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To all whom it maz J cancern

‘Be it known that I, AXEL H. HELANDER a
~citizen of the United States, residing in the.
city of Pueblo, county of Pueblo, State of Col-
orado, have mvented certain new and useful-
Improvements in Gas-Compressing Engines,

of which the following, taken in connection

with theaceompanying dmwm gs, isa full andﬂ_ |

clear specification. . .
My invention relates to llnprovementb in
mechanism for operatmﬂ' the air-inlet and the

~air-outlet valves of engines for compressing

20

- the receptacle being eontrolled by air-outlet

3

40

alr or other gases.

As or dmaml y constructed an alr-eompress-
ing engine consists of a steam-engine con-
nected to a piston operating Wlthm an alr-

cylinder the ends of which are alternately

opened and closed to the atmosphere and to
the Iecer)tacle for receiving the compressed
air, the opening to the atmosphere belng con-
trolled by air-inlet valves and the opening to

valves.
In the case of engines for comn pressing gases

other than air the source of supply of the gas

to be compressed takes the place of the at-
mosphere in the above deseription.
In the deeompanylnﬂ' drawings the steam-

cylinder 1s omitted and the only eyhnder

shown is the air-e¢ylinder.
- In the operation of an alr-compressing en-

gine it 1s desirable to arrange the air-outlet

leves so that they will open when the air

being compressed within the cylinder equals
in pressure that existing within the chamber

or receptacle into w hich the compressed air
is to be discharged. This isdesirable for the
following reasons: (a) It the air within the
(‘:rylinder- were compressed to a higher pres-

sure than thatin the receiving-chamber, there

would evidently be a waste of power. (b) If
the air-outlet valve were opened before the
pressure in the aw-eyhnder equaled that in
the receiving-chamber, the air from the lat-
ter would ﬂow back into the air-cylinder, a
condition manifestly undesirable.

Again, in the operation of an air- CO[]JpI 088~

ing engine it is impossible to so design the

50

Al r—cylmdel thatall thecompressed air Wlt,hm
the eylinder shall be discharged at the end of
each stroke. Certain clearance-spaces within

the cylinder are necessary, and these spaces | main engine-shaft 23.

cylinder.

' contain the compressed air which it is impos-
As a consequence it is

sible to discharge.
desirable that bhe air-inlet valves remain
closed until owing to the retreat of the air-
cylinder piston the compressed air referred

pherie pressure. If the air-inlet valveshould

open before this eondition is reached, it is
evident that this compressed air would flow

out of the e¢ylinder into the ai}mOSphere

The object of my invention is to plowde.

55

to has expanded down to more nearly atmos:-

66

valve-gears for both the air-inlet and the air-" |

' outlet valves that will meet the above-out-
I attain this
object in the manner illustrated in the ac-

lined desirable requirements.

companying drawings, in which—

- Higure 1is a VePthle elevation of a com-
‘pressing-engine, showing the air-cy linder and

one means of giving the necessary motion to
the valve- opelablnﬂ' levers. FKig. 21s a verti-
cal elevation of an engine sumlar to Fig. 1,

70

except that it shows a different H]@Ghd,HISlIl |

for imparting motion to the valve-operating
levers.
within the air-eylinders. "~ Figs. 5 and 6 are

Valve gear. Figs. 7 and 8 show in detail the

Figs. 3 and 4 are theoretical indica-
tor dlaﬂramq showing the. pressure secured

75

1 diagrams 1lluqtra,131ntr the . opemtlon of the

8'0_. .

opelatm -gear from the air outlet and inlet
valves, respectively. Iig. 9 is a view of a

- mOdlﬁCéLtIOI]

Similar symbols refer to S]H]llddf' pa,rt%

.throuwhout the several views.
RB[’@I ring to the drawings, 22 is'the air- cyl- |

85

inder, and 21 the piston moving within the

10 is the inclosed air space or
chamber at the end of the air -¢cylinder, 1nto
which the compressed air is discharged and
which connects with the air-receiver.
air to be compressed is admitted to the cyl-
inder 22 through ports 7, controlled by valve

Yy, (see Fig. 8,) and the air after being com-

pressed is discharged 1nto uhmnbel 10
through ports 8, eontmlled by valve L. (See
Fig. 7) |

