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FRANK M. STEVENS, OF CONCORD, N. H., ASSIGNOR OF ONE-HALF OF HIS
RIGHT TO JOHN H. PEARSON; SATD PEARSON ASSIGNOR OF ONE.HALR
OF HIS RIGHT TO CHAS. . PEARSON, ALL OF SAME PLACE,

LOCOMOTIVE.

SPECIFICATION forming part of Letters Patent No. 232,776, dated September 28, 1880,
) Application filed March 26, 1830. (No model.)

To all whom 1t may concern :
Be it known that I, FRANK M. STEVENS, of
- Concord, in the county of Merrimack and State
of New Hampshire, have invented certain Im-
5 provements in lLocomotives or Locomotive-
Engines, of which the following is a specifica-
tion.
This invention relates to improvements in
locomotive-engines, and has for its object,
io among other things, a novel construction and
arrangement of the different parts that to-
gether united constitute a locomotive-engine,
and also to economize fuel, and prevent sparks,
cinders, and excessive smoke. -
15  One part of my invention counsists in a loco-
motive having a boiler or steam-generator ar-
ranged at the rear of the bogie-truck, above the
driving-wheels, the said boiler having at its
rear end an apartment for the fireman and at
20 1ts front end an apartient or housing-cab for
theengineer, thesaid engineer’sapartment con-
taming the valve.gear and valve-controlliug
mechanism, all as hereinafter set forth, where-
by the engineer is placed at the front of the
25 locomotive, where his view of the track and
signals is entirely unobstructed, where he. is
removed trom the presence of smoke, steam,
and duast, and has all the meechanism for start-
ing, stopping, and reversing the locomotive
30 completely under his control. This construc-
tion affords additional security to the lives
of passengers aud safety of rapidly moving-
trains. | |
1 have discovered that the universal system
35 of discharging exhaust-steam into the stack to
inerease the draft produces sharp intermittent
blasts through the fire, tearing it to pieces and
sending the products of combustion and small
particles of coal therein through the tubes and
40 stack so rapidly as to afford but little time for
the produets of combustion to surrender their
heat to the tubes and water, and cansing the
emission of showers of sparks and ¢inders—a
source of danger and annoyance—and the pro-

45 ducts of combustion aund contained particles,

traveling at such rapid rate, soon cut out the
tubes and spark-arresting screens. To obviate
this difficulty I have devised a method of ac-
celerating the draft by a jet of live steam taken

from the boiler, the said jet being introduced, to
preferably at the base of the stack, at a press-
ure less than that at which the exhaust-steam
1s commonly introduced; and at the same time
I have connected with the exhaust-valves snit-
able outlets to convey the exhaust-steam into 55
the atmosphere. To enable me to practically
carry out this plan I have coustructed the
valve mechanism and its actuating-gear so as
to work the steam in the cylinder to full ad-
vautage—that is, I have provided for a full, or 6o
nearly fall, opening for the steam to its ad-

~mission-ports at or near the beginnin g of the

stroke, and have provided means to exhaust
the steam at as near the end of the stroke of
the piston as is practicable with the speed of 6 5
the engine, and at the same time I have re-
tained means to vary the point of ent-off or ad-
mission of steam into the valves, and have ar-
ranged the mechanism so as to obviate excess-
ive lead or compression common in the pres- 7o
ent forms of locomotives.

To enable me in a practical way to abandon
the use of exhaust-steam as a means for stim-
ulating the draft, it became necessary for me
to provide the locomotive with more rapid and 7z
efficient means for generating steam—means
whereby I could better utilize the heat in the
fuel and products of combustion. To do this
I have applied to the locomotivea form or class
of boiler not heretofore employed in locomo-
tives, such boiler containing improvements in-
vented by myself, whereby I am enabled to
generate steam very rapidly and with the least
possible expenditure of fuel and loss of heat.
Lhe Dboiler or steam-generator herein shown 8 g
IS not, however, made the subject of an inde-
pendent claim, as it forms the subject-matter
of another application for patent filed in the
United States Patent Office March 23, 1380, to
which reference may be had.

