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To aid whon, it inctly concert: 
Be it known that I, FRANCIS W. JoHN 

STONE, a citizen of the United States, residing 
at the city of Mexico, in the State and Re 
public of Mexico, have invented certain new 
and useful Improvements in Locomotive-En 
gines, of which improvements the following is 
a specification. 
The objects of my invention are to effect a 

material increase in the tractive force of a lo 
comotive-engine without a proportionate in 
crease in total weight and dead load relatively 
to constructions now and heretofore employed; 
to reduce as far as practicable the rigid wheel 
base of the engine, in order to admit of passing 
freely curves of comparatively short radius, 
and to provide for the employment of a fire 
box of ample capacity for steam-generating 
requirements under the maximum tractive 
force exerted by the engine. 
To these ends my invention, generally stated, 

consists in a locomotive-engine having boiler 
and water-supply-tank and fuel-bin secured 
upon a rigid frame, one or more pairs of cyl 
inders fixed to said frame, one or more systems 
of driving-wheels, each mounted in a truck or 
independent frame which is movable about a 
vertical axis relatively to the main frame, 
mechanism for transmitting power from the 
pistons to the driving-wheels, whereby the free 
movement of the trucks is permitted without 
affecting the normal action of the pistons upon 
the crank-pins, mechanism for effecting the 
rotation of the driving-wheels through crank 
arms of greater length than half the stroke of 
the pistons, mechanism for controlling and 
maintaining the movement of the steam-distri 
bution valves in proper relation to that of the 
other reciprocating parts under all conditions 
of traverse of the trucks, equalizing mechan 
ism for uniformly distributing the load upon 
the driving-wheels, and mechanism for prop 
erly distributing the weight between the driv 
ing-wheels, and subsidiary guiding - trucks 
swiveling in the driving-wheel truck-frames. 
The improvements claimed are hereinafter 

fully set forth. 
Inasmuch as the weight which can be car 

ried upon each driving-wheel of a locomotive 
engine cannot, without involving undue wear 
and strain upon the road-bed and superstruct 

ure and upon the tires, be materially in 
creased above that obtaining in the usual prac 
tice, increase of tractive force can be properly 
attained only by an increase in the number of 
driving-wheels, a limit to which is imposed, 
under ordinary constructions, by the necessity 
of adapting the engines to traverse curved 
portions of the lines. Increase of tractive 
force, together with capacity of passing short 
curves has been heretofore sought for in engines 
of the so-called “Fairlie’’ type, in which the 
driving-wheels have been grouped in one or 
more swiveling-trucks, which likewise carry 
the cylinders. Such construction involves 
the objection, which practice has indicated to 
be a material one, of necessitating unduly long 
steam and exhaust pipes and flexible joints 
therein, which are expensive and difficult to 
make and maintain. 
Under my invention the engine and tender 

are mounted on a single rigid frame, to which 
the cylinders are likewise secured, while the 
driving-wheels are mounted in one or more 
swiveling trucks, thereby obviating the ob- 7 
jection above stated, while retaining the ad 
vantage of the Fairlie construction as to facil 
ity of curving. 

I further utilize the weight of the tender for 
adhesion by employing a pair of cylinders 
therein, and provide a system of lever-con 
nections between the cross-heads and connect 
ing-rods, whereby the piston speed is reduced 
relatively to a given speed of engine, and also 
a system of springs and equalizing-level's for 
properly distributing the weight, and means 
for insuring the normal and uniform opera 
tion of the pistons and valve mechanism, irre 
spective of the degree of swiveling movement 
of the trucks resultant upon the curvature of 
the line. 
The detailed features of my invention, as 

embodied in an engine designed for heavy 
freight service on lines having curves of com 
paratively short radii, will now be described. 
In the accompanying drawings, Figure 1 is 

a side view, in elevation, of a four-cylinder, 
twelved riving-wheel locomotive-engine, illus 
trating the application of my invention; Fig. 
2, a plan view of the same, with the boiler 
and tank removed, and shown as standing upon 
a curve of two hundred and eighty-eight feet, 
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radius (twenty degrees); Fig. 3, a side view, in 
elevation, illustrating the lever-connections 
between the cross-heads and crank-pins; Fig. 
4, a similar view of the spring and equalizer 
arrangement; Fig. 5, a partial half-plan view, 
partly in section, showing the cross-head and 
eccentric-connections; Fig. 6, a vertical trans 
verse section, the left-hand half being taken 
at the center of the pivot of the forward driv 
ing-wheel truck-frame and the right-hand half 
at a point in the combustion-chamber in ad 
vance thereof; Fig. 7, a similar section, the 
right-hand half being taken at the center of 
one of the forward cylinders and the left-hand 
half at a point in the smoke-box in rear thereof; 
Fig. 8, a half-vertical transverse section, on 
an enlarged scale, taken through one of the 
cross-heads and its guides; Fig. 9, a similar 
section through the pivot of the forward driv 
ing-wheel truck-frame; Figs. 10 to 13, inclu 
sive, detailed views, in elevation, of the re 
versing-lever mechanisin; Figs. 14 to 21, in 
clusive, diagrammatic side views, in elevation, 
illustrating the application of the invention in 
different types of engines, respectively; Fig. 
22, a diagrammatic plan view of the engine 
shown in Fig. 18, and Fig. 23 a similar view 
of the engine shown in Fig. 21. 
The engine selected as an illustration of the 

