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This invention relates generally to pneumatic starting 
devices for compression ignition engines and in particular 
to a pneumatically operated control apparatus for provid 
ing a drive connection between the starting motor and the 
engine flywheel and subsequently actuating the pneumatic 
starting motor. 
When a compression ignition engine is started, its crank 

shaft must be turned over by some outside means so that 
the air in the cylinder is compressed at top dead center 
to such a pressure and resulting temperature that, when 
fuel is injected, it will ignite and produce a power stroke. 
There are two important requirements to be fulfilled in 
the obtaining of satisfactory starting of a compression 
ignition engine. These are turning over of the engine at 
sufficient speed by the outside means or starting motor 
and the achievement of the correct coin pression ratio. if 
the engine is turned over very slowly, the unavoidable 
small leaks past the piston rings and possibly through 
the intake and exhaust valves permit part of the air to 
escape from the cylinder during the compression stroke. 
This may lower the compression pressure and temperature 
at the end of the stroke below those necessary to ignite the 
injected fuel. If the compression ratio is not sufficiently 
high, the final temperature of the compressed-air charge 
will be too low for ignition. A new engine has the correct 
compression ratio, however, among other things the wear 
of bearings may lower the piston position somewhat and 
adversely effect the compression ratio. A proper means 
for starting a compression ignition engine is thus an im 
portant factor in the service operation of a compression 
ignition engine. 

Compression ignition engines are conventionally started 
by various means such as an auxiliary electric motor, an 
auxiliary gasoline engine, and pneumatically, that is, by 
a compressed air motor. The present invention is con 
cerned with this latter starting method. The structure of 
the present invention includes a piston operated by control 
air pressure to mesh the starting motor pinion gear into 
the engine flywheel ring gear prior to the application of 
cranking torque to the gear. The arrangement whereby 
the drive pinion and flywheel ring gear are engaged prior 
to the application of cranking torque provides a substan 
tial reduction in acceleration shock loads on the starting 
mechanism. This sequential engagement of the drive 
pinion and ring gear and the actuation of the pneumatic 
starting motor is accomplished by a valving arrangement 
which is built into the pinion engagement assembly with 
out requiring any external linkage or valves. 
The primary object of the present invention therefore 

is to provide a control apparatus for engaging and Subse 
quently actuating a pneumatic starting motor for a com 
pression ignition engine. 
A further object of the present invention is to provide 

a control apparatus of the type referred to above in which 
the movement of a single pressure responsive member is 
utilized to engage the starting motor pinion gear with the 
engine flywheel ring gear and also to actuate a control 
valve for supplying air under pressure to the starting 
motOI. 
- A further object of the present invention is to provide 
a control apparatus which accomplishes the functions re 
ferred to above without the use of external linkage or 
valves. 
A further object of the present invention is to provide a 

simple compression ignition engine starting system utiliz 
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i.e. 

ing the control apparatus referred to above and permitting 
use of a conventional starting motor and the use of con 
ventional starting technique by the engine operator. 
A further object of the present invention is to provide 

a control apparatus of the type referred to wherein the 
components of the apparatus are housed within the space 
occupied by a conventional starting motor clutch housing. 
The full nature of the invention will be understood from 

the accompanying drawings and the following description 
and the claims. 

FiG. 1 is a side sectional view of the control apparatus 
and the drive engagement assembly. 

FiG. 2 is a side sectional view of a conventional air 
motor coupled to the assembly shown in FIG. 1. 

FiG. 3 is a schematic view of the pneumatic system in 
which the apparatus of FIGS. 1 and 2 is incorporated. 

