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1o all whom it may concermn:

Be 1t known that I, JoON GRIME, a citizen
of the United States, and a resident of the city
of Minneapolis, county of Hennepin, State of
Minnesota,have invented certain new and use-
ful Improvements in Valve-Gear for Engines,
of which the following is a specification, ref-
erence being had to the accompanying draw-
ings.

My 1nvention relates to that class of valve-
gear in which the valves are actuated from a
single eccentric,and is in the nature of a radi-
cal improvement on the mechanism illustrated

1n Letters Patent No. 252,683, to Louis C..

Lugmayr, of date Jannary 24, 1882, and the
Letters Patent granted to me under dates of
February 9 and November 2, 1856, numbered
339,078 and 351,912, respectively.

The general object of my invention is to ob-
taln the nearest possible approximation to an
absolutely perfect valve movement; or, in
other words, I seek to obtain a valve motion
which will correspond absolutely to the mo-
tion of the piston or be the nearest practicable
approximation to that perfect correspondence
which 18 theoretically required between the
two. More specifically, 1 aim to obtain the
following results, viz: first, a variable cut off
which will take effect at equidistant points
from the opposite end of the eylinder on the
in and out strokes throughout a long range of
variation and for both forward and back move-
mentsofthe engine; second,comparatively uni-
form exhaust and uniform compression; third,
a quick full-port opening and quick cut-off,
avolding wire-drawing of the steam; fourth, the
admission of equal volumes of steam hehind
the piston on the in and out stroke, even in
the cases where the cut-off is not uniform, in
virtue of the compensation afforded by the in-
versely-related time or full-port opening, or,
in other words, the port cut-off at the shortest
distance is first wide open; fifth, a compara-
tively late exhaust for any given cut-off, there-
by using steam very expansively. These re-

sults I seek to accomplish by the simplest pos- |
sible construction.

To these ends my invention consists of the
mechanism hereinafter fully described, and
particularly pointed out in the claims.

Though of general application to various

(No model.)

—_— = TE e

| kinds of engines, my invention is especially

well adapted for use on locomotives, and I
have in the drawings shown it so applied.

Like references referring to like parts
throughout, Figure [ is a side elevation of a
part of alocomotive embodying myinvention.
Fig. Il is a rear view of the same, partly in
elevation and partly in section, and some of
the parts being broken away. Tigs. 1I[, TV,
and V are details of the pivoted guide and its
slide detached. Tig. VI is a view in side ele-
vation of the standard forsupporting the piv-
oted guide from the driver-axle, detached,
Figs. VII and VIIIare details showing points
of attachnients of radius-bar and eccentric-rod,
and Ifigs. IX and X are diagrams illustrative
of the action of the mechanism.

1 18 the main driving-axle, 2 one of the
main driving-wheels, 3 one of the forward
truck - wheels, 4 part of the forward truck-
frame, 5 one of the cylinders, 6 the steam-
chest, 7its valve, S a part of the boiler, 9 a
part of the main supporting frame, 10 the
crank-pin, 11 the connecting-rod,12 the cross-
head guides, and 26 the piston-rod,of an ordi-
nary locomotive.

15 1s an eccentric on the axle 1,lying directly
together with the crank.

14 1s the eccentric strap, and is provided
with an extended arm, 15, having in its outer
end a bearing for a pivot-pin.

16 1s a standard mounted looscly on the axle
adjacent to the eccentrie, and provided at its
outer end with a bearing for a rock-shaft.

17 18 a rock-shalt supported at its opposite
cendsinthestandards16,and extending through
the same outward toward the arms of the ec-
centric-straps. |

13 18 a crank-lever rigidly secured to the
shalt 17, and is provided with suitable con-
nections (not shown) extending to the engi-
neecr’s cab.

