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respectively having eccentric circular portions differ- ent in phase from
one another and respectively hav- FIELD OF THE INVENTION
ing the active racks supported on the eccentric circu- lar portions in such
a manner that the passive rack is The present invention relates to a rotary
motion   5   moved in its longitudinal direction through the active to
longitudinal motion converting mechanism that   racks by rotary motions of
the plurality of rotatable converts rotary motion into longitudinal motion,
and  crankshafts. The rotary motion to longitudinal motion more
particularly to such a mechanism in which that  converting mechanism may
further comprise pas- conversion is performed by combination of passive
sive-rack guiding means that comprises longitudinal and active racks.
10   grooves formed In opposite side portions of the pas- sive rack and a
plurality of balls rotatably received in DESCRIPTION OF THE PRIOR ART
the longitudinal grooves. In the first embodiment, a plurality of rotatable
In the feeding mechanism of a metal cutting ma-  crankshafts respectively
have eccentric circular por- chine tool, a mechanism that converts rotary
motion   15  tions different in phase from one another and respec- into
longitudinal motion has been used. The convert-  tively have the active
racks supported on the eccen- ing mechanism is structurally simple in order
to pre-  tric circular portions in such a manner that the pas- vent the
size of the machine tool from being In-   sive rack is moved in Its
longitudinal direction through creased.
the active racks by rotary motions of the plurality of As a rotary motion
to longitudinal motion mech-  20  rotatable crankshafts. Therefore, if the
crankshafts anism of the above kind, there is known a rack-and-  rotate, at
least one of the active racks is always pinion mechanism such as that shown
in FIG. 22. In  brought into engagement with the passive rack, so this
mechanism, a rack 22 is caused to move in its  that the passive rack is
caused to move in the longi- longitudinal direction by the rotation of a
pinion 21  tudinal direction thereof. A side pressure applied to about its
own axis. Also, there Is known a mechanism   25  the individual tooth of
the active racks becomes such as that shown In FIG. 23. This mechanism Is
smaller because the passive rack is pushed by a suit- constructed such that
the direction of motion is per-  able number of teeth disposed along the
passive formed between a rack 23 and a pin gear 24 meshing  rack.
Consequently, a rotary motion to longitudinal with this rack 23.
motion converting mechanism whose thrust Is large However, there is the
drawback that the conven-  30  can be accomplished. In addition, since an
output re- tional mechanisms described above become a large   duced in
speed by one pitch of the tooth of the pas- size, because it is necessary
to decelerate the rota-  sive rack with respect to one revolution of each
of the tion of the pinion 21 or pin gear 24 with the use of an  crankshafts
is obtained by the motions of the active additionally provided speed
reducer. In addition,  racks, an additional speed reducer Is not needed.
Ac- since the number of engagement teeth between the   35  cordingly, a
rotary motion to longitudinal motion con- pinion 21 and the rack 22 or
between the rack 23 and  verting mechanism of very small size can be accom-
the pin gear 24 is small (1 or 2), the mechanism must  plished. be
constructed such that it can endure a constant     The foregoing object is
also accomplished in ac- tooth surface pressure by enlarging the respective
cordance with a second embodiment of the present tooth widths, in order to
obtain a predetermined rack   40  invention by providing a rotary motion to
longitudinal thrust. The large tooth width also causes the conven-  motion
converting mechanism comprising a passive tional mechanisms to become a
large size.          rackwith a plurality of teeth, a plurality of active
racks It is, accordingly, an important object of the pres-  respectively
having a plurality of teeth having the ent invention to provide a rotary
motion to longitudinal  same pitch asthatof the teeth of the passive rack
and motion converting mechanism which is small in size  45   meshing with
the passive rack, a casing having a plur- and has large thrust
ality of crankshafts freely rotatably supported there- on, and drive means
mounted on the casing and con- SUMMARY OF THE INVENTION
nected to one of the plurality of crankshafts for driving the one
crankshaft When the one crankshaft Is rotat- The foregoing object is
accomplished in accor-  50  ed by the drive means, the remaining
crankshafts are dance with a first embodiment of the present inven-
rotated together with the one crankshaft through the tion by providing a
rotary motion to longitudinal mo-  plurality of active racks. The plurality
of crankshafts tion converting mechanism comprising a passive
respectively have eccentric circular portions different rack with a
plurality of teeth, and a plurality of active  in phase from one another
and respectively have the racks respectively having a plurality of teeth
having   55  active racks supported on the eccentric circular por- the same
pitch as that of the teeth of the passive rack  tions in such a manner that
the passive rack is moved and meshing with the passive rack. The mechanism
in its longitudinal direction through the active racks further comprises a
plurality of rotatable crankshafts  by rotary motions of the plurality of
crankshafts. 2   



3                   EP 0 482 827 B1                 4 In addition to the
effect of the first embodiment,  the fourth embodiment has the following
advantages. the second embodiment has the following advantag-   Since the
passive rack undergoes the thrust from the es. Although in the second
embodiment only one     active racks through a plurality of the rollers
each crankshaft is driven to rotate, a smooth and slow long-   5   having a
predetermined hardness and a wide area, itudinal motion output can be
obtained. Accordingly,  the surface pressure of the teeth of the passive
rack there can be provided a rotary motion to longitudinal  can be reduced,
and a desired durability can be ob- motion converting mechanism of very
small size     talned without hardening the passive rack by carbur- which
does not require an additional mechanism for  izing, induction hardening,
etc. Accordingly, working a power.                                       10
of components can be facilitated. Further, in a case The foregoing object
is also accomplished in ac-  where friction between the roller and the
active racks cordance with a third embodiment of the present in-  became
large, the roller rotates about its axis, so vention by providing a rotary
motion to longitudinal  sticking caused by wear can be prevented. Accord-
motion converting mechanism comprising a passive   ingly, the device of the
present invention is further rack with a plurality of teeth having wave
gear-tooth  15  enhanced in durability. profile, and a plurality of active
racks respectively having a plurality of teeth having the same pitch as
BRIEF DESCRIPTION OF THE DRAWINGS that of the teeth of the passive rack and
meshing with the passive rack, the tooth of the plurality of active  The
above and other objects and advantages will racks being of semicircular arc
shape and being con-  20  become apparentfrom the following detailed
descrip- stituted by a roller. A plurality of rotatable crankshafts  tion
when read in conjunction with the accompanying respectively have eccentric
circularportions different  drawings wherein: in phase from one another and
respectively have the    FIG. 1 is a perspective view of one embodiment
active racks supported on the eccentric circular por-  of a rotary motion
to longitudinal motion convert- tions In such a manner that the passive
rack Is moved   25  ing mechanism according to the present inven- in its
longitudinal direction through the active racks  tion; by rotary motions of
the plurality of rotatable crank-  FIG. 2 is a side view illustrating
external appear- shafts.
ance of the rotary motion to longitudinal motion In addition to the effect
of the first embodiment,  converting mechanism of FIG. 1; the third
embodiment has its advantages in that the   30  FIG. 3 is a cross sectional
view taken substantial- wear on the tooth surface and the sticking of the
pas-  ly along line A-A of FIG. 1; sive and active racks can be prevented,
because the    FIG. 4 is an enlarged longitudinal sectional view tooth of
the active racks is constituted by the roller  illustrating the gear-tooth
profiles of the passive and is in rolling contact with the tooth of the
passive  and active racks of FIG. 1; rack.
