H. BENZ ET AL
COMBINED HYDRO-MECHANICAL GEAR

1.

Fis
30

Serial No.
405,540

4 Sheeta-Sheet 1

)

~

7
N

.

6

L —

81

PUBLISHED
MAY 4, 1943,
BY A. P. C. Filed Aug. 5, 1941
W -
| e — |
N S =
]
.
s
a3 = 2 )
© e
3 3
, %
b4
(2)
¥ g 3
o
= W
®
4] =~ ® |
3 i
b-d] ‘
0 L
=
- .
=~ R,
o) I Ny
Lj

Frmcedecs,
FRITZ KUGEL,
HELMUT 8ENZ,

& 2. S0
Ctoeseys,




PUBLISHED H. BENZ ET AL Serial No.

MAY 4, 1943, COMBINED HYDRO-MEGHANICAL GEAR 405,540
BY A. P. C. Filed Aug. 5, 1941 4 Sheets-Shest 2
Jid.C.
A
N1] 48 40 424
N 56 46
5 ; , o
5
- i fo
at b 4
0
47 o

Jm
FRITZ KUGEL
, HELMUT BENZ,

Eive X0 p
- [+/ PR APV




PUBLISHED H. BENZ ET AL Serial No.

MAY &, 1943, * GOMBINED HYDRO-MECHANICAL GEAR 405,540
BY A. P. G. Filed Aug. 5, 1941 4 Sheets—Sheet 3
. -}
ALE -1 B
! ST g
la I
| ‘

%//

4
%
. »ty
& & ot iy
© + ey - L
v =" 2
| L -
& - 'T : ——
S .
t,--'.?'"a.:or ------------ 1:2'.'
[+
L%
] !
nat ] : .
[ ] FRITZ RUGEL,
HELMUT BENZ,

A .
Qlhoxmays:



PUBLISHED
MAY 4, 1943,

bY

8

((.

A. F. O.

13

RECTCTLM N

G

23R
| -
AN

1A%
Yy

COMBINED HYDRO-MECHANICAL GEAR
Filed Aug. 5, 1941

H. BENZ ET AL

7

Serial No.
' 405,540

4 Sheets-Sheet 4

i

s 7

N %
o T

Sk

] gs

el T amelig
FRITZ KVGEL,
MHELMUT DENZ |
-5, R
W oNp I -
Jtbacmagr



Published May 4, 1943

Serial No. 405,540

ALIEN PROPERTY CUSTODIAN

COMBINED HYDRO-MEUHANICAL GEAR

Helmui Benz and Fritz Kegel, Heidenheim
(Brenz), Germany; vested In the Alien Prop-

erty Custodian

Application filed August 5, 1941

The Invention relates to hydro-mechanical
gears conslsting of a turbo gear and gear box
which is arranged behind the turbo gear. The
turbo gear may conslst of one or more circults
which can be turbo converters or turbo couplings
at will. The mechanical gear of such a com-
bination is generally equipped with speed chang-
ing mechanism working only at equal speed.

Generally such gears are provided with a posi-
tive clutch which may be disconnected at will;
this clutch is installed between the turbo gemr
and the mechanical gear. With this clutch the
twe gears may be disconnected for a change of
speed and for bringing the gear elements of the
new speed to the same number of revolutions in-
dependent of the orlginal speed. Sometimes an
equalizing device is used for this purpose con-
sisting of g friction clutch and brake for the re-
tardation.

Furthermore the power flow in a turbo clrcuit
from the primary to the secondary part may be
interrupted by stopping the fluid circuit by shut-
ting off a rim of turnahle blades or by the In-
sertion of ring gate, or the pump-—or tubine
wheel may be drawn out of the clircuit in axial
direction and thus the power flow ls stopped.
All these devices are combined in the following
under the collectlve definition of power flow in-
terrupting device.

The Invention relates to a hydro-mechanical
gear, one circuit of which has at least such a
stopping device. The inven{ion bases on the
fact which has been filxed by experiments that
an axially movable turbine wheel of a turbo con-
verter does not only recelve no driving momen-
tum but is even braked according to the condi-
tlons entering into question when shifting gear,
when it 1s completely disconnected and is at that
time between the primary and secondary speeds.
The same appllies to converters with ring slides
or adjustable blades. The turbo converter there-
fore is very useful constructional medium allow-
ing at will the adjustment of torques between
complete positive value and & negative part
value. In lower limlts namely between the full
positive and a small positive part value a turbo
coupling may be regulated In the same manner.

