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Gustay Meyer, Friedrichshafen, Bodensee, Ger-
many; vested in the Allen Property Custodian

Application filed June 30, 1939

This invention relates to multiple speed gear
transmissions as used. in motor vehicles and
whereln the setting of at least certain speed se-
lectfons necessitates the shifting of a plurality of
palrs of gears. The essential object of the in-
vention Is to provide a control mechanism which
will prevent the setting of the different palrs of
gears slmultaneously, and which will insure suc-
cesslve operation such that the shifting of one
pair of gears into engagement will not begin un-
tll after another palr of gears involved In the
shift to produce the same speed selection has been
fully engaged.

It has heretofore been proposed to use power
operated gear shifting means for gear transmig-
slong. Usually such mechanism involves a plu-
rality of shifting motors operative each to effect
engagement and disengagement of certaln sets
of gears of the transmission so that In coopera-~
tlon with each other the several motors produce
any speed selection of which the transmission is
capable. The motors are usually of a fluld pres-
sure type, operating elther under positive pres-
sure or partial vacuum, but in some instances the
motors may be of a mechanical or electrical type.

The present Invention is particularly designed
to control the power of the several shift motors
of a gear shifting mechanism so that they will
eperate in successive timed relation with respect
to one another.
the pairs of gears which it controls, In some In-
stances Into engagement and in other instances
away from engagement, before the other motor
becomes operative to shift other sets of gears.

In order to speed up the shifting of gears in

the transmission from one speed selection to an-
other, it has heretofore heen proposed to provide
in association with the shift mechanism proper
auxiliary devices for bringing parts of the trans-
mission to be engaged which are rotating at con-
siderahly different speeds, due to the different
gear ratios in the transmission, to substaniially
the same speed at which they can be engaged.
In certain Instances faster moving transmission

parts must be retarded so that they may be en- -

gaged with originally slower moving parts, and
for this purpose it has been proposed to use a
retarding mechanism in the form of & braking de-
vice. In other Instances, it is necessary to speed

up an originally slower moving part of the trans- °

mission to hasten engagement with a faster mov-
ing part. Varlous forms of accelerating devices
for this purposc have been proposed. One type
of such mechanism involves an arrangement by
which during the course of the shifting operation

One motor is caused to shift :
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the vehlele clutch is momentarlly engaged and
the vehicle engine speeded up so as to increase
the speed of slower moving parts of the trans-
migsion, .

The present invention s useful In connection
with gear shift mechanisms whereln auxiliary
devces of the character mentioned are employed
in assoclation with the shift mechanism proper.
Furthermore, it 1s contemplated according to the
inventlon that the control mechanism through
which the different shift motors are caused to
operate successively may operate In dependency
onh the auxiliary retarding and/or accelerating
devices.

While it is belleved that the inventfon is new
in its basic features, it is to be noted that the
design of the control mechanism s Important in
securlng most successful operation, It Is a fur-
ther feature of the Invention to provide a con-
trol mechanism of the type described which has
particular operating advantages for reasons
which will hereafter fully appear.

According to the invention the control mech-
anism includes a plurality of control members
for different gear pairs of the transmission, which
members are arranged In two groups. One group
will serve to control one set of transmission parts
which are to be brought Into engagement, and
the other group of control members will serve to
control other gear parts when they are to be en-
gaged. Preferably one group will control those
gear parts which require retardation In order to
be engaged with coacting parts, and the other
group of control members will preferably control
the parts which requlre speeding up In order to
be engaged with coacting parts.

The gear shifting operation will he xmtiated
ordinarily through a manually controlled speed
selecting lever which will set the proper contrgl
members necessary to result in the proper set-
ting of gears for a particular speed selection.
Auxiliary control means is provided In associa-
tion with the several groups of control mems-
bers so that not only will the several gear shift-
ing motors be caused to operate in the proper
directions to produce the desired gear selection,
but also the power will be supplied to the sev-
eral motors in proper timed relation so that they
will not operate simultaneously.

