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UNITED STATES PATENT OFFICE 
2,344,083 

ENGINE STARTING APPARATUS 
Reinhold Freitag, Stuttgart-Unterturkheim, and 
Will Stoeckicht, Soln, near Munich, Germany; 
wested in the Alien Property Custodian 
Application October 6, 1937, Serial No. 167,568 

In Germany October 10, 1935 
(CI. 123-179) 22 Claims. 

In the driving means for propellers hitherto 
known the shaft of the propeller is coupled to 
the engine shaft either directly or by a few gear 
Wheels and at starting the starter is caused to 
act directly upon the engine shaft. 
In contrast thereto the present invention re 

Sides in a method for the Starting of internal 
combustion engines driving propellers, blower 
blades or other rotating masses according to 
Which the starter is caused to act upon the un 
coupled propeller, shaft and the propeller shaft 
is coupled to the engine shaft only When so much 
energy of rotation has been accumulated in the 
mass formed by the propeller shaft and blades 
that this is capable of turning Over the internal 
Combustion engine. This method may also be 
applied in such fashion that the starter is first 
caused to act upon the uncoupled propeller shaft 
and somewhat later, immediately before the cou 
pling thereof, also and at the same time upon 
the engine shaft. 

By this new starting method, not only the 
starter but also the parts to be driven are greatly 
spared because the transmission of the starting 
forces and also the initiation of the drive from 
the engine take place extremely gently. In par 
ticular the starter clutch is subjected to no such 
high wear as hitherto and the Starter clutch does 
not need to be repeatedly renewed. Also it is 
possible to employ a considerably Smaller and 
simpler starter than hitherto which again repre 
Sents a, Saving of Weight and starting energy. 

Generally speaking, this invention may be de 
fined as comprising the constructions and com 
binations recited in the annexed claims and illus 
trated in certain embodiments in the drawings 
accompanying and forming a part of this appli 
cation, Wherein: 

Fig. 1 is a longitudinal view, partially in cross 
Section, illustrating the application of one form 
of starting apparatus to an internal combustion 
engine driving a propeller; 

Fig. 2 is a partial longitudinal cross-sectional 
View, similar to Fig. 1, of a modified form of 
Starting apparatus; 

Fig. 3 is a detail illustration of a braking de 
Vice in side elevation and section; 

Fig. 4 a Self acting dog clutch in longitudinal 
section and detail illustration; 

Fig. 5 is a partial longitudinal cross-sectional 
View. On an enlarged Scale, illustrating a further 
modification of the Starting apparatus in which 
the over-running clutch directly interconnects 
the engine and propeller shafts; 

Fig. 6 diagrammatically illustrates an arrange 
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ment whereby the action of the brake on the 
starting apparatus may be correlated with the 
actuation of the starting motor; 

Fig. 7 is a further arrangement, similar to 
Fig. 6, wherein the actuation of the brake on 
the starting apparatus is brought about in re 
sponse to the starting motor current; and 

Fig. 8 illustrates an adjustable pitch propeller 
for use in connection with the starting Systern 
such as illustrated in Figs. 1, 2 and 5. 
In Fig. 1 a, driving engine-shaft f and a pro 

peller shaft 2 to be driven are located coaxially 
one behind the other. The two shaftS have each 
a flange-disc, 3 and 4 respectively and near the 
respective edges of each flange-disc, Fig. 1 shows 
pins 5 and 6 of which there are about six in all. 
Each of the pins carries a respective planet Wheel 
shown at 7 and 8. For these planet wheels 7, 8 
there is provided a common Sun-wheel body 9 
which bridges both the axial distance and also 
the radial distance between the same in Such 
fashion that the planet wheels engage in inter 
nal teeth 0 and the planet wheels 8 in external 
teeth . The sun-Wheel body 9 has generally 
the shape of a bell and is mounted in freely ro 
tatable fashion on the shaft . The planet wheels 
also engage With a pinion 42 which is likewise 