The metallic casing or shell forming the fur-
nace or combustion-chamber of this locomotive-
engine 1s lined with fire-brick or other refract-
ory material, which greatly adds to the effi-

30
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‘clency of the apparatus in the rapid genera- 95

tion of steam. I have extended the combus-

tion-chamber nearly or quite the whole length
| of the boiler or steam-generator, so that more
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time and space are allowed for the more per-
feet combustion of the gases produced by the

consumption of the fuel than can be gained 1n
the present forms of lJocomotive-boilers.

In this my locomotive I employ separate 1n-
let and exhaust valves, as I desire the exhaust-
valves to be held open, or nearly so, under
certain conditions, while the inlet poris or
valves are closed, or nearly so,and this while
the engine is in motion on the track.

If it is desired to reverse the motion of and
run backward a locomotive provided with sep-

arate inlet and exhaust valves for each end of

each cylinder, asherein described, the engineer,
ander mosteircumstances, will first reverse the
motion of theengine, partly in order that steam-
power may be subsequently employed to arrest
and reverse the motion of the locomotive; but
by holding open the exhaust-ports and closing
the inlet-ports it will be apparent that a suffi-
cient quantity of steam to result in mjury to
the cylinder and piston cannot be entrapped
in the cylinder, nor can a vacuum be formed
in the said cylinder which would tend to stop
the locomotive or train.

Operating the valves as herein described 1s

especially desirable when running into a sta-

tion or on a downgrade, as then, instead of
shutting off the steam entirely by the throttle-
valve, as is commonly done in ordinary loco-
motives, I place the valves in such position
that the steam-admission ports of the moving
locomotiveshall be held closed and the exhaust-
ports open. leaving the piston free to act with-
out tendency to compression.

Prior to this my invention 1 am not aware
that a locomotive has ever been constructed 1n
which the valves may be made inoperative 1n
such position that the exhaust-ports. are held
open and the admission-ports closed. .

The valve mechanism herein described as
having been invented by me to operate in the
manner stated has been made the subject-mat-

ter of another application for United States.

patent filed the 26th day of March, 1330.
FPigure 1 is a side elevation of a locomotive-
engine containing my improvement; Iig.2,a
longitudinal and vertical section of the same;
Fig. 3, a plan, the roof being removed to show
the interior of the stracture, in which 1s made
the different apartments for the engineer and
stoker, the steam-generator being located be-

' tween the said apartments, connected by a

59

passage-way at one side of the said generator;
Fig. 4, an enlarged plan of the valves and
their actuating mechanism, so as 0 more
clearly and exactly show the cylinder and

- valve mechanism on a larger scale than In

60

Figs.1 and 2; Fig. 5, a front elevation of Ifig.
4 Figs. 6 and 7, views of opposite sides of
the cam-barrel, hereinafter described, drawn
to a scale twice the size of Fig. 5. Ilig. Srep-
resents cross-section of one of the sald cam-

barrels on the dotted lines, Fig. 6. Iig. 91s |

detail of the valve mechanism; Fig. 10, an
enlarged vertical sectional detail of one of the
depending tubes connected with the upper and

F
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lower sheets of the boiler-shell ; Fig. 11, an
enlarged detail of the steam-jet ring; Iig.12,
a front view of the locomotive, Fig. 3, with
the front of the engineer’s apartment removed.

Let A represent the driving-wheels; A?, the
asual connecting - rods; B% the bogie-truck,
placed at the front of the stracture F?, in which
is placed the steam-generating apparatus or
Doiler, the said structure also furnishing at its
front part, in advance of the boiler, an apart-
ment, C, for the engineer, and at 1ts rear an

“apartment, C?, for the fireman. The engineer’s

apartmentis above the bogie-truck. The malin
part of the framing for the boiler and engine
is hung upon springs on the usual axle-boxes,
and is extended forward over the bogie-truck
and to the pilot D2. These two apartments C U
are connected along the sides of the boiler or
steam-generator by the narrow gangways @ &.
(See Fig. 3.)