practical application of my invention is anal 
ogous, in the arrangement of its driving and 
truck wheels, to those of the ten-wheel type 
provided with six coupled driving-wheels and 
a four-wheeled leading-truck, which are here 
duplicated-that is to say, for the purpose of 
utilizing the Weight of the tender for adhe 
sion an additional pair of cylinders is placed 
thereon-and it is supported upon a supple 
mental set of six driving-wheels and a four 
wheeled leading-truck, the engine thus hav 
ing four cylinders, twelve driving-wheels, and 
two leading-trucks of four wheels each. The 
driving mechanism and running-gear of the 
engine and tel, der being similar in all partic 
ulars, those of the engine will only be de 
scribed, the references thereto applying simi 
larly to the corresponding numbers of the 
tender. 
The boiler I is substantially of the usual 

locomotive type, having a fire-box, 2, at its 
rear end, a smoke-box, 3, at its front end, and 
an intermediate Series of fire-tubes, 5, and may 
be of any approved and preferred construction 
Within such type. The overhanging fire-box 
2, being supported by the rearwardly. extend 
ing fraine 9 and the rear truck-frame thereof, 
and not being confined between the driving 
Wheels, may be made of aSample dimensions as 
are necessary or desirable for required steam 
generating ca; acity, and, as shown in Figs. 
6 and 7, is extended laterally beyond the driv 
ing-wheels, such extension being practicable 
to a distance equal to the greatest distance per 
missible by the distance between tracks and 
width of cuttings and bridges of the line. 
As herein shown, the major portion of the 

waist of the boiler, together with the space 

above the crown-sheet, constitutes a steam 
generating chamber, through which a series 
of ordinary fire-tubes, 5, extends to a com 
bustion-chamber. The forward portion of the 
waist, between the combustion-chamber and 
the smoke-box 3, Serves as a feed-water heater 
chamber, provided with a supplemental series 
of tubes, 6, through which the products of 
combustion pass to the Smoke-box 3 and stack 
7, the feed-water being supplied through the 
check-valves 8 to the heater - chamber, and 
thence to the main generating-chamber. Such 
construction, however, while of advantageous 
application in connection With the features 
about to be described, does not form an essential 
of my present invention, and being, moreover, 
fully set forth in another application for Let 
ters Patent by me, filed January 15, 1885, 
Serial No. 156,148, need not be herein at length 
described. 
The boiler 1 is secured to and supported upon 

a Substantial continuous frame, 9, which is 
preferably formed of channel-iron members, 
as shown, and the water-tank and fuel-bin 10, 
equivalent to the Ordinary tender, are likewise 
secured to the frame 9. A pair of cylinders, 
11, each formed with a half-saddle casting in 
the usual manner, is bolted to the smoke-box 
3 and to the forward ends of the frame-plates 
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9, and the fire-box 2 is connected by brackets 
12 to the frame-plates, the bolts passing 
through elongated or slotted holes, to admit of 
the free expansion of the boiler. The sup 
plemental cylinders of the tender are bolted 
to the frame-plates and to a substantial trans 
verse casting, which connects the frame-plates, 
and likewise Serves as a foot-plate for the fire 
man. The guide-bars 13 of the cross-heads 14 
are bolted at their front ends to the cylinders 
and at their rear ends to guide-yokes 15, which 
are secured to the frame-plates 9, and which 
serve as the Supports of the guides and of 
the boxes of the fixed fulcrum-levers and lift 
ing-shafts, to be presently described. The 
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frame-plates are likewise connected, between 
the main and forward pairs of each system 
of driving-wheels, by transverse girders or 
supports 16, each formed of two bars of chan 
nel-iron connected to the frame - plates by 
angle-plates 17, said girders carrying the 
main center plates of the truck-frames, in 
which the driving-wheels are mounted. The 
forward girder, 16, is curved centrally in con 
formity with the circle of the waist of the 

II5 

boiler, which rests upon without being fast 
ened to the girder, thus supporting the latter 
vertically while being free to move horizon 
tally upon it under the expansion and con 
traction induced by changes of temperature. 

I25 

The function of the girders 16 is to support . 
the pivots of the driving-wheel truck-frames 
and to transmit the tractive force applied by 
the cylinders to the driving-wheels from said 
frames to the main frame 9 and draw-bar. 
The two systems of wheels which support, re- . 
spectively, the boiler and tender are each 
mounted in bearings in a driving-wheel truck 
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frame, 18, each of which frames is adapted to 
swivel or vibrate in a horizontal plane, inde 
pendently of the main frame 9 of the engine, 
about the axis of a center bearing, 19, bolted 
to one of the transverse girders 16. The axles 
20 of the driving-wheels 21 are fitted to rotate 
in boxes 22, which have a properly limited 
range of vertical movement in the pedestals 
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23 of the driving-wheel truck-frames 18, each 
of which frames is further provided at its for 
Ward end with a subsidiary leading or guiding 
truck, 24, of the usual type, having four truck 
wheels, 25, and fitted to swivel about a center 
bearing, 26, independently of the truck-frame 
18, with which it is connected. The driving 
wheel truck-frame supporting the boiler ex 
tends to or near the front of the smoke-box, 
and carries the front buffer-beam, 27, and 
pilot 2S, and the driving-wheel truck-frame, 
which supports the tender, carries on its rear 
end the back buffer-beam, 29, and draw-cast 
ing 30. The pilot and its front draw-bar and 
the rear draw - casting are thus brought as 
nearly as practicable to the center of track 
and to the center line of draft. 
The girders 16, which carry the center bear 

