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57 ABSTRACT 
A starter motor for an internal combustion engine in 
cluding a casing having journalled for rotation therein 
a rotor shaft. The rotor shaft carries an armature as 
sembly and a pinion assembly is mounted on the rotor 
shaft by way of a helical screw thread for limited rota 
tional and axial movement relative to the shaft. The 
pinion assembly can move relative to the shaft between 
an operative position and a retracted position, and fric 
tionally engaged with the pinion assembly is a member 
which is engageable by a detent device. The detent de 
vice when engaged with the member, resists rotation of 
the member which in turn resists rotation of the pinion 
assembly. Thus when the rotor shaft rotates and the de 
tent is operative then the pinion assembly is driven to 
wards its operative position by the action of the helical 
screw thread. In the operative position of the pinion as 
sembly the detent member engages behind the pinion 
assembly so as to resist movement of the pinion assem 
bly towards its retracted position. The detent device is 
returned to a position clear of the pinion assembly 
when the starter motor is de-energized. 

5 Claims, 3 Drawing Figures 
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STARTER MOTORS 

This invention relates to starter motors for internal 
combustion engines. 
A starter motor according to the invention, includes, 

a casing, a rotor shaft journalled in the casing for rota 
tion relative to the casing and carrying an armature as 
sembly, a pinion assembly mounted on the rotor shaft 
for limited rotational movement relative thereto, and 
capable of axial movement relative to the shaft be 
tween a retracted position and an operative position 
wherein in use a pinion of the pinion assembly drivingly 
engages a ring gear of an engine to be started, the shaft 
and the pinion assembly being inter-connected by way 
of a helical screw thread, a member frictionally en 
gaged with the pinion assembly for rotation therewith, 
and a detent device engageable with said member so as 
to resist rotation of the member and thereby resist rota 
tion of the pinion assembly so that when the rotor shaft 
is rotated the pinion assembly is driven towards its op 
erative position by the action of said helical screw 
thread, said detent device in the operative position of 
the pinion assembly, engaging behind the pinion assem 
bly so as to resist movement of the pinion assembly to 
wards its retracted position, the detent device being re 
turned to a position clear of the pinion assembly when 
the starter motor is de-energized. 

Preferably, the detent device is electromechanically 
operated. 
Conveniently, said member includes a toothed disc 

frictionally engaged with the pinion assembly, and said 
detent device is a pivoted lever movable to a position 
wherein it engages said toothed disc in a manner to re 
sist rotation thereof. 
One example of the invention is illustrated in the ac 

companying drawings wherein: 
FIG. 1 is a part sectional view of a starter motor 

showing the pinion in its retracted position, 
FIG. 2 is an end view in the direction of Arrow A in 

FIG. 1, and 
FIG. 3 is a view similar to FIG. 1, but showing the 

pinion assembly in its operative position. 
Referring to the drawings, the starter motor includes 

a casing 11 housing the mechanism of the starter mo 
tor. Journalled for rotation within the casing 11 is a 
rotor shaft 12, carrying the armature assembly 13 of 
the starter motor. The casing defines a pair of bearings 
for the rotor shaft 12, one of which is shown at 14. Be 
tween the bearing 14 and the armature assembly 13 the 
shaft 12 supports a pinion assembly generally indicated 
at 15. The pinion assembly 15 includes a sleeve 16 de 
fining at its end adjacent the bearing 14 the outer part 
of a one way roller clutch 17, the pinion assembly 15 
further includes a pinion 18 having integral therewith, 
at its end remote from the bearing 14, the inner part of 
the roller clutch 17. The pinion 18 contains a bearing 
shell through which extends a plain portion of the shaft 
12, of reduced diameter. Adjacent the armature assem 
bly 13 the shaft 12 is formed with a helical screw 
thread, which mates with a corresponding internal 
thread within the sleeve 16. A shoulder on the shaft 12 
adjacent the armature assembly 13 defines a stop limit 
ing movement of the pinion assembly along the shaft 12 
towards the armature assembly, and a cup shaped abut 
ment member 19 secured to the shaft 12 adjacent the 
bearing 14 defines a second abutment member limiting 
movement of the pinion assembly 15 along the shaft 12 
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2 
in a direction towards the bearing 14. A light spring 21 
acts between the member 19 and the pinion 18 to urge 
the pinion assembly 17 towards the armature assembly 
13. 