35      FIGS. 5(a)-5(c) are part-sectional views illustrat- The foregoing
object is accomplished in accor-     ing how the passive rack is moved in
Its longitu- dance with a fourth embodimentof the present Inven-     dinal
direction by the active racks, respectively; tion by providing a rotary
motion to longitudinal mo-  FIG. 6 is a perspective view of another embodi-
tion converting mechanism comprising a passive         ment of the rotary
motion to longitudinal motion rack formed with a plurality
ofsemicirculargrooves so   40  converting mechanism according to the
present that a plurality of teeth having a predetermined pitch  invention;
are formed therein, a plurality of active racks respec-  FIG. 7 is a side
view illustrating external appear- tively having a plurality of teeth
having the same pitch  ance of the rotary motion to longitudinal motion as
that of the teeth of the passive rack and meshing   converting mechanism of
FIG. 6; with the passive rack, and a plurality of rotatable  45  FIG. 8 is
a cross sectional view taken substantial- crankshafts respectively having
eccentric circular    ly along line A-A of FIG. 7; portions different in
phase from one another and re-   FIGS. 9(a)-9(c) are part-sectional views
illustrat- spectively having the active racks supported on the    ing how
the passive rack is moved In Its longitu- eccentric circular portions in
such a manner that the  dinal direction by the active racks, respectively;
passive rack Is moved in its longitudinal direction   50  FIG. 10 is a
perspective view of a third embodi- through the active racks by rotary
motions of the plur-  ment of the rotary motion to longitudinal motion
ality of rotatable crankshafts. A roller chain has a plur-  converting
mechanism according to the present ality of rollers and surrounds the
active racks in such  invention; a manner that the rollers are held
equidistantly in the  FIG. 11 is a side view illustrating external appear-
circumferential direction of the chain and that the ac-  55  ance of the
rotary motion to longitudinal motion tive racks engage with the passive
rack through the    converting mechanism of FIG. 10; rollers received in
the semicircular grooves of the    FIG. 12 is a cross sectional view taken
substan- passive rack.                                         tially along
line A-A of FIG. 11; In addition to the effect of the first embodiment,
FIG. 13 is an end view, partly In section, showing 3  



5                   EP 0 482 827B1                  6 one of the active
racks shown in FIG. 10;       received, and the bottom portion 34a of the
casing 34 FIG. 14 is a side elevational view of the active  Is formed with
ball circulation passageways 34b and racks shown in FIG. 10;
34b. The active racks 32A, 32B and 32C are support- FIG. 15 is a
longitudinal sectional view illustrat-   5   ed on the eccentric circular
portions 35a, 35b and 35c ing the gear-tooth profile of the passive rack of
(FIG. 1) of a pair of crankshafts 35A and 35B in such FIG. 10;
a manner that the teeth T2 of the racks 32A, 32B and FIGS. 16(a)-16(c) are
part-sectional views illus-  32C are brought into engagement with the
passive trating how the passive rack is moved in its long-  rack 31. Each
of the crankshafts 35A and 35B is ro- itudinal direction by the active
racks, respective-  10  tatably supported on the casing 34 through a pair
of ly;                                            bearings 39 and 40. The
eccentric circular portions FIG.17 is a perspective view of a fourth
embodi-  35a, 35b and 35c of each crankshaft are formed equi- ment of the
rotary motion to longitudinal motion  angularly, and the crankshafts 35Aand
35B are con- converting mechanism according to the present  nected at their
one end with gears 36A and 36B, re- invention;
15  spectively. Therefore, when the gears 36A and 36B FIG. 18 is a side
view illustrating external appear-  rotate, the crankshafts 35A and 35B are
rotated, so ance of the rotary motion to longitudinal motion  that the
active racks 32A, 32B and 32C are rotated converting mechanism of FIG. 17;
maintaining a predetermined phase difference. The FIG. 19 is a cross
sectional view taken substan-  predetermined phase difference is determined
by the tially along line A-A of FIG. 18;          20  number of active
racks. Therefore, in this embodi- FIG. 20 is a longitudinal sectional view
illustrat-  ment the phase difference is 120 degrees. The rotary ing the
gear-tooth profile of the active rack of  motions of the active racks 32A,
32B and 32C differ- FIG. 17;                                       ent In
phase from one another cause the passive rack FIGS. 21(a)-21(c) are
part-sectional views illus-  31 to move in the longitudinal direction
thereof. The trating how the passive rack is moved In its long-  25
crankshaft driving gears 36Aand 36B are engaged by itudinal direction by
the active racks, respective-  an Input gear 37, which is mounted on an
input shaft ly;                                            38 rotatably
supported on the casing 34 through a FIG. 22 is a side view of a
conventional rotary mo-  bearing (not shown). The input shaft 38 has Its
one tion to longitudinal motion converting mecha-  end, which protrudes
outwardly from the casing 34 nism (rack-and-pinion gearing); and        30
and through which rotary input is inputted. FIG. 23 is a view similar to
FIG. 22 showing an-   While It has been described that the teeth T1 of
other conventional rotary motion to longitudinal  the passive rack 31 are
in the form of wave gear-tooth motion converting mechanism.
profile and that the teeth T2 of the active racks 32A, 32B and 32C are in
the form of semicircular are gear- DESCRIPTION OF THE PREFERRED
35  tooth profile, it is noted that the teeth T1 may also be EMBODIMENTS
in the form of semicircular arc gear-tooth profile and that the teeth T2
may also be in the form of wave Referring now in greater detail to the
drawings  gear-tooth profile. and initially to FIGS. 1-5, there is shown
one embodi-  In FIGS. 1-3, reference numerals 41, 42 and 43 ment of a
rotary motion to longitudinal motion con-  40  denote needle bearings
interposed between the ac- verting mechanism in accordance with the present
in-  tive rack 32A and the eccentric circular portion 35a vention.
Reference numeral 31 denotes a passive    of the crankshaft 35A, between
the active rack 32B rack with a plurality of teeth T1, and reference numer-
and the eccentric circular portion 35b of the crank- als 32A, 32B and 32C
denote a plurality of active  shaft 35A, and between the active rack 32C
and the racks, each of which is formed with a plurality of teeth  45
eccentric circular portion 35c of the crankshaft 35A, T2 having the same
pitch P as that of the teeth T1 of  respectively. Reference numeral 44 is a
key by which the passive rack 31. In this embodiment, the active  the gear
36A is fixedly mounted on the crankshaft racks comprise three active racks.
The teeth T1 of the  35A. Reference numerals 45 and 45 are bolts by passive
rack 31 are in the form of trocholdal or cycloi-  which the bottom portion
34a of the casing 34 is dal (wave) gear-tooth profile as shown in FIG. 4.
