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UNITED STATES 

Patented July 11, 1905. 

PATENT OFFICE. 

CARL C. RIOTTE, OF NEW YORK, N. Y., ASSIGNOR TO THE STANDARD 
MOTOR CONSTRUCTION COMPANY, OF JERSEY CITY, NEW JERSEY, 
A CORPORATION OF NEW J ERSEY. 

INTERNAL-COMBUSTION VIOTOR. 

SPECIFICATION forming part of Letters Patent No. 794,688, dated July 11, 1905. 
Application filed March 5, 1904, Serial No. 196,643, 

To all athlon, it nu?tif (O7 ce/'72: 
Beit known that I, CARLC. RIOTTE, a citizen 

of the United States, residing at New York, in 
the county of New York, State of New York, 
have invented certain new and useful Improve 
ments in Internal - Combustion Motors, of 
which the following is a full, clear, and exact 
description. 
My invention relates to engines of the in 

ternal-combustion type, the main objects be 
ing to provide in a motor of this type a con 
struction which shall be simple, durable, posi 
tive in handling and in controlling, and which 
shall be reversible and self-starting in either 
direction. 

In the accompanying drawings I have shown 
one form of my invention, in which 

Figure 1 is a side elevation of an engine con 
structed to embody my invention. Fig. 2 is 
a relatively enlarged side elevation, partly in 
section, of a portion of the engine shown in 
Fig. 1. Fig. 3 is an end view of the parts 
shown in Fig. 2, the fly-wheel being removed. 
Figs. 4, 5, 6, and 7 are diagrammatic views, on 
an enlarged scale, of certain cams and adjacent 
coöperating parts. 

In the engine shown in the drawings the 
type is of the four-cycle variety and there are 
six cylinders, (indicated at A, B, C, D, E, and 
F.) The usual pistons (not seen) are employed, 
together with the usual connecting-rods and 
cranks. The cranks are so set that there is 
no dead-center. Hence in starting the engine 
there is always one crank at least in such a 
position that an impelling force applied to its 
piston will move it and cause the main shaft 
to rotate in the desired direction. 

1 is the main shaft. 
2 is a cam-shaft, the same being geared to 

the shaft 1 by any suitable system of gears 
so that said shaft 2 will rotate at one-half the 
speed of the engine-shaft. In the drawings, 
3, 4, 5, and 6 are casings covering the gears 
(not seen) by which the said motion is trans 
mitted from the main shaft to the cam-shaft 
2. The cam-shaft 2 has a longitudinal-sliding 
action in the gear contained in casing 5, the 
same being effected by the well-known feather 

spline. This sliding actionis provided so that 
said shaft 2 may be shifted longitudinally with 
out altering the position of the said gear. In 
the particular form of my invention shown in 
the drawings I have provided an extension 
from the cam-shaft 2, which I shall term a 
'secondary” cam-shaft 7. The cam-shafts 2 
and 7 are driven simultaneously at the same 
speed by means of gears 8 and 9. The shaft 
2 and the secondary shaft 7 have a simultane 
ous longitudinal-shifting action, the same be 
ing effected by means of a lever 10, which car 
ries a toothed segment 11, Fig. 3, taking into 
a rack formed by a series of annular teeth 12 
on the shaft 2. 

13 14 are two circular plates of slightly 
larger diameter than the gear 8, which may be 
affixed to the shaft 2 on each side of the gear 
8, the edges of Said plates overstanding the 
sides of gear 9, as best seen in Fig. 2, so as 
to practically connect said shafts 27. This 
constitutes one simple means which may be 
employed to cause said shafts 2 and 7 to move 
simultaneously in the same direction. 

Before describing the cam action I will re 
fer to certain other features and parts of the 
engine which should first be understood. 

15 is an air-pipe leading from a suitable 
compressed-air reservoir. (Not shown.) In 
the form shown this pipe 15 branches off at 
the head to the three cylinders A, B, and C. 
15" is an air-valve in said pipe. 16 is a gas-pipe branching off to all of the 
cylinders of the engine. 

