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To all C it may concern: 
Be it known that I, PERCY W. HoDGKIN 

... soN, a citizen of the United States, and resi 
dent of Rochester, in the county of Monroe 
and State of New York, have invented cer 
tain lev and useful Improvements in En 
specification. 

10 

gine-Starters, of which the following is a 
This invention relates to means for start 

ing the operation of internal-combustion en 
gines without the application of manual 
of this kind in which compressed air or. 
power thereto, and particularly to devices 
other, motive-fluid is employed to furnish 

15 the requisite power, this motive-fluid being 
introduced directly into the cylinders of the 

20 

.25 
: dead-center. 

engine under the control of suitable selector 
mechanism. . . . . . . . . . . . 
G.In four-cylinder, four-cycle internal-com 
bustion engines, as usually constructed, all 
of the cranks lie in one plane, so that it is 
possible for the engine to stop in a position 
in which all of the cranks are at or near 

In such a case it is difficult, 
and often impossible, to start the engine by 
the mere introduction of compressed motive 
fluid into the cylinder in which the piston 

30 

is on the expansion-stroke, for the reason 
that this piston may be so near the end of 
the stroke that sufficient momentum cannot. be applied through it to the engine to carry 
the parts past, dead-center, and for the fur 
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40 

45 

ther reason that the valve-mechanism is usually adjusted to open the exhaust-passage 
from the cylinder before the end of the ex 
pansion-stroke is reached. 

In a previous application filed November 
23, 1911; Serial No. 662,074, I have disclosed an engine-starter of the pneumatic type in 
which propose to overcome... the difficulty 
just described by introducing compressed 
motive-fluid first into a cylinder in which 
the piston is on the in-stroke or compression 
stroke, thus moving the parts of the engine 
backwardly so is to bring another piston 
into a position favorable for the starting 
operation. The present invention relates to 

50 

improvements upon the apparatus disclosed 
in said application. . . . . . . . 
One object of the present invention is to 

render the preparatory backward movement 
of the engine-mechanism more certain in its 
extent all results. To this end i employ, in 

the present apparatus, motive-fluid at two 
different pressures. The high pressure is 55 
employed in the motive-fluid which is used 
to start the engine in a forward direction. 
The lower pressure is employed in the mo 
tive-fluid which is used for the preliminary 
operation of moving the engine-mechanism 60 
backwardly to bring it into a position fa 
-vorable for starting. This arrangement has 
the advantage that the lower degree of pres 
sure can be so selected that it is quite suffi- . 
cient to produce the required movement of 65 
the engine-mechanism, while at the same 
time it is not stafficient in any case to move 
the engine parts too far, and thus bring 
them to or near the dead-center opposite to 
that which they originally occupied. 70 
Another object of the invention is to im- - 

prove the construction and operation of de 
vices of the kind in question in various de 
tails which will be pointed out in connection 
with the following description of the illus- 75 
trated embodiment of the invention. 
In the accompanying drawings the inven 

tion is illustrated as employed in connec 
tion with a four-cylinder engine. 

Figure 1 is a side-elevation of the selec- 80 
tor-mechanism; Fig. 2 is a vertical section 
on the line 2-2 in Fig. 1; Fig. 3 is a plan 
view of the selector-mechanism; and Fig. 4 
is a diagrammatic side-elevation showing 
the connections between the engine and the 85. 
starting-apparatus. . . 

In the illustrated embodiment of the in 
vention the motive-fluid is directed selec 
tively to the several cylinders of the engine 
by means of a selector shown particularly in 90 
Figs. 1, 2 and 3. This device is provided 
with four puppet-valves 10 controlling out 
lets from a valve-casing 1. These outlets 
discharge through nipples 12 by means of 
which connections are made with the respec- 95 
tive engine-cylinders. Within the valve 
casing, and below the valves, is a chamber 
13 which is charged with the compressed 
motive-fluid. The valves have stems 14 
passing downwardly through the valye-cas- 100 
ing, and each valve-stem is surrounded by 
washers 15 of rubber, or other elastic mate 
rial, which serve the double purpose of 
springs to hold the valves normally closed, 
and packing to prevent the leakage of mo- 105 
tive-fluid around the valve-stems, The der 
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gree of compression of the washers is con 
trolled by adjusting-nuts 16. on the valve 
stems. 
Upon the lower end of each valve-stem. 