The subject-matter of the invention Is illus-
trated In the accompanylng drawings wherein:

PFig. 1 is an assembly view, more or less dia-
grammatie, of a fragmentary portlon of a mul-
tiple speed gear transmission of the type involv-
ing constantly meshing gear pairs which are ren-
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dered operative and inoperative through claw
clutches, and showing further vacuum operated
gear shifting motors and the coniroj mechanism
therefor;

Fig. 2 i1s a horizontal section, looking down, of
the control mechanism shown in Fig. 1; and

Ig. 3 is a sectional elevation of a modified form
of control mechanism.

In Fig. 1 the drive shaft of the change speed
gear transmission is designated 1. The main
shaft train includes gears 2, 3 and 4 and the
counter shaft traln gears 5, 6 and 1. The freely
rotatable gear pair 8 and 6 are connected to
gears 2 or 4 or 5 or 1, respectively, by means of
the movable jaw clutch members 8, 9, 10 and 11
meshing with the jaw clutch portions 8’, 9°, 10’
and I{’. The clutch members 8 and 10 are moved
alternately by the lever 12 and the clutech mem-
bers 8 and |1 by the lever 13. The lever 12 is

connected to the rod 14 of the shifting piston ..

18. 1D is the shifting cylinder with the exten-
slon bore 20. 2% and 24 are grooves In the pis-
ton rod (4, 26 & vent in the bore 20, The lever
13 1s connected to the rod 15 of the shift piston
11. The corresponding shift cylinder 1s marked
18 and is provided with an extension bore 21. 23
and 25 are grooves in the piston rod 15,

Each group of control members is eonnected
to a source of auxtitary power and each contains

a closing member which prevents simultaneous .

operation of retarded and accelerated shifts.
The closing member which prevents simultaneous
operation of retarded and accelerated shifts is
made dependent. on the shift position of the parts
to be connected. For this purpose the closing
member mey be made dependent on an suxiliary
device which serves to accelerate the shifting op-
ergtion and the auxlliary device in turn is made
dependent on the parts to be conhected, Pref-
erably the closing member s actuated by the
same pressure medium which is effective in the
auxiliary device to accelerate the shift. The
pressure medium is controlied by the rods of the
shifting pistons in known manner.

The operation of the closing member can be
effected in such a manner that lt i1s closed by the
pressure acting on the auxlliary accelerating de-
vice and Is opened by the shift pressure. By aux-
iliary pressure is understood the pressure which

is effectlive In an auxiliary device which serves =

to accelerate the shift. Shift pressure s the
pressure which is effective on the shift pistons
and which serves to shift the various gear pairs,

A housing is marked 30 and contains on the
one side in one group the control members 31,
33, 35 and opposite them a second group of con-
trol members 32, 34, 38. These control members
are mounted In the chambers 51 to 568 by means
of the springs 41 to 46. 31, 38 and 38 are moving
and closing members for the control members 31
to 38 which are provided with central bores 31’
to 38’. Omne of the moving and closing members
37, 36 and 39 lies between each pair of control
members 3t and 82, 33 and 34, and 85 and 386,
The manually operated gear shift lever 69 moves
these moving and closing members into the posi-
tions corresponding to the desired gear selection
through cam discs 61, 68 and 69 which operate
on the levers 41, 48 and 49 journaled on a com-
mon shaft 50, and move them, and hence the
moving and closing members, against the pull of
‘the springs 51, 58 and §9. As a result the cor-
responding control members are brought into
position,

10 {s the intake manifold with a partial vacuum
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lne Tl which carries shift pressure and contains
the valve box T2. 13 is an operating knob which
is moved by the crank 74, 75. In the example
shown T5 1s the clutch pedal. In principle any
special lever may replace the clutch pedal,

T8 is a tension spring for the clutch pedal T§,
11 and 18 are stops for the same pedal. The
line Ti opens into the chamber 80. 8{ is a fur-
ther line which opens into the chamber 3. The
left chamber €3 Is connected to the further
chambers 5f, 53, 55 whose closing members 31,
33, 35 are lifted by the moving or closing members
31, 38 or 35. 82 is a branch line for the chamber
€64 on the opposite side. The right chamber 64
is connected to the chambers 52, 54, 56 by lift-
ing the corresponding control members 32, 34, 36.
6l is a chamber, vented to the atmosphere
through the vent 62, in which the control mem-
bers 31 to 36 open. The closing member 0§ is ar-
ranged in the chamhber 80 and 1s conhected to
the piston 92 through the shaft 01, the piston
moving in the chamber 83 and belng loaded by
the spring 94. 95 is a vent. 10(, 103, 106 are
pressure lines which depend on the ieft group

