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1o all whom tt may conecern: ing my improvements. Ifig. 2 is 'a central

Be it known that I, ROLF J. ROLFSON, a | vertical section of the same engine parallel
citizen of the United States, residing in the | with the crank-shaft. Fig. 3isa central ver-
city and county of San JFrancisco, State of | tieal section of the same engine in a plane at 55

5 California, have invented certain new and | right angles to Fig. 2. Tig. 4 Isaplan view,
useful Improvements in Gas-Engines; and pd,rmally in section, on the line 1 fin Kig, .
I hereby declare the following specification | Fig. 5 is an enlmged side view of the cam for
and the drawings therewith to be a complete | operating the exhaust-valve of the engine.
description of my improvements, with the | Fig. 6 is an enlarged side view of the cam for 6o
to method of constructing and applying the opemtmﬂ the admission- valve of the engine.
same. - Ifig. 7 is a section through the axis of the ad-

My mventmn relates to motive engines im- _]nstable valve for admlttmﬂ o1l or gasolene.
pelled by the expansive force of gas or vapor | Fig. 8 is a front elevation of the hand-gear-
burned in the ¢ylinder of the engine, and a | ing to operate the Vfth* -actuating meelmmsm 6

15 combustion-chamber connecting therewith, of the engine. Lig. 9is a par 131:-11 side view
and to the control of such engines for marine | of the link for opemtmn the exhaust-valve
and like purposes, where their motion has to | of the engine. Fig, 10is a similar side view
be reversed, and to methods of constructing | of the link to operate the admission-valve of
and operating such engines in other respects. | the engine. Tig. 11 is a plan view on top of 7o

20 My improvements consist in various fea- | the cylmder -cover ol the engine, showing
turesof arrangement, construction, and fune- | some of the details of the igniting appar a,tuq.
tions in such engines that will be pointed out | Fig. 12 is a section through Fig. 11 on the
in the drawings and set forth in the claims | line 7o 1. Fig. 13 is a detail of the igniting
at the end of this specification. apparatus shown in Figs. 11 and 12. Iuﬂ 14 75

25 Among the main objects. to which my im- | is a plan view of the pl.;mte on which the 031
provements are directed is to make such en- | inder is bolted, forming the bottom cover
agines reversible and adapted to run in either | thereof. Tig. 15 18 a section through Kig. 2
direction by simple adjustment of the valves | on the line ¢ «. Fig. 16 is a sectlon thlounh
and other elements thereof, as in the case of | Fig. 2 on the line b b Fig. 17 is a beemon 80

30 steam-engines; to attain with one ecylinder through FFig. 2 on th(, line ¢ ¢. Fig. 1Sis a
and piston an impulse of the gas or vapor at | section through Fig. 2 on the line d d. Tig.

cach alternate stroke of the enﬂme orforeach { 19 1s a Seehon thr ouﬂh Figs. 2 and 3 on the
revolution of the er Llllx-Shdet to compress | line ee. Iig. 20 is a dl{w ram 1Indicating a,
continually and store up the Air required for 'netshod of startmg an engine made accord- 8 5

35 combustion, the pressure of which is auto- | ing to my invention.
matically regulated by the action of the en- Similar letters of reference are employed
gine; to provide efficient methods of cooling | to designate corresponding parts throughout
parts of the engine subjected to high temper- | the various figures of the drawings.
ature; to provide by means of a single valve The main frammg of the engine, consist- go

40 for the admission of air and oil or fuel, also | ing of the hollow base A’ and vertical stand-
by the same movement the ignition of charges | ards A® A% and main cylinder AY are in the
admitted to theeylinderor combustion-cham- | present case shown in their most simple form
ber; to avoid pipes about the engine by pro- | as adapted for marine purposes to occupy a
viding the various ducts for air, oil, water, | minimum amount of spaceand be accessible g3

45 and gas integrally with the main eylinder and | from all sides without the obstruction of
its supports; also other features of both an | pipes, and provided with interior passages
operative and constructive nature that will | and chambers for air, water, and oil or fuel.
be pointed out in the specification and set The crank-shaft B" 1s of the usual form,
forth 1n the claims at the end thereof. mounted in bearings B* I3* and provided, S 160

50  Referring to the drawings herewith, IFigure | in Fig. 2, with a fly-wheel B* at one end, and
118 a side elevation of a gas-engine embody- | when required a hand starting-wheel B3 on

(1
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the other end, the extension B° being con-

nected to a pr 01}01101’* or other machinery to
be driven.

C’ is & common connecting link or rod at-

tached to a cross-head C-, that moves between
the guides C° C!' in the same manner as a
common steam-engine.