Refer'unﬂ' particularly to Figs. 7 and 8, the

shaft X has pwoted thereon Jevers A, G L,

and H, the levers G and H being e_onnebted

towebher and in the drawings bhOWH on one

hub To the lever A is atba,ched arod E, ac-

The

g0
95
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tuated hy any convenient method from the

(See Figs. 1 a,nd 2. )
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Tever A also carries shaft C, to which are con-
nected pawls B and D. F is a spring that
presses against pawl B. Lever H 1is con-
nected to outlet-valve I (see Fig. 7) or inlet-
valve (see Fig. 8) by means of rod J, and
lever G is connected to dash-pot piston U in-
side of dash-pot M by means of rod N. Le-
ver L carries a trip KK, against which presses
spring Y. Rod O is connected at one end to
lever L and at the other to piston Z, operat-
ing within what I term the ‘‘regulating-cyl-
inder” P. Sisaspring within the ¢ylinder P,
pressing on the piston Z and held by cap 'T.
A turnbuckle O’ provides adjustment for rod
0. A pipe P’ connects the air-chamber 10
with eylinder P, as indicated. R 1s a stop
sliding on the rod O and capable of being held
in any position on said rod by the set-screw Q.

Referring to Fig. 7, the operation of the
valve-gear is as follows: Fig. 7shows the air-
outlet valve open. Upward and downward

motion is transmitted to the lever A by means

of the rod E, which is actuated from the en-
ogine shaft 23. (See Figs. 1and 2.) In this ex-
planation we will first assame that the lever
A is being moved upwardly, as indicated by
the arrow. The movement of the lever A on
the shaft X carries the pawl B in the same
direction, and the pawl. engaging with the
end of the lever G communicates motion to
the latter. Lever G being on the same shaft
as the lever H moves the latter, and the out-
let-valve I is moved in the direction neces-
sary to close the ports 8 (see Fig. 7) until said
ports are closed. The motion of the lever G,
operating through the rod N, raises the pis-
ton U in the dash-pot M and creates a partial
vacuum in the latter. The pawl D moves
with the lever A and passes the trip K, at-
tached to the lever L, the trip K adjusting
itself to the passage of the pawl and being
returned to the position shown in Fig. 7 by
the action of the spring Y. As the revolu-
tion of the main shaft 23 (see Figs. 1 and 2)
of the engine continues the motion of the rod
E avd lever A is reversed, and the pawl D
coming in contact with the trip I releases the
pawl B from the end of lever G, and the lat-

ter is returned to its original position by the
action of the dash-pot piston U and the partial

vacuum created in the dash-pot M, the lever
G moving the lever H, which in its turn oper-
ates the valve I, so as to open the port 8.  At-
tention is called to the fact that when the nto-
tion of the lever A isreversed it isthe action
of the piston U in dash-pot M that opens the
valvel unlessan accident happens to the dasn-
potorconnections, in which case the project-
ing stop 60, attached to the lever A, strikes
lever G and forces the valve L open. It isevi-
dent from the foregoing thattheimportantele-
ment in the above gearisthe trip K. Inorder

that the air which is being compressed in the

cylinder 22 shall be discharged into the cham-
ber 10 or the receiver connected thereto at the
time when the pressure in the eylinder 22 is

equal to that in ehamber 10, it is necessary | When the pawl D

that the trip K be capable of adjustment to
suit any air-pressure that it may be desir-
able to maintain. To this end the pipe P
communicates the air-pressure in the cham-
ber 10 to the eylinder P under the piston Z.
Accordingly as the pressure is more or less
the spring S is compressed more or less by
the air-pressure from chamber 10, and as a
consequence the position of piston Z varies
accordingly as the air-pressure varies, and
as a result the position of trip K is varied as
the air-pressure varies in the chamber 10
through the medium of lever L, to which the
trip K is attached, and the rod O, connected
to both lever L and piston Z. The initial
tension of the spring S may be varied by
serewing the cap T in or out, as may be de-
sired.

