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UNITED STATES PATENT OFFICE. 
ADA. M. GIBSON, OF CHICAGO, ILLINoIs... 

GAs-ENGINE. 

Application filed January 4, 1909. serial No. 470,613. 1,043,221. 

To all whom it may concert: 
Be it known that I, ADAM. M. GIBsoN, a 

citizen of the United States, residing at Ghi 
'cago, in the county of Cook and State of 
Illinois, have invented certain new and use-- iful improvements in Gas-Engines, of which 
the following is a specification. 

... My invention relates to a gas engine and 
has for its object to provide an engine of the 

10 explosive type which shall be simple and in expensive to construct, economical of fuel, 
... which requires but little attention when 

15 

20 

25 

30 

working simultaneously with the piston of 
35 ing so connected with the explosion cylinder 

that the charge first drawn into the feed 
ise is compressed and forced into the 

explosion -cylinder under pressure, thus in 
suring the expulsion of the burnt gases and 
the filling of the explosion cylinder with 
fresh gas. To this end, the feed cylinder is 
preferably of greater volume than the ex plosion cylinder, measured by correspond. ing positions of the respective pistons; and 

40 

45 

pels the burnt charge. . . . . . . . . . 
The invention has for a further object. 

running, and in which the liability of the . 
parts to get out of order or adjustment is 
minimized. . . More particularly, the invention has for an object to provide a two cycle, explosive 
engine provided with an exhaust. port, the 

" effective size of which can be varied accord ing to the speed at which the engine is run 
ning; this construction making it possible, 
to obtain the expulsion of all of the burnt 
gases, even when the speed is high, and to. 
prevent at all times any appreciable escape ti - a . . . . . . .tion of the exhaust valve; and Fig. 5 is a 80 of the charge. 
The invention has a 

... provide a peculiar construction for the ex. plosion cylinder and a peculiar location of 
the intake and exhaust ports of the same, whereby the incoming charge effectually ex 

to provide a feed cylinder having a piston 
the explosion cylinder, the feed cylinder be 

cha 

fective volumetic contents of the feed cylin 

50 

der in order to vary the pressure at which 
the charge is introduced into the explosion 
cylinder. . . . ". . . . The invention further contemplates ar 

. specification of Letters Patent. 

for a further obj ect to 

I feed cylinder, C a connecting pipe leading 

means may be provided for varying theefs. 

cylinder to taper at the end. 

Patented Nov. 5, 1912. 
naling the crank shaft central yof the pis 
ton and out of line with the connecting rod. 

55 . 

The invention has for a secondary, but nevertheless important, object, to provide a 
gas engine in which the driven shaft may be . . 
oscillated back, and forth, less than a full. 60. 
revolution, when desired, instead of being rotated continuously in the same direction. 
The invention has for further objects such new' and improved constructions, devices and, arrangements in gas engines, and par ticularly in gas engines of the two cycle 

type, as yill be described in the accompany. 
65 

ing specification and particularly set forth 
in the claims appended thereto..... . . . . 
One embodiment of my invention is shown. in the accompanying drawings, 

wherein- .." Figure 1 is a 'side elevation of a gas en 
Igine of the two cycle type, the ignition ap- . paratus and its circuits being, however, 
the engine. Fig. 3 is a longitudinal, ver 

70 

75 
shown in diagram. Fig.2 is a plan view of . 
tical section. Fig. 4 is a detail, cross sec. 
detail, longitudinal section illustrating a 
modified construction of the feed cylinder. 

- Like characters of reference indicate like parts in the several figures of the drawings. 
A represents the explosion cylinder, B, the 

from the latter to the former, D the double 
85 

piston, Ethe spark.coils and F. the battery 
for the same. The explosion cylinder A is 
constructed, as here shown, of the castings 
10 and 11, the former provided with the 

- water chamber 12, to which lead the pipes : . . 13. The casting 11 is perforated for... the 
being held against its seat 16 by a spring 17 
abutting against an adjustable nut 18, which 
may be held in proper position by the nut . 
19. Any other construction of check yalve 

90 

stem 14 of the intake valve 15, the valve 
95. 

might be, employed. The end of cylinder A . 
throat 20, preferably of less diameter than 
is preferably formed with a contracted. 