In order to enable me to produce steam in
the most rapid and uniform manner with the
least possible expenditure of fuel, I have 1n-
vented and applied to the locomotive a flat-
tened boiler or shell, D, which I have sup-
ported upon the metallic furnace - casing ¢
lined with fire-brick or refractory material ¢,
the said casing constituting the combustion-
chamber ¢ and fire-box I of the locomotive,
it having a grate and ash-pan of the usual con-
struction. I have attached to this boiler a se-
ries of staggered compound water-circulating
tubes, E, in whiclr the water is made to cireu-
late rapidly and freely. The outer part of each
of these tubes is firmly connected with the
lower part of the boiler-shell by means of a
nut, If%, and the inner tube, 4, located within
the outer tube, is also connected with the said
nat T3, suitable water-ways being made be-
tween them to.permit the water to circulate 1n
the direction of the arrows, Ifig. 10.

The boiler and tubes are further stayed by
the stay-bolts 7%, having heads j°. These com-
pound tubes, boiler-shell, and fire-chamber are
all asin my other application, hereinbetore re-
ferred to, and to which reference may be had.
The stack or smoke-pipe B?, located at the
front end of the boiler D, has placed within
it a steam pipe or jet, s, perforated to dis-
charge live steam into the stack, the said jet-
pipe being connected by a suitable pipe, s7
the said ring being connected (see Ifig. 3) with
a suitable portion of the boiler D, preferably
at its rear end, so as to place the steam-jet
under control of the fireman.

A?representsthe engine-cylinders, connected
by means of asuitable bed-plate, B ; 1%, the axle,
apon which are fixed the drivers A and the ec-
centrics f that operate the connecting-rods ¢’.
Each engine is provided with like valves and
operating-gear, so a detailed description of
each will be unnecessary, it being understood
that like letters are employed for like parts.

Let F represent the cam-shaft, mounted 1n
bearings at @, and provided with two cranks,
b, bent and arranged at right angles to each
other. Connecting-rods ¢ ¢ take hold of these
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cranks and extend back to and connect with

upright levers or arms d d, pivoted on the
frame-work ate e, as shown. To the lower
extremities of these arms are attached other
connecting-rods ¢’ ¢/, which extend backward
and are conunected with eccentries J J on the
axle Il2. The levers d d are employed partly
to enable me to arrange the connecting-rods
In & horizontal position, and thus economize
room, and partly to employ cranks which dif.
fer in throw from the eccentrics. If the corn.
heeting-rods were carried directly from the
cecentries f f to the cranks b b while the for-
Iner are 1n a plane so much below the latter,
the vertical play of the frame on the springs
of the locomotive would bLe sufficient to de-
range the functions of the parts, if not to ren-
der them entirely 1operative, as the distance
between the centers of the axle T2 and the

shatt I' will be constantly varying to a con-

siderable degree; but with the conunectin -
rods arranged in parallel planes at right an-
gles to the substantially vertical play of the
frame on the springs this Injurious effect is
practically neutralized.

On the shaft F is an elongated cam-barrel,
&, which is arranged to slide longitudinally
upon the shaft, being prevented from turning
by means ot a spline, . Referring to Figs. 5,
6, and 7, where this cam-barrel is more ful] Y
Illustrated, 1 represents a circumferentisl
aroove between the exhaust end of the cam
(that to the right) and the inlet end. The in.
let end consists of two spirally-constracted
cut-oft cams, 2 and 3, the former of which may
be designated the ¢go-ahead” inlet-cam and
the latter the “backing” inlet-cam. These
cams are alike, but are arranged in inverse or-
der. Asaspirally-arranged cam is not of itself
new, 1t will not be necessary to describe its con-
straction more fully. The exhaust end eon-
sists of two exhaust-cams, 4 and 9, the former
of which may be designated the ‘““go-ahead”
exhaust-cam and the latter the ¢ hackin g7 ex-
haust-cam. The elongated cam-barrel G m ay be
considered as a eylinder, having a diameter

equal to a section taken on the line y y1in Figs,

o and 6, and as shown at the left in Fig. 7, and
the cams 23 4 5 may be considered as en.
largements on said ceylinder.

