" 4 Sheets—Sheet 1.

- M. C. BULLOCK.
GOVERNING DEVICE FOR COMPOUND ENGINES,

No. 547!242.

(No Model.).

Patented Oct. 1, 1895.

. -3-1= - f
. . .- - —..lm..._l : | . . .
- TR i f === ] ——
. —: _m _ | -] by ™~
/ 11 y by . |
T? LRl o _ 1 Il -~
RETERR Iy by b |
._“ _“ _ﬂ XN b, i1 k .__._\_\
Iy ST | v 1h ! P
J ol | HEH \ ’
_ _ /
1 i | } _ __— i r,
] i .___Il..l.|l||.1||| _m -T... ___ __ !
A~ umnu_ﬁnrﬁ - Y 1
r —_— e — — .
I | - o - ! ! t
_ _ MW\ \ ! 3
| y 1 o - oy
. ! 1 ' i !
| _
w A L= _ | b
.- | | . i ' l
I
. . Y j :
m " L =L o = N D BNV G oties
e ———— —— — \ o . S : e e —————
1 | " 2 I = -....M.iillm..wr S S S
| _ H ] | . __— . | - Wl.lll..ltll.Tl.ll.”— i_.. | !
P ! P EEEEEe 7
| i _ | . ““ - . i e ew h“ .
. _ “ ] i1 -
R - .
; i ' | muh
j ! I ; T
; _ ! = :
! t 1 dg
| “ 1 ! 17
N I N R
i ﬂ
| IS
£
=

ANDREW 0. GRAHAM . PHOTO-LITHO. WASHINGTON, D.C.




- (o MUdel') - 4 Sheets—Sheet 2.

M. G BULLOOK
: GOVERNING DEVIGE POR GOMPOUND ENGINES.
No 547,242. Patented Oct. 1, 1895.

L T I ——— ——‘—“J

) Sipsh _Inventor-
/ ;;;@455 ¢ Jflhbﬁﬁuﬁow?
Ao I el _Ez—-,&%m@_/ffg .
o ES CZ%WZ&WS |




- 4 Sheets—Sheet 3,

M. C.BULLOCE.
'GOVERNING DEVICE FOR COMPOUND ENGINES. -

(No Model.)

P&tentedOot. *1,1895. o
(@)
v

No. 547,242,

_”ﬂ |

. ANDREW B.GRABAM.PHOTO LITHO. WASHINGTON. D.C




uuuuuu

(No Médel.) o o | -'4 Sheets;.-_she_ejt 4.-
_ - M. C. BULLOCK. - -
~ GOVERNING DEVICE FOR COMPOUND ENGINES.

~ No. 047,242. . - Patented Ooct. 1, 1895.

%
.7;' - I. ﬁ | ‘ .-
2 o Z C [ 2

T Giit 5" 1 2 A0

Y A ZEREWZ }

-Z ct 0 o e
@\I’l\%f/,ﬂ
NEA

it

"\ Ii S ' | | 7 n Z
et T | ; % | _ f% — ;'Jfl%@-}ﬁ TR RS + \%
6':5 . = . | . ) 613 1&1& ’h&}- ----- N ::,»-i-_ : | \
| | | ” ‘ ' | \ 3 ' »

e '
A *\- ke _

\ 1.

~ ANDREW B.GRAHAM, PHOTO-LITHO. WASNINGYON. D.C.




3

L5

20

class shown and described in a prior

PATENT OFFICE.

gl

- MILAN C. BULLOCK, OF CHICAGO, ILLINOIS.

GOVERNING DEVICE FO

R COMPOUND ENGINES,

SFECIFICATION forming part of Letters

Patent No. 547,242, dated Cctober 1, 1895,

Application filed September 6, 1893, Serial No, 484,881, (No model,)

.

To all whom it may concern:

Be it known that I, MiLaN C. BULLOCE, of
Chicago, in the county of Cook and State of
Illinois, have invented certain new and useful
Improvements in Governing Devices for Com-
pound Engines; and I do hereby declare that
thefollowing is a full, clear, and exact deserip-
tion thereof, reference being had to the ac-
companying drawings, and to the letters of
reference marked thereon, which form a part
of this specification. | |

This invention relates to improvements in
governing devieces for compound steam-en-
gines, and it embraces, among other features,
improvements in governing devices of that
. _ patent
grauted to me September 5, 1893, No. 504,691,
wherein the steam-passage leading

with an exhaust-steam outlet provided with
a valve, which acts to maintain said outlet
normally closed, but which is open to permit
the escape of exhaust-steam from the high-

- pressure cylinder whenever the speed of the
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‘pended claims.