17 is an exhaust - pipe having suitable 
branches to each of the cylinders. 

18 is an air-compressor suitably connected 
with the engine-for example, to the main 
shaft 1-so that when desired the said com 
pressor may be thrown into action for the 
purpose of storing in any suitable reservoir 
compressed air at the desired pressure. 

19 is a water-supply pipe by which water 
may be conducted to a jacket around the sev 
eral cylinders to prevent overheating. 
20 is the Water-outlet pipe, which may dis 

charge in the exhaust-pipe 17. 
21 is a gas-charge inlet-valve located in each 
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of the cylinders and provided to control the 
gas-charge passages. Each valve 21 is of the 
puppet type in the preferred form. . . 

22 is an exhaust-valve located in each cyl 
inder, provided to control the exhaust-pas 
sages. This valve 22 is mechanically actua 
ted in the manner hereinafter described. 

23 is a mechanically-actuated independent 
air - valve by which compressed air may be 
allowed to enter the cylinder at the proper 
time. In the drawings I have shown only 
three of the six cylinders as equipped with 
these air-valves 23, contemplating the use of 
compressed air in only one-half of the cylin 
ders in starting the engine. Each air-valve 
23 is preferably of the balanced type, requir 
ing only a light spring 23" to keep it nor 
mally seated. Each air-valve 23 is equipped 
with a valve-stem 23”. 
24 is a sparker or igniter, which may be of 

any approved style, but which in the form 
shown is of the make-and-break variety. An 
igniter 24 is applied to each of the cylinders 
A to F, so as to ignite the charge in each of 
said cylinders at the proper moment, which 
moment may be varied in any well-known 
manner or in the manner hereinafter shown 
and described which constitutes one preferred 
form of shifting the so-called 'lead’ of the 
spark in either direction irrespective of the 
direction of rotation of the engine. 
25 is the lever by which the lead of the 

spark is varied and controlled. 26 is a shaft 
to which said lever 25 is connected and which 
may be given a partial rotation by shifting 
the position of the lever 25. Upon this shaft 
26 is rotatably supported a frame 27, having 
two arms 28 and 29. The arm 28 bears under 
the exhaust-valve stem 22", while the arm 29 
supports an antifriction-roller 30, which has 
a flat periphery of a certain width useful for 
the purpose hereinafter described, while each 
edge of the roller adjacent to the flat periph 
ery is preferably beveled off also for the pur 
pose hereinafter described. 
From the foregoing it will be seen that when 

the roller 30 is elevated the frame 27 will rock 
on shaft 26 and through the medium of arm 
28 will elevate the exhaust-valve stem 22" and 
open the exhaust-valve 22. The means for 
operating each exhaust-valve comprises two 
sets of cams, each set including a main cam 
and a relief-cam. These sets of cams are 
spaced apart, so that when they stand in the 
position shown in Figs. 1 and 2 none of said 
cams would encounter the roller 30 if the en 
gine were turned over. Hence in this position 
the engine must necessarily be idle. Refer 
ring more particularly to the aforesaid cams, 
the main exhaust-valve cams are indicated at 
31 and 32, while the relief-cams for the re 
spective main cams are indicated at 31" and 
32", Figs. 2 and 5. The cams 31 and 31" are 
placed (see Fig. 2) so that when the shaft 2 
has been shifted to a certain position for start 
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ing the flat periphery of the roller 30 will 
ride over the tops of both of the cams, and 
hence the exhaust- valve will be opened at 
each revolution of the engine. The cams 32 
and 32" are likewise so placed that if the shaft 
2 should be moved to another certain position 
for starting the engine in the opposite direc 
tion the said cams would move under the 
roller 30, so that the flat periphery of said roller 
would ride over the top of each of the same. 
Both ends of the cams 31" and 32" are beveled 
or inclined, while the adjacent inner ends of 
the main cams 31 and 32 only need be bev 
eled. The top of each main cam 31 and 32 is 
of such a length that when the cam-shaft 2 is 
thrown to the limit of its excursion in either 
direction one of said main cams will continue 
to actuate the exhaust-valve, although its re 
spective relief-cam 31" or 32" will be moved 
to one side, so as not to operate said valve. 
The angular position of the cams 31 and 32 is 
such that one set (31 and 31", for example) 
will operate the exhaust-valve when the en 
gine is running in one direction, while the 
other set will operate the exhaust-valve when 
the engine is running in the opposite direc 
tion. Between both sets of cams there is suf 
ficent space to receive the roller 30 and to al 
low it to remain idle. 
Turning now to the means for controlling 