.., of control members 31, 33, 35 acting as an ae-
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celerating group, 102, {04, 106 are dependent on
the control members 32, 34, 36 at the right form-
ing a retarding group. In Flg. 1 a part only of
the gear transmission 1s shown with the two
shifting cylinders {8 and 19 in order to simplify
matters. The line 10) opens at the left of left
shift cylinder I8 and the llne 102 at the right
while line 103 opens at the right of right cylin-
der 19 and line 104 at the left. The connections
for the lines 105 and 106 indicated In Fig. 2 are
intended for a third shift cylinder and hence are
not further illustrated. The line 120 branches
off from the intake manifold 10 and carrles aux-
iliary pressure, opening into the extension bore
20 of the cylinder 18. A branch 121 of this line
also opens into the extension bore 21 of the cyl-
inder 19. 122 is a further line which connhects
the two bores 20 and 21 and is connected to the
line 123 which opens into the cylinder 124 of the
auxiliary device 125 designed as a brake for ac-
celerating the shift. The line 126 branches from
the line {23 carrying auxiliary pressure to cham-
ber 93.

Assuming that the gearing has been operating
at a speed selection in which jaw clutches 8, 0’
and I{, i1’ are disengaged, and jaw clutches 9, 9’
and 10, |0" engaged, the gear selectlon repre-
sented in Fig. 1 Is obtained as follows: The con-
trol members 31 to 34 are brought into the posi-
tion shown in Fig. 2 by pushing the control mem-
ber 32 Into its right hand position by means of
the moving and closing member 31. Partial
vacuum from line 82 reaches the chamber 52 and
from there through the line 102 into the cham-
ber to the right of the piston (8 of the left shift
motor while at the same time atmospheric pres-
sure entering through casing vent 62 flows
through the bore 81’ of the control member 34
into the chamber §1 and thence through the line
10) into the chamber to the left of the piston (6
of the left shift motor. As a result piston I8
moves to its right end position and the cluich
member 8 engages with the Jaw member 8’ of
the gear 3. The movement of the control mem-
ber 38 into its left position causes partial vacuum
to reach through the chamber 53 and the line
108 to the right of the piston 11 and atmospherie
pressure reaches to the space to the left of piston
1T through the bore 34’ of the contro! member
34, the chamber 54 and the line 184. The pis-
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ton T {s moved Into its extreme right hand posi-
tion and hence the clutch member || meshes
with the Jaws 1’ of the gear 8. A further shift-
ing cylinder Is controlled in an analogous man-
ner by the control members 85 and 38.

A new gear [s to be chosen in which both the
piston I8 and the plston 1T are moved from their
right hand position as shown into their left hand
position whereby the clutch 9 engages the Jaws
9’ of the gear 3 and the cluteh 10 engages the
jaws 10° of the gear 8. The gear shift lever §8
moves the moving and closing member 37 to the
left thus closing the bore 81’ of the control mem-
ber 31 from the atmosphcre, this member is Ufted
against the pressure of the spring 41 and there-
by the line 81 is connected to the line 181 through
the chamber 88 and the chamber 61, The con-
trol member 32 Is pressed back into its left hand
position by the spring 42, cuts off the connection
between the chamber 84 and the chamber 42 and
at the same time connects the latter to the cham-
ber 81 through the bore 32° which Is vented to
atmosphere through the vent 2. The moving
and closing member 36 Is moved to the right,
closes the hore 34" of the control member 34,
moves the latter to the right against the pres-
sure of the spring 44 and connects the llne 62 to
the line 104 through the chamber 64 and the
chamber §4. The control member 33 is moved

to the right by the spring 43, breaks the con- .,

nection between the chamber 63 and the cham-
ber 53 and connects the chamber 53 to the at-
mosphere through the bore 383’ and the cham-
ber 01.

