. J. SPOHRER.
STARTER FOR INTERNAL COMBUSTION ENGINES.
APPLICATION FILED JAN.12, 1914,

1,132,224. patented Mar. 16, 1915
5 SHEETS-SHEET 1.

e —————— P
- T
92 A
2= p 777, 75 - 73
s 2
Al.&
a2 N/
76
7/ &
Ve ‘
. |
6
‘.
.
¢ LVZ/"/‘/*//W
- ;
‘ INVENTOR

WITNESSES 7o if - &
4 7 Watker— "o

P43 1 el

(}r-gyozy S Spolerer”
8y .

ATTORNEYS



¢. J. SPOHRER.
R FOR INTERNAL COMBUSTION

APPLICATION FILED JAN.1

ENGINES.

9, 1414.

STARTE

patented Mar. 16, 1915. |

5 $HEETS-SHEET 2.

132,

1

|
|

I~ nv
4//1/79
4//////7//,

V//////‘-///////////////A/%//////////////////

NN
X N

N

- v/

©

A, - N 2 (L 2SN

: o ,w#??/////////////////////ér/é;r////z%///////. R
| i SIS \

- 1

Bo_

:w.ﬂx\\‘ .\\ 2777
T

_ i g ¢

PPIFI LA

1 ' et 7/ SN\ 5

77 \\\\\\\

T T \\\\\\

e 3 IIW////////%%///%////%/%///////
IS o E - PRTRS R N

wllfzz///

N
-,
08,

—— 5 11w\\\\ o)
...... 13 O\\“\\\\W\AN\'
w

Y,
N

A
N 72

D
7

e L & (77 NS

PIIITIS

70 NS

A\
xﬂz/a../V

G,

1 \ -

A,

7774/ 7 1714 G IIIILIIATHI

N

INVENTOR
ohrer

y7 e

WITNESSES

w2 a

EYS

ATTORH



G. J. SPOHRER.
TER FOR INTERNAL COMBUSTION E

APPLICATION FILED JAN.12. 1014.
Patented Mar. 16, 1915.
5 SHEETS—-SHEET 3.

STAR NGINES.

1,132,224.

7

7

NN

AN
= L
Y=

\ ///I L % =

NS
12 QL Y.
IRVENTOR
ijolzr&'r

G’regmy A

8y

H st
? 13 .91
ATTORNEYS

 WITNESSES
Ala



@. J. SPOHRER.
STARTER FOR INTERNAL COMBUSTION ENGINES,
APFLICATION FILED JAY.12, 1914.
Patented Mar. 16, 1915.

1,132,224 3

o e
ARAOVNRNNANY ""

<& »,—:|» YYLEY

-
l—y«'
—_\.’4%

\\\\\\\\\\\\\\i@\s‘ = l'_

oI N s IS

’\fﬁyn\'\\\‘ AN
Y,

NN ”-ll
l'ilul)\\\\\\\\\\\\‘ =B B

I

U —
st N

\\\\%‘///_Ag\:\\ &
R

QORI
o

,.._—-__.,__.__..4___._.__.__._____

o e T o ———

WITNESSES _ INVENTOR
ot T WWakkien G/réywy S Spolerer
BY

. ATTORNEYS



G. J. SPOHRER.
STARTER FOR INTERNAL COMBUSTION ENDINES.

APPLICATION TILED JAN. 12, 1814 :
Patented Mar. 16, 1915.
5 SHEETS—BHEET 5.

=X

T =

iz
/il Bt
AWz, 5
AN

7 INVENTOR
Gregory /- Spolerer

" Moot s
TTORNEYS

A

WITNESSES
A9 wabhen. .
.43 %Mw}



10

15

20

25

30

35

40

45

60

UNITED STATES PA}‘ENT OFFICE.

GREGORY JOHN SPOHRER, OF EAST ORANGE, NEW JERSEY, ASSIGNOR, BY DIRECT AND
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1,132,224. . Specification of Letters Patent. Patented Mar. 16, 1915,

Application filed January 12, 1814.

To all whon it inay coneern:

Be it known that I, Greeory J. Svoumg,
a citizen of the United States, and a resi-
dent of East Orange, in the county of ls-
sex and State of New Jersey, have invented
a new and Improved Starter for Tnternal-
Combustion Engines, of which the follow-
ing is a full, cleav, and exact deseription.

My invention has for its object to pro-
vide a starter which may be used on all
types of internal combustion engines, but
whieh is particularly useful for starting an
automobile engine from the driver’s seat of
the automobile by means of a master pneu-
matic valve. ,

Another object of the invention is to pro-
vide a compornd motor for rotating the
gine shaft for starting the engine, this mo-
tor being adapted to be driven by the inter-
nal combustion engine for acting as a com-
pound pump to colnpress air in a tank for
use in subsequently starting the engine.

Still another object of the invention is to
provide means for conveying the compressed
air from the tank directly to all the wmotor
cylinders so that in emergencies and when
the greatest power Is reauired, the motor
will act as one of a simple type and not as
one of a compound type, it being at the same
time possible to change the tow of the air
while the motor is running, so that the aiv
will exhaust from the high pressure cylin-
ders to the low pressure cylinders and the
motor will act as a componrd one.

Still another object of the invention is to
provide means for driving the shaft of the
convertible motor-compresspr in one direc-
tion from the engine shaftiwhen the Tatter
is rotating in its normal divection and for
causing the motor-compressor, when operat-
ing as a motor with its shaft rotuting i the
opposite direction. to dvive the engine shaft
in the said normal direction.

Still other objects of the invention will
appear in the following specification in
which the preferred form of my invention
is described.

In the drawings similar reference char-
acters refer to similar parts in all the views
in which—

Figure 1 is a sectional view on the line
1—1 of TFigure 2; Fig. 2 is a sectional plan
view on the lins 2—2 in Fig. 1; I'ig. 3'1s a
gsational view on the line 3—3 of Fig 23

on-

Serial No. 811,579.

Fig.

. 4 is a sectional view on the line 4—4 of
Fig.

2: Iig. 5 is a sectional view on the line

:5—5 of Fig. 1; Fig. 6 is a view showing the

ram on the line 6—6 of Kig. 2, and also
showing n sectional elevation of the master
valve; Fig. 7 is a sectional view on the line
77 of I'ig. 8 showing the transmission
member; Fig. § is a sectional view on the
line 8—3 of IMig. 7; Fig. 9 is a sectional view

on the line 9—9 of Iig. 7; and Fig. 10 is a’

view showing in elevation the collar for
operating the pins, the pins being shown in
sections.

In order to econoniize effort in the use of
internal combustion engines, it is advisable
to provide a mechanieal starter which will
act whenever required and one which will
he inexpensive to operate and maintain in
working condition.

The use of compressed air as a starting
medium has been proposed heretofore, but
the devices provided for this purpose in-
volving motorr wechanism for driving the
engine shaft and compressor mechanism for
furnishing a supply of compressed air have
not been considered satisfactory. If of suffi-
ciently light weight and simplicity of con-
struction to adapt them for use on motor
vehicles, they have not been capable of
starting an engine of sufficiently large size
or of compressing air to the desired high
degree.

The present invention is directed to the
provision of a convertible motor-compressor
consisting of a single device which will
operate both as a motor to drive the engine
shaft and as a compressor to compress air,
this single device being of very light weight,
small size and simple construction and at
the same time being capable of starting an
engine of relatively large size and of com-
pressing air to such a high degree as will
permit of starting the eugine a plurality of
times between successive compressing oper-
ations. To this end, the convertible motor-
compressor is of the compound type as with
such a compound compressor, air may be
readily compressed to a relatively high de-
gree. The device also operates as a com-
pound motor when employed for starting
the engine. Means are provided, however,
for enabling the motor to operate as a sim-
ple motor rather than a compound one when
starting an engine, this capacity for run-
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ning as a simple motor being specially desir-
able since the motor must start up under a
heavy load and at times, the parts of the mo-
tor may be in such position at the instant of
starting as would prevent the pressure of
the niotive fluid from being effective to the
fuil extent. The mechanism by which pro-
vision is made for starting the compound
motor as a simple motor is such as will per-
mit of changing over from simple operation
to compound operation readily and prac-
- tically Instantaneously so that immediately
after starting the motor driving the engine
shaft as a simple motor, the operation may
be continued with the motor running com-
pound. The mechanism for operating the
motor either simple or compound is so con-
structed that not only is air at the full pres-
sure mtroduced into the low pressure cylin-
der and exhausted therefrom, but also the
-high pressure air introduced into the high
pressure cylinder is exhausted from that cyl-
mder to the atmosphere when the motor is
running as a simple motor instead of being
exhausted into the low pressure cylinder gs
1t is when the motor is operated as a com-
pound motor.

-Another feature of the present invention
resides in the provision of special means for
connecting the motor-compressor to the en:
give shaft. The shaft of a gas engine, par-
ticularly such a gas engine as is commonly
employed to drive a motor vehicle, ro-
tates always in the same direction. I have
found it desirable, however, in the interest
of simplicity of construction, light weight
and efliciency of operation, that the shaft
of the motor-compressor-should turn in one
direction when the device is operating as a
motor, and in the opposite direction when
1t is operating as a compressor. 1 have,
therefore, provided a connecting mechanism
between the shaft of the motor-compressor
and the shaft of the enging whereby the
shaft of the motor-compressor will turn in
one direction to drive the engine shaft and
whereby the shaft of the motor-compressor
will turn in the opposite direction when the
eng'ne shaft is driving the motor-com-
pressor as a motor. In the preferred elii-
bodimént, of the invention, the changes in
the gedaring connecting the shaft of the me.-
tor-compressor and the engine shaft neces-
sary to cause these two shafts to operate in
the same direction when one of them is the
driving member and in opposite directions
when the other is the driving member are
preferably effected automatically. This au-
omatic operation of the gearing may be ef-
fected in various ways, for instance, either
pneumatically or mechanically, a pneunatic
means being shown in the present instance.

By referring to the drawings it will be
seen that a casing 12 js provided: and that
one end of the shaft 13 is journaled in roller

‘gear 24, but also with the

1,132,224

earngs 14 in the casing 12, The other end
15 of this shaft 13 as shown in Figs. 7, 8
and 8 of the drawings is journaled in the
roller hearings 16 and disposed within the
sleeve 17 which forms a continnation of the
caging 12, This shaft 13 is provided with
cranksy18 which are connected with piston
rods 19 in a manner which will be subse-
Guently described. Mounted for rotation on
the sleeve 17 is g plate 20 and mounted on
the plate 20 by means of the pins 21 are
three pinions 22, (hese pinions 22 being best
shown in Fig. 9 of the drawings, Meshing
with thege pinions 22 there is a gear 23
which is mounted on the end 15 of the shaft
13. These pinions 22 not only mesh with
the gear 23 on the end 15 of the shaft 13,
but they also mesh with the internal gear
24 on the drum 25, this drum 23 having an
inwardly directed portion 26 and a bearing
portion 27 mounted on the sleeve 17 at the
inner side of the plate 20. Tt will be un-
derstood that both the plate 20 and the drum
are held in rotary position by the sleeve 17
and that both the plate 20 and the drum 25
are free to rotate on the said sleeve. This
drum 25 is connected with the internal com-
bustion engine shaft 98 by means of the
sprociet chain 29  which engages the
sprocket teeth 30 on the drum 95 and the
sprocket teeth 31 on the iniernal combustion
engine shafe 28, In this manner the drum
25 is connected with the engine shaft 28 at
all times: the drum 25 will be rotated when
the engine shafe 28 is ranning and the en-
gine shaft 28 will be rotated by the drum 25
when the latter s operated to start the in-
ternal combustion engine,

When the shaft 98 of the internal com-
bustion engine is rotating under normal con-
ditions, the parts of the transmission mecha-
nismn will be in the position indicated in
Fig. 7 of 'the drawings. But when it is de-
sired to operate the de: . as an air com-
pressor, the pins 82, which are disposed in
thre bushings 83 in the orifices 34 in the in-
wardly divected portion 26 of the drum 25,
will be moved into the orifices 35 in the
plate 20 to connect the plate 20 with the
drun 23, so that the plate 20 will be rotated
with the drun 25 by means of the sprocket
teeth and chain which have been described
As the plate 20 rotates with the drum 25,
the pinions 22 will be held by the inner gear
2% from rotating on their pins 21, and as
the pinions 22 not only mesh with the inner
gear 23 on the
end 14 of the shaft 13, the shaft 15 will be
rotated in the same direction as the drum 25,
In this way the device will be operated -as

# compressor to compress air in the tank 36.

shown ip Fig. 6 of il drawings, S

The means for operating the pins 82 is
shown & igs. 5, 6. 7.8 9 and 10 of .the
drawings.

8y referring to Fig. 7. of the.
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drawings, it will be seen that the pins 32
kave heads 37 which are disposed in the an-
nular channel 38 of the collar 39, the collar
89 having an annular slot 40 through which
the pins extend. It will, therefore, be scen
that with the rotation of the drum 25, the
pins 32 will be carried around the axis of
the shaft 13, the heads 37 of the pins 32
traveling in the annular channe! 388 and the
annular slot 40. The collars 39 has radially

~disposed lugs 41 which extend into inclined

guideways 42 in an extension 43 of the cas-

12, and when the collar 89 is rotated it
will be thrust forward or rearward to move
the pins 32 into or out of the orifices 35
in the plate 20 as may be desired. One of
the lugs 41 has secured to it a lever 44 hy
means of which the collar 39 may be rotated
manually as desired. It should be under-
stood that in the ordinary operation of the
device the collar 39 will be rotated by means
of the ram or plunger 45 which is controlled
by the operator through the master valve 16,

When the device is used to rotate the shaft
98 to start the internal combustion engine,
it is of eourse, necessary to rotate the shaft
13, and by means of the transmission mecha-
nism, the drum 25, which is connecied with
the engine shaft 28 by the sprocket teeth
and chain previously described.

The convertible motor-compressor is so
constructed that when used as a motor, its
shaft rotates in one direction and when used
as a compressor, its shaft rotates in the op-
posite direction. But since the engine shaft
28 turns always in the same direction, 1t is
necessary, when using the motor-compressor
as a motor, that the shaft 13, turning in one
direction, should drive the drum 25 in the
opposite direction. This is accomplished by
providing the plate 20 with a plurality of
elongated tangentially disposed slots 47,
these slots 47 extending to the sleeve 17. In
the slots ave rollers 48 which, with the slots
47 and the sleeve 17, form a ratchet nieans
for permitting the rotation of the plate 20
in one direction while preventing the rota-
tion of the plate 20 in the opposite direc-
tion. With the rotation of the shaft 13 and
its end 15 in the reverse direction, the gear
23 which engages the pinion 22, will rotate
the pinions and the plate 20 on which they
are mounted with the shaft 13 until the
plate is bound by the engagement of the
rollers 48 with the sides of the slots 47 and
the sleeve 17. This will prevent further ro-
tation of the plate 20, and as the shafi 13,
with its- end 15, continues to rotate, it will
rotate the pinions 22, on their pintles 21 so
as to rotate the drum 25 in its normal di-
rection as is desired. As the engine shaft
28 is rotated with the rotation of the drum
25 and the spmocket teeth and chain, it will
tend to start the internal combustion engine,

86 and with the running of the internal com-

a

bustion engine, the shaft 28 will be given a
ich will rotate the drom
e been rotated by means

;
i
5 end

it

;
greater speed wh
25 faster than it has
of the shaft 18 and
the drum 25 is vot
than the speed at wineh
shaft 13, the pipi 21
the inner gear

i As soon as
a speed greater
: 4 1

s ratated by the
vitt Le rotated by
: the genr 23 to
move the plate 0 ont o binding engnge-
ment with the roliers 48 and the sleeve 17,
the plate 20 {hereby heing permitted to ro-
tate. The zupply of compressed wiv flowing
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and the tank 26 mav be cecharged m the
manner which beent deseribed. Ordi-
marity, i 1e poesible o compress suflicient
alr in the Lank 29 Lo =t the mtermd come

I the plate

bustion engine severn!
are disposed

20 sre chunnels 49
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will now L ibed, when the device is uged

{o start the nwerpel combustion engine, the
s 0 eolpressor which

vy
15

sand meuns also wotin
15 deiven by the s

store ate i

to compress and
36, Om referring to
Pig. T ol the deawings, i will be seen that
A compotnd meior o provided {or rotat-
ing the shadt 33, this compound wotor serv-
g as a compressos o required.  The
motor has twe & ssire eviinders 54
and two low pressuve evlinders 53, there be-
ing « piston 56 i each of the high pressure
eviinders and o piston 57 1 each of the low
pressure oyimders, Each of the pistons 56
has a0 cencuve bearing sucface 48, against
which s disps=wd the rounded head 59 of
the piston rod 8 cach of the rounded heads
59 bemg held against the bearmg sarface 28
by means of the sember 60 which has an
ounter threwl 61 nes with an nner
thread 62 at the lowee poition of each of the
pistons 36, The puaober 60 hias an opening
63 which diverges vutwardly so that the pis-
ton may have awple room for free move-
ment as the oank 18 rotates. Inoa shmilar
manner the few ;
of the low jiresy
cave bearing s 3 oagrainst which 1s dis-
posed a round: G5 of o piston rod 66,
the ronnded hend 63 being held against the
coneave bearing surfuce 64 by 2 member 63
which corresporcds with the member 60,
Each of the high pressure cylinders 54 has
a port 08 and of the Jow pressvre cyl-
inders 55 has a port 8. the ports 68 openjng
into the valve chamber 70 and the ports 69
opening inte the valve chamber 71 A rock-
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ing valve 72 is disposed in the valve cham-
ber 70 and a rocking vaive 73 is disposed in
the valve chamber 71. Each of the valves 72
and 73 has a central exhaust passage 74 and
an annular inlet passage 75. The exhaust
passages 74 are adapted to communicate with
the ports 68 and 69 in the cylinders 54 and
55 by means of valve ports 76 at the sides
of which the valves 72 and 73 have exten-
sions 77 which engage the sides of the valyve
chambers 70 and 71 aud prevent communi-
cation between the annular inlet 75 »nd the

exhaust passages 74. The port 76 in the

valve 72 which communicates with on# of the -

high pressure cylinders 54, not only serves
to communicate with the high pressure cyl-
inders 54 through the port 68 there:n, but
it also serves to communicate with the port
78 in the valve chamber 70 to connect the
exhaust passage 74 in the valve 72 with the
exhaust passage 79; leading around the valve
chamber 70 to the port 80. In the same
manner one of the ports 76 of the valve 73,
not only serves to communicate with one of
the low pressure cylinders 53 through its
port 69, but it also serves to communicate
with the port 81, leading to the exhanst pas-
sage 82 around the valve chamber 72 to the
port 83.

When the motor is used to stact the inter-
nal combustion engine. the compressed air
flows to the valve chamber 75 through the
pipe 84 and with the rocking of the valve
72, by the means which will shortly bhe de-
scribed, the compressed air will be fed
through the port 68 to the high pressure
cylinders 54 to operate the pistons 56, the
exhaust passing through the ports 68 and
76, to the exhaust passage 74, and from the
exhaust passage 74 through one of the ports
76, the port 78, the passage 79 and to the
port 80. The exhaust from the high pres-
sure cylinders will then pass through a hol-
low portion 85 of the valve member 86 to
the port 87 of the valve member through
the said port 87 to the port 88 in the casing
to the passage 89 in the ¢ sing and to the
port 90 in the casing, lead ng to the valve
chambers 71 around the valve 73. The coni-
pressed air, which has beerj exhausted from
the high pressure cylinders 54, will then be
fed to the low pressure cylinders 55 by
means of the rocking valve 78 which wiil
permit the air to pass at the sides of the
extension 77 to the port 69, the air passing
therethrough to act against the pistons 57,
the air then passing through the port 69 to
the exhaust passage 74 and then from the ex-
haust passage 74 through ofie of the ports
76 to the passage 82 and the port 83, the
air then passing to the muffler compartment
91 and the exhaust 92, it being understood
that when the device is used as a compressor,
the exhaust 92 will act-as an inlet. With the
normal running of the device to sturt the

1,182,224

internal combustion engine, the air will pass
in the manner which has been described, and
the valves 72 and 73 will be rocked by the
eceentric 93 on the shaft 13 by the cranks
94 on the valve members 72 and 73. - .
Experiments have shown that at certain
times much greater power is required to
start internal combustion engines than at
other times, and as a means of obtaining
this, additional-power valve mechanism is
provided which will convert the motor from
one of a compound type to one of a simple
type. This result is obtained in a very sim-
ple manner by moving the valve 86 until the
port 87 communicates with the port 95 in
the casing leading to the muffler compart-
ment 91, this movement of the valve 86 clos-
ing the port 88 and opening a port 96 which
communicates with the passage 89, the clos-
ing of the port 88 and the opening of the
port 95 permitting the exhaust from the
high pressure cylinders 54 to pass direct to
the muffler compartment 91, the exhaust
from the high pressure cylinders being pre-
vented from reaching the passage 89 be-
cause of the closing of the port 88. The valve
€6 is held yieldingly in a normal position

70

75

80

85

90

as shown in Fig. 2 of the drawings by the .

spring 99, but when it is desired to convert
the motor from a compound one to a motor
of a simple type, air is permitted to flow
thircugh the pipe or conduit 100 to the port
107, this air acting against the surfaces 102,
103 and the wall 97 of the valve to move the.
valve 86 to close the port 88 and open the
ports 35 and 96, the air from the port 101
then flowing through the port 96, the pas-
sage 82 and the port 90 to act directly on
the pistons in the cylinders 55. When the
passage of air through the conduit or pipe
100 is cut off, the spring 99 will return the
valve 86 to the normal position shown in
Fig. 2 of the drawings.

The passage of air through the pipes or
conduits 84 and 100, is controlled by the
master valve 46, and this master valve 46
also serves to control the operation of the
ram 45, air being conveyed from the master
valve 46 to the ram 45 by means of the con-
duit or pipe 104 which is preferably flexible
so that 1t will not interfere with the mave-
ment of the ram 45 in
ram 45 having a rounded head 106 journaled
in its bearing 105. The pipe or conduit 104
passes through an opening 107 in the beas
ing 105 and 1nto the opening 108 in the head
106, the air passiig through this o
108 down the opening 109 to the p:
110 with which the ram is provided. “This
plunger 110 is held yieldingly' in the posi-
tion shown in Fig. 6 of the -drawings b
means of the spring 111. The plunger 11
which is secured to the rod 11% nag
ed head 113

which is journaled in a rounded
bearing 114

at the base of the lever 44 - &
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its bearing 103, the.
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¥hen the air in the tank 36 is compressed
even slightly, the operation of the device
may be ccntrolled at the master valve 46,
this master valve 46 having a central chan-
nel 115 which communicates with the pipe
116 leading to the tank 36. This channel
115 has a seat 117 against which the valve
member 118 may be seated to prevent any
escape of air from the tank 36. This valve
member 118 is operated by the valve spindle
having therecn an operating lever 120.

When the valve member 118 is raised from
the seat 117 and the rotary valve member 123
is in the positicn shown in Figs. 2 and 6 of
the drawings, the air is permitted to flow
through the passage 121 to the safety valve
member 122. The master valve 46 has an-
other port 124 which cemmunicates with
the conduit or pipe 8+ and a port 129 which
communicates with the conduit or pipe 100.
The port 124 in the master-valve ig eonneci-
ed to the passage 121 by a short connecting
passage 151 shown in Figs. 2 and 6. In ad-
dition the master valve has a port 126 which
communicates with the pipe or conduit 10
and an exhaust pert 127 communicating
with the atmosphere. The rotary valve
member 123 has ports 128 and 129 which
lead from the valve seat 117, these ports 128
and 129 being extended at right angles to
123
also has a passage 180 for cennecting the
ports 126 and 127 when the rotary valve
member 123 is in the pcsition shown in the
drawings. Secured to the rotary valve mem-
per 123 is a sleeve 131 through which the
valve spindle extends, the hand lever 132 be
ing secured to the sleeve 131 for rotating
the rotary valve member 123. The hand
lever 132 may be locked relatively to the
casing of the mastér valve 46 by the meuans
shown in Fig. 6 of the drawings or in any
other suitable manner.

When using the device for the first time,
and before air has heen compressed in the
tank 36, the internal combustion engine 1s
started by a crank secured to the shaft 28.
When the engine is running. the hand lever
44 is operated to rotate the collar 39 with the
lugs 41 lying in the inclined guideways 42
to move the collar 39 longitudinally of the
axis of the shaft 13 for carrying the pins 32
into the orifices 35 in the plate 20. This will
lock the plate 20 for rotation with the drum
25, and as the pinions 22, which are mount-
ed on the plate 20, are prevented from rotat-
ing, they will rotate the shuft 13 by means
of th ‘vearing 23 secured to the end 15
thereot. With this Fotation of the shaft 13,
the pistons 56 and 57 will be reciprocated
to force air through the conduit or pipe 84
to and through the master valve 46 and
through the pipe or conduit 116 to the tank
36. During the reciprocation of the pistons
56 and 57, the valve members 72 and 72 will

S

be rocked by means of the eccentric rods
and eranks which have been described. Dur-
ing the compression of air in the storage
tank 86, the rotary valve member 123 should
be in a position where the port 198 will com-
munieate with the port 126. This is desired
«o that as the pressure increases in the tank
36, this pressure may be exerted on the pis-
ton 110 through the pipe or conduit 104
The air forced throngh the pipe 84 will pass
through the pott 124 and around the pas-
sage 131 to the passage 121, and from this
passage 121 through the port 129 to the pipe
or conduit 116, When-the pressure in the
tank 36 has increased to a pre-determined
point, any excess thercof will he permitted
to escape by the safety valve member 123.
To prevent any further pumnping of the air
and forcing it into the tank 30, the chauf-
four forces the valve 118 ngainst its seat 117
to close the passages 115 leading to the pipe
or conduit 116. ‘The rotary valve member
123 is then rotated by means of the hand
lever 132 to the position shown in Fig. 2 of
the drawings, where the passage 130 1n the
rotary valve member 193, connects the ports
196 and 127 to permit the air. which has
heen ncting agriinst the piston 110 t» escape
to the atmosphere. When this has taken
place, the spring 111 will force the piston
110 to the position shown in Fig. 6 of the
drawings. therehy rotating the collar 39 to
the position shown in Fig. T of the drawings
and withdrawing the pins 32 from the ori-
feos 35, Tt will be understond that when
there is anv compressed air in the tank 36,
't is upnecessary to operate the hand lever
44 to move the collar 39 in the manner de-
ceribed. for Ly rvotating the rotary valve
eniber 199, to a position where its port 128
communicates with the port 126, compressed
air will be permitted to flow to the ram 45
and against the piston 110 to rotate the
collar 39

To use the device to start the internal com-
bustion engine, the rotary valve member 128
‘e moved to the position shown in Fig. 2 of
the drawings. and the valve member 118 is
raised from its seat 117, The air will then
flow throngh the pipe 84 to the valve cham-
Ler 7H to operate the motor. Often times in
starting the device it is necessary to exert an
unusual force. and when this ig desived, the
rotary valve memher 123 may be moved so
that its port 129 will communicate not only
with the port 124, but also with the port 125.
This will convey air to the valve chamber 75
and it will also convey air to the port 101
through the pipe or conduit 100 to operate
the valve 86 to close the port 88 and open
the ports 95 and 96 so that the motor will
act as one of a simple type. It will be seen
that the chantfeur by operating the master
valve 46, may control the operation of the
device so as to cause it to act as a com-
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pressor, to act as a compournd motor or to
act as a simple fotor. When the devies is
acting as a simple motor, not onl ¥ is high
pressure air admitted to the low pressure
cylinders, but also the high pressure cylin-
ders are caused to exhaust to atnosphere in-
stead of to the receiver frow which air
passes to the low pressure cylinders

Having thus deseribed my invention I
claim as new and desiiv to secure by Letters
Patent:

L. In a starter for internal combustion en-
gines, the combinaticn of o cylinder, a sec-
ond cylinder, means for conveving a fluid
under pressure to the frst cylinder, a pas-
sage for conveying the exhanst of the first
cylinder to an inlet of the second cylinder,
and pneumatic means for closing the passage
between the cylinders and supplying the
inlet of the second eylinder divect with the
fluid under pressure, '

2. In a starter for internal combustion
engines, the combination of a eylinder, g
piston in the cylinder, a second cylinder, a
piston, means for conveying a fluid under
pressure to the first cylinder, there being 2
passage for conveying the exhanst from the
first eylinder to an inict in the second evlin-
der, a valve member for closing the passage
and for opening communication to the sec-
ond cylinder and means for conveying a
fluid under pressave to the valve member
for operating the Iatter; and for supplying
the passage therewith.

3. In a starter for internal combustion
engines, the combination of a cvlinder, a pis-
ton for acting therein, a second cylinder, a
piston for acting Hie ein, a shaft, meang for
connecting the pistous to the shafi, nes
for conveying a finid under preséire io the
first eylinder, a casing having a port lead-
.ing from the exhaust to the first eylinder to
a second port leading to the atmosphgre, o
third port leading to wn inlet in the wecond
cylinder, a fourth post leading to sFe inlet
of the second cvlinder, n valve for novmally
closing the sccond aund fourtl ports with
the first and third ports open. gnd means for
conveying a fluid under pressure to the valve
to close the third mentioned part and apen
the second and fourth nieriioned yorts,

4. In a starter for interusl combustion en-
gines, the combination of a eviinder, a pis-
ton in the cylinder, a socond evhinder, a pis-
ton, means for conveying a fuid under pres-
sure to the first cylinder, o casing having g
port leading from the exhuaust of the first
cylinder, there being in the ¢ iz a port
leading to the atmosphare, o thir] nort lead.-
ing from the first port to an Inlst in the
second cvlinder, and a fourth purt leading
to. an inlet in the second evhinder. weans for
conveying a fluid under re to the
fourth mentioned port. a ¢ normally
closing the cecond wnid fonri mevitioned
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ports and ‘eperable under pressure of the
fluid for closing the third port and opening
the second and fourth ports.

5. In a starter for internal combustion en-
gines, the combination of a cylinder, a piston
therein, a second cylinder, a piston in the
second eylinder, a shaft, means for connect.-
ing the pistons to the shaft, a casing having
a guideway with a port leading thereto from
the first cylinder, a second port leading 'to
the atmosphere, a third port leading tc an
inlet in the second mentioned cylinder, and
n fourth port leading to the said inlet in the
second mentioned cylinder, a valve in the
guideway for normally closing the second
and fourth mentioned ports for opening
communication between the first and third
mentioned ports, a spring for holding the
valve in a normal position, and communi.
cating means to operate the latter and to
close the third port and open the second and
fourth mentioned ports to open cormmunica-
tion between the first and second ports and
from the communicating means to the fourth
mentioned port. '

6. In a starter for internal combustion en-
gines, the combination of a ‘convertible air
compressor and motor devics having two
cylinders, a pneumatic means for converting

the device, a conduit leading to the pneu-

ratic means, a second conduit leading to one
of the cylinders, a third conduit connecting
the exhaust of the last mentioned cylinder
with the inlet of the other cylinder, a valve
for closing the third mentioned conduit and
a fourth conduit for conveying a fluid under
pressare for operating the valve and for
supplying the said other -cylinder through
its said inlet. : ‘

7. In a starter for internal combustion en-
gines, the combination of a convertible air
compressor and motor device having two
cviinders, a pnewmatic means for converting
the device, a conduit leading to the pneu-

matic means, a second conduit leading toons

of the cvlinders, a third conduit connecting
the exhaust of the last mentioned cylinder
with the inlet of the other
for closing the third conduit, & fourth con-
duit for conveying a fluid under pressure

for operating the valve and to the said inlet,

a tank communicating with the first, second
and fourth conduits, and a master valve for
commanding  ecommunication through the
first. second and fourth eonduits:

8. A starter for internal combustion en-
gines comprising the combination of a multi-
cylinder,convertible motor-compressor mech-
anism having a shaft which turns in one di-
rection when said mechanism is operated as
motor and in the opposite direction when said
mechanism is operated as g compressor, 4
second shaft adapted to drive and be driven
by said shaft, a tank connected: to said mech-
anism, a valve in the connection "from the
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tank to said mechanisro, me
gaid mechanism, when operating as a motor,
from a compound mutor to o simple motor
and vice versa, means for conuecting guid
shafts for simultancous yofation in the same
direction, and mesns for convecting saul
shafts through specd-redacing gearing for
simuliancons refation in enposite directions;
substantially as described

0, A stavter for an int
engine comprising the i
multi-eyvlinder, converti mobar-compres-
sor mechanism operating in one divection as
a motor and in the opposite divee

rs for changing
:

et
=

'
1

val combustion
Lination of 2

4

v

as

cornpreseor, a tunk vonrected toosaid mecha-
nism, a shaft adapied (0 be o

mechanism to drove and G
puemmaticnliy - contralied
pecting said shaft to the =ba (U af anid necha
nism for strutttianecas aperntion i the sate
direction. gearing for conneeting said shaits
through speed-reducing nud reversing gears
for simulinneous operation in apposite di-
rections, valve wechanism in the sonnection
from the tank to said jeechapizm for cansing
compound operation of said aechanisnea
motor and menns for opern id va
mechanism to eavse said el {
ate as a simple wmotor by
the tank to all cvlinders
and exhausting the siv
ders to the atmosphere; substint,
sertbed.

10. A ztevter for an inle
engine comprising the
multi-cylinder, convert
sor mechoniam haviug a2 «h wsecomnd sh
adapted to drive sud be dilven by
shaft, o tank connected to said mecha
a valve in said connection from the tank Lo
said mechanismy for sdontiine siv to the Tat-
ter to operate it as a compoinid notor :
for operativ 1] valve to sdindd air
said tank to all evlinders of sa:d
to operate the lniier as a shupte
all eylinders exhavsting to th
menns for connecting s
taneous rofation in the
means Tor conneeting
speed-reducing Ping for
tation in oppos
as described.

11. A stavter tor internal combustion en-
gines comprising the combinstion of . muli
cylinder, convertible motor- compressor
mechanisny, a tani copnected thereto, a valve
in the connection from said meciinnism o
the tank, a shaft connected to said mecha-
nism and adapted to drive and be driven
by it and pneumatically aetiinted deviees for
changing said rechanism, wheuw operating
as a motor, from a compennd motor to a
simple motor; substantintiy ns deseribed.

12. A starter for internal conthustion en-
gines comprising the combination 5fa multi-

¥
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ESERN
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af waid meel:

.
from ol oV e e
)

[

T G- GO

iy
pechinisn
motor w
i

1fis throveh
tancous ro-
substantially
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cylinder, convertible motor - compressor
mechanism, a tank connected thereto, a valve
in the connection from said mechanisin to
the tank, a shaft connected to said mecha-
nism aud adapted to drive and be driven by
it. and means actuated by movement of the
movable member of said valve for changing
said mechanism, when operating as a motor,
from a compound motor to a simple motor
arl ~ice versa; substantially as described.

13. A starter for internal combustion en-
gines comprising the combination of a multi-
evlinder, convertible motor - compressor
mechanism, a tank connected thereto, a valve
in the cennection from said mechanism to
the tauk. o shaft connected to said mecha-
afsim and adapted to drive and be driven by
i1, means actuated by movement of the mov-
able wember of said valve for connecting the
ik to said mechanisia to operate the latter
as a motor, and means actuated by move-
ment of said member, while holding the con-
nection from the tank to said mechanism
open, for clianging said mechanism from a
compound motor fo a simple motor; sub-
stantially as described.

14. A starter for internal combustion en-
gines comprising the combination of a multi-
evlinder,  convertible motor - compressor

wiechaniem having a shaft, a second shaft
adapted to drive and be driven by said shaft,
a tank connected to said mechanism, a valve
in the counection from the tank to said

ianisin, pneumatically actuated devices
{1 cavsiug snid mechanism, when operating
3% a motor, to operate as a simple motor or
as o eorapound motor at will, means for con-
necting snid shafts for simultaneous rotation
in the same direction and means for connect-
ing said shafts through speed-reducing gear-
ing for simultaneons rotation in opposite
directions substantially as described.

15. A starter for internal combustion en-
sines comprising the combination of a multi-
cylinder, convertible motor - compressor
mechanistn having a shaft, a second shaft
adapted to drive and be driven by said shaft,
a tunk connected to said mechanism, a valve
in the connection from the tank to said
miechanism, means actuated by movement
of the movable member of said valve
for canging said mechanism to operate
as a simple motor or as a compound
motor at will, means for connecting said
shafts for simultaneous rotation in the same
dircetion and means for. connecting said
shafts through speed-reducing gearing for
sinmitaneous operation in opposite direc-
tians; substantially as described.

16, A starter for internal combustion en-
gines comprising the combination of a multi-
cvlinder, convertible ‘
wiechunism having a shaft, a second shaft
adopted to drive and be driven by said
shaft, a tank connected to said mechanism,
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a valve in the connection from the tank to
said mechanism, means actuated by move-
ment of the movable member of the valve
for connecting the tank to said mechanism
to operate the latter as a motor, means actu-
ated by movement of said valve-member
while holding the connection from the tank
to said mechanism open for causing said
mechanism to operate as a simple motor or
as & compound motor at will, means for
connecting said shafts for simultaneous ro-
tation in the same direction and means for
connecting said shafts through speed-ve-
ducing gearing for simultaneous rotation in
opposite directions; substantially as de-
scribed.

17. A starter for internal combustion en-
gines comprising the combination of a
multi - cylinder, convertible motor - com-
pressor mechanism having a shaft, a second
shaft adapted to drive and be driven by
said shaft, a tank connected to said mecha-
nism, a valve in the connection from the
tank to said mechanism, means actuated by
movement of the movable member of said
valve for causing said mechanism to operate
as a simple motor by admitting air from
the tank to all cylinders of the mechanism
and exhausting the air from all the cylin-
ders to the atmosphere or to operate as a
compound motor at will, means for connect-
ing said shafts for simultaneous rotation
in the same direction and means for con-
necting said shafts through speed-reducing
gearing for simultaneous rotation in oppo-
site directions; substantially as described.

18. A starter for internal combustion en-
gines comprising the combination of a
multi - eylinder, convertible motor - com-
pressor mechanism, & tank connected there-
to, a shaft adapted to be connected to said
mechanism to drive and be driven by it, a
valve in the connection from the tank to
said mechanism, méans actuated by move-
ment of the movable member of said valve
for admitting air from the tank to said
mechanism to operate the latter as a motor
and means actuated by movement of said
movable valve-mémber, while holding the
com;‘mectlon from the tank to said mecha-
nism open, for operating said mechanism
as a compound motor or for operating it as
a simple motor by admitting air from the
tank to all cylinders of the mechanism and
exhausting the air from all of the cylinders
to the atmosphere; subsfantially as de-
scribed.

19. ... starter for an internal combustion
engine comprising the combination of a
convertible motor-compressor mechanism
having a shaft which rotates in one direc-
tion when said mechanism is operating as a
motor and in the opposite direction when
gaid mechanism is operating as a com-
pressor, a tank connected to said mecha-

1,132,224

nism, a second shaft adapted to drive and -

be driven by said shaft, means for connect-
ing said shafts for simultaneous rotation in
the same direction, means for connecting
said shafts through speed-reducing gearing
for rotation in opposite directions and pneu-
matically controlled devices for actuating
one or the other of said means at will to
establish the desired connection; substan-
tially as described.

20." A starter for an internal combustion
engine comprising the combination of a con-
vertible motor-compressor mechanism hav-
ing a shaft which rotates in one direction
when said mechanism is operated as a mo-
tor and in the opposite direction when said
mechanism is operated as a compressor, a
second shaft adapted to drive and be driven
by said shaft, means for connecting said
shafts for simultaneous rotation in the same
direction, means for connecting said shafts
through speed-reducing gearing for simul-
taneous rotation in opposite directions, a
tank, a conduit leading from the tank to
said mechanism, a valve m said conduit, and
pneumatically - controlled means operated
by movement of the movable member of said
valve for maling one or the other of said
connecting means operable at will; sub-
stantially as described.

21. A starter for internal combustion en-
gines comprising the combination of a
multi - ecylinder, convertible motor - com-
pressor mechanism having a shaft, a second
shaft adapted to drive and be driven by

said shaft, means for connecting said shafts,-

a tank connected to said mechanism, a valve
in the commection from the tank to said
mechanism, means actuated by movement
of the movable member of the valve for
operating said mechanism as a compressor,
as a simple motor or as a compound motor,
and means operated by movement of the
movable member of the valve for actuating
said connecting means; substantully as de-
scrlbed

2. A starter for internal (omhnqtlon en-
gmes comprising the combination of a
multi- cylinder, convertible motor-com-
pressor mechanism having a shaft = = zond
shaft adapted to drive and be driven by suid
shaft, means for connecting said shafts, a
tank connected to snid mechanism, a valve
in the connection from the tank to said
mechanism, means actuated by movement of
the movable member of the valve for operat-
ing said mechanism as a compressor, as a
51mple motor or as a compound motor, and
prieumatic means actuated by movement of
the movable member of said valve for op-
erating said connecting means to cause said
shafts to rotate in the same direction at the
same speed or to rotate in opposite direc-
tions at different speeds; substantially as
described.
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93. A starter for an internal combustion
engine comprising the combination of a
convertible, motor - compressor mechanism
having a shaft, a second shaft adapted to
drive and be driven by said shaft, connect-
ing gearing between said shafts, a tank, a
connection from the tank to said mechanism,
a valve in said connection having a movable
member movable to two positions for oper-
ating said mechanism as 2 motor and as 8
compressor, a pneumatic controller for said
gearing, means actuated by
movement of the movable member of the
valve to the position for operating said
mechanism as a motor for connecting said
tank to said controller and means actuated
by movement of the movable member of the
valve to a position for operating said mech-
anism as a compressor for disconnecting
said tank from suid controller; substantially
as described.

04. A starter for an internal combustion
engine comprising the combination of a
convertible, mofor - compressor mechanism
having a shaft, a second shaft, means for
connecting said shafts for rotation in the
same direction, means for connecting said
shafts for rotation in oppesite directions,
one of said connecting means including
speed-reducing gearing, 2 tank connected to
said mechanism, a valve in the connection
from the tank to said mechanism having a
ralve-member movable into positicn for op-
erating said mechanism as a motor and into
position for operating said mechanism as a
compressor, und means sontrolled by move-
ment of said valve-member io one or the
other of its two positions for causing one or
the other of said connccting means to be-
come operative; substantially as descvibed.

95. A starter for an internal combustion
engine comprising the combination of a
compound, convertible motor - compressor
mechanism having a shaft, a second shaft,
menns for connecting said shatts for rota-
tion in the same direction, means for con-
necting said shafts for rotation in opposite

directions, one of said connecting means -

cluding speed-reducing gea ‘ing, a tank, a
connection from the tank to said mechanisyy,
a valve therein having a valve-m crmber Mov-
able to position for operating said mecha-
nism as a motor and to pesition for operat-
ing said mechanism as a COMprossar, means
controlled by movement i gaid valve-mem-
ber to one or the other of said two positions
for causing one or the vther of said connect-
ing means to become operative, and means
controlled by the position of said valve-
member for operating said mechanism as a
motor either simple or compound; sub-
stantially as described. :
96. A starter for an internal combustion
engine comprising the combination of a
convertible, motor - COMPressor mechanism

having a shaft, a tank, a connection from
the tank to said mechanism, a master-valve
in said connection, a rotary member adapted
to drive and be driven by the shaft of said
mechanism, means controlled by the master-
valve for connecting said mechanism to said
tank to compress and store air in the tank
and for simultaneously connecting said shaft
and said rotary member for simultaneous
rotation in the same direction, and means
controlled by sald master-valve for connect-
ing said tank to sald mechanism to operate
the mechanism as a motor and for simulta-
neously connecting said shaft to said rotary
membér through a speed-reducing and re-
versing-gear; substantially as described.

o7. A starter for an internal combustion
engine comprising the combination of a
multi-cylinder, convertible motor-compres-
sor mechanism having a shaft, a tank, a con-
nection from the tank to said mechanism, a
master-valve i said connection, & rotary
member adapted to drive and be driven by
said shaft, means controlled by the position
of said master-valve for connecting the tank
to said mechanism to receive air therefrom
and for simultaneously connecting said
chaft and said rotary member for simulta-
neous rotation in the same direction, means
controlled by the position of said master-
valve for connecting the tank to said meécha-
nism to supply air to the mechanism and
for simultaneously connecting said shaft and
said rotavy member through a speed-reduc-
ing and reversing gear, and means con- 100
trolled by the position of the master-valve
for supplying air from the tank to all of
the cylinders of said mechanism for opera-
tion of the mechanism as a simple motor or
for supplying air to certain of the cylinders 105
and causing it to pass from them to other
cylinders for operation of the mechanism as
a compound motor; substantially as de-
seribed.

98, A starter for an internal combustion 110
engine comprising the combination of a
multi-cylinder, convertible motor-compres-
sor mechanism, a shaft adapted to drive
and be driven by the same, a tank connected
to said mechanism, and a master-valve in 115
the connection from the tank to said mecha-
nism movable to a position for operation of
said mechanism as a corpressor, to a posi-
tion for operation of said mechanism as a
compound motor and to a position for op- 120
eration of said mechanism as a simple mo-
tor; substantially as described.

99. A starter for an internal combustion
engine comprising the “combination of a
multi-cylinder, convertible motor-compres- 125
sor mechanism, a shaft adapted to drive and
be driven by the same, a tank connected to
aid mechanism, & master-valve in the con-
nection from the tank to said mechanisii
movable to a position for operation of said 130
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., mechanism as a compressor, t6 a position for in testimony whereof I have signed my -

" operation of said mechanism as a compound name to this specification in th~ presence of 10
motOr‘v‘al;ld to a position 1for operation of the two subscribing witnesses. '

- said mechanism as a simple motor, connec- . . 5 - 7 :

- & tions between said mechanism and said shaft GREGORY JOHN SPOHRER.

. and ‘means for actuating said connections Witnesses:

" under the control of said master-valve; sub- Everarp B. Marsuary,
stantially as described. - Georee H. EMsLiE.



