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This inveniion relates to an automatic
transmission, and more pearticularly to an ar-
rangement for automatically shifting a speed-
change gear In response to the reactlon torque
developed in an intermediate torque converter.

An oblect of this Invention is to provide a
novel, simple automatic transmission system.

Another object of this Invention 1s the provi-
sion of an automatic transmissfon gystem where-
in means are provided for automatically shifting
& speed-change gear In response to the torque on
the reaction member of an Intermediate torgue
converter,

Still another object of this Invention is the
combination of a fluld drive and speed-change
gear, whereln sald gear will be automatically
shifted to maintain the fluld drive at its maxi-
mum efficiency for varying conditions of load and
speed.

A further object of this invention {g the pro-
vision of an Improved transmission consisting of
hydro-kinetic torque converter and speed-change
drive, wherein the speed changes are prcduced
automatically in response to the torque on the
reactlon member of the torque converter.

Further ohjects and advantages of this inven-
tion will be apparent from conslderation of the
specification ag illustrated by the accompanying
drawing of possible embodiments of the inven-
tion in which drawings:

Fig. 1 iz a schematic drawing of a preferred
form of a complete power plant arranged in ac-
cordance with this invention;

Fig. 2 15 an enlarged view of the automatic
transmission control device dlagrammatically
porirayed In Fig. 1;

Fig. 3 1s a dlagram illustrating the charac-
teristics and operation of the transmission sys-
tem;

Fig. 4 13 a partislly dlagrammatic view of a
modifled arrangement of the system illustrated
in Fig. 1, and

Pig. 5 Is an enlarged view illustrating certain
details of the modified system portrayed in
Flg. 4.

A preferred form of this invention 15 schemat-
fcally llustrated In Fig. 1 which shows & prime
mover I, which may be an Internal combustion

engine, drivably connected to a torque converter

2 of the hydro-kinetic type having an impeller 3,
a turbine 4 and a reaction member §, and thence
to a speed-change drive generally indicated at 6.
This power system Is particularly adapted for use
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with & vehlcle, such as & motor or rallway ve- 53

hicle, but obviously is not limited to use in this
connection alone.

The reactlon member § of the hydro-kinetic
torque converter 2 is preferably provided with
an extended crank arm T which cooperates with
a control device 8 for the control of the auto-
matic speed-change 8.

A conduit 8 leading to the transmnission con-
trol dévice B for a purpose hereinafter described
13 connected to the pressure side D of a pump,
here shown as a gear pump 18, drivably connect-
ed through the worm (i with the impeller 3. A
throttle 12 is preferably provided between the
pressure side D of the pump I8 and the sump,
while a condult 3 supplies fluld to the pressure
slde S of the pump 10.

The speed of the Ilntermal combustion engine
serving as the prime mover | 1s adapted to be
controlled by a throttling vane |4 in the fuel sup-
ply, which is interconnected through link rod (5,
crank (8 and llnk rod 17 with the usual foot
pedal (8. Additlonal control of the throttling
vane |4 15 also effected by the Bowden wire con-
trol device (8 connected to the opposite end of
the crank 18 from the link rod (7 for a purpose to
be herelnafter described. The wire I8 leads to
the control device 8, (shown more fully in Fig. 2)
which is also Interconnected with the transmis-
sion 8 hy means of the control cable 20. While
the transmission 8 may be of any well known
remote controlled type, it Is preferably electri-
cally controlled in a manner well known to tha
art and the connecting cable 20 may then contain
the control wires for the electrlc transmission
control device.

Referring more particularly to Fig. 2, the con-
struction and operation of the control device 8
interconnecting the reaction member of the
torque converter for control of the automatic
speed-change drive 8 will now be described with
more particularity. In order to resist and op-
pose the torque on the reaction wheel §, the crank
arm T connected thereto 18 preferably movable
between two Dpiston drives 21 arnd 22 which in-
clude movable plstons 283 and 24 respectively,
having respective hollow pressure spaces 25 and
268 to which a fluld under pressure iz suppled
from the pump 10 through conduit 9. The pis-
tons 23 and 24 are additionally urged against the
crank arm T by sultable means such as internal
helical springs 27 and 26. It will thus be seen
that the crank arm 7 1s movable in either direc-
tion between the piston abutments 29 and 30, de-
pending upon the direction and amount of the
reaction torque upon the reaction wheel 5, as
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compared with the abutting force produced by
the pistons 28 and 24 through the springs 27 and
28 and the internal fluid pressure which, In turn,
1s dependent upon the speed of the pump 10 driv-
ably connected with the impeller 3.