ings, 19, are so located relatively to the driving 
wheel truck-frames 18 as to distribute in de 
sired proportions the weight to be carried by 
the driving and the truck wheels, respectively, 
of said frames, these proportions being, for 
example, in the engine shown, about seventy 
thousand pounds on the driving - wheels to 
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twenty-two thousand five hundred pounds on 
the truck-wheels of each driving-wheel truck 
frame. Each of the center bearings, 19, is bolt 
ed at its upper end to one of the transverse 
girders 16 of the main frame 9, and has secured 
upon its lower end a ball-casting, 31, which 
fits into a corresponding socket-casting, 32, 
bolted to a transverse bearing-plate, 33, formed 
of wrought-iron plates with cast-iron filling 
pieces, and bolted firmly at its ends to the 
driving-wheel truck-frame 18. A center pin, 
34, connects the ball-and-socket joint thus 
formed and the bearing-plate 33. In lieu of 
employing side bearings, springs 35, fitting in 
sockets in brackets 36, bolted to the driving 
wheel truck-frames 18, bear against each side 
of the center bearings, 19, thereby steadying 
the main frame 9 as against lateral movement, 
while admitting of the free vibration of the 
driving-wheel truck-frames about the axes of 
the center bearings in passing over curved 
portions of the line. 
That portion of the weight supported by 

each driving-wheel truck-frame which is borne 
by the driving-wheels is transmitted thereto 
through a pair of bearing-pins, 37, passing 

65 

through the centers of a pair of long equaliz 
ing-levers, 38, and pivoting the same to the 
pedestal-braces 39 of the main or center pairs 
of driving - wheels of the truck - frames 18. 
The equalizing-levers 3S are coupled by pins 
40 to the shorter equalizing-levers 41 at points 
between the ends of the latter, and the levers 
41 are in turn coupled at their ends farthest 

from the levers 38 to the outer hangers, 42, 
of the front and rear driving-wheel springs, 43 
44, and at their ends nearest to the levers 38 7o 
to links 45, bearing at their upper ends against 
equalizing - beams 46, the opposite ends of 
which are coupled, respectively, to the inner 
hangers, 47, of the front and rear springs, 43 
44, and to the hangers 4S of the main springs 75 
49. It will be seen that by the above con 
struction the distribution of weight may be 
uniformly effected throughout each system of 
driving-wheels, and, further, that the points 
of support 37 and 26 will not change their re- 8c 
lation to the center bearings, 19, as all shocks 
upon the driving-wheels must be transmitted 
to the frames 18 through the bearing-pins 37. 
Power is transmitted from the cylinders to 

the driving-wheels through a lever mechan 
ism, under which construction the free vibra 
tion of the driving-wheels, with their truck 
frames, is permitted without impairing the 
normal conditions of transmission, and which 
admits of the employment of a length of crank 
pin stroke greater than that of the pistons, 
and consequently of a reduced piston-speed 
relatively to a given speed of the driving 
wheels. In the engine illustrated the stroke 
of the pistons is eighteen inches and that of 95 
the crank-pins thirty-six inches. s 

Each of the cross-heads 14 carries a double 
armed cross-head lever, 50, which is jour 
naled at its center to the cross-head, in line 
with the piston-rod 51, by a pin, 52. The up 
per arms of the cross - head levers 50 are 
coupled by tension-rods 53 to the upper arms 
of a pair of double-armed fixed-fulcrum levers, 
54, which are forged upon short shafts 55, 
journaled in boxes or bearings 56, bolted to Ios 
the rear sides of the guide-yokes 15, each of 
the shafts 55 having also forged upon its inner 
end a downwardly - extending arm, 57. The 
lower arms of the cross-head levers 50 are 
coupled to the crank-pins 58 of the main driv 
ing-wheels by the main connecting-rods 59, 
and the lower arms of the fixed fulcrum-levers 
54 are coupled by the tension-rods 60 to pins 
61, fixed in supporting-plates 62, bolted to 
and extending downwardly from the outer 
ends of the brackets 36, secured to the driv 
ing-wheel truck-frames 18. The main crank 
pins 58 are connected by side or coupling rods 
63 to the crank-pins 64 of the front and rear 
driving-wheels in the ordinary manner. 12o 
The advance and recession of the bearing 

pins 61 of the rear ends of the tension-rods 
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60 relatively to the cross-heads 14, which re 
sults from the swiveling movement in passing 
curves of the driving-wheel truck-frames 18, 125 
with which said pins are, as above stated, 
connected, effect corresponding movements of 
the fixed-fuicrum levers 54, which are trans 
mitted through the upper tension-rods, 53, and 
cross-head levers 50 to the forward ends of the 13o 
main rods 59; but inasmuch as the support 
ing-plates 62 are at a distance from the axes 
of the center bearings, 19, greater than that 
of the main crank-pins 5S therefrom, their 
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longitudinal movement in curving will be 
greater than that of Said pins, and conse 
quently of the rear ends of the main rods 59. 
Thus, for example, if in passing a curve, should 
the right hand driving-wheels change their 
position relatively to the center line of the 
boiler so far as to throw the center of their 
main pin 5S and main rod crank-pin brass 
forward, say, two inches, the right-hand bear 
ing-pin 61 and the lower arm of the right-hand 
fixed-fulcrum lever 54 would be advanced, 
say, two and three-sixteenths inches, while the 
front end of the main rod 59 would of course 
require to be advanced only two inches. To 
compensate such difference of traverse and 
impart equal degrees of movement to the op 
posite ends of the main rods 59, the lower arms 
of the fixed-fulcrum evers 54 are made of 
greater length than the upper arms, propor 
tionately to the difference of traverse of the 
bearing-pins 61 and main crank-pins 5S, so 
that the movement of their upper arms may 
be equal to that of the main crank-pins and 
the movement of their lower arms to that of 
the bearing-pins. In the example above cited 
the traverse of the lower arms of the fixed 
fulcrum levels being two and three-sixteenths 
inches, that of the upper arms will be two 
inches, which, transmitted through the upper 
tension-rod, 53, and cross-head lever 50, (the 
arms of which are of equal length,) in parts a 
movement of two inches to the forward end 
of the main rod 59, such movement being just 
equal to that of its rear end with the main crank 
pin. It will be seen that such changes of posi 
tion of the driving-wheels and main rods will 
be effected without tendency to vary the posi 
tion of the cross-heads or to effect any appre 
ciable change in their travel, either as to 
their length of stroke or location on the 
guides. 
Assuming the pressure on the piston to be 