The exhaust-cams 4 and 5 are each extended
half-way around the cylinders, and there is
a zone between them where the enlargement
extends all round the eylinder in the form of
a belt, 6. Through this belt the section shown
at the right in Fig. 7 is taken. Thus, at 6 T
have an enlarged cylinder between the ex.
haust-cams, and a lesser zone consistin g of the
cam-barrel itself at 7, between the inlet-cams.
The object of these will be explained farther
on. |
On the end of the barrel G is formed a
clutch-groove, &, with which en gages a fork, 1.
This fork has a nut or threaded bore on its
lower end, which engages a hiorizontally-ar-
ranged screw, 4, that has fixed bearings on the

- main frame. This serew bears g miter or bevel

the cam-barrel G to move

| wheel, &, that engages a bevel-wheel, ¥/, on a

shaft arranged at an angle to the screw-shaft
J. On the other end of this shaft is another

bevel-wheel, I/, which meshes with a larger

wheel, m, on a vertical shaft, provided with a
sultable hand-wheel, H, so that by rotating
the hand-wheel the screw J may be rotated,
the fork 4 caused to travel thereon, and the
cam-barrel G be caused to move tongitudinally
on its shaft. |

[ Iare the inlet-valves, and J J the exhanst-
valves. Theseare preferablyoscillatin gvalves,
which may be of any suitable charaeter; or
single-acting slide-valves may be used instead.
The valves shown are similar to that illus.
trated in my patent of July 16, 1878, and num-
bered 205,982, To the stems of these valves
are tixed arms n n, and these arms are ar.
ranged to connect with levers o o, (see Kig. 9,)
pivoted or hinged at their bottom ends, as
shown. Each valve has its arm n and lever o
and the valves are coupled together in pairs—
the exhaust together and the inlet-valves to.

gether—Dby means of springs p P, arranged be-

tween the pairs of levers o o and adapted to
keep them pressed inward or toward each other.
The exhaust-steam is discharged from the

exhaust-valves into the nipes S, herein shown
as extended up through the roof of the strue-

ture I, |

The cam-barrel G, with its cams, 1s arranged
to rotate between the levers o 0 in such 2 man-
ner that the springs p p will eause the levers
to grasp it, and they are provided with rounded
protuberances p? p* to bear on the barrel and
cams. |

The go abhead camns 2 and 4 and the zones
or belts 3 and 5 are the same distance apart,
and are spaced to correspoud with the dis-
tance apart of the valve-levers o o, so that
when the levers of the exhaust-valves engage,
say, the cam 4 those of the inlet-valves will

engage the cam 2,

The operation is as follows: Stppose the lo-
comotive to be going ahead, the driver-axle K2
communicates rotary motion to the shaft F
and through it to the cam-barrel G and its va.
rious cams. ISach revolution of the axle im.
parts a corresponding revolution to the cams.
The cam 2 in its revolution acts alternately
apon the levers o o, pressing them outward,
and they, in turn, act upon the arms z 1, to
oscillate the valves and admit the steam to
the eylinders. At the same time the cam 4.
acts in a like manner upon the exhaust-valve
levers to permit the escape of the steam.
the engineer wishes to reverse the engines, he
shifts the valve mechanism through the me-
dium of the hand-wheel H.
the said wheel in the proper direction canses
along its shaft,
in a manner hereinbefore described, until the
backing-cams 3 and 5 take the places before

oceupled by the cams 2 and 4.

1t will be observed, however, that in making
this change the belts or zones 6 aud 7 must co.

| incide, while the movement is being m ade, with

3

It

The rotation of

75

80

),

Qo

95

ICO

105

II0O

115

120

I25

130



10

I5

20

25

_30

35

40 J

50 P

55

60

4

the levers connected, respectively, with the ex-
haust and inlet valves, and the result will be

that the two inlet-valves will be closed and the
two exhaust-valves thrown wide open, and all
simultaneously. This clears both ends of the

cylinders of steam before the change is or can
be made from backing to go-ahead, or vice
versa. While the cams arein this nosition the
valves are stopped from moving, although the
engine-pistons may yet be in motion; and in
ooing down a grade while the cams are so set
the pistons operate freely and can neither com-
press steam in the cylinders nor form a vacu-
am, and counsequently the cylinder and piston
cannotbe injured or the motion of the train re-
tarded.

One mostimportantfeature of this valve-gear
is that by it the engineer is enabled to throw
open both exhaust-valves aud close both 1nlet-
valves simultaneously.

Ordinarily with this gear the throttle-valve
will not be employed, as the setting ot the
valves as just described effectually cuts off all
the steam from the cylinders. - |

To enable the cams to be brought succes-
sively under the protuberances on the levers
by a lateral movement aswellasarotary move-
ment, [ provideinclines or easements, as shown,
avoiding all abrupt offsets.