The   50  fixed. Reference numeral 46 is a pin by which the top teeth T2 of
the active racks 32A, 32B and 32C are In  portion 34c of the casing 34 is
fixed. Reference nu- the form of semicircular arc gear-tooth profile having
merals 47 and 48 are retaining rings for regulating ax- the same radius R
as that of a base circle of the gear-  tal movement between the casing 34
and the crank- tooth profile of the teeth T1. As shown in FIG. 3, the
shafts 35A, 35B through bearings 39 and 40. Refer- passive rack 31 is
supported through a plurality of  55   ence numeral 49 is a stop ring by
which the moving balls 33 of the circulation type to a casing 34 so that
end of the passive rack 31 is determined. it can move in the longitudinal
direction thereof. The  The operation of the embodiment of FIGS. 1-5
passive rack 31 is formed at its opposite side portions  will hereinafter
be described In detail. with longitudinal grooves 31a in which the balls 33
are  If the input shaft 38 is rotated by external drive 4 



7                  EP 0 482 827 B1                 8 means (not shown), the
input gear 37 mounted on the  Reference numeral 51 denotes a passive rack
with a inputshaft 38 will rotate and causethe gears 36Aand  plurality of
teeth T1, and reference numerals 52A, 36B meshing with this input gear 37
to rotate in the  52B and 52C denote a plurality of active racks, each same
direction. The rotations of the gears 36A and   5   of which is formed with
a plurality of teeth T2 having 36B then cause the crankshafts 35A and 35B
to be  the same pitch P as that of the teeth T1 of the passive driven to
rotate. By the rotations of the crankshafts  rack 51. In this embodiment,
the active racks com- 35A and 35B, the active racks 32A, 32B and 32C are
prise three active racks. The teeth T1 of the passive rotated maintaining a
predetermined phase differ-  rack 51 are in the form of trocholdal or
cycloidal ence. As the crankshafts 35A and 35B are rotated,  10  (wave)
gear-tooth profile. The teeth T2 of the active the tooth T2 of the active
rack 32A is rotated as shown  racks 52A, 52B and 52C are in the form of
semicircu- in FIGS. 5(a)-5(c) and the passive rack 31 in which  lar arc
gear-tooth profile having the same radius R as one side of the tooth T1
thereof is pushed by the tooth  that of a base circle of the gear-tooth
profile of the T2 is moved in its longitudinal direction X. Since the
teeth T1. As shown in FIG. 8, the passive rack 51 is active racks 32A, 132B
and 32C are rotated maintain-  15  supported through a plurality of rolling
elements, Ing a predetermined phase difference determined by  such as balls
53 of the circulation type, to a casing 54 the number of the active racks,
at least one of the ac-  so that It can move in the longitudinal direction
there- tive racks 32A, 32B and 32C is brought into engage-  of. The passive
rack 51 is formed at its opposite side ment with the passive rack 31 at the
above men-   portions with longitudinal grooves 51a in which the tioned one
side of the tooth T1 during one revolution   20  balls 53 are received, and
the bottom portion 54a of of each of the crankshafts 35A and 35B. As a
result,  the casing 54 Is formed with ball circulation passage- the passive
rack 31 is caused to move In the longitu-  ways 54b and 54b. The active
racks 52A, 52B and dinal direction X by the rotary motion of the active
52C are supported on the eccentric circular portions rack meshing with the
passive rack. Therefore, If the  55a, 55b and 55c (FIG. 6) of a pair of
crankshafts 55A crankshafts 35A and 35B make one revolutions, re-  25  and
55B in such a manner that the teeth T2 of the spectively, the passive rack
31 will be moved by one  racks 52A, 52B and 52C are brought into mesh with
pitch P of the teeth T1 or T2.                    the passive rack 51. Each
of the crankshafts 55Aand If, on the other hand, the rotary input to the
input  55B is rotatably supported on the casing 54 through shaft 38 is
reversed, the crankshafts 35A and 35B  a pair of bearings 59 and 59A. The
eccentric circular will be rotated In the opposite direction and the pas-
30  portions 55a, 55b and 55c of each crankshaft are sive rack 31 moved in
the direction opposite to the di-  formed equiangularly, and in this
embodimentthe ec- rection X. During the longitudinal movement of the
centric circular portions are spaced apart 120 de- passive rack 31 caused
by the active racks 32A-32C,  grees. If the crankshafts 55A and 55B will be
rotated, a side pressure applied to the individual tooth T2 of  the active
racks 52A, 52B and 52C are rotated main- the active racks 32A-32C becomes
smaller because  35  taining a predetermined phase difference. The prede-
the passive rack 31 Is pushed by a suitable number  termined phase
difference Is determined by the num- of teeth T2 disposed along the passive
rack 31. Con-  ber of active racks. Therefore, in this embodiment the
sequently, a rotary motion to longitudinal motion con-  phase difference is
120 degrees. The rotary motions verting mechanism whose thrust is large can
be ac-  of the active racks 52A, 52B and 52C different In complished. In
addition, since an output reduced in  40  phase from one another cause the
passive rack 51 to speed by one pitch of the tooth T1 of the passive rack
move in the longitudinal direction thereof. A drive mo- 31 with respect to
one revolution of each of the crank-  tor 60 is mounted on the casing 54
and has its output shafts 35A and 35b is obtained by the motions of the
shaft 61 that is connected through a coupling mem- active racks 32A-32C, an
additional speed reducer is  ber 62 to an Input shaft 61 of the crankshaft
55A. not needed. Thus, since a side pressure of the tooth  45  When the
crankshaft 55A is rotated bythe drive motor is small and an additional
speed reducer is not need,  60, the active racks 52A-52C are rotated and
also the a rotary motion to longitudinal motion converting  crankshaft 55B
Is rotated by the rotation of the crank- mechanism of very small size can
be accomplished.  shaft 55A. Note that the output shaft 61 of the drive
Furthermore, since the mechanism according to the  motor 60 may also be
connected to the crankshaft present invention comprises a combination of
racks,  50  55B instead of the crankshaft 55A. It can beformed into a
square shape. Also, since guid-  The operation of the second embodiment of
FIG. ing means for guiding the passive rack 31 comprises  6 will
hereinafter be described in detail a plurality of balls 33 and the grooves
31 a formed in  If the crankshaft 55A is rotated by the drive motor the
passive rack 31, the mechanism of the present in-  60, the active racks
52A, 52B and 52C will be rotated vention can be made structurally simpler
and en-  55   maintaining a predetermined phase difference. At the hanced
In reliability.                            same time, the crankshaft 55B Is
rotated by the rota- FIGS. 6-9 illustrate another embodiment of the  tion
of the crank-shaft 55B. When this occurs, the rotary motion to longitudinal
motion converting   tooth T2 of the active rack 52A, 52B and 52C Is rotat-
mechanism in accordance with the present invention.  ed as shown in FIGS.
9(a)-9(c) and the passive rack 
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side of the tooth T1 thereof is pushed  teeth T2 of the active racks 82A,
82B and 82C are In by the tooth T2 is moved in its longitudinal direction,
the form of semicircular arc gear-tooth profile having Also, since the
active racks 52A, 52B and 52C are ro-  the same radius R as that of a base
circle of the gear- tated maintaining a predetermined phase difference   5
tooth profile of the teeth T1. The semicircular arc (120 degrees)
determined by the number of the ac-  gear-tooth profile will hereinafter be
described in de- tive racks, at least one of the active racks 52A, 52B
tail. As shown in FIG. 12, the passive rack 81 s sup- and 52C Is brought
into engagement with the passive  ported through a plurality of balls 83 of
the circulation rack 51 at one side of the tooth TI during one revo-  type
to a casing 84 so that it can move in the longitu- lution of each of the
crankshafts 55A and 55B. As a   10  dinal direction thereof. The passive
rack 81 is formed result, the passive rack 51 is caused to move In the  at
its opposite side portions with longitudinal grooves longitudinal direction
by the rotary motion of the ac-  81 a in which the balls 83 are received,
and the bottom tive rack meshing with the passive rack. Therefore, if
portion 84a of the casing 84 is formed with ball circu- the crankshafts 55A
and 55B make one revolutions,  lation passageways 84b and 84b. The active
racks respectively, a decelerated output will be obtained In  15  82A, 82B
and 82C are supported on the eccentric cir- which the passive rack 51 is
moved by one pitch of the  cular portions 85a, 85b and 85c (FIG. 10) of a
pair of teeth TI or T2. In addition, a side pressure applied to
crankshafts 85A and 85B in such a manner that the the individual tooth T2
of the active racks 52A-52C  teeth T2 of the racks 82A, 82B and 82C are
brought becomes smaller because the passive rack 51 Is    into engagement
with the passive rack 81. Each of pushed by a suitable number of teeth T2
disposed   20  the crankshafts 85A and 85B is rotatably supported along the
passive. rack 51.                       on the casing 84 through a pair of
bearings 89 and 90. Accordingly, the second embodiment of FIG. 6   The
eccentric circular portions 85a, 85b and 85c of can obtain the same effect
as that of the first embodi-  each crankshaft are formed equiangularly, and
the ment of FIG. 1. Further, the inventors have made va-  crankshafts 85A
and 85B are connected at their one rious investigations and experiments and
found the   25  end with gears 86A and 86B, respectively. Therefore,
following facts. That is, a smooth and slow longitudi-  when the gears 86A
and 86B rotate, the crankshafts nal motion output was obtained although
only one  85A and 85B are rotated, so that the active racks 82A, crankshaft
55A is driven to rotate. In addition, in a  82B and 82C are rotated
maintaining a predeter- case where teeth of the same gear-tooth profile are
mined phase difference. The predetermined phase formed in the crankshafts
55A and 55B and a driving  30  difference is determined by the number of
active power is distributed to the crankshafts 55A and 55B  racks.