twenty thousand pounds, tending to move it 

45 ) 

ten thousand pounds on the upper tension-rod, 

toward the rear end of the cylinder, such 
ressure will be divided by the cross-head le 

ver 50, ten thousand pounds acting on the 
main rod 59 to rotate the driving-wheels, and 

53, and fixed-fulcrum lever 54. The upper arm 
of said lever being to the lower arm as, say, 
two to two and three-sixteenths, a pressure 
of, say, nine thousand one hundred and forty 
three pounds will be exerted on the lower 
tension-rod; but as the bearing -pin 61, to 

55 which the rear end of the lower tension-rod 
is connected, is farther from the center of 
the driving-wheel truck-frame than the main 
crank-pin, in the proportion of two and 
three-sixteenths to two, the pressure of nine 
thousand one hundred and forty-three pounds 
exerted at the pin 61 and transmitted to the 
driving-wheels through the driving - wheel 
truck-frame will be equivalent to the press 
ure of ten thousand pounds in the oppo 
site direction exerted by the main rod on 
the main crank-pin, and the opposing forces 

thereby counteracting any tendency of the 
main rod to force the driving-wheels and their 
frames out of normal position. The forces 
acting on the driving - wheels and driving 
wheel truck-frame are similar to those in en 
gines of the ordinary construction having cyl 
inders rigidly secured to their frames, the 
piston acting in one direction and the cylin 
der in the other, in the same vertical plane 
which passes through the center of the cylin 
der. 

It will be observed that in passing curves 
the plane of motion of the crank-pin will be at 
a slight angle to the longitudinal center-line 
of the cross-head. To admit of the resultant 
change of position of the rear ends of the main 
rods and lower tension-rods, the boxes or 
brasses thereof are pivotally connected to 
their stub ends, as seen in Figs. 3 and 5. The 
straps 65, which carry the brasses 66, are open 
at their outer ends, and are pivoted at their 
inner ends by bolts 67 to the stub ends of the 
rods, the inner ends of the straps being curved 
concentrically with the bolts 67 and fitting 
corresponding recesses in the stub ends. 
Blocks 6S are secured in the outer ends of the 
straps to hold the brasses in position and fill 
up the straps. The rods are thus adapted 
to vibrate about the axes of the bolts 67, and 
the brasses may be filed and keyed up with 
out disturbing the rods or affecting their free 
movement. To provide for the movement of 
the eccentric-rods 69 in the swiveling move 
ments of the driving-wheel truck-frames, said 
rods are coupled by pivot-bolts 70 to the ec 
centric-straps 71, and their forward ends are 
coupled by pivot-bolts 72 to blocks 73, which 
are in turn coupled (by bolts at right angles 
to the bolts 72) to lugs on the backs of the 
shifting-links 74, in the usual manner. 

In order to obviate interference with the 
regular and normal movement of the steam 
distribution valves of the cylinders 11 by 
changes in the position of the eccentrics and 
links relatively to the cylinders and valves, 
resultant upon the movements of the main 
driving-axles which accompany the swiveling 
movements of the driving-wheeltruck-frames, 
the following construction is provided: The 
boxes or bearings 75 of the valve rocker-shafts 
76 are hinged to and suspended from brack 
ets 77 by pins 7S, passing through lugs on said 
brackets and on the rocker-shafts, the brack 
ets 77 being bolted or riveted to the boiler 
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and to the frame below the tank, respectively. 
The rocker-shafts 76 are mounted in their 
boxes 75 in the usual manner, and carry up 
per arms, 79, coupled to pins in the valve 
stems 80, and lower arms, 81, coupled to the 
dies or blocks 82 of the links 74. The links 
are raised and lowered, as required, by the 
movements of lifting-shafts 83, journaled in 
bearings 84, secured to the rear sides of the 
guide-yokes 15, said lifting-shafts carrying 
lifting-arms 85, coupled to the link-hangers 
86, and reverse-arms 87, coupled to reverse 

will be brought into the same vertical plane, bars 88, actuated by reverse-levers in the cab, 
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as hereinafter described. Downwardly-pro 
jecting arms 89 are fixed to the rocker-boxes 
75, and said boxes are maintained in nor 
mal position by links 90, by which the arms 
89 are coupled to the arms 57 of the shafts 55, 
which carry the fixed-fulcrum levers 54. The 
forward ends of the links.90 are also coupled 
by hangers 91 to short arms 92 on the lifting 
shafts 83, the coupling-pins 93, by which the 
links 90, arms 57, and hangers 91 are connect 
ed, passing through blocks fitting curved slots 
in the lower ends of the arms 57. 
Inasmuch as in the curving movements of 