D’ is the main piston-rod, attached to the
cross-head C° and the piston I, which moves
inthecylinder At A packing-gland D° forms
a close joint around the piston-rod D’ in the
usual manner of double-acting engines.

The piston K’ has two separate functions to
perform. On the top itreceives the impulse
of- the explosive gases, imparting the foree
thereof to the erank C° and crank-shaft 13
and on the bottom acts as an air-compressor,
as will be hereinafter fully deseribed.

Surrounding the cylinder A, the combus-
tion-chamber II, and in other parts of the
framing are passages for cooling- water,
nmlkod a throughout and tuweablo by t ]118
reference.

The cooling-water in the various passages
and ch lmbels marked ¢ 1s supplied or circu-
lated by a pump I, having a plunger or pis-
ton E°, operated by 2 link . ", attached to a
lever I, and by a second link J* connceted
to the cross-head C°, as seen in Ifigs. 2 and 3
This pump I discharges into the passages «
in the main leg A® of the framing, as seen in
IFig. 4, and thence passes into the various pas-
sages, marked ¢ in Ifigs. 15 to 19 of the draw-
ings, finally passing out at the nipple M’ at
the top of the engine, and is discharged as
waste water, or conducted to some suitable
place for cooling and returned to the pump
I to be again used. It will not be necessary
to follow the course of this cooling - water
throughout the whole of the passages, as these

can be traced by their proper reference, ex-
cept when the water is transferred fmm the
standard A-° to the passages around the cyl-
inder A*, Thisisillustratedin Ifig. 14, where
a pass-over chamber M* forms such connec-
tion, and 1t will be seen that this member M-
18 the only duct or connection of any kind,
cxcept inlet and outlet pipes, external to the
main framing of the engine.

Returning now to the engine-eylinder and
the combustion-chamber I connecting there-
with, " is the inlet-valve for air and oil or
fuel, the latter admitted or controlled by a
needle-valve I'*.  (Shown enlarged in Fig. 7.)

Deseribing first the alr-compressing ele-
ments of the engine, the piston E', as before
explamed, acts on its bottom side as an air-
compressor, I'® being the air-inlet valve and
I'* the discharge-valve therefor, the latter
conuecting directly with the fuel-inlet valve
I and also with the various passages and
chambers marked m in the different figures
of the drawings.

The surplus air, or that required to produce
a continued pressure, is stored in the cham-

bers m in the base of the machine and in the |

standard or leg A° of the main framing, flow-

570,640

ing thereto by the passages mayked g i 19125,
L, 16, 18, and 19, all integral with and con-
tained in the main frame of the engine.

Ifrom the chambers m in the baqo of the

machine, or from any other convenient point,
a pine 0’ leads to a tank or vessel containing
the oil or liguid fuel, causing a pressure
therein equal to that in the passages m and
foreing the oil or fucl through the pipe 0~ to
the controlling-valve I* and main inlet-valve
I, from where it enters the combustion-cham-
ber 1i with the air from the passages and
chambers m.

The needle-valve If* being of the
form to securc minute ﬂmdu:{mon ol the oil
or fuel admitted doesn OL require description.
It operates in conjunction with the main inlet-
valve 1Y, being closed when that valve is
seated, as will be seen in Iig. 2.

Referring nextto the exhaust or waste gascs
of combustion, these pass out of the eylinder
A*throughthe v alve I’ and into the passage e,
as scen in Ifig. 2, arcund the base of the (_,,31
incder A? ouislde the water-space, and into
thesupporting-standard A*and down through
this to the exhaust waste-pipe 0%

When the engine 1s employed for marine
purposes, the exhaust-pipe 1s supposed to
terminate below the water-line of the vessel
1n which the engine isworking. Thepassages

¢ are thonﬁhoub cooled by admeem PaAssages
(t, c-.outmnmg cooling-water.,

The exhaust-valve If* is opened by means
of a bar 1./, which has a vibratory motion pro-
duced by the links J* J*, actuated by the cams

" G4, the form of which is shown in Ifig. 5.
These cams ' G* are set opposite or at the
proper angle of advance for running the en-
gine either way and have grooves ¢ in their
faces, in which are rollers N, supported on the
pins 1, fastened in the vibrating levers O O,
to which are attached the links J® J%. The
cams ' G* are set relatively in respect to the
eccentricity of the grooves ¢, and are adjust-
ably attached together by a serew «, as seen
in Ifig. 1, the inner cam G* being keved to the
crank-shaft I3, and the other cam, G, mounted
thereon, asseen in the seetion, Ifig. 2. These
cams G' G* produce an opposite vibrating mo-
tion of the levers O Oz, which is imparted by
the links J* J*to the bar I/, that comes in con-
tact with the stem P/, raising the exhaust-
valve % at each revolution of Lhe crank-sh fllb
B’ and each outward stroke of the piston K’

