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(57) ABSTRACT 

A starter for an internal combustion engine comprises a 
starter motor and a starter pinion which can be displaced 
transversely to the longitudinal axis of the motor. The starter 
pinion is rotatably mounted in an eccentric component 
which is connected in a rotationally fixed manner to a 
rotatable transmission component of a transmission that is 
disposed between the starter motor and the starter pinion. 

15 Claims, 3 Drawing Sheets 
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US 9,488,147 B2 
1. 

STARTER FOR AN INTERNAL 
COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

The invention relates to a starter for an internal combus 
tion engine. 

The German patent specification DE 358 082 A describes 
a starter for an internal combustion engine which has an 
electric starter motor the rotational movement of which is 
transmitted via gears to a starter pinion. The starter pinion 
can be adjusted in a radial direction between an inoperative 
position and an engaged position with a crown gear of the 
internal combustion engine. The starter motor actuates a 
drive pinion which meshes with a slew pinion that is jointly 
disposed with the starter pinion on a shaft running parallel 
to the drive shaft. The slew pinion meshes with the internal 
teeth of a ring gear which is disposed coaxially to the drive 
shaft and can revolve about the same. 

After the start-up of the electric starter motor, the ring 
gear still initially remains in the initial rotational position 
thereof due to the relatively high inertia thereof, wherein the 
slew pinion runs jointly with the starter pinion along the 
internal teeth of the ring gear until achieving the engaged 
position between starter pinion and ring gear. In the further 
course of action, the ring gear begins to rotate. The drive 
movement of the starter motor is then transmitted into a 
rotation of the starter pinion which actuates the ring gear of 
the internal combustion engine. 

The Swiss patent application CH 97 941 discloses a 
starter for an internal combustion engine comprising a 
starter pinion that is radially pivotally mounted. The starter 
pinion is accommodated in a tiltable sleeve which can be 
pivoted concentrically with respect to the longitudinal axis 
of the motor, wherein the starter pinion executes the desired 
radial movement in the direction of the crown gearby means 
of the pivoting movement of the tiltable sleeve due to the 
eccentric mounting thereof. 

SUMMARY OF THE INVENTION 

The aim underlying the invention is to design a starter for 
an internal combustion engine using simple measures in a 
compact and operationally reliable manner, the starter pinion 
of which can be deflected transversely or radially with 
respect to the longitudinal axis of the motor. 
The inventive starter is used with internal combustion 

engines and comprises an electric starter motor as well as a 
starter pinion that is actuated by the starter motor. The starter 
pinion can be adjusted transversely or radially to the longi 
tudinal axis of the starter motor between an inoperative 
position and an engaged position with the crown gear of the 
internal combustion engine. In relation to the longitudinal 
axis of the motor, the actuation of the starter pinion can 
relate to a radial movement, a translatory tangential move 
ment or to a movement along a curved path, for example, 
along a circular path which lies in a plane Vertical to the 
longitudinal axis of the motor. 
The starter pinion is rotatably mounted in an adjustable 

eccentric component which in turn is rotatably accommo 
dated in a housing of the starter. The starter pinion is 
arranged eccentrically to the rotational axis of the eccentric 
component; thus enabling the starter pinion to carry out the 
desired transverse or radial movement during a rotational 
movement of the eccentric component. 

In the case of the inventive starter, the eccentric compo 
nent is designed in a rotatably fixed manner with a trans 
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2 
mission component that is a constituent part of a transmis 
sion disposed between starter motor and starter pinion. By 
means of the transmission, the rotational speed of the motor 
is reduced to a lower starter pinion rotational speed. The 
one-piece embodiment results in the eccentric component 
and the transmission component having the same longitu 
dinal or rotational axis and being jointly rotatably mounted 
in the accommodating housing. A one-piece embodiment is 
also worth considering in which the eccentric component 
and the transmission component are designed as a common 
component as well as an embodiment as two or several 
separate components that are however connected to one 
another in a rotatably fixed manner. 
The transmission component can be rotated between an 

initial position in which the starter pinion is disengaged from 
the crown gear and a start position in which the starter pinion 
is engaged with the crown gear of the internal combustion 
engine. The transmission component therefore serves to 
impress the meshing movement onto the starter pinion. 