The easlly regulable torque 1s used by the in-
vention for the adaption to the speeds of the
speed changing elements to be shifted by mov-
ing the interrupting device into various posl-
tlons; a special mechanical synchronisation de-
vice together with its complicated control is su-
perfluous, It is also not necessary to Install a
frietion clutch between the turbo gear and the
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mechanjcal gear. All the constructional ele-
ments which are subjects to wear and tear are
thus eliminated. )

According to the construction of the interrupt-
Ing device (e. g. in case of the movable turbine
wheel) the power input of the turbo clreult stays
copstantly in interrupting position, leaying the
motor unjnfluenced of all operations on the
driven side of the turbo gear and the control of
the motor may stay unaltered. When with an-
other construction (e. g, ring gate) the Input
power s reduced in Interrupting position, the in-
terrupting device rediices according to invention
the full supply to the motor in order to avoid
fluctuations of speed of the motor.

In such cases, the “natural” braking effect In
braking position of the interrupting device not
belng suffictent, the inventlon oprovides the
change of the position of the blades of the turbo
converter in order to create suffictent braking
forces. This ot belng possible, a device which
crestes a sufficlent braking power is atcording to
invention provided e. g. a fixed blade rim. Turbo
couplings give for instanee no braking power
and in this case a braking deviee is added whieh
acts In connection with the imterrapting device
giving in any case a negative momentum on a
part of the total siroke of the interrupiing device
to the drivem shaft.

The Bnal position of the lnterrupting device
for the completely undisturbed fluld circulation
i3 called In the following the “operation posl-
tlon® the opposite position the “breking posi-
tion™ and the intermediate position, 1o which the
turbine wheel receives no torque, the “zero posi-
tlen”. The interrupting device may be Kept in
& certain position petween the operation amd
zero position for the acceleratlon to create an
uriformity of speeds for the necessary time; or
1t is let to move, over the whole stroke beginning
at the zero position either with uniform speed
or evenitually in the neighbourhood of the zero
position slower and later faster to avoid too quick
an Increase of speetl and dangér of shocks. Dur-
ing the interrupting movement the zero posttion
may be locked and the passage to the braking
position only opened in case the shifting makes
it neeessary.

It is another objeet of the Invention to simpHfy
the contral of the eombined gear, The Interrupt-
ing device 1s eontrolled in this ease in dependence
of the differéence between the “sheuld be” pesi-
tloh and the “actual” positlen marked by the
selecting device of the coupllpg sleeve, and the
interrupting device passes always the interrupt-
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ing stroke until the control gives an impulse for
the opposite movement. Thus 1t 1s possible to
shift the gear simply by moving the selecting
lever without having to do anything else,

The flgures show different constructions of the
invention without exhausting all possibilities.

Fig. 1 shows & turbo converter with ring gate
as stopping medium and mechanical gear, the
gear wheels of which are constantly meshed, and
claw couplings to be locked by friction members.

Fig. 2 gives an enlarged detall of Fig. 1 showing
the construction of the claw couplings as section
through B—B (n Fig, 3.

Fig. 3 shows a section through A—A in Fig. 2.

Fig. 4 shows a turbo converter with axial mov-
able turbine wheel and a mechanical gear with
claw couplings with inclined front faces.

Fig. § gives a view of a turbo gear with turbo
converter and & turbo coupling, the turbine wheel
of the latter being equipped with movable blades
and a mechanical gear with a sleeve, movable on
a threaded shaft as carrier of the claw coupling.

In the Figures 1, ¢ and 5 the number | indl-
cates the entering shaft of the turbo gear bheing
driven by the motor. 2 is the pump wheel of the
turbo circuit being equipped with a interrupting
device, 8 is the turbine wheel of the same clreuit,
and 4 is the driven shaft of the turbo gear anfd
at the same time the entering shaft of the con-
nected mechanica] gear.

In all cases a simple twospeed mechanical gear
is shown as example. The adaption of the inven-
tion is naturally not only limited to twospeed
gears but may include gear of more speeds and
any design, The gear wheel 5 is In this case di-
rectly connected with the driving shaft 4. It
meshes with the gear wheel 6 on the idling shaft
1 carrying the gear wheel 8. The latter meshes
with gear wheel 9; the driven shaft 1% lles on the
same center line as shaft 4 and Is connected by
couplings of any design either with the shaft 4
directly by the gear wheel § or with the slower
as 4 running geal wheel 8. The sense of rotation
of the various shafts are marked by the arrows
21—24 as example,

The Interrupting device is actuated over a glide
in all 3 figures and a lever |2 by a servo motor
18. This means of actuating 15 not the only
posaible way, e, g. it 1s possible to arrange the
serve motor concentrically with the shaft 4. The
rod system controllilng the fuel supply to the
motor may be connected if hecessary to lever i2.

