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ALIEN PROPERTY CUSTODIAN

HYDRAULIC TORQUE CONVERTERS

Richard Lang, Ravenshurg, Jiirgen Von Fahland
and Hermann Gros, Friedrichshafen, Bodénsee,
" Germany; vested in the AHen Property Custo-

dian

Application filed June 18, 1941

Our invention relates to hydraulic torque con-
verters and has speclal reference to converters of
this kind as they are used in connection with in-
ternal combustion engines because of their
[avourable adaptability to the turning moment
over g certain portion of the transmissions. They
are also made use of in connection with mechani-
cal change speed gears when it Is necessary for
the transmission to cover a large area of second-
ary numbers of revolutions, as for example in
the driving mechanism of rail cars.

A maln dispdvantage with hydraulle torque
converters in such mechanisms is the circum-
stance that the disengagement and re-engage-
ment of the transmission can only be perfected
slowly or by means of additlonal devices and with
shocks. As the emptying and filling in spite of
all expediting steps (Increase of the emptying
cross sectlon and of the fillling pumps) lasts at
least several seconds and as an interruption in
transmission for such a long perlod Is not ad-
missable, it became necessaty to provide special
friction clutches in addition to the hydraulic
power transmission allowing for these to remain
filled while the friction clutches are disengaged.
The dimension and the weight of such clutches
are extraordinary in connection with high per-
formances, thelr mounting is difficult and they
aford adequate large operating devices.

The greatest disadvantage of such friction
clutches connected to hydraulic transmissions is
that the centrifugal forces of the rotating parts
of the friction clutch and of the hydraulic trans-
mission make the engagement of the clutch dif-
ficult. They cause great shocks when starting
(engagement of the clutch) and when changing
in speed, such shocks being not only disagreeable
in vehicles but agaln causing great wear, especial-
ly if the vehicle with great performance has to
be driven with low speed, for example when tow-
ing or shifting other cars, If, for instance, a
rall car starts which has a transmission with a
frietion clutch situated behind a hydraulic torque
converter & heavy shock will occur when the
cluteh half in connection with the rotating sec~
ondary part of the converter gets Into engage~
ment with the driving device for the wheels which
is still at rest. Simlilar difficulties will occur In
connection with transmissions having a plurality
of hydraulic torque converters or having gear
transmission in addition when changing from one
speed to another.

These disadvantages are avolded by our inven-
tlon which allows only for a very short inter-
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ruption and an immediate re-engagement of the
transmission without shocks.

For this purpose, according to our invention,
means are provided for shifting the turbine wheel
of the hydraulic converter out of the hydraulic
circulation thus causing its separation from the
working transmission.

By our invention we do not Intend to inecrease
the efficlency of the transmission; the turbine
wheel 15 only shifted for the purpose of separating
the secondary part out of circulation of the hy-
draulic converter, As this state of separation
is only short In time it does not matter that dur-
Ing this period the Incomring primsary perform-
ance, even If it be the maximum output of the
motor, 15 transferred-into whirls, shocks and fric-
tion inside of the transmission, as It is not a
normal state but occurs only when the transmis-
sion ig interrupted.

According to our invention, we further iImprove
the prevalling conditions by providing means for
braking the turbine wheel or reducing its speed
of rotation after it has been shifted out of the
hydraulic circulation. Thus the speed- of rotation
of a clutch half which- may be situated behind
the hydraulic converter and connecting to a me-
chanical change speed gear is also reduced so
that within a short time that speed of rotation is
reached which allows for final chitch engagement.
Consequently, the time perlod necessary for a
speed change is considerably reduced. Besides,
it is not necessary to provide additional devices
for quick speed reduction of the driven parts
behind the torque converter, which would afford
additional space.

It is preferred, according to our invention, to
shift the turbine wheel so far towards the wall
of the casing that there i1s only a so small inter-
mediate space that the friction and whirling of
the liquid in rotation with the wheel causes its
braking; or blades may be provided on the casing
wall causing speed reduction of the eirculating
fluld and consequently also of the wheel itself.

Usually there are holes in the disc of the tur-
bine wheel for the purpose of equalizing the fluid
pressure, so that the fluid escaping through the
narrow space at the circumference of the turbine
wheel is again fed to thig wheel, thus causing a
pumping effect which results in braking of the
wheel. For the purpose of increasing this effect
there may be provided channels or gaps In the
wall of the housing where it surrounds the tur-
bine wheel when withdrawn for leading the liquid
over to the other side of the wheel disc.