It will be appreciated, that the pinion assembly 15, 
ignoring for the moment the roller clutch 17 can be ro 
tated bodily relative to the shaft 12 as permitted by the 
helical screw-threaded connection between the sleeve 
16 and the shaft 12, and during such rotational move 
ment will move axially relative to the shaft 12. The pin 
ion has a retracted position as shown in FIG. 1, and has 
an operative position as shown in FIG. 3, in which in 
use the pinion 18 mates with the ring gear of an engine 
to be started. In the retracted position, the pinion 18 is 
clear of the ring gear of the engine. 
Mounted for rotation on the sleeve 16 is a toothed 

disc 22 which has a cylindrical land 29 on one face 
thereof and which is urged by a heavy spring 23 into fa 
cial contact with a peripheral flange 24 of the sleeve 
16. Pivotally mounted on the casing 11, at 25, (FIG. 2) 
is a part circular detent lever 26. The lever 26 is pivot 
ally connected adjacent its mid-point to the casing at 
25, and the limbs 26a, 26b of the lever 26 extend on op 
posite sides of the shaft 12. The limb 26b of the lever 
26 extends adjacent a pair of electro-magnets 27 which 
are operated simultaneously, and so constitute a single 
electro-magnet. The lever 26 is urged to pivot relative 
to the casing by a spring 28 to a position wherein the 
limb 26b is clear of the magnet 27, and the limb 26a is 
clear of the toothed disc 22. 
The operation of the starter motor is as follows: 
Energization of the starter motor to cause the shaft 

12 to rotate simultaneously causes energization of the 
electromagnet 27. The magnet 27 when energized at 
tracts the limb. 26b of the lever 26 and pivots the lever 
26 against the action of the spring 28 to engage the free 
end of the limb 26a with the periphery of the toothed 
disc 22. As the shaft 12 starts to rotate, in a clockwise 
direction (as considered in FIG. 2) one of the periph 
eral teeth of the disc 22 is moved into engagement with 
the free end of the limb 26a whereupon further rotation 
of the disc 22 is resisted by the lever 26. As previously 
stated, the spring 23 is quite strong, and so the fric 
tional engagement of the disc 22 with the sleeve 16 is 
also quite strong. Thus rotation of the pinion assembly 
17 relative to the casing 11 is resisted, and the shaft 12 
rotates relative to the pinion assembly 17. By virtue of 
the helical screw-thread connection between the sleeve 
16 and the shaft 12 rotation of the shaft 12 relative to 
the pinion assembly drives the pinion assembly axially 
towards its operative position against the action of the 
spring 21. Assuming that the pinion 18 can engage in 
full engagement with the ring gear of the engine then 
the pinion assembly 17 will continue to move axially, 
but not angularly, until the pinion achieves full engage 
ment with the ring gear, during which time the disc 22 
will have moved axially beyond the forward edge of the 
free end of the lever 26a and as the land 29 clears the 
forward edge of the free end of the limb 26a the lever 
26 is then free to pivot further against the action of the 
spring 28 under the influence of the electromagnet 27, 
and the lever 26 pivots until the limb 26b engages the 
electromagnet 27 whereupon the limb 26a is positioned 
adjacent the rear face of the land 29. When the lever 
26 is so positioned, the limb 26a resists movement of 
the pinion assembly 17 towards its retracted position, 
and positively holds the pinion assembly in its operative 
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position. Thus should a torque reversal occur during 
cranking of the engine it will not be possible for the pin 
ion 18 to be driven out of engagement with the ring 
gear of the engine. 
When the engine being cranked starts, the ring gear 

will start to overrun the pinion 18, whereupon the 
roller clutch 17 will slip so that the starter motor is not 
driven by the engine. At this point of course the opera 
tor of the starter motor will cause de-energization of 
the starter motor, and in consequence the electro 
magnet 27 will be de-energized. Thus the lever 26 will 
return under the action of the spring 28 to a position 
wherein the limb 26a is clear of the land 29, so that the 
pinion assembly 17 can start to return to its retracted 
position under the action of the spring 21 and the 
screw-threaded connection between the shaft 12 and 
the sleeve 16. The lever 26 will continue to retract 
under the action of the spring 28 until meeting the lever 
stop 30, the provision of the cylindrical land minimiz 
ing the risk that the lever will come into contact with 
the teeth of the disc 22 during the return movements 
of the lever 26 and the pinion assembly. It will be ap 
preciated that the screw-threaded connection does aid 
the return of the pinion assembly to its retracted posi 
tion, since the inertia of the pinion assembly tends to 
keep the pinion assembly rotating after the shaft 12 has 
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ceased to rotate. It will be appreciated, that the limb 
26b of the lever 26 is displaced axially in a direction to 
wards the armature assembly 13 from the limb 26a. 
When the starter motor is initially energized and the 