Therefore, In this embodiment the phase dif- by meshing one inputgearwith
the teeth of the crank-  ference is 120 degrees. The rotary motions of the
ac- shafts 55A and 55B, a smooth longitudinal motion  tive racks 82A, 82B
and 82C different in phase from was likewise obtained. Accordingly, there
can be pro-  one another cause the passive rack 81 to move In the vided a
rotary motion to longitudinal motion convert-  35  longitudinal direction
thereof. The cranks haft driving ing mechanism of very small size which
does not re-  gears 86A and 86B are engaged by an input gear 87, quire an
additional mechanism for a power distribu-  which is mounted on an input
shaft 88 rotatably sup- tion such as this. While in the second embodiment
of  ported on the casing 84 through a bearing (not FIG. 6 the crankshaft
55Aand the input shaft 71 com-  shown). The input shaft 88 has Its one end,
which pro- prise one piece member, they can be separated from   40  trudes
outwardly from the casing 84 and through each other as long as the
crankshaft 55A rotates to-  which rotary input is inputted. gether with the
Input shaft 71. As in the f irst embodi-  As is shown in FIGS. 13 and 14,
the Individual ment of FIG. 1, the teeth T1 may be in the form of  tooth T2
of the active racks 82A-82C is constituted by semicircular arc gear-tooth
profile and the teeth T2 in  a roller 91 having the above mentioned radius
R. A the form of wave gear-tooth profile. The tooth of sem-  45  plurality
of the rollers 91 are Inserted into a longitu- Icircular arc gear-tooth
profile can be made by mount-  dinal groove 92a of the individual rack in
such a man- ing a circular pin In a groove of predetermined shape.  ner
that they are freely rotatably supported through FIGS. 10-16 illustrate a
third embodiment of the  needle rollers 94 on pins 93 mounted in the active
rotary motion to longitudinal motion converting   rack, respectively.
mechanism In accordance with the present invention.  50  In FIGS. 10-12,
reference numerals 101, 102 and Reference numeral 81 denotes a passive rack
with a  103 denote needle bearings Interposed between the plurality of
teeth T1, and reference numerals 82A,  active rack 82A and the eccentric
circular portion 85a 82B and 82C denote a plurality of active racks, each
of the crankshaft 85A, between the active rack 82B of which Is formed with
a plurality of teeth T2 having  and the eccentric circular portion 85b of
the crank- the same pitch P as that of the teeth T1 of the passive  55
shaft 85A, and between the active rack 82C and the rack 81. In this
embodiment, the active racks com-  eccentric circular portion 85c of the
crankshaft 85A, prise three active racks. The teeth T1 of the passive
respectively. Reference numeral 104 Is a key by rack 81 are in the form of
trochoidal or cycloidal  which the gear 86A Is fixedly mounted on the
crank- 



(wave) gear-tooth, profile as shown In FIG. 15. The  shaft 85A. Reference
numerals 105 and 105 are bolts    11                 EP 0 482 827 B1
12 by which the bottom portion 84a of the casing 84 Is  determined radius
RI so that the teeth T1 of a pre- fixed. Reference numeral 106 is a pin by
which the top  determined pitch P are formed in the rack 211. The portion
84c of the casing 84 is fixed. Reference nu-  teeth T2 of the active racks
212A-212C have the merals 107 and 108 are retaining rings for regulating
5   same pitch P as that of the teeth T1 of the passive axial movement
between the casing 84 and the      rack 211, and are in the form of
trochoidal orcycloidal crankshafts 85A, 85B through bearings 89 and 90.
(wave) gear-tooth profile as shown in FIG. 20. As Reference numeral 109 is
a stop ring by which the  shown in FIG. 19, the passive rack 211 Is
supported moving end of the passive rack 81 is determined.  through a
plurality of balls 213 of the circulation type The operation of the third
embodiment of FIG. 10  10  to a casing 214 so that it can move In the
longitudinal will hereinafter be described in detail.          direction
thereof. The passive rack 211 is formed at If the input shaft 88 is rotated
by external drive  Its opposite side portions with longitudinal grooves
means (not shown), the input gear 87 mounted on the  211a in which the
balls 213 are received. It is noted input shaft 88 will rotate and cause
the gears 86A and  that, as shown in FIG. 17, a plurality of rollers 213
In- 86B meshing with this input gear 87 to rotate in the   15  stead of or
in addition to the balls 213 may be provid- same direction. The rotations
of the gears 86A and  ed between the casing 214 and the passive rack 211.
86B then cause the crankshafts 85A and 85B to be  The active racks 212A,
212B and 212C are supported driven to rotate. By the rotations of the
crankshafts  on the eccentric circular portions 215a, 215b and 85A and 85B,
the active racks 82A, 82B and 82C are  215c (FIG. 17) of a pairof
crankshafts 215A and 215B rotated maintaining a predetermined phase differ-
20  In such a manner that the teeth T2 of the racks 212A, ence. As the
crankshafts 85A and 85B are rotated,  212B and 212C are brought into mesh
with the teeth the tooth T2 of the active rack 82A is rotated as shown  T1
of the passive rack 211 through a plurality of roll- in FIGS. 16(a)- 16(c)
and the passive rack 81 In which  ers 221. Each of the crankshafts 215A and
215B is one side of the tooth T1 thereof is pushed by the tooth  rotatably
supported on the casing 214 through a pair T2 is moved in its longitudinal
direction X. Since the   25  of bearings 219 and 220. The eccentric
circular por- active racks 82A, 82B and 82C are rotated maintain-  tions
215a, 215b and 215c of each crankshaft are ing a predetermined phase
difference determined by  formed equlangularly, and the crankshafts 215A
and the number of the active racks, at least one of the ac-  215B are
connected at their one end with gears 216A tive racks 82A, 82B and 82C is
brought into engage-  and 216B, respectively. Therefore, when the gears
ment with the passive rack 81 at the above men-  30  216A and 216B rotate,
the crankshafts 215A and tioned one side of the tooth T1 during one
revolution  215B are rotated, so that the active racks 212A, 212B of each
of the crankshafts 85A and 85B. As a result,  and 212C are rotated
maintaining a predetermined the passive rack 81 is caused to move in the
longitu-  phase difference. The predetermined phase differ- dinal direction
X by the rotary motion of the active  ence is determined by the number of
active racks. rack meshing with the passive rack. Therefore, if the   35
Therefore, In this embodiment the phase difference crankshafts 85A and 85B
make one revolutions, re  is 120degrees. The rotary motions of
theactiveracks spectively, the passive rack 81 will be moved by one  212A,
212B and 212C different in phase from one an- pitch P of the teeth T1 orT2.
