmission apparatus according to 
claim 1, Wherein the Weight of the movable parts (6; 8; 22; 
24; 28; 34; 36; 46; 48; 50; 52; 58; 60) of a transmission unit 
(2) is minimiZed in accord With the said Weight. 

15. The movement transmission apparatus according to 
claim 1, Wherein the transmission unit is manufactured from 
a material selected from the group consisting of: a titanium 
alloy, a titanium-nickel alloy, steel, steel alloy, stainless 
steel, aluminum, aluminum alloy, copper, copper alloy, 
ceramic, or plastic. 

16. The positioning apparatus according to claim 1, 
Wherein each transmission unit (2) by means of its input 
section (6) is coupled With a driving means (72) for the 
activation of this input section (6) in the direction of the 
associated degree of freedom of movement. 

17. The positioning apparatus according to claim 16, in 
Which the driving means (72) is an electromagnetic actuator, 
a pieZoelectric actuator or another electromotor-like preci 
sion drive for the production of a linear movement, espe 
cially coupled With a position measurement means. 

18. The positioning apparatus according to claim 16, 
Wherein is constructed as a ?ne-positioning apparatus and/ 
or, by means of the ?rst section (4) each transmission unit 
(2) is functionally, serially coupled With a macropositioning 
apparatus. 

19. The positioning apparatus according to claim 16, 
Wherein the driving means (72) is regulated by a control 
means With correction algorithms, Whereby the correction 
algorithms are formulated so that, during driving of the 
output (82, 84) the movement transmission apparatus is 
compensated along a speci?ed direction, by means of the 
forced coupling of the bend linkages (26; 28; 34; 36; 50; 52; 
58; 60), Which evoke translational movements by corre 
sponding drives of one or several of the other driving means 

(72). 
20. The positioning apparatus according to claim 16, in 

Which the apparatus is aligned in a Work room, that during 
a output-side (82, 84) movement of the movement trans 
mission apparatus solely along the Z-direction, Which is 
aligned in the gravity direction, all driving means (72) are 
essentially equally under load. 

21. The positioning apparatus according to claim 16, 
Wherein the positioning apparatus is so installed in Work 
room, that by an output-side (82, 84) movement, of the 
movement transmission apparatus solely along the Z-direc 
tion, Which is in the gravity direction, essentially one driving 
means (72) is under load. 

22. The positioning apparatus according to claim 21, 
Wherein the driving means (72), in the case of movement 
along the Z-direction, is functionally and serially coupled in 
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parallel With a prestressed, passive means, especially a 
spring means, and/or is, in respect to poWer and capacity, 
built stronger than the other driving means. 

23. A measurement device for the measurement of a 
movement in space With a movement transmission apparatus 
in accord With one of the claims 1 to 15, the input of Which 
device is the output (82, 84) of said movement transmission 
apparatus, With Which the input section (6) of each trans 
mission unit (2) is coupled With corresponding measurement 
means, Which enable a measurement of position along the 
associated degree of freedom of the corresponding input 
section 

24. The application of a positioning apparatus or a mea 
suring device in accord With one of claim 16 in the ?elds of: 
Workpiece machining, spark-erosion machining, electro 
chemical material Working, the making of semi-conductors, 
the manufacture of optical-electronic connection construc 
tion elements, micro-systems, the robotics, usage as poWer 
meter, and/or joystick With poWer feedback. 

25. A movement transmission apparatus for the transmis 
sion of three entry side movement components With respec 
tively one degree of freedom of movement into an output 
side movement With three degrees of freedom of movement, 
or vice versa, Which comprises three transmission units (2‘) 
With respectively one input section (6) and one output 
section (8), Which, by means of their output sections (8) are 
coupled With one another in a functional, serial and parallel 
Way, each transmission unit (2‘) embraces an extension 
direction from its respective input section (6‘) to its respec 
tive output section (8) and includes linkages constructed as 
bend linkages (50, 52, 58, 60) of such a kind, that its 
respective output section (8) alloWs free movement perpen 
dicular to its extension direction, Whereby the input section 
(6‘) of the transmission unit (2‘) is so designed, that the 
respective input-side movement is introduced into an angle 
to the extension direction, therein characteriZed, in that the 
bend linkages (50, 52, 58, 60) are designed according to a 
parallelogram sWing linkage, Whereby each parallelogram 
sWing linkage includes a bar pair (46, 48) With respectively 
one bend linkage (50, 52, 58, 60) on all four bar ends and the 
tWo ends, respectively of one bar, (46; 48) by means of the 
corresponding bend linkages (50, 52, 58, 60) respectively 
are coupled With the input section (6‘) and the output section 
(8). 

26. The movement transmission apparatus according to 
claim 25, Wherein Which the input section (6‘) of the 
transmission unit (2) is so constructed, that the respective 
input-side movements are introduced parallel to one another. 

27. The movement transmission apparatus according to 
claim 25, in Which the transmission units (2) are constructed 
in accord With the features of the subordinate claims 5, 6, 7, 
11, 12, 13, 14 or 15. 

28. The positioning apparatus With a movement transmis 
sion apparatus according to claim 25, in Which each trans 
mission unit (2‘) by means of its input section (6) is coupled 
With driving means (96) for the driving of its input section 
(9‘) along the associated input-side degree of freedom of 
movement. 

29. The positioning apparatus according to claim 28, 
Wherein the driving means (96) together With the associated 
input sections (6‘) are designed in the style of linear motors. 


