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This invention relates to valve setting calcu-
lators, and particularly to calculating devices for
aid in synchronizing or equalizing the slide valve
mechanism of steam engines, and is utilized to

% great advantage in servicing the valves and valve
gear of steam locomotives. :
It has heretofore been necessary at intervals,
usually incident - to the routine servicing
. of steam locomotives, to check, and usually to
id readjust the position of each of the steam valves

as to its timed or operative relation to the piston

of the corresponding cylinder. TUsually the ad-

justments include, to insure optimum valve posi-
.. tioning, two more or less separate, and yet related
42 changes in the valve operating mechanism. The
first of these consists in effecting any necessary
change in the spacing, say of a piston type valve,
and the valve crosshead by which it is operated;
otherwise expressed in the manner usually em-
ployed, this change involves a variation in ab-
solute length of the valve stem or valve-operating
rod by or through which the valve is connected
to its crosshead. The second adjustment is cared
for in usual practice with steam locomotives, by
changing, if and as necessary, the length of the
eccentric rod which serves as one of the connect-
ing elements between the reverse and cutoff link,
and the valve actuating crank or eccentric. The
procedure heretofore resorted to is well known
to the skilled railroad mechanic and need not be
herein described in detail. It is sufficient for the
present to note that because of the plurality of
careful measurements involved, and ensuing
arithmetical calculations, the process is usually
time-consuming and fraught with possibility of
error.

The present invention has as its principal
object, an improved device by which certain
values, easily arrived at by measurement, may
be set up on the device which is in the nature of
a calculator of slide rule type, and which is fur-
ther so designed as to enable deriving by direct
reading, any change necessary to be made in the
length of valve stem, and also so designed that
the device provides, when fully set up, a value
which, through an easy conversion factor, will
give with certainty any necessary change in
length of the eccentric rod. From this fact and
the following more detailed description it will
appear that the valve setting device of the present
invention obviates all of the protracted arithme-
tical processes heretofore required incident to the
synchronization of steam locomotive valves, for
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exarple, with the sole exception of a single simple
multiplying operation hereinafter explained.

Yet another object of the invention is attained
in a simple, compact, easily readable, low-cost
calculating device for the purpose noted.

Yet another object of the invention is attained
in a valve-setting calculator particularly adapted
for the purpose noted, and which is so designed,
and provided with indicia such that the device in
use bears a definite, physical fore-and-aft rela-
tion to the locomotive or other steam engine of
slide valve type, such as positively to indicate to
the user whether the reading indicating a change
in the valve mechanism is either an increment or
decrement, and further such that there is ob-
viated "any confusion between the results ob-
tained with respect to the two valve gears on
opposite sides of the locomotives.

The foregoing and numerous other objects and
advantages will hereinafter appear from the fol-
lowing description of a presently preferred em-
bodiment of the invention, considered in connec-
tion with the accompanying drawing, in which:

Fig. 1 is a plan or top elevation of a calculating
device for the setting of stem engine valves, and
constructed in accordance with the present in-
vention; Fig. 2 is a transverse section through
the device of Fig. 1, as viewed zlong line 2—2
thereof; Fig. 3 is a schematic or diagrammatic
view of a simplified form of valve linkage to illus-
trate the manner of usage of the device of the
present invention, and Fig. 4 is an enlarged
fragmentary side elevation of a valve stem to
which port and travel marks have been applied,
incident to the usage of the calculator to be de-
scribed.