If, on the other hand, the  other cause the passive rack 211 to move in the
long- rotary input to the input shaft 88 is reversed, the  itudinal
direction thereof. The crankshaft driving crankshafts 85A and 85B will be
rotated in the oppo-  40  gears 216A and 216B are engaged by an Input gear
site direction and the passive rack 81 moved In the di-  217, which is
mounted on an Input shaft 218 rotatably rection opposite to the direction
X.              supported on the casing 214 through a bearing (not
Accordingly, the third embodiment of FIG. 10 can  shown). The input shaft
218 has its one end, which obtain the same effect as
thatofthefirstembodiment  protrudes outwardlyfrom the casing 214 and
through of FIG. 1. Further, the third embodiment has its ad-  45  which
rotary input is inputted. vantages In that the wear on the tooth surface
and   A plurality of the rollers 221 interposed between the sticking of the
passive and active racks can be  the passive rack 211 and the active racks
212A-212C prevented, because the tooth T2 of the active racks  have a
radius R2 substantially equal to or slightly 82A-82C is constituted by the
roller 91 and Is in rolling  smaller than the radius R1 of the semicircular
groove contact with the tooth T1 of the passive rack 81.  50  211a, and are
constructed such that the Individual FIGS. 17-21 illustrate a fourth
embodiment of  roller 221 can be rotated about its own axis with the the
rotary motion to longitudinal motion converting  roller 221 engaged by the
teeth T1 and T2 (FIG. 21). mechanism in accordance with the present
Invention.  The rollers 221 are freely rotatably supported on pins
Reference numeral 211 denotes a passive rack with  223, respectively, which
constitute an endless roller a plurality of teeth TI, and reference
numerals 212A,  55  chain 220, togetherwith link plates 222 connected to-
212B and 212C denote a plurality of active racks. In  gether by the pins
223. As shown in FIGS. 17 and 21, this embodiment, the active racks
comprise three ac-  the roller chain 220 surrounds the active racks 212A-
tive racks. The passive rack 211 is formed with a plur-  212C in such a
manner that the rollers 221 are held 



ality of semicircular grooves 211a each having a pre-  equidistantly in the
circumferential direction of the 7    13                 EP 0 482 827 B1
14 chain 220 and that the active racks 212A-212C en-  vantages. Since the
passive rack 211 undergoes the gage with the passive rack 211 through the
rollers  thrust from the active racks 212A-212C through a 221. In FIGS.
17-19, reference numerals 225,226 and  plurality of the rollers 221 each
having a predeter- 227 denote needle bearings interposed between the   5
mined hardness and a wide area, the surface pres- active rack 212A and the
eccentric circular portion  sure of the teeth of the passive rack 211 can
be re- 215a ofthe crankshaft215A, between the active rack  duced, and a
desired durability can be obtained with- 212B and the eccentric circular
portion 215b of the  out hardening the passive rack 211 by carburizing, in-
crankshaft 215A, and between the active rack 212C  duction hardening, etc.
Accordingly, working of com- and the eccentric circular portion 215c of the
crank-  10  ponents can be facilitated. Further, in a case where shaft
215A, respectively. Reference numeral 228 is a  friction between the roller
221 and the active racks key by which the gear 216A is fixedly mounted on
the  212A-212C became large, the roller 221 rotates crankshaft 215A.
Reference numerals 229 and 229   about its axis, so sticking caused by wear
can be pre- are bolts bywhich the bottom portion 214a of the cas-  vented.
Accordingly, the device of the present inven- ing 214 is fixed. Reference
numerals 231 and 232 are  15  tion is further enhanced in durability.
retaining rings for regulating axial movement be-    Although in the above
mentioned embodiments tween the casing 214 and the crankshafts 215A,    it
is has been described that the passive rack Is 215B through bearings 219A
and 219B. Reference    moved in its longitudinal direction, it is noted
that the numeral 233 is a stop ring by which the moving end  casing Itself
(34, 54, 84 and 214) can also be moved of the passive rack 211 is
determined.       20  on and along the passive rack when the passive rack
The operation of the fourth embodiment of FIG.  is fixed. 17 will
hereinafter be described in detail.          While the subjection invention
has been descri- If the input shaft 218 is rotated by external drive  bed
with relation to the preferred embodiments, va- means (not shown), the
input gear 217 mounted on  rious modifications and adaptations thereof will
now the input shaft 218 will rotate and cause the gears  25  be apparent to
those skilled in the art. All such mod- 216Aand 216B meshing with this
input gear 217 to ro-  ifications and adaptations as fall within the scope
of tate in the same direction. The rotations of the gears  the appended
claims are intended to be covered 216A and 216B then cause the crankshafts
215A and  thereby. 215B to be driven to rotate. By the rotations of the
crankshafts 215A and 215B, the active racks 212A,  30 2128 and 212C are
rotated maintaining a predeter-  Claims mined phase difference. As the
crankshafts 215A and 215B are rotated, the tooth T2 of the active rack  1.
A rotary motion to longitudinal motion converting 212A is rotated as shown
in FIGS. 21(a)-21 (c) and the  mechanism comprising: passive rack 211, in
which one side of the tooth T1   35   a passive rack (31) with a plurality
of teeth thereof is pushed by the tooth T2 through the roller  (T1); 221,
is moved in its longitudinal direction X. Since the   a plurality of active
racks (32A-32C) re- active racks 212A, 212B and 212C are rotated main-
spectively having a plurality of teeth (T2) having taining a predetermined
phase difference deter-     the same pitch as that of said teeth (T1) of
said mined by the number of the active racks, at least one  40  passive
rack (31) and meshing with said passive of the active racks 212A, 212B and
212C is brought   rack (31); and into engagement with the passive rack 211
through          a plurality of rotatable crankshafts (35A, the rollers 221
during one revolution of each of the  35B) respectively having eccentric
circular por- crankshafts 215A and 215B. As a result, the passive  tions
(35a, 35b, 35c) different in phase from one rack 211 is caused to move in
the longitudinal direc-  45  another and respectively having said active
tion X by the rotary motion of the active rack meshing  racks (32A-32C)
supported on said eccentric cir- with the passive rack. Therefore, If the
crankshafts  cular portions (35a, 35b, 35c) in such a manner 215A and 215B
make one revolutions, respectively,    that said passive rack (31) is moved
in its longi- the passive rack 211 will be moved by one pitch P of  tudinal
direction through said active racks (32A- the teeth T1 or T2. The
longitudinal movement of the   50  32C) by rotary motions of said plurality
of rotat- passive rack 211 causes the roller chain 220 to rotate  able
crankshafts (35A, 35B). along the active racks 212A-212C. If, on the other
hand, the rotary input to the input shaft 218 is re-  2. A rotary motion to
longitudinal motion converting versed, the crankshafts 215A and 215B will
be rotat-  mechanism as set forth in claim 1, wherein the ed in the
opposite direction and the passive rack 211  55  teeth of one of said
passive rack (31) or said ac- moved in the direction opposite to the
direction X.  tive racks (32A-32C) are In the form of wave Accordingly, in
addition to the advantages of the  gear-tooth profile and the teeth of the
other are 



first embodiment of FIG. 1 over the prior art, the   in the form of
semicircular arc gear-tooth profile. fourth embodiment of FIG. 17 has the
following ad-    13                  EP 0 482 827 B1                 14
chain 220 and that the active racks 212A-212C en-  vantages. Since the
passive rack 211 undergoes the gage with the passive rack 211 through the
rollers  thrust from the active racks 212A-212C through a 221. In FIGS.
17-19, reference numerals 225,226 and  plurality of the rollers 221 each
having a predeter- 227 denote needle bearings interposed between the   5
mined hardness and a wide area, the surface pres- active rack 212A and the
eccentric circular portion  sure of the teeth of the passive rack 211 can
be re- 215a of the crankshaft215A, between the active rack  duced, and a
desired durability can be obtained with- 212B and the eccentric circular
portion 215b of the  out hardening the passive rack 211 by carburizing, in-
crankshaft 215A, and between the active rack 212C  duction hardening, etc.