Another advantageous construction, according
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to our invention, is the provision of friction sur-
faces on one side of the turbine wheel and on the
corresponding inner side of the housing wall.

The current in the hydraulic converter itself
continues in the same manner after the turbine
wheel was shifted out, the output belng recelved
by the hydraulic circuit as before. After shift-
ing in the turbine wheel again, the output s im-
mediately transmitted agaln by the hydraulic
converter. When putting in the turbine wheel
there can be no shocks whatsoever owing to dif-
ferences In the speed of rotation, these being en-
tirely suppressed by the hydraulic effects of the
circuit.

The invention may be applied to power trans-
missions of the purely hydraulic kind as well as
to transmissions with hydraulic circuits and
change speed gears or to such transmissions in
which hydraulic circults are brideged over by
direct coupling,

According to our invention, the blade-rim of
the turbine wheel is connected with the driven
shaft by a suitable support through the ports of
which the pressure in the rooms before and be-
hind this part is equalized so that there are not
opposed In these rcoms any essential counter-
pressures to the shifting of the turbine wheel.
It is useful to connect the turbine wheel with a
pressure-operated cylinder or piston by means
of which the turbine wheel may he shifted out
of the hydraulic circuit or pushed into it, this
latter being Its position in the normal service.

According to our invention, there is arranged,
furthermeore, on the shaft of the turbine wheel a
disc or simlilar part which tightens the shifting
room, that is the room into which the turbine
wheel is shifted against the circuit rooms of high
pressure. By this arrangement 1t Is obtalned
that particularly the highest pump pressure can-
not counter-act to tlie shifting operation of the
turbine wheel. It is advantageous for the turbine
wheel to be arranged and designed in such a way
as to be forced, preferably by pressure-means,
agalnst side-faces of the ahove-mentioned disc.

When shifting the turbine wheel by pressure-
means the operating member connected with the
turblne wheel will be designed (in the further
development of the invention) as a stepped pls-
ton, the surface acting in the directlon of engag-
ing being conslderably larger than the surface
acting In the direction of disengaging, the former
having, for instance, double the size of the latter,
If there is, therefore, no pressure supplied to the
room acting In the direction of disengagement
the turbine wheel Is kept engaged by Itself at any
speed of rotation, because the centrifugal force
which exists in the liquid contained In the room
of engaging, creates constantly a pressure in the
direction of engaging the turbine wheel.

In a further development of the invention, the
turbine wheel i1s connected at its smallest rim
diameter with a ring by which the pump wheel
is locked up outwards in the disengaged posi-
tlon of the turbine wheel., This arrangement
offers advantages in certain cases hecause it
brings about that there are fewer whirls in the
hydraulle clrcuit when the turbine wheel is dis-
engaged.

Having given a general description of our in-
vention we now want to point it out more in de-
tall having reference to the drawings which rep-
resent several examples embodying our invention.

In the drawings Fig. 1 is a diagrammadtic exam-
ple, mostly in longitudinal section, of a hydraulic
torque converter, the shifting mechanism for the
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turbine wheel being indicated by a hand lever.
Figs. 2, 3 and 4 show other examples in which the
turblne wheel is shifted by pressure means. Fig.
5 is also a longitudinal section of a hydraulic
torque converter with additional other deslgns;
whereas Fig. 6 represents a partial section of
ahother design.

In Fig. 1 mean: | the primary shaft 2, the sec-
ondary shaft of a hydraulic torque converter.
3 is a roller bearing carrying both the shafts. 4
is a pump wheel, § the turbine wheel, 6 the gulde
apparatus of the converter with the guide blades
1. 81s a pipe bend, adjacent to the casing part 9,
in the hub 10 which is carried the hub 11 of the
turbine wheel 5. 12 {s a disc connecting the rim
of the blades I5 of the turbine wheel § with the
hub 11, This disc is provided with apertures 17,
13 are splines on the shaft 2 along which by means
of keyways and keys |9 arranged in the hub If,
the turbine wheel § can beshifted. 20 is a collar
of the shaft 2 against which generally the hub I{
leans. 14 is the space between the pump wheel 4
and the disc 12; 18 is the space between the latter
and the wall of the casing 9. 18 is a spare room
in the guide apparatus. 21 is a circular keyway
in the hub 11 operated in the conventional man-
ner by a hand lever 22 by means of a fork 28.

By means of the hand lever 22 the turbine
wheel & may be shifted from the position of nor-
mal operation as shown in Flg. 1, into the dotted
line position, the turbine wheel remaining con-
nected by means of the keys (3 and 19 with the
shaft 2.