Fig. 4. TFig. 6 is a bottom

engine reaches a predetermined limit, and to

thereby prevent such exhaunst-steam from aet-

Ing on the piston of the low-pressure cylinder
until the engine again resumes its normal
sSpeed.

The invention consists in the matters here-
Inafter deseribed, and pointed out in the ap-

While my invention is herein shown as ap-
plied to a two-eylinder cross-compound en-
gine, yet the prineiples of the Invention mayv
be applied to triple or quadruple and to other
formsortypesof multiple-eylinder expansion-
engines. . |

In the accompanying drawings, Figure 1 is
an end elevation of a cross-compound engine
provided with my improvements. Fig. 2 is
an elevation of the low-pressure-cylinder side
of the engine. Fig. 8 is a general plan view
of the engine. Fig. 4 is 3 detail horizontal
section showing the valve at the outlet of
the receiver and its immediate operating
mechanism, said section being taken on line
4 4 of Fig. 5. Fig. 5 is a vertical section
through the same valve, taken on line 5 5 of
plan view of the

valve-disk. Fig. 7 is a detail view of a cam

mechanism through the medium of which the

. from a |
‘high to a low pressure cylinder is provided

| movement of the valves is controlled. Fig.
3 18 a detail section on line 8 8 of Fig. 1.

My improvementsareshownin thisinstance
as applied to that type of engine commonly
| known as the “cross-compound,” or that in
which-the high and low pressure cylinders
are placed side by side or parallel with each
other. Said engine may be provided with
| any preferred form of valve-gear, that shown
in the drawings being of the well-known Cor-
liss type. The engine, furthermore, may be
controlled by any preferred form of governor,
the one herein shown being the common ball-
governor usually used in connection with a
Corliss valve-gear.
| A is the high-pressure cylinder of the en-
gine and B thelow-pressure eylinder thereof,
exhaust-steam being conducted from the high
| to the low pressure cylinder by a pipe or pas-
| sage C, which will usually be made of consider-
able capacity and which constitutes what is
known as the “receiver.” Theform of the re-
ceiverinthisinstanceisthatusually employed
inthis typeof engine, consisting of a large pipe
or chamber placed transversely between and
at a lower level than the eylinders, and con-
nected at one end with the lower end of the
high-pressure exhaust-pipe C’, and at the
other end with the lower end of the low-press-
ure steam-supply pipe C®.  The upper ends of
sald pipes C’ and C? are connected with the
cylinders A and B in any preferred manner;
| said pipes being shownin this instance as at-
tached to the under sides of thesaid eylinders.
| At the exit end of the receiver C,in the in-
stance shown in the pipe C? I provide a valve
D for closing said pipe, and in connection

which the valve may be operated by the en-
| gine-governor. In the passage leading from
the high-pressure cylinder to the receiver, in
this instance in pipe C’, 1 provide an exit-
| passage C° communicating with the open air
or with a condenser, and in said exit-passage
is placed an outwardly-opening relief-valve
H, adapted to open automatically when a pre-
determined pressure is reached. This con-
struction enables the exhaust-steam from the
high-pressure cylinder to be discharged into
the open air or into the condenser when the
desired limit of speed is reached, and the clos-
ing of the valve D at the exit end of tha re-

N

with sald valve operative connections by
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ceiver acts to cut off steam-supply from the | dric surface of the disk in the manner illus-
low-pressure cylinder and at the same time to

confine the steam in the receiver until the
pressure therein becomes so great as to over-
come the resistance of the relief-valve KL,

when the latter opens and allows escape ot
steam from the receiver in quantity sufficient
to prevent the pressure therein being In ex-
cess of that at which the relief-valveis set to
open, steam held in the receiver under such
pressure being retained therein until the en-
oine resumes its normal speed, when it passes
to the low-pressure cylinder. In this instance
the -exhaust-passage C? is in the form of a
branch pipe forming part of a removable sec-
tion cof the high-pressure steam-exhaust pipe

C’, and the relief-valve E has the form of an |
~attached.