The bars I L7 at the two sides of the engine
and operating the valves IV ¥ are adjusted
for the forward and backward motions of the
engine by means of a rock-shaft Y, supported
in a bracket V, and the lever I7 and links LY,
attached to the lever I° and to the bars I
as seen in Ifigs. 1 and S, This lever 1.7 1s ad-
justed backward or forward, as indicated by
dotted lines in Fig. 1, bringing either of the
links 1in line with the stem P’ as the engine

COoninion

1s to run backward or forward.
The bar I on the exhaust side of the en-
ome, as seen in [ig. 2, raises the stem P and,
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acting on the lever Li depresses the stem 17,
opening the valve I¥", which is closed again
by the spring 1 as soon as the stem PP=, lever
L., and stem P’ are released. |

A sector and clamp scerew L' is provided to
hold this lever L° when set in eithar position,
forward or backward, or at 1ts central or neu-
tral point, as seen in Fig. 1, when the engine
1s not 1n motion.

When the bar L'is in its ceutml or neutral
position, as indicated i Iig. 1, a ledge or
projection ¢ (seen in Fig. 9) comes in contact
with the stem I, parmally opening the ex-
haust-valve XK° when the engine 1S not in mo-
tion, the purpose being to pelmlt the circula-
tion of air and a free movement of the piston

"KE° upward or downward if the engine 1s

turned by hand or by auxiliary power. 5Simi-
lar provision is made in respect to the bottom
or air-compressing end of the cylinder A* by
means of a cock A, that can be opened to the
atmosphere, or some mechanism is provided
to open the air-inlet valve F?, as may be most
convenient in operating.

Referring next to the induction-valve I¥”
for the admission of air and oil or fuel, the
operaling elements correspond throughout
very nearly tothoseforactuating the exhaust-
valve II®, and as the various parts are marked
with corresponding letters of reference 1t
will not be necessary to follow through the
movements of the cams, links, and other de-
tails for operating the admission-valve and
reversing the engine on the induction side.
(Seen in Fig. 1.)

The bar L? that operates the valve-stem P2,
is flat on the top, not requiring a ledge ¢, as
seen in Fig. 9, and the cams G° G as seen in
Kig. 6, are of a different form from the ex-
haust-cmns, IFig. 5, the groove h produeing a

more abrupt movement.

The inlet-valve I’ when released closes by
means of a coil-spring 2 strong enough to
overcome the air-pressure in the passages n,
and not only cuts off the inflow of air, but
at the same time closes the inlet for oil or
fuel passing through the needle-valve E<, as
seen 1n the section, Fig. 2, thus performing
a double function usually accomplished by
separate mechanism and securing thereby
positively coincident action and supply of the
combustible elements; also has a third func-
tion of operating as an electrode for igniting
the charge in the combustion-chamber Il in
the following 11:1‘1111161“ |

Referring o Figs. 2,11, 12, and 13, a small
oscillating Spmdle R pass& through an in-
sulating-bush W in the wall of the combus-
tion-chamber II. On the inner end of this
spindle R is attached the electrode QQ, and on
the outer end a cross-lever 1.°, continually un-
der a turning strain by means of a spring X,
as seen in Ifigs. 12 and 13, and its range of
movement regulated by the serew U’. Posi-

tive and negative electric wires 1" T connect
one to the stem R and electrode @ and the
other to the stem P9, thus forming positive ;

| and negative poles or electrodes of the mem-

ber Q and the valve I¥. In this manner it
will be seen that each time the valve F'is

raised it comes in contact with the electrode
(), and when a charge is admitted and the
valve has to deseend to a certain distance a
spark is given off, igniting the charge. by
adl Jl.lbtlﬂﬂ the serew U" up or down the range
of the lever L° and of the electrode Q is
changed, so the electric spark may occur at
the instant the valve F' begins to close, or
at any intermediate point of 1ts range, thus
determining by simple adjustment when the
engine is in motion the point of i1gniting the
charge with definite reference to the position
of the piston E* and point of stroke and when
the engineisrunningin either direction. This
method of constructing the igniting appara-
tus admits of a wide range of adjustment.
If, for example, a more instantaneous 1gni-
tion is desired, the electrode  can be made
longer and its contact with the valve I take
place near the entrance of the oil orfuel from
the valve F*, where the combustible element
has not been completely incorporated with
the air.
farther away from the valve F* or in any part
of the chamber II. It will thus be seen that
the admission of both air and oil or fuel and
the position of ignition are all connected co-
incident and definite in relation, performed
by one agent, so that derangement as to time
and position is nearly impossible; that in
this simple arrangement 1t 1s made possible
to retain the correct relation between the
time of firing the charges and the motion of
the piston when the engine is reversed.

