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" To all whom it may concern:
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Be it known that I, SteerrIep ROSENZWEIG,
residing in New York city, in the county an
State of New York, have invented a new and
useful Improvement in Steam-Engines, of
which the following is a specification.

My invention relates to uniflow engines
having a central main exhaust port in the
steam cylinder wall uncovered by the piston
toward the end of the expansion stroke, and
auxiliary exhaust ports and mechanically
sperated controlling valves therefor through
which steam escapes, after the main exhaust
has been closed by the piston, with a view to
regulate and control the compression.

The object of my invention is to provide
a simple and efficient means of adjusting the
auxiliary exhaust valves to regulate and con-
trol the compression as desired, whether for
tondensing or non-condensing work. To this
end I operate the auxiliary exhaust valves
by means of cams driven from and revolving
in unison with a rotating side shaft, prefer-
ably directly geared to and driven by the en-
%ine crank shaft as set forth in my Letters

atent No. 1,059,567 with reference to the
sxhaust valve cam-operating mechanism
therein illustrated; these auxiliary-exhaust-
valve operating-cams T make rotatably shift-
able relatively to their operating shaft to
the extreme limit in either direction required
for condensing and non-condensing work re~
spectively; and I combine with the thus-ro-
tatably shiftable cams mechanical hand-op-
srated means by which said cams may be ad-
justed, whether the engine be in motion or at
vest, to any point between these limits in
order to vary the compression as desired
whether working condensing or non-con-
densing.

To enable others skilled in the.art to make
and use my invention, I will now proceed to
describe the manner in which the same is,
or may be, carried into practical effect by
referemoe to the accompanying drawings
forming part of this specification in which—

Figuare 1 is a side elevdtion ‘of so much of
2 unifiow engine as needed to explain my

jnvention—the connections of the governocr
shaft 4 with the main engine or crank shaft
being diagrammatically indicated, and the
side of the steam cylinder being broken away
to exposc the steam piston therein.

Fig. 2 is a cross section on somewhat en-
larged scale on line 2—2 Fig. 1. In this fig-
ure the steam inlet valve operating tappet
and the auxiliary exhaust valve operating
cam are shown in elevation; and the hand
operated device for adjusting the auxiliary
exhaust valve operating cam is omitted, as
also is the steam piston.

Figs. 8 and 4 are on a larger scale, and
are designed merely to exhibit the structural
details of the means for adjusting the aux-
iliary exhaust valve operating cams.

Fig. 3 is an axial section, partly in eleva-
tion, of the end portion of the governor shaft
4 to which the adjusting means and operat-
ing handle are applied, together with one of
the auxiliary exhaust cams, and the bonnet
for said cam. :

Tig. 4 is a cross section on line 4—4 Fig. 8.

Fig. 5 is a vertical axial section, partly in
elevation, of the governor shaft and anx-
iliary exhaust valve operating cams, illustra-
tive of a modification of the hand operated
means for adjusting said cams.

Fig. 6. is a longitudinal section on line
6—=6 Fig. 5, the spiral slots being diagram-
matically represented as straight.

Fig. 7 is an axial section illustrative of
a further modification.

Fig. 8 is a section on line.8--8 Fig. 7.

In the drawings 1 are the bonnets for the
tappets on the rock shaft 2 for operating the
two steam inlet valves 10 located at opposite
ends of the steam cylinder 6 and controlling
the steam inlet ports 9, said bonnets being on
the outer ends of the housings for the inlet
valve stems; 3 is the eccentric strap and its
connecting rod through which motion is im-
parted from the eccentric on the governor
shaft 4 to the rock shaft 2: 5 is a centrifugal
governor mounted on the shaft 4 and con-
nected in the usual way to the eccentric; &
are the bonnets for the cams A for operating
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the two auxiliary exhaust valves 12, which
are located at opposite ends of the steam
cylinder and control the auxiliary valve
ports 11, said cams being mounted upon and
revolving with a tubular extension 8 of
the governor shaft 4, said shaft in practice
extending back to the engine crank shaft 15
and being driven from the same by gearing
16, 16. as indicated diagrammatically in Fig.
1, and as shown and described in my Letters
Patent No. 1,059,567 hereinbefore referred
to; 18 are the main exhaust ports and pas-
sages located centrally between the ends of
the steam cylinder and controlled by the
reciprocating steam piston 7; 14 are the
ducts leading from the auxiliary exzhaust
ports and passages to the main exhaust pas-
sages 13. '