The foregoing description of the operation
of the dir-outlet-valve gear shown in Kig. 7
applies to the operation of the air-inlet-valve
cear shown in ‘Fig. 8. Attention is drawn,
however, to the fact that while Fig. 7 shows
the air-outlet valve open and in a position to
begin elosing Fig. 8 shows the air-inlet valve
closed, with the pawl D having passed the
trip K in the forward motion and almost in
contact with the tripinits backward motion—
in other words, just preceding the point of
opening. -

75

30

Il

95

The air-pipe P’ from chamber 10 is con-

nected to the ¢ylinder P of the air-inlet gear
as well as to the eylinder P of the air-outlet
gear. The reason for this lies in the fact
that it is extremely desirable, as has been
stated, that the air-inlet valve be not opened

‘until the compressed air left in the clearance-

spaces of the cylinder 22 by the action of the

‘engine be expanded down to more nearly at-

mospheric pressure by the movement of the
piston 21. If the air-inlet valve were opened
prior to such a condition, compressed air
would escape into the atmosphere and a loss
of power would result. As a consequence
the point in the motion of piston 21 at which

‘the air-inlet valve should open depends upon

the pressure in the chamber 10, aud, as ex-
plained heretofore, the position of the trip K
being controlied from the chamber 10 through
the medium of the c¢ylinder P controls the
point at which the air-inlet valve will open.

A further explanation of the operation of
the valve-gear will be understood by refer-
ence to the diagrams shown in Figs. 5 and
in connection with Figs. 7 and 8.

Referring first to Fig. 5—i. e., the diagram
of the outlet-air-valve gear—point ¢ shows
the position of the valve when the valve-gear
is in the position shown in FFig. 7. When the
point b on Fig. 5 is reached, the valve I 1s
closed. Lever A continues to move in the
same direction until point ¢ is reached, the
lap of the valve I being increased from b to
c. At this point the motion is reversed and
the valve I moved toward the opening-polnt
by the action of the piston U and dash-pot M.
meets the trip K, the pawl

100
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B is released from the lever G and the valve
1 opened through the action of the piston U
and dash-pot M. The position where pawl
D meets trip K can oceur at any point be-
tween points d and e on Fig. 5 by varying the

position of the trip K. Asalready explained,

the position of the trip K is regulated by the
pressure in the chamber 10 acting through
the pipe P’ on the piston Z in cylinder P. If
the initial pressure of spring Sis adjusted by
cap 'l so that the valve I will open at a par-
ticular maximum air-pressure in the cham-

~ber 10, then in case &4 lower pressure is car-

20

30

ried 1n sald chamber the piston Z in cylinder
P willoecupyalower position,and thuschange

the position of trip K to suit the lower pres-.

saure in the echamber 10, so that valve I will

open when the pressure in c,ylmdel 22 equals

that in chamber 10.

Referring now to Fig. 6—a. e., the dlam am |

of the aw-mlet—valve gear—in conneetlon w1th

Fig. 8, the operation is similar in all respects

to tha,b described for the outlet air-valve, ex-
cept that the valve y, Fig. 8, will open be-
tween points f and ¢ in Fig. 6, aceording to
the position of the trip K, Fig. 8. Asalready
explained, the higher the pressurein chamber

10 the later will the valve 4 open, and simi-

larly the lower the pressure the earlier will
the valve open, the regulation being such that

- the valve opens when the air left in cylinder

- 22 at the end of each stroke has expanded

more nea,rly to atmospheric pressure. Valve

~ yremainsopen until point /i is reached, where

35

40

50

55

it begins to close, and at point.2. is..- fully
closed, continuing to increase its lap to point
7, where it begins to move toward the open-
ing - point, whleh as explained, may be at
any point between 1 and g, _a,ceordmg to the
pressure in the chamber 10.

Figs. 3and 4 show the theoretical indicator-
diagrams under two different conditions of
compression—i. e., Fig. 3 is based upon the
compression being twice as great as that in
Fig. 4. As heretoforeexplained, theopening-

point of the outlet-valve may occur at any
point between d and ¢, Kig. 5, according to
- the pressure.