At the sidesof the main frameare provided
slotted flanges Y' Y? to support and guard
the links J3, J*, J° and Jb as seen in Fig. 14.

To start the engines when too large to be
turned by hand, I employ, preferably, an aux-
iliary engine 7, as shown in Fig. 20, connected
by frictional gearing s to the maln engine ¢
and driven by compressed air stored in a
tank or receiver u, the latter connected by a
pipe v to the air-containing chambers m in
the base A’ of the main engine f. The re-
ceiver u 1s provided, so that a store of alr can
be accumulated while the main engine? is in
motion.

I do not confine myself to this means of
starting my improved engines. Any of the
well-known means can be employed.
present one is shown to make the operative
details complete 1n the description and draw-
ings.

IIELVH]“ thus described the various con-
structive elements of a gas-engine made ac-
cording to my invention, I will now proceed
to explain briefly the method of its operation,
first pointing out that all duets for air, wa-
ter, Tuel, and spent gases are provided within
the engine and its framing, thus utilizing the
tubular sections for that purpose and avoid-
ing external pipes and connections.

The compression of the air supplied for

e

On the reverse this contact can be
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combustion and its delivery to the combus-
tion-chamber 1I at some predetermined pres-
sure demands certain proportions between
the volume displaced by the piston E' on its
downward stroke and the cubic contents of
the combustion-chamber II and clearances;
otherwise the volume of air forced into the
passages and chambers m would exceed the
volume admitted to the chamber I, so that
this chamber and the clearances connected
therewith become a measure of the pressure
at whieh the air can be maintained. If, for
example, the air in the passages and cham-
bers m 1s maintained at a pressure of four
atmospheres, then the combustion-chamber
1L and clearances should have a cubic ca-
pacity of one-fourth the displacement of the
piston K'. This proportion is not, however,

absolute, but is self-regulating, beeausu zmy

increment of the amount of air forced into
the chambers and passages m will be provided
tor by reduction of volume and consequent

increase in the amount of air ths
the chamber II.

In constructing an engine according to my
invention it is necessary to provide cublc ca-
pacity in the combustion-chamber approxi-
mately in proportion to the air-pressure cm-
ployed, that is, for a tension equal to two,
three, fom or more atmospheres, asthe case
may be |

The charge of compressed air enters the
chamber II at the same time with the charge
of oil, the valve I admitting both under the
same pressure and in a manner to atomize
and imcorporate the fuel with the air. Atthe
same motion the valve IV or its stem engages
and lifts the electrode ) to a dlstance deteL-
mined by adjustment of the screw 2 and to
a degree that determinesthe pointof ignition
This
latter it will secem should mnot take place
previous to the closing of the valve I, but
1n practice 1t 1is tound that an ap gleuable
period of time 1s required for ignition, and
that when the valve I is in rapid descent
ignition can take place at almost any point
of the valve’s downward movement without
the burning gases forcing theirway back into
the passages .

Moving the lever L® forward or back, as in-
dicated in Fig. 1, performs all the operations
required in lGTGISlH“ the motion of the en-
oine in respect to the induction, eduetion,
.:zmd ignition, as will be understood {rom e\—
planations hereinbefore given.

What I claim is—

1. In a reversible gas-engine, a main cyl-
inderand double-acting piston therein, a com-
bustion-chamber and inlet-valve for com-
pressed airand fuel, in the manner deseribed,
a hinged electrode engaged by the inlet-v: 11\"6
Or 118 Stem, and 1‘61?‘01%11)16 ‘alve-gearing that
closes the valve and causes an ig 111‘[1110-%pmi
at the end of the stroke when Lhe engine is

.t passes mto

‘running in either direction, in the manner

sub:stantmlly as described.

In a gas-engine the combination with
the main eylinder and piston therein, ol a
combustion-chamber connecting therewith,
an Inlet-valve for air and fuel operated by
eccentrics on the main crank-shaft, a hinged
or oscillating electrode coming in contact
with and moved by the inlet-v: dve or itsstem
and forming poles for electrical ignition of
the charge, and external mechanism provided
with an adjusting-screw, by means of which
the point of ignition may be regulated when
the engine isrunningin either direction, sub-
stantially as set forth.