Referring now by characters of reference to the
drawing, and first to the structure of a calculating
device through which the desired results are ac-
complished, it is preferred to utilize a base or
frame of formed sheet metal, indicated generally
at 10, as a guiding holder for the several slide
elements. The channeled base 10 is formed, as
best appears in the section of Fig. 2, with a planar
bottom portion and upstanding margins [, the
latter being turned inwardly to form guiding
flanges or lips 12, the portions Il and 12 being
similar on the top and bottom margins of the
base except of course that the portions (2 are
cppositely inturned. Disposed along the central
median portion of the base structure is a second
fixed channel element indicated generally at
13, and having a planar bottom 14 secured as by
welding or riveting to the base of the structure 19. 55
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member {4 is of channel shape, and so de-
d as to present laterally undercut guide
i5 on its opposite sides, for a purpose
p aring. It results from the
e upper part of element {4
ng seat of channel form, char-
anding marging 1§ and inturned
latter serve guidingly to
lement 28.

23 the portions {8, 14 and
Nens of structure are, for econ-
n, preferably formed of sheet
i s sheet steel or other corro-
. It is however to be
invention is not restricted
)

= 1ze of any particular metal
en to the use of the die-formed sheet metal
shown and for convenience hereinafter
iy ! to in description. Qbviously some or all

20 uf these elements may be formed of suitable
grades of weod, compesition, plastics, or the like.
Lgs will best aprear from Fig. 2, the intermedi-
guide structure {4 serves with the upstanding
portions 4§ and fAanges {2, to form guide groovas
=Y which for convenience, may be dascribed as lying

1

z2hkove and helow the central glide 22, One such
i cwn at 2¢ as consisting of fecp and
nar perticns fermed by folding a suit-

of rms on itself, This arrange-

[¥e] porticns, provides flanged

ext ns ng 22 ong the upper and lower
rgt fth £, th= former portion being

art H and {Z at the top
vart i% of the intermedi-
DDOS 1‘f° nargin of the slide
~ced parallel portions of this

u1dmgly to receive there-
nion or coacting slide element

ament cf siides below the central
he guide structure 12, {4, 16 for the
tanticlly the same along the lower
he caleul ﬁto

seri ed in the upper portic
45 spaced parallel & nd botu m

as that heretofore de-
A slide 25 includes
clements sn‘_-lar

and 28 correscond respectively
at 22 23 con slide 2f, so
27 and 28 operate in
1t ted by purts f{ and
v ¢hannel §3.
bEUW\,EH tha spaceo parallel top and
rtions cf slide 28, is a companicn or
1g siide element 38, it being understcod
he slide %% cooperates with the slide 25,
ugh heing movahbie *ndenondent‘v thereof,
> same manner that shde 28 is carried by and
rates with the slide 2 It is understood of
12t the ends of he chapnels in the hase
and in the member {3, {4, are open,
£0 as to permit the extension of any of Lhe varicus
ments endwise beyond the base or frame
structure proper.
As essewtial to the particular purpcse and
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65 11zace o tle celeulator selected for present illus-
vation of the invention, reference is now made
o the several indicia providsd on the bhase and

es as well as the indicator elements cooperat-
tle:emt“ It may first be noted (Fig. 1) that
opermost flange {2 of the base is provided
left kand end (Fig. 1) with the legend
iront of engine—left side,” and near its right

hand end (Fig. 1) with a corresponding legend

“front of engine—rvight side.” These indicia are
75 emyployed to enable placement of the calculator in
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the indicated relation to a steam engine or loco-
motive with which it is employed for the purposes
of synchronizing the valves, in a manner more
ciearly hereinafter appearing.

T4 is Turther to be noted that the flanges 12,
both at the top and bettom marginal portions of
the calcuiator, are esach provided subsfantially
centrally of the base, with a score mark or base
mark identified with the legend “port,” these
being port reference marks utilized in setting up
certain readings on the device as will clearly

appear from an exemplary or illustrative usage
tnereof hereinafier included. More accurately
expressed, these reference marks indicate a mid-
point of valve travel beiween beginning-port-
cpening positicns.