5 a cap 17 is screwed, this cap having a sliding 
bearing in a plate 18 closing the lower end 
of the valve-casing. The caps 17 serve the 
purpose of cam-followers through which the 
valves are actuated, as will be presently de 
Scribed, and, owing to their threaded con AO 
nection with the valve-stems, they may be 

- adjusted longitudinally thereon to regulate 
the amount of opening of the valves. 
The valve-mechanism is actuated by con 

15 nection with a rotative part of the engine, 
Such, for example, as the usual half-time 
shaft 19, this shaft being illustrated as in 
vertical position and having a bearing at its 

... upper end in the body of the valve-casing. 
20 The opening movements are imparted to 

the valves through the operation of two 
cam-projections 20 and 21, which are car 
ried, respectively, by concentric sleeves 22 
and 24. The sleeve 22 is loosely mounted on 
the shaft 19, so that it may slide longitudi 
nally thereon, but is connected with the 

, shaft by means of a spine 23 so as to ro 
tate therewith. The sleeve 24 sides longi 
tudinally upon the sleeve 22, but is con 

30 nected therewith by means of a spline 25 
so as to rotate with the sleeve 22 and thus 

25 

with the shaft. 19. In the normal position 
of the mechanism both of the sleeves are in 
their lower positions, as shown in Figs. 
and 2, so that the cams 20 and 21 do not 
engage the caps. 17, but rotate idly with the 
shaft 19 during the normal operation of the 
engine. When the apparatus is to be oper 
ated to start the engine, however, the sleeves 
and the cams are raised so as to bring the 
cams into operative engagement with one or 
the other of the caps. The means for so 
raising the cams comprise two valve-plates 
26 and 27 which are pivotally mounted on 
studs 28 and 29, respectively, screwed into 
opposite sides of the valve-casing 11. 
Springs 30 surrounding the studs, and bear 
ing against the valve-plates press the plates 
firmly against the flat surfaces of the cas 
ing. The upper edge of each valve-plate 
constitutes, a cam-surface, as shown particu 
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larly in Fig. 1, this cam-sirface being en 
gaged by a roller 21journaled upon a cam 
lever 32. Each lever 32 is pivoted, at its 

55 forward end, upon a stud 33 fixed in lugs 
- projecting upwardly from the valve-casing, 
and the opposite end of each lever is con 
nected, by a stud 34, with the slotted upper 
end of a rod which slides vertically in a 
hearing in the valve-casing. One of these 
rods, 35, is provided, at the lower end, with 
an arm 36 which engages an annular slot 
in the sleeve 24. The other rod, 45, is pro 
vided with an arm 46 which engages an an 

85 nular slot in the sleeve 22. 

ever, with an arm 47 by which it may be 
swung rearwardly against the opposition of 

cylinder in which the piston is in its 
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Springs 37, connecting the valve - plates 
and the valve-casing, normally retain the 
former in the position shown in the draw 
ings. Each valve-plate is provided, how 

70 

its spring 37. 
By the movement of the valve-plate just 

described the cam-surface, upon its upper 
edge, is caused to raise the corresponding 
roller 31, owing to the form of the cam 
surface as illustrated in Fig. 1. This move 
ment results in raising the corresponding rod 
35 or 45, and thus raising the cam connected 
therewith into operative relation with the 
caps 17. 
The cam21 may be designated as the “re 

verse-cam” since it is the one which is em 

80 

ployed in causing the reverse or backward 
movement of the engine hereinbefore de 
scribed. Accordingly, the relative position 
of this cam with respect to the shaft 19 is 
Such as to bring it always in position be. 
neath the cap of whichever valve 10, in any particular position of the engine 
mechanism, is connected with the cylinder in 
which the piston is in its compression-stroke. 
The cam s on the other hand, is the start 
ing-cam, being so located with respect to the 
shaft as to lie always beneath the cap of 
whichever valve 10 is connected with the 