the driving-wheel truck-frames the driving 
wheels advance on one side of the engine and 
recede on the other, and with them the driv 
ing-wheel truck-frames, lower tension-rods, 60, 

the eccentrics and links will be coincidently 
advanced and retracted through a degree of 
traverse proportionate to their distance from 
the center of the engine relatively to that of 
the lower tension-rods therefrom. If while, 
Say, the right-hand links are in full-stroke for 
ward motion, they are advanced, say, one inch 
by the curving of the driving - wheels with 
their frames, the lower ends of the right-hand 
fixed-fulcrum levers 54 will be also advanced, 
and with them the arms 57, which carry with 
them the lower ends of the arms S9, thereby 
Swinging the right-hand rocker-boxes 75 on 
their suspending-pins 78, so that the centers 
of the right-hand rocker-shafts are advanced 
one-half an inch. Such movement permits the 
ends of the upper rocker-arms and the valves 
to remain in their normal positions, while the 
lower ends of the rocker-arms, coupled to the 
link-blocks, move forward in accordance with 
the advance of the links. The forward eccentric 
being on the outside, its change of position 
will be greater than that of the backing ec 
centric in curving, and therefore, in raising 
the links to any desired point of cut-off, it will 
be seen that the influence of the backing ec 
centric will be exerted more or less as the links 
are raised, and when in full-stroke back mo 
tion the valves will be practically entirely 
under the influence of the backing eccentrics, 
and the ends of the lower rocker-arms and the 
link-blocks will be, say, thirteen-sixteenths of 
an inch out of normal position, instead of one 
inch, as was the case when in full-stroke for 
ward motion under the influence of the for 

This varying difference in 
the positions of the link-blockis compensated 
for by raising and lowering the blocks of the 
pins 93 in the curved slots of the arms 57 coin 
cidently with the raising and lowering of the 
links, which is effected by the arms 92 of the lift 
ing-shafts and the hangers 91, the hangers 91 
being raised or lowered by the lifting-shafts 83 
in raising and lowering the links through the 
lifter-arms 85 and link-hangers 86. As the 
forward ends of the connecting-links 90 are 
raised or lowered they, with the rocker-box 
arms 89, to which they are connected, are sub 
jected to a shorter or a longer leverage, re 

spectively, of the arms 57, the proportions 
being such as to always maintain the rocker 
boxes in the position proper to admit of regul 
lar movement being imparted to the valves at 
all points of cut-off. 
The lifting-shafts 83 are actuated to effect, 

by raising and lowering the links 74, the re 
versal of movement of the pistons, and to vary 
the point of cut-off by two reverse-levers, 94 
and 95, pivoted, by a common bolt or stud 
passing through the bosses 96, to a suitable 
standard in the cab of the engine. The reverse 
bar 88 of the link-motion of the forward cyl 
inders is coupled to the lower end of the re 
verse-lever 94, and that of the link-motion of 
the rear cylinders to the lower end of the re 
verse-lever 95. A suitable counter-balance, 
either spring or weight, may be connected 
with the lifting-shafts or reverse-levers in the 
usual manner. The lever 94 causes a spring 
latch, 97, engaging the notches of an ordinary 
fixed quadrant, 98, and the ever 95, a similar 
latch, 96, engaging the notches of a short sup 
plemental quadrant, 100, bolted to and moving 
with the lever 94. Two spring-catches, 101 
102, fixed, respectively, upon the upper ends 
of rods 103 104, are fitted to slide vertically in 
the quadrant 100 on opposite sides of its cen 
ter, so as to form the sides of a center notch 
in said quadrant for the latch 99 of the lever 
95. The spring-catches i.01 102 are held up 
to their positions to engage the lateh 99 by 
springs 105, and may be pressed downwardly, 
to enable the latch to clear them, by foot-le 
vers 106 107, pivoted to the quadrant 100, and 
bearing against nuts or projections on the rods 
103 and 104. A guide, 10S, curved concen 
trically with the quadrant 98, is secured at its 
ends thereto, and is provided with end inclines, 
109, adapted to raise the latch 99 of the lever 
95 out of the notches of the quadrant 100, the 
latch 99 being made of sufficient width to pro 
ject over the top of the guide 108. By mov 
ing the lever 94 the short quadrant 100 and 
lever 95 will be correspondingly moved, so that 
by placing the latch 99 in the center notch, 
between the spring-catches 101 and 102, the 
two levers can be moved coincidently, and the 
forward and rear pairs of valves handled at 
the same time. Should it be found desirable 
to work the rear cylinders somewhat lighter 
than the forward ones, by reason of dimina 
tion of weight on the rear driving-wheels, due 
to consumption of fuel and water, the lever 95 
can be cut back a notch or two on the quad 
rant 100 without moving the lever 94, the en 
gineer placing his foot upon the lever 106 and 
pressing the spring-catch 101 down, to allow 
the latch 99 of the lever 95 to pass. The latch 
can be raised sufficiently far to pass over the 
notches of the quadrant 100, but not far enough 
to pass over the spring-catches 101 102, so 
that the engine can be reversed, should it 
become necessary to do so suddenly, with 
the main reverse-lever 94, regardless of the 
position of the lever 95. If the lever 95 should 
stand in advance of the lever 94, the links of 
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the rear valve-motion would tend to strike 
their link-blocks before those of the forward 
valve-motion were fully reversed. Such tend 
ency is obviated by the forward incline, 109, 
of the guide 108, which raises the latch 99 of 
the lever 95 out of the notch in the quadrant 
100, and permits the lever 95 to remain station 
ary until overtaken by the lever 94, when the 
spring-catch 101 will pass under the latch 99, 
and the two levers will beheld together during 
the remainder of the traverse requisite for re 
versing. 
The application of my invention in engines 

