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SPECIFICATION forming part of Letters Patent No, 266,685, dated October 31, 1832,
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To all whom it may concern :

Beit known that I, MarraIas N. FORNEY,
of the city, county, and State of New Yorlk,
have invented certain new and useful Improve-
ments in Locomotive- Engines, of which im-
provements the following is a specification.

The objects of my mvention are to attain in
a locomotive-engiue the advantages which re-
sult upon carrying part of the weight of the
engine upon one or more trucks, and the use
of a flexible wheel-base, together with the ca-
pacity of inereasing theadhesion of theengine,
as may from time to time be rendered neces-
sary or desirable by the character of its duty,
by placiug npon thedriving-wheels weight ad-
ditional to that borne by them inordinary serv-
ice; also,to reduce to a minimum the distance
between the centers of the driving-axles, and
consequently thelength of the coupling-rods,
and to apply inan engine having such reduced
driving-wheel baseatire-box as wide asor wider
than the distance between the wheels; also, to
enable two locomotive-engines to be operated
in conjunction with a singletender with greater
facility and advantage than have heretofore
been practicable, said results being made at-
tainable without necessitating the employment
of any wheels additional to those which are
at present ordinarily used in locomotives and
tenders. . .

To these ends my invention consists in cer-
tain novel devices and ¢ombinations whereby
a portion of the weight of the engine is sup-
ported adjustably upon the adjacent trnck of
the tender, so as to be capable of being trans-
ferred in greater or less degree, as required, to
or from said track, and caused to bear corre-
spondingly npon the driving-axles; also, in a
novel combination of main frames, spring ar-
rangement,andsupplemental frames with a fire-
box as wide as or wider than the distance be-
tween the wheels; also, in the combination of a
locomotive-engine, a tender, and connecting
draw-gear, adapted to etfect the application of
thetractive resistance of the train to the engine
in such manneras will tend to cause the move-
ment of the latter to constantly conform, as
nearly as may be, with the varying carvature
of the road. The improvements claimed are
hereinafter fully set forth.

(No model.)

Under the plan of locomotive-engine con-
struction which is knowu as the “standard”
or “ American” pattern, and which has hereto-
fore Deen in use to a larger extent than any
otber in the United States, the forward end of
the engineis supported on a truck or “bogie”
and the rear end on two or more pairs of driv-
ing-wheels, one pair being usually placed be-
hind or beneath the fire-bos. Where two pairs
of driving-wheels only are employed one pair
must of necessity be located at or adjacent to
the rear endof the fire-box, in order to avoid an
undue prepounderance of overhanging weight,
and if' the remaining pair or pairs of driving-
wheels be placed close to the first only a com-
paratively small and insaflicient proportion of
the total weight of the engine will be carried

by the driving-wheels, and as a result the en-

gine will be deficient in adhesion and an ex-
cess of weight will be earried by the forward
truck. If, onthe other hand, the front pair of
driving-wheels is placed farther forward, so
that they will earry a larger proportion of the
weight, the ohjection obtainsthatthe coupling-
rods will be unduly long and the connecting-
rods correspondingly short,.

In the practice of my invention I locate all
the driving-axles in front of the fire-box, and
sustain the weight due to the overhang of the
latter by supporting the rear end of the engine
upon the front truck of the tender. The driv-
ing-axles can therefore be located as closely
together as is admitted by the diameter of the
wheels, and being, when so placed, adjacent to
the longitudinal centerof the engine, they nat-
urally bear all the weight thereof, except that
sustained infrontand rear by theleading truck
of the engine and the front truek of the tender,
respectively. Consequently, if either of said
supports be removed or relieved, the sustained
weight thereby taken trom it will be trans-
ferred to the driving-axles, and I enable such
transferof thefrontor rearoverhanging weight

to be made in whole.or in part, as may become,

desirable under varying conditions of duty, by
providing mechanism consisting of steam or
air ¢ylinders and pistons and preoper connee-
tions, whereby the weight of the engine which
is sustained by the front tender-truck, or a por-
tion thereof, may be removed or relaxed there-
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from and transferred to the driving-wheels,
the adhesion of which may be thus increased
or diminished from time to time, as required.
The same or analogous mechanism may be ap-
plied to the front truck of the engine, so as to
inerease or diminish the weight earried there-
on, or such mechanism may be applied to the
driving-axles, so as to vary the weight carried
by either or both the trucks. In order that
the springs of the front tender-truck may not
at times be undualy loaded, or at other times
carry insufficient weight, I provide two sepa-
rate sets of springs upon said truck, the one
set to carry that portion of the weight of the
tender which rests upon said truck, and the
other or supplemental set to carry that portion
of the weight of the engine which is at times
supported by the tender-truck. The steam or
air eylinders for varying the weight of the loco-
motive on the truck are connected with the
supplemental set of springs, and act to com-
press or release them by the pressure of steam
or air in the eylinders. It isdesigned thatthe
tension of the supplemental springs shall ordi-
narily support that part of the weight of the
locomotive which rests upon the front tender-
truck; but when upon occasion it becomes de-
sirable to increase the weight upon the driv-
ing-wheels the supplemental springs are com-
pressed by the steam or air pistons, thus re-
lieving said springsof part or all of the weight
which they would otherwise carry, and to that
extent increasing the weight on the driving-
wheels.

Again, in locomotives of the class referred

to, as heretofore constructed, the fire-Dox must.

either be unduly contracted in dimensions or
enlarged to the required extent at the expense
of attendant disadvautages. - Experience has
demonstrated the location of the frames and
driving-axle journals upon the inside of the
driving-wkeels to be the most advantageous
one, and such is the arrangement universally
adopted in the United States. Under these
cirecnmstances the. fire-box must either be
placed Letween or on top of the frames, both
of which plans are open to objection. In the

first case the width of the fire-box in large

boilers is of necessity considerably less than
the diameter of the boiler, the result of which
is that the cirecnlation of the water ontbesides
of "the fire-box is impeded and the general
efficiency of the boiler and engine correspond-
ingly diminished, the evil being aggravated
on railroads of gages narrower than the stand-
ard. The second case involves a boiler unduly
high or a fire-box correspondingly shallow,
the objections to each of which conditions are
obvious. In someinstances the framesat the
rear end of the engine have been placed at a
greater distance apart than the main frames
in which the driving-axles are carried, in order
to admit of increasing the width of a fire-box

~ located between said rear frames without rais-

65

ing the boiler or reducing the depth of the fire-
box, the increased spread of the framesat the

rear end being obtained by bending the main
frames outward in rear of the hindmost drév-
ing-wheels or by the insertion of a cross-piece
to which the front ends of the rear framesand
the rear ends of the main frames are con-
nected. The objection to this coustruction
is that by reason of the interposition of the
cross -piece or the lateral extensions of the
main framcs between the rear driving-wheels
and fire-box the distance from the front of the
fire-box to the center of the rear driving-axle
cannot be less than substantially the same as
half the diameter of the wheels, so that for a
given length of engine the space available for
length of fire-box is reduced by that amount.
Such limitation is, as will hereinafter appe‘u‘,
avoided by my invention.

In the accompanying drawings, Figure 1 is
a diagrammatic side view, in elevation, of a
locomotive-engine embodying my invention;
Fig. 2, a plan or top view of the same with the
waist of the boiler removed and the fire-box
in section; Fig. 3, a vertical longitudinal sec-
tion through the front tender-truck at theline
2z x of Fig. 4; Fig. 4, a vertical transverse sec-
tion through the same at the line y y of Fig.
3; Tig. 5, a side view in elevation of thedriv-
ing-spring arrangement; Fig. 6, a vertical
longitudinal central section through the draw-

-bar and its connections; Iig. 7, a plan or top

view of the same in the position occupied when
the engine and tender are passing around a
curve of comparatively short radius; Figs. 8,
9, and 10, side elevation diagrams, illustrating
the application of my invention to engines hav-
ing two, three; and four pairs of driving-
wheels, respectively; and Figs. 11 and 12, dia-
grams in side elevation and in plan, respect-
ively, showing two locomotive - engines ar-
ranged in accordance with wmy invention to
operate in connection with a single tender.
The main frames A A of the engine are
placed, as in the ordinary construction, inside
the driving-wheels W W/, and are provided
with proper jaws or pedestals to receive the
journal-boxes of the driving-axles D D/, which
are located between the fire-box I and smoke-
box 8. Instead of being carried backward in
a direct line to the rear end of the engine, as
in the general practice heretofore, the main
frames A A terminate at the front of the fire-
box, and the cab O, foot-board BB, and over-
hanging weight of the fire-box If are carried
by a pair of supplemental frames, D?, placed
upon the outside of the driving-wheels. Said
supplemental frames extend backward for a
sufficient distance to admit of the nse of a
foot-board of proper dimensions and of’ being
supported, as .hereinafter described, by the
front truck, It, of the tender, and are rigidly
secured at their forward ends to the main
frames A A by one or more eross or connect-
ing pieces, G, located in front of the driving-
axle D nearest to the fire-box. The supple-
mental frames D? may, if desired, be extended
sufficiently far forward to be attached to the
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eylinder - castings d, and may also be con-
nected at their front ends to the main frames
by diagonal braces D? or otherwise.

The employment of outside supplemental
frames, located and conuected as “deseribed,
enables the front of the fire-box to be brought
closely up to the rear driving-axle and to the
tires of the wheels thereof, so as to render
available all the space behind said axie and
between the tires not required for clearance,
and permits the fire-box to be widened out be-
Lind the rear driving-wheels, s0 as to occupy
the full width of the space between the out-
side or supplemental fiames, as shown in Tig.

"2, thus admitting of the use of a fire-box of

much Jarger dimensions than is practicable
under the ordinary construction, while retain-
ing the advantage of locating thie main frames
and driving-axle journals inside the wheels.
‘Wlere, as heretofore constructed, the main
frames are extended to the rear eud of the
engine along the sides of the fire-box, it be-
comesnecessary, in order toobtaiu the greatess
available width for the latter, to keep the
frames as far apart as the distance between
the wheels will permit, and there ensues a con-
sequent limitation of the length of the driv-
ing-axle journals, as, if the latter be made of
such length as is desirable, the frames must
be placed on one side of or out of the center
of the journal-bearings. - By myimprovements
the muin frames may be placed as close to-
gother as desired, and therefore the driving-
axle journals can be lengthened to any extent
not exceeding half the distance between the
hubs of the wheels withont any attendant dis-
advantage.

The employment of a fire-box oceupying all
the space between the rear driving-wheels and
behind the rear driving-axle is not, however,
admissible with a system of driving-gprings
and their accessories as usually hietetofore ar-
ranged, for the reason that in such case suf-
ficientroom would not be afforded for the rear
pair of springs and their hangers to be locat-
ed above the axle. - Where the springs are
placed below the axle they are inconvenient
of access, liable to be displaced in the event
of derailment of the engine, and require to be
taken down to admit of the removal of the
boxes and axles, for which reason preference
hasbeen given almost aniversally in American
practice to the location of the springs above
the axles. I render the same practicable, in
connection with a fire-box of the form and lo-
cation last above referred to, by the construc-
tion shown in Fig. 1, and on a larger seale in
Tig. b.

Referring to said figures, the springs r of
the forward pair of driving-wheels are placed
in the usual position above the driving-boxes
thercof, so that the main frames A may be
suspended from the front hangers, v/, of the
springs 1 at a point as far forward asis de-
sirable, and undue preponderance of weight
beyond the point of support be avoided. An

equalizing-lever, X, is suspended at its front
end by a link, ¢, from the rear end of each for-
ward spring, #, and is connected at its rear end
to a stirrup, %, supported by the journal-box
of the rear driving-axle, D. The rear driving-
springs, U, are so placed as to bear upon the
equalizing-levers X at a distance of about one-
third their length from their rear ends, and
the ends of the springs U are supported by
hangersy 2, the forward hangers, y, being con-
nected to the frames A in the usual manner,
and the rear hangers, z, whiclt pass downward
closely adjacent to the rear ends of the main
frames, being conpled to bell-crank levers T,
the purpose of which will be presently de-
seribed.

The hangers may be inelined so as to impart
greater longitndinal stability to the springs, if
desired, and the lower euds of the rear hang-
ers, z, may be connected direetly to the frames
in cases where the turther improvements rela-
tive to the variation of adhesive weight which
are hereinafter set forth are not embodied.

It will be apparent that the adoption of the
foregoing construetion mnecessarily involves
cousiderable overhanging weight at the rear
cud of the engine, and to promote steadiness
and safety in running proper means for the sup-
port of such overhanging weight should be
provided. Thisend may be attained by placing
a pairof tratling wheels ora trailing truck be-
hind or beneath the fire-box; but the expense
of the construction and maintenauce of one or
more additional pairs of wheels, boxes, and ac-
cessories is objectionable. IFurther, there are
frequent ocecasions, as in starting a train or
running up a heavy grade, when it becomes de-
sirable to transter the whole or a portion of the
overhanging weight to the driving-wheels in
orrder to increase their adliesion. "Where this
weight is carried on one or more pairsof wheels
wlose special duty it is to support it, if it be
removed in whole or a considerable part, safli-
cient weight may not be left upon said wheels
to keep them upon the track. In lieu, there-
fore,of supporting therearoverhanging weight
of the engine by trailing wheels, I utilize the
forward truck of the tender for that purpose
and provide means for the transfer of said
weight from said truek to the driving-wheels,
and vice versa, which will now be deseribed.

Referrving to Iigs. 1 to 4, inclusive, 1t will be
seen that the tender-frames I are extended
sufficiently far in advanece of the front of the
tank I’ to provide a beaving for the frout tend-
er-truck, I, forward of the rear ends of the
supplemental encine-frames D2, and beneath
the rearward projection of the foot-board I3, so
that both the supplemental engine-frame and
the tender-frame may vest apon said truck,
which will always carry a determined portion
of the weight of the tender sufficient to insure
its keeping the track, while, ag will presently
appear,itislikewise eaased to support a varia-
ble additional weight—to-wit, the whole or a
portion of the rear overhanging weight of the

Q

~

75

85

90

95

100

105

130



4 266,685

engine. The tender-framesI are connected by
the king-bolt K to the bolster Lof thetruck E,
andthebolster Lissupportedonsprings M, rest-
ing on a spring-plank, N, which is suspended
by swing-hangers o from the truck-frame, in
the ordinary manner. The rear overhanging
weight of the engine is supported by springs
s, which are connected at their rear ends, by

- links P, to the supplemental frames D? of the

10

I5
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25

engine, and at tbeir forward ends by links P/,
to bell-erank levers Q, pivoted at their cen-
ters to lugs or bearings attached to the fire-
box or supplemental frames and coupled by
rods R to the bell-crank levers T, Figs. 1 and
5, to which, as before stated, the hangers z of
therear driving-springs, U, are connected. By
such connection the weight carried by the
springs s and U, respectively, is equalized
when disturbed by inequalities in the track.

The springs s bear at their centers on stirrups.

4, supported on the spring-plank N, which has
the capacity of lateral notion within the range
permisted by the swing-hangers o, and the
truck-bolster L can also roll in the bearings of
the springs M. The rearend of theengineand
thefrontendof the tender are therefore adapt-
ed tomove laterally on the truck, either simul-
taneously or independentlyone of the other.
A steam or compressed-air cylinder, J, isse-
cured upon-the foot-board B of the engine, and
the rod j of its piston J’ is coupled by links?
to the forward end of a lever, G’, which is
pivoted at its rear end to the supplemental

* frame D? of the engine, and eoupled intermedi-

40

50

55
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ately by a link, b, to the center of one of the
springs s. By the admission of steam or com-
pressed air to the cylinders J, below the pis-
tons J’, the tension on the springs s will be re-
Heved proportionately to the pressure applied.
The pressure of the rear overhanging weight
of the engine is thereby correspondingly re-
lieved from the bolster of the tender-truck 13,
and the weight thus removed from said truck
is consequent!y transferred in corresponding
degree to the driving-wheels of the engine.
In case the effect of the applied pressure ex-
ceeds the weight of the rear end of the engine
resting on the tender-truck a portion of the
weight of the tender may be thereby trans-
ferred to thedriving-wheels. Inasmuchasthe
application of a greater or less proportion of
additional weight may be desirable under
varying conditions of duty, provisionis made
to that end by the use of a differential piston,
to which steam or compressed air may be ad-
mitted upon either oneorbothsides. The pis-
ton-rod j is made of such diameter that its
transverse area will be abouat one-half that of
the piston J/. It therefore follows that if the
operating-fluid be admitted upon both sides of
the pistonthepressure thereon will be that due
to the area of the rod, while if pressure be
exerted upon the lower side of the piston only
its effect will be that due to the entire area of
the piston. This construction, in connection

with proper valves or cocks, provides a ready

and convenientmeansof regulating thedegree
of applied weight.

The engine and tender are shown in Fig. 2
as in the positions they would occupy upon a
carved track, the dotted line 1 2 3 indicating
thecenter lineof the engine and the dotted line
4 5 that of the tender, the ceuter line of the
track intersecting that of the engine at the
centers of the driving-axles and falling outside
of it at the rear end of the engine, and the cen-
ter line of the tender being inelined to that of
the engine. Under such conditions it will be
seen that the resistance of the train, which is
exerted upon the engine in the direction of the
center line of the tender, tends to draw the
rear end of the engine toward the inside of the
curve and to force the front end against the
outer rails, thereby incurring liability of the
engine to leave the track. To prevent the ex-
ertion of such action, the draw-bar K/ is re-
versed in direction relatively to those hereto-

foreused-—thatis tosay,itsfrontend iscoupled

to the front end of the tender-tframe and its
rear end to the rear end of the engine-frame.
The draw-bar is consequently subjected to com-
pressive instead of tensile strain during the ex-
ertion of tractive force in a forward direction
by the engine, and is, by the lateral movement
of the rear end of the engine-frame, inclined
in reverse direction to that of the center line
of the tender. The strain upon the draw-bar
bas consequently, in passing around a curve,
a tendency to push the rear end of the engine
outwardly and the front eud inwardly, thus
acting to move the engine in the direction of
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the cuarve and enabling it to follow the sinu- -

ositiesof the track with greatereaseand safety.
As shown in Figs. 6 and 7, the front end of the

draw-bar K’ is coupled by the king-bolt K to,

a casting, 1%, secured to.the {ront ends of the
tender-frames I, and having lower bearings to
form a center plate for the truck B. The rear
end of the draw-bar is coupled by a pin, ¥/, to
the back bar, D3, of the supplemental engine-
frames D2 Chafing-plates D* I® are secured
to the bar D?and toa transverse beaw, 14 upon
the tender-frame, respectively.

The forward-end of the engine may be car-
ried on a four-wheeled truck, as in Figs. 1 and
2, or on a two-wheeled track, as in Tigs. 8 to
12, inclusive; or it may be supported upon a
single pair of wheels having no lateral motion,
if preferred; or leading-wheels may be wholly
dispensed with and the front end of the engine
carried by the front pair of driving-wheels.
Two, three, or four pairsof coupled wheels may
be employed, as shown in Figs. §, 9, and 10,
respectively, or a greater number, if required,
in exceptional cases. The tender may either
be supported npon two separate trucks, or its
rear end can be supported upon one or more
pairs of wheels-so connected to its frame as
not to be capable of lateral or vibratory mo-
tion. _

In many instances—as on heavy mountain-
grades, or under other exceptional circum-
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stances—it is impossible to obtain sufficient
power from a singleengine to perform the duty
required, and in such cases two engines are
coupled together and attached to the front of
the train, or one is attached to the front and
the other to the rearor in some other position
in the train. The haaling of a train by two
engines, separated one from the other, is at-
tended with liability to aceident, for the reason
that it is difficult for the men who run them to
communicateone with the other with prompt-
ness and certainty. Tigs.11 and 12 illustrate
the application of my invention to the opera-
tion of two engines with a single interposed
tender, each end of the frames I of which and
each of its trucks E are connected with the
frame-and-spring arrangement of the adjacent
engine in the manner hereinbefore described.
The tender may be supported solely upon the
two trucks I E; or intermediate supporting-
wheels, N N/, or a truck may be added, as in-
dicated in dotted lines.

I am aware that the combination of* inside
and outside frames was kuown in a locomotive-
engine prior to my invention, and also that a
fire-box extended laterally to a width greater
than the distance between the wheels was not
new at the date thereof. I do not therefore
broadly claim either said combination or said
specific device. :

I claim as my invention and desire to secure
by Letters Pateut—

1. Thecombination,substantially assetforth,
of a locomotive-engine, a tender, and a truck
or bogie, which is adapted to support a por-
tion of the weight of both the engine and tend-
er,and to which the engine aund tender are con-
nected with the capacity of movement about a
pivot or vertical axis upou the truck inde-
pendently each of the other.

2. Thecombination,substantially assetforth,
of a locomotive-engine, a tender, and a truck
or bogie adapted to support a portion of the
weight of both the engine and tender, these
members being combined for joint operation,
s0 that eithier the engine or the tender, or both,
shall have the capacity of lateral movement
on or in relation to the truck.

3. Thecombination,substantially assetfortl,
of alocomotive-engine, a tender coupled there-
to by a conneection which is flexible both ver-
tically and horizontally, and a truck or bogie
which is adapted to sapport a portion of the
weight of both the engine and tender.

4. The combination,substantially asset forth,
of alocomotive-engine having all its driving-
axles located between the fire-box and the cyl-
inders, a tender coupled thereto, and a trnck
or bogic which is adapted to support a portion
of the weight of both the engine and tender.

5. Thecombination,substantially asset forth,
of a locomotive-engine, a tender, & truck or bo-
gie adapted to support a portion of the weight
of both the engine and tender,and mechanism
whereby the weight of the engine supported
by satd truck can be removed or relieved to a

greater or less degree therefrom at will during
the operation of the engine.

6. The combination,substantially as setforth,
of a locomotive-engine, a teuder, a truck or bo-
gie adapted to support a portion of the weight
of both the engine and tender, and mechanism
for varying the load upon the leading truck of
the engine at will during operation.

7.Thecombination,substantially asset forth,
of alocomotive-engine, a tender, a truck or bo-
gie adapted to support a portion of the weight
of both the engine and tender, and two sepa-
rate sets of springs bearing upon said-truck,

70

75

and carrying respectively such portions of the 8o

weight of the tender and the weight of the
engine as are applied to said trock.

8. The combination, substantially as set forth,
of a locomotive-engiue, a tender, a truck or bo-

gie adapted to support, through separate sets 85

of springs, respectively, portions of the weight
of the engine and of the tender, and a steam or
air eylinder having its piston connected with
the springs of said truck, which support the

weight of theengine, these members beingeom- go

bined for joint operation to enable the weight
of the engine to be removed or relieved in
greater or less degree from said springs at the
will of the operator.

9. Thecombination,snbstantially asset forth, 95

of a locomotive-engine, a tender, a truck or bo-
gie adapted to support portions of the weight
of the engine and of the tender, and a steam
or air eylinder havingapiston of snbstantially
different areas on its opposite sides, said pis-
ton being adapted to receive pressure either
upon its greater area or on both sides, and be-
ing connected with the trnck which supports
part of the weight of the engine. :

10. The combination, sabstantially as set
forth, of a locomotive-engine, a tender, a truck
or bogie adapted to support a portion of the
weight of both the engine and tender, and
equalizing mechanism between the driving-
wheels and said truck for transferring weiglit
from the former to the latter, or vice versa,

11. Inalocomotive-engine, the combination,
substantially as set forth, of a pair of main
frames located iusidethe driving-wheels, a pair
of supplemental frammeslocated outside the driv-
ing-wheels and connected rigidiy to the main
frames fnadvance of therear driving-axle, and
afire-box theforward portion of whichislocated
between the rear driving-wheels, and which is
laterally extended in rear thercof to a width
greater than the distance between the driving-
wheels.

12. Inalocomotive-engine, the combination,
substantially as set forth, of an equalizing-
lever having one of its euds supported upon
an axle-box and the other by & spring, which
rests upon an adjoining axle-box and sustains
the weight carried thereby,and a spring which
is connected at its ends to the engine-frame,
and which forms a fuleram or bearing for the
cequalizing-lever.

13. The combination, snbstantially as set
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forth, of a locomotive-engine, a tender, and a
draw-bar, connected at its rear end to the en-
gine and at its front end to the tender, these
members being so combined as that, first, the
lateral movement of the engine on a curve
will incline the draw-bar from its connection
with the tender toward the outside of the
curve; and, second, that the forward tractive
force of the engine will induce a compressive
strain onthe draw-bar and a tendency to force
the rear end of the engine outwardly and the
front end inwardly in passing around a curve.

14, The combination, substantially as set
forth, of two locomotive-engines and an inter-
posed tender, each end of which is supported 15
by a truck or bogie adapted to sustain a por-
tion of the weight of the adjacént engine.

"MATTHIAS N, FORNEY.
Witnesses:

J. SNOWDEN BELL,
FRrREDK.-B. MILES.