Accordingly, working of com- and the eccentric circular portion 215c of the
crank-  10  ponents can be facilitated. Further, in a case where shaft
215A, respectively. Reference numeral 228 is a  friction between the roller
221 and the active racks key by which the gear216Aisfixedly mounted on the
212A-212C became large, the roller 221 rotates crankshaft 215A. Reference
numerals 229 and 229    about its axis, so sticking caused by wear can be
pre- are bolts by which the bottom portion 214a of the cas-  vented.
Accordingly, the device of the present inven- ing 214 is fixed. Reference
numerals 231 and 232 are  15  tion is further enhanced in durability.
retaining rings for regulating axial movement be-     Although in the above
mentioned embodiments tween the casing 214 and the crankshafts 215A,     it
is has been described that the passive rack is 215B through bearings 219A
and 219B. Reference     moved in its longitudinal direction, it is noted
that the numeral 233 is a stop ring by which the moving end  casing Itself
(34, 54, 84 and 214) can also be moved of the passive rack 211 is
determined.        20  on and along the passive rack when the passive rack
The operation of the fourth embodiment of FIG.  is fixed. 17 will
hereinafter be described in detail.           While the subjection
invention has been descri- If the input shaft 218 is rotated by external
drive  bed with relation to the preferred embodiments, va- means (not
shown), the Input gear 217 mounted on   rious modifications and adaptations
thereof will now the input shaft 218 will rotate and cause the gears  25
be apparent to those skilled in the art. All such mod- 216A and 216B
meshing with this input gear 217 to ro-  ifications and adaptations as fall
within the scope of tate in the same direction. The rotations of the gears
the appended claims are intended to be covered 216A and 216B then cause the
crankshafts 215A and   thereby. 215B to be driven to rotate. By the
rotations of the crankshafts 215A and 215B, the active racks 212A,  30 212B
and 212C are rotated maintaining a predeter-  Claims mined phase
difference. As the crankshafts 215A and 215B are rotated, the tooth T2 of
the active rack  1. A rotary motion to longitudinal motion converting
212Als rotated as shown In FIGS. 21(a)-21(c) and the  mechanism comprising:
passive rack 211, in which one side of the tooth T1   35    a passive rack
(31) with a plurality of teeth thereof is pushed by the tooth T2 through
the roller  (T1); 221, is moved In its longitudinal direction X. Since the
a plurality of active racks (32A-32C) re- active racks 212A, 212B and 212C
are rotated main-   spectively having a plurality of teeth (T2) having
taining a predetermined phase difference deter-       the same pitch as
that of said teeth (T1) of said mined by the number of the active racks, at
least one   40  passive rack (31) and meshing with said passive of the
active racks 212A, 212B and 212C is brought    rack (31); and into
engagement with the passive rack 211 through           a plurality of
rotatable crankshafts (35A, the rollers 221 during one revolution of each
of the  35B) respectively having eccentric circular por- crankshafts 215A
and 215B. As a result, the passive   tions (35a, 35b, 35c) different in
phase from one rack 211 is caused to move in the longitudinal direc-  45
another and respectively having said active tion X by the rotary motion of
the active rack meshing  racks (32A-32C) supported on said eccentric cir-
with the passive rack. Therefore, if the crankshafts  cular portions (35a,
35b, 35c) in such a manner 215A and 215B make one revolutions,
respectively,     that said passive rack (31) is moved in its longi- the
passive rack 211 will be moved by one pitch P of  tudinal direction through
said active racks (32A- the teeth T1 or T2. The longitudinal movement of
the   50  32C) by rotary motions of said plurality of rotat- passive rack
211 causes the roller chain 220 to rotate  able crankshafts (35A, 35B).
along the active racks 212A-212C. If, on the other hand, the rotary input
to the Input shaft 218 Is re-  2. A rotary motion to longitudinal motion
converting versed, the crankshafts 215A and 215B will be rotat-  mechanism
as set forth in claim 1, wherein the ed in the opposite direction and the
passive rack 211  55  teeth of one of said passive rack (31) or said ac-
moved in the direction opposite to the direction X.   tive racks (32A-32C)
are in the form of wave Accordingly, in addition to the advantages of the
gear-tooth profile and the teeth of the other are 



first embodiment of FIG. 1 over the prior art, the    in the form of
semicircular arc gear-tooth profile. fourth embodiment of FIG. 17 has the
following ad- 8    15                  EP 0 482 827 B1                 16
3. A rotary motion to longitudinal motion converting   tions (85a, 85b,
85c) different In phase from one mechanism as set forth In claim 1, which
further   another and respectively having said active comprises
passive-rack guiding means compris-      racks (82A-82c) supported on said
eccentric cir- ing longitudinal grooves (31a) formed in opposite   5  cular
portions (85a, 85b, 85c) in such a manner side portions of said passive
rack (31) and a plur-  that said passive rack (81) is moved In its longi-
ality of balls (33) rotatably received in said longi-  tudinal direction
through said active racks (82A- tudinal grooves (31a).
82c) by rotary motions of said plurality of rotat- able crankshafts (85A,
85B). 4. A rotary motion to longitudinal motion converting   10 mechanism
as set forth In claim 1, wherein said  7. A rotary motion to longitudinal
motion converting plurality of active racks (32A-32C) comprise
mechanism comprising: three active racks.
a passive rack (211) formed with a plural- ity of semicircular grooves (211
a) so that a plur- 5. A rotary motion to longitudinal motion converting
15  ality of teeth (T1) having a predetermined pitch mechanism comprising:
(P) are formed therein; a passive rack (51)with a plurality of teeth
a plurality of active racks (212A-212C) re- (T1);
spectively having a plurality of teeth (T2) having a plurality of active
racks (52A-52C) re-    the same pitch as that of said teeth (T1) of said
spectively having a plurality of teeth (T2) having   20  passive rack (211)
and meshing with said passive the same pitch as that of said teeth (T1) of
said  rack (211); passive rack (51) and meshing with said passive
a plurality of rotatable crankshafts (215A, rack (51);
215B) respectively having eccentric circular por- a casing (54) having a
plurality of crank-   tions (215a, 215b, 215c) different in phase from
shafts (55A, 55B) freely rotatably supported   25  one another and
respectively having said active thereon; and
racks (212A-212C) supported on said eccentric drive means (60) mounted on
said casing       circular portions (215a, 215b, 215c) in such a (54) and
connected to one of said plurality of     manner that said passive rack
(211) is moved in crankshafts (55A, 55B) for driving said one crank-  its
longitudinal direction through said active shaft;
30       racks (212A-212C) by rotary motions of said plur- when said one
crankshaft is rotated by        ality of rotatable crankshafts (215A,
215B); and said drive means (60), the remaining crankshafts         a
roller chain (220) having a plurality of being rotated together with said
one crankshaft    rollers (221) and surrounding said active racks through
said plurality of active racks (52A-52C);  (212A-212C) in such a manner
that said rollers and                                        35      (221)
are held equidistantly in the circumferential said plurality of crankshafts
(55A, 55B) re-  direction of said chain (220) and that said active
spectively having eccentric circular portions      racks (212A-212C) engage
with said passive (55a, 55b, 55c) different in phase from one an-    rack
(211) through said rollers (221) received in other and respectively having
said active racks     said semicircular grooves (211a) of said passive
(52A-52c) supported on said eccentric circular  40  rack (211). portions
(55a, 55b, 55c) in such a manner that said passive rack (51) is moved in
its longitudinal direction through said active racks (52A-52c) by
Patentanspr~che rotary motions of said plurality of crankshafts (55A, 55B).