The governor shaft 4 is in a line parallel
with the horizontal axis of the ecylinder,
and the auxiliary exhaust valves are located
and move in the horizontal plane of that
axis, as indicated in Figs. 1 and 2. The
extended portion S of the governor shaft 4
on which the two auxiliary exhaust valve
operating cams A are mounted passes
through and takes its bearings in the bon-
nets 8, and each cam A is contained in its
own bonnet, as in my aforesaid Letters Pat-
ent. Tach cam A is restrained from move-
ment lengthwise on its shaft by  suitable
means, in this instance by the cheeks of its
bonnet 8 as seen in Fig. 3; but while com-
pelled to rotate with said shaft, it is rota-
tably shiftable thereon to adjust its relation

_to the stroke of the engine, with a view to
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varying the compression as desired. To this
end I form in the hub of the cam a slot @, or
rather two symmetrically arranged and dia-
metrically opposite slots @, which extend
lengthwise of and at an inclination to the
axis of the hub. Similarly, I form in the
shaft 4, which is hollow at least for that
portion S of its length devoted to the cams
A, diametrically opposite straight slots b
extending lengthwise of the shaft and in the
plane of the axis thereof. The inclined slob
@ on the opposite side of the hub from the
inclined slot ¢ shown in full lines is repre-
sented in dotted lines in Fig. 3, it of course
appearing, as thus located, inclined in the
opposite direction from its fellow-inclined
slot. Extending diametrically through the
shaft 4 is a cross pin ¢ ~hich projects at its
ends through the straight sldts b in the

" shaft into the inclined slots @ in the hub

of the cam A. Manifestly, if the pin ¢ by
suitable means is pulled in one direction or
the other in the shaft, the cam A will be cor-
respondingly rotatably shifted thereon in
one Jirection or the other according to the
djrection of movement of the pin, and for &
distance determined by the extent of longi-
tudinal travel of the pin in the slots & in the
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shaft and the degree of inclination of the
slots @ in the cam hub. The two slots @ and
b of each pair arve so arranged and formed
that when the pin brings up against either
end of the one slot, it will have reached the
corresponding end of the other slot also.

In order to thus operate the cross pin ¢
various means may be employed. One con-
venient arrsngement for this purpose is rep-
resented in the drawings. The extreme open
end of the vubular extension S of shaft 4
passes through and beyond the auxiliary

exhaust cam tonnet 8§ farthest removed from -

the steam inlev valve operating eccentric and
valve gear. An operating stem ¢ enters the
extension S from this end of it, and extends
therethrough far enongh-to reach.each one
of the two cams. At each of these points the
stem e is enlarged to form a cylindrical head
6 of such size and proportions as to fit the

ore of the extension S and be slidable there-
in, the latter furnishing an accurate bearing
and guide for the thus-movable stem. In
each one of the heads 7 is secured a cross pin
¢ like that already referred to, which extends
crosswise of and diametrically through the
head f and its ends engage the slots g, b, in
the cam hub and shaft respectively as here-
inbefore described.