the admission of compressed air for starting 
the engine, 33 is a shaft which may rotatably 
support a frame 34, from which frame pro 
ject the arms 35 36. The arm 35 bears un 
der the air. valve stem 23", while the arm 36 
supports a roller 37, having a flat periphery 
and beveled edges. Upon the secondary shaft 
7 is mounted two sets of cams 3838 and 3939. 
Both ends of each of these cams are beveled, 
and both sets are spaced apart, so as to afford 
a neutral or idle position to receive the roller 
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37. In Fig. 2 the rollers 30 and 37 are shown 
in the neutral position with a set of cams on 
each side. When the shaft 2 is shifted, it also 
moves the shaft 7, they being practically a 
continuation one of the other. The result is 
that on the first step of the movement in 
either direction one set of cams 38 or 39 will 
be thrown into such position as to raise one of 
the rollers 37 and open one of the air-valves 
23. Simultaneously one of the sets of cams 
31 31" or 3232" will be thrown into position 
to operate the exhaust-valve. The admission 
of compressed air into one of the cylinders 
will cause the piston therein to descend and 
start the engine. When the same piston as 
cends, the exhaust-valve 22 will be opened by 
one of the cams 31 31" or 32 32", so as to re 
lieve the pressure therein to allow the piston 
to ascend freely. There being two cams in 
each of the sets of air-cams, it is obvious that 
air will be admitted to the cylinder at the top 
of each stroke of the piston therein. Conse 
quently an impulse will be given to each 
downstroke of the piston located in any cyl 

IO 

I 25 

  



O 

5 

25 

35 

45 

55 

65 

794,688 

inder into which compressed air is admitted. 
As indicated above, the shaft 2 and its exten 
sion 7 is shifted by means of a lever, 10. 
When it is shifted to the first or starting po 
sition in either direction, which may be indi 
cated by means of a notch in a suitable sec 
tor 10", the engine may be started under the 
power of the compressed air admitted to the 
cylinders A, B, and C. Simultaneously there 
with the pistons in the other cylinders D, E, 
and F are being operated, and hence they each 
will drawinand compressacharge of gas, which 
will be fired by the sparker 24 at the proper 
moment, thus supplementing the power of the 
compressed air in starting the engine. In 
this manner the work of the compressed air 
is substantially lessened and the engine will 
respond quickly to the desire of the operator 
in starting, stopping, or reversing. If there 
are charges of gas in the cylinders into which 
the compressed air is admitted, the introduc 
tion of air will not render said charges non 
explosive, but because of the increased com 
pression will render the same more readily 
explosive. Hence when the engine is started 
these charges ignite and expand and supple 
ment the compressed air, producing a very 
powerful starting effort. It should be stated 
that on the shaft 2 there is a double set of 
cams for operating the exhaust-valve in each 
cylinder similar to those already described. 
When the cylinders D, E, and F have begun 
to operate under the power of the expanding 
gas, the operator may shift the lever 10 to 
the farthermost notchin the sector 10", which 
action shifts the shaft 2 and its extension 7 
and the cams carried thereby, which move 
ment shifts the particular relief-cam 31" or 
32", as the case may be, out of range of the 
roller 30, and it also shifts the particular air 
cams 38 or 39 out of the range of action of the 
rollers 37, whereupon the admission of com 
pressed air to all of the cylinders is discon 
tinued, and the first three cylinders A, B, and 
C, the main shaft being driven by the cylin 
ders D, E, and F, will start to operate after 
the manner usual in engines of the internal 
combustion type. 
there is no suction stroke in any of the cyl 
inders into which compressed air is admitted. 
This is so because the said compressed air is 
introduced at the top of each stroke of the 
pistons in said cylinders. The intake-valves 
21 in these cylinders therefore operate only 
when the compressed air is cut off. 
Now referring to the igniter: The igniter 