During the displacement the liquid contained
in the space 16 is allowed to enter the space 14
through the apertures 17. After the turbine
wheel § has been shifted to the dotted line posi-
tlon the hydraulic circuit does no longer transmit
the torque to the turbine wheel, whereas the cir-
cuit itself is not interrupted as its liquid continues
to circulate by means of the pimp wheel 4 via
the guide apparatus 6, 1. If the position of the
fuel supply (not represented) has not been
changed, the pump wheel will continue to trans-
form according to its characteristic the input into
dellvery and pressure. Therefore, the same en-
ergy has to be put in as before; but the number
of revolutions of the pump wheel may eventually
change somewhat. The energy is aniliated by
turbulence, percussion and friction (production
of heat). The extension of the circuit by means
of the space I8 ls harmless in general: If neces-
sary, this space can be designed as required.

Before putting into operation such a power
transmisslon, for instance, before starting a car,
the power transmission of which is provided with
a hydraulic circuit according to Fig. 1, the shaft
t and consequently the pump wheel 4 is started
while the turbine wheel 8§ Is shifted out (dotted
line position) and the fuel supply of the driving
engine will be regulated according to the energy
required for the start of the vehicle. The pump
wheel 4 maintalns the circuit according to the
energy input. At first, the turbine wheel § Is out
of operatlon and at rest and just before the car
is to start the turbine wheel is shifted into the
position shown in Fig. 1 in full llnes, Thus the
torque is transmitted to the turblne wheel accord-
ing to the size of the hydraulic torque converter.
and the car starts smoothly, the number of revo-
lutions of the shaft 2 and, consequently, the car
speed increasing according to resistance,

If the hydraulic torque converter, shown in
Fig. 1, is connected to a change speed gear, the
turbine % can be “disengaged” from the cireult in
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the same way before changing over from onhe.

speed to another, wherenpon tlie-gear change can
be effected in the conventional menner. After
the gear change the turbine wheel 5 iz “re-en-
gaged” by shifting it back into the circuit. Dur-
ing the changing-over operation the driving
energy needs no reduction. However, it is also
possible to reduce it in the usval way during the
changing-over period.

In Pig, 2 mean: 31 the primary shatt, 32 the
secondary shaft of a hydraulic torque converter
comprising the pump wheel 34, the turbine wheel
35 and the guide apparatus 3% with the gulde
blades 37 and the bend pipe 38. 39 is a casing
adjacen{ to the bending pipe 38, The turbine
wheel 35 can be displaced within the casing. The
turbine wheel is connected by means of a disc 42
to a pressure-cperated cylinder 43 made up of
the cylinder bottom 44, the side walls 45 and the

cover 46 and connected at the other hand by »

means of keys and kevways 4Tho keys and keyways
480 which are arranged on the driver 49 located
immovably and uncapable of being turned on the
shaft 32. The driver, in its turn, is surrcunded
by the casing hub 50 adjoining casing 38.

In the bore of the shaft 31 is arranged a
lengthening piece 60 of shaft 32, in the centre of
which is situated a tube 61. The circular space
62 between the tube &I and the portion of shaft
60 as well as the space 83 within the tuhe 61 per-
mit the pressure supply to the cylinder 43. There
are bores 64 and €5 in the portion of shaft €9
connected to the spaces 62 and 83, respectively.
and tead to the centre of the cylinder 43, the bores
R4 on the left hand and the bores 65 on the right
hand of the dise piston 5! connected to the per-
tion of shaft B0. Pitted at the shaft 60 ig an
intermediate disc-shaped piece 66 at the outer
rtm of which is provided a tightening surface.89,
A similar tightening surface T8 is arranged out-
side of the disc 42 of the turbine wheel 35.

The turbine wheel 35 is shifted by pressure
means, for instance, rressure oil, via the spaces
§2 and B2 to the cylinder 42.

