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The inventjon relates to an operating arrange-
ment, particularly for change-speed gearing for
motor vehicles, especially self-synchronising
change-speed gearing with a clutch-operating
sleeve and several operating rods located side by
slde. The invention resides generally in the pro-
viston of an element glving a variable trahsmis-
sion ratio between the gear lever and the sleeve
such that the portion of the movement of the
knob or head of the gear lever utilised for syn-
chronisation is increased and the movement
thereof utilised for clutch-dog engagement Is re-
duced In relation to the movement of the sleeve,

In the operation of synchronising devices, two
stages of operation are to be distinguished, name-
1y the synchronisation which requires a not in-
considerable expenditure of force and must be
performed in a comparatively short movement of
the sleeve and the engagement of the ¢lutch dogs
which requires only a very slight expenditure
of force but calls for a comparatively large move-
ment of the sleeve. The extent of the whole
movement of the knob of the gear lever Is fixed
and, having regard to convenience of operation,
cannot be increased. According to the inventlon,
therefore, operation is facilitated by shortening
the portion of the whole movement available for
clutch-dog engagement, which requlres but little
force, to the advantage of the portlon of the

movement available for synchronisation, which

requires considerable force. In this fashion, the
force to be exerted over a certaln movement dur-
ing synchronisation is reduced and the foree to be
exerted for the engagement of the clutch dogs
is Increased, that is & more uniform expenditure
of force during the operation is achieved.

The Invention is carried into practice by the
provision of an element giving a variable trans-
mission ratio between the knob or head of the
gear lever and the clutch-operating sleeve, the
said element acting upon the operating rods with
a constantly varying effect.

The invention is thus of advantage for gearing
with a synchronising arrangement because, owing
to the variable transmission ration, the force to
be exerted at the knob of the gear lever can be
made uniform in spite of the varying resistance
to operationn in the synchronising arrangement.
Ag I1s known, the resistance arlsing at the com-
mencement of synchronisation is considerably
greater than that at the end of synchronisation
and durlng engagement of the clutch dogs. These
two resistance forces multiplied by the respective
operating movements of the sleeve glve the work
to be expended at the knob of the gear lever.
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Now, by the provision of the variable transmis-
sion ratio, the result may be achieved that the
resistance to operation, at the knob of the gear
lever, is constant or approximately so. Conge-
quently, a smaller operating force need be ex-
erted upon this knob for the same operating
movement or, with a certaln operating force,
which is dependent upon the masses to be syn-
chrontsed within a certaln time, it is possible to
make do with a smaller operating movement at
the said knob.

A further advantage of the lnvention is that
the usual finger provided on the gear lever can
be in constant engagement with the other oper-
ating elements ahd permits, without force-wast-
ing wedging action and with simple space-saving
means, of the selection of the appropriate oper-
ating rods for required gear changes and of their
actuation in reliable fashicn, Owlng to the uni-
formity of the resistance to operation, as felt at
the knob of the gear lever, and owing to the avold-
ance of the wedging members previously common
in such operating arrangements, the unpleasant
pressure point which has appeared in all self-
synchronising gearing hitherto cannot be felt
during operation In the case of the invention,

Another advantage of the invention is that,
In the case of a fixed or standardised arrange-
ment of gearing and operating rods, the operat-
ing order can be adapted to suit any desired
scheme, without further reconstruction, merely
by the insertion of a different operating sleeve.

Furthermore, the Invention permits of the op-
erating means belng arranged without, in par-
ticular, upwardly projecting parts, so that, with
the said operating means arranged at one end of
the gearing, the cover of the gear-box may be kept
low and fiat and welcome freedom for the driver’s
feet on the floor of the motor vehicle directly
above the gearing may be secured.

Finally, the Invention is particularly advan-
tageous for Rve-speed gearing, because it is pos-
sible to make do with only three operating rods.
Moreover, the Invention 1s especlally advanta-
geous for five-speed gearing wherein a fifth for-
ward speed Is provided as a so-called overdrive,
The gear-lever movements for the first and sec-
ond speeds and the third and fourth speeds re-
spectively may then lie in one plane and also the
less-used speeds, namely the first and the reverse
speeds, may be controlled in simple fashion by
one operating rod.