45  1. Mechanismus zum Umwandeln einer Drehbewe- gung in eine
iangsbewegung, bestehend aus; 6. Arotary motion to longitudinal motion
converting    einerpassiven Zahnstange (31) mItelnerVlelzahl mechanism
comprising:                               von ZAhnen (TI); a passive rack
(81) with a plurality of teeth  elner Vielzahl von aktiven Zahnstangen (32A
- (T1) having wave gear-tooth profile;       60      32C) mit jeweils einer
Vielzahl von Zihnen (T2) a plurality of active racks (82A-82C) re-     mit
derselben Steigung wie dlejenige der ZUhne spectively having a plurality of
teeth (T2) having  (TI) der passiven Zahnstange (31) und Im Zah- the same
pitch as that of said teeth (T1) of said   neingriff mit der passiven
Zahnstange (31); und passive rack (81) and meshing with said passive
elner Vlelzahl von drehbaren Kurbelwellen (35A, rack (81), the tooth (T2)
of said plurality of active  55  35B) mitjeweils exzentrischen krelsfrmigen
Ab- racks (82A-82C) being of semicircular arc shape    schnitten (35a, 35b,
35c), die sich In der Phase 



and being constituted by a roller (91); and        voneinander
unterschelden und an den exzentrl- a plurality of rotatable crankshafts
(85A,    schen kreisfirmigen Abschnitten (35a, 35b, 35c) 85B) respectively
having eccentric circular por-   die aktiven Zahnstangen (32A - 32C) In
einer sol- 9    17            EP 0 482 827 B1                 18 chen Art
und Weise tragen, daft die passive       Art und Weise tragen, dal die
passive Zahnstan- Zahnstange (31) durch die aktiven Zahnstangen     ge (51)
durch die aktiven Zahnstangen (52A - (32A - 32C) In ihrer Langsrichtung
durch die      52c) In ihrer LAngsrichtung durch die Drehbewe-
Drehbewegungen der Viekzahl von drehbaren   5     gungen derVieizahi von
Kurbelwellen (55A, 55B) Kurbelwellen (35A, 35B) bewegt wird.
bewegt wird. 2. Mechanismus zum Umwandeln einer Drehbewe-      6.
Mechanismus zum Umwandeln einer Drehbewe- gung In esne Langsbewegung nach
Anspruch 1,       gung In eine Lingsbewegung, bestehend aus: bel welchem
die Zahne von einer der passiven   10  einerpassiven Zahnstange (81)
mitelnerVieizahl Zahnstange (31) oder der aktiven Zahnstangen      von
ZAhnen (TI) mit elnem Wellenzahnrad-Zahn- (32A- 32C) die Ausbildung sines
Wellenzahnrad-    profil; Zahnprofils und die Zahne der anderen die Aus-
einer Vielzahl von aktiven Zahnstangen (82A - bildung elnes
halbkrelsformigen Bogenzahnrad-     82C) mit jeweils einer Vieizahl von
Zahnen (T2) Zahnprofils aufweisen.                    15      mit derseiben
Steigung wie dbjenige der Zahne (TI) der passiven Zahnstange (81) und Im
Zah- 3. Mechanismus zum Umwandeln einer Drshbewe-          neingriff mit
der passiven Zahnstange (81), wo- gung in sine Lingsbewegung nach Anspruch
1,       bel die Zfihne (T2) der Vieizahl der aktiven Zahn- welcher
weiterhin sine Ffhrungseinrichtung fOr    stangen (82A - 82C) esne
halbkrelsformige Bo- die passive Zahnstange aufwist, welche aus  20
genform aufweisen und durch sine Rolle (21) ge- Lingsnuten (31a), die In
gegenflberilegenden      bildet sind; und Seitenberelchen der passiven
Zahnstange (31)      einer Vielzahl von drehbaren Kurbelwellen (85A,
ausgebildet sind, und einer Vleizahl von Kugeln   85B) mitjeweils
exzentrischen kreisf8rmigen Ab- (33) besteht, die in den Lingsnuten (31a)
drehbar  schnitten (85a, 85b, 85c), die sich jewells In der aufgenommen
sind.                         25      Phase voneinander unterschelden und
an den exzentrischen kreisfdrmlgen Abschnitten (85a, 4. Mechanismus zum
Umwandeln einer Drehbewe-          85b, 85c) die aktiven Zahnstangen (82A-
82c) in gung in sine Iangsbewegung nach Anspruch 1,       einersolchen Art
und Weise tragen, daB die pas- bei welchem die Vleizahl der aktfven
Zahnstan-    sive Zahnstange (81) durch die aktiven Zahn- gen (32A - 32C)
aus drel aktiven Zahnstangen   30  stangen (82A - 82c) In ihrer
Langsrichtung durch besteht.                                          die
Drehbewegungen der Vieizahl der drehbaren Kurbeiwellen (85A, 85B) bewegt
wird. 5. Mechanismus zum Umwandeln einer Drehbewe- gung in sine
Langsbewegung, bestshend aus:     7. Mechanismus zum Umwandeln einer
Drehbewe- elner passiven Zahnstange (51) mit einer Vieizahl  35  gung In
sine Lfingsbewegung, bestshend aus: von Zahnen (TI);
einer passiven Zahnstange (211), die mit slner elner Vleizahi von aktiven
Zahnstangen (52A -     Visizahi von halbkrelsformigen Nuten (211a) aus-
52C) mit jeweils einer ViAzahl von Zahnen (T2)   gebildet ist, sodaB sine
VieIzahl von Zahnen (TI) mit derselben Steigung wie diejenige der Zahne
mit einer vorbestimmten Steigung (P) darin aus- (TI) der passeven
Zahnstange (51) und Im Zah-  40  gebildet sind; neingriff mit der passiven
Zahnstange (51);       einer Visizahl von aktiven Zahnstangen (212A - elnem
Gehiuse (54) mit elner Visizahl von Kur-    212C) mit einerVisizahl von
Zahnen (T2) mitder- belwellen (55A, 55B), die darauf fret drehbar ge-
selben Steigung wie diejenige derZihne (Tl)der tragen sind; und
passiven Zahnstange (211) und Im Zahnelngrlff einer Antrlebselnrichtung
(60), die auf dem Ge-  45  mit der passiven Zahnstange (211); hiuse (54)
montlert und mit elner der Vieizahl    einer Visizahl von drehbaren
Kurbelwellen von Kurbelwellen (55A, 55B) fOr einen Antrieb der  (215A,
215B) mit jewells exzentrischen krlesfor- einen Kurbelwelle verbunden let;
migen Abschnitten (215a, 215b, 215c), die sich in wobei wenn esne
Kurbelwelle durch die Antriebs-   der Phase voneinander unterachelden und
an einrichtung (60) gedrsht wird, die restlichen Kur-  5o  den
exzentrischen krelsformigen Abschnitten belwellen zusammen mit der elnen
Kurbelwelle      (215a, 215b, 215c) die aktiven Zahnstangen durch die
Visizahl der aktiven Zahnstangen (52A   (212A- 212C) In einersolchen Artund
Weise tra- - 52C) gedreht werden; und                        gen, daB die
passive Zahnstange (211) durch die die Visizahl der Kurbelwellen (55A, 558)
exzen-   aktiven Zahnstangen (212A - 212C) In ihrer trische kreisfbrmige
Abschnitte (55a, 55b, 55c)  55  Langsrichtung durch die Drehbewegungen der
aufweisen, die slch in der Phase voneinander un-  Vleizahl der drehbaren
Kurbelwellen (215A, 



terscheiden und die aktiven Zahnstangen (52A      215B) bewegt wird; und
bis 52c) jeweils an den exzentrischen kreisfirmi-  elnerRollenkette (220)
mit einer Vleizahl von Rol- gen Abschnitten (55a, 55b, 55c) In elner
solchen  len (221), welche die aktiven Zahnstangen (212A 10    - 212C) in
elner solchen Art und Weise umgibt,  5. Mhcanlame convertissant un
mouvement rotatif dag die Rollen (221) in der Umfangsrichtung der   en un
mouvement longitudinal, comprenant: Kette (220) glelch beabstandet gehalten