19 is a slide-block guide rigidly secured to
the outer end of the rock-shaft at a point in
the guide-offset toward the cylinder from its
longitudinal axis. This point is hereinafter
designated K’, and constitutes the point of
suspension in this valve-gear. The fact that
this point of suspension is offset from the lon-
gitudinal axis is of great importance, as will
be hereinafter made clear.
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20 is a slide-block working in the guide 19, |

“and provided at its center with an outwardly-

5

I0

projecting pivot-pin, 21, which rests in the
bearing on the outer end of the eccentric-arm
15, and pivotally connects said slide-block and
the eccentric strap. This point in the dia-
gram is designated e. .

22 1is the valve-stem of the ordinary slide-
valve, 7. -

In a suitable bearing, 23, on the main frame
is journaled a rock-shaft, 24, provided with

~ the rocker arms m' and #/, rigidly attached

15

thereto. 'Fo the rocker-arm %' is attached the
valve-rod ) in such manner that they are at
rieht angles or about at right angles to each

- other when the valve 18 in its mid-position.

20

25

From some point on the arm 15 of the eccen-

trie-strap, either below or beyond the pivot-
pin 21, to the other rocker-arm, m/, extends
the eccentric-rod R, said rocker-arm and ec-

cenbric-rod being always so attached to each
other that they form with each other an ob-
lique angle in mid-position of the valve. This
feature has important functions, as hereinafter

stated.

A radius-bar, 25, of exactly the s:ime length
as the eccentric-rod, is pivotally attached to-

the standard 16 and the main frame at points

- corresponding to the points of attachment of .

. 3(}

the eccentric-rod to the eccentric-arm and the
rocker-arm, respectively.
respective pivot-pins attaching the eccentric-
rod to the arm 15 and the radins-bar to the

- standard 16 are in thesame axial line, and the

35

respective pivot-pins attaching theradius-bar

~ to the main frame and the eccentric-rod R to

40
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the rocker-arm m’ are in the same axial line
when the valve or said rocker-arm 1S In iIits

mid-position. The object of this feature is to

avoid distortions in the valve movement which -

would otherwise be produced by the move-

“ments of the main frame with reference to the

driving-axle. As the point of suspension on
the standard 16 is mounted on the axle and
the support 23 for the rocker-arm shaft 24 1s

“mounted on the main frame 9, the latter will
rise and fall independently of the former, and

would vary the relative position of the two
were it not for the radius-bar 25. In virtue of
this radius-bar and its points of attachment
the centers of the eccentrie-rod and the radius-

‘bar are made to move in equal arcs, so far as
the rising and falling of the frame with refer-

ence to the axle 18 concerned, and the point of
suspension and the point of attachment of the

eccentric-rod to the rocker-arm are kept in a

constant relative position, regardless of the
unevenness of the track and the rising and
falling of the frame. '

Operation: Having now described my con-

struction as applied to alocomotive, 1 will en-
deavorto make clearthe functionsof my mech-

~anism as applied to engines generally, refer-

05

ence being had to the diagrams.
may be stated that the function of connecting

the rocker-arm ' and the eccentric-rod R so |

In other words, the

In brief, it

389,382

that the.y form with each other &1%’@5’8 an ob-
lique angle (acute in construetion shown) i1sto
overcome the obliquity of the connecting-rod

and effect a rate of valve movement in oppo- 70

site directionin unison with the rate of piston
movements in the opposite parts of its stroke,
and the function of the offset point of suspen-

sion, or pivoting the guide 19 at the point K,

is to correct an error ordistortion which would
otherwise be introduced at the extremes of the
valve movements in opposite directions from
mid-position; and the beauty of the construc-
tion is that the gquantity of this.correction va-

(otherwise) by varying the length of the throw
of the valve. In other words, the offset point
of suspension is a constant corrective for a va-
riable cut-off. That these are the functions of
these features of construction may perhaps be
rendered more explicit by the following con-

siderations: It is a well-known fact that the

motion of a piston does not correspond to the
motion of thecrank. The piston moves more

rapidly in the half of the ecylinder .farbhestlgo.'

from the crank-shaft on both the in and out
strokes. That is owing to the obliquity of the
connecting-rod. The motion of the crank be-
ing uniform,the erank-pin moves throughlike

