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1

The invention relates to a hydraulic torque
converter of the type in which the hydraulic cir-
cuit includes a pump connected to the engine, a
turbine connected to the driven unit, and a re-
action element connected to 2 fixed casing by
means of a free wheel,

In known eonverter constructions of this type,
the proper operating conditions can be achieved
only for one operating speed and in practice the
output is limited to a narrow range of speeds.

The direction of the fluid streams relative to
the vane sets at the inlet of each element is, in
fact, a function of the speed of the elements,
while the inlet angles of the vane sets are fixed.

But it is known that at the inlet of the turbine, .

provided the ends of the pump blades are inclined
backward, the direction of the fluid streams rela~
tive to the turbine vane set is susceptible to little
variation.

The object of the present invention is t0 pro-
vide a construction in which there is reproduced
at the inlet of the recation element conditions
similar to those at the inlet of the turbine, that
Is, a direction of the fluid streams varies little
‘with respect to the reaction vane set.

It has been found that such a result is ob-~-
tained by adding to the conventional system of
bump, turbine, and reaction element, a rectify-
ing element disposed between the turbine and the
reaction element. This element, being driven,

ence between the speed of the pump and the
speed of the turbine and is driven in a direction
which is opposite to that of the pump.

In the accompanying drawings, Fig. 1 is a
diagram of the speed vectors at the outlet of the
bump of & conventional torque converter;

Fig. 2 is a cross-sectional view of 3 torque con-
verter embodying features of the bresent inven-
tion;

Fig. 3 is a diagrammatic view in perspective of
the kinematic relationships of the converter of
the invention;

Fig. 4 shows diagrammatically the arrange-
ment of the sets of vanes of the various elements
of the torque converter, and represents the de-
velopment of the outer -contour of the eircuit
with the relative speed vectors of the fluid strik-
ing the rectifying vanes when the turbine is
started;

Fig. 40 shows the arrangement of Fig. 4 but
shows the vector diagrams of the speeds at the
inlet and at the outlet of the various vane sets
upon starting;

Fig. 5 is a diagrammatic view similar to Fig.
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2
4, but showing the speed vectors for half-speed
operation of the turbine;

Fig. 5a is like Fig. 40 but shows the vector -di-
agram of the speeds at the inlet ang at the -out-
let of the various vane sets for half-speed opera-~
tion;

Fig. 6 is like Fig. 4, but the speed vectors are
shown for maximum speed of the turbine; and

Fig. 6a corresponds to Fig. 4a, but shows the
vector diagram for maximum speed.

The torque converter of the invention (Figs.
2 and 3) includes a pump | connected to the en-
gine shaft 2, a turbine 3 integral with the driven
shaft 4, and a reaction member 5 connected to
the casing 6 of the machine by a free wheel 1.
There is also provided g rectifying turbine ele-
ment 8 disposed between the turbine 3 ang the
reaction member 5.

The engine shaft 2 is integral with a pinion 9
which meshes with a loose pinion 9’ having a
shaft secured to casing 6. Pinion 9’ in turn
meshes with pinion 10, which is integral with a
shaft i1 to which is cottered a pinion {2. Shaft
I rotates in a ‘bearing mounted in casing 6.

Pinion 12 is in engagement with a pinion 13,
which is the sun pinion of g transmission hav-
ing a crown wheel 14 and satellite 15, the sun

Dbinion 13 being freely rotatable on its shaft. The

satellite holder or support 16 is connected for ro-
tation with rectifying element 8 through the me-
dium of a hollow shaft {6’. Crown wheel 14 is
connected to the driven shaft 4.