Thus point h Flﬂ' 3,shows the
opening of the outlet-v.&lve at a pomt twice
as far from k£ as is the case in Fig. 4. Like-
wise, as explained, the opening of the inlet-
valve may ocenr at any point between m and
n, ¥ig. 6, according to the pressure in the

chamber 10. Thus point n, Fig. 3, shows the

opening of the inlet-valve at a pomt twice as
far from m as is the ease in Fig. 4.
Under certain conditions (see figs. 7 and

' 8) the valve-gear may be made to operate

6o

without the intervention of the pipe P’, con-

necting the chamber 10 with the Ieﬂ‘lﬂ&i}lﬂﬂ'—l

oy’linder P. It is evident that the piston Z
in P may be raised by hand from the bottom
of the cylinder and held in such position by
moving down stop R and securing it to the
rod O by set-screw Q.

~place of the air-pressure in the chamber 10

raising the piston Z and compressing the | cylinder P, while pipe 81 connects the other

In other words, in

_ﬂ

spring S, and thus adjusting the position of

trip K to suit the pressure in the chamber 10,

the Spllnﬂ" S may be arbitrarily compressed
by raising the piston Z, the latter being held

“in its position by stop R the trip K in the

meantime assuming a position to correspond
with the position of the piston Z or to a po-
sition corresponding with a pressure in cham-
ber 10 represented by the position of the pis-
ton Z. As a consequence 1t 18 evident that
the outlet-valve may be made to open atany
albltrary pressure without the intervention
of the pipe P/, communicating the ptessure
in the chamber 10 to the eylinder P. It is
also evident that the spring S in eylinder P

sistance exerted by said spring. -

Figs. 7 and 8 show only a portion of one (}f
the cyhnde:s 22, together with the valve-gear
relating to that end,

air-cylinder, and the valve-gear, &c., for the
opposite end of the cylinder fromn that shown
in the figures referred to may be made iden-
tical with that shown in the drawings.
is indicated by FKigs. 1 and 2. Attentlon is
called to the fact thaﬂ: only one regulatmﬂ*-
cylinder P 18 required for operating the 1n-

thatonly one regulating-eylinder Pisrequired
for operating the 01lblet valves at both ends
of the eylinder 22.

with the other end of the cylinders.
and 2 show the rod O connected to both sets
of valve-gear. The chambers 10 at each end

of the cylinder are usually -joined by a pipe
1 29, to which is connected pipe 30, leading to
the air-receiver. )

(See Figs. 1 and 2.) -

Figs. 7 and 8 show the.
rods O continued Bhl()l]”‘h the cylinder P to
make connection to the valve-gear connected
Higs. 1

70

75

8o

may be omitted and the piston Z held in any
arbitrary position without the pressare or I‘B-I'

_ Ordinarily outlet‘ and '1
inlet valves are provided on both ends of an

90

~This

95

let-valves at both ends of the t.,ylmdel 22 and

Ioo.'_

ros

The necessary motion to rod KE may be se-

cured in any approved manner.
2 show two methods.

through the erank and rods indicated.

Fig. 2 a gear-wheel 24 is provided on the

main sha,ft 23 and rotary motion communi-

mounted on suitable shafts. An eouentrle
27 isattached to the counter-shaft 26 and its

‘motion communicated to the rod E, as llldl-

cated.

Figs. land
In Fig.1 an eceentric -
28 is provided on the main shaft 23 and its

reciprocal motion communicated to therod E
In

cated to a counter-shaft 2b from the gear- |
‘wheel by means of the set of gear- wheels 25,

110

120 -

The application of the valve-gear is not

limited to the valve shown or to any particu-

lar type of valve. o _

Another form of egnlating - ¢ylinder is
shown in Fig. 9, valve I being in a p:sition
ready to begin closing, the arrangement of
valve-gear being the same as that shown 1n
Fig. 7. In Fig. 9, P is the regulating-c¢ylin-
der, as before, containing a piston 7, con-

125

nected to valve-gear by rod O. PipeP' con-

nects chamber 10,

as before, to one end of the
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end of the eylinder P to the cylinder 22

through an opening 80. A rod 82, of larger
diameter than the rod O, is connected to pis-
ton Z on the opposite side from the rod O.
Caps 83 close the ends of the eylinder P. The
operation of this form of regulating-cylinder
ig as follows: The pressure from chamber 10
is communicated to the side of the piston Z
having the least area, (by reason of the rod