75

‘ries in conformity to the error introduced 8o

85“_'

arcs in like times; but a greater arc must he c5

described to move the piston through the half = R

of the cylinder nearest to the crank-shatt on -

both the in and out stroke. In other words,

the half-strokes farthest from the crank-shaft

are made in theleast time. The general prin-
ciple involved is this, viz: In the movement
of a point on the arc of a circle the horizontal

movement, exeept at the limit and when ex-

actly at right angles to the radius drawn from
the point, does not correspond in length to the
angular movement, but the two have an 1n-

1CO

105

verse relation dependent on the part of the

circle and the direction of the movement. In

other words, in all parts of the circle, with the

exceptions stated, a constant angular travel
will produce a variable horizontal travel, and,

conversely, a constant horizontal movement

will produce a variable angular movement.

In this valve-gear the above principle isem-

ployed to overcome the obliquity of the con-
necting-rod. : -

The rocker-arms #' and m' are rigidly at-

tached to the rock shaft 24; hence whatever
angular movement is given to the rocker-arm
m’ will also be given to the rocker-arm#/, and

as the valve-rod Q is attached to the rockern’

exactly at right angles, when the valve is in

mid-position, the length of valve movement

will correspond very nearly to the angular
movement of the rocker n’. Now, in virtue

of the principle hereinbeforestated, the rocker '
m’ may be given such a position with refer-

ence to the eccentric-rod R that equidistant

throws of the rocker »' in the opposite direc-
tions from its mid-position will be made in un-
As shown, the two form with

equal times.

each other an acute angle when at mid-posi-
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tion, and as the rockerm’ is moved up the are
m the acuteness of this angle is inereased and
the amount of angular movement for any given
horizontal movement is correspondingly in-
creased, and on the movement of m’” down the
arc m the reverseistrue. In other words, the
valve 1s made to move more rapidly toward S
than toward T; but when the valve is moving
toward 5 the piston is moving in the part of
1ts stroke which is most rapid, and when the
valve is moving toward T the piston is mov-
ing in the part of the cylinder nearest the
crank-shaft, or in that part of its stroke where
1t moves most slowly. Relatively, therefore,
the fast motions and slow motions of the pis-
ton and valvetake placeat corresponding parts
of their {ravel. Now, the ratio of the mean
velocities of the piston in the two parts of its
stroke may be mathematically determined, in-
asmuch as they are to each other inversely as
the arcs passed through by the erank, which
are known (uantities; hence the mean ra-
tio of the valve from mid-position to its liynit
of travel in opposite directions may be given
the same ratio as the mean velocities of the
piston by simply varying the angle of the
rocker m’ to the eccentric-rod R; hence the
valve not only moves fast when the piston
moves fast, and conversely,butthe two move at
substantially the same rate; or, in other words,
the two are in unison; but this is only true ot
the mean rates of motion, and the two would
correspouc only at certain parts of their re-
spective paths. The valve would be thrown a
hittle too far in one direction and not quite far
enough in the other, and the actions—cut-off,
exhaust, and compression—would take placea
little too soon in one direction and a little too
late 1n the other. For very short valve no-
tions this error might not be material; but it
18 magnified as the travel of the valve is in-
creased, for the length of valve travel is in-
creased by increasing the horizontal move-
ment of the eccenctric rod, as hereinafter ex-
plained, while the angle of the rocker m’ to
the eccentric-rod at mid-position remains sub-
stantially constant; hence, as the angular
movement corresponding to a given horizon-
tal movement of the rod is greater the farther
the point moves up the are, the rocker would
be moved too far toward m” and not far enough
toward m™. Now, the offset point of suspen-
ston corrects this error by subtracting from
the valve motion at one end and adding to it
at the other.

It should be noted that in the construection
as shown in the drawings the eccentrie, the
crank, and the axis of the crank-shaft lie in
the sanie line on the same side of the shaft;
hence the eccentric and erank may be treated
as moving in the same cirele if we conceive

the crank to be shortened to the throw of the-

eccentrie.