This embodiment has the advantage that the transmission, 
which is connected downstream of the starter motor, can be 
used for the meshing movement of the starter pinion. As a 
result of the one-piece embodiment of eccentric component 
and transmission component, a compact embodiment is 
achieved in which the adjusting movement of the starter 
pinion can be carried out with low friction due to a reduced 
number of components. 
The transmission component, which is designed to be 

rotationally fixed to the eccentric component, also serves, in 
particular in the start position in which the starter pinion is 
engaged with the crown gear, to transmit movement in the 
transmission path between starter motor and starter pinion. 
Said transmission component thus serves a dual function: 
firstly the adjusting movement of the starter pinion is carried 
out with the aid of the transmission component and sec 
ondly, in the meshed state, the drive movement of the starter 
motor is transmitted via the transmission component to the 
starter pinion. 

According to a preferred embodiment, the adjusting 
movement of the transmission component takes place by 
means of the starter motor between the initial position 
thereof and the start position; and thus no additional actua 
tor, Such as, e.g., a starter relay is required. Upon Switching 
on the starter motor and the rotational movement of the 
motor shaft beginning, the transmission component, which 
is rotatably mounted in the housing of the starter, is rotated 
in a first movement phase from the initial position into the 
start position. The transmission component thereby executes 
a rotary movement about the longitudinal axis thereof. The 
rotary movement is accompanied by the meshing movement 
of the of the starter pinion. 

After the transmission component has achieved the start 
position thereof, the next movement phase follows the first 
movement phase. In said next movement phase, a further 
rotation of the transmission component is prevented in the 
accommodating housing and instead the transmission com 
ponent serves to support further components of the trans 
mission and to transmit movement; thus enabling the rota 
tional movement of the motor shaft of the starter motor to be 
converted into a rotational movement of the starter pinion. 

According to a preferred embodiment, the transmission is 
designed as a planetary gear set and the transmission com 
ponent as a ring gear of the planetary gear set. Planet gears 
which are rotatably mounted on a planet carrier mesh in the 
ring gear, wherein the planet gears are driven by a Sun gear 
which is mounted to the motor shaft of the starter motor in 
a rotatably fixed manner. The ring gear is to be rotated about 
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the longitudinal axis thereof about a defined angular amount 
between the initial position and the start position. The rotary 
movement of the ring gear is achieved via the starter motor 
and the upstream gears, i.e. the Sun gear and the planet gears. 
When the start position has been achieved, the ring gear is 
fixed relative to the housing; thus enabling the planet gears 
to roll on the inside of the ring gear and the planet carrier to 
execute a rotational movement which can be transmitted to 
the starter pinion. 

The rotational movement of the ring gear in the housing 
is advantageously delimited by a stop on the housing side. 
Upon reaching the stop, the ring gear is located in the start 
position 
When the starter motor is switched on, the planet carrier 

is situated advantageously during the first movement phase 
in a blocked position in the housing so that the planet carrier 
can not revolve. The drive movement of the motor shaft is 
transmitted via the Sun gear and the planet gears on the 
stationary planet carrier to the ring gear which is transferred 
from the initial position to the start position. 

According to a further advantageous embodiment, a cou 
pling device designed expediently in a force-closed or 
form-fit manner is assigned to the planet carrier, said gear 
displacing the planet carrier between a blocking position and 
a release position. In the blocking position, which the planet 
carrier assumes in the first movement phase, the planet 
carrier is blocked or locked so as to be fixed to the housing. 
In the release position, which the planet carrier assumes in 
the Subsequent second movement phase, the planet carrier 
can in contrast rotate in the housing. 
The coupling device can, for example, be embodied as a 

cone clutch or comprise wrap springs, friction linings in strip 
form, centrifugal clutches, etc. 