pinion assembly 17 starts to move from its retracted po 
sition to its operative position as described above, it 
will be appreciated that the pinion 18 may meet the 
ring gear of the engine in a tooth to tooth condition. In 
the event that tooth to tooth engagement occurs, then 
further axial movement of the pinion assembly is pres 
ented, and since the toothed disc 22 is held againstro 
tation by the lever 26 then rotational movement of the 
pinion assembly is also resisted. However, the frictional 
engagement of the disc 22 with the flange 24 under the 
action of the heavy spring 23, is not sufficient to resist 
the full torque output of the starter motor, and so the 
pinion assembly slips relative to the toothed disc 22. 
Thus the teeth of the pinion 18 slip relative to the teeth 
of the engine ring gear until the pinion and the ring gear 
are able to mesh. 
The force generated between the pinion gear teeth 

and the ring gear teeth during the tooth to tooth condi 
tion is determined by the torque capacity of the clutch 
which is related to the force of the spring 22, and the 
helix angle of the screw thread inter-connecting the 
pinion assembly and the shaft. These parameters are so 
controlled that sufficient force is available to ensure 
prompt meshing of the pinion with the ring gear as the 
tooth to tooth engagement clears, while ensuring that 
there is insufficient force available to cause excessive 
damage to the pinion or ring gear. 
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4 
It will be appreciated that as soon as the tooth to 

tooth condition is broken, and the pinion and ring gear 
are capable of meshing, then the pinion assembly is no 
longer held against axial movement and axial move 
ment of the pinion assembly is resumed under the ac 
tion of the helical screw-thread connection. 

It will be appreciated, that the mechanism of the 
starter motor described above can be accommodated 
wholly within the generally cylindrical casing of the 
starter motor, and does not require an externally 
mounted solenoid for moving the pinion assembly be 
tween its retracted position and its operative position. 
Thus the example described above does not suffer from 
the problem found with external solenoid type starter 
motors in that it is unnecessary to provide a range of 
starter motors having the solenoid in different angular 
relationships to the mounting bracket of the starter mo 
tor. Thus a standard configuration of starter motor can 
be adopted with the arrangement described above. 

I claim: 
1. A starter motor for an internal combustion engine 

including a casing, a rotor shaft journalled in the casing 
for rotation relative to the casing and carrying an arma 
ture assembly, a pinion assembly mounted on the rotor 
shaft for limited rotational movement relative thereto, 
and capable of axial movement relative to the shaft be 
tween a retracted position and an operative position 
wherein in use a pinion of the pinion assembly drivingly 
engages a ring gear of an engine to be started, the shaft 
and the pinion assembly being inter-connected by way 
of a helical screw thread, a member frictionally en 
gaged with the pinion assembly for rotation therewith, 
and a detent device engageable with said member so as 
to resist rotation of the member and thereby resist rota 
tion of the pinion assembly so that when the rotor shaft 
is rotated the pinion assembly is driven towards its op 
erative position by the action of said helical screw 
thread, said detent device in the operative position of 
the pinion assembly, engaging behind the pinion assem 
bly so as to resist movement of the pinion assembly to 
wards its retracted position, the detent device being re 
turned to a position clear of the pinion assembly when 
the starter motor is de-energized. 

2. A starter motor as claimed in claim 1 wherein said 
member includes a toothed disc frictionally engaged 
with the pinion assembly, and said detent device is a 
pivoted lever movable to a position wherein it engages 
said toothed disc in a manner to resist rotation thereof. 

3. A starter motor as claimed in claim 1 wherein said 
detent device is operated by an electromagnet. 

4. A starter motor as claimed in claim 3 wherein the 
electromagnet of said device is energized simulta 
neously with the starter motor, 

5. A starter motor as claimed in claim. 2 wherein said 
disc is urged into engagement with a face of the pinion 
assembly by a spring means, 

it 