It must be further noted that, inasmuch as
the eccentric-strap 13 rotates about the axis of
the crank-shaft and the outer end of its ex-

tendedarm 15 is constrained to follow a straight
line—i. e., the guide 19—any point, as d, on
sald arm will have a motion derived from said
two motions. The eccentric rod R is attached
at such a point and takes such a motion, and
1ts path, (. e., of point d,) when the guide is
in position shown in Fig. IX, is the ellipse D.
This would be back gear for a locomotive. In
IFig. X the ellipses IY and D" in oppositely-
inclined planes would represent the path of
the point d in forward and backward gear, re-
spectively, for alocomotive. The full lines in
both figures represent the respeetive positions
taken by the axis of the gunide—the point d and
the point c—and the dotted lines show the cor-
responding positions which these same parts
would occupy if the guide were pivoted at K-—
some point in its longitudinal axis.

On inspecetion it is evident that, whether the
point of suspension be at K or K/, the distance
which the point d will be thrown to the oppo-
site sides of the vertical, Y Y, through the axis
of the crank depends on the angle of the axis
of the gnide tothe line Y Y'. Inother words,
this angle determines the horizontal motion
given the cecentric-rod, and it is by varying
the angle and horizontal motion that the valve
travelis varied. DButitisequally evident that
In all positions of the guide except the verti-
cal position the point d is thrown farther to
the left, or away from the cylinder, when the
gulde is pivoted at K. The etfect is to restrain
the rocker m’' from moving as far up the are m
as 1t otherwise would,and to make it move far-
ther in the direction m'”, subtracting from the
valve travel toward S and adding to its travel
toward T. Now,it ecan be readily shown that
the distance which d is thrown farther to the
leit or away from the eylinder in virtue of this
offset point of suspension variesin proportion
to the angle of the axis of the guide to the ver-
tical, Y Y'. Thisisevident from the fact that
when the axis is vertical the point ¢, and hence
also the point d, is in exactly the same posi-
tion as if the guide were pivoted on K; but as
the guide 1s swung from the vertieal the posi-
tion which ¢ does occupy is separated from the
position it wounld occupy if the guide pivoted
on K by an inereasing distance measuared on
a horizontal line. When the gnide is hori-
zontal, for example, the two would be sepa-
rated by an infinite distance. The possible
variation in separation is therefore from zero
to infinity. This istrue for backward and for-
ward gear, and 1s well shown in Fig. X, wherein
the angles between the axes of the guides and
the distance between K and X’ are greatly
magnified. In that figure V V' represent the
position of the guide for forward (locomotive)
motion and W W’ for backward, while the
dotted lines v v and w ' represent correspond-
ing positions which the guide would ocenpy
1f pivoted at K. When the eccentric is at a,

the upper end of the arm 15is at ¢ for forward
motion and at ¢ for backward motion, and
- when the eecenfrie is at « the upper end of
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the arm 15 is at ¢’ for forward and at ¢’ for |
‘backward motion, while if the guide had been

pivoted at K the corresponding positions of
the outer end of the arm 15 when the eccen-
tric was at @« would have been f’ for forward
and 1 for backward motion, and when the ec-

centric was at « the outer end of the arm-

would have been at f” for forward and f™ for
backward gear; but ¢ and ¢’ are much farther
to the left than /" and f/. Asdisa polnton

the arm 15, it is also moved farther to the left.

In other words, as the error introduced by in-
creasing the horizontal movement of the eccen:

“trie-rod to secure greater valve travel is in-

L5

creased the correction is increased 1n like

proportion. The correction variesas the error

20

- Pivoting the

varies.

necting the rocker-arm m’ and eccentrie rod

at an -oblique angle to each other, and connect-

ing the rod to the rocker ata point below the
point of attachment of the rod to the eccentric-
arm d, taken all together, have an additional

function of advantage in preserving uniformity

30

35

in a reversing engine. This combined function

comes into play in shifting from forward to
backward. As the tracing of this fanction is
very difficult, requiring an abstruse mathe-

“matical discussion, it is not deemed essential

in this specification. -
There is a limit to the distance between K
and K’ and better and worse positions for this
offset point of suspension to occupy. Its
proper position for any given dimensions of
all the co-operativepartsof thevalve-gear may
be determined mathematically within a suffi-
ciently near approximation for practical pur-

~ poses.