. . . ' '. - a "-" - ". 100 

the intake port 21, which is controlled by the . 
check valve. This contracted throat is pro 
duced, as I have shown it, by causing the 
The charge, it will be understood; is com 

ranging the two cylinders inline with each pressed in the feed cylinder Band, at the other and employing a double. piston, con-propertime, forced through the connecting 
sisting of a single, rigid structure, and iour-lpipe C and into the explosion cylinder at . 

105 
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contents of the cylinder for any given posi 

10 

15 

25 

tion of the piston, indicated in this figure 
by D', which will, of course, vary the pres 
sure and amount of the charge taken into 
the cylinder provided the fee 

with the ignition apparatus of the engir 
so that the effective size of the exhaust port. 
will be increased as the spark is advanced 
and the speed of the engine increased. To 
this end, I provide the driven shaft 40 with 
an eccentric 55 and make the contact in the 
battery circuit between this eccentric and 
an adjustable device, the position of which 
ontrols the position of the valve. Loose 

he shaft 40, is a collar. 56 having a han 
5 which can be set at various angular 
ns upon a toothed sector 58, the han 
ed by the thumb piece 60 in the man 

fertisual to constructions of this sort. The 
collar is provided with the arm 61, in the 
end of which is pivoted a pin 62, these parts 
being completely insulated by means of the 
washer 63, of rubber compound or other in 
sulating material. To the pin 62 is con 
nected one end of a bar 64, the other end 
of which rests on the insulating button 65 
on the end of the screw 66, which can be 

35 

40 

72 leading from pin 62, which, with the bar. 

45 

50 

68 is connected. 

adjustably set in a pin 67 pivoted to the 
arm 68 extending from collar 56 in the 
opposite direction from arm 61. The arm 

d with the shaft, 27 of the 
valve controlling exhaust port 22 by means 
of the links 69 and 70, the latter being pref 
erably secured to shaft 27 by the set screw 
71, which permits, an initial adjustment of 
the links. 
The battery circuit consists of the wire 

64, is completely insulated from the rest of 
the machine, to the battery F; wire 73 leads from the battery to one primary terminal 
of the spark coil box (the latter being of 
any desired construction and not here shown in detail); wire 74 from the other primary 
terminal of the spark coil box to the en 
gine; the wires 75 and 76 lead from the sec ondary terminals of the Spark coil, respec 
tively, to a point on the engine and the 
sparkplug H. The latter may be of any 

55 desi desired type and extends into the explosion 
cylinder at its forward end in the usual 
manner. 

60 

(35 

As the movement of the operating han 
dle 57 toward the right (Fig. 1) will slow 
down the 'spark and a movement in the Qp. 
posite direction will advance it, then, with the slowing of the spark, the exhaust Yalve 
will be rocked so as to bring the right hand 
segment 25 (Fig. 3), partly over the port 
22, thus decreasing the effective size of the: 

opening through which the interior of the 
explosion cylinder is in communication with 

cylinder for 
all positions of the disk has greater ca 
pacity than cylinder A. . . . . . . . 

I prefer to connect the valve controlling 
the exhaust port of the explosion cylinder 

ply of gas which inder without directly affecting the taking 

le being provided with a tooth 59 which is 

the atmosphere. As the spark is advanced, 
the size, of the opening will be gradually in 
creased by a rotation of the valve in the 
opposite direction. 

It has been customary, so far as I am 
e., to govern gas engines at the point 
hich the charge is first taken into the 

. I have found that there are ad 
itages, particularly in the construction of 

engine above described, in governing the 
amount of the charge which goes to the ex 
plosion cylinder at a point between the two 
cylinders. Without confiring myself to any 
particular form of alve or governor. I have 
shown apparatus for controlling the sup 

goes to the explosion cyl 

in of the gas in the feed cylinder. In the 

70 

75 

80 

85 
pipe C is located a valve casing 7. in which is a sliding valve consisting of the solid 
disks 78 and the guides 79, which are spaced 
apart. This valve is connected to the rod. 80 of a governor J of ordinary type, which 
need not be describe? in detail, the driven 
pulley S1 of this governor being connected 
by a belt S2 with a pulley S3 oil the driven 
shaft 40 of the engine. As the engine speeds 
up, the rod S0 of the governo: lifts the valve 
and shuts off to a more or less extent, the inflow of gas into the explosion cylinder. 
The operation of the engire is as foll 