From. the kinematic boint of view, it is seen
that the sun pinion 13 rotates in the direction
obposite to that of the engine shaft 2 at a speed
broportional to that of the latter and in rela-
tion to the number of teeth on the gears 9,9, 19,
12 and (3. The satellite~holder 1§ connected for
rotation with the rectifying element 8 rotates at
a Speed proportional to the difference in speed
between pump 1 and turbine 8 and in a direction
opposite to that of the pump. '

As an example, if the tota] ratio between pinion
9 and pinion 13 is 2, the rectifying element has
a speed given by the formuls:

Speed. of rectifier
in opposite di-_ 2 (pump speed— turbine speed)
rection to that™ 3
of the pump

Looking at the ‘machine from the outlet end
of the driven shaft 4, the clockwise direction of
Totation is considered to be the positive or for-
ward direetion. In the developed views 4 4a, 5,
Sa, §,6a, this direction corresponds 1o a displace-
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ment of the vane sets toward the top of the draw-
ing. In these views | is the pump, 3 is the tur-
bine, 5 is the reaction member and 8 is the recti-
fying element.

The opposite direction is the negative or re-
verse direction. In the developed views, this di-
rection corresponds to a displacement of the vane
sets toward the bottom of the drawing. The en-
gine is assumed to rotate in the positive direc-
tion. If we give to the various speed vectors the
following symbols:

—absolute movement of the fluid relative to the
vehicle,

—movement of the vane sets relative to the
vehicle,

r—movement of the fluid relative to the vane
sets,

we always have the known relation of the veloci-

ties corresponding to these three factors:
Va=Vet+Vr

In Fig. 1, a¢ designates the circumferential
speed of the pump relative to the turbine; o,
the relative speed of the fluid with respect to
the pump; and c, the relative speed with respect
to the turbine.

In Fig. 1 it is seen that, with a pump having
blades which extend backward, the direction of
the fluid streams relative to the turbine vanes
is only slightly variable, The flow of the fluid
decreases with the difference in speed between
turbine and pump.

It is seen that the relative speed vector of the
fluid at the inlet of the turbine is the diagonal
of a parallelogram having sides which shorten
as the speed of the turbine increases with respect
to the speed of the pump. In Figs. 4a, 5a and 6a
the velocity vectors are shown for the condi-
tions existing at the exit of the pump and at
the entrance of the turbine 3, at the exit of the
turbine and at the entrance of the reaction
member 8, and at the exit of the reaction member
and at the entrance of the rectifying element 8.
Thus, the conditions at the exit of the pump
are indicated by the arrows originating at the
vertical line furthest to the right and the con-
-ditions at the entrance to the turbine 3 by the
arrows originating at the next vertical line. The
velocity conditions existing at the exit from the
turbine are shown by the arrows originating at
the next vertical line to the left, and so forth.

In Fig. 4¢ are shown the various speed dia-
grams at the time of starting up. Upon starting,
the vehicle, the driven shaft 4, and the turbine 3
are at rest. The engine and the pump are set
in motion at the desired speed. At the outlet
of the pump we have the diagram shown in this
figure. The fluid is projected against the turbine
3 with the velocity Ve as indicated by the upper-
most arrow ab the right. As a consequence,
there is a high torque on the turbine, that is,
on the driven shaft 4.

At the outlet of the turbine vanes, the fluid
js directed rearwardly due to the shape of the
vane set, substantially along the tangent to the
middle line of the vane set of the turbine 3 at
the outlet. :

In this example, the vane set of rectifying
element 8 rotates at the time of starting at two-
thirds the speed of the pump and in the opposite
direction. Fig. 4a shows that the vane set meets
the fluid issuing from the turbine at the speed Vr.

At the outlet of the vane set of element 8,
the relative velocity of the fluid is slightly in-
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creased due fo the contraction of the cross-sec-
tion of the fluid stream since the diameter of
the vane set of element 8 is smaller at the outlet
than at the inlet, as seen in Fig. 2. The driving
velocity is decreased because of the decrease in
diameter of the vane set of element 8 from the
inlet to the outlet.

At the outlet of vane set of element 8, it is
seen that these various factors acting jointly
with the vanes of element 8, impart to the fluid
an absolute speed Va.

If the rectifying element 8 did not exist, the
fluid issuing from the turbine would act directly
along arrow X of Fig. 4 on the vanes of reactor §,
and if we wanted to limit the losses by shock
at the inlet, we would have to give to the blades
of the reactor the form indicated by the broken
lines in Fig. 4.