of the several leading types of wheel arrange 
ment is illustrated in the diagrams Figs. 14 to 
23, inclusive. Fig. 14 shows an eight-wheel 
engine, for freight or switching service, hav 
ing four cylinders and a front and a rear truck 
frame, each supported on four driving-wheels; 
Fig. 15, a sixteen-wheel engine, for heavy pas 
senger service, having four cylinders and a 
front and a rear truck-frame, each supported 
on four driving-wheels and a subsidiary four 
wheeled leading or guide truck: Fig. 16, a 
sixteen-wheel engine, of the “Mogul’ type, 
for freight service, having four cylinders and 
a front and a rear truck-frame, each support 
ed on six driving - wheels and a subsidiary 
two-wheeled leading or guiding truck; Fig. 
17, a twenty-wheel engine of the “ten-wheel' 
type, for freight service, which has been here 
inbefore fully described; Fig. 18, a twenty 
wheel engine, of the “consolidation’ type, 
for freight service, having four cylinders and 
a front and a rear truck-frame, each supported 
on eight driving-wheels and a subsidiary two 
wheeled leading or guiding truck, the same 
being shown in plan view in Fig. 22; Fig. 19, 
an eight-wheel engine, for switching service, 
having two cylinders, and four driving-wheels 
in a forward truck-frame, the rear of the frame 
and tender being supported on a four-wheel 
truck; and Fig. 20, a sixteen-wheel engine, for 
express-passenger service, having two cylin 
del's, and a forward truck-frame supported on 
four driving-wheels, and a subsidiary four 
Wheel leading or guiding truck, the rear of 
the frame and tender being carried upon a 
truck-frame, which is adapted to swivelupon 
a center, 110, on the main frame of the engine, 
and is supported upon two subsidiary four 
Wheel truck-frames, each swiveling upon a 
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Center, ill, on the main truck-frame. In this 
engine, as in that of Fig. 15, it will be seen 
that the side rods are reduced to the minimum 
length. 
The engine shown in Figs. 21 and 23 is of 

the same general type as that of Fig. 20, with 
the following modifications. The stroke of the 
piston is here of the same length as that of the 
Crank-pins, and the piston - rods are carried 
out of the front ends of the cylinders. The 
usual side rods are dispensed with, and in lieu 
thereof two main rods, 59, are employed for 
each cylinder, one of said rods connecting the 
lower end of the cross-head lever 50 with the 
crank-pin of the forward driving-wheel, and 

the other connecting the lower end of the fixed 
fulcrum lever 54 with the crank-pin of the 
rear driving-wheel. Inasmuch as the duty of 
transmission is divided between the two main 
rods, they, as well as the driving-wheel counter 
balances, maybe made correspondingly light. 
In order to insure the maintenance of the two 

pairs of driving - wheels in normal relation 
one to the other, their axles may be coupled 
by wrought iron or steel cut gears 112113. 
Each pair of driving-wheels being driven by 
equal forces exerted on the two main rods 
coupled to its crank-pins, the duty of the 
gears will be limited to that of checking any 
tendency of one pair of driving-wheels to ad 
vance by slipping relatively to the other, and 
in no case will the gears be required to trans 
mit more than a small fractional part of the 
pressure acting upon the pistons. 

I am aware that the employment of driving 
wheels mounted in a truck or bogie frame, 
which is adapted to swivel or vibrate inde 
pendently of the main frame of a locomotive. 
engine and carries directly the cylinders from 
which power is applied to the driving-wheels, 
was known at the date of my invention; and 
I am further aware that the utilization of the 
weight of a tender by providing the same with 
steam-cylinders whose pistons are connected 
to driving-wheels supporting the tender is not 
new. Such constructions, which differ in es 
sential particulars from my invention, I there 
fore disclaim. - 

I claim as my invention and desire to secure 
by Letters Patent 

1. The combination, substantially as set 
forth, of a rigid main frame carrying a loco 
motive-boiler and a water and fuel receptacle, 
a series of driving-wheels mounted in a truck 
or bogie frame adapted to move about a center 
bearing fixed to the main frame, a pair of steam 
cylinders fixed upon the main frame and hav 
ing their piston-rods secured to cross-heads 
working in guides thereon, and lever mechan 
ism, substantially as described, whereby said 
cross-heads are coupled to pins fixed on the 
main frame and to crank-pins on the driving 
wheels, respectively. 