eX 

90 

95 

pansion-stroke. 
In addition to their mechanical functions 

just described the valve-plates 26 and 27 
act as valves to introduce motive-fluid into 
the valve-chamber 13. This motive-fluid is 
derived, from a suitable source of supply, 
through pipes 39 and 44 containing, respec 
tively, low-pressure and high-pressure mo 
tive-fluid. The pipe 39 communicates with 
a passage 38 in the wall of the valve-casing, 
this passage being directed outwardly at its 
end so as to, form a port 40 in the surface 
or seat upon which the valve-plate slides. 110 
Directly above the port 40 is a port 42 com 
municating with the chamber 13. These : 
ports are normally both closed by the inner 
surface of the valve-plate 26, but when the 
valve-plate is swung rearwardly, that is, to 15 
the left in Fig. 1, a recess or passage 41 in 
he inner surface of the valve-plate is 
brought into communication with R ports 
40 and 42, thus forming a passage through 
which motive-fluid may flow into the valve- 120 
chamber 13. A similar arrangement is em 
ployed in connection with the valve-plate 27. 
The motive fluid from the pipe 44 flows 
through a passage 43, the valve-casing and 
the valve-plate being formed with ports 125 
similar to those just described. 
After either of the valve-plates has been 

operated to introduce motive-fluid to the 
valve-casing, and thence to one of the en 
gine-cylinders, it is desirable to exhaust the 3e 
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1,056,418. 
spent. motive-fluid before operating the en 
gine in the opposite direction, and accord 
ingly each valve-plate is provided with an 
exhaust-port 60 which registers momentarily 
with the port'42, thus affording an outlet to 
atmosphere from the valve-chamber 13 dur 

... ing each operative movement of the valve 
plate. 

nism previously described is employed in 
connection with an engine. 
these cylinders are , connected, respectively, 

15 

20 

nected with all of them and provided with 
25 

30 
engine. 

35 

through pipes 49, with the nipples 12 on 
the valve-casing. In each of the pipes 49. 
a shut-off cock 50 is introduced near the 
engine-cylinder, so that, during the normal 
operation of the angine, communication be 
tween the cylinders and the valve-mechanism 
may be interrupted, and these cocks may 
be conveniently operated by a rod 51 con 

a handle 52, at any convenient point, by 
which it may be turned to open or close the 
cocks simultaneously. These shut-off cocks 
are not essential, but it is preferable to use 
them in order that hot gases froth the engine cylinders may not be forced backwardly 
into the pipes 49 during the operation of the 
As a convenient means for operating the 

valve-plate 26, Fig. 4 illustrates a rod 53 
connected with the arm 47 on the valve 
plate and extending rearwardly, to a posi 
tion in which it is conveniently accessible, 
the rod having a handle of any convenient 
form, on its rear end, by which it may be 

40 

engine. 
45 

pulled. The valve-plate 27 is actuated by a 
similar device (not shown). 
The motive-fluid employed in connection 

with the starting-mechanism may be either 
compressed air or compressed gases from the 

In Fig. 4 I have illustrated a tank 
54 adapted to contain a sufficient supply of 
compressed motive-fluid, and this tank com 
municates, through pipes 55 and 56; with 
one of the engine-cylinders so as to receive 
compressed products of combustion there 

50 

55 

from during the normal operation of the 
engine. The usual check-valve device 57 
maybe introduced in the pipe 56 to prevent 
the return flow of gases to the engine-cyl 
inders. This device is not more particularly 
illustrated as it is familiar in connection 
with various well-known engine-starters. It 
will be understood that in place of deriving 

... the motive-fluid from the engine-cylinder, 
60 

65 

pure air may be compressed by means of a 
pump of any ordinary or suitable construc 
tion, or that the motive-fluid may be de 
rived from any other convenient’source. 
As already stated, the pipe .44. supplies 

motive-fluid under high. pressure, while the 
pipe 39 supplies motive-fluid under a lower 

Fig. 4 illustrates, aS a whole, the system 
or arrangement by which the selector-mecha 

An engine hay 
ing four cylinders 48 is illustrated, and 

will now be described. . 