The Invention is illustrated in several examples
of construction and application in the accom-
panying drawing, in which—
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Flgure 1 shows one form of operating arrange-
ment in longitudinal sectlon, the operating sleeve
occupying a central neutral position,

Flgure 2 a detall plan view of the sleeve of
Figure 1,

Figure 3 a detail plan view of three operating
rods located side by side,

Figure 4 a cross-section through the arrange-
ment on the llne A—A in Figure 1, the sleeve
occupying a central position in the transverse
direction also,

Figure 5 a cross-section similar to Pigure 4 with
the sleeve displaced transversely.

Pigure 6 a longitudingl section similar to Fig-
ure 1 with the sleeve in a rocked position,

Figure 7 a second form of operating arrange-
ment in longitudinal section, with the gear lever
offset in relation to the sleeve,

Figures 8 to 12 details of the arrangement of
Figire 7 in plan view,

Figure 13 the arrangement of Figure 7 in cross-
section,

Pigure 14 a flve-speed change-speed gearing
with a synchronising arrangement to which the
operating arrangement is advantageously ap-
plicable, In longitudinal section, and

Figure 15 an operating diagram for the ar-
rangement in accordance with Figures 7 te 13 or
for the gearing in accordance with Figure 14.

In the constructlonal example in accordance
with Figures 1 to 6, the gear lever | is mounied
in the usual fashion by means of a spherical joint
2 in the cover 3 of the gear box. The operating
finger 4 of the gear lever engages by means of
a further spherical joint 5 with the actuating
lever arm B of a sleeve T which Is mounted in ro-
tatable and longitudinally displaceable fashion
upon a transverse rod 8.

Projecting In opposite directions from the
sleeve 8 are pairs of fork arms 9, 9 and 10, 10
respectively between the ends of which small
rollers |11 and 12 are rotatably mounted. In the
example of Figures 1 to 6, the rollers 1l and (2
lie opposite to each other at the same level In
one longltudinal plane B—B (Figures 1 and 2}.

Mounted in longitudinally displaceable fashion
below the above~described rocker 8, 10, in a frame
13 which may be rlgldly connected to the gear
box, are three operating rods 14, 15 and 1§ which

are preferably disposed parallel to one another !

and which, within the range of rocking of the
rocker, run Into flat bars or bridege pleces 14a,
15¢ and iBa disposed on edge. The bridge pleces
{4, {8a and 16a have vertical recesses 11, 18, {8,
20, 2] and 22 (Flgure 3) within the range of rock-
ing of the rollers 11, 12. Seen in the transverse
direction, the recesses 17, 18, 19 on the one hand
and the recesses 20, 21 and 22 on the other hand
lie in line. In the example in accordance with
Figure 3 the rods (4 and 15 carry, outside the
frame (3, on the right-hand and left-hand sides
respectively sleeves 23 and 24, for example for
supporting an operating dog, & shifting rod for a
displaceable clutch part, a displaceable wheel or
the llke. Bimilarly a sleeve may be secured on
one or both ends of the central rod 15, or a shifi-
ing rod 25 or an operating dog may be attached
directly to the bridege piece 15a, BSelf-evidently,
within the scope of the invention, such'shifting
rods or dogs may also he arranged on the bridge
pieces ida and 16a and, conversely, the rod 15
may act upon other or additional shifting rods.
It is also possible, within the scope of the inven-
tion, to cause the Tods to act upon two-armed
levers sp that the direction of the movement
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transmitted is reversed. Each rod, i14—Ii6, has
notches or depressions 26 for engagement by de-
tent balls 28, loaded by springs 21, which hold the
rod in its operative position for the time being.

The manipulation and manner of operation of
ithe arrangement described above is as follows:

Depending upon the nature of the gearing to be
operated, whose construction may in itself be of
any desired kind, first of all preliminary speed-
selection is effected by bringing the rocker 8, 10
over that rod 14, 15 or (8§, or its bridge piece 14a,
152 or 162, by which the required shifting mem-
ber is actuated. Either the gear lever | is left
in the central position illustrated in Figure 4, in
which case the rocker remalins in the central po-
sitlon shown, or the said lever is swung so that
1ts finpger 4 is rocked into the position 4a or 4b
{Figure 5). The rocker accordingly assumes a
transverse position displaced either to the right
or to the left (Figure 5) whereby the rollers 11
and 12 are brought above the recesses 11, 20 or
18, 21 or 18, 22 which determine the operation
to be effected. When this has been done, the
gear lever | 1s moved forwardly or rearwardly in
the longitudinal direction, whereupon the flnger
4 rocks the rocker 8, 10 in the manner shown in
Figure 6. Assuming that the rocker is brought
to the central position shown in Figure 4 and 1s
then rocked counter-clockwise as shown in Flg-
ure 6, the roller i enters the recess 18 In the
bridge piece 15¢ of the rod 15. Since the roller
{1 describes an arc about the axis 8, the bridge
piece 15a is displaced to the left and the shifting
rod or operating dog 25 produces the desired ac-
tion. The movement of the roller (1 in the direc-
tion of movement of the rod I5¢ is Initialiy only
slight. Consequently the roller exerts a corre-
spondingly greater operating pressure upon this
bridge piece. WIith progressing rocking move-
ment, the rate of this movement steadily in-
creases but the pressure decreases, likewise
steadily, assuming a uniform movement of the
gear lever { or of its finger 4. The same process
takes place If the rocker 8, 0 Is swung in the
clockwise direction.

In the example described above, the gear lever
Is arranged directly above the operating rods.
Frequently, however, it is desirable to displace
the gear lever more or less towards the front end
of the gear boX In order to secure space directly
above the gearing, for example In order to se-
cure a certain freedom for the driver’s feet in the
case of motor vehicles. Buch an arrzngement i3
illustrated in Figures 7 to 13. There the finper 4
of the gear lever | engages in a sleeve 29 which is
fast upoh a rod 30 mounted in rotatable and
longltudinally displaceable fashion. A lever arm
33 with a ball-shaped actuating head 34 s
mounted at some distance from the sleeve 28
upon the rod 30 by means of a splihe arrange-
ment 31, 32 so0 as to be prevented from rotation,
although longitudinally ‘displaceable, in relatitn
thereto. The arm 33 is, however, also prevented
by two stops 358, 36 from accompanying the rod
30 In longitudinal movement. On the other
hand, the arm 33 can turn with the head 34 be-
tween stops 35 and 36 (Flgure 8). The sald head
34 engages in the fork 37 (Plgures 7 and 9) of a
two-armed lever 38, 39 which Is mounted on the
cover 3 of the gear box so as to be swingable
about a pivot 40, preferably in a horlzontal plane.
The rounded end 41 (Figure 9) of the levér arm
39 engages from above in a recess 20 in a second
rod 42 displaceable transversely of the rod $0
and the pin 44 of an actuating head 45 belonglng
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to a rocker herelnafter described projlects from
below Into a recess 43 located opposite Lo the re-
cess 20. The head 45 projects between two trans-
verse bars 46, 46 of a fork frame 47 (Figs, 7 and
10) which 1s rotatably mounted at the inner end
of the rod 30 but is prevented by appropriate
gulding means from rotating with the sald rod.
On the other hand, longitudinal movement of the
frame 47 with the rod 30 is posstble without
hindrance.

The above-mentioned rocker from which the
head 46 projects between the fork members 44,
46 conslsts, as In the previous example, of & sleeve
48 mounted displaceably upon a rod 49 which 1s
located parallel to the rod 42 (Figures 7, 11 and
13). Projecting from the sleeve 48 in opposite
directions, there are two fork arms 50 and 68!
at whose ends small rollers §1 and §2 are rotat-
ably mounted. In this instance, the rollers 5l
and 52 are offset in relation to each other with
reference to thelr longitudinal planes by the dis-
tance ¢ (Figure 11).

Three operating rods 54, 55 and 56 are again
arranged side by slde, below the rocker shown
in Figure 11, in g frame 853 in such fashion as to
be non-rotatable but longitudinally displaceable.
The operative positions of each rod may be de-
termined by a spring-ball detent 37 (Figure 7).

Within the range of rocking of the rocker, the

rods 64, 5% and 66 run Into fiat bridge pleces .