Referring now to the scheme of graduation of
the several slides, it will appear from Fig. 1 that
the graduations on each of the five slides 24, 25,
%8, 25 and 38, are arithmetic in nature, in dis-
tinction from the logarithmic graduations often
smyployed on slide riles of other types utilized
for general calculation. It is further noted from
Fig, 1 % the snauing cf the unit markings of
the slid , 25, 28 and 3% are uniform on each
‘e exact value of this spacing is imma-
o long as the spacing is the same on all
the last noted slide elements. 'The read-
hereinafter will appear, are set up on the
des of the calculator and the results
ken therefrom, according to prevailing Ameri-
rracf ice, in sixty-fourths of an inch, although
not necessary that the spacing of the units
nie four slides last named, actually be of this
m all value.

I is a great preference that the graduations
Ie central slide 29 be such that the units are
r ed at twice the value of the corresponding
markings on the remaining four slides of the
ca. V.Ilcltcr; for example, 1f the spacing of the
score marks on slides 24, 25, 26 and 30 he one-
thirty-second of an inch, the spacing of the unit
markings on slide 29 is cne-sixteenth of an inch,
exact values against being noted as arbitrary.
c’ering further the companicn or cooper-
2{ and 285, it is seen that the former
graduated from left to right as it ap-
o the operator when in use, while the
rlzs and nunﬂberms forming the scale on
re disposed tc reed from right to left.
ne relation prevails with respect to slide
ments 26 and 208, the former being graduated
m left to right, and the latter correspondingly
raduated but reading irom right to left. The
entral slide element 23 differs from any of the
four slides last described in that it is graduated
from a central zero mark designated as CT (Fig.
1) indicating to the user a point of center of
travel of the valve, slide 29 being graduated sym-
metrically frem left to right, to the right of the
CT mark, and in an opposite directicn, viz., from
right to ieff, on that portion lying to the left of
the CT mark.

Further describing the hase marks and refer-
ence indicia as preferably utilized on the calcu-
lator, there is noted near the right hand upper
margin of the frame or base !0 and secured there-
to, & fixed pointer or indicator overlying the ruled
margin of slide 21, this indicator being designated
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at 5. It is with respect to this indicator that '

slide 21 is set up, as will later appear. It will be
seen that a substantial economy in dimensions
is attained by reason c¢f the nested relation of
slides 28 and 21, so that one slide lies partly with-

in the other and is carried thereby, the same ¥
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relation prevailing between slides 26 and 30.
Slide 21 is provided with an extension 36 at its left
hand end and upper margin, which extension ter-
minates in a pointer or reference element 37, with
respect to which the slide 25 is set up, when the
desired value (hereinafter described) is applied
thereto. The slide 25 is also provided with a de-
pending peinter or reference element 40 which
overlies and forms a base or reference marker
with which cooperate the graduations or score
marks on slide 20. ’

The structure of the companion slide elements
30 and 26 corresponds to that of slides 25 and 21
respectively, except that, of course, the latter pair
of slides are relatively reversely formed and their
indicia relatively inverted for ease in reading.
Similar to pointer or reference element 35 there
is provided, projecting upwardly from the lower
margin (2 of the base frame, a pointer 41 with
reference to which the slide 26 is set. Likewise,
slide 28 is provided with a terminal projection 42
at its left hand lower margin, this projection ter-
minating in a pointer 43. The inner slide 30 of
this pair, is set up with respect to pointer 43, and
is provided with a pointer or reference element
44, corresponding in purpose and position on the
slide, to pointer 40 on element 25.

Proceeding now to a description of a typical
mode of usage of the calculator for the purpose
of synchronizing or equalizing the valve setting
on a steam railway locomotive, there is shown
by Figs. 3 and 4 a schematic representation, in-
cluding only the portions necessary for present
purposes, of a modified and simplified type of
Walschaert valve gear; it being understood of
course that the principles underlying the device
may be applied to other types of valve gear on
steam locomotives, as well as to the relatively
more simple types of slide valve gear on station-
ary engines. It will be apparent to those skilled in
the art, from the following description, how the
calculator is employed in connection with other
and prevailing types of gear.