When the driver throws out the clutch by .

pressing down the pedal 16 and at the same time
moves the operating knob 13 through the crank
14 the partial vacuum of the Intake manliold
10 13 connected to the line 7. This can be done
in known manner either by operating a simple
valve setting free the shifting pressure or the
movement of the knob T3 may set free the shift-
ing pressure by the Interconnection of a relay
device,

After setting free the shiff pressure this
reaches on the one hand the chamher 80 and on
the other hand through the line 82 the chamber
4. The design (chamber size, throttling) is so
chosen that the partial vacuum from line 62 he-

comes effective in the right chamber 84 before -

partia] vacuum from chamber 80 and line 61 be-
come effectlve In left chamber €3. From the
chamber 84 the shift pressure reaches the space
to the left of the piston T through the opened

control member 8§, the chamber 54 and the line -

104 while at the same time the space on ‘the
Aght of the piston 17 is connected to atmosphere
through the line 183, the chamber 83, the bore
33’ of the control member 33, the chamber 81
and the vent 82. The end positions of the pis-
tons 16 and IT are marked B and V respectively.
the movement to the position B representing an
accelerated shift and that to the position V a
retarded shift. Thus movement of piston 18 of
of the left shift motor to its left end position,
and movement of piston 17 of the right shift mo-
tor to its right end position represent an accel-
erated shift. Conversely, movement of piston 18
to its right end position, and movement of plston
1T to itg left end position represent a retarded
shift.

Under the action of the partial vacuum ‘the
piston 17 moves to the left, the clutch memiber
11 is disconnected from the jaws (I’ and after

a
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Mmember 8 meshes with the jaws 8° of the gear 3.
In order to bring the cluich member 8 into mesh
with member 8°, the latter member, which is con-
nected to the driving side, must be retarded be-
cause the clutch member § is turning more slow-
ly. In this position the piston {T has moved to
the left far enoueh so that the opening of the
Hne 12| is connected through the groove 2§ of
the piston rod 156 to the opening of the lne 122,
Therefore, partial vacuum from the intake mani-
fold 10 reaches through the line 128 and the line
12t to the groove 26 in the line 122. From this
line the partial vacuum acting as auxiliary pres-
sure flows through the line 123 to the cylinder
124 of the braking device 126. At the same time
this pressure reaches the chamher 83 above the
piston 92 through the llne 128 which branches
off from line 123. The piston 82 is raised against
the pressure of the spring 84 so that the closing
member 98 is forced against Its seat by the shaft
91 and chamber 88 is disconnected from the line
8f. No shifting pressure therefore can reach the
control member group 81, 83, 36 by means of
which accelerated shifts are effected.

As soon as the . p. m. of the Jaws 8’ on the

. wear § has been sufficiently reduced so that clutch

k)

B

70

moving through a neutral positton the clutch i5

members 8 and §' rotate at substantlally the
same speed, meshing thereof takes place in
known manhner as a result of the beveled faces
of the teeth.

As meshing of the cluteh halves 8, 9' is com-
pleted the piston 1T of the right shift motor
resches Its left end position V under the opera-
tion of the shifting pressure which is continu-
ously supplied through the llne 104. By this
means finally the opening of the line {22 is closed
from the line 121 by the portion of the rod (3
lying between the grooves 26 and 23 and is con-
nected through the groove 23 to the line I27.
This in turn is connected through the groove
24 of the piston rod 4 and the vent 26 to the
atmosphere. In this manner both the lines 123
and 128 are vented so that on the one hand the
braking action of the auxiHary device 125 stops
and on the other hand the piston 82 is moved
by the spring 54 back into its lower position and
the closlng member 80 Nfted from its seat. The
shifting pressure now reaches to the llne 61,
thence through the chamber 83 and the opened
control member 31 Into the chamber 61 and
through the line 101 to the chamber at the left
of the piston 18. As a result the piston 16 of
the left shlft motor moves to the left, the clutch
member 8 is moved out of mesh with the jaws 8°
of the gear 3 and the clutch member {8 18 moved
agalnst the jaws 18’ of the gear 6. Meshing of
the elutch portions 10 and 18’ requires an accel-
eration of the clutch half [0 which can be ef-
fected elther manually by the driver or by means
of a speclal shift auxiliary mechanism of known
deslen. At the instant of overtaking the clutch
halves (0 and 19’ mesh In khown manner and
the piston 18 moves Into its left end position B.