mounted freely on the shaft . Also freely 
mounted on the shaft i and rigidly connected to 
the Wheel 2 is a braking drum 3 whose braking 
band 3. (Fig. 3) can be tightened or loosened by 
a lever 6 SWingable about a pivot 5. Engaged 
with the lever 6 is the rod of a piston 8 
which Slides in a cylinder 9 and is influenced 
on the One hand by oil pressure 20 and on 
the other hand by a spring 2. The oil fiOWS to 
the chamber 26 in front of the piston through a 
passage 22 in which a throttling and closure 
valve 23 is included. A return passage 24 
branches from the valve 23. The valve 23 can 
be adjusted by a lever 25 in such fashion that 
the oil flow from the passage 22 to the oil cham 
ber 20 is either cut off completely or is only throt 
tled to Such an extent that the oil pressure Suf 
fices to overcome the Stress in the spring 2 and 
forcibly to tighten the braking band fa. The 
excess oil then flows through the passage 24 back 
to the place from which it was taken. Finally 
the Sun-wheel body has a further ring of ex 
ternal teeth 26 in which a toothed wheel 27 en 
gages. The Wheel 27 is in turn in engagement 
With a toothed. Wheel 28 which is mounted on the 
shaft of a liquid pump 29 which supplies pres 
Sure oil through the passage 22 to the cylinder 
space 20 in front of the piston 8. At the end 
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of the pump shaft there is also mounted a clutch 
half 30 in the vicinity of a Corresponding clutch 
half 3 of a starter 32. Finally there is also pro 
vided a further stationary toothed ring 33 With 
internal teeth in which the planet wheels 8 roll. 
Also a clutch-half 34 (Fig. 4) is provided on the 
end of the engine shaft towards the propeller 
shaft 2. The complementary coacting half 35 is 
(mounted slidably in the Sun-wheel body 9 in 
such fashion that it moves against the clutch 
half 34 and engages it as soon as the Sun-wheel 
body 9 rotates more slowly than the engine shaft. 
For this purpose the clutch ring 36 carrying the 
dog teeth 35 is mounted, non-rotatably but guid 
ed by grooves 37 parallel to the principal axis, in 
axially movable fashion on the Sun-Wheel body 9. 
On the outside of the clutch ring 36 is a ring 
of inclined grooves or a kind of flat thread-teeth 
38 which engage in corresponding teeth 39. The 
teeth 39 are cut in a bushing 40 which is pressed 
with a frictionally tight fit by a Spring 4 against 
a recess 42 in the engine shaft . 
The manipulation and the manner of opera 

tion of the arrangement in accordance With the 
invention is as follows: 
As Starter 32 there is provided a fly. Wheel 

starter of such construction that as long as this 
is actuated or this alone is the driving part, its 
clutch-part 3 is in the engaged position and 
when it has fulfilled its purpose, it Springs again 
into the disengaged position. 
Upon actuation of the starter 32, therefore, the 

clutch parts 30, 3 come into engagement and 
the wheel 28 together with the pump 29 is Set 
in rotation, for example in the clockwise direc 
tion. Consequently the intermediate Wheel 27 
rotates in the opposite direction and the Sun 
Wheel body 9 in the same direction. Consequent 
ly the planet wheels also rotate in the clockwise 
direction and the toothed wheel 2 mounted 
freely on the shaft in the opposite direction, 
provided that the brake is not applied as is ini 
tially the case at starting. The wheels 7 and 2 
rotate idly and the engine shaft remains ini 
tially unaffected. The sun-wheel body 9 also 
drives the planet wheels 8 which rotate counter 
clockwise and roll on the stationary ring of teeth 
33. By this means the pivots 6 of the planet 
Wheels 8 are carried along in the clockwise direc 
tion and the ScreW shaft 2 likewise rotates in the 
clockwise direction and thus, due to the rotary 
mass constituted by the propeller blades, the 
flange-disc 4 and the other rotating gear parts, 
accumulates a considerable kinetic energy. 
The liquid pump 29 also commences to rotate 

at the same time as the gear wheel 28 and, with 
the valve 23 open, supplies pressure oil through 
the passage 22 to the chamber 20 in the cylinder 
9 with the result that directly after the pro 

peller shaft has received a first powerful driving 
impulse, the piston 8 is displaced to the right 
against the force of its spring 2 f and consequent 
ly the braking band is tightened, that is the 
wheel 2 is braked and brought to rest. As a re 
Sult the planet. Wheels 7 driven by the sun-wheel 
body 9 and rolling on the now Stationary wheel 
2-acting at their pivots 5-also set the engine 

shaft in rotation and this likewise in the clock 
Wise direction. 
The power transmitted from the starter 32 to 

the engine shaft then increases in the same 
measure as the rapidly and steadily increasing 
braking force on the drum 3. On the other 
hand the loading on the starter 32 also increases. 
until finally it is no longer capable of driving the 
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gearing and the engine and its rotation Com 
mences to become slower. Consequently, work 
ing backwardly, the rotating propeller shaft 2 
and the parts rotating with it also commence to 
give up their stored energy to the engine Shaft 
so that now a driving force both from the starter 
and also from the propeller shaft becomes effec 
tive upon the engine shaft and this turns over the 
engine before the action of the starter falls off 
appreciably. At the instant at Which the engine 
responds, the engine shaft takes over the drive of 
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the gearing and propeller Shaft which, in accord 
ance with the example shown in Fig. 1, may take 
place through two transmission stages depending 
upon whether the brake is tightened or released. 
With the brake tightened, the Sun-wheel body 