ordinary weighted “pop” safety-valve, the
weight of which may be adjusted to allow the
escape of steam at any desired pressure. The
said relief-valve will preferably be set toopen
at such pressure as tomaintain in the receiver
approximately the same pressure that exists
therein during the usual or normal action of
the engine, the object being to maintainsuch
steam-pressure in the receiver during the
time that the valve D is closed, so that when
it, is opened and the low-pressure cylinder
resumes its work steam will be admitted to
said low-pressure cylinder at normal working
pressure only, and great or dangerous strains
on the engine at such times will thereby be
prevented. | |

The valve D at the exif end of the receiver

is shown in detail in Figs. 4, 5, and 6, and is |

constructed as follows: In the pipe C? which
leads from the receiver to the low-pressure
cylinder, is located a diaphragm C%, provided
with segmental ports ¢’ ¢. 'The diaphragm
is shown as made integral with a section ¢?of
the pipe C? which is direetly secured to the
Jow-pressure cylinder. IBeneath and in con-
tact with the said diaphragm is an oscillatory
valve-disk F, having ports 7 f of segmental

form which operate in connection with the |

correspondingly-shaped ports ¢’ ¢’ to permit
the passage of steam from the receiver to the
low-pressure cylinder. Said valve-disk is
supported in contact with the said diaphragm
by a pin f’, which is secured to the disk and
passes through the diaphragm and is pro-
vided with a head or nut at its upper end and

aclting to hold the disk in contact with the

~ diaphragm. Said valve-disk being below the

35
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diaphragm, itis pressed against the same by
the steam-pressure within the receiver, sothat
leakage of steam 1s prevented at the timethe
valve is closed. The oscillating valve de-
seribed may be operated in any suitable man-
ner, but as hereinshownitisactuated through

‘the medium of a horizontally-movable rod G,

which passes through the walls of the pipe C*
and is connected with the valve-disk by means
of two flexible strips or strands g ¢, each of
which is attached at one end to the disk and
at its opposite end to the rod, and which rest

il

“the valve-disk I is

trated. Said rod G is shown as extending
through a horizontal slot ¢® formed in the
casing C% of the valve, within which slot the
strands ¢ ¢g are located. Said strands are

shown as connected with the valve-plug by
means of lugs g%, through which pass bolts g,
engaged with loops on the ends of the strands,
and as connected with the rod by means of
sliding-sleeves ¢ to which the strands are di-
rectly attached and which are connected with
adjusting-nuts ¢* on the rod by means of col-
lars ¢° having inwardly-extending flanges
which engage grooves on both of the sleeves
g® and nuts g% so as to permit the nuts to be
turned for tightening the strands without
turning the sleeves to which the strands are

In the particular construction illustrated
provided at its margin
with a cylindric flange 7%, which fits within
the valve-casing, the purpose of said flange
72 being to afford a eylindrie bearing-surface

of suitable width for the strips g g, which

connect the valve-disk with the rod. Inthis
instance the rod is shown as passing through
a stuffing-box ¢4, secured upon the outer end
of the tubular extension ¢°, which is formed
on the valve-casing C° for the purpose of re-
ceiving theend of the strand g and the attach-
ing devices by which the strand is secured to
the rod. A similar tubular extension ¢ of

the valve-casing receives the end of the rod

G at the opposite side of the valve and 1s pro-
vided with a elosing plug ¢, having a central
ouide-aperture within which the rod slides.

It isobvious that when the valves It and D
are both closed the steam within the receiver
will be “bottled up” or imprisoned therein,
so that not only may any excess ol exhaust-
steam from the high-pressure cylinder escape
into the open air through the relief-valve and
thus be prevented from reaching the low-
pressure cylinder, but steam already within
the receiver is restrained from acting on the
low-pressure cylinder and is confined within
the receiver for subsequent use as soon as the
low-pressure cylinder shall again come into
action.
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For the general purposes of the invention

the rod G may be moved for actuating the
valve D by any suitable connection with the
governing device of the engine. I have,how-
ever, herewith shown a steam-actuated oper-
ating mechanism in the form of an auxiliary
motor for the valve-rod, which 1s construected
as follows: Said motorin the form shown com-
prises an auxiliary steam-cylinder having a
steam-valve connected with the governor and
serving to admit steam to one side or the
other of the piston within the cylinder, ac-
cording to the position of the governor, said
piston being suitably conneeted with the rod
G to give reciprocatory motion te the same
and to thereby open and close the receiver-
valve. In the form shown I is the auxiliary

for part of their length upon the outer eylin- | eylinder and I’ the piston therein, said piston

