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| Apphca,tmn filed January 9, 1893,

Serlal No. 457 7 86 (No mudel )

To all whom it may concern: ]

Be 1t known that I, JoEN HAUG, a citizen of
the United States, and a resident of Philadel-
phia, Pennsylvania, haveinvented certain Im- |
provements in Compound Engines, of which
the following is a specification. |

The obj] ject of my invention is to so eon- |
struct a quadruple expansion engine as to pro-

~ vide for the compact disposal of the cylinders |
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' 6,isa diagram illustrating a modifi
-va,lve i

D, F and G, the cranks Band D being set op-

1in respect to each other, and the cranks F and

and valve chests and to so control the flow of
live steam to the high pressure eylinder, and
of the exhaust steam to the succeeding cylin- |
ders of the series as to permit of any desired

lap or lead of either steam or exhaust, cer-

tain features of my invention being also ap-

plicable to compound engines.

In the accompanying drawmﬂs —Figure 1,
18 a longitudinal section of suﬂ:lclent of a
quadruple expansion engine to illustrate my
invention. FKig.2,is a sectional plan view of
the same on the line 1—2. Fig. 3, is a dia-
gram 1llustrating the disposal of the cranks
on the crank shaft. FKig. 4, is a side eleva-
tion of one of thevalves. Fig.5,isadiagram
on a reduced scale illustrating a modified ar-
rangement of cylinders and valve chest in a
compound or two cylinder engine; and Fig.
od fmm of

In the.engine shownin Fig. 1, A represents
the crank shaft on which are four cranks B, I

posite, or at one hundred and eighty degrees

& being likewise set opposite, or at one hun-
dred and eighty degrees in respect to each

other, and at nmety degrees or at right an- |

oles in respect to the cranks B and D. The
crank B is connected by a rod b to the rod b’
of the piston 6 of the first or high pressure
cylinder B’ of the series, the erank D being
in like manner connected by a rod d to the
rod d’ of the piston d? of the second cylinder
D’, the crank F being connected by arod f to |
therod 1’ of the piston f?of the third eylinder
F’, and the crank G being connected by a rod
g to the rod g’ of the piston g° of the fourth
or last eylinder G.

Between the cylinders B/ and D’ is a valve
chest H containing a valve I, and between the
cylinders F/ and G’ is a 51m11ar valve chest K
containing a valve J, the rod ¢ of the valvel

__ L 3

being connected by a rod ¢’ to an eccentricl’

on the shafs A, and the rod y of the valve J
‘being conneeted by a similar rod 7’ to an ec-
centue J’ on said shaft A, said eccentrics be-
ing soset as toreciprocate the valves in proper
manner to open and -close the ports as de-
scribed hereinafter. The valves I and J are
alike in general construction, the only differ-
ence be’tween them Being a difference in size.
The valves are. hollow, the tubular shell of
each valve being connected by means of wings
tocentral hubs secured to the valverod. The
cylinder B’ has at the ends, ports m which
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serve alternately as induction and eduetlon |

ports and the cylinder F’ has like ports m’

while the cylinder D’ has end ports n which
likewise serve alternately as induction and

eduction ports, the like ports of the cylinder
G’ being represented at n’.

In the chest H isalivesteam pa,ssa(‘fe lcand
the ends of this passage can becaused tocom-

‘municate with the adjacent perts m by means

of annular.chambers p formed in the valve I

80 as to admit live steam alternately to each

end of the eylinder B’, the steam being per-

| mitted to escape from the opposn;e end of the

cylinder into the chest H owing to the fact
that when the valve 1 is moved S0 as to ad-
mit live steam to one end of the cylinder R’
the end of the valve uncovers the port m at
the opposite end of the cylinder.
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~ In the valve I are ports s oneof which acts

in eonjunction with one of the ports n, and

‘the other in conjunction with the other port

n of the cylinder 1)’ so as to directlive steam

from the interior of the valve to either of

said ports, and said valve I has alsoa central
annular chamber ¢, which operates in con-
junction with an exhaust port or passage v

1o

in the valve chest H, so that steamn may be

exhausted from elther end of the cylinder D’
into sald passage, which isin communication,

through pipes w, with a passage £’ in the
Va,lve chest K, S&ld passage £’ being the-
equivalent of the live steam passage k& of the
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valve chest II and operating in conjunction -