Referring initially to FIG. 1, there is shown a pinion 
clutch in the engaging assembly indicated generally at 
16 and a piston-valve assembly indicated generally at 11. 
These assemblies are enclosed in a housing 12, through 
which axially extends a drive shaft 13. The left hand 
end of the housing, as viewed in FIG. 1, is attached to 
a gear case 14 and a gear case cover 16 by means of 
cap screws i7. One face of the cover 16 is flanged out 
wardly to support a conventional ball bearing assembly 
i8, the ball bearing assembly serving to journal one end 
of the shaft 13. The opposite end of the shaft is sup 
ported within a bearing 49 carried by an extending por 
tion 22 of the housing 12. An oil wick 22 serves to lu 
bricate the bearing. The flanged end of the housing 12 
and the oppositely disposed face of the cover 16 are under 
clit to provide a recess accommodating a housing end 
member 23 having a central aperture bordered by an in 
wardly extending circular sleeve or flange portion 24. 

Encircling the flange portion 24 is a tubular piston 26 
which is axially slidable with relation to the member 23, 
the piston ring 27 providing a seal therebetween. The 
piston further carries an external piston ring 25 cooper 
ating with the adjacent housing surface. The peripheral 
portion of the left hand end is cut away somewhat as is 
the adjacent portion of the housing 12, to provide an 
annular chamber 28. The chamber is connected by means 
of a passage 29 to the air inlet aperture 31. 
The right hand end of the piston 26 is of reduced out 

side diameter and has mounted thereon two shift pins 
32 disposed 180° apart, the mounting being accomplished 
by means of flat headed rivets 33. A piston cap 34 com 
pletes the assembly. The pins 32 extend within the pe 
ripheral channel formed in a drive collar member 36 
which is rotationally free but fixed axially on an internally 
splined sleeve 37, a snap ring 38 serving to retain the 
member 36 on the sleeve. The internal splines on the 
sleeve 37 mesh with the corresponding splines 39 on the 
shaft 13. The right hand end of the sleeve 37 extends 
into the central bore of a tubular member 4 with an an 
nular abutment 42, cooperating with an adjacent internal 
shoulder on the member 41, serving to limit withdrawal 
of the sleeve 37 from the member 41. 
As is conventional in drive engagement assemblies the 

outer surface of the sleeve 37 and the adjacent inner bore 
surface of the member 41 are spirally splined so that in 
the event of relative axial movement between the sleeve 
37 and the member 4; the member 4 will be rotated 
slightly for the purpose of insuring engagement of the 
pinion gear and engine flywheel ring gear to be subse 
quently described. The outer surface of the member 41 
carries an annular boss 43 which is received in a cor 
responding annular groove in a tubular member 44. The 
member 44 is keyed at 46 to the hub portion 47 of a 
pinion gear 48, the gear 48 carrying a bushing 49 and slid 
able axially along the shaft 3. Adjacent the gear 48 and 
engaged thereby when the gear is in its extreme right 
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ward position, indicated by a broken line 5, is a fly 
wheel ring gear 52, shown only fragmentarily in FIG. 1. 

Supported on the shaft 13 is a flanged sleeve 53 carry 
ing an annular face gear 54. The teeth 55 of the gear 
54 engage with face teeth 50 formed at the adjacent end 
of the hub 47. At its opposite side the face gear 54 
carries tangs 56 which engage corresponding tangs 57 
extending from member 41. A compression spring 58 
extends between the flanged end of the sleeve 53 and the 
opposed portion of the gear 54. The teeth 50 and 55 are 
of the ratchet or over-running type and provide a con 
ventional over-running clutch for disengagement of the 
drive shaft 13 from the pinion gear 4S in the event that 
the engine starts while the pinion gear is engaged with 
the ring gear 52. During such over-running operation, 
the gear 54 moves leftwardly as viewed in F.G. 1 com 
pressing spring 58. 
A seal cup 59 and seal washer 6 serve to permit axial 

movement of the member 44 with relation to the housing 
12 but provide a dust seal for excluding dust and dirt 
from the cylinder bore. A relatively heavy compres 
sion spring 62 extends between an annular internal shoul 
der 63 of the housing and the piston cap 34, thereby urg 
ing the piston 26 into its furthermost left hand position 
as shown in FIG. 1. A somewhat lighter compression 
spring 64 extends between the end of the member 44 and 
the collar 36 and resists relative axial movement of the 
sleeve 37 and the member 41. 
A passage or chamber 66 in the housing 12 communi 

cates with an axial passage 67 formed in the housing, 
the passage 67 communicating with the outlet aperture 68. 