[2 D
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being attached directly to the end of the rod upper end to a lever N’, which is fitted to any

&, which enters the cylinder through the | oscillating part of the governor. Said rod N
~ stuffing-box A in the usual manner. Steam

1s admitted to the opposite sides of the piston |

11’ through suitable ports A2 A® and is in this
instance exhausted through the same ports,
the sieam supply and (xhaust being con-

- trolled by a suitable valve I. The valve

- IO
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shown in this instance is of the well-known

hollow piston form, embracing two short pis-

tons 2 +" at the end of the tubular body por-
tion % of smaller diameter. A steam-supply

pipe n' admits steam to the annular space

surrounding the body portion of the valve-
piston, the spaces at the ends of the piston
are connected by a central passage in the

‘valve, and an exhaust-pipe 2° communicates

with one of said spaces. Attached to the
valve I is the usual valve-rod I’, which passes
through a suitable stuffing-box Af and is
supported near its outer end by a suitable
bracket-bearing J, Fig. 3. Suitable connec-
tions are provided between the valve-rod and
the governor, by which the latter operates the

sald valve, and thereby, through the opera-

tion of the auxiliary motor described, serves
to open and close the receiver-valve. o
- In the present form of my invention I pro-
vide connections between the governor and
the valve of such nature that the ordinary

fluctuations of the governor do not affect the |

position of said valve, and no movement of

- the latter takes place until the governor has

35

exceeded in its movement a predetermined
limit, "The full freedom and delicacy of ac-
tion of the governor is thus preserved during
the continuance of its normal conditions.

-~ »aild connections are, however, 8o constructed

40

as to quickly move the valve-rod and valve
in one direction whenever the governor ex-
ceeds such predetermined limitof movement
and in the other or opposite direction when
the said governor returns or repasses such
limit of movement. - - -
Various connections capable of producing
the above-described action may be devised;
but in this instance I have shown for actuat-
ing the valve a cam mechanism comprising a,

- pivoted cam K, Figs. 2 and 7, which is pro-
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vided with a cam-slot %, engaging a pin [ in

one end of the sliding rod L, the opposite end

of which is-connected with the valve-stem I’
by means of a bell-crank lever M and two
connecting-links m m/’, Fig. 3. The cam-slot

Ic of said cam is provided with a econcentric
part &/, with which the pin [ is normally en-
gaged, at the end of which coneentric part is

arelatively-short eccentrie portion %2 beyond
which, in the instance shown, is formed a
second concentric portion %%, the radial dis-
tances between the two eccentric portions
being sufficient to give a desired travel to the

i

valve. The cam K is connected with. the

governor so as to oscillate with the fluctua-
tlons of the same, such eonnections being in

the present instance shown as provided by

1s connected at its lower end with the cam K

| or some part rigidly connected to oscillate

therewith, in this instance to an arm O’, which

18 affixed to one end of the shaft O, to which

the cam is rigidly secured and which serves
as a pivotal support for the said cam. In the
form shown the lever N’is made of consider-

-ably greater length than the arm O’, in order
that a relatively-slight fluctuation of the gov-

ernor may produce a considerable oscillation

of thecam. Theconcentric portion %’ of the

cam-slot is of such length that the ordinary
movements of the governor will not swing the
cam far enough to engage the pin I with the
eccentric portion %% and it is obvious that
unless this is done the valve-rod will remain
stationary. Thus, under ordinary circum-
stances no extra work is done by the gov-

ernor beyond the slight force required to
oscillate the cam, and consequently its free-

dom and delicacy of action are not interfered

with, When, however, under an unusual

decrease of load or increase of steam-press-
ure, the movement of the governor exceeds
the predetermined limit, the cam K will Dbe
swung so far as to cause the pin / to pass the
eccentric portion %? of the slot and thereby
shift the valve I. Further movement of the
governor and cam in the same direction will
merely cause the pin to enter farther in the
eccentric continuation of the slot withount
affecting the position of the valve, but a re-
verse movement of the cam will return the
pin through the eccentric portion of the slot,
and thus carry the valve back to its first po-
sition. S | |

- By so constructing the parts that a slight
movement of the governor will canse a con-
siderable oscillation of the cam, as hereinbe-
fore stated, and by making the eccentric por-

tion of the cam-slot relatively short, a slight

movement only of the governor will be re-

75

8o

go

95

100

105

ITO

quired after the proper point has been reached -

to movethevalve I the full length of its stroke.
In the normal position of the valve the latter
is in position to admit steam to that side of
the piston H by which the main valve-ports
leading from the receiver are held open.