The coupling devices are actuated by lever i4
being connected elastically with the shifting lever
16, Lever 14 always represents the “actual” posi-
tion of the sleeve, and the shifting lever {§ the
“should be” position of the shift sleeve, i, e. the
position which shall be attalned by the shift
sleeve through the shifting action, started at this
moment. The control Auid for the servoe motor
13 1s depending by the controlling device 18 on
the variation of the *“should be” and “actual”
position, The control fluld is brought through
the lne 17 to the controlling device 16 from a
supply means (e, g. tooth wheel pump) and Hows
through the llne 18 to the servo motor (3.

The shliit lever 16 15 shown as hand lever; but
it may as well be actuated automatically by any
other known control device; starting from one
or more magnitudes of cperation, e. g. the speed
of the vehicle alone, or from its relation to the
motor speed or from any other relation of speed,
or from the speed In relation to a torque, or from
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its relation to the adjustment of the fuel supply
to the motor, or for a relation of a torque.

In Fig. 1 a simple turbo converter is placed
in front of the mechanical gear; in the turbo
circult the guide blades rim 30 follows the tur-
bine blades rim 3 and the pump blades rim 2.
The ring gate 3} is provided between the pump
outlet and the turbine inlet as interrupting de-
vice, and is shown on the top in opened and
at the bottom in closed position. It is carried
by the disk 32 and connected to the sleeve 34
by the bolts 83, the sleeve has a groove Il, The
converter is generally constantly filled with fuld.
The fluld rotates in direction of the arrow 36
when the ring gate is in shut off position. In
the engaged position of the ring gate 31 the
flow of the fluid is interrupted. The driven
shaff receives only such 8 momentum as the ring
gate 31 is carried around on the Inside by the
rotating Auld. On the other side strong eddies
are created between the outlet edge 36 of the
turbine wheel 3 and the inlet edge 3T of the
gulde wheel 3] using up a greater torque as trans-
mitted from the primary part. The braking ef-
fect therefore Is usually sufficlent with this ar-
rengement without auxiliary device if the dis-
tance between the turbine outlet and the guide
wheel inlet is not too large.

The speed change coupling of the mechanlcal
gear is shown enlarged in Fig. 2, and in Fig. 3 as
sectlon. The sleeve 40 is movable in axial direc-
tion but fixed by the key 41 on the shaft 10
in circumferential direction. This sleeve carries
two claw crowns 42 and 43; cne claw of each
crown has projections 44 or 45 respectively.

The groove 46 allows the connection with the
control rod system (4. The gear wheel § carries
the claws 47 and gear wheel § the claws 48.
The two crowns of claws are cone-shaped on the
ingide the two stop coliars 48 and 60 are in these
recesses and are grooved (81 and 62) in longi-
tudinal direction on the outside. The spiral
springs 53 and 54 press the collars {nto the cones
are carried around by the feather 41 and the
shaft 10; but the groove 55 (Fig. 3) Is larger
than the key 4.

The outside piston 68 of the control device 18
slides in the housing 61 and is connected with
the shift lever 15; the Inner piston 62, con-
nected to the lever 14 rests in the boring of the
piston 60. The pistons 68 and 62 are positively
kKept together in a certaln position by the springs
63 and 64; this position is called in the follow-
ing the “center position.” In this positlion the
spring disks 66 and 66 rest against two rims
of the boring In the piston 0. The two pistons
may move against each other under compression
of one of the two springs, the compressed spring
then trles always to restore the center position.
The piston 80 1s provided with two rows of ports
67 and 68, the piston 62 has two circumferential
grooves 69 and J0 belng connected by the chan-
nel 11, In the housing 61 are two circumferential
grooves 12 and 13 being connected with the lines
1T and 18.