32 being larger than the rod O.) Assuming |

that there is no pressure in 22, piston Z is
forced upward and trip K moved to a positioi
to correspond with the position of said piston.
Assuming now that the engine isstarted and
the pressure in cylinder 22 is gradually in-

creased by the movement of the piston Z1,-

this increasing pressure is communicated to
the side of the piston Z having the larger
area through pipe81l. Now itisevident, ow-
ing to the difference in areas of the two sides
of the piston Z, that as the pressure increases
in 22 a point will be reached where the pis-
ton Z is balancéd—~. e., has an equal total
pressure on both sides—and that, further,
as this pressure in the eylinder 22 increases
the pressure becomes unbalanced until such

point that the total pressure on the side of

the piston to which the rod O is connected
becomes sufficiently greater than thaton the
side to which pipe 82 is connected as toover-
come the friction of the valve-gear, when pis-
ton Z will be forced downward and trip K
moved downward until it comes 1n contacyt
with pawl D, when it releases pawl B from
lever G, and the valvel opens, as betore, by
action of dash-pot M. The difference in di-
ameters of rods O and 82 and consequent
effective area of the two sides of piston Z

should be such that the valve I will open

when the pressure in eylinder 22 equals or is
slightly less than that in chamber 10.
From the foregoing it is apparent that the

arrangement of valve-gear shown in Fig. 9

differs from that shown in Fig. 7 in that the
movement of the trip K, carried by lever L,
releases the pawl B from lever & in Fig. 9,
while in Fig. 7 it is the mmovement of lever A,
carrying pawl D, which releases pawl B from
lever G by pawl D coming in contact with
trip K. |

1t is evident that the arrangement shown
in Fig. 9 can be modified by reversing the
connections of pipes P’ and 81 with the cyl-
inder P, in which case the valve-gearshould
also be reversed, so that trip K would release
pawl B from lever G when moving upwardly
instead of when moving downwardly. 1t is
also evident that rod 82 might be omitted and
pipe 81 connected to the end of cylinder P
having the largereffective area of piston, and

P’ connected to the end of the eylinder hav-

ing the lesser effective area of piston. In
such case the side of piston Z to which rod
O is connected wounld have the lesser eiffect-
ivearea. Variouscombinationsmay be made

to secure this desired resuit.
I do not limit my invention to the applica-

4. 8v4,411

tion of the described devices to air-compress-
ing engines, as they may be applied to en-

| gines for compressing any other gas.

I do not limit my invention to the design
of any part or parts shown in the drawings.
I do not limit my invention to the provid-

ing of a separate regulating-cylinder for the
control of the operation of each valve. The
regulating-cylinder may be used for the con-
trol of one or more valves, as may prove de-
sirable or be preferred. o

Having described my invention, what I
claim, and desire to cover by Letters Patent,
is—

1. In a gas-compressing engine, the combi-
nation of a gas-outlet valve or valves control-
ling the communication between the inside of
the compressing-cylinder and the chamber
into which the compressed gas is discharged,
a regulating-¢ylinder containing a piston, a
pressure or resistance on one side of said pis-

ton, means for communicating the gas-pres-

sure in the chamber into which the com-
pressed gas is discharged to the other side of
said piston, a trip controlling the point of
opening of the gas-outlet valve or valves to
automatically open said valve or valves when
the pressure in the compressing-cylinder 1s
substantially equal to the pressure in the
compression-chamber, and means intermedi-
ate the piston in said regulating-cylinder and
said trip whereby as the position of the pis-
ton varies the position of the trip is corre-
spondingly varied.

2. In a gas-compressing engine, the combi-
nation of a gas-inlet valve or valves control-
ling communication between the inside of the
compressing-cylinder and the source of the
oas which is to be compressed, a regulating-
cylinder containing a piston, a pressure or
resistance on one side of said piston, means
for communicating the gas-pressure in the
chamber into which the compressed gas is
discharged to the other side of said piston, a
trip controlling the point of opening of the
gas-inlet valve or valves to automatically

open said valve or valves when the pressure

in the compression-cylinder is reduced to ap-
proximately atmospheric pressure,and means
intermediate the piston in said regulating-
cylinder and said trip whereby as the position
of the piston varies the position of the trip is
correspondingly varied.