lows: When the piston moves forward, the 
charge is drawn into cylinder. B from the 
carbureter G. A backward novelent of 
the piston compresses the gas in cylinder B. 
and (in case the timing valve is employed), 
when the piston head 3s reaches the screw 52, valve 49 is opened against the spring 
51 and the pressure in the cylinder and the 
charge is driven around through pipe C, 
past the valve 78 and valve 15. into the end 
of the explosion cylindel'. The part of the 
piston in cylinder A has by this time in 
covered port 22 and the incoming charge, 
which is concentrated by passing through 
the contracted throat at the end of the 
cylinder, expands behind the body of burnt 
ases and, as'I apprehend it, has a scouring g Vls p s 

90 

95 

00 

105 

110 

15 

action around the curved surface within the 
throat, and thus forces the body of burnt 
gases through the cylinder and out of the 

. exhaust port 22. The cross sectional area 
of this opening has been determined by the 
position of handle 57, which controls the ignition apparatus. When the spark is slow, 
the port 22 is partly closed, because, in such case, the engine is running slow and there. 
is ample time for the expulsion of all of the 
burnt gases. The opening should be no 

25 

larger than is necessary to insure - a clean 

cape. As the engine is speeded up, the 
cylinder, because, if too large, there is dan 
ger that some of the fresh charge will es 130 
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cross-sectional area of the opening is in 
creased by the rotation of the valve, 
increased speed of the engine makes a 
Ege outlet for the burnt gases necessary 

and, if the initial adjustment of the valvé, 
... which can be effected by means of the set 
screw 1, is correct, the size of the exhaust 
opening will be so proportioned to the spark 
that for all speeds the burnt gases will be 
completely expelled without material loss 
of the fresh charge. With a forward move. 
ment of the piston, a new charge is taken 
into cylinder B and the charge received in 
cylinder A is compressed, the piston as soon 
as it moves forward closing the exhaust port 
22. When the piston reaches the proper 
point, this being determined by the position. 
of handle 57, the charge is exploded and the 
piston driven back, as above described. The 
position of the handle. 57 times the spark 
relative to the position of the piston by 
shifting the angular position of the bar 64 
relative to the shift. 40, so that the enlarged 
part of the eccentric comes into contact with 
the bar sooner or later in its revolution, as 
the case may be. The valve controlling the 
exhaust is given just the same amount of 
rotation as the bar 64 when the position of 
handle 57 is changed. When the eccentric 
comes into contact with bar 64, the circuit 
is closed through the primary coil of the 
sparker, current being induced in the sec 
ondary, which produces the spark in the 
explosion cylinder. . 

it will be seen that, by 

in such a manner as to drive the whole body 
of burnt gases through the cylinder toward 
the exhaust port, the forward end of the cylinders, where the spark is produced, is 
stre to be filled with clean gas, even though, 
for some reason, the burnt gases are not com 
pletely exhausted. Such burnt gases as may 
remain will be crowded away from the for 
ward end of the cylinder, so that there is no danger of the engine missing fire if any 
new charge at all is introduced into the 
cylinder. . . . . . - 
By making the piston a single, rigid struc 

ture which is guided at each end by contact 
with the cylinders, that is practically a com 
bined piston and cross head avoid any 
rocking motion of the piston, likely to cause 
wear and noise. This double piston is always 
working against a pressure of gas at each 
and and, for this reason the engine is very 
citiet in its action, the crank connections particularly being kept from rattling. The 
space within casting 36 beneath the piston 
can be filled with oil, so that the piston 
will be self-oiling. . . . . . . 
By journaling the crank sha 

center of the piston, the connecting rod is 
in the most favorable position for doing 
work during the working part of its stroke, 

$34. 