The purpose of the rectifier during this phase
of the operation is to change the direction of
the fluid streams at the inlet of the reactor, so
that it will correspond to the solid lines of Fig. 4
(arrival along arrow ¥).

At the outlet of rectifier 8, the fluid is deflected
in the reactor as in an ordinary converier com-
prising pump, turbine, and reactor.

Under the effect of the torque received on the
driven shaft 4, the vehicle picks up speed.

Due to the relative forward velocity imposed
on it by the turbine, the fluid at the outlet thereof
has an absolute velocity which is less and less
divected backwardly. The rotational velocity of
the element 8 also decreases due to the rotation
of the crown wheel {4.

When the turbine has reached a velocity of
rotation about half that of the pump vanes (Figs.
5 and 5¢), at the outlet of pump i, Ve has not
varied (assuming that the speed of the engine is
constant). Due to the decrease in the flow of
fluid in circulation observed as the torque con-
verter picks up speed, Vr has decreased so that
Va, the resultant of Ve and V7, has decreased in
magnitude and is now directed forwardly.

At the inlet of the vane set of turbine 3, with
the driving velocity Ve of the turbine equal to
half the velocity of rotation Ve of the wheel, the
velocity Vr is directed rearwardly in such man-
ner that the turbine vane set is still suitably
struck by the fluid of the converter, but the
circulation velocity of the fluid in relation to
the vane set is less than when starting.

At the outlet of the vane set of turbine 3, the
combination of the velocity Vr with the velocity
Ve results in the absolute outlet velocity Va.
We see that the veloeity Ve, which had at the
start a strong inclination rearwardly, is now
slightly inclined forwardly.

At the inlet of the vane set of rectifier 8, the
velocity of rotation Ve of vane set 8 is maintained
at its reduced value; in the example being dis-
cussed, Ve eguals Y the speed of the pump
and has an opposite direction, It is seen from
the drawing that despite the variation of direc-
tion of the speed at the inlet between the starting
speed and the speed considered, the vane set 8
suitably strikes the fluid.

Af the outlet of the vane set of rectifier 8, the
driving velocity Ve is, as we have seen, less than
the corresponding speed at the inlet because of
the smaller-radius of the vane set at the inlet
than at the outlet. The velocity relative te the
vane set Vr is increased and the absolute veloc-
ity Va is substantially as upon starting so that
the fixed vane set 5 is still correctly adapted to
the fluid current.
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From Fig. 5 it is seen that without vane set 8§
the reactor vane set 5§ would be attacked by the
fluid along arrow X, which would make it nec-
essary to form this vane set 5 as shown by the
broken lines, while with the rectifying vane set
8 the reactor 5 is attacked along arrow Y, that
is, the shape shown in solid lines is still suitable.

Beyond this speed, the relative forward velocity
due to the rotation of turbine 3 is increasingly
greater. The absolute speed of the fiuid streams,
for example, extends along arrow X of Fig. 6 for
a given operating speed.

In Fig. 6a there is shown the flow of the Auid
in the machine at a speed of the turbine such
that the reactor 5 is ready for free-wheel rota~-
tion. As is known, the velocity of the fluid in
the turbine has still decreased, but remains cor-
rectly oriented at the inlet. At the outlet of the
turbine the absolute velocity is oriented forward
to a great extent, and the rectifying vane set 8,
which now rotates at very low velocity, brings the
fluid baeck so that the fixed vane set 5 remains
suitably attacked.

If the rectifying element 8 did not exist, the
fluid, issuing from the turbine 3, would act di-
rectly on the vane set of the reactor 5 and in

rder to limit the shocks at the inlet of the lat~
ter, I would have to draw the vahe set along
the dotted line in Fig. 6. It is the task of the
rectifier in this range, due to the shape of the
vane set and its velocity toward the rear, to bring
toward the rear the fluid which passes through it
(arrow Y, Fig. 6) in such a way that the vane
set of the reactor can be drawn along the un-
broken line of Fig. 6 (the same ag the solid lines
in Figs. 4 and 5).