Referring to Fig. 3, there is indicated by the
numeral 45, a steam cylinder in which recipro-
cates a piston 4% which may be of any usual or
suitable type, and to which is operatively con-
nected the piston rod 47, operatively related to the
usual crosshead (not shown), and therethrough
to the rods and drivers (not shown). Port
passages 48 and 49 serve to connect the cylinder
48 respectively with ports 50 and 51 of the valve
chest 52, in which is reciprocally disposed a pls-
ton type slide valve 53 of inside-admission type,
provided with heads 54 and 55, the valve struc-
ture keing connected to the valve stem or rod 62,
and the latter being in turn connected to the
valve crosshead 6!, The crosshead is pivotally
connected to and actuated by the radius bar 62,
which has its outer end portion pivotally con-
nected as at 63, to a slide 64 operating in an ar-
cuate slot 65 of link 66. The free end portion of
radius bar 62 is provided with a control rod 718
which leads to the reverse and cutoff control ac-
cessible to the engineer.

In accordance with known practice the link 66
is provided with a fixed pivot structure Ti, about
which the link is arranged to reciprocate under
the influence of the valve-actuating crank or
eccentric, this motion being imparted to the link
through the eccentric rod 712, pivotally connected
as at 13 to the link 66, and pivotally connected
at its opposite end as at 14, to the crank (or ec-
centric) 19, driven by rotary shaft 16 in well
known manner. The valve gear thus descriked is

3

diagrammatic in nature, and is described in pres-
ent form for brevity of description of the method
of usage of the calculator, as will hereinafter
appear. .

The structure shown by Fig. 4 consisfs solely
of an enlarged fragmentary portion of the valve
stem 60, being a portion exterior to the valve
chest and so accessible for the purpose of in-
seribing port marks incident to the operation of
valve setting or timing by the use of the cal-
culator.

Proceeding now to the preferred method of
correcting or synchronizing the timed setting of
each of the valves such as 53, it Is presumed that
the method of exact synchronization, using the
calculator of the present invention, will in nearly
all cases be practiced with an engine which has
been in recent service, and the condition of which
is suech that each valve assembly is at substan-
tially correct leads; hence the condition is such
that the object is attained in a final accurate
valve setting or synchronization, If however for
any reason the valve gear is entirely out of cor-
rect setting it is necessary, in accordance with
known and prevailing practice, to approximate a
condition of equal leads prior to the synchroniza-
tion of the valve gear involving a determination
of correctness of valve stem length and eccentric
rod length.

Assuming that the valve setting is a matter of
equalizing valve operation in forward and re-
verse directions of cperation, one routine of syn-
chronization to which the calculator is adapted
will generally be conducted as follows: With the
eccentric rod of Fig. 3 disconnected, the piston
type valve 53 is manually moved to a position so
that one of the steam edges of the valve is in
registry with the edge of the adjacent steam port,
and so that this edge is just beginning to admit
steam to the correspending end of the eylinders.
A scratch or score mark is then made on the
upper portion of the valve stem 60, as by the use
of trammels. This operation is conducted with
respect to both of the heads of the valve and both
ports, as a result of which there are obtained the
two port marks on the upper half of the valve
stem as indicated by Fig. 4, these score marks in-
dicating the valve positions in which the steam
edges of the valve, respectively, are just hegin-
ning to uncover the steam ports. The following
step is to connect the eccentric rod and valve gear
in operative relation; the locomotive is then
pulled for a sufficient distance to operate the
valve gear through a complete cycle of valve op-
eration, the limits of the valve travel being in-
dicated by additional punch or score marks, des-
ignated as travel marks, it being a preference and
suggestion for uniformity in practice that the
port marks and travel marks thus far derived,
say in respect to the forward motion of the lo-
comotive, be disposed above the center line of
the valve stem. The movable radius bar 62 of
Fig. 3 for example, is then shifted to a position
on the opposite side of the fixed link pivot 71, and
located the same distance from such pivot as be-
fore, but the radius bar being now positioned so
that the valve gear is in reverse setting, With
the parts thus positioned, the locomotive is again
pulled for a distance, or otherwise actuated again
to operate the valve through a complete cycle,
and score marks representing port opening po-
sitions and the limits of valve travel are now
scored on the stem, but below the center line
thereof. At this stage, the markings on the stem
will appear somewhat in the manner represented
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4.