To the end of the bonvet 8 through which
the open end of tubular extension S projects,
is.secured a cap g. Within the open end of
the same thus covered by vhe cap ¢ is a cy-
lindrical coupling box 4 which fits and is
free to both rotate and slide lengthwise
therein. The coupling box contains the
abutting cylindrical heads ¢?.and ¢ of the
stem ¢ and-a screw spindle ¢ respectively,
which fit the cylindrical intericr of the coun-
pling box. The screw spindle ¢ passes
through and engages an internally screw
threaded nut % extending through and sup-
ported in a bearing in the outer end of the
cap ¢ in whieh it is capable of rotary move-
ment only as shown. On the screw spindle
¢ is a radially projecting pin 7/ which enters
a guide slot m formed in and lengthwise of
the cap, and -on the nut % is mounted a hand
wheel # for operating the same. When the
nut % is rotated by the hand wheel n, the
screw spindle will be moved lengthwise only
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without rotation, thus, througlh the coupling
¢

box A, imparting corresponding movement

to the operating stem e In this way,
whether the engine be, in motion or ‘at rest,

the auxiliary exhaust valve operating cams
A—Dboth of them—can at any time be read-
ily and surely and simultaneously adjusted
by hand to vary their pesition upon their
shaft 4 as desired. .

In the form of hand operated adjusting
means just deseribed, each cam A has its
own individual connection with the operst-
ing stem ¢, viz: the cross pin ¢, $he pair of
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spiral inclined slots ¢ in the hub of the cam

and the pair of straight slots & in the tubu- .

lar extension S of the governor shaft 4. In
Figs. 5 and 6 is represented a modification
wherein the tubular extension of the gover-
nor shaft 4 on which the cams A are
mounted, designated S’ in said figures, is
made separate from the governor shaft 4 for
a purpose which will be presently described,
although connected therewith in such man-
ner that the two will always revolve in uni-
son, just as the governor shaft 4 and.its
tubular extension S in'the preceding figures.

The two cams A are mounted on and rig-

idly fastened to the governor shaft exten-

sion S, which extends between and takes its
bearings in the bonnets 8 of said cams, in
which bearings said tubular extension S’ is
free to revolve while restrained from longi-
tudinal movement by the bearings 17 for
said tubular extension §” in the bonnet 8 at

“the far end of the steam cylinder, befween

the checks of which bearings fits the cam A
contained in that bonnet. The main gover-
nor siaft 4 enters the bonnet 8 adjoining the
near or stuffing-box end of the steam eylin-
%er but stops short of its tubular extension
and its extension 8’ is made through the
intermediary of a stem ¢’ which extends be-
tween and enters the extension S’ and also
the shaft 4 whose end adjoining the exten-

sion 8’ is made hollow for this purpose.’

The stem ¢’ engages the shaft 4 by means of
a feather key 18 in the tubular end of the
shaft 4 which enters a corresponding longi-
tudinal groove in the stem ¢’, thus foreing
the stem to revolve with the main governor
shaft 4 while permitting its lengthwise
movement independently of said shaft, and
said stem engages the tubular shaft exten-
sion 8’ through the intermediary of a cross
pin ¢ which extends diametrically through
the head 7’ of the stem info and through
spiral slots o’ in the said tubular shaft ex-
tension 8/, thus compelling the latter to re-
volve in unison with the stem ¢’, and conse-
quently with the main governor shaft 4.

"The feather key and groove connection of

the stem ¢’ with the main shaft 4 is to allow
the stem to be capable of a sliding length-
wise movement relatively to said shaft and
its extension 8, and said feather key and

-groogve connection is gypical of any suitable

connection between sald stem and rotary
shaft which will permit independeht length-
wise sliding movement of the stem while
compelling it to vevolve with the shaft: and
the engagement of the ends of the cross pin
¢’ with the pair of spiral slots &’ in the tubu-
lar shaft extension 8’ is for the purpose of
effecting partial rotation of the latter when
the stem is moved lengthwise, in order to
rowatably adjust the cams A as desired, pre-
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Connection between the main shafy £

Fand
&

cisely as in the preceding figures save that

in Fig. 8 the spiral slots are formed in the

. hubs of ‘the cams A which are loose on the
shaft extension 8, while in Fig. 4 the cams
are fast on the shaft extension & and the
spiral slots are formed in said extension.