Calculations and experience have shown that
if the rectifier is to play its role effectively in all
ranges, the law of the variation of its velocity has
to be as outlined above. It is the function of the
rectifier 8 to maintain as constant as possible the
direction of the fluid at the inlet of the reactor,
that is, to exercise control over the behavior of
the fluid.

Above a certain range the rectifier is no longer
adapted to compensate the tendency of the fluid
to drive the reactor forwardly. The reactor
which is mounted on a free wheel does not take
the torque any more and the apparatus operates
as a clutch.

The study of the functioning of the apparatus
of the invention shows that in the course of
starting up the absolute velocity of the fluid at
the outlet of the turbine, at first strongly di-
rected forwardly, becomes gradually directed
rearwardly. A rectifier blade set actuated by a
rotating motion opposite to that of the vane set
and proportional to the difference of the veloci-
ties between the pump and the turbine, picks up
the fluid at the outlet of the turbine and throws
it with an almost constant absolute velocity in
its direction of rotation., The reactor is then
suitably attacked by the fluid at all speeds and
the converter operates with a good output in a
wide range of velocities.

Iclaim:

1. In a rotary hydraulic torque converter hav-
ing an input structure and an output structure,
a vaned pump wheel carried by said input strue-
ture, a vaned turbine wheel connected to said out-
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put structure and positioned to receive the dis-
charge from said pump wheel, a vaned reaction
wheel spaced from said turbine wheel, and a
vaned rectifying wheel disposed to receive the
discharge from said vaned turbine wheel and to
direct the discharge toward said reaction wheel,
8.gear train for driving said reectifying wheel in
a direction opposite to that of said turbine wheel,
said gear train including gear means rotated by
the input structure and gear means rotated by
the output structure, whereby said rectifying
wheel ig driven differentially by said gear train at
8 speed proportional to the difference in speeds
between said pump wheel and said turbine wheel.

2. A rotary hydraulic torque converter as de-
fined in claim 1, wherein said gear means ro-
tated by said output structure comprises a planet
pinion support connected for rotation with said
rectifying wheel and supporting s plurality of
planet pinions, a sun gear and a ring gear in
meshing engagement with said planet pinions,
sald sun gear being connected for rotation with
said pump wheel in the opposite direction there-
to, and said output structure including a driven
shaft connected to said ring gear.

3. In a rotary hydraulic torque converter hav-
ing an input structure and an output structure,
a vaned pump wheel carried by said input strue-
ture, a vaned turbine wheel connected to said
output structure and positioned to receive the
discharge from said pump wheel, a vaned reac-
tion wheel spaced from said turbine wheel, and a
vaned rectifying wheel disposed to receive the

(discharge from said vaned turbine wheel and to

direct the discharge toward said reaction wheel,
a gear train for driving said rectifying wheel in
a direction opposite to that of said turbine wheel,
said gear train including gear means rotated by
the input structure and gear means rotated by
the output structure, whereby said rectifying
wheel is driven differentially by said gear train
at a speed proportional to the difference in speeds
between said pump wheel and said turbine wheel,
& speed reducing gear having a fixed casing, one
gear of said speed reducing gear being connected
with said vaned pump wheel, s free wheel mech-
anism connecting said vaned reaction wheel with
said casing, said gear means rotated by said out-
put structure comprising a planet pinion support
connected for rotation with said rectifying wheel
and supporting a plurality of planet pinions, a
sun gear and g ring gear in meshing engagement
with said planet pinions, said sun gear meshing
with a second gear of said speed reducing gear
and thereby being connected for rotation with
said pump wheel in the opposite direction there-
to, and said output structure including a driven
shait connected to said ring gear.

References Cited in the file of this patent
UNITED STATES PATENTS

Number Name Date

1,271,079 Radelifie __________ July 2, 1918
2,005,444 Welss o June 18, 1935
2,235,672 Dodge mcooe_ . Mar. 18, 1941
2,280,015 Tipton o ____ Apr. 14, 1942
2,368,279 Wemp . _______ Jan. 30, 1945
2,379,015 Lysholm . _______._ June 26, 1945