The springs p serve to close the valves at the
proper moment, aud each lever o may have a
separate spring.

As shown, the cams employed on one cylin-
der are arranged oppositely to those on ‘the
other, and the two setsof cams move outward-
ly and inwardly at the same time when shifted.
They might, however, be differently arranged
<0 as to move in the same direction simultane-
ously. Iprefertoemploy two distinet screws,
., one for each cylinder, as shown, provide
each with a bevel - wheel, k, and drive them
from a common bevel-wheel, [; but one screw
for both would answer very well.

I do not care to confine myself to any par-
ticular arrangements of these gear-wheels for
operating the screw or serews j, nor to the use
of screws for effecting the longitudinal move-
ment of the cam-barrels, as a rack-and-pinion
or other movement might be employed for this
urpose. |

The ball-and-socket connection of the lever
o o with the valve levers or arms gives perfect
freedom to the movement without detracting
from its positiveness, and the employment of
the levers enables me to geta greatermovetnent
of the valve with a given throw of the cams
than could be had by causing the latter to act
directly upon the arms » . In some cases the
levers might be dispensed with, and the arms
n n be arranged to bear directly upon the cams
or barrels .

As amatter of convenience I contemplate so
constructing the gearing that less than one
revolation of the hand-wheel H will be sutli-
cient to shift the cams, and. to so mark the

wheel that the engineer may know at a glance

in what position the valves stand.

ok

l
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In the case of engines that do not require to
he reversed the reversing-cams may be omit-
ted from the barrel, and the zones 6 and 7 can

be employed without them.
J2 is the steam-pipe from the boiler, which

passes forward and taps a cavity or steam-pas-
sage of the bed-plate B, with which, by elbows
or suitable couplings ##, are connected the 1n-
let-valve casings 1.

At each side of the engineer’s apartment is
a door, n% which affords easy 1ngress and
egress to and from it. The hand-wheel H, by
which the valves are shifted, is directly under
the hand of the engineer as he stands upon
the foot-board d%; and e* is the throttle-valve
in the steam-pipe.

The front of the structure F?is made V-
shaped, substantially as shown in Fig. 3, to
divide the opposing body of airin the manner
of a vessel dividing the water, and thus lessen
the power required to drive the locomotive.

Lis the head-light, which is accessible from
the interior of the engineer’s cab by a door, &%
and may be reached by the engineer or other
employé from a latticed step or platform, ¢°.
A flag-socket may also be added, which can
be provided with a flag from the inside of the
structure F2. The ropes from the bell M and
the whistle N are within reach of the engi-
neer’s hand as he stands at the wheel H.

To suit the tractive force of the locomotive
to the traffic or the work it has to perform, 1
provide it with removable weights, by which
the pressure of the drivers on the track may
be varied at pleasure or as circumstances may
demand. These weights may be arranged on
the locomotive at any point where they will
serve to keep the drivers down to the rails;
but I prefer to arrange them, as a matter of
convenience, under the locomotive and be-
tween the fire-box P and the forward driver-
axle, as indicated at R in Figs. 1 and 2. The
weights may be simply cast-iron blocks placed
on the engine-frame or on brackets or supports
attached thereto, and may be held by bolts.
When thus provided, it the traffic is light, as
it is on some roads at certain seasons of the
year, these weights, or portions of them, may
be removed, so as to lighten up the engine. 1
am the better enabled to do this, as my boiler
is muech lighter than those in ordinary use
and is better adapted to receive the weights.

Tt is well known that for heavy work all
the weight of the locomotive should, as faras
possible, be made to rest upon the driving-
wheels. My construction makes it possible
for me to place a greater percentage of the
entire weight over the driving-wheels than 111
any other locomotive that I know of. |

i desire to state that I am aware that de-
pending water - circulating tabes have been
employed in stationary furnaces, but not 11
locomotives. So, also, fire-brick has been em-
ployed in fire-boxes of boilers; but I am not
aware that a metal casing to sustain at 1ts
top and be covered with or by a boiler, and
constituting the furnace for the generator,has
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ever been lined with refractory material. So,
also, I am aware that the exhaust-steam has
at times been discharged into the atmosphere,
and that live steam has been’used to stimu.
late the draft; but no single engine or loco-
motive has ever, to my knowledge, been pro-
vided with contrivances to stimulate the fire
by live steam in regulated quantities and de-
liver the exhaust-steam into the atmosphere
outside the stack.