by Fig. 4, wherein the two outside score marks in-
dicated at 85 and $!, define the limits of valve
travel, and the two inside marks 88 and 8f re-
spectively indicate the limits between the begin-
B uning opening movements of the valve head, cor-
responding to forward engine operation; the cor-
responding maiks for reverse setting being cor-
respondingly arranged and shown at 82 and 83,
raverse marks being below the valve stem
10 center line £4, and the markings attained for for-
ward enzine cperaticn located thereabkove.
From the spacing of the port and travel marks
3 2 and 83 as they appear in Fig. 4 for
readily he derived four values in-

83, dimension B between marks 81, dimen-
between marks 82, and dimenston D be~
marks 83. If is a preference, as being in
with the heretofore prevailing practice
. to a calculated determination for pur-
synchronizaticn, that the dimensions A,
B, C and D be determined, by direct and careful

5 having been thus determined, they may

Dimension A is applied to slide 25 by moving
this slide to such position that the reading A in
sixty-fourths, is hrought directly under or in reg-
ister with pointer 37, while dimension B is simi-
lariy seb up on slide element 2f by bringing the
value of B in sixty-fourths, under pointer 35. It
will be seen from the fact of idsntical digit spac-
ings on slides 2¢ and 25 that in case there is any
difference in dimensions A and B, this differenc
will result in & movement of pointer 48 on slide
295 to the right or to the left of the port mark
lines located centrally of the base of the calcu-
lator.

Dimensicns C and D are applied in much the
same manner, respectively, to slides 30 and 28,
dimension C being applied to slide 38 by shifting
this element so 23 to bring the reading thereon
48 corresponding to dimension C, opposite to or in

ng
register wi

30

35

th the pointer £3, and moving slide 25
(with slide £8) so as to bring the value D there~
on under the pointer 4. Similarly toslides 21 and
25, if the values of C and D are the same, the
pointer 44 on slide 2% will remain in line with the
port marks centraliy of the calculator. Unless
the valve is perfectly synchronized, the result will
be that the pointer 44 on slide 30 is moved to
the right or the left (Fig. 1) of the port marks
on the flanges {2 of the base or frame of the
calculator. For purposes of illustration, the re-
sult may, for example, ke of the order depicted
by the arrangement of parts in Fig. 1, wherein
pointers &4 and 14 are displaced on opposite sides
60 of the port line or lines of the calculator, although
in very many instances these pointers may be
brought on the same side of the port marks,
either to right or left thereof. It will have ap-
pezred from the foregoing description as a pref-
656 erence to set up the port mark dimensions ob-
tained by valve mcvement corresponding to the
forward engine operation, on the upper pair of
coopersting slide elements 21 and 25, and cor-
responding values attained for valve operation
70 in a reverse direction, on the lower cooperating
pair of slide elements 25 and 36.

Tollowing the setiings above described, the
center slide 20 is now shifted in such manner
that its zers or center point indicated by the
legend CT, is located midway between the point-
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ers 49 and 44, and with the slide 22 so adjusted,
the horizontal distance from the line C'T of slide
28, to the line of the port marks on flanges {2,
provides a direct reading in sixty-fourths cf an
inch to indicate the necessary cnange to be
made in length cof the valve stem. his change
in length may be effected either by acjustment,
where provided, between the valve head 528 and
stem 80, or by lengthening or shortening the
stem 60.