When the piston 18 Is to be moved from its

5 left end position B to the right end position V

shown In Fig. 1, that {s to say when a retarded
ghift is to be effected, this is accomplished in &
manner analogous to that which was described
for the movement of the piston I7T from Its right-
to its left end position in which the clutch halves
8 and 8’ just strike each other. The aux|liary
pressure passes through the groove 22 from the
line 120 into the line 122 and through the line
123 Lo the brake cylinder (24 and also through
the line 128 to the chamber 83 above the piston
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92, thus causing the closing member 88 to.close
and preventing the operation of an accelerated
shift while the retarded shift 15 taking place.

The control of the braking device 125 during a
retarded shift by the grooves 22 and 25 in the
piston rods |4 and 15, which at the same time
prevent an Initlation of an accelerated shift, has
no effect during the movement of the piston 16
from its right position into its left end positlon B
or the movement of the piston 1T from its left
into its right end position B, that is to say in an
accelerated shift, because on disengagement of
the -corresponding connection the control path
is very rapidly traversed. Hence no material low-
ering of pressure takes place either in the line
123 or the brake cylinder (24, or in the chamber
83. -
The control mechanism is also effectlve in fun-
damentally the same manner if both a member
of the clutch members 8 or 10 and also one of
the clutch members 8 or |l are disengaged si-
multaneously and one each of the clutch mem-
berys Is just rendy to engage. If for example on
the one hand the clutch half 8 and on the other
hand the clutch half Il are about to mesh, the
line 129 is connected to the line (22 through the
groove 22. As a result, as described above, the
retarding device 125 becomes active and the clos-
ing member 90 is closed. The operation of the
braking device 125 retards the clutch member 8
so that this finally meshes with the jaws 8°.
Thereafter the clutch member |1 can mesh with
the jaws 11’ by increasing the r. p. m. of the jaws
I+’ by opening the throttle or by an auxiliary
accelerating device untll the meshing r. p. m. is
reached.

If the clutch members 10 and il are disen-
gaged slmultaneously and the clutch members 8
and 8 are about to mesh with the jaws 8’ and 9,
invclving two retarded shifts, the line (22 is con-
nected to the line 129 not only through the groove
22 but also through the groove 25 to the line 121.
Partial vacuum is led to the braking device 124,
128 through both controls. In this manner after
the r. p. m. of the clutch 8 has reached the mesh-
ing r. p. m. and the two clutch halves have
meshed the r. p. m. of the clutch half 8’ is still
further lowered until thls meshes with the
clutch 8.

If in such a case, that Is to say when both
clutch members 8 and 9 are about to mesh, the
‘r. p. m. of the free gear pair 3, 6 drops more
rapidly than the r. p. m. of the clutch half 8
which is to mesh by reason of the braking device
124, 125, which result can take place by reason
of the smsall mass of the gear pair or lubricant
friction, the clutch half 8’ will first mesh with
the clutch half 8, thereafter the r, p. m. of the
clutch 8 will be further decreased by the brake
until meshing r. p. m. Is reached and the clutch
half 8 meshes with the jaws 8°. Naturally all of
this occurs very quickly.

The device described through very simple
mechanism prevents the start of accelerated
gnifts as long as any retarded shifts have not
been completed. The device can be used in fun-
damentally the same manner with transmissions
having a different type of gear shift elements
than the jaw clutches shown. ‘

The modiflcation of the Invention of Fig. 3
involves a particular design of closing member
and its actuation. In accordance with the in-
vention the closing member is held closed by a
spring; furthermore one side of the operating
member for the closing member is exposed to

10

30

40

60

63

70

15

283,309

the auxlliary pressure whereas the other side ls
connected to a chamber to which shift pressure is
led with retardatlon. The forces acting on the
closing member by reascn of the spring and the
two pressure media are so adjusted that on the
one hand the closing member is held closed by
the auxillary pressure against the action of the
shift pressure, whereas on the other hand when
the auxiliary pressure is removed the closing
member is opened by the shift pressure against
the force of the spring.