Referring now to FIG. 2, it may be seen that the gear 
case 14 supports by means of a needle bearing assembly 
69 the left hand end of the shaft 3. Mounted on the 
shaft 13 is a gear 71 and a thrust washer 72. It will be 
understood that the gear 71 is keyed to the shaft 3 and 
rotates therewith. Meshing with the gear 7; is a drive 
gear 73 which is rotated by the shaft 74 of a conven 
tional air motor 76. The air motor includes end plates 
77 and 78 and a housing 79, these being supported on 
the adjacent end face of the gear case 4. The end 
plates 77 and 78 carry needle bearing assemblies 85 and 
82 journaling the shaft 74. The shaft is rotated by a con 
ventional vaned rotor 83 which receives its rotary motion 
from the passage of high pressure air from the inlet 
aperture 84 to the exhaust or outlet aperture 86. 

Referring now to FIG. 3, the system in which the 
pinion engagement and starting motor control apparatus 
are incorporated will now be described. A reservoir 
of air under pressure is indicated schematically at 37. 
A line 88 connects the reservoir to the inlet side of a 
normally closed, control pressure operated valve shown 
schematically at 89. The outlet side of the motor valve 
89 is connected to the inlet aperture 84 of the air motor 
described with reference to FIG. 2, the exhaust air leav 
ing the motor through the exhaust passage 86. Control 
air flows through the line 91 which connects to the inlet 
side of a push button starting valve indicated schemat 
ically at 92. It will be understood that this valve is 
located in the operator's cab or in a position otherwise 
convenient for access to the push button 93. As will 
be evident from FIG. 3, the valve, in deactuated position 
blocks air flow from the inlet line 9 to the outlet line 
94 and vents the outlet line 94 to atmosphere. When 
actuated, the valve 92 seals the line 94 from atmosphere 
and passes control air from the line 91 to the line 94. 
The line 94 is connected to the air inlet aperture 35 of the 
pinion engagement valve assembly il. The outlet aper 
ture 68, previously referred to with reference to FIG. 1, 
communicates with a control air line 96. The line 96 
communicates with the interior of the housing 97 of the 
valve 89 and the pressure thus provided acts against a 
pressure responsive member 98 serving to move the valve 
89 to open position upon the presence of control air 
pressure in the line 96. 
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4. 
In operation, assuming the parts are in their quiescent 

state and positions shown in FGS. 1 and 3, if the push 
button 93 is actuated control air pressure will be admitted 
to the line 94. This serves to pressurize the annular 
chamber 23 (F.G. 1) and moves the piston 26 right 
wardly. This movement of the piston 26 engages the 
pins 32 with the member 36 and slides the sleeve 37 
rightwardly along the shaft 13. This motion of the sleeve 
37 is transferred to the member 43 and consequently the 
pinion gear 48 through the spring 64. In the event 
that the teeth of the pinion gear 48 are not properly 
aligned with the teeth of the ring gear 52 as they engage 
each other, movement of the member 4 will be halted 
but movement of the sleeve 37 will continue. This rela 
tive movement between the sleeve 37 and the member 4 
will compress the spring 64 somewhat and, because of 
the spiral spines between the sleeve 37 and the chamber 
41, the pinion gear 48 may be rotated slightly so as to 
press the pinion teeth into mesh with the ring gear teeth. 
The consequent relieving of the spring 64 will then move 
the pinion into driving engagement with the ring gear. 
As the piston 26 thus completes its rightward move 