It is to be noted that in using the calculater,
the operator either actually or supposedly locates
the calculator with respect to the engine in such
manner that the cperator is facing the side of the
engine to be affected by the calculation cr detei-~
mination; i. e., in synchronizing the valve gear on
the left of the engine the calculator is located
with its left hand end positioned, actually or sup-
posedly, toward the front of the engine, while it
is oppositely positioned on the opposite or right
side of the engine, incident to correction of valve
setting on that side. To assisi in the coirect
position of the calculator with respect to the en-
gine, there are provided the two legends at
ends of the upper flange 12 of the base of
calculator, heretofore referred to. Witil the cal-
culator thus positioned for lefi side of engine, in
accordance with the legends at the end margins
thereof, it is noted that in case the CT poini on
slide 29 lies to the left of the pori marks, the
adjustment needed is a shortening, or decrement
in total length of valve stem and valve. The cp-
posite is true in case the CT point lies to the right
of the port lines or marks. The converse is true

with respect to the right sgide of the engine, »

There thus exists a definite physical relation he-
tween placement of the calculator and engine, in
indicating whether the readings are to be applied
positively or negatively to the parts afiected. The
legend on the lower right hand part of the base
flange (Fig. 1) is provided by way of suitable
direction as to valve stem error.

There remains, incident to full synchronization,
a determination of any neceszary change in rela-
tion of the eccentric or crank 7% to the valve
proyer, as affected by length of eccentric rod 72,
With the calculator set up as heretofore descriked,
the change in eccentric rod length is arvived at by
determining, by direct reading, the horizental
distance from the center or CT line of slide 29,
to the pointer 40 on slide 25. This reading pro-
vides a value which, when multiplied by a factor
to be described, gives a result expressed, say in
sixty-fourths of an inch, indicating the change
to be made for example, in absolute Iength of the
eccentric rod 72. This factor arises from the in-
herent motion-multiplying effect of the Iong and
short arms of the levers either cn the same or
opposite sides of the fixed link-pivot 7i{. This
factor represents the ratio of dimension & to
dimension F (Fig, 3), so that fer example, if this
ratio be 3:1, the last described reading on ciide
285 would require to be multiplied by three, and
if this reading be, for examble, two siziy-fourths,
would require a change in length of the eccentric
rod of six sixty-fourths inch in order correctly
to equalize or compensate. Whether the value
just arrived at is to be applied as an increase or
as a decrease in eccentric rod length, is deter-
mined in the general manner outlined in respect
to valve stem changes; for example, if the line
CT falls to the right of pointer 49 on the left side
of the engine, there is indicated a decrease cor
decrement in length of this rod, and an increase
in length in case the line CT falls to the left of
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poinfer 40 incident to a check or test of the valve
gear on the left side of the engine. It will thus
appear that there exists a definite physical rela-
tion resulting from the actual or hypothetical
placement of the calculator with respect to the
locemotive or other engine, in accordance with
the directions provided by the legends on the up-
per end and marginal portions of the calculator.
The legend at the lower left hand margin of the
base flanges, viz., “Position of C. F. M. from
C. T, indicates E. X. error,” refers to the position
of the C. T. legend with respect to pointer 40 of
the present drawing, and thus refers to the na-
ture of alteration in eccentric rod length, as above
discussed. It may be noted for completeness that
the legend C. P. M., last referred to, denotes
center of forward motion, i. e., center of valve
travel when operating in forward setting of the
engine, this center being indicated by the position
of pointer 4% when the calculator is set yp. Sim-
ilarly, the position of pointer 44, when the cal-
culator is set up, indicates a C. R. M. or center
of reverse motion. Since the CT mark on slide
20 may be regarded as a physical division point,
it is apparent that an adjustment of the eccentric
rod length such as would bring the C. F. M. to the
C. T. point, will serve to equalize the forward
and reverse valve motions.