9 rotates more quickly than the engine Shaft f. 
The clutch 34, 35 remains in its disengaged posi 
tion since the frictional force between the shaft 
f and the fiction bush 40 (Fig. 4) acts through 
the teeth 38, 39 upon the clutch ring 36 in such 
fashion that the latter retains its right hand end 
position. In this position of the clutch 34, 35 a. 
drive of the screw shaft 2 takes place through 
the transmission of the planet gearings T, 0 and 
8, 33. 
By moving over the valve 23 by the lever 25 

(Fig. 3), however, it is also possible to cause the 
liquid arriving through the passage 22 to flow into 
the passage 24 and thereby to remove the oil pres 
sure from the piston 8. The spring 2 then ex 
pands and displaces the piston 8 into Such an 
end position that the braking band 4 is released 
and the braking drum 3 can rotate With the 
Wheel 2. From this instant on, the planet 
Wheels 7 and the clutch wheel 2 also rotate idly 
with the result that the hitherto higher speed of 
the sun-wheel body 9 as compared with the speed 
of the engine shaft falls off and the Sun-wheel 
body therefore rotates more slowly than the Said 
shaft. The result of this is that the frictional 
pressure in the clutch 34, 35 is converted at the 
inclined teeth. 38, 39 into a push which displaces 
the clutch ring 36 to the left and the clutch 34, 35 
then engages. By this the engine shaft and 
the Sun-wheel body 9 are rigidly connected to 
gether. Consequently the two elementS rotate 
at the same speed. The planet Wheels 7 and the 
Wheel 2 rotate idly thereWith and the engine 
shaft drives the screw shaft 2 through one 
transmission only, the teeth i? and planet 
wheels 8. 
Upon renewed tightening of the brake by a 

reversal of the Valve 23 in such manner that the 
full oil pressure can again act on the piston 8 
the original condition directly after Starting is 
again established in that a negative drive by 
way of the planet wheel gearing 7, 0 is again es 
tablished and Consequently the Sun-Wheel body 
9 tends again to rotate more quickly than the 
engine shaft so that the clutch 34, 35 is again 
disengaged. 

Fig.2 shows how a further transmission can be 
interposed between the Sun-wheel body 9 and 
braking drum 3. In this example the toothed 
ring 10 does not engage directly with the wheel 
but with a Smaller Wheel ia arranged in front 

thereof and rigidly coupled therewith. . . In order 
to obviate the greater constructional length ne 
cessitated by the inclusion of the wheel a the 
braking ring of the drum f3 is in this example di 
rected towards the bell 9. Otherwise the arrange 
ment in accordance With Fig. 2 operates precise 
ly as does that of Fig. 1. Within the scope of the 
invention, the brake may be constructed in any 
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desired fashion. In place of the band brake, a 
liquid brake, a pneumatic brake or an electric 
brake or any other Suitable clutch device may be 
provided. The particular construction of the 
over-running clutch between the engine and pro 
peller shaft may likewise be as desired. In Some 
cases, the over-running clutch may also directly 
connect the two shafts. Such an arrangement is 
illustrated by way of example in Fig. 5 which is 
similar to Fig. 4, except that the groove 37' for 
guiding the clutch ring 36 are formed on the pro 
peller shaft 2. In this case the sun-wheel body 
9 is simply mounted relatively to the shaft 2 by 
suitable means such as the ball bearing 43. 

Also, within the scope of the invention, the 
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number of planet wheels and the choice of the . 
transmission between starter and gearing and 
between sun-wheel body and shafts are left free. 
The gearing of the arrangement in accordance 
with the invention need not essentially be con 
structed as planet gearing. The manipulating 
members for the starter may be coupled with the 
manipulating member for the valve 23 in the 
passage 22 so that both devices can be actuated 
by a common main manipulating member. AS 
an example of the manner in which this may be 
done, attention is directed to Fig. 6 showing the 
handle 25 of the valve connected by a suitable 
link 44 with a switch member 45 for starting of 
the starter motor 32. Upon closure of the SWitch 
45 a circuit Will be established for the motor 32 
through the contact 46 and conductor 47, and 
simultaneously the valve will be rotated in Such 
a manner as to apply pressure to the cylinder 9 
of the brake control. An extension 48 of the link 
44 permits simultaneous manual operation of 
both the brake and the starter motor. 
The pump 29 either draws its oil from a sepa 