In Fie. 3 the shift pressure line Tl opens into
the chamber 140 to which 1s connected the line
82 for the retarding group of control members
32, 34, 36. The chamber (40 is closed off from
the chambear 141 by the ¢losing member 9¢ which
is under the pressure of the spring 94 through
the piston 82 and the shaft 91. The line & for
the accelerating group of control members 31, 33,
35 connects to the chamber 141, To the right of
the piston 92 1s the chamber (43 in which opens
the line {26 which can supply auxiliary pressure
from the line (23. To the left of the piston 92
there is the chamber 144 in which delayed shift-
ing pressure flows from the chamber 140 through
the bore 145. 146 |s a throttling portion in the
bore 145.

The operation of the particular design of clos-
ing member shown in Fig. 3 is as follows: Imme-
diately after initiating flow of the shift pressure
at the valve box 12 shift pressure passes through
the line Tl into the chamber 148 and from there
through the line 82 Into the chamber 84 and,
depending on the positlon of the control mem-
ber; 32, 34, 36 for retarded shifts, reaches line
128, 104, or 106 and thence the corresponding
gear shifting cylinders.

The spring 94 holds the closing member 90 in
its right hand position and closes off chamber
140 from chamber 141. Therefore after the
shifting pressure Is set free no shift pressure
reaches the control members 31, 33, 35 and hence
no accelerated shift can be initiated. In the mean
time shift pressure slowly flows through the
throttling orifice 148 and the bore 145 into the
chamber 144. Al the same time the retarded
shifts which are already proceeding carry aux-
iltary pressure through the line 120 or 121,
through the corresponding grooves in the piston
rods 14 or 15, into the line 122 and the lne (23,
and thence into the lpe 126 into the chamber
143. The auxillary pressure operates to hold the
closing member 90 agalnst its seat. If after a
while pressure is equalized in chambers 140 and
144 through the bore 145, the closing member
90 still remains closed as it is pressed by the com-
bined action of the spring 84 and the auxiliary
pressure exlsting {n the chamber 143, which over-
balance the shift pressure operating on the left
slde of the piston 92. When the retarded shifts
are completed and the auxiliary pressure disap-
pears from the lines 123, 126 and (43, the shift
pressure on the left side of the piston 92 exceeds
the pressure of the spring 94 and the partial vac-
uum on the right side of the closing member §0.
As a result the closing member 90 is opened, and
shift pressure flows from chamber 140 to chamber
t41 and through line 91 to the accelerated shift,

The device according to Fig. 3 operates as fol-
lows in the various possible shift cases:

(a) If both retarded and accelerated shifts are
necessary for the gear chosen the retarded shifts
are initiated immediately and the accelerated
shifts can only proceed when the auxillary pres-
sure has disappeared from the chamber 143 and
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the closing member 80 is opened by the shift pres-
sure which has in the meantime become effective
in the chamber 44.

(b) When only retarded shifts are necessary
these proceed without further ado. The fact that
thereafter the closing member 80 is open and
shift pressure reaches the line 81 has no effect
since np accelerated shifts are chosen.

(c) When only accelerated shifts are demand-
ed there Is only a slight delay because the closing
member 90 15 rapldly opened since there is no
auxillary pressure in the line 123 and hence in
the chamber 143 by reason of the absence of the
retarded shifts,

It will be evident to those skilled in the art
that the control mechanism of the invention pro-
vides an efficlent arrangement for improving
shifting in multlple speed gear transmissions

o1

5
wherein the setting of a deslgnated speed selec-
tlon necessitates shifting of a plurality of trans-
mission parts. By preventing more than one shift
occurring at one time, Interference will be avold-
ed. Also the inventlon enables auxlliary shift-
ing devices, for speeding up slower parts and re-
tarding faster parts to be engaged wlth other
parts In quickly attalning completion of the shift
operation, to operate efficlently. The basic fea-
tures of the invention can be Incorporated in
other forms than here llustrated, and may be
employed with gear shifting motors and with
multiple speed gear transmissions other than
those shown. Accordingly, the scope of the In-
vention Is to be determined in accordance with
the appended clalms.

GUSTAV MEYER,