ment, the chamber 66 will be uncovered by the piston 
permitting communication between the chamber 66 and 
the chamber 28. Control air pressure will thus be caused 
to exist at the outlet aperture 68 and in the line 96 (FIG. 
3). The existence of control air pressure in the line 96 
causes the valve 89 to open thereby admitting high pres 
sure air to the inlet aperture 84 of the air motor. Actu 
ation of the air motor, through the gears 73 and 71, ro 
tates the shaft 3 and consequently the pinion gear 43. 
The air motor thus turns over or cranks the engine as 
long as the valve 89 remains open. When the engine 
starts, the push button 93 may be released permitting 
control air to be vented from the line 94. This relieves 
the pressure in the chamber 28 and the spring 62 returns 
the piston 26 to its position of FIG. 1 disengaging the 
pinion from the ring gear. Line 96 is also vented to at 
mosphere through the starting valve 92 causing the motor 
inlet valve 97 to close stopping the air to the starting 
motor. At the time the engine starts and before the 
pinion gear 48 is disengaged, the over-running clutch 
provided by the teeth 56 and 57 prevents transmission 
of torque from the engine to the drive shaft 13. 
From the foregoing, it will be evident that the struc 

ture described provides for positive engagement of the 
pinion and ring gears prior to supplying air to the pneu 
matic starting motor. The movement of a piston is uti 
lized to engage the gears and also to actuate the control 
valve to the motor. There is no external linkage required 
for these functions and the entire structure is built into a 
conventionally sized housing which is interchangeable 
with conventional structures. 
While the invention has been disclosed and described 

in some detail in the drawings and fore-description, they 
are to be considered as illustrative and not restrictive in 
character, as other modifications may readily suggest 
themselves to persons skilled in this art and within the 
broad scope of the invention, reference being had to the 
appended claims. 
What is claimedis: 
1. In a pneumatic starting apparatus for an internal 

combustion engine or the like of the type which includes 
a pneumatic motor, a shaft driven thereby and a pinion 
gear movable axially along the shaft for engagement with 
the engine flywheel gear: a tubular housing extending 
coaxially with said shaft, a sleeve disposed within said 
housing and extending in coaxial spaced relation there 
with, an annular piston slidable along the axis of said 
shaft between said sleeve and housing walls, a drive col 
lar slidable axially along said shaft for moving the pin 
ion gear, means mechanically linking said collar and said 
piston, resilient means urging said piston and collar in 
a direction such as to disengage the pinion gear from the 
engine flywheel gear, said housing having an air inlet pas 
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Sage therein communicating with the space between said 
housing and sleeve at one end of said piston whereby 
upon the introduction of control air under pressure into 
said passage said piston is moved against the force exerted 
by said resilient means to engage the pinion gear with the 
engine flywheel gear, and an air outlet passage formed 
in said housing and communicating with the space be 
tween said housing and sleeve, said outlet passage being 
positioned so as to be uncovered by said piston as it 
completes its pinion engaging movement to thereby allow 
control air to flow through said outlet passage only when 
the pinion gear has engaged the engine flywheel. 

2. In a pneumatic starting apparatus for an internal 
combustion engine or the like of the type which includes 
a pneumatic motor, a shaft driven thereby and a pinion 
gear movable axially along the shaft for engagement with 
the engine flywheel gear: a tubular housing extending 
coaxially with said shaft, a sleeve disposed within said 
housing and extending in coaxial spaced relation there 
with, an annular piston slidable along the axis of said 
shaft between said sleeve and housing walls, means me 
chanically linking the pinion gear and said piston for axial 
movement of the former by the latter, resilient means 
urging said piston in a direction such as to disengage the 
pinion gear from the engine flywheel gear, said housing 
having an air inlet passage therein communicating with 
the space between said housing and sleeve at one end of 
said piston whereby upon the introduction of control air 
under pressure into said passage said piston is moved 
against the force exerted by said resilient means to en 
gage the pinion gear with the engine flywheel gear, and 
an air outlet passage formed in said housing and com 
municating with the space between said housing and 
sleeve, said outlet passage being positioned so as to be 
uncovered by said piston as it completes its pinion engag 
ing movement to thereby allow control air to flow through 
said outlet passage only when the pinion gear has en 
gaged the engine flywheel gear. 