‘When the valve is moved to the other end of

its stroke by an excessive movement of the
governor in the mmanner hereinbefore ex-
plained, live steam will be admitted to the
opposite end of thecylinder, while at the same
time exhaust-steam escapes from that end of
the cylinder filled with the same, so that the
piston will be ecarried in a direction to move
the receiver-valve, thereby closing the exit of
the receiver, the surplus exhaust-steam from
the high-pressure cylinder escaping through
the exit-passage C°. The valve I will be held

in this position until, as the engine resumes

its normal speed said valve will return to its
first position, when steam will be admitted to
force back the piston and : again. actuate the

means of a connecting-rod N, pivoted at its | receiver-valve to ‘bring: i1t to its normal or
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cally

working position.
shifting of the piston of the auxiliary motor
under the pressure of steam will be practi-
instantaneous and coincident with the
movement of the valve 1 by the governor,
and the latter action being quickly accom-
plished at a predetermined point in the move-
ment of said governor, it follows that as the
covernor passes such predetermined pointin
its movement the receiver-valve D will be in-
stantly opened or closed, as the case may be.
Normally the valves D will be held open in
the manner hereinbefore described, the ex-
haust-steam from the high-pressure cylinder
passing through the exhaust-passage thereot
and the receiver to the low-pressure cylinder
in the usual manner, while the governor flue-

~ tuates as usual under slight variations of load

20

or steam-pressure. In case, however, the
movement of the governor is so great as fo

exceed the desired limit of speed, the gov-

ernor operates in the manner previously de-
seribed to instantly move said valves,thereby
cutting off the passage of steam already in
the receiver to the low-pressure cylinder, so
as to relieve the same of further actuating-
pressure, and confining the steam within the

- receiver for subsequent use when the engine

30

35 P

returns to its normal speed. In cases where
provision is made for heating the receiver, as
by a steam-jacket, as is the case in the en-
gine herein illustrated, the steam thus im-
prisoned within the receiver will be main-
tained at a sufficiently-high temperature and
ressure to do effective work as soon as ad-
mitted to the low-pressure cylinder.

The limit of movement of the governor at

- which the same will operate to actuate the re-

4.0

45

50

ceiver-valve D will usually be at the point at
whichthesaid governoroperatestocompletely
cut off the steam-supply from the high-press-
ure eylinder, so that the engine will be per-
mitted to operate in the ordinary manner and
will be controlled by the usual governing de-
vicesuntilsuchtimeassuch governing devices
shall have reached the limit of their effect-

iveness, whereupon the additional governing.

devices, herewith described, will come into
play to further and more effectively control
the engine. The low-pressure cylinder will
obviously, after the cutting oft of 1ts steam-
supply in the manner described, practically

- remain inoperative until the governor re-

55

passes the point at which the receiver-valves
were closed, but owing to the fact that the
steam-supply passage of said low-pressure ¢yl-
inder will then be entirely closed, the piston

- of said low-pressure cylinder will at such time

6o

actagainsta vacuum, which will tend to lessen
the speed of theengine and thusaid in quickly

bringing the engine to the desired limit of

speed.

The relief-valve II being set to open at &
pressureapproximately equal to or not greatly
in excess of the normal pressure within the
receiver, it foilows that when the valve D is

It will be obvious that the | willbeadmitted at normal pressure to the low-

pressure cylinder at such time. In the ab-
sence of said relief-valve, it is obvious that
under some circumstances the steam-pressare

in the receiver might become very great, the
inertia of the fly-wheel and other rapidly-
moving parts of the engine being commonly

sufficient to force so much steam into the re-
ceiver as to establish a high pressure therein;
but in the construction proposed any excess

of the exhaust-steam will escape through the

relief-valve and the receiver will remain filled
with steam at a normal or moderate pressure