rate vessel or it is connected to the lubricating 
oil circulation of the engine. PreSSure oil may 
also be replaced by pressure water, for example 
cooling water. In the case of the adaptation of 
the brake for another operating medium, the 
pump 28 is, naturally, replaced by a suitable pres 
sure- or current-producing device. If an elec 
trical arrangement is provided, the braking Cur 
rent may also be taken from the starter circuit. 
The braking device may also be designed So that 
the braking band is tightened from two ends. 
This may be accomplished by means of the air 
rangement illustrated in Fig. 7, in which a brake 
band tightening solenoid 48 is included in the 
electrical circuit of the motor 32, and will ac 
cordingly be energized simultaneously with en 
ergization of this motor. Energization of the 
solenoid 48 rotates the lever 6 in Such a manner 
that the ends of the brake band connected at 49 
and 50 will move in such a direction as to tighten 
the band from both ends. 
The provision of the subject of the invention 

is particularly advantageous for the drive of a. 
variable pitch propeller because with Such an 
arrangement the blades of the propeller may be 
set right back at starting and the braking effect 
of air resistance at starting limited to a mini 
mum value. Consequently the inertia, energy of 
the propeller set in rotation can be fully utilised 
at Starting. 

Fig. 8 illustrates the propeller blades pivoted 
at 55 and 56, in full lines for normal use and in 
dotted lines for starting. The propeller shaft is 
illustrated as mounted through gears 5 and 52. 
The invention may also be employed for the 

driving of rotary masses upon travelling or sta 
tionary engines. 
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While We have herein shown and described 

only certain embodiments of certain features of 
Our present invention, it is to be understood that 
they are to be regarded merely as illustrative, 
and that We do not intend to limit ourselves 
thereto except as may be required by the follow 
ing claims. 
We claim: 
1. In an aircraft having an internal combus 

tion engine and a propeller for driving the air 
Craft, in combination, a Sun wheel and means 
for connecting the same to said propeller, start 
ing means for initiating rotation of said Sun 
wheel, a drive shaft for said engine, planetary 
gearing interconnecting said Sun wheel and Said 
drive shaft, adjustable braking means on said 
planetary gearing for controlling the action of 
the propeller and the starting means upon said 
drive shaft, and an overrunning clutch between 
said drive shaft and Said Sun Wheel. 

2. In combination, an internal combustion en 
gine having a drive shaft, a rotatably mounted 
mass, a rotatably mounted shell, a prime mover, 
means for connecting Said shell for rotation by 
Said prime mover, planetary gearing including a 
relatively stationary gear intermediate said shell 
and said rotatably mounted mass, planetary gear 
ing including a normally free gear intermediate 
said shell and Said drive shaft, and means for 
controlling the movement of Said relatively free 
gear. 

3. The combination according to claim 2, in 
combination with means responsive to the differ 
ence in Speed between said drive shaft and said 
shell for directly interconnecting said drive shaft 
to said shell. 

4. In combination, an internal combustion en 
gine having a drive shaft, a brake drum and a 
gear wheel connected therewith mounted for free 
rotation on said drive shaft, a shell mounted for 
free rotation on said drive shaft, Said shell hav 
ing one portion containing an internal annular 
gear and two other portions each containing ex 
ternal gears, a first pinion connected to Said drive 
shaft and mounted for rotation between said in 
ternal annular gear and Said gear wheel, means 
for controlling the rotation of said brake drum, 
starting means for imparting rotation to said shell 
through one of Said external gears, a propeller, a 
stationary internal annular gear Surrounding the 
other of said external gears, and a second pin 
ion connected to said propeller and mounted for 
engagement between said stationary internal gear 
and its surrounded external gear on said shell. 

5. The combination according to claim 4, in 
combination with an overrunning clutch respon 
sive to a difference in speed between said drive 
shaft and said shell for directly interconnecting 
those elementS. 

6. The combination according to claim 4, in 
which the means for controlling the rotation of 
the brake drum comprises a normally loose brake 
band mounted on said drum, a fluid-pressure re 
sponsive device for tightening said band upon 
said drum, a pump driven by said starting means 
for Supplying fluid under pressure to Said de 
vice, and a valve for controlling the flow of said 
fluid. 

7. In engine starting mechanism for aircraft, 
the combination of an engine shaft, a propeller, 
a rotatably mounted member, means for rotat 
ing said propeller through said member for stor 
ing energy in Said propeller, Connecting means 
imparting said energy to said engine shaft, means 
for disabling said connecting means, and means 
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responsive to a difference in speed between said 
engine shaft and said member for directly con 
necting the same together. 