Vhen the turbine wheel 38 is in the enzared
pnsitlon as shown in the lower part of Fig. 2 the
cvlinder #3 and consequently the tvrbine wheel
25 can be shifted to the izht by admitting pres-
sure nil 1hrouzh the middle space 6% of the tube
§1 and the bores 65 into the space on the rizht
hand of the pistcn §# so that the turbine wheel is
shifted into the disengagzed positirn as shewn in
the upper part of Flg. 2. On the other hand, by
directing pressure oil through the circular space
$2 between the tube 61 and the portion of shaff
60 and via Lhe bores 64 to the space on the left
hand of the piston 5i, the turbine wheel 35 can
be shifted back from its disengaged position into
the circuit so that power is transmitted again to
the Lurbine wheel in the conventional manner,

During the engaged position of the turbine
wheel both the surfaces 69 and T0 are in touch
and are kept in this position by means of the
rressute oil fed to the space on the left hand of
the solid piston 51. The interval between the
pump wheel 34 and the turbine whecl 35 whete
exists a hlgh pressure has ne outside eonnection,
Consequently, nc hiech pressure can enter the
space between the discs 42 and 66.

The result of the displacement of the turbine
wheel 35 is the same as that in our example given
in Fig. 1. )

The joinis eonveniently previded in this ar-
rangement are indicated in Fig. 2 between the
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different parts the object of which can easily
be taken from the illustration.

The example of Fig. 3 is similar to that of Fig.
2. Here, too, is provided an intermediate plece
66 fitted with a tightening surface separating the
spaces of high pressure, The blade rim 80 of the
turbine wheel 61 is provided with an angle ring
A2, B8R situated during normal operation in the
space 8§ of the middle part 84 of the torque con-
verter. When the turbine wheel is shifted out-
wards lhe pump wheel 34 is separated at the
Juter periphiery by the angle leg surface 82 run-
ring in the direction of periphery of the angle
rim. Thus the supply of the circuit is inter-
rupted.

In the example shown in Fig. 4 the (urbine
whee] 105 is joining a ring 106 which is connected
by means of the disc (12 to a stepped piston 111
The latter can be shifted in the cylinder (03 which
is connected to the secondary shaft 102 in a way
that 1t cannot be turned or shifted. 1@l is the
primary shaft, 108 the pump wheel. Hub part
114 of the stepped piston (il can be shifted In
the hub bore |15 arranged at the intermedtate
piece 116. Rotor 106 is equipped at its external
periphery with keys and keyways (23 which can
be shifted in the corresponding keys and keyways
124 of the guide part 103. 125 and 126 indicate
the efficient surfaces of the stepped piston 111;
12T and 128 are the pressure means spaces of the
cylinder (03. In the bore of the shaft 101 s sit-
uated a portion of shaft 160 forming an extension
of shaft t02 to the left and is earried in a roller
pbearing of shaft 181, In the bore of the portion
of shaft 180 is sltuated the tuhe 184 the extension
of which on the right hand forms a bhore (86 in
the shaft 102 from which radiate radial bores
165. ‘The space 162 between the portion of shaft
{60 and the tube (81 corresponds to the space 62,
the bore 163 of the tube 16! corresponds to the
bore 63 of Flg. 2. From the circular space 162
radiate bores 163, leading into the middle of the
cylinder {03,

In the example of FPg. 4, there is constantly a
supply of oil through the bores 163, 188 and 165
without or with a slicht overpressure into the
space 121, The displacement of the turbine wheel
105 outwards is performed by means of supplv-
ing pressure ¢il through the space 162 and the
bores 164 into the space (28 hefore the surfare
126 of the step piston {11. When the oil supply
under pression is interrupted the turbine wheel
is enegaged by the fact that the surface 126 of the
step piston 111 in the space 127 {5 constantly pres-
sure-operated due to the centrifugal force of the
liquid in this space. The dimenslons of surface
125 of the step piston 1f{l ensure that turbine
wheel 105 is kept in its engaged positlon in the
cireuit at every speed of rotation.

Fig. 5 shows: 281 the primary shaft, 202 the
secondary shaft of the converter. 202 is a roller
bearing carrying both the shafts. 208 is a pump
wheel, 205 the turbine wheel, 206 the guide appa-
ratus of the converter. 298 is a bend pipe joining
the guide apparatus and adjacent to the casing
part 209 in the hub 210 of which is carrfed a
driver 211 arranged on the shaft 202 in a way
that it cannot be turned or shifted. 212 is the
disc connecting the rim of the turbine wheel 205
with the hub 214, The driver 211 and the cylin-
der 224 connected to the disc 213 are coupled by
means of dogs or teeth 215, 216 for rotation, how-
ever, in a way that the turbine wheel 205 can be
shifted in the direction of the axis. The disc 212
is provided with apertures 217. 218 is the Inter-
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val between the casing wall 208 and the disc 213.