~only. It will be noted, furthermore, that in-
“asmuch as the exhaust-valves of the high-

pressure eylinderare open at the time the pis-
ton reaches the end of its stroke in each di-
rection, steam thus confined in the receiver
will rush into the cylinder as soon as sald ex-
haust-valves are open, so as tc give a back-
pressure on the piston, and that the piston in
its backward movement will force such steam
back again into the receiver, and in doing so
will compress the steam and restore 1t to its
original pressure, or nearly so. Steam thus
entering the cylinder through the exhaust-
valves will act by its backward pressure on

the piston to retard the engine, and will thus
“tend to quickly lessen its speed—in other

words, the work done by the piston during 1ts

“back stroke, in forecing the steam back into

the receiver and compressing it to its original
bulk, will tend to quickly retard the speed of

‘the parts and to thus more promptly bring

the engine to its normal speed. It is to be
further noted that this action will continue
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during every stroke of the piston until the

speed of the engine is properly reduced and
steam is again admitied to the low-pressure
cylinder, it being obvious that steam from
the receiver will enter each end of the ¢ylin-
der and will be forced from the same back
into the receiver at every stroke, so that the
same receiver full of steam 1s compressed
again and again until, by the reduced speed
of the engine, normal working conditions are
restored.

Inasmuch as the steam-pressare in the re-
ceiver when made of sizes ordinarily employed
will be considerably reduced when the steam
therein expands into the high-pressure cylin-
der, it will usnally be preferable, in order that
the back-pressure of steam in the piston may
act more efficiently in retarding the engine, to
set the relief-valve to open at a pressure some-
what above the normal pressure in . the re-
ceiver. Thiswill not, underusual conditions,
produce objectionable pressure on the low-
pressure cylinder at the time of opening the
valve D, owing to the large size of said low-
pressure cylinder as compared with the re-
ceiver. The relief-valve will, however, be so
set that the effective pressurein the low-press-
ure cylinder at the time referred to will not
be materially greater than that which obtains
when the governing devices are not in opera-

again opened, after having been closed, steam ! tion.
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Asa further and separate improvement, I}
propose to apply to the exhaust-passage of

the low-pressure cylinder of a compound en-
gine a receiver the exit-opening of which is
provided with a valve which is opened and
closed by the operation of the engine-governor
in the same manner as is the valve D, herein
shown as applied to the receiver C, or that be-
tween two cylinders. By the use of such re-
ceiver and valve upon the low-pressurecylin-
der I am enabled to secure the same retarding
effect on the piston of said low-pressure cyl-
Inder by back-pressure on said piston and re-
peated compression of exhaust-steam within
the receiver as is obtained in the construction

~ hereinbefore described by the use of the re-
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ceiver C and valve D. In the use of such re-

ceiver and valve applied to the exhaust of
the low-pressure cylinder, the valve may be
controlled by the governor of the engine or

by a separate governor, and, furthermore, the

valve may be operated by the same devices
used to operate the corresponding valve of the
receiver between the cylinders or by separate
actuating mechanism. Commonly both valves
will be actuated by the same governing de-
vices, because both valves are desirably act-
uated at the same time. A construction of

this latter kind is shown in the drawings, in |

which P is the receiver, and which is con-
nected at one end of the exhaust-pipe P’ of
the low-pressure cylinder B, and its opposite
end with an exit-pipe P? leading to the open

‘alr or to a condenser. @ indicates a valve at

the exit end of the receiver, said valve being

like the valve D and being operated from

the rod G by means of a'valve-rod R and a

‘centraliy-pivoted lever R’, engaging the rods

G and R, as shown. The receiver P and valve
(Q act in the same manner as do the receiver
C and valve D as far as the retarding of the
moving parts is concerned, the closing of said
valve Q establishing a back-pressure in the
low-pressure cylinder and resulting in the
steam confined in the receiver repeatedly ex-
panding into the cylinder and being com-
pressed ‘again into the receiver. An impor-
tant advantage is gained by applying the re-
tarding force of the steam from a receiver to
both the high and low pressure eylinders of a
compound engine or to all the cylinders of a

~triple or quadruple expansion engine, for the

55
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reason that by this construction are avoided |

torsional strains on the shaft and other dan-
gerous stralns which must necessarily come

on the parts when retarding pressure is ap- |

plied to one cylinder only or to less than all
of the cylinders. . -

In connection with the use of a second re-
celver applied to a low-pressure eylinder, as
above described, and as a still further im-
provement, I propose to provide a valved pas-
sage leading directly from the first receiver
to the second receiver, said passage being nor-
mally closed,but adapted to be thrown open si-
multaneously with the closing of the valves at
the exits of the two receivers to admit steam

directly fr'om_the first re:ceiver'into,the second
receiver and thus increase the back-pressure
on the low-pressure piston and add greatly to

its retarding action. - Obviously; however, if
‘the pressuire in thesecond receiver is suddenly
‘Increased to equal that of the first receiver,
the retarding foree resulting on the greatarea’
~of- the low-pressure piston may, in some 1in-
stances, produce dangerous strains upon the-

driving-shaft and other parts of the engine.
I therefore, also, preferably provide the pas-

5 :

7GC

75

sage connecting the receivers with a sunitable

reducing-valve by which the pressure in the
second receiver may be limited, as desired.