as communicating directly with the pipe 55, 
a pressure-regulator or reducing-valve 58 is 
introduced, this device being adjusted to 
maintain a comparatively low pressure in 
the pipe 89. The construction of the reduc 
ing-valve. 58 is not illustrated, as such de 
vices are well known. A hand-operated 
shut-off valve 59, may be introduced in the 
pipe 55, so that in case the apparatus stands 
unused for a long period of time the leak 
age, or gradual escape, of motive-fluid may 
be prevented by closing this valve. 
The operation of the apparatus as a whole 
A four-cylinder. internal-combustion en 

gine, usually comestorest with the pistons 

on the other, so that two of the pistons are 
respectively, while the other two are on 
their exhaust-stroke and compression-stroke, 
respectively. Accordingly, one of the pis' 
tons is always on the expansion-stroke, with 
the corresponding inlet-valve and exhaust 
valve closed, an 

question is at a sufficiently early point in. 
merely introducing the high-pressuremotive 
fluid into this cylinder, this operation re 
sulting from the movement of the valve 
as the engine begins to rotate forwardly the 
cam-mechanism is rotated correspondingly 
by the shaft 19, so that the cam 21 haises the 
valves 10 successively, and thus transmits 
motive-fluid to the cylinders in order as the 
piston in each cylinder reaches its expan 
sion-stroke. The engine may thus be oper 
ated continuously by the compressed motive 
fluid until, the induction and combustion of 
explosive mixture causes the engiae to be 
gin its normal operation. While it is usu 
ally sufficient, therefore, to operate the valve 
plate 27, it frequently occurs that the engine 
stops in such a position that it is difficult 
or impossible to start it by introducing 
motive fluid into the cylinder in which the 
piston is on the expansion-stroke. This is 
due to the fact that the engine may fre- . 
quently come to rest in a position in which 
the piston in question is so near the end of 
the expansion-stroke that it will not operate 
with sufficient effect to move the engine over 
the succeeding dead-center. Accordingly, in 
case the engine fails to start when the valve 
plate 27 is operated, the operator then allows 

pressure. Accordingly, the pipe 44 is shown 
while between the pipe 39 and the pipe 55 

of dead-center, two of the cranks being on 
one side of the axis of rotation and two 

on their suction-stroke and expansion-stroke, 

70 

75 

80 

85 

90 

this is the cylinder into , 
which the starting-cam is adjusted to direct 

- the motive-fluid. Providing the piston in 95 
its stroke the engine may be started by 

00 
plate 27 to its rearward position. As soon 

05 

10. 

5 

25. 

this valve-plate to return and operates the 
valve-plate 26, thus moving the reyerse-cam 
20 into operative position. Low-pressure 
motive-fluid is now introduced into the cyl 130 
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inder in which the piston is on the compres 
sion-stroke. Since this piston, under the 
circumstances in question, is necessarily near 
its innermost position, nearly a full stroke 
is available to move the engine backwardly. 
Accordingly, the engine-shaft is turned 
through nearly a half-rotation, thus bring 
ing the parts into such a position that the 
piston on the expansion-stroke is near the 

5 
the pistons. 

20 
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dead-center at which this stroke begins. 
Accordingly, after this reverse movement, 
it is necessary only to return the valve 
plate 26 to normal position, and then operate 
this valve-plate 27 again to start the engine 
with nearly a full effective stroke of one of 
The object in using a comparatively low 
RE, in the motive-fluid employed for the reverse movement of the engine is to 
prevent the engine from moving too far in a 
reverse direction. This is particularly im 
portant when the engine is started after 
having stood idle for a long time in cold 
weather. Under these conditions the lubri 
cant in the cylinders becomes so stiff that 
considerable force is necessary to start the 
parts in motion. Where motive-fluid under 
high pressure has been used for this purpose 
I have found that the pistons would remain 
stationary until considerable pressure had 
accumulated in the cylinder into. which the 
motive-fluid was introduced, and that then 
the engine would start, suddenly into re 
verse movement with such momentum as to 
'move it past the succeeding dead-center, and 
even cause it to perform a continuous reverse 
rotation. By properly adjusting the reduc 
ing-valve 58, however, according to the size 
of the engine and other conditions which 
vary more or less in each case, a pressure 
may be selected for the low-pressure motive 
fluid which is sufficient to insure the reverse 
movement of the engine under all condi: 
tions, but not sufficient to carry the parts 
past dead-center against the normal com 
pression occurring in the cylinders, and ac 
cordingly the reverse movement always ter 
milmates at a point in which the engine parts 
are most effectively positioned for the suc 
ceeding starting-operation. , 
My invention is not limited to the embodi 