In order to thus operate the stem ¢, the
ends of the cross pin ¢ in the head / of
said stem project through and beyond the
spiral slots ', and enter and are made fast
to a coupling ring C which clesely encircles
the tubular extension S’ and has a slidable
‘connection therewith both rotatably on and
lengthwise of the same. Blovement of the
coupling ring lengthwise of the tubular ex-
tension 87 will produce corresponding move-
ment of the stem, and thus through the in-
termediary of the cross pin ¢ and the spirai
slots o’ imparting to the said tubular exten-
sion 8 the movement of axial rotation re-
quisite to adjust the cams A thereon to the
desived position. Various meauns for thus
operating the coupling ring € can be em-
ployed. In this instance I provide an ad-
justing sleeve D which encircles while not
contacting with the extension 8 and is ex-
ternally screw threaded as shown to engage
the corresponding internally screw threaded
housing B attached to the adjoining bonnet
8—the part E furnishing a support and
bearing for the adjusting slceve D in which

" said sleeve can be screwed back and forth.
The outer end of the coupling sleeve is pro-
vided with a hand wheel for thus operating
it; and at the point where the coupling
sleeve passes around the coupling ring C it
is provided with parallel annular shoulders
21 between which said coupling ring is re-
ceived and by which it is compelled to fol-
jow the lengthwise movement of the screw
threaded adjusting sleeve, as will be under-
stood without further explanation. The
gencral mode of operation of the twe forms
of hand operated adjusting device shown in
Figs. 3, 4, and 5, 6, respectively, is the same.
T prefer ¢ the whole for practical purposes
the modified form last referred to.

The spiral slots are typical of spiral chan-
nels which may extend entirely through the
shell of the tubular part in which they are
formed, or only part way through said shell
from the inside thereof; and there may be
more than two of said spiral channels, so
numerous indeed as to form in effect an in-
ternally screw threaded tubular section of
low pitch, engaged by corresponding periph-
eral pins or other suitable projections on the
operating stem.  Buch a modification is rep-

resented in Figs. 7 and 8, where the channels’

are formed as interior spiral grooves & of
low pitch in an iAternally thickened portion
s of the tubular extension 8’. The head 7
of the stem ¢” which carries the cross pin ¢
whose ends enter and engage the spiral
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groove @* is of a size to fit and take a sliding
bearing in the internally thickened portion
The stem should have the same feather
key and groove connection with the governor
shaft 4 as in Fig. 5. Inasmuch, however,
as the ends of the cross ping ¢’ do not pro-
ject to the outside, the hand operated means
of Fig. 5 for moving the stem ¢’ in and
lengthwise of the tubular extension S can-
not be employed; and in lieu thereof the
stem should extend through the tubular ex-
tension S’ to the bonnet 8§ (Fig. 5) through
which the open end of ,
Jects, and should there he coupled to a hand
operated device such as represented in Fig.
3, as will be uuderstood without further
planation.

The two cams A being at opposite ends of
the steam cylinder, and designed to operate

8x-

on correspondingly located valves, arve of

course set on the shaft 4 in a position dia-
metrically opposite to one another so that
each will operate its own auxiliary-exhanst-
valve at the proper time, as will be under-
stood without further explanation. It will
also be understood that these auxiliary-ex-
haust-valve operating cams are not con-
trolled in any manner by the action of the
governor mechanism 5, but that they re-
velve always in their proper relation to the
revolution of the crank shaft of the engine
from which the shaft 4 takes.its motion.
said shaft making one revolution for each
revolution of the engine erank shaft, or in
other words, for cach complete reciprocation
of the steam piston.

Assume that the piston, as is the practice
in uniflow engines, uncovers the central main
exhaust ports in the cylinder near the end
of ils expansion stroke, say 109% Dhefore it
reaches dead center; and assume that it be
desired to obtain a range of compression
variable between 709 and 159% approxi-
mately-~709% for condensing work, 15% for
non-condensing work—and that the spital
channels are of such length and piteh that
when the cross pin ¢ is ab one eng of the
channels the cams will he so shiffed as to
open their valves say 8% hefore dead ceuter,
or after the piston on iis expansion stroke
has uncovered the central exhaust ports, and
when the pin is at the opposite end of the
channels the cams will be shifted around in
the opposite direction o a position in which
each will opén its valve 8% after dead center
or before the central exhaust ports are closed
by the piston on its return stroko, .