Such reducing-valve may, if desired, be com-
‘bined with the valve, by which the passage is

opened and closed by the governor, a single
valve in this case accomplishing both the

controlling of the passage and the limiting of

the pressure in the second receiver. ~In this

| instance, however,I haveshown the two valves

r- -

‘asindependent of each other, the construction

belng as follows: Connectingthe low-pressure

80

55

90

steam-pipe C? with the low-pressure exhaust-

pipe P’ is a short passage or pipe P2, whieh is

provided with a controlling-valve S of any suit-

able type adapted to open and close the pas-
sage, sald valve being, in this instance, shown

as an ordinary plug-valveoperated by alever s
and connecting-rod s’ from the oscillatory le-

05

ver R’ and normally held closed thereby. The
pipe P° is also provided in this instance, at a

| point between the low-pressure exhaust-pipe
P”and the valve S, with any suitable reducing-

valvel, preferably of the ordinary type, capa-
ble of beingadjusted orset at will to maintain
any desired pressure in the second receiver
when the valve Sis open. With such construe-
tioen it is obvious that the action of the engine
will nominally remain unchanged, as before.
When, however, the variation in speed be-
comes 80 great as to close the valves D and
P* in the manner hereinbefore described, the
valve S will simultaneously open and permit
the flow of steam through the pipe P%. The
pressure of steam in the second receiver will
obviously thereby be raised to the extent per-
mitted by the reducing-valve, previously ad-
justed as desired, and exert a correspondingly
greater back-pressure on the low-pressure pis-
ton, tending to restore the engine to its normal
speed. Thisfeature of improvementisof great
value foruseoncondensing-engines,inasmuch

100

[05

110

115

20

| as In such structures the vacuum ordinarily

maintained by the condenser, and necessarily.

existing in the second receiver at the time
the valves at the exits of the receivers are
closed, will ordinarily prevent the compara-

tively small amount of steam which remains

to pass through the low-pressure cylinder af-
ter the closing of the said valves from pro-
ducing sufficient back-pressure to effect the
desired degree of retarding action in the ab-
sence of a supply of higher-pressure steam
from another source than by the way of the

low-pressure cylinder.,

The improvements herein illu'stra,ted are
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obviously equally useful in connection with
any type of governor, and may be used either
with a ball or shaft load or speed motor or
automatic cut-off governor. The improve-
ments described, moreover, are not only ap-
plicable to all forms of compound engines,
but to marine, as well as stationary engines.
They are, indeed, particularly adapted for

marine engines, because of a character to act |

quickly and positively in checking the speed
of the engine and thereby preventing racing
of the propeller when lifted out of the water.

I desire not to be limited to the details of
construction shown or to any specific details
of the devices for carrying out my invention,
it being obvious that various forms of mech-
anism may be designed which will embody
the general principles of construction and op-
eration embraced in my invention.

Some of the advantages obtained by the use
of the features of construction described in
the passage connecting the high and low press-
ure cylinders, may be secured by the use of a
valved discharge opening or outlet, permit-
ting the escape of steam from the high-press-
ure eylinder,in connection with a single valve
located at any point between the said outlet
and the low-pressure cylinder and operated
by the governor in the same manner as here-
inbefore deseribed, in cases where the exhaust-
pipe of the high-pressure cylinder leads di-
rectly to the low-pressure cylinder and where
there is practically no receiver, or, in other
words, where the receiver is so small that the
quantity of steam contained therein is insig-
nificant. In such case steam from the high-
pressure cylinder will be allowed fo escape
therefrom, while at the same time access of
steam to the low-pressure cylinder will be pre-
vented, so that the piston of the latter will
work against a vacuum and thus tend fo
quickly retard or diminish the speed of the
engine in the same manner as hereinbefore
stated, although such a sftructure would not
possess the advantage of storing or holding
the steam in the receiver for repeated com-
pression and subsequent use. .

I claim as my invention-—

1. A governing device for compound en-
ogines comprising a normally closed outlet in
the steam passage which leads from the high
to the low pressure cylinder, said outlet be-
ing provided with a relief valve and.a nor-
mally open valve controlled by the engine

governor, located in said steam passage be- |

tween said outlet and the low pressure cylin-
der, substantially as described.

2. A governing device for compound en-
ocines comprising a normally closed outlet in

the steam passage which leads from the high |

to the low pressure cylinder, said outlet be-
ing provided with a relief valve, a normally
open valve in the said steam passage between
the outlet passage and the low pressure cylin-
der, and a governor acting to close said last
mentioned valve when the engine reaches a

547,242

predetermined limit of speed, substantially

as desecribed.

3. Thecombination with high and low press-
ure cylinders and an intermediate receiver,
of arelief valve applied to the receiver, a nor-
mally open valve at the exit of the receiver

and a governor acting to close said valve when

the engine reaches a_predetermined limit ot
speed,substantially as deseribed.
4, The combination with high and low press-

ure cylinders of a receiver between the cyl-
inders, areceiver connected with the exhaust

passage of the low pressure cylinder, nor-
mally cpen valves at the exit ends of both re-

ceivers, a governor acting to open and close

both of said valves when the engine reaches
a predetermined limit of speed, and a relief
valve applied to the receiver between the cyl-
inders, substantially as described.

5. A governing device for compound en-
oines comprising a normally open valve
adapted to close the low pressure exhaust
pipe, a normally closed passage for admitting
an auxiliary steam supply between the cylin-
der and valve, and means controlled by the
governor for simultaneously closing sald
valveand opening said passage, substantially
as deseribed. |

6. A governing device for compound en-
gines comprising a normally open valve in a
low pressure exhaust pipe, a passage leading
from the low pressure steam pipe to the low
pressure exhaust pipe between the cylinder
and valve, a valve normally closing said pas-
sage and means controlled by the governor

for simultaneously closing the valve in the

exhaust pipe and opening the valve in the

passage, substantially as described.

7. A governing device for compound en-
oines comprising a nermally open valve
adapted to close thelow pressure exhaust pipe,
a normally closed passage leading from the
low pressure steam pipe to the low pressure
exhaust pipe hetween the valve and cylinder,
a reducing valve in said passage and means
controlled by the governor for simultaneously
closing the valve in the exhaust pipe and
opening the passage, substantially as de-
scribed.

3. A governing device for compound en-
oines comprising a receiver between the high
and low pressure cylinder, a normally closed
valve at the outlet of said receiver,a normally
open valve in the low pressure exhaust pipe,
a normally closed passage leading from & point
on the receiver between the valve therein and
the high pressure cylinder to & point on the
low pressure exhaust pipe between the valve

‘therein and the low pressure eylinder, and

means controlled by the governor for simul-
taneously closing said valves and opening
said passage when the engine reacnes a pre-
determined limit of speed, substantially as
described.

9, A governing device for compound en-

gines comprising a receiver between the high
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- whentheenginereachesa predeterminedlimit |

547,242

and low pressure cylinder, a normally closed
valve at the outlet of said receiver,a normally

open valve in the low pressure exhaust pipe,

anormally closed passage leading from a point
on the receiver between the valve therein and

the high pressure cylinder to a point on the

low pressure exhaust pipe between the valvs
therein and thelow pressure eylinder, a reduc-
ing valve in said passage, and means con-
trolled by the governor for simultaneously
closing said valves and opening said passage

~ of speed, substantially as desecribed.

10. A governing device for compound en-
gines comprising a receiver between the high

and low pressure cylinder and provided with |

a relief valve, a normally closed valve at the

outlet of said receiver, a normally open valve l

‘my invention I a

in the low pressure exhaust pipe, a normally
closed passage leading from a point on the
receiver between the valve therein and the
high pressure cylinder to a point on the low-

pressure exhaust pipe between the valve

therein and the low pressure cylinder, a re-

20

ducing valve in said passage, and means con- 25

trolled by the governor for simultaneouslvy
closing said valves and opening said passage

when the engine reaches a predetermined

limit of speed, substantially as described.

In testimony that I claim the foregoing as 3o

1X my signature in presence

MILAN C. BULLOCK.

of two witnesses,

Witnesses:
HENRY . CARTER,
TAYLOR E. BROWN.
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