The foregoing has constituted for brevity, only
a description of one preferred manner of usage of
the calculating device, but it will be apparent
therefrom that the same principles of usage pre-
vail with respect to other known types of locomo-
tive valve gear, as well as the slide valve mecha~
nism of other steam engines. It is further to be
noted that, although the device has been dis-
closed as containing slide elements of linear form,
rovable linearly along the base or holder, the
same principles are applicable to slide rules of
so-called circular or disc type, or other types
utilizing any reasonable range of equivalents
within the scope of the claimg hereunto appended.

I claim as my invention:

1. In a calculating device of slide rule type for
use in steam-locomotive slide valve setting, a base
or holder provided with reference indicia includ-
ing port reference markings, a pair of coacting,
relatively slidable elements arranged for move-
ment selectively as a unit, and individually with
respect to each other, said elements bearing
arithmetical graduations arranged in relatively
reverse order on the elements whereby the ele-
ments are adapted to be set up to indicate a
mean algebraic increment corresponding to the
optimum change in relation of valve to valve op-
erating elements, and separate indicia means car-
ried by the base or holder for establishing dif-
ferent physical relations of the device to the loco-
motive, such as to establish the positive or nega-
tive nature of said algebraic increment respective-
1y for the opposite cylinders of the locomotive.

2. In a cslculating device for use in physical
combination with a valve gear for setting the
slide valves of reversible steam engines, a frame
or holder, a pair of reversely graduated scale-
bearing elements movable on the frame, a
pointer on the frame, a pointer on one of the
graduated elements; a second pair of reversely
graduated scale~bearing elements movable with
respect to the frame and the aforesaid pair of
elements, another element movable on the frame
and coacting with said pairs of elements to pro-
vide a reading indicative of optimum change in
valve setting, with respect to the valve operat-
ing mechanism, the last named movable ele-

5

ment being graduated or scaled to provide read-
ings in opposite directions from an intermediate
center point thereon, the several graduated ele-
ments being arithmetically scaled, and the frame
or holder carrying indicator means coacting with
the engine valve gear for establishing as positive
or negative, the values derived from the readings
of the graduated elements.

3. In a calculating device for use as an engine
accessory in setting the slide valves of reversible
steam engines, a holder, a pair of reversely-grag-
uated scale-bearing elements movable on the
holder, a second pair of reversely-graduated
scale-bearing elements movable with respect to
the holder and the first said pair of elements,
pointers on the holder, pointers on the paired
graduated elements, and another element mov-
able on the holder and coacting with said pairs
of elements to provide a reading indicative of op-
timum change in setting of a valve with respect
to the valve operating mechanism, the Ilast
named movable element being graduated or
scaled to provide readings in opposite directions
from an intermediate center point thereon, the
units of graduation on said last named movable
element being characterized by a spacing sub-
stantially twice that of the units of graduation
on the several sald paired scale~-bezring elements
and indicia means on the holder, arranged to es-
tablish a physical relation between the device
and the engine valve gear such as to impart an
algebraic significance to the values derived from
the readings on the device,

4, In a calculating device for use as an engine
accessory or attachment in steam-engine slide-
valve setting, a base or holder, a graduated scale
structure carried by and movable over the
holder, the graduations on the scale structure
being arithmetically spaced, a second graduated
scale structures may be brought into positions
graduated arithmetically, port reference indicia
on the frame or holder such that the graduated
scale structures may be brought into positions
relative to each other and to the holder, to pro-
vide a direct reading of desired change in valve
setting with respect to valve actuating elements,
and indicia means provided on the holder to es-
tablish a physical relation between the calculat-
ing device and the engine, such as to indicate
whether the numerical reading provided by the
calculating device represents an increment or
decrement in valve stem length or equivalent ad-
justment in valve mechanism.