3. In a pneumatic starting apparatus for an internal 
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combustion engine or the like of the type which includes 40 
a pneumatic motor, a shaft driven thereby and a pinion 
gear movable axially along the shaft for engagement with 
the engine flywheel gear: a tubular housing extending co 
axially with said shaft, a sleeve disposed within said hous 
ing and extending in coaxial spaced relation therewith, 
an annular piston slidable along the axis of said shaft be 
tween said sleeve and housing walls, means mechanically 
linking the pinion gear and said piston for axial move 
ment of the former by the latter, said housing having an 
air inlet passage therein communicating with the space 
between said housing and sleeve at one end of said piston 
whereby upon the introduction of control air under pres 
sure into said passage said piston is moved to engage 
the pinion gear with the engine flywheel gear, and an air 
outlet passage formed in said housing and communicat 
ing with the space between said housing and sleeve, said 
outlet passage being positioned so as to be uncovered by 
said piston as it completes its pinion engaging movement 
to thereby allow control air to flow through said outlet 
passage only when the pinion gear has engaged the engine 
flywheel gear. 

4. In a pneumatic starting apparatus for an internal 
combustion engine or the like of the type which includes 
a pneumatic motor, a shaft driven thereby and a pinion 
gear movable axially along the shaft for engagement with 
the engine flywheel gear: a tubular housing, a piston slid 
able within said housing, a drive collar slidable axially 
on said shaft for moving the pinion gear, means mechan 
ically linking said collar and said piston, resilient means 
urging said piston and collar in a direction such as to dis 
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6 
engage the pinion gear from the engine flywheel gear, 
said housing having an air inlet passage therein communi 
cating with the space at one end of said piston whereby 
upon the introduction of control air under pressure into 
said passage said piston is moved against the force ex 
erted by said resilient means to engage the pinion gear 
with the engine flywheel gear, and an air outlet passage 
formed in said housing and communicating with the space 
accommodating said piston, said outlet passage being po 
sitioned so as to be uncovered by said piston as it com 
pletes its pinion engaging movement to thereby allow 
control air to flow through said outlet passage only when 
the pinion gear has engaged the engine flywheel gear. 

5. A system for controlling a pneumatic starting motor 
for an internal combustion engine or the like comprising 
a pneumatic starting motor having a pinion gear engage 
able with an engine flywheel gear, a source of air under 
pressure, a combination pressure responsive actuator and 
control valve, said actuator serving to engage the starting 
motor pinion gear with the engine flywheel gear when 
supplied with control air pressure and said control valve 
moving to open position only when said actuator is in 
pinion engaging position, a first control pressure line 
connecting said combined valve and actuator to said pres 
sure source, a manually operated normally closed valve 
interposed in said first control pressure line, a high pres 
sure air line supplying air to the starting motor from said 
air source, a pressure responsive valve controlling the flow 
of air in said high pressure air line and having an actuator 
adapted to open said high pressure line when supplied 
with control air pressure, and a second control pressure 
line providing communication between the outlet side 
of said control valve and said pressure responsive valve 
actuator whereby upon actuation of said manually oper 
ated valve the starting motor pinion gear is first engaged 
with the engine flywheel gear and said starting motor is 
subsequently operated. 

6. A system for controlling a pneumatic starting motor 
for an internal combustion engine or the like comprising 
a pneumatic starting motor having a pinion gear engage 
able with an engine flywheel gear, a source of air under 
pressure, a combination pressure responsive actuator and 
control valve, said actuator serving to engage the starting 
motor pinion gear with the engine flywheel gear when 
supplied with control air pressure and said control valve 
moving to open position when supplied with control air 
pressure, a first control pressure line connecting said 
combined valve and actuator to said pressure source, a 
manually operated normally closed valve interposed in 
said first control pressure line, a high pressure air line 
supplying air to the starting motor from said air source, 
a pressure responsive valve controlling the flow of air 
in said high pressure air line and having an actuator 
adapted to open said high pressure line when supplied with 
control air pressure, and a second control pressure line 
providing communication between the outlet side of said 
control valve and said pressure responsive valve actu 
ator whereby upon actuation of said manually operated 
valve the starting motor pinion gear is engaged with the 
engine flywheel gear and said starting motor is operated. 
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