8. In engine starting mechanism, the combi 
nation of an engine shaft, a propeller, a rotat 
ably mounted member, means for rotating said 
propeller through said member for storing en 
ergy in Said propeller, connecting means impart 
ing Said energy to Said engine shaft, means for 
disabling Said connecting means, and an over 
running clutch directly between said engine shaft 
and Said member. 

9. In combination with an internal combustion 
engine having a drive shaft, an aircraft propeller, 
means for accelerating said propeller to store 
energy therein With Said engine shaft remain 
ing stationary, a freely running planetary gear 
ing intermediate said propeller and shaft, and 
braking means on said gearing for drivably con 
necting said propeller and shaft. 

10. The combination according to claim 1, in 
combination. With a source of power actuated by 
said starting means, and a device actuated by 
Said Source of power connected for controlling 
the adjustable braking means. 

li. The combination according to claim 2, in 
which Said last means comprises a braking de 
Vice On Said free gear, and a source of power 
driven by said prime mover connected for actu 
ation of Said braking device. 

12. The combination according to claim 9, in 
combination with a source of power driven by 
Said acceleration means and connected for ac 
tuation of Said braking means. 

13. The combination according to claim 7, in 
which said propeller is of the adjustable blade 
type. 

14. In an engine starting mechanism, the com 
bination of an engine shaft, a propeller, means 
for Starting Said propeller, connecting means be 
tWeen Said Starting means and said engine shaft, 
means for making and breaking the connection, 
and additional releasable means for connecting 
Said engine shaft and Said propeller. 

15. The combination according to claim 21, 
in which Said connecting means includes means 
for producing a difference in Speed between said 
engine shaft and said inertia device, and said 
releasable connecting means is an over-running 
clutch automatically releasable upon the inclu 
Sion of Said connecting means, due to said dif 
ference in Speed. 

16. The combination according to claim 21, in 
which Said connecting means includes means for 
producing a difference in speed between said en 
gine. Shaft and Said inertia, device, and said re 
leaSable connecting means is an over-running 
clutch, automatically releasable during the start 
ing of Said inertia, device or the inclusion of said 
connecting means. 

17. The combination according to claim 21, in 
combination with means interconnecting said 
Starting means and said connecting means for 
actuating said connecting means upon deener 
&ization of Said starting means, and vice versa. 
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18. The method of starting an internal com 

bustion engine of the type adapted to drive a 
propeller, which includes the steps bringing the 
propeller up to a predetermined speed by driving 
it through an engine starter, then connecting 
the engine to both the propeller and starter 
through a releasable driving connection so that 
it is subjected to the driving force of the starter 
and the inertia, forces of the propeller and then, 
after the engine has started, releasing the driv 
ing Connection between the engine and the start 
er and propeller and Substantially simultaneously 
connecting the engine directly to the propeller in 
dependently of the releasable connection, 

19. The method of starting an internal com 
bustion engine, which includes the steps of bring 
ing a rotatable inertia, member up to a prede 
termined Speed by driving it through an engine 
Starter, then connecting the engine to both the 
inertia device and starter through releasable driv 
ing connection so that it is subjected to the driv 
ing force of the starter and the inertia forces 
of the rotatable inertia member, and then after 
the engine has started, releasing the driving con 
nection between the engine and the inertia mem 
ber and Starter and Substantially simultaneous 
ly directly connecting the engine to the inertia 
member independently of the releasable connec 
tion. 

20. In an engine starting mechanism, the com 
bination of an engine shaft, a rotatably mount 
ed inertia device, a rotatably mounted mem 
ber, starting means for rotating said inertia 
device through said member for storing energy 
in Said device, connecting means between said 
Starting means and said engine shaft, means for 
disabling said connecting means, and an over 
running clutch directly between said engine shaft 
and Said member for interconnecting the same 
independently of the means for rotating said 
inertia device. 

21. In an engine starting mechanism, the com 
bination of an engine shaft, a rotatably mounted 
inertia, device, means for starting said inertia, de 
Vice, Connecting means between said starting 
means and Said engine Shaft, means for con 
trolling the making and breaking the connection 
between said starting means and said engine 
Shaft, and releasable means independent of said 
connecting means, for connecting said engin 
shaft to. Saidinertia device. 

22. In an engine starting mechanism, the com 
bination of an engine shaft, a rotatably mounted 
inertia, device, a starting device for said inertia, 
device, first drivably connecting means between 
Said Starting device and said inertia device, sec 
ond variable drivably connecting means between 
said first drivably connecting means and said 
engine shaft, third drivably connecting means 
between said engine shaft and said inertia de 
vice, and means for varying said second drivably 
connecting means. 

RENHOLD FREITAC. 
WILL STOECKCET. 