itself may be of any well-known type. In the 
form shown it is of the make-and-break va 
riety, although not shown in detail. The ig 
niter is indicated at 24. 24" is a rod connected 
to a rocking frame 24", pivoted to the under 
side of a bracket 24, which latter is keyed on 
shaft 26. Upon the shaft 2 are two oppo 
sitely - faced cams 40 41, which are spaced 
apart, as indicated in solid and dotted lines, 

In starting the engine 

& 

Fig. 2, a distance sufficient to allow the trips 
24 and 24 of the igniter mechanism to stand 
in a neutral position, wherein neither of the 
cams 40 or 41 will engage said trips. Since 
the longitudinal shifting of the shaft 2 will 
also shift the cams 40 41, said shifting of the 
shaft in one direction will bring the cam 40 
into proper position to engage the trip 24, 
while in the opposite direction it will bring 
the cam 41 to the position to engage the trip 
24'. The trip 24" may swing in one direction 
while it is blocked in the other direction. The 
trip 24 is correspondingly mounted, but has 
its swinging movement in a direction oppo 
site to that of the trip 24". When the engine 
is in motion and the cam 40, for example, is 
operating, it will ride under the trip 24 and 
elevate the rod 24" preparatory to actuating 
the igniter, which will occur when the high 
part of the cam passes said trip and allows 
the latter to drop quickly. The cam 41 acts 
in a similar manner to the cam 40, although 
only when the engine is running in the oppo 
site direction. The cam 41 operates the ig 
niter through the medium of the trip 24" only. 
To vary the time of the spark, the lever 25 

may be shifted. This shifting of this lever 
rotates the shaft 26 and moves the bracket 
24" (see Fig. 4) so as to change the position 
of the trips 24' and 24' relatively to their 
cams 41 40, respectively. Obviously this 
shifting of the trips relatively to the cams 
causes the said moment or time of the spark 
to be varied. For example, if the shaft 26 
(shown in Fig. 4) should be shifted clockwise, 
it would move the trip 24 to the left. The 
consequence is the cam 40 would actuate the 
same more quickly than if it stood in the po 
sition indicated in said Fig. 4. 

I have not attempted to illustrate the vapo 
rizer by which gas is supplied to the cylin 
ders, nor have I attempted to illustrate the 
compressed-air-supply tank, since the same 
may be well understood without special illus 
tration. - 

Operation: Assuming the parts to be in the 
position indicated in Fig. 1 and the engine mo 
tionless, and assuming it is the desire of the 
operator to start the engine in a forward direc 
tion, he first moves the lever 10 into the first 
right-hand notch of sector 10". This act shifts 
the cams into the positions hereinbefore men 
tioned and opens one of the air-valves 23 ready 
for the admission of the compressed air into 
one of the first three cylinders A, B, or C. 
The operator then opens the air-valve 15". 
The admission of compressed air into one of 
the cylinders A, B, or C. causes the piston 
therein to descend, starting the engine. Just 
before this piston reaches its lowermost posi 
tion air is admitted to the next cylinder in 
which the piston is uppermost, causing the 
piston in said second cylinder to descend, and 
so on. Simultaneously gas is being drawn 
into, compressed, and exploded in the other 
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cylinders D, E, and F, supplementing the 
power of the compressed air in starting the 
engine. Of course during the starting of the 
engine all of the relief-cams are in operation 
to relieve the compression in all of the cylin 
ders, thereby offering less resistance to the 
starting of the motor. When the cylinders 
D, E, and F are all in operation, the air-valve 
15" may be closed and the lever 10 shifted to 
the furthermost notch in the sector 10", which 
act throws out of operation the air-cams and 
the relief-cams; but the exhaust-valve cams 
still continue to act, owing to their greater 