According to a further advantageous embodiment, the 
coupling state can be adjusted with the aid of an actuator, the 
adjusting movement of which is tapped from the rotational 
movement of the ring gear. This embodiment has the advan 
tage that an active adjusting device is not required to change 
the coupling state. In fact, it is Sufficient to kinematically 
couple the actuator of the coupling device to the ring gear; 
thus enabling the rotatory ring gear movement to set the 
coupling state of the coupling device. 
The actuator of the coupling device is, for example, 

embodied as a push nut which is mounted on the external 
thread of the ring gear and is axially guided in a guide 
groove on the housing side. The external thread is particu 
larly embodied as a helix thread, wherein, due to the axial 
guidance of the push nut in the guide groove on the housing 
side, the push nut executes an axial adjusting movement 
during a rotational movement of the ring gear. Said axial 
adjusting movement of the push nut is used for setting the 
coupling state. 
The coupling device comprises, for example, a plurality 

of clutch plates which are partially disposed on the housing 
side and partially on the planet carrier in a rotatably fixed 
manner; however, being able to be axially adjusted. The 
actuator acts on the clutch plates and presses the same 
together to achieve the blocking position; whereas, in the 
release position, the actuator reduces the pressure on the 
clutch plates or relieves the clutch plates of the pressure. In 
the embodiment as a push nut, said nut presses axially 
against the plates in the blocking position or detaches from 
the plates in order to achieve the release position. 

The rotational movement of the transmission component 
coupled to the eccentric component advantageously extends 
across an angular region of maximally 180°, for example 
across an angle of 45°. The actuation of the starter pinion can 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
already take place prior to achieving the start position of the 
transmission component; thus enabling the actuation of the 
starter pinion to already begin in the first movement phase, 
which has the advantage that the starter pinion meshes into 
the crown gear when said pinion is rotating. The risk of a 
jamming tooth to tooth position is thereby reduced. 

According to a further expedient embodiment and par 
ticularly in addition to the planetary gear set, the transmis 
sion can comprise a double ring gear stage having two gears 
which both revolve in a further ring gear of the transmission, 
wherein the ring gear is rotatably mounted in the eccentric 
component. The eccentric offset with a 1:1 gear ratio can be 
bridged via the double ring gear stage. The gear of the 
double ring gear stage on the input side is advantageously 
fixedly connected to the planet carrier and is therefore driven 
by the planet carrier. The rotation of the first gear is 
transmitted to the ring gear which drives the second gear that 
is fixedly coupled to the starter pinion. The axes of the two 
gears of the double ring gear stage are offset to one another 
by the same eccentric distance with which the longitudinal 
axis of the starter pinion is also offset with respect to the 
longitudinal axis of the motor shaft. The ring gear of the 
double ring gear stage is advantageously located within the 
eccentric component and is rotatably mounted in the same. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further advantages and expedient embodiments of the 
invention are to be extracted from the additional claims, the 
description of the figures and the drawings. In the drawings: 

FIG. 1 shows a starter for an internal combustion engine 
comprising a starter pinion that is adjusted transversely to 
the longitudinal axis into the engaged position with the 
crown gear of an internal combustion engine, in perspective 
view; 

FIG. 2 shows the starter in a longitudinal section view: 
FIG. 3 shows an end face view of a planetary gear set in 

the starter; 
FIG. 4 shows an enlarged depiction of a section of the 

starter in the region of a coupling device, by means of which 
a planet carrier of the transmission can be blocked so as to 
be fixed to the housing. 

DETAILED DESCRIPTION 

Identical components are provided with the same refer 
ence numerals in the figures. 