5. In a calculating device for use as a physical
engine adjunct in steam-engine valve setting, a
frame or holder, a graduated structure movably
carried by the holder and adapted to be set up
to indicate an optimum setting of a slide valve
with respect to its valve stem, in one direction of
engine operation; a second graduated structure
adapted correspondingly to be set up with respect
to the holder to indicate an optimum setting of
the valve with respect to its stem, in reverse op-
eration of the engine, a graduated element mov-
ably associated with the holder and coacting with
each of the structures aforesaid, to provide a
value from which may be derived by a known
factor, a desired change in effective length of
eccentric rod, and means for establishing, when
the device is in use, a physical relation between
the device and the engine, said means coacting
with the engine and device to establish said rod
change as an increment or a decrement.

6. In a calculating device for use as a physica]
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adjunct to a steam-engine for purposes of valve-
seivting, a holder, a graduated structure movably
carried by the holder and adapted to be set up
to indicate an optimum setting of a slide valve
with respect to its valve stem, in one direction of
engine operation; a second graduated structure
adapted correspondingly to be set up with respect
to the holder to indicate an optimum setting of
the valve with respect to its stem, in reverse op-
eration of the engine, a graduated element mov-
ably associated with the holder and coacting with
each of the structures aforesaid, to provide a
value from which may be derived by a known
factor, a desired change in effective length of
eccentric rod, and indicia means carried by the
holder for defining, when the device is in use, a
physical relation of the calculator to the engine
such thai the readings on the calculator serve to
indicate directicn of adjustment of the valve
with respect to its valve stem, and the nature of
change in length of the eccentric rod necessary
to attain the optimum sefting of valve gear.

7. A calculator of slide rule type for the pur-
pose described, including a longitudinally chan-
neled frame or holder having upstanding and in-
turned flanges along its opposite longitudinal
marging, 2 pair of coacting graduated slide ele-
ments guidingly engaged by one of said margins
of the hclcder. o second channel structure ar-
ranged naralle! to and carried by the helder be-
tween its margins, and coacting with one therecf
for guidingly engaging szid graduated slide
members, and a third graduated slide member
carried in the said second channel structure, and
movable with respect to the holder in positions
contiguous to the slide members first aforesaid,
the holder and slides being provided with refer-
ence pointers through which the slide members
cooperate with the holder to provide direct read-
ings cf desired changes in valve setting.

8. A calculator device of the type and for the
purpose described, including a holder or frame of
formed sheet metal characterized by upstanding
margins and inturned flanges thereon along the
coposite longitudinal margins of the holder, a
channel member disposed longitudinally and
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medially of the holder, a graduated slide element
carried by said channel member, a pair of coact-
ing nested graduated scale elements movably and
guidedly retained in the holder, by and between
one of its flanged margins and said channel
member, an additional pair of graduated scale
elements movably and guidedly retained between
the opposite margin of the holder and the chan-

2l member, the holder and slide elements being
provided with reference indicia in addition to
their graduations, such that the slide elements
of each of said pairs are adapted to cooperaie
with each other and with the slide element car-
ried by said channel member to provide readings
from which may be derived optimum settings of
a slide valve with respect to its actuating mech-
anism, and changes in relation of valve-operat-
ing eccentric, to the associated valve gear.

9. A calculating device for use in setting slide

vaives of steam-engines and as an adjunct to the -

engine and valve gear, the device including a
base or holder, means establishing a useful phys-
ical relation of the base to the valve gear, five
independently movable, graduated slide ele-
ments, together with port markings on thz
holder, and reference indicators on each of the
siide elements, the aforesaid means indicating a
physical relation of the device to the engine such
that the readings derived from the slide elements
will indicate whether such values are tc be ap-
plied as increments or decrements in changing
the relation of the valve and elements of the
valve gear.

10. A calculating device as set forth in claim 9,
characterized in that two of the slide elements
are nested, so as to keep them in close physical
adjacence, are graduated oppositely to each
other, and arranged along one side of a single
central slide element graduated in both direc-
tions from a mid-point, and the remaining two
slide elements are similarly nested and movahly
located for cooperative use each with the other
and on the opposite side of the said central slide
element.
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