When this occurs, the 
cylinders D, E, and F will be operated under 
full compression, giving a powerful impulse 
to the engine sufficient to cause the cylinders 
A, B, and C to draw in gas and operate after 
the usual manner. When the operator de 
sires to reverse the motor, the lever 10 is 
moved to the central notch or intermediate 
position, whereupon all of the cams will be 
thrown out of the range of the several oper 
ating devices which they control. The sev 
eral cylinders will then act as dash-pots to re 
sist the free movement of the pistons therein, 
thus bringing the engine to a standstill almost 
instantly, yet easily and with a cushioning 
effect. To reverse, the lever 10 is moved to 
the left and hooked into the first notch in the 
sector 10". Compressed air is again admitted 
and the engine started thereby, and under such 
conditions the gas within the cylinders into 
which the compressed air is admitted may also 
be ignited and expanded, with the result that 
only a comparatively small amount of com 
pressed air is required to produce a very pow 
erful starting effort. When the cylinders D, 
E, and F are operating in the manner above 
referred to, the lever 10 is moved into the 
furthermost notch, cutting out the relief-cams 
and the air-cams, so that more gas may be 
drawn in through the charge-inlets, com 
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pressed, and discharged in cylinders A, B, and 
C the same as in cylinders D, E, and F. 
As above indicated, the angular position of 

all of the cams is such relatively to the angu 
lar position of the main shaft that all the 
cams on one side will coöperate in such a man 
ner as to cause the engine to run properly in 
one direction, while all the cams on the other 
side will coöperate in such a manner as to cause 
the engine to run properly in an opposite di 
rection. 

It is obvious that the shaft 7 is merely an 
extension of the shaft 2. All of the cams 
might by being arranged more compactly be 
placed upon a single shaft; but such a modi 
fication would be obvious to the mechanic 
skilled in the art and need not be shown or de 
scribed. 
The number of cylinders employed is obvi 

ously immaterial. The number of cylinders 
into which compressed air is admitted is also 
immaterial so long as the compressed air may 
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be supplied to a sufficient number to obviate 
the danger of the engine stopping on any 
dead-center. Compressed air might, in fact, 
be admitted to all of the cylinders at the out 
set and then cut out of Said cylinders succes 
sively. In this event the engine might be 
started by compressed air alone and then grad 
ually transformed into a normally acting in 
ternal-combustion motor, the compressed air 
and the exploding charges acting simulta 
neously, or substantially so, during. the said 
transformation. 

It will be observed that the relative widths 
of the three cams--the exhaust-cam, the re 
lief-cam, and the air-cam-are such that while 
said cams are in one position all of them will 
be operating conjointly to perform certain im 
portant functions, including admitting air un 
der pressure at each downstroke of each pis 
ton and of relieving the compression at each 
upstroke thereof. When such cams are shift 
ed to the position in which they stand when 
the engine is running normally, only the main 
exhaust - cams will be operating. In other 
words, the width and position of each main 
exhaust-cam relatively to its relief-cam and 
its air-cam is such that it will continue to op 
erate when the relief-cam and compressed-air 
cam are idle or thrown out. 
While of course it is preferred that the 

cranks of this engine should be so set as to 
prevent the possibility of any dead-center in 
those cylinders into which compressed air is 
admitted in starting, nevertheless an arrange 
ment might be made in which it might be pos 
sible for the said cranks to stop on a dead 
center, and yet in such case my invention 
would be applicable, since if the user found 
the engine to be on a dead-center he might 
turn the engine over to a sufficient extent to 
overcome the same, whereupon the compressed 
air would be available in starting. When so 
set, such an engine would be self-starting and 
might embody many substantial advantages, 
but would not be of the preferred form. 
What I claim is 
1. The combination in a multiple-cylinder 

engine, of a valved charge-inlet and an ex 
haust-outlet for each cylinder, valved com 
pressed-air inlets for a plurality of said cyl 
inders, means to open the air-valves once in 
each revolution of the engine, means to nor 
mally open the exhaust-valves once in every 
two complete revolutions, supplemental means 
to open the exhaust-valves in alternation with 
the normal opening means, and means for at 
will throwing out all the compressed-air valves 
and the supplemental exhaust-valve-opening 