The ports 67 serve only as connectlons be-
tween the groove 12, connected with lne IY
and the groove 6%. Through the channel T4
the groove 10 1s also constantly under the pres-
sure of fluld flowing through the lne 1. In the
center poslition of the pistons 60 and 62 the groove
10 is cut off by the piston 60; in every other
position the groove 13 is In connection elther
with the groove 6% or T0 by the ports 68; the oll
pressute of line {T may then pass to the line 18,
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The serve motor 13 conslsts of the cylinder 30,
the piston 81 and the spring 82. The piston $
Is eonnectad with the lever 12 hy the connecting
rod 83. The cylinder @0 has & port 08 being small
in proposition to the supply line 1§,

The dovice shown In Figs, 1-8 works in the
following way: As shown norme] eperaiion In
the first speed Is presumed: The ring gate 3t
is drawvn ouwl of the {furbo clrcuit and is kept in
this position by the spring -82; the sieeve 40 i5
on the right and meshes with the claws 47 of
the gear wheel 0, and the flow of power goes thus
from 4 over 8, 6, 1, 8, 0, 41, 42, 40, &i, to the
shaft 40,

The lever 43 Is in the shown poesiion, the
Jever 18 as well, the pistons 68 and §2 are In
center pesitien. MNow the shifting eperatiom to
the-second 1, e. faster speed is started by turning
the lever 16 into the pesition shown by the ine
19. This moves also the pizston £0 to the right,
the spring $4 reccives tension, the piston 62 rests
for the beginning in 1ts eriginal position, because
the force of the spring 84 1s not sufficlent {o
disengage the sleeve 40 as the olaws 42 and 41
are still pressed against each other by the torque.
As the pistons 48 and 62 have moved against
each other the ports §8 have passed the control
edge T4 to the right and have opened the way
for the .control fluid 1o line 10 and to the serve
mator {3. The piston 84 moves to the right and
the lever 12 in the positton marked by the line
24; 1. e. the ring gate 31 moves to the left and
shuts off the turbo circult, Already before the
piston 81 has finished the stroke completely the
zero position of the ring has been attalned,
at the same moment the claws 42 and 47 become
free, the sleeve 40 moves under pressure of the
spring 64 to the left, but only until the front
fare 56 of the projection 4% touches the front
face 51 of the stop collar §8. This is caused
by the fact that while running in flrst speed
the shaft 0 turns slower as the gear wheel
BE. Alrrady during changing gear, about at the
center position of the sleeve 48, the spring b4
recelves a tension and presses the stop collar §8
agalnst the gear wheel §, The gear wheel tries
to turn it by friction but succeeds only until the
graove 50 rests with the face 58 agsinst the
feather.

In this position of the stop collar 50 the groove
52 has moved against the projection 45, and the
shift sleeve 40 and the stop collar 30 touch with
their front faces 36 end 51. The plston 62 moves
at the same tlme by about 35 .of its stroke to-
wards the center position; the pressure fiuld may
just pass the control edge 13 to the Hne I8 letting
the piston 8! move completely {0 the right and
the ring gate 31 to the complete shut off. This
causes the braking effect of the blade edges 36
and 31 and speed of the shaft 4 is reduced. As
soon &5 the speed is the same as that of the driven
shaft 10, meaning it has become slower, the stop
collar 50 13 carried around in the opposite diree-
tior; at the moment when the stop collar passes
the relative position to the sleeve 40 shown in fig.
3, the projection 4% may pass the groove 52 and
ithe claws 43 ard 48 mesh, The sleeve 40 moves
to its left final position, the lever 14 into the
position marked by the line 28, and the two pis-
tons 80 and 62 attain again thelr center position;
the disk 66 rests again in the inside recess of
the houslng of the piston %0 and the control edge
14 lles opposite the edge of the port 68 letting no
fluid flow to the line 18 and to the servo motor.
‘The cylinder of thye servo motor 15 emptied by the
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pressure of the spring 82 through the port 85, the
piston 81 returns to the drawn position, the ring
gabte is drawn out of the circuit, the converter
transmits again a torque passing now over 4, §,
48,43, 48, 4 directly to shatt 10.

The shifting of gear in the opposite sense L. e.
from the Inst speed to the slower works nearly
in the same way. It differs only fram the de~
scribed shiftlng as already after the parting of
the before engaged claws (43, 48), and after the
sleeve has moved against the stop collar 49, the
fluid passege between the control edge 15 and
the ports 68 1s closed and thus the opening move-
ment of the ring gate starts. The reason is the
necessity of acceleratton of the shaft 4 with re-
gard to its former state for the attaining and
passing of speed uniformity; the braking effect
of the completely closed ring Is not needed in this
case. After attalning uniformity of speed the
claws 42 and 41 mesh and the still increasing
torque Is transmitted over the auxillary shafi T
to the shaft 10,

Only one exampie is given for the hydraudie
operation of the gate valve by the control dewice
18 in fig. 1. It may also be possible to control
the piston for double action creating two <on-
necting lines between 16 and {3 and adapting the
pistons 60 and 62 also for the control of the
returning fluid.