For controlling movement of the automatic
transmission 6 by the movement of the crank
arm 1, a link rod 31 may be pivotally connected
to the far end of the crank T and at its other end
to a two-armed lever 33 shown as pivotally mov-

able about a point 32. A second link rod 34 piv-
otally connected at the other end of the two-
armed lever 33 actubites a double pawl and
ratchet mechanism actuating a rotatable mem-
ber 35 upon which is resiliently mounted a switch
contacting arm 30. Through this arrangement,
movement of the crank lever 7 In one direction
or the other will move the contact diin 36 ffom
one contact 31 to another contact which will
then electrically actuate the varloug changes in
the transriission 6, in & manner Well known to
the art,

The switch arm 88 is also preferably provided
at 1ts opposite end with a noiched section 38
sgainst which ohe erid of a pivotéd two-armed
iever 39 s sprudg, the other end of this lever be-
ing attached to the wire 19, connected 4s above
described with the throttllng vane I8 of thé en-
gine 1. 'The notches are so correlated with the

coritact 37 that Wh.ﬂe the switch arm 36 rests -

upon g tontact, the vwire (8 will be ih a hormal
position which does hot affect the positton bof
the throttlihg vane |4. However, intermediate
the contact 37 the notched section 38 will ralse
the end of the lever 38 pressing against it to move
the wire 19 in such a directiod that through the
crank 1B ahd the link rod 16 the throttling vane
18 will be moved to its idlirig position. Thus,
during the switching $tep, power is removed from
the torgue tonverter which not only Hssufes &
quick positlve switching movement, but nddi-
tmna.lly permits the use of any type of clutching
means in the automatic transmission, such as a
direct-driving or dog clutch.

It is to be noted that the pivot 32 for the link-
age system interconnecting the crank arm with
the &witch for the automatic transmission 8 is
mounted upon & hand lever 40, pivoted at 41 and
held in place by a temporary holding member
42, If it 15 desired to remove the contrdl of the
automatic transmlssmn Irom the crank arm 1,
‘the hand lever 40 may be disengaged from the
temporary holding member 42, whereupon the
pivot point 32 may be moved as desired and there-
by move the switch arm 86 in either direction
at will, Thig arrahgement is of particular im-
portance when it is desired to use the englne as
a brake, In whlch case the transmisgion may be
moved through the hand lever to a lower dnvlng
step. By restoring the hand lever 40 and the
pivot point 32 to thelr original positlons auto-
matic control of the transmission is Instantly re-
instated.

By reference to Figs. 1, 2 and,_ 3, the opéra-
tion of the abové-described system wﬂl ho
set forth. In order to clarify the sequenttal db-
eration, the varlous torques and férces arisirig
have been given particular designatfons. The
torque of the impeller 3 may be designated as
M, while the sbeed of this member has been
designated at ni. Except during starting and
during the time the engine {s 1diibg through &6n-
trol of the throttling vane §4, both M: and »i re-
maln substantlally constant. The torque and
speed of the turbiné member have béen ‘corie-
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spondingly respectively deslgnated as Ms and na,
Fig, 3 {llustrates the manner in which Mz will
vary with increasing nz while at the same time
m1 will remaln substantially constant., Fig. 3 has
been plotted to show the variations of M: with
increasing n2 for both full throttle of the driving
motor (solid lines) and partial throttle of the
same (dash lines). The efficlency of the torque
converter 2 is at its maximum when the trans-
mission radio is approximately 1:1. This effi-
ciency varles during increasing speed na of the
turbin element 4 as has been indicated in Fig. 3,
whereln such efficiency s designated as ».
During initial starting of the engine the torque
M; of the impeller 3 will be relatively small, that
upon the stationary turbine element 4 (M2) very
Iatge, and the torque upon the reaction member
6 which may be designated as My will be corre-
spondingly large, resolving itself Into a force
Mi™ as shown in Fig. 2. This force Mi™ will
be so large, and the dppostng teaction force
M#! g0 smbll due to the low pressure rédiiifig
from slow speed n1 of the impeller 3, that ife
crank arm will move tbward the right, as Seéh i
Fig. 2 to hold the switch atin 86 1h the Yodnist
driving connectioh, Ag the enginé ¢otnes up to
speed m1 will soon reach a constant value as Ll
the impeller torque M1, At the samie timé, the
pressure within thé reaction piston will also In-
crease. During this périod na Wil be Inereising
while Ms, as séen in Fig. 3 will décreae, BRErHY
a point will be reached at whith M2 will be hi=:l
than M) which will then result in a tolfjds oh
the réanetion member § actlng in the oﬁposite ai-

5 rectlon ahd indiéated in Figs. 2 and § af Ml

As na Increéases to provide a slight bveérdrive, Myl
will have incteated to such a degree as to ovei'-
come the reaction force Mzg! and moves the crahk
arm T to the left. As shown In Flg. 3, this méy
occur at the turbine rotor speed nal,