FIGS. 1 and 2 show a starter 1 for an internal combustion 
engine comprising a starter pinion 2 which, in order to mesh 
with a crown gear of an internal combustion engine, 
executes an adjusting movement in a housing 3 between an 
outer engagement position and an engagement position 
which is transversely or radially aligned to the longitudinal 
motor axis 4 of an electric starter motor 5. The motor shaft 
6 of the starter motor 5 is coupled by means of a planetary 
gear set 7 to the starter pinion 2 and drives the same. The 
rotational movement of the motor shaft 6 of the starter motor 
is furthermore used to carry out the adjusting movement of 
the starter pinion 2 transversely to the longitudinal axis 4 of 
the motor in order to mesh the starter pinion. 
As can be extracted from FIGS. 1 and 2 in combination 

with the further FIGS. 3 and 4, the planetary gear set 7 
comprises a ring gear 8 which is rotatably mounted in the 
housing 3 of the starter. The planetary gear set 7 furthermore 
comprises a Sun gear 9, which is disposed in a rotationally 
fixed manner on the motor shaft of the starter motor and a 
planet carrier 10 which includes three planet gears 11 that 
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are rotatably mounted on the planet carrier. The planet gears 
11 on the planet carrier 10 mesh with the internal teeth of the 
ring gear 8. 
A double ring gear stage 12 (FIG. 2) is disposed down 

stream of the planetary gear set 7. The double ring gear stage 
12 comprises a first and second gear 13, 14 as well as a 
further, second ring gear 15, wherein the first gear 13 is 
accommodated in a rotationally fixed manner on a central 
axle pin 16 and the second gear 14 is mounted in a 
rotationally fixed manner on a shaft 17 to which the starter 
pinion 2 is also connected. The axle pin 16 of the planet 
carrier 10 lies coaxially with respect to the motor shaft 6, 
whereas the shaft 17 is disposed parallel to the motor shaft 
offset by an eccentric distance. 
The shaft 17 is rotatably mounted in an eccentric com 

ponent 18 which is configured in one or multiple parts with 
the ring gear 8 of the planetary gear set. Ring gear 8 and 
eccentric component 18 form a contiguous, common com 
ponent which is mounted so as to pivot about the longitu 
dinal motor axis 4 in the housing 3, which can relate to a 
pole housing of the starter motor. The mounting takes place 
via the mounting points 19 and 20. 
A further mounting point 21 is located within the eccen 

tric component 18 in order to mount the second ring gear 15 
which is a constituent part of the double ring gear stage 12. 
The double ring gear stage 12 facilitates a bridging of the 
eccentric offset between the longitudinal motor axis 4 and 
the longitudinal or rotational axis of the starter pinion 2 at a 
gear transmission ratio of 1:1. 
A coupling device 22 is assigned to the planet carrier 10 

of the planetary gear set 7, via which device the planet 
carrier 10 can be adjusted between a release position and a 
blocking position, wherein the planet carrier 10 can rotate in 
the release position and is locked in the blocking position so 
as to be fixed to the housing. The coupling device 22 
comprises a clutch basket 23 which is disposed so as to be 
fixed to the housing and which includes a plurality of clutch 
plates 24 which are connected in part to the planet carrier 10 
So as to be fixed to the housing and in part to said carrier in 
a rotationally fixed manner; however, being displaceably 
disposed in the axial direction. The clutch plates 24 are 
Subjected to an axial force via an actuator of the coupling 
device that is embodied as a push nut 25; thus enabling the 
blocking position to be achieved as a result of friction 
between the clutch plates. Conversely the coupling device 
moves into the release position if the push nut 25 axially 
detaches from the clutch plates 24. 
The push nut 25 is mounted to the outer lateral surface of 

the ring gear 8 and is coupled to the ring gear 8 via a helix 
thread 26. The push nut 25 has a guide lug 28 on the radially 
outer side thereof (FIG. 3) which protrudes into a guide 
groove 27 on the inner side of the housing 3. The push nut 
25 is of annular configuration and has a plurality of guide 
lugs distributed over the circumference thereof which pro 
trude into associated guide grooves on the housing side. 