The 

introducing the 
fresh charge into the end of the cylinder 

ft above the 

because it is in a substantiaily horizontal 
position, through the movement backward 
of the piston. This involves, of course, hav 
ing the connecting rod at an increased in 
clination during a part of the forward 
stroke, but that is a matter of little im 
portance, because at this time the parts are 
moving by their momentum and because of 
the pressure in cylinder B. . 

the feed cylinder full of gas, which makes 
the engine easier to start after a momentary 
stop. Ordinarily it has been the custom to 
govern the engine at the carbureter or in 
take, which means that, after the governor. 
has acted to stop the inflow for any reason, 
both the explosion cylinder and the feed 
cylinder, or its equivalent, have to be filled 
up with gas before the engine can start or s5. 
continue its regular operation. The feed 
cylinder acts not only to force the charge 
into the explosion cylinder under pressure, 
but also as a mixer. This latter function is 
increased when the cylinder is made of 
greater volume than the explosion cylinder, 
because there is then in the feed cylinder 
always a certain amount of gas which has 
been churned up by a previous movement of 
the piston. . 
When the construction of feed cylinder 

shown in Fig. 5 is employed in connection 
with the features of my engine, several ad 
vantages are obtained. The timing valve 
controlling the outlet from the feed cylin-100 
der may be omitted. It will be observed 
that valve 15 which controls the inflo the charge to explosion cylinder necessarily 
operates against the pressure in the cylin 
der so that this arrangement itself ti 
the charging of the explosion cylind 
back stroke of the piston compresses the gas 
in the feed cylinder and in connecting pipe: 
C, (assuming that valve 49 is omitted), but 
until there has been a reduction of pressure 
in cylinder A, caused by the exhausting of 
burnt gases through port 22, no fresh charge 
will pass valve 15. In the construction of Fig. 5, the adjustability of disk 53 by vary 
ing the pressure in the feed cylinder, which 
pressure can be thus made more or less, ac- . . 
cording to whether the engine is running 
at high speed or low speed, takes the place 
of the adjustment of the timing valve shown 
in Fig. 3. If the engine is to run at 100 
revolutions, the disk will be relatively far 
back in the feed cylinder. If the engine is 
to run at 500 revolutions, the disk may be 
advanced, in which case a greater pressure 
will be exerted on the back of valve 15, 
tending to open this valve more quickly 
when the engine is thus running at the 
higher rate of speed. Under such circum 
stances there is no danger that the in 
creased pressure of the charge entering the 130 

By governing the charge at a point be- it 
fween the two cylinders, insure keeping - 

of . 
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explosion cylinder will cause a loss through 
the exhaust port because the opening 
through this port will be made smaller when 
the engine is running at a high rate of 
speed. . . . . . . . . 
In four cycle engines, in order to obtain 

greater pressure in the cylinder of a given 
engine, it is necessary to decrease the vol 
umetric contents of the cylinder by mak 

O ing, for example, the cylinder shorter. In 
my construction of engine, the pressure in 
the explosion cylinder may be increased 
without decreasing the volumetric contents 
of such cylinder. By a forward adjustment 

5 

20 adjustable feature is also valuable in adapt 

30 

35 

of disk 53, the pressure in the feed cylin 
der will be increased which will give an in 
crease both of the amount of gas and of 
pressure in the explosion cylinder, pro 
vided, of course, the feed cylinder is always. 
larger than the explosion cylinder. This 
ing the engine to different fuels. Less pres 
sure is needed when the fuel is gasolene, 
for example, than when ordinary illumi 
nating gas is used. Where the charge is 
timed by relative pressures on opposite sides 

s 
speed at which the engine is running and 
the cross-sectional area of the opening in ac 
cordance with the speed at which the engine 
is running. . 

2. A gas engine, comprising an explosion to 
cylinder having an exhaust opening, a tim 
ing device for the spark, and means for 
varying the cross-sectional area of the ex 
haust opening in accordance with the posi 
tion of the timing device. - 5 

3. A gas engine, comprising an explosion 
cylinder having an exhaust port, a valve to 
vary the effective size of said port, a vari 
able ignition device, and a connection be 
tween the ignition device and the valve, 
whereby the position of one conditions that 
of the other. . . . . . 

4. A gas engine, comprising an explosion 
cylinder having an exhaust port, a valve to 
vary the effective size of the port, an ignition 85. 
device comprising a member adapted to be 
set to control the tinie of the spark, and a 
link connection between the valve and said 
member. , , " : " . 