In_these circumstances and under these
conditions, let the cams for condensing work
be rotatably shifted by the hand operated
means to a position where cach wiil operate
to open the auxiliary valve controlled by it
about 8% before dead center, or after the
pisten on its expansion stroke hag uncoverad

said extension pro- -

“upon the form and dimensions of

1,289,828

the central exhaust porés, and let the cams
be of such shape and dimensions that when
thus positioned they will close their valves
30% after dead center. Under these con-
ditions the engine will operate with 709,
compression; a. compression which on the
whole is considered the most desirable in
unifiow engines operating condensing.
Taking the other extreme, and operating
non-condensing or with back pressure, the
cams A should be shifted around so that the
auxiliary-exhaust-valves will open at about
8% after dead center or at a time before the
central exhaust ports are covered by the pis-
ton on its return stroke:;
tions (the shape and dimensions of the cqras
of course remaining unchanged; the thua-

opened auxiliary-gxhaust-valve will close at
abeut 15% before the .piston reaches the

other dead center.

The figures given are merely arbitrary

.and by way of illustration, and can be

varied by changing the shape and dimen-
sions of the cam. But I believe the values
mentioned to be the most desirable for prac-
tical werk.

Under this arrangement i wilt be notad
that in all cases, and whether working cont
densing or non-condensing, the auxiliary
exhaust valve is opened for the same fixed

Yeriod of time, and in thus opening always

has the same lift—the 1ift of the valve and
the period of time during which it remains
open being fixed and invariable, depending
its operat-
ing cam. The opening movement of the
auxiliary exhaust valve always takes place
while the main exhaust is open, and it re-
mains open until after the main exhaust has

under these condi-
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slosed; and the period of the effective open- .

ing of said auxiliary exhaust valve—that is
to say, the period, or length of time, it will
remaim open after the main exhavst closes—
will vary with the
auxiliary oxhau

valve relatively to the
closing of

: ‘ exhaust, increasing with
the approach of the time of opening of the
auxilingy sxhaust valve to thot of the clos-
ing of the main exhaust, and vice versa,
this variation being dependent upon and
governed by the rotary adjustment of the
eperating cam wpon its driving shafs,
The result of this arrangement ig that
beginning of the effective open perviod
the anxiliary exhaust valve ig always coin-

the
C

and therefore always fakes place a¢ substen-
tally the same noint in the veturn séroke
of the steam pistongwhils the length of 4]
period of said effective opening will vary
with the rotary shifting of the operating
c]a:ma tupoz;, or with reference to, ifs driving
shart. i ) o

In this way, by the use of operating cams

cldent with the closing of the main exhaush, -

time of opening of the -
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rotating in unison with the engine crank
shaft, and acting directly upon the auxiliary
exhaust valves, I obtain the same advanta-
geous resuit in the way of capacity to vary
readily and at will the compression accord-
ing to the cut-off of the engine in order to
get the most economical operation and se-
cure the best results, that I do by the use
of an adjustable driving eccentric acting
upon the auxiliary exhaust valves through
the intermediary of suifable valve gear, as
deseribed and claimed in my application
Serial No. 114,438 filed August 11, 1916, on
which Letters Patent No. 1,232,093 were
issued to me on July 3, 1917, with the added
advanitage of the wide range of rotary ad-
justment of the cams, which permits them
tc be readily set for either condensing or
non-condensing work as desived, with the
same capacity tor variable adjustment with-
in predetermined limits in each case.

Thus it will be seen that under my inven-
tion the compression can be varied between
any predetermined limits—say from 70%
as the one extrems to 15% as the other ex-
treme—and v Surally can be given any in-
termediate value desired between those two
éxtremes; and that this result is simply and
effectively obtained by the combination here-
inbefore set forth of the rotating shaft
and auxiliary-exhaust-valve operating cams
driven from and revolving in unison with
said shafi but rotatably shiftable relatively
thereto, and hand operated mechanical

rueans Tor thus shifting said cams within the

predetermined Hmits of said shifting move-
ment and holding them in their thus-ad-
justed position, whether the engine be in
motion or at rest—and this T believe to be
new with me beyond the particular strue-

tural embodiment of the same herein shown:

and described.