‘with annular channels or chambers p” of the

valve J so as to direct the steam through the
ports m’ to either end of the cylinder F’,
steam escaping from said cylinder F’into the
valve chest K and being directed from the
interior of the valve J throun'h ports s’ to the
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ports n’ of the cylinder G/, from which the
steam is exhausted through a central annu-

lar chamber ¢’ of the valve J and through the

exhaust passage ¢’ of the chest K. The live
steam, therefore, acts in the first cylinder B’
of the series, the exhaust from which passes
directly into the chest I and hoilow valve I
and 1s directed by the
into the second eylinder D’ from whiech, after
undergoing a certain amount of expansion,

it is directed through the exhaust passage v

and pipes w to the inlet chamber &’ of the
valve chest K and thence by the valve J to
the third cylinder B’ of the set where it un-
dergoes further expansion. From the cylin-
der K/ the steam is exhausted directly into
the valve chest K and valve J and is directed

by the ports s’ of the latter to the fourth or

20

~ pipes to the condenser.

20

last eylinder G’ of the series in which it is
again expanded and from whieh it 18 ex-
hausted through the passage 2" and suitable
It will be seen that
each valve has in effect seven portions for
controlling the flow of steam, namely, the op-

posite ends, the external chambers p p and

t, or p” p’ and ', and the ports s s or s’ s,
The endsof the valvegovern the exit of steam
from the exhaust ends of the high pressure
cylinderof each pair and alsothecompression
in the ends of said cylinders after the ex-
haust is cut off. The annular chambers p

or p’ govern the inflow of steam to the

- high pressure cylinder of each pair, and the
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two sets of ports s or s’ govern the flow of

steam from the high pressure cylinder to the

low pressure eylinder of each pair, the central
annular chamber? or?’ governing the exhaust
from the low pressure cylinder of each pair.
By properly constructing the valves, there-
fore, any amount of lap or lead can be given

to either the steam inlet or exhaust of either .

cylinder independently of that of the other
cylinders, and by properly disposing the ports

s or 8’ in respect to the ends of the valve in

which such ports are formed, any amount of
compression of exhaust steam in the high
pressure cylinder, or in the valve chest constl-
tuting the 1ecewe1 of each pair, may be ef-

fected
Although I have described my invention as

“applied to a quadruple expansion engine, it

will be evident that the latter is in effect sim-
ply two compound engines, and the essential
features of myinvention,so far as regard the
construction and armnﬂ*ement of the valve
and the co-acting ports and passages, can be
embodied in a single compound engine hav-

ing but two cylinders.

In Fig.5 I have illustirated an arrangement

ports s of the same

1
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of a pairof cylinders and avalve chest which
provides for a more compact disposal of the
parts than the construction shown in Figs. 1

t and 2,and the construction shown in said Fig.

o 18 preferred for structures such as locomo-
tives, where compactness is an essential quali-
fication. The construction of the valve may
also be modified in some cases without depart-
ing from the essential feafures of my inven-
tion, for instance, iustead of two annular
chambers p porp’ p’and a central annular

chamber ¢ or ¢/, the valve may have a single

chamber p* at one side, and a chamber £ at
the opposite side, the ports of the valve chest
being modified accordingly. Such construc-
tion 1s illustrated in Kig. 6.

Having thus deseribed my invention, I
clailm and desire to secure by Letters Pat-
ent—

1. The combination in a compound enwme, |
of the high and low pressure eylinders with

interpnsed valve chest having central exhaust

passage and steam inlet passage extending

close to the ends of the high pressure cylin-
der, and the hollow valve communicating at
its ends with the chest,said valve hawmfr cen-
tral external exhaust chamber external in-
duction chamber or chambers extendw o ¢close
to the ends of the valve, and two ports, one
on each side of the exhaust chamber, for con-
trolling the flow of steam through the valve
from the high pressure cylinder to the low
pressure cylinder, substantially as specified.

2. The combination in a compound engine,
of the high and low pressure cylinders, with
interposed valve chest having central exhaust
passage and steam inlet passage extending
close to the ends of the high pressure cylin-
der, and the hollow valve communicating at
its ends with the chest, said valve having a
central external exhaust chamber, annular
induction chambers,one near each end of the
valve, and two ports for controlling the flow
of steam from the high pressure cylinder
through the valve to the low pressure cylin-
der, one of these ports being located between
the central exhaust chamber and the annular
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induction chamber at one end of the valve,

and the other between said central exhaust

chamber and the annular induction chamber

at the other end of the valve, substantially
as specified.

In testimony whereof I have signed my
name to this specification in the ‘presence of
two subseribing witnesses.

JOON HAUG.

Witnesses:
FRANK K. BECHTOLD,
JOSEPH H. KLEIN.
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