... 5. A gas engine, comprising an explosion 
cylinder having an exhaust port, a valve to 

80 

90 

of the valve 15, a full cylinder is insured vary the effective size of the port, an ignition 
even under varying conditions. Even after 
the piston has begun to move forward and . 
closed the exhaust port, the charge wille tinue coming into the cylinder, provided 
the pressure Walrants it. 
An engine constructed as above described 

- give the 
crank shaft an oscillating instead of a ro 
is capable of being operated to 
tary movement, that is, of turning the crank 
shaft back and forth for a fraction of a rev 
olution. It is very desirable to have an en 

40 
- pumping, churning or the like. By starting. 

gine which can be made to so operate, as, 
for example, when a reciprocating move 
ment is to be given the driven part, as in 

the engine with an advanced spark, I can 
obtain this oscillating movement of the 

45 crank shaft. The crank makes somewhat 
more than a half revolution until it gets 
approximately to the position of the great 
est inclination of the piston rod, and then 
moves back again in the opposite direction. 

50 

55 

The force of this oscillating movement is 
very considerable. The capacity of the en 
gine to so operate is due, as I apprehend it, 
partly to the position of the journals of the 
crank shaft above the center of the piston, 
and partly to the balancing of the piston by 
the bodies of gas in the two cylinders. 

I do not limit myself to the particular de 
vices, constructions and arrangements shown 
and described, as modifications might be 

60 

65 

devised which would come within my inven 
tion as defined by the claims. 
I claim: . . . 
1. A gas engine, comprising an explosion 

cylinder having an exhaust opening, and 
means for varying by one operation the 

device comprising an eccentric driven by the 
engine, and a contact device adapted to be 
set at different positions with respect to the 95 
eccentric; and a connection between said 
contact device and the valve. . . . 6. A gas engine, comprising an explosion 
cylinder having an exhaust port, a valve to 
vary the effective size of said port, an ec- 100 
centrie? fixed on the shaft of the engine, a contact device rotatably mounted on said 
shaft, means for setting said contact device 
in different positions on the shaft, and a 
link connection between the contact device 105 
and said valve. . . . . . . . . . ... A gas engine, comprising, an explosion 
cylinder and piston, said cylinder having 
an intake port at one end, and an exhaust: 
port in the side of the cylinder means; for 11c introducing the charge into the cylinder 
under pressure, a timing device for the 
spark, and means for varying the effective 
size of the exhaust port in accordance with 

i the position of the timing device. - . 
8. A gas engine, comprising an explosion 

cylinder with an intake port at one end, a 
feed cylinder, a connecting pipe leading 
from the feed cylinder to the intake port' 
of the explosion cylinder, a double piston for. 12. 
said cylinders. an exhaust opening through 
the side of the explosion cylinder, a timing 
device for the spark, and means for varying 
the effective size of said exhaust opening in.' 
accordance with the position of the timing 12. 
device." - . . . " - , . . . . . 

. A gas engine, comprising an ex 
'cylinder having an inlet port throis 
end thereof aid an exhaust port throtig fie 
side, a feed cylinder, a connecting pipe lead- l. 
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ing from the feed cylinder to the inlet port 
of the explosion' cylinder, a check valve for 
said inlet port, a double piston for said 
cylinders, a centrally arranged crank in said 
piston to operate the same, a valve to vary 
the effective size of the exhaust port, an ignition device having anqperating handle 

iv 
for timing the spark, and a connection be 
ween said handle and the valve controlling 
the exhaust port. . . . . 

10. A gas engine, comprising an explosion 
cylinder, a piston, a feed cylinder in which 
the 

15. 
the gas is compressed with a back stroke of 

cylinder at times determined by the pressure 
in said explosion cylinder and means for 
varying the exhaust from the explosion cyl 
inder in accordance with the speed at which 
the engine is running. . . . . . . . . 

11. A gas engine comprising an explosion cylinder and a piston, said cylinder having 
an intake port and an exhaust port; a feed 
cylinder, means for introducing the gas 

25. from the feed cylinder into the explosion 
cylinder, means for varying the effective size 
of the exhaust port of the explosion cylin 
der, a disk, fitted within said feed cylinder, 
and means for adjusting the position of the 

38 

disk so as to vary the effective size of the 
feed cylinder; the volumetric contents of said feed cylinder being at all times greater 
than that of the explosion cylinder, whereby 
the pressure of the gas introduced into the 
latter may be increased without diminution 
of the amount of the charge. 

12. In a gas engine the combination with an explosion cylinder and a piston, of means 

45 

for varying the speed at which the engine is 
run, and means operated by said last named 
means for correspondingly varying the dis 
charge of burnt gases from the explosion cylinder. 