In the hore of the shaft 201 is located an ex-
tension 220 of the shaft 202 in the centre of
which is sltuated a tube 22). The circular space
222 between the tube 221 and the portion of shaft
22¢ as well as the space 223 within the tube 221
ensure the supply of pressure means to the cylin-
der 224. In the shaft portion 220 there are ar-
ranged the bores 225 and 228 which are connected
to the spaces 222 and 223 and lead into the centre
of the ecylinder 224—the bores 223 on the left
hand, the bores 228 to the right hand of the solid
piston 231 which 1s connected to the shaft por-
tion 220, Pixed to the shaft 220 i5 a disc-shaped
intermedlate piece 221 at the external rim of
which is provided a joint surface 228, An identi-
cal joint surface 229 is arranged on the outside
of the disc 218 of the turbine wheel 205.

The displacement of the turbine wheel 205 is
effected by supplying pressure means, for in-
stance oil pressure, via the spaces 222 and 228 to
the cylinder 228, When the turbine wheel 206
is in the engaged position as shown in the lower
part of Fig. 5, the cylinder 224 and consequently
the turbine wheel 205 can be shifted to the right
by supplying pressure oil through the space 223
and the bores 228 to the space on the right hand
of the piston 231 so that the turbine wheel 205 Is
shifted into the positlon as shown in the upper
part of Fig. 5 in which it is withdrawn from the
hydraulic eircuit of the converter. The circuilt
itself continues to be maintalned. By supply-
ing pressure oil through the circular space 222
and the bores 225 into the space on the left hand
of the piston 231, the turbine wheel 205 can be
shifted back into the clrcuil from the disengaged
position. 233 Is the interval at the external pe-
riphery of the turbine wheel 295, 234 the inlet
cross section of this wheel, 236 are ducts or gaps.

When disengaged from the circuit, the turbine
wheel 205 gpproaches the wall 209 so close that
there is only the interval 210 between the disc 213
and the wall 208. By means of the liquid exist-
ing in the interval 2¢8 the number of revolu-
tions of the turbine wheel 206 1s quickly reduced
due to frictlon and turbulenice. The same proc-
ess takes place when, as shown in the lower part
of Fig. 5, the blades 219 are porvided preventing
the Hquid existing In the interval 2(8 to circulate
with the disc 213 thus exercising also a braking
action on the disc 213, The blades 219 may ex-
tend in the radial and the peripheral directlon
over 50 large a surface and into the wall 208 as is
necessary to attain the desired braking effect.

By means of the apertures 217 provided in the
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disc 213 the lquid escaping at the external pe-
riphery of the turbine wheel 206 via the Interval
233 to the right flows again via the interval 2i8
back to the left and thus in front of the inlet
cross sectlon 234 of the turbine wheel. By the
arrangement of the apertures 217 a constant cir-
culation of the liquid is ensured by means of the
turbine wheel 205,

This pumping effect may be considerably in-
creased if In the wall of the casing 208 ducts or
gaps 236 are provided by means of which, the tur-
bine wheel 205 being disengaged, the amount of
entering liquld between the blade spaces of the
turbine wheel 285 and the interval 218 is in-
creased.

The construction, according to our invention, is
partcularly important with change speed gears
arranged behind the hydraullc torque converter
in order to delay the turbine wheel-connected
clutch half in the change speed gear to the en-
gaglng speed. But it is equally of importance in
case of purely hydraulic transmissions (without
a combination with a mechanical change speed
gear),

In the construction shown in Fig, 6 the disc
218 and the casing wall 209 are equipped with
braking surfaces 241 and 242. When disengaged
the turbine wheel is in the illustrated position so
that the braking surfaces 241 and 242 are pressed
close together thus effecting the delay of the tur-
bine wheel and of the rotating parts connected to
shaft 202, respectively.

Qur invention eliminates not only the frouble-
some and wearisome emptying of the operating
liquid of the hydraulic torque converter but com-
bines, furthermore, as shown by the examples, all
the advantages of such a converter with those of
a friction clutch without showlng the difficul-
tles arising in such a combination normally under
service conditions.

With hydraulic torque converters, according to
our invention, when used in combination with
change speed toothed gearings as mostly applied
to motor cars, the shiftable turbine wheel de-
slgn permlts of supbressing a special friction
clutech otherwlse necessary for the operation of
the change speed toothed gearing.

We do not want to be limited to the details de-
scribed or represented In the drawings, as many
variations will occur to those skilled in the art
wiithout deviating fromn the scope of our inven-
tion.

RICHARD LANG.

JURGEN von FAHLAND.
HERMANN GROS.