In flig. 1 it has heen supposed that the servo
moior piston moves with uniform speed over the
whole stroke. When the speed of the two direc-
tions of movement or parts of the stroke shall be
varied, well known throttling device may be
adapted working only for a part of the stroke or
only for one direction. :

In fig. 4 a simple turbo converter is placed in
front of the mechanical gear, also in this case 3
blade rims are provided, the pump wheel 2, the
turbine wheel 3 and the guide wheel 38. The
power flow is interrupted in this case by retract-
ing the turbine wheel out of the cireuit in axial
direction. For this purpese the hub 99, carrying
the disk 81 and the blade rim 2, is movable
axial direction but firxed against rotation on the
shaft 4, this hub has a circumferentisl groove {4
at its other end. Also in this case the converter
is usually filled with fluid. As leng &s the drive
shaft | turns, the fuid rotates tn directicn of the
arrow 35. When the turbine wheel 3 ts inserted
{(upver patrt of the flzure 4) it is turned by the
rotating fluild and can therefore transmit a
torque, when the turbine wheel 3 5 withdrawn
(lower part of the figure) practical no torque is
transmitted to the shaft 4. As the friction of
the wall generally not betomes sufficient to re-
duce the speed of the shaft 4 sufficiently quick
enough, statlonary auxiliary blade rim 82 is pro-
vided, being opposite the blade wheel 3 in its tn-
terrupting position. This blade has a braking
effect on the turbine wheel. The use of suech &
oonverter with retractable turbine wheel hag the
special advantage that fuid circulation continues
in the converter, the motor may Tun with fts full
power, and suffers no speed fluctuation whatever.

For the sbeed change of the mechanical gesy
a double sided deflexlon coupling of well known
eonstruction s provided. Its sleeve HI0 is mov-
able in longitudinal direction but cannot turn on
the shaft 10. It carrles two rows of claws 401
and 102 with sloped faces. The front faces of
the claws 103 and 104 of the gear wheels 9 end §
arg also sloped. The atm of this form Is to avold
the meshing of the claws g5 long as miformity of
speed 15 not atiadned .As the comdral devioe 18
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and the servo motor (3 should be constructed
exactly as shown In flg. 1 the gears are changed
exactly as described above. At the place where
the stop collar enters into effect in one case, the
deflexion faces have the same task in the other
case: after the disengaging of the claws (0!
and (03 the froni faces of the claws 102 and
104 slide against each other as long as the wheel
turng quicker than the shaft 0. The coupling
“ratches”. As soon as the speed unlformity is
attained and a little surpassed the sloped faces
work vice versa and bring the ciaws 102 and 104
to mesh.

Fig. 5 shows a combined gear having besides
two speeds of the mechanical also two speeds of
the hydraulic gear. The turbo gear consists of
a turbo converter with pumpwheel 110, turbine
wheel i1l and guide wheel {12 and a turbo cou-
pling with the pump wheel 2 and the turbine
wheel 3. The turbo circuits are changed by
emptying one and fllling the other circuit. The
mechanical gear 1s also in this case shown with
two speeds; the change of speed of this gear is
only considered with fllled turbo coupling; the
combined gear is supposed to work in the fol-
lowing manner:

(1} Converter, 1. speed of the mechanical
gear

(2) Coupling, 1. speed of the mechsanical
gear

(3) Coupling, 2. speed of the mechanical
" gear.

Only the coupling 1s therefore equipped with a
stopping device, i. e. the blades 113 are shown as
turnable ones. These blades are Inserted in the
gecondary wheel with blade journals (i4. On
these journals ti4 small spur wheel |16 are fixed
meshing through intermediate wheels 116 with
the spur wheel 117, idling on shaft 4. The hub
of the spur wheel 117 is threaded, 118; the inside
thread belonging to it, is cut into the sleeve 1i8
which has clrecumferential groove and does not
turn on the shaft but may be moved in longitu-
dina] direction. The upper half of the figure
shows the working position of the movable blades.
The coupling itself has no stationary parts, there-
fore it cannot create any brake effect. On the
contrary the coupling effect does never com-
pletely disappear as eddies occur at the blade
edges (19 and 120 or §121 and (22 respectively,
causing the wheel to turn.