13. In a gas engine, the combination with an explosion cylinder and piston, of a tim 
ing device for the spark and , means for 
varying the discharge of burnt gases from 

50 

the explosion cylinder in accordance with 
the position of the timing device. . . . . . 

14. In a gas engine, the combination with 
an explosion cylinder and piston, of means 
comprising a spring pressed valve set in op 
eration by a decrease in pressure in the ex 

. 55 
plosion cylinder after an explosion for in 
troducing a fresh charge of gas, means for 
varying the discharge of burnt gases from 
said explosion cylinder in accordance with 
the speed of the engine, and means for vary 

6) ing the amount of the fresh charge intro duced into the explosion cylinder. 
15. In a gas engine, the combination with 

an explosion cylinder and piston, of means comprising a spring pressed valve set in op 
. 65 eration by a decrease in pressure in the ex plosion cylinder after an explosion, for in 

ance with the speed of the engine. 

piston, means for introducing the gas. 
from the feed cylinder into the explosion 

1,043,221 

troducing a fresh charge of gas, means for 
varying the discharge of burnt gases from 
said explosion cylinder in accordance with 
the Speed of the engine, and means for vary 
ing the amount of the fresh. charge intro 
duced into the explosion cylinder in accord 

16. In a gas engine, the combination with 
an explosion cylinder, of a feed cylinder, a 
conduit between the same, pistons in said 
cylinders which operate together, means for 
varying the size of the feed cylinder rela 
tive to any given position of its piston, and 
means for varying the discharge of burnt 
gases from the explosion cylinder in accord 
ance with the speed of the engine. 

70 

75 

17. In a gas engine, the combination with an explosion cylinder, of a feed cylinder, a 
cylinders which operate together, an inlet 
valve for the explosion cylinder arranged to 
conduit between the same, pistons in said 

85 

be opened by pressure, said explosion cylin 
der provided with an exhaust port, and 
means operated bv. the timing device for the 
spark for varying the effective cross-sec 
tional area of said exhaust port. N. 

90 

18. In a gas engine, the combination with 
an explosion cylinder, of a feed cylinder, a 
conduit between the same, pistons in said 
cylinders which operate together, an inlet 
valve for the explosion cylinder arranged to 
be opened by pressure, said explosion cylin 
der provided with an exhaust port, means 
for varying the effective cross-sectional area 
of said exhaust port, a valve between the 
feed cylinder and said inlet valve, and a 
governor to control the same in accordance. 
with the speed of the engine. 

19. In a gas engine, the combination with an explosion cylinder, of a feed cylinder, 
pistons in said cylinders which operate to 
gether, a conduit leading from the feed cyl 
inder into the end of the explosion cylinder, 
an inlet valve for the explosion cylinder 
which is opened by pressure, said explosion 

95. 

0. 

105 

110 cylinder being provided with an exhaust. 
port, means for varying the effective cross 
sectional area of said exhaust port, a valve 
interposed in said conduit between the feed 
cylinder and said inlet valve, and a gov. 
ernor to control the position of the inlet 
valve in accordance with the speed of the 
engine. . . . 8 . s. 

20. In a gas engine, the combination with an explosion cylinder, of a feed cylinder, 
pistons in said cylinders which operate to 
gether, a conduit leading from the feed cyl 
inder into the end of the explosion cylinder, 
an inlet valve for the explosion cylinder 
which is opened by pressure, said explosion 
cylinder being provided with an exhaust 
port, means for varying the effective cross 
sectional area of said exhaust port, a valve 
interposed in said conduit between the feed 
cylinder and said inlet valve, a governor to 

5 

125. 

30 

  



control the position of the inlet valve in ac-1 
cordance with the speed of the engine, a 
timing device for the spark, and connections 
between the timing device and said means: 
for varying the cross-sectional area of the 
exhaust port, whereby the position of the 
former determines the position of the latter. 21. A gas engine comprising an explosion 
cylinder having an inlet port and an outlet 
ort, means for varying the effective size of : - le. 

the latter port in accordance with the speed 
at which the engine is running, means for 
compressing the gas before it enters the ext 

5 
plosion cylinder, a conduit leading from said 
compressing means to the inlet port of Said amount of the charge. 
explosion cylinder, and a governor compris 
ing a valve interposed in said conduit, the 
position of which is varied in accordance 
with the speed of the engine. 

sEAL. 
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