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~work on which it rests.
vation of the train with the casing secured in
Fig.3 is a plan of the

- building,
~ tions, first, that the railway-train is wholly

_— _lmmersed in the fluid through which 16 is pass-
_""mn", second, that while running on a fixed
tI sek it ha& to meet Wmds blowmg irom all

SAMUEL R. CALTHORP, OF ROXBURY, MASSACHUSETTS. SRR

MPROVEMENT IN CONSTRUCTION OF RAILWAY TRAINS AND CARS,

~ Specification forming pars of Létters_]?atenn .No.'49,227,__da,ted_ Auguat 8, 186'3 S .

- To all whom 1t maxy CONCEY T *
Be it known that I, SAMUEL . CALTHORP

- of Roxbury, in the count? of Norfolk and State

of Massachusetts, have invented certain new

and useful Improvements in the Ooustmctlon |

of Railway-Traius, of which the following is a
full, clear, and exact description, reference be-
ing had to the accompanymgdmmngs mak-
ing part of this specification, in which—
Figure 118 a perspective view of a rallway-

train modeled according to my improvements,
a portion of the casing of the engine being re-
moved to show the construction of the frame-
Fig. 2 is a side ele-

nlace upon the engine.
ander side of the same, showing the manner of
incl s ng the whee!-trucks, driving machinery,
&e ,by e a false botton placed under both engine,
tendm and cars, made flush to a line below the
axles ot the Wheels Fig. 4 is a view of the
frout portion of the casing detached. Kigs.d

and 6 are views of different l!]GLhOdb of clos-

ing in the intervals between any two cars.

The chief resistances opposed to the pro-

oress of a railway-train are those arising from
tbe following causes: First, the friction of the
machinery, which includes the friction of the

“ wheels in their Doxes, that of their surfaces

bearing upon the rails, and the friction of the
working parts of the engine itself; second, the

back-pressure on the piston of the stemn whlch |

is forced through the blast-pipe; third, there-

~ sistance occasioned by the passage of the train

through the atmosphere.

It is now known beyond doubt that at high
speeds the atmospheric constitates the chlef
portion of these resistances, and thatin very
high ratesof speed it becomesso enormous that
the power required to overcome it cannot be
generated except at very great cost. B

To diminish this atmospheric resistance is
the object of my invention, which consists 1n

- regarding the whole train as an eerial ship and
modeling its whole surface in accordance with

the prmupleb so successfully applied to ship-
modified, however, by the considera-

Ty

engine furnished with its

platforms,

| quarters 3 zmd thud that the. bottom of the"f?fﬂ;_
train is always near the ground and there-
fore a too great proportion of air should notbe - .
forced into the confined space below the train.:
| T therefore proceed to model it as follows: -
First, by tapering its front and rear in a man-
ner hereinafter carefully to be described, it be- - ' -
ing sufficient in this summary to say tha,(: the. -
pointed and pecu-
liarly - shaped DrOJection, which protects its
front, its covering, which envelopes it both -
9b0ve and below inclosing its machinery, -
truck, &e., and sheltermg from the wind the =~ |
cab above and the fire-box below, leaving only .
slits for the lower parts of the wheels, forms;;]{_lg-.’_ S
what may be called the * prow,” while theréar: -
car, slowly tapered off both above and below
and on the sides, forms what may be called the -
“stern;” second, by puttm g a false bottom an- -~
%lowous to the casing under the engine, under - °
thb tender, and under every car throughont ~
their whole length, including underneath the.  °
mclosmg and sheltermﬂ' from - the .
wind the wheel trucks, steps &e., assaid false -
bottom ismade flush Wlth a lme below theaxles -

of the wheels, leaving only slits provided for.. R

theirlower parts; th1rd ,byraising the tenderto ;f
the same height as the rear of the engine. and._.

thefrontof the firstcar, pI‘O‘JldlD o it Wlth acov-, -
ered roof and ceuformm o itswhole outline (top,;..;- ; e
bottom,and sides)to the general contour of the © -
train, thus shelfering the > first car from the di-~
rect resmtauce occasioned by the. sudden de- -
pression of the tender; fourth, by inclosing the.
sides of the platforms by means of doorstlush - . .

‘with the sides of the carriage, and extending -

to the bottom of the steps, by which, in.con- .= -
junction with the prq]ectmn‘ roof of the plat-
form already in use and the false bottom pre-
viously mentioned, the whole platform willbe .

1 inclosed ; fifth, by mclosmfr the remaining in- -
tervals bebweeu the engine, tender, and. oarbj.;:

by means of flexible hoods, as. hereinafter: to
be deseribed, placed : flush. Wlth the 31des, top,;‘;,j

| and bottom of the engine, tender, and cars,the =

objectof these last two devices being toshelter

‘the apertures between the cars from the re-  *

sistance of the wind; smth by 1ound1ng, as.
far as 1s pracblcable, the. su‘les of the train
above and below, in order to offer less. remst-‘;]i;_g,;;

ance 1:0 a side wmd and seventh by avmd
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ing, as far as possible, all projecting surfaces,
such as window-ledges; and, in a word, pre-
senting a smooth and curving outline to the
pressure of the atmospheric fluid, whereby the
train may obtain a greater rate of speed with
the same consumption of fuel than has hereto-
fore been practicable. _

To enable others skilled in the art to under-
stand and use my invention, I will proceed to
clescribe the manner in which 1 have carried
1t out. - |

The front of the engine (see Fig. 1) has pro-
jecting from it a number of rods or braces, «, |
constitnting a frame-work for supporting a
casting, A, of sheet metal or other suitable
material, either made in one piece or in sec-
tlons, and is provided with a door, 0, on each ’
side immediately below the front of the en-
gine to allow of cleaning out the smoke-