As soon as the sWwitch arm 36 moves th the
next higher step and thé transmissioh 8 is placed
in g higher gear, the torqué Ma will greatly in-
crease over its previous value, mhd, to be sufe;
to such an extent thut thre tbrque upon the re-
action whéel § may reverse and produce a foice
against the abutment Indicated by Mi®, This
reversed force will nbt, however, be sufficlent to
overcome the opposing force ¢f the abutment
Mg!II gngd the crank arm T will gecordingly mot
move sufficlently to the right to cause a reversed
action of the switch mechanism. -After the trans=
mission has moved to the higher step, thre speed
of the turbine wheel 4 will be approximately nal
as indicated in Fig. 3. This speed wil then grad-
ually increase again and switehing to additional
higher speed will occur in substantially the same
manner a8 described above for swiltching from
the first to the second speed, until the highest
step in the transmission hes heen reached.

If the vehicle is ascending & hill, or for any
reasons whatsoever the load thereon is -grestly
increased, the speed of the vehicle and thus that
of the turbine wheel 4 will be reduced thus 111-
creasing the torque Ma. When the speed has
been reduced to a point, such as na™' ag indicated
In Fig. 3 the torque on the Teactioh meémber 6
will be of such a value ML that it wiH act In
such g directicn and have sufficient va.lue ‘to move
the brake arm 7 against the reaction force Ms'™
to move the crank lcver to the left, Hs seen in
Fig. 2, thus swit.ching the transimission from a
higher to a lower gear. This ¢hange I trans-
mission ratlo will immediately dedrease the
torgue Mz while the speéd of the iirblne mem-
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ber 4 will increase to ns*v and produce a reverse
force MLV acting agalnst the reactlon force Msl,
M1V i3, however, less than Ms! and the crank
arm cannot therefore contlnue moving to the
left to again actuate the transmission to a higher
step to nullify the previous reduction.

If the previously described reduction in trans-
mission ratio is not sufficlent, the apparatus will
operate to reduce the drive until the lowest step
has been reached.

In all cases hetween steps, due to the action of
the motched sector 38 moving the wire 19, the
engine speed will be reduced. This removes the
additional pressure from the plstons 23 and 24
and thus assures a quick positive movement of
the crenk arm providing, in turn, a qQuick posl-
tive movement of the switch arm 36. In this
manner oscillation and “hunting” of the crank
arm T are avoided.

It 18 to be particularly noted in connection with
the operating curves illustrated in Fig. 3 that the
maximum eficlency of the converter will occur
approximately when the turbine element 4 has a
speed nav. The apparatus ls so designed, how-
ever, that the range of speed covered by each
transmission step are such that the efficiency
never falls below w1, which is not far from
nmax. This I8 true not only for full throttle of
the prime mover, but also is true for partial load-
ing.

As g further important modification of the con-
struction described above, it 1s possible that other
means than the pump and pressure-operated
pistons may be used to supply the reaction force
opposing movement of the crank arm 7 attached
to the reactlon member 6. Such an alternate ar-
rangement has been {llustrated in Fgs. 4 and 5,
where & generator 110 sultably geared to impeller
3 may supply current proportionate to the speed
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of the fmpeller through conductors {12 and 1i3
to electro magnet windings 125 and 126 which
control respective armatures 123 and 124. The
stationary members (21 and 122 Berve in this
case as guides for the armatures and as abut-
ment for springs 1271 and 28 pressing against
the armatures 123 and 124 respectively. In this
case the control device as a whole and as so
modified has been designated as 108. It is obvi-
ous that the operation of the system illustrated
in Flgs. 4 and 5 will produce proportionately the
same results as that illustrated in Figs. 1 and 2.

While the principles of this invention are par-
tlcularly applicable to the transmission of power
for an automotive vehicle, it is obvious that Its
use may be extended to other vehicles, such as,
for example, to the driving of railway vehicles,
tractors, ships, elevators, etc. The exact type of
prime mover Is without importance. Further-
more, It is contemplated that other types of
torque converters than the hydro-kinetic torque
converter illustrated may be used. For exam-
ple, an hydraulic converter of the displacement
type could be utilized, as could be mechanical and
electrical torque converters. In all cases, how-
ever, in accordance with the principles of this in-
ventlon, the automatic transmission would be
controlled by the torque produced upon the re-
actlon membher.

Instead of an indirect control of the transmis-
slon, 1t Is also contemplated that the reaction
member of the torque converter may control the
transmisslon directly, as by sultable mechanical
Interlinkkages. This 1s possible because in many
cases, particularly with power vehicles, the guld-
lng wheel torque My reaches a very high value
s0 that large forces are present which may be
utilized to effect the mechanical swltching step.

JOSEF BUCHHART.