54a, 52, and 662 which stand on edge and are
located parallel to one another and a short dis-
tance apart. This distance a (Figure 12) corre-
sponds-to the offset @ between the rollers §1 and
82 (Figure 11) of the rocker. The bridge pieces
- 54, 55a and $6a have vertical recesses 56, 59, 60.
61, 62 and 63 (Figure 12) within the range of
rocking of the rollers. Referring to Flgures 7
and 12, the rod 54 has at its right-hand end a
sleeve 64 with an operating fork 6% (Figure 7),
The rod 56 carries a similar sleeve 88 with a fork
69 at the left-hand end. The fork 10 of the rod
B5 is directly attached to the bridge blece 55a of
this rod.

In Figure 14, the operating forks 65, 69 and
10 are indicated by broken lines. In the illus-
trated gearing actuated by these forks, a driving
shaft T2, a driven shaft 713 located in alienment
therewith and s counter-shaft 74 are mounted
in the gear-box housing Ti. The driving shaft
T2 carries a fixed toothed wheel 15 immediately
at its point of entry into the housing Tl and,
similarly, a wheel T8 is fixed upon the driven
shaft 73 near the wall of the housing. Wheels
11, 18 and 19 are mounted so as to be non-dis-
placeable longitudinally but freely rotatable upon
the driving shaft 72. The wheels 16, 17, 18 and
19 are permanently in mesh with wheels 80, 8i,
82 and 83 which are fast upon the countershaft
14. The sides adjacent to each other of the wheel
pairs 7T, 18 and 19, 18 are constructed as the
halves 84, 85, 86 and 8T of clutches and between
these wheel pairs change-speed clutch paris 88
and 89 are mounted upon the driving shaft 12 in
relatively non-rotatable but longitudinally dis-
placeable fashion. These clutch parts are con-
structed as synchronlsing clutch halves for both
of their directions of movement so that the final
connection of the parts to be coupled together is
only effected when they have approximately the
same revolution speed. The construction of each
synchronising clutch as a8 combined friction and
dog cluteh is preferred, the dog-clutch part belng
displaceable against resistance upon the friction-
clutch part and the friction-clutch parts coming
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into engagement before the dog-clutch parts.
The wheel 17 has also a sleeve 80 extending to-
wards the wheel 15. This sleeve is provided ex-
ternally with splihes or grooves 91 and a dis-
placeable wheel 82 slides non-rotatably thereon.
The wheel 18 on the driving shaft 72 Is in perma-
nent mesh with one wheel 83 of & preliminary
gearing and the same shaft of the preliminary
gearing carrles two further fixed wheels 84 and
95. The wheel 85 meshes in turn with an inter-
mediate wheel 88 with which rotates a wheel 87
on the same intermediate shaft, The wheel 92
on the sleeve 80 may be brought alternatively
into engagement with either the wheel 94 or
the wheel 81. The clutches 88 and 88 are oper-
ated by sleeves 88 and 99 and the wheel 92 is
moved by a third sleeve 190. As Figure 14 shows,
the operating fork 65 engages in the sleeve 88,
the fork 70 in the sleeve 98 and the fork 69 in
the sleeve 108.

The operating dlagram for the gear lever |
for an arrangement in accordahce with Flgures
7 to 13 in combination with gearing in accord-
ance with Flgure 14 is illustrated in Figure 15.
The manipulation and manner of operation of
the arrangement In accordance therewith are as
follows:

Upon swinging the gear lever | in the direction
only of the plane of the drawing (Figure 7), the
finger 4 swings oppositely and causes longltud!i-
nal displacement of the rod 30 with the fork
frame 46, 4T. The fork members 48 then act in
the same directlon upon the actuating member
42 of the rocker 50, 50! and rock the latter. The
downwardly swinging roller 51 or 52 of this rock-
er enters into the particular recess 58 to 63 lo-
cated under it In & bridge plece B4a—586a of an
operating rod $4—58 and moves the same in the
opposite direction to the rod 39 so that the re-
quired action is initiated.