werden          une cremaillere passive (51) avec une plu- und daB die
aktiven Zahnstangen (212A - 212C)   6  ralite de dents (TI); mit der
passiven Zahnstange (211) durch die Rol-        une pluralitb de
cr6maillbres actives (52A- len (221) im Eingriff sind, die in den
halbkreisf5r-  52C) respectivementayant une pluralite de dents migen Nuten
(211a) der passiven Zahnstange        (T2) ayant le meme pas qus celul
desdits dents (211) ausgenommen sind.                           (TI) de
ladite crbmaillbre passive (51) et s'engre- 10      nant avec ladite
cremaillere passive (51); un boftier (54) ayant une pluralitA de vile-
Revendicatlons                                        brequins (55A, 55B)
qu'il supports A rotation II- bre; et 1. M6canisme convertissant un
mouvement rotatif            des moyens d'entratnement (60) montes en un
mouvement longitudinal, comprenant:  15     sur ledit boltier (54) et
connectes a l'un de ladite une cr6maillere passive (31) avec une plu-
pluralite de vilebrequins (55A, 55B) pour entrat- rallte de dents (TI);
ner ledit vilebrequin considMrA, une pidralitA de cr6mailleres actives
(32A-       lorsque ledit vilebrequin consid6re est en- 32C) respectivement
ayant une pluralite de dents  tratne en rotation par lesdits moyens
d'entratne- (T2) ayant le meme pas que celui desdites dents  20  ment (60),
les vilebrequins restants etant entrat- (TI) de ladite cremallere passive
(31) et s'engre-  nes ensemble avec ledltvilebrequin considere au nant sur
ladite cremaillere passive (31) ; et     moyen de ladite pluralite de
cremaillbres actives une pluralite de vilebrequins rotatifs (35A,
(52A-52C); et 35B) ayant respectivement des portions circulal-       laditb
pluralite de vilebrequins (55A, 55B) res excentrees (35a, 35b, 35c)
d6phas6es les  25  respectivement ayant des portions circulaires unes par
rapport aux autres et ayant respective-  excentr6es (55a, 55b, 55c)
d6phasees les unes ment lesdites cremailleres actives (32A-32C)      par
rapport aux autres et ayant respectivement supportees sur lesdites portions
circulalres ex-  lesditbs cremailleres actives (52A-52C) suppor- centr6es
(35a, 35b, 35c) ds telle manlere qus la-  tees sur lesdites portions
circulaires excentrees dite cremaillere passive (31) est deplacbe dans  30
(55a, 55b, 55c) de tile facon que ladite cremall- sa direction
longitudinale au moyen desdites cr6-  Ibre passive (51) est deplacee dans
sa direction mailleres actives (32A-32C) par leffetde mouve-
longitudinale par l'intermediaire desdites cr6- ments rotatifs de ladite
plurallte de vilebrequins  mailleres actives (52A-52C) par des mouve-
rotatifs (35A, 35 B).                             ments rotatifs de ladite
pluralit6 de vllebrequlns 95     (55A, 55B). 2. Mecanisme convertissant un
mouvement rotatif en un mouvement longitudinal selon la revendi-  6.
Mecanisme convertissant un mouvement rotatif cation 1, dans lequel les
dents de lune de ladite  en un mouvement longitudinal, comprenant:
cremaillere passive (31) ou desdites cremailleres       une cremaillere
passive (81) avec une plu- actives (32A-P2C) sont sous la forms d'un profil
40  ralite de dents (TI) ayant un profil de dent d'en- de dent d'engrenage
en vague et les dents de      grenags en vague; I'autre ont la forms d'un
profiI de dent d'engrena-     une pluralite de cremalileres actives (82A-
ge incurve en. demi-cercle.                       82C) respectivement
ayantune pluraite de dents (T2) ayant le meme pas que celui desdites dents
3. Mecanisme convertissant un mouvement rotatif  45  (TI) de ladite
cremaillbre passive (81) et s'engre- on un mouvernent longitudinal selon Ia
revendl-   nant avec ladite cr6maillere passive (81), les cation 1, qui
comprend en outre des moyens de     dents (T2) de ladite pluralite de
crdmalleres ao- guidage de cremaillere passive comprenant des     tives
(82A-82C) ayant une forms incurvee en rainures longitudinales (31a) form6es
sur des     deml-cercle et etant constitutes par un galet portions
laterales oppos6es de ladite cremaillere  5o  (91); et passive (31) et une
pluralite de billes (33) logees     une pluralite de vilebrequins rotatifs
(85A, A rotation dans lesdites rainures longitudinales  85B) respectivement
ayant des portions circulal- (31a).
res exdentr~es (85a, 85b, 85c) dephasees les unes par rapport aux autres et
ayant respective- 4. Mecanisme convertissant un mouvement rotatif  55
ment lesdites cremailleres actives (82A-82C) en un mouvement longitudinal
selon la revendi-    supportess sur lesdites portions circulaires ex- 



cation 1, dans lequel ladite pluralite de cremall-  centrees (85a, 85b,
85c) de tolle manibre que Ia- leres actives (32A-32C) comprend trois
cremail-   dite cremaillere passive (81) eat deplaces dans Ibres actives.
sa direction longitudinale par l'intbrmedlaire der- 11    L  I
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22      * dites cremaillires actives (82A-82C) par des mouvements de
rotation de ladite pluralite de vi- lebrequins rotatifs (85A, 85B). 5 7.
Mecanisme convertissant un mouvement rotatif en un mouvemnent longitudinal,
comprenant: une cremaillere passive (211) formee avec une phuralite de
ralnures on demi-cercie (211a) de telle sorte quune pluralite de dents  10
(TI) ayant un pas prhdhtermin6 (P) sont formees sur elle; une pluralite de
cremallibres actives (212A-212C) respectivement ayant une pluralith de
dents (T2) ayant le meme pas quo ceiul des-  15 dites dents (TI) de ladite
cremaillere passive (211) et s'engtenant avec ladite cremaillere pas- sive
(211); une piuralite de vilebrequins rotatifs (215A, 215B) respectivement
ayant des portions   20 circulaires excentress (215a, 215b, 215c) depha-
sees les unes par rapport aux autres et ayant res- pectivement lesditos
cremailleres actives (212A- 212C) supportees sur lesdites portions
circulai- res excentrhes (215a, 215b, 215c) de tells ma-  25 nibre quo
ladite crhmal lire passive (211) est de- placee dans sa direction
longitudinale par l'inter- mediaire desdites cremailibres actives (212A-
212C) par des mouvements rotatifs de laditb plu- rallte de vilebrequins
rotatifs (215A, 215B) ; et    30 une chains A galets (220) ayant une plura-
ifte de galets (221) et entourant lesdites crhmall- leres actives
(212A-212C) de telle fagon quo les- dits galets (221) sont tenus de fagon
6quidistants dans la direction de circonference de ladits chat-  35 ne
(220) et que lesdites cremailleres actives (212A-212C) sengagent sur ladite
cremaillere passive (211) par llntermediaire desdits galets (221) recus
dans lesdites ralnures en demi-cercle (211a) de ladits cremaillere passive
(211).  40 45 50 55 12    