I'am also aware that locomotives or en gines
for roads and highways have been designed
showing an apartment, for the pilot or steers-
man in front of the boiler and for the fireman
and engineer proper at the rear of the boiler,
and also that the engineer’s apartment has
been placed at the top of the boiler, near its
front part; -but all these contrivances differ
from my plan herein described, as the apart-
ment at the front of the boiler does not, as in
my plan, contain all the valves and meechan-
Ism for opening them, and the en gieer is no
therein, as in my plan, given an apartment
and position in advance of the smoke-stack
and smoke issuing therefrom, which in ordi-
nary engines affects the clear view of the en-
gineer,

Having thus desecribed my invention, I
claim— . |

1. A railroad-locomotive consisting of the
steam-generator composed of the shell D, pend-
enteirculating-tubes, and a metal casing lined
with a refractory material, the structure 1%,
mounted on a proper supporting-frame above
the drivers and bogie-truck to receive the said
generator, the said structure being divided to
form in front of the generator an apartment for
the engineer and at the rear of the generator
a separate apartment for the fireman, two sets
of inlet and two sets of exhaust valves and
mechanism to open and close them at the
proper times, the said valves and their oper-
ating mechanism being located in the said en-
gineer’s apartment in front of the said gener-
atoror boiler and in front of the sSmoke-stack,
and suitable running-gear, all as shown and
described.

2. In alocomotive-engine, the steam-gener-
ator and a chimney or stack and a pipe to
conduct live steam from the generator to the
chimney or stack, combined with the ex-
haust or outlet valves disconnected from the
stack, and independent pipes to deliver the
exhaust-stemn_from the exhaust-valves into
the air outside of and independent of the
chimney or stack, as and for the purpose set
forth. - | o

o. The combination, in a railroad-1dcomo-
tive, of the following Imstrumentalities, viz:
two sets of inlet-valves to receive steam from

the steam-chamber, and two sets of exhaust- -

valves, substantially as described, having out-
lets to discharge the exhaust-steam into the
atmosphere, the steam - generator, smoke-
stack, and pipes adapted to conduct a regu-
lated amount of live steam to and discharge
1t into the stack both while the engine is in
motion and at rest, the combination being
and operating substantially as and for the
purposes set forth. |

4. A locomotive provided with the struct-
ure k?, mounted on a proper supporting-frame
above the drivers and bogie-truck to receive
the steam boiler or generator near its cen-
tral part, and having an apartment in front
of the said generator for the engineer and an
apartment at the fire-box or rear end of the
generator for the fireman, the bed-plate B,
provided with steam-passages, the foot-board
or platform @* above it for the engineer to
stand upon, a set of independent inlet and
outlet exhaust-valves and cam-barrels to move
them, located in the said engineer’s apart-
ment, and with a hand-wheel located af the
front of the said platform by which to control
the admission into and escape of steam from

~the said valves, to thereby enable the en-

gineer,whenoperating the locomotive, to stand
at the rear of the hand-wheel with his face
in the direction of forward motion of the loco-
motive. |

0. The frame-work, the drivers and bogie-
truck of a locomotive-engine, and a steam-
generating apparatus mounted thereon, as de-
scribed, consisting of an extended furnace-
chamber, ¢%, lined with fire-brick, the boiler-

shell D, and depending water-circulating tubes
projected into the said extended combustion-

chamber of the furnace, as set forth, combined
with two sets of inlet and exhaust valves
and mechanisin to control the admission into
and escape of steam from the sald valves, all

located in the engineer’s apartment in advance

ol the steam - generator, and with the de-
scribed system of connecting rods and levers
between the rotating axle I8 of the drivers,
and the valve-operating shaft to operate the
sald inlet and exhaust valves, all substantially
as described.

6. A locomotive provided with the struoct-

| ure F?, having its front end made V-shaped,

as shown, as and for the parpose deseribed.
In witness whereof I have hereunto signed
my name 1o the presence of two subscribing

wilthesses.

FRANK M. STEVENS.

Witnesses :
HENRY CONNETT,
ARTHUR C. FRASER.
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