During a rotational movement of the ring gear 8, the push 
nut 25 executes an axial sliding movement parallel to the 
longitudinal axis 4 of the motor. Depending on the rotational 
direction of the ring gear 8, the push nut 25 is either 
displaced in the direction of the clutch plates 24 or in the 
opposite direction. 
The starting sequence proceeds as follows: Upon starting 

the electric starter motor 5, the motor shaft 6 is set in 
rotation. This rotational movement is transmitted via the Sun 
gear 9 to the planet gears 11. In this first phase of the starting 
sequence, the planet carrier 10 is situated in the blocking 
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6 
position and can therefore not revolve in the housing. In the 
blocking position, the coupling device 22 is blocked by the 
push nut 25. 
The rotational movement of the planet gears 11 is trans 

mitted via the internal teeth to the ring gear 8 which then 
executes a rotational movement about the longitudinal motor 
axis 4 in the housing 3. Said rotational movement is limited 
to an angular amount that is preferably less or equal to 180°. 
for example to 45°. Due to the one-piece design with the ring 
gear 8, the eccentric component 18 also executes a corre 
sponding rotational movement about the longitudinal axis 4 
of the motor shaft. Because the shaft 17, on which the starter 
pinion 2 is mounted, is eccentrically offset with respect to 
the longitudinal motor axis 4, a radial engagement move 
ment of the starter pinion 2 is produced as a result of the 
rotational movement of ring gear 8 and eccentric component 
18. 
The rotational movement of the ring gear 8 in the housing 

3 is delimited by stops. It is thereby ensured that the ring 
gear 8 can only be rotated between the initial position 
thereof, which the ring gear assumes prior to start-up of the 
starter motor, and the start position in which the starter 
pinion is in engagement with the crown gear of the internal 
combustion engine. 
The rotational movement of the ring gear 8 is kinemati 

cally transmitted via the helix thread 26 into an axial 
adjusting movement of the push nut 25 which is then 
displaced out of the blocking position into the releasing 
position, so that the coupling device 22 is no longer blocked 
and the planet carrier 10 is released and can rotate in the 
housing 3 about the longitudinal motor axis 4. Because a 
further adjusting movement of the ring gear 8 is prevented 
at the same time by the stop on the housing side, the driving 
movement of the motor shaft 6 is transmitted via the sun 
gear 9, the planetary gear set 11, the ring gear 8, planet 
carrier 10 and the components of the double ring gear stage 
12 into a driving movement of the starter pinion 2. 
The actuation of the starter pinion 2 already takes place 

during the transfer movement of the ring gear 8 from the 
initial position into the start position. Thus, the actuation of 
the starter pinion does not occur abruptly upon the ring gear 
achieving the start position but already begins bit by bit in 
an intermediate position of the ring gear. 

After the successful start-up of the internal combustion 
engine, the starter pinion has to then be disengaged. To this 
end, the electric starter motor is switched off. The ring gear 
8 is rotated via a spring element 29 out of the start position 
back into the initial position, wherein this rotational move 
ment is also transmitted via the kinematic coupling onto the 
push nut 25 of the coupling device and the coupling device 
therefore moves again into the blocking position in which 
the planet carrier is prevented from revolving in the housing. 
The spring element 29 is located on the outside of the 
eccentric component 18 or ring gear 8 and Supports said 
eccentric component 18 or said ring gear 8 in the circum 
ferential direction on the housing 3. During the first phase of 
the starting movement, the ring gear 8 is rotated against the 
force of the spring element 29. Upon completing the starting 
process, the energy stored in the spring element 29 is used 
to reset the ring gear 8 or, respectively, the eccentric com 
ponent 18. 
A freewheel device is advantageously integrated into the 