40

The proper proportions and positionsof the
respective paits having been once determined,

~ the importance of maintaining them in these
~ relations is self evident in view of the forego-

- Ing

discussion. The radius-bar 25 aeccom-

plishes this function, as hereinbefore stated..
When all the parts are properly propor-

tioned, this valve-gear gives a valve motion

~ which is almost perfect, the actions—cut-off,

50

S5

6o

exhaust, and compression—being very nearly
uniform. | | -
. Modifications can be made in this construe-
tion without departing from the spirit of my
invention. | | |
What I claim, and desire to secure by Letters
Patent of the United States, is as follows: |
1. Tnavalve gear, the combination, with an
eccentrie, of an eccentrie-strap provided with
an extended arm, a guide for the outer end of
caid arm, constraining it to move in a definite
path, a rocker provided with a pair of rigid

arms, a valve-rod connected to one of said :

arms at or about right angles when the valve

“is in mid-position, and an eccentric-rod hav- |

point of suspension at K, con-

ing one end attached to the extended arm of
said eccentric-strap and the other end attached
to the other rocker-arm at an oblique angle

when the valve is in mid- position, substan-
‘tially as and for the purpose set forth. __
2. Ina valve gear, the combination, with an

eccentric-strap having an extended arm, of a
guide for the outer end of said arm, pivoted at
a point offset from its longitudinal axis, and
an eccentric-rodfordriving the valve, attached
to said arm, substantially as and for the pur-
pose set forth. | | ' |

3. In a valve-gear, in combination, an ec-

70
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centric-strap having an extended arm, a guide

for the outer end of said arm, pivoted at a point
offset from its longitudinal axis, a rock-shaft
provided with a pair of rocker-arms, a valve-

rod attached at or about right angles to one of 8o
said rocker-arms when the valve is at mid-po

sition, and an eccentric-rod having one end
attached to the other rocker-arm at an oblique

angle when the valve is in mid-position and

its other end attached to the extended arm of

the eccentric-strap, substantially as and for

the purpose set forth. . |
4. In a locomotive, an automatically-adjust-

- able support for the point of suspension of a

valve-gear, consisting of a standard boxed on
the main driving-axle, in combination with a
radins-bar attached at one end to said stand-
ard and at the other to.a part of the main
frame, as and for the purpose set forth.

5. In a valve-gear for locomotives, in com-
binabtion with an eccentric on the main driv-
ing-axle and an eccentrie-strap provided with

an extended arm, a standard boxed on said

axle, a guide for the outer end of said arm, piv-
oted to said standard, a rocker mounted onthe
main frame for communicating motion to the

valve, an eccentric-rod from said arm to said

rocker, and a radius-bar of same length as the
eccentric-rod, attached to the standard and to
a part of the main frame at poiuts correspond-
ing to the points of attachment of said eccen-
tric-rod, substantially as and for the purpose
set forth. | |

6. In combination with the driving-axle 1,
the eccentric 13, the strap 14, having the arm

15, the standard 16, the rock -shaft 17, the

ouide 19, rigidly secured to said rock-shaft at
a point offset from the longitudinal axis of
the guide, the slide block 20, to which the arm
15 is attached by pivot 21, the rocker-shaft 24,
having rocker-arms m' and », the valve-rod
Q, attached to n’ at or about right angles, and
the eccentric-rod R, attached to m’ at an ob-
lique angle, and having its other end attached
to the arm 15, all substantially as deseribed.
JOHN GRIME.
In presence of— | . |
E. BERGSTRESSER,
S. LESLIE LECROW.
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