" 3. In a gas-compressing engine, the combi-
nation of a gas-outlet valve or valves control-
ling communication between the inside of the
compressing-cylinder and the chamber into
which the compressed gas is discharged, a
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regulating - eylinder containing a piston, a

pressure or resistance on one side of said pis-
ton, means for varying the pressure or resist-
ance at will, means for communicating the
aas-pressure in the chamber into which the

| compressed gas is discharged to the other side
1 of said piston, a trip controlling the point of

opening of the gas-outlet valve or valves, and
means intermediate the piston in sald regu-
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I&tinﬂ‘-CYHHdeI‘ and said trip whereby as the
position of the piston varies the position of the
trip is emle%ponduwly varied.

4. In a gas-compressing engine, the combi-
nation of a gas-inlet valve or valves control-
ling communication between theinside of the
commessinﬂ'-(,ylinder and the source of the
gas which is to be compressed, a regulating-
eylmder containing a piston, a pressure or
resistance on one Slde of said piston, means
for varying said pressure or resistance at will,
means for mmmumeatmg the gas-pressurein
the chamber into which the compressed gas
18 discharged to the other side of said piston,
a trip controlhnﬂ' the point of opening of the
cas-inlet valve or Valves, and means interme-

* dlate the piston in said regulating-cylinder
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and said trip whereby as the position of the
piston varies the position of the trip is corre-
spondingly varied.

5. In a gas-compressing engine, the combi-
nation of a gas-inlet valve or valves control-
ling communication between the inside of the
compressing-cylinder and the source of the

gas which is to be ecompressed, a regulating-

cylinder containing a piston, means for hold-
Ing sald piston in any desired position, a trip
controllmﬂ' the point of opening of the gas-
inlet valve or valves, and means Whereby as

the position of the plSl}OI‘l in said regulating-

cylinder varies the position of said trlp is eor-
respondingly varied.

6. In a ﬂab-compressmﬂ engine, the combi-
nation of a gas-outlet valve or valves control-
ling the communication between the inside of
the compressing-cylinder and the chamber

into which the compressed gasis discharged, .

a regulating-cylinder containing a piston,
means for holding said piston in any desired
position, a trip controlling the point of open-
ing of the gas-outlet valve or valves, and
means whereby as the position of the piston
in said leﬂ'ulatmg- cylinder varies the position
of sald trip is correspondingly varied.

7. In a gas-compressing engine, the combi-

T—

| nation of a was-outlet valve or valves control-

ling commumcamon between the 1n81de of the

lllll

which the compressed gas 1s dlsc,harfred a

regulating-ecylinder conbaining a, piston hav-

ing an effective area of oneside less than the

effective area of the other, means for commu-

nicating the gas-pressure in the chamber into
which the eompressed gas 1s discharged to
one side of said piston, means for communi-

cating the gas-pressure in the compressing--

35

cylinder tothe other side of said piston, means

for communicating the movement of said pis-
ton to a trip controlling the point of opening
of the gas-outlet valve or valves, and means
intermediate the piston insaid regulating-cyl-
Inder and said trip whereby as the position ot
the piston varies the position of the trip is

correspondingly varied.

8. In a gas-compressing engine, the combi-
nation of a gas-inlet valve or valves control-
ling communication between the inside of the

60

compressing-cylinder and the source of the

gas which is to be compressed, a regulating-
cylinder containing a piston having an effect-

ive area of one side less than the effective area
of the other side, means for communicating

the gas-pressure in the chamber into which
the compressed gas is discharged to one side
of said piston, means for communicating the
gas-pressure in the compressing-ceylinder to

the other side of said piston, means for com-

municating the movement of said piston to.a
trip controlling the point of opening of the
gas-inlet valve or valves, and means interme-

diate the piston in said regulating-cylinder

and said trip whereby as the position of the
piston varies the position of the trip is corre-
spondingly varied.
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In testimony whereof I ha,ve hereunto set 85

my hand thls 26th day of June, A. D. 1900.
‘A. H. HELANDER.

Witnesses:

JAS. F. CHAPMAN,
W. B. RUST.
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