Similarly the finger 4 executes an opposite
movement to the gear lever | when the latter is
swung transversely, 1. e, at right angles to the
plane of the paper. The transverse movement
of the finger 4 causes rotation of the rod 30. Ac-
cordingly the lever arm 323 with the knob 34 also
executes a turning movement (Figure 8) and
causes, through the fork 37, a swinging move-
ment of the two-armed lever 38, 39 (Figure 9).
The end 41 of the two-armed lever displaces the
rod 42 (Figure 13) which in turn displaces the ac-
tuating member 4% In the transverse direction
between the fork members 46. Consequently, the
rocker 50, 50! (FPlgure 11) also executes a trans-
verse movement and the rollers 51 and 52 are
thereby brought over respective recesses 58—63
in the bridge pleces 542a—56az of the operating
rods 54—56 so that, upon subsequent long!tudinal
movement of the gear lever In the above-de-
scribed fashlon, a certaln roller comes into en-
gagement with a certaln rod and the operating
movement is completed as described above. The
various speeds are engaged by a movement of
the gear lever In accordance with the diagram in
Figure 156, The several recesses in the rodg are
indicated in Figure 12 by the numbers of the
speeds. The directions of operation may be gath-
ered both from Figure 7 and also from Figure 14.

For the first speed, the wheel 92 is brought
into engagement with the wheel 94. 'The Wheel
T5 on the shaft 72 drives the wheel 93 and the
wheel 84 drives the displaceable wheel 92. The
wheel 82 carries along the sleeve 90 and the wheel
11 by reason of the spline connection 81 and the
wheel 71 drives the wheel 80 fast on the shaft T4,
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The drive is finally transmitted by way of the
wheel pair 83, T6.

For the second speed, the clutch part 88 is
brought into engagement with the clutch half
88, In this fashien, the wheel 18 {s clutched to
the driving shaft 12 and drives the shaft T4
through the wheel 81. The drive is again finally
transmitted by way of the wheel pair 83, T6.

For the thilrd speed, the clutch part 8% is
brought intc engagement with the clutch half
84. In this fashion, the wheel 1T is coupled to
the driving shaft 12 and drives the shaft T4
through the wheel 80. The drive is again finally
transmitted through the wheel pair &3, 18.

For the fourth speed, the clutch part 88 is
brought into engagement with the clutch half
87. The wheel T8 which {5 fixed directly upon
the driven shaft is connected to the driving shaft
12. Consequently the fourth speed is the direct
speed.

For the fifth speed, the clutch part 89 s
brought into engagement with the clutch half
86. In this fashion, the wheel 19 is connected to
the driving shaft 72 and drives the shaft T4
through the wheel 82. The drive is again finally
transmitted through the wheel pair 83, T6.

For the reverse speed, the displaceable wheel
82 {5 brought into engagement with the wheel 97
whereby the wheel 92, in comparison with the
case of lts engagement with the wheel 94 for the
first speed, experiences a reversal of s direc-
tion of rotation. Otherwise the power transmis-
slon and movement takes place, precisely as for
the first speed, by way of the wheel pairs 17, 80
and 83, 76. In this case also, the drive is Anally
transmitted by the wheel pair 83, T8.

In connection with this mode of operation, it
is notable that there Is a constant final drive 83,
18 for all indirect speeds. This arrangement In
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aceordance with the inventlon has the advantage
that all whes]l pairs on both sldes of the syn-
chroniaing clutches are always drivingly con-
negted to the driven shgft or, in the case of ve-
hicles, to the Cardan shaft. Consequently, only
a smpll synchronising force {s necessary and not
only is the loading of the synchronising clutches
slight but also the operating device is of small
size.

The operating dlagram for the gear lever nat-
urally depends upon the arrangement of the op-
erating rods and also upon the offset of the roll-
ers on the rocker. For instance, within the scope
of the invention, 1t would be possible to construct
the prelilminary gearing, including the first and
reverse speeds, as a so-called silent, gearing with
permanently meshing toothed wheels and to op-
erate the same by means of synchronising
clutches. Simjlarly, within the scope of the in-
vention, the functions of the clutch 88 between
the wheels TT and 16 may be interchanged so0
that the first speed and the reverse speed include
the ratio of the second speed. In place of the
rollers §1 and 82 on the rocker 60, 501, provision
may naturally be made of any other desired
kind of engagement members, such as sliding
blocks. Bimijlarly the individual rods may carry
any desired number of operating forks in any de-
sired arrangement. Furthermore, there iIs no rea-
son why the rocker should not be provided with
more than two operating arms 58, §01, the length
of the lever arm of the actuating member 48 and
the lengths of the said arms belng suitably pro-
portioned in any desired fashion. Within the
scope of the invention, it is further possible to
provide several rockers instead of one and also
several actuating levers 33 (Figs. 7 and 8).

THEODOR KUMMICH.