5. In a reversible gas-engine, the combina-
tion with the main eylinder having a piston
therein, of the combustion - chamber con-
nected therewith, a main inlet-valve {for air
and fuel, an exhaust-valve for spent gases,
double cams on the erank-shaft to Opemle

said valves, an oscillating electrode coming
In contact with and nmved by the mlet-valve
or 1ts stem and forming poles for electrical
ignition of the charge, and external mechan-
iIsm provided with a spring and adjusting-
screw toregulate the range and time or point
at which the inlet-valve will engage and re-
lease the oscillating electrode, in the manner
substantially as desecribed.

4. In a reversible gas-engine, a cylinder,
piston and combustion-chamber connected
therewith, in combination with an inlet-valve
for alr and fuel and forming a contact with
a pivoted or osecillating electrode in the com-
bustion-chamber, the latter supported on an
insulated stem and connected with a cou-
cdueting-wire, the insulated stem provided
with a cross-lever, a spring and adjusting-
screw outside the combustion-chamber to ad-
just the range, contact and point of release
between the valve and hinged electrode, and
a double cam on the crank-shafthaving con-
nection with a movable trip-bar to operate
the inlet-valve.

5. In a reversible gas-engine, a eylinder
and a piston therein, the latter acting for an
alr-compressor on its downward or outward
stroke; an inlet-valve communicating with
the external air, and an outlet-valve commu-
nicating with the engine inlet-valve for air
and fuel and also with a passage Tormed in
the main frame leading to cells in the bottom
thereof, fuel inlet and exhaust valves and re-
versing-gearing to change the motion of the
valves so a store of compressed air will be
accumulated when the engine is running in
elther dirvection, substantially as described.

6. In a reversible gas-engine,

two tubular columns or supports set on and
communicating with a hollow base, passages
through the vertical columns orsupports for
alr, cooling-water and also the exhaust-gases
of the engine, in the manner substantially as
described.

7. In a reversible gas-engine frame, a hol-
low base having chambels to contain con-
pressed alr, two vertical tubular columns

a cylinder
mounted on a double-leg frame, consisting of
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mounted thereon and connecled to the en-
oine-cyliner; a pump and duects for cooling-
water that passes into the hollow base, up
one of the vertical columns and around the
cylinder and combustion-chamber of the en-
oine, such passages all within the contour ot
the engine-frame, in the manner substan-
tially as described.

3. Inareversible gas-engine,a hollow frame,
consisting of a base and two hollow colummns
thereon, the latter containing ducts or pas-
SA0es for air, water and W:?Lsie oases, also hav-
ing guides for the engine cl*oss~he.;ttl made in-
‘ eﬂ'mlly therewith, in the manner substan-
tially as deseribed. |

9. In a reversible gas-engine, a cylinder
and piston therein; an inlet-valve for air and
fuel, and an exhaust-valve for spent gases,
in the manner described; double camson the
crank-shaft, and double connections there-
from connecting to movable trip-bars L', L2,
to operate the engine inlet and exhaustvalves
in the same relation to the piston when the
engine is running in either direction, in the
manner substantially as described.

10. In a reversible gas-engine, double ec-
centrics or cams on the crank-shaft at each
side of the engine, the pairs of cams set op-
positely or at coincident angles each way,

connectionsfrom each cam to movable vibrat-

ing bars that open and release the inlet and
exhaust valves of the engine by means of a

-

lever 1.° so the engine may be reversed and
run in elther direction by shifting the vibrat-
ing bars or links L', I.”, in the manner sub-
stantmlly as described.

11. In a gas-engine, a cylinder, piston, inlet
and exhaust valves therefor, the latter oper-
ated by double eccentries or cams on the
crank-shaft, and a shifting trip-bar that will
open the valve at the proper point to run the
engine in either direction, and a ledge thereon
1311:—113 will hold the exhaust- valve open when
the trip-bar i is in its central or neutral posi-
tion, in the mannersubstantially as deseribed.

In a gas-engine, the combination of a
¢ylinder, an impelling and air-compressing
piston therein, and a combustion-chamber
connecting therewith, the cubic contents of
the cylinder and the combustion-chamber be-
1ng in proportion to the respective volumes
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of the air when free and compressed, and a

hollow base and two hollow columns thereon
connecting with the main cylinder, and duects
for air, water and waste gases in said base,
eolumns and cylinders, :;111 in the manner Sub—
stantially as described.

In testimony whereof I have hereunto af-
fixed my signature in the presence of two wit-

nesses.
J. ROLFSON.

ROLFK
YWitnesses: . “
ALFRED A. ENQUIST,
WILSON D. BENT, Jr.
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