For this reason according to invention an addi-
tional braking device has been provided by in-
stalling at the rotating coupling housing a hlade
wheel 123 as a small turbo brake. The blade
wheel 124 being enclosed by the shell 1286 is fixed
to the housing and lles opposite the blade wheel
123. In normal operation the braking device
123, 124 15 emptied; during the speed changing
operation of the mechanlcal gear, while the fAuld
circulation is shut off, luld 1s led from the cou-
pling to the braking device through the slots 12F
in the blade journal |14 and the borings 127 in
the coupling housing; the blade journal {14 works
alzo at the same time as turning slide valve for
the fluld. As soon as the movable blades return
to the operating position, the fluld Aow to the
brake stops, and the brake ls emptied-through
the ports 128.

Another way to Install a brake has been Indi-
cated by the dash and dot line. A brake disk 129
may be fixed on the sleeve (18 by inserting a
flexible member., This disk 20 touches in the
right hand final position of the sleeve (19 a face
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130 in the housing and works thus as a friction
brake. .

. speed change clutch for the mechanical
gear 1s in this case an automatic working cluich
of well known deslgn of which only the locking
of the change sleeve is controlled from the out-
slde. The shaft 10 has a steep pitched thread 149
on which runs a sleeve (41. This sleeve has
crown, of claws 142 and 2 pawls 143 and 144 as
well as a tooth rim 146. The crown of claws (42
may mesh with those 146 at.the wheel 8 or 147
at wheel 6. The pawl 143 is directed with its
point against the onlooker: at the center posi-
tion of the sleeve 141 it is opposite the claw
crown 147; when this crown turns faster than
the shaft 10 it ratches; when it turns slower the
pawl grips and induces the sleeve 141 to its left
end position. The pawl 144 belongs to the ratchet
rim 146 and is directed with its point away from
the onlooker It ratches as long as the wheel turns
slower than the shaft 10, as soon as it turns
faster, the pawl grips and draws the sleeve into
its right hand end position. On the teeth 145
of the sleeve 141 the locking sleeve {40 slides with
its teeth 149, On the shaft the hub 150 s fixed,
having, teeth for locking purposes. The bolts
162 grip the circumferential groove 16l of the
locking sleeve. These bolts are fixed in the sleeve
153 and pass through slots in the eylindrical part
carrying the claw rim 147. The sleeve 163 liself
is moved by the lever 14.

The changlng from low to higher speed works
as follows: beginning at the shown position of
all parts: The locking sleeve 148 with the sleeve
163 and the lever 14 follow the moving of the shift
lever 15 Immediately to the left until the front
face of the teeth 148 touch the right hand front
face of the hub 180. The servo motor 13 is sup-
plled wlth pressure fluid by the control device
I8, the lever 12 and with it the whole controlling
mechanism up to the blades 1iI3 go into the
shutting off position of the fluid circulation. The
power transmission is interrupted, the brake 123,
124 filis itself. The braking momentum turns the
sleeve (41 into its center position and the pawl
143 ratches against the claws (47, But the tooth
wheel & turns still faster than the shaft 10 cor-
responding to the speed difference. As soon as
its speed has been reduced by the brake to that
extent that it begins to turn slower than the shaft
14, the pawl 143 grips and draws the sleeve (41
to the jeft, until the claws 142 and (47 mesh.
When the sleeve 14l has attained its left end
Position the teeth 149 and 158 mesh; 140 and 1563
go to the left, the lever 14 takes a positlon as per
line 16. The pistons of the control device 18 re-
turn to thelr center position, the servo motor (3
loses its pressure. The lever §2 returns Into the
drawn position; the blades 113 open, the torque
Dasses now over 4, 6, 147, 142, (41, 145, 149, 148
and 160 to the shaft 10.

When changing from higher to lower speed
the lever 14 does not follow the lever 16 In the
beglnning as the locking sleeve 148 Is charged
with torque. Only after the torque ceases b
shutting of the movable biades 113, the locking
sleeve jumps out but is not yet able to take Its
shown posltion. As described for Fig. 1, the servo
motor already looses 1ts pressure at this moment
causing thus to open the blades 113 again. This
again causes an increase of speed of shaft 4 and
after passing the speed uniformity of 9 and 10 all
parts regain their drawn position,
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