2. The combination, substantially as set 
forth, of a rigid main frame, a locomotive 
boiler, and a water and fuel receptacle secured, 
respectively, upon the forward and rear por 
tions of said frame, a series of driving-wheels 
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mounted in a truck or bogie frame adapted 
to move about a center bearing fixed to the 
main frame below the boiler, a pair of steam 
cylinders fixed to the main frame and having 
their piston-rods secured to cross-heads work I25 
ing in guides thereon, lever mechanism, sub 
stantially as described, whereby said cross 
heads are coupled to pins fixed on the main 
frame and to crank - pins on the driving 
wheels, respectively, and a truck or bogie 
adapted to move about a center bearing fixed 
to the main frame below the water and fuel 
receptacle. - 

3. The combination, substantially as set 
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forth, of a rigid main frame, a locomotive 
boiler, and a water and fuel receptacle, se 
cured, respectively, upon the forward and 
rear portions of said frame, a series of driv 
ing-wheels mounted in a truck or bogie frame 
adapted to move about a center bearing fixed 
to the main frame below the boiler, a pair of 
Steam-cylinders fixed to the main frame and 
having their piston-rods secured to cross-heads 
Working in guides thereon, lever mechanism, 
substantially as described, whereby said cross 
heads are coupled to pins fixed on the main 
frame and to crank-pins on the driving-wheels, 
respectively, a series of driving-wheels mount 
ed in a truck or bogie frame adapted to move 
about a center beairing fixed to the main frame 
below the fuel and water receptacle, and a sup 
plemental pair of steam-cylinders fixed to the 
main frame and having the cross-heads of their 
piston-rods coupled through lever mechanism, 
substantially as described, to pins fixed on the 
main frame and to crank-pins on the driving 
wheels of the truck or bogie frame support 
ing the fuel and water receptacle. 

4. The combination, substantially as set 
forth, of a rigid main frame carrying a loco 
motive-boiler and a water and fuel receptacle, 
a series of driving-wheels mounted in a truck 
or bogie frame adapted to move about a cen 
ter bearing fixed to the main frame, a pair of 
steam-cylinders fixed to the main frame and 
having their pistons connected to crank-pins 
on the driving-wheels, and a subsidiary lead 
ing or guiding truck adapted to move about 
a center bearing fixed to the driving-wheel 
truck-frame. 

5. The combination, substantially as set 
forth, of a rigid main frame carrying a loco 
motive-boiler and a water and fuel receptacle, 
a series of driving-wheels mounted in a truck 
or bogie frame adapted to move about a cen 
ter bearing fixed to the main frame, a pair of 
steam-cylinders fixed to the main frame, a 
pair of cross-head levers, each journaled to 
the piston-rod cross-head of one of said cyl 
inders, a pair of fixed fulcrum-leversjournaled 
in bearings fixed to the main frame, tension 
rods coupling the cross-head levers and fixed 
fulcrum-levers at their upper ends, tension 
rods controlling the movements of the lower 
ends of the fixed-fulcrum levers, and main rods 
coupling the lower ends of the cross-head le 
vers to crank-pills on the driving-wheels. 

6. The combination, substantially as set 
forth, of a rigid main frame carrying a loco. 
motive-boiler and a fuel and water receptacle, 
a series of driving-wheels mounted in a truck 
or bogie frame adapted to move about a cen 
ter bearing fixed to the main frame, a pair of 
steam-cylindersfixed to the main frame, a pair 
of cross-head levers, each journaled to the pis 
ton-rod cross-head of one of said cylinders, a 
pair of fixed-fulcrum levers journaled in bear 
ings fixed to the main frame, tension-rods coup 
ling the cross-head levers and fixed-fulcrum 
levers at their upper ends, tension-rods coup 
ling the lower ends of the fixed-fulcrum levers 

to bearing-pins on the driving-wheel truck 
frame, and main rods coupling the lower ends 
of the cross-head levers to crank-pins on the 
driving-wheels. 

7. The combination, substantially as set 
forth, of a rigid main frame carrying a loco 
motive-boiler and a water and fuel receptacle, 
a series of driving-wheels mounted in a truck 
or bogie frame adapted to move about a cen 
ter bearing fixed to the main frame, a pair of 
steam-cylinders fixed to the main frame, a pair 
of cross-head levers, each journaled to the 
piston-rod cross-head of one of said cylinders, 
a pair of fixed-fillerum levers journaled in 
bearings fixed to the main frame, tension-rods 
coupling the cross-head levers and fixed-full 
crum levers at their upper ends, and main rods 
coupling the lower ends of the cross-head le 
vers and fixed-fulcrum levers, respectively, to 
crank-pins on the driving-wheels. 

S. The combination, substantially as set 
forth, of a rigid main frame carrying a loco 
motive - boiler, a series of driving - wheels 
mounted in a truck or bogie frame adapted 
to move about a center bearing fixed to the 
main frame, a pair of long equalizing-level's, 
each pivoted centrally by a bearing-pin to and 
below one side of the truck-frame and coupled 
at each end to a shorter equalizing - lever, 
equalizing-beams coupled above the truck 
frame by hangers at their ends to the driving 
wheel springs, and links or hangers coupling 
one end of each of the short equalizing-levers 
to the end of a driving-wheel spring and the 
other end of said lever to the center of an 
equalizing-beam. 

9. The combination, substantially as set 
forth, of a rigid main frame carrying a loco 
motive - boiler, a series of driving - wheels 
mounted in a truck or bogie frame adapted 
to move about a center bearing fixed to the 
main frame, a subsidiary leading or guiding 
truck supporting one end of the driving-wheel 
truck-frame upon a center bearing, about which 
said subsidiary truck is free to move, and a 
spring and equalizer arrangement, as described, 
supporting the opposite end of the driving 
wheel truck-frame upon a bearing-pin below 
each side thereof. 

10. The combination, substantially as set 
forth, of a rigid main frame carrying a loco 
motive - boiler, a series of driving - wheels 
mounted in a truck or bogie frame, a center 
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bearing secured to and projecting downwardly 
from a transverse girder connected to the main 
frame and having a spherical lower face, a 
correspondingly-recessed socket secured upon 
a transverse bearing-plate fixed to the truck 
frame, and a center pin connecting the center 

I bearing and the socket and its bearing-plate. 
11. The combination, substantially as set 

forth, of a rigid main frame carrying a loco 
motive - boiler, a series of driving - wheels 
mounted on a truck or bogie frame, a center 
bearing secured to and projecting downwardly 
from a transverse girder connected to the main 
frame, a center casting or socket fitting the 
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lower end of said center bearing and secured 
to a transverse bearing-plate fixed to the truck 
frame, and springs fitting in guides or sockets 
On the truck-frame and bearing against the 
sides of the center bearing of the main frame. 

12. The combination, substantially as set 
forth, of a rigid main frame carrying a loco 
motive-boiler and a pair of steam-cylinders, a 
Series of driving-wheels mounted in a truck 
Or bogie frame adapted to move about a cen 
ter bearing fixed to the main frame, and hav 
ing crank-pins connected with the pistons of 
the steam-cylinders on the main frame, valve 
operating eccentrics fixed upon one of the 
driving-axles, and eccentric rods connected 
pivotally at one end to the straps of the ec 
centrics and similarly connected at the other 
end to valve-operating links suspended from a 
lifting-shaft journaled on the main frame. 

13. The conbination, substantially as set 
forth, of a rigid main frame carrying a loco 
motive-boiler and a pair of steam-cylinders, a 
series of driving-wheels mounted in a truck or 
bogie frame adapted to move about a center 
bearing fixed to the main frame, and having 
crank-pins connected with the pistons of the 
Steam-cylinders on the main frame, fixed-full 
crum levers secured upon shafts journaled on 
the main frame and coupled at their opposite 
ends by tension-rods to pins on the truck 
frame and to levers pivoted to the cross-heads, 
valve rockel-shafts mounted in boxes hinged 
to brackets, which are fixed relatively to the 
main frame, and links connecting arms on the 
rocker-boxes with blocks fitting slots in arms 
on the fixed-fulcrum-lever shafts, and with 
arms on the lifting-shaft of the valve-links. 

14. The combination, substantially as set 
forth, of a rigid main frame carrying a loco 
motive-boiler and a pair of steam-cylinders, a 
series of driving-wheels mounted in a truck or 
bogie frame adapted to move about a center 
bearing fixed to the main frame, and having 
crank-pins connected with the pistons of the 
steam-cylinders on the main frame, a pair of 
cross-head levers each journaled to the piston 
l'Od cross-head of one of said cylinders, a pair 
of fixed-fulcrum levers journaled in bearings 
fixed to the main frame, tension-rods coupling 
the cross-head levers and fixed fulcrum-levers 
at their upper ends, tension-rods connected 
by pivots to boxes or brasses fitting pins on 
the lower ends of the fixed-fulcrum levers and 
to boxes or brasses fitting pins on the truck 

55 frame, and main rods connected by pivots to 
boxes or brasses fitting pins on the lower ends 
of the cross - head levers and to boxes or 
brasses fitting crank - pins on the driving 
wheels. 
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15. The combination, substantially as set 

forth, of a rigid main frame carrying a loco 
motive-boiler and a pair of steam-cylinders, a 
series of driving-wheels mounted in a truck or 
bogie frame adapted to move about a center 
bearing fixed to the main frame, and a pair of 65 
steam-cylinders fixed upon the main frame 
and having their pistons connected to crank 
pins on the driving-wheels of stroke greater 
than that of the pistons. 

16. The combination, substantially as set 
forth, of a rigid main frame, a locomotive-boil 
er, and a fuel and Water receptacle, Secured, 
respectively, upon the forward and rear por 
tions of said frame, a series of driving-wheels 
mounted in a truck or bogie frame adapted 
to move about a center bearing fixed to the 
main frame below the boiler, a pair of steam 
cylinders fixed to the main frame and having 
their pistons connected to crank-pins on said 
driving - wheels, a series of driving - wheels 
mounted in a truck or bogie frame adapted to 
move about a center bearing fixed to the 
main frame below the fuel and water recep 
tacle, a pair of steam-cylinders fixed to the 
main frame and having their pistons connect 
ed to crank-pins on said driving-wheels, a 
pair of reverse-evers adapted to Swing upon 
a common pivot and connected, respectively, 
with the link-lifter shafts of the forward and 
the rear cylinders, and a quadrant secured 
upon one of the reverse-levers and Serving to 
regulate the position of the other. 

17. In a locomotive-engine of the type de 
scribed, the combination, Substantially as set 
forth, of a pair of link-motions and their op 
erating-eccentrics mounted upon a forward 
truck or bogie, a pair of link-motions and 
their operating - eccentrics mounted upon a 
rear truck or bogie, a pair of reverse-levers 
adapted to swing upon a common pivot on the 
main frame of the engine, reverse-bars coup 
ling said reverse-levers with the lifting-shafts 
of the forward and rear link-motions, respect 
ively, a long fixed quadrant having notches 
receiving the stop-latch of one of said levers, 
a short quadrant secured to said lever and 
having movable stops to engage the stop-latch 
of the other lever, and a guide secured to the 
long quadrant and having an end incline 
adapted to raise the stop-latch of the lever last 
named from the notches of the short quadrant. 

FRANCIS. W. JOEINSTONE. 

Witnesses: 
A. CESAR DIAZ, 
M. S. MCCAY, 
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