starter in order to ensure that, after the start-up of the internal 
combustion engine, the higher rotational speeds are not 
transmitted to the starter motor. The freewheel device is 
preferably located between the planetary gear set and the 
starter pinion. 
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What is claimed is: 
1. A starter for an internal combustion engine, comprising 

a starter motor (5) and a drivable starter pinion (2) which is 
displaceable transversely to a longitudinal motor axis (4) 
between a disengaged position and an engaged position with 
a crown gear of an internal combustion engine, wherein the 
starter pinion (2) is rotatably mounted in an adjustable 
eccentric component (18), characterized in that the eccentric 
component (18) is connected in a rotationally fixed manner 
to a rotatably mounted transmission component (8) of a 
transmission disposed between the starter motor (5) and the 
starter pinion (2) and has a common rotational axis with the 
transmission component (8), wherein the eccentric compo 
nent (18) and the transmission component (8) are two 
components of a single piece element (18, 8), wherein a 
longitudinal axis of the starter pinion (2) is disposed eccen 
trically to a rotational axis of the eccentric component (18) 
or, respectively, of the transmission component (8), and in 
that the transmission component (8) is rotatable between an 
initial position in which the starter pinion (2) is disengaged 
from the crown gear and a starting position in which the 
starter pinion (2) is engaged with the crown gear. 

2. The starter according to claim 1, wherein adjusting 
movement of the transmission component (8) is generated 
via the starter motor (5). 

3. The starter according to claim 1, wherein the transmis 
Sion is a planetary gear set (7) and the transmission com 
ponent is a ring gear (8) of the planetary gear set (7). 

4. The starter according to claim 3, wherein the ring gear 
(8) meshes with planet gears (11) which are arranged on a 
planet carrier (10) that is adjustable via a coupling device 
(22) between a blocking position and a release position. 

5. The starter according to claim 4, wherein the blocking 
position of the coupling device (22) corresponds to an initial 
position of the ring gear (8) and the release position corre 
sponds to a start position of the ring gear (8). 

6. The starter according to claim 4, wherein the coupling 
device (22) comprises first clutch plates (24) on the planet 
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carrier (10) and second clutch plates (24) on a housing side, 
wherein the first and second clutch plates (24) are displace 
able relative to one another. 

7. The starter according to claim 4, wherein a coupling 
State of the coupling device (22) is set via an actuator (25), 
adjusting movement of which is dependent on the rotational 
movement of the ring gear (8). 

8. The starter according to claim 7, wherein the actuator 
of the coupling device (22) is a push nut (25), which is 
mounted on an external thread of the ring gear (8) and is 
axially guided in a guide groove (27) on the housing side. 

9. The starter according to claim 1, wherein rotational 
movement of the transmission component (8) between the 
initial position and the starting position takes place over an 
angle smaller than 180°. 

10. The starter according to claim 1, wherein the trans 
mission component (8) is reset into the initial position while 
being subjected to a force of a spring element (29). 

11. The starter according to claim 1, wherein a freewheel 
device is disposed in a transmission path between the starter 
motor (5) and the starter pinion (2). 

12. The starter according to claim 1, wherein the trans 
mission component (8) is a first ring gear, and wherein the 
transmission comprises a double ring gear stage (12) com 
prising two gears (13. 14) which mesh with a second ring 
gear (15) which is rotatably mounted in the eccentric com 
ponent (18). 

13. The starter according to claim 12, wherein the second 
ring gear (15) is spaced axially from the first ring gear (8) 
along the longitudinal motor axis (4). 

14. The starter according to claim 3, wherein the ring gear 
(8) extends circumferentially around and engages planet 
gears (11) of the planetary gear set (7). 

15. The starter according to claim 1, wherein the trans 
mission component (8) includes radially exterior threads, 
and wherein a push nut (25) engages the radially exterior 
threads. 

c: ci: ck ck ck 