ment thereof hereinbefore described and 
illustrated in the accompanying drawing, 
but may be embodied in various other forms 
within the nature, of the invention as it 
is defined in the following claims. 

I claim :- m 
1. An engine-starter having, in combina 

tion, means for supplying compressed mo 
tive-fluid at two different pressures, and se 
lector-mechanism adapted, in any given po 
sition of the engine which is to be started, 
to direct the motive-fluid at the lower pres 
sure to one of the engine-cylindel's in which 
the piston is on the in-stroke, to impart re 

1,056,418 

verse movement to the engine-shaft, or to 
direct the motive-fluid at higher pressure 
to another of the engine-cylinders in which 
the piston is on the out-stroke, to impart a 
starting-impulse to the engine, the lower 
of said two pressures being insufficient to 
cause a movement of the engine-pistons past 
dead-center. 

: 2. The combination, with a multicylinder 
internal-combustion engine, of an engine. 
starter comprising a source of supply of 
compressed motive - fluid at two different 
pressures, and a selector connected with said 
source of supply and with the respective en 
gine-cylinders, the selector being operatively 
connected with the engine-mechanism and 
adapted, in any given position thereof, to 
direct the motive-fluid at the lower pressure 
to the engine-cylinder in which the piston is 
on the compression-stroke, to impart reverse 
movement to the engine-shaft, or to direct 
the motive-fluid at the higher pressure to 
the engine-cylinder in which the piston is 
on the expansion-stroke, to impart a start 
ing-impulse to the engine, the lower of said 
two pressures being insufficient to cause a 
movement of the engine-pistons past dead 
center. . 

3. An engine-starter having, in combina 
tion, a valve-casing with outlets adapted to 
be connected with the respective cylinders 
of the engine to be started, valves controlling 
said outlets, means for supplying motive 
fluid under two different pressures to the 
valve-casing, and cam-mechanism for oper 
ating said valves, the cam-mechanism being 
adapted for connection with a moving part 
of the engine and being operative alterna 
tively under manual control to operate the 
valves either to discharge low-pressure mo 
tive-fluid through one of said outlets, or 
to discharge high-pressure motive - fluid 
through another of said outlets, in any given 
position of the cam-mechanisin. 

4. An engine-starter having, in combina 
tion, a valve-casing provided with a plural 
ity of outlets adapted to be connected with 
the respective cylinders of the engine to be 
started a cam-follower connected with each 
'alve, a shaft adapted to be connected with 
a rotative element of the engine-mechanism, 
two cams' rotatively connected with said 
shaft so as to occupy definite positions with 
respect to each other and with the engine 
mechanism in any position in which the lat 
ter may come to rest, said cams both having 
coöperative relation with said cam-follow 
ers but being normally out of engagement 
therewith, a source of supply of motive-fluid 
connected with the valve-casing, a manually 
operable valve-member controlling the ad 
mission of motive-fluid to the valve-casing, 
mechanical connections between said valve 
member and one of said cams whereby the 
cam may be moved into operative engage 
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ment with one or the other of the cam-fol- with one or another of the cam-followers 
lowers when the valve-member is manually when said second valve-member is manually 10 
operated, a second manually-operable valve- operated. 
member controlling the admission of motive- . . . . r 
fluid to the valve-casing, and mechanical PERCY W. HODGKINSON. 
connections between said second valve-mem- Witnesses : 
ber and the other cam. whereby the latter D. GURNEE, 
may be moved into operative engagement L. THON. 
Copies of this patent may be obtained for five cents each, by addressing the “Commissioner of Patents, 

Washington, D. C.” 