I therefore do not restrict myself nar-
rowly to the structural details hereinbefore
shown and described in illustration of the
invention subject of my claim; but what I
claim as new and desire to secure by Let-
ters Patent, is as follows:

1. In a uniflow engine of the character
described, the combination with the engine
crank shaft, the steam cylinder and piston,
and the steam admission, cut-off, and main
exhaust instrumentalities, of auxiliary ex-
haust ports and controlling valves therefor;
s rotary shafi independent of the steam ad-
mission and cut-off instrumentalities and
driven from and revolving in unison with
the engine crank shaft; auxiliary-exhaust-
valve operating cams driven from and re-

volving in umison with said rotary shaft,

acting to open the auxiliary-exhanst-valves
always before the main exhaust closes, and
to hold them open always for the same ab-
solute period of time, said cams being ro-

%

tatably shiftable with reference to their
driving shaft to vary the time of opening
of the auxiliary-exhaust-valves relatively to
that of closing of the main exhaust, where-
by while the beginning of the effective open
period of the auxiliary exhaust is always
coincident with the ‘closing of the main ex-
haust and therefore takes place always at
substantially the same point in the return
stroke of the steam piston, the length of
said effective open period will vary with
and depend upon the rotary adjustment of
said operating cams with reference to their
driving shaft; and means for thus-adjust-
ing said cams.

2. In a uniflow engine of the character

described, the combination with the engine
crank shaft, the steam cylinder and piston,
and the steam-admission, cut-off and main
exhaust instrumentalities, of auxiliary ex-
haust ports and controlling valves therefor;
a rotary shaft, independent of the steam
admission and cut-off instromentalities gnd
driven from and revolving in unison with
the engine crank shaft; auxiliary-exhaust-
valve operating cams, driven from and re-
volving in unison with said rotary shaft,

acting to open,the auxiliary-exhaust-valves

always before the main exhaust closes and
to hold them open always for the same ab-
solute period of time, said cams being ro-
tatably shiftable with reference to their
driving shaft within predetermined limits
for condensing work on the one hand and
non-condensing work on the other hand to
vary the time of opening of the auxiliary
exhaust valves relatively to that of the clos-
ing of the main exhaust; and hand operated
mechanical means for thus-shifting said
cams, whether the engine be in motion or
at rest, to any desired point within the pre-
determined limits of said rotary shifting
movement, and holding them in their thus-
adjusted position, substantially as and for
the purposes hereinbefore set forth.

3. In a uniflow engine of the character
described, the combination with the auxil-
iary exhaust valves, of a rotary side shaft
driven from and in unison with the engine

_crank shaft; a tubular extension of said ro-

tary shaft, separate from but arranged on
the axial prolowgation of said shaft,
mounted in bearings in which it is capable
of rotary movement only, and formed with
sym.aetrically arranged spiral - channels;
operating cams, one for each auxiliary ex-
haust valve, mounted on and fast to said

- tubular extension; an operating stem housed

in and extending between and into the op-
posed tubular ends of said rotary shaft and
tubular extension; a feather key and groove
connection between the operating stem: and
the rotary shaft to permit lengthwise move-
ment of the stem relatively to the shaft,

65

70

75

80

85

90

96

100

195

119

116

120

i2s




& . 1,280,828

while compellinn the two to revelie in uni-
son; pxoucuons on the stem engaging the
spnal channels in the tubnlar e\tenslon, and
hand operated mechanical means for mov-
5 ing thc stem lengthwise of the rotary shaft
and its tubular thumon as desired, Whether
the enome be in motion or at rest, and hold—

ing it in its thus-adjusted position, sub-
stfmtlally as ¢nd for the purposes herein-
before set fori:.. 10
In testimor whereof I affix my signa-
ture. ‘

SIEGFRIED ROSENZWEIG.