S. 
2. The combination in a multiple-cylinder 

engine, of a valved charge-inlet and an ex 
haust-outlet for each cylinder, valved com 
pressed-air inlets for a plurality of said cyl 
inders means to open the air-valves once in 
each revolution of the engine, means to nor 
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mally open the exhaust-valves once in every 
two complete revolutions, supplemental means 
to open the exhaust-valves in alternation with 
the normal opening means, and means for at 
will simultaneously throwing out all the com 
pressed-air valves and the supplemental ex 
haust-valve-opening means. 

3. The combination in a multiple-cylinder 
engine, of a valved charge-inlet and an ex 
haust-outlet for each cylinder, valved com 
pressed-air inlets for a plurality of said cyl 
inders, means to open the air-valves once in 
each revolution of the engine, means to nor 
mally open the exhaust-valves once in every 
two complete revolutions, supplemental means 
to open the exhaust-valves in alternation with 
the normal opening means, and means for at 
will throwing out all the compressed-air valves 
and the supplemental exhaust-valve-opening 
means, said valve-controlling means operating 
in either direction. 

4. In combination, in an engine of the inter 
nal-explosion type, of a plurality of cylinders, 
a main shaft in common to all the cylinders, 
charge-inlets and exhaust-outlets for each cyl 
inder, a valved compressed-air inlet for more 
than one but less than all of said cylinders, 
means to open the air-valves once in each rev 
olution of the engine, in starting, means to 
normally open the exhaust- valves once in 
every two complete revolutions, supplemental 
means to open the exhaust-valves in alterna 
tion with the normal opening means, in start 
ing, and means for at will throwing out all 
of the compressed-air valves and the supple 
mental valve-opening means. 

5. The combination in an engine of not less 
than three cylinders, of pistons in said cylin 
ders, of a main shaft in common to all of said 
cylinders, said pistons being connected with 
said shaft at such angles as to provide at all 
times one piston in proper position to respond 
to pressure thereon, with a valved gas-charge 

5 

inlet and an exhaust-outlet for each cylinder, 
valved compressed-air inlets for a plurality 
of said cylinders, means to operate the air 
valves once in each revolution of the engine, 
means to normally open the exhaust-valves 
once in every two complete revolutions, Sup 
plemental means to open the exhaust-valves 
in alternation with the normal opening means, 
and means for at will throwing out of action 
all the compressed-air valves and supplemental 
exhaust-valve-opening means. 

6. In combination with an engine of not 
less than three cylinders, of a valved charge 
inlet and an exhaust- outlet for each of said 
cylinders, valved compressed-air inlets for a 
plurality of said cylinders, means to normally 
open the exhaust-valves once in every two 
complete revolutions, supplemental means to 
open the exhaust-valves in alternation with 
the normal opening means, and means for at 
will throwing into or out of action all the 
compressed-air valves and the supplemental 
exhaust-valve-opening means. 

7. In an engine of the internal-explosion 
type, six cylinders, a valved charge-inlet and 
an exhaust-outlet for each cylinder, valved 
compressed-air inlets for three of said cylin 
ders, means to open each of the air - valves 
once in each revolution of the engine, means 
to normally open the exhaust-valves once in 
every two complete revolutions, supplemental 
means to open the exhaust-valves in alterna 
tion with the normal opening means, and 
means for at will throwing out all the com 
pressed-air valves and the supplemental ex 
haust-valve-opening means. 
Signed at New York city, New York, this 

3d day of March, 1904. 
CARL C. RIOTTE. 

Witnesses: 
R. C. MITCHELL, 
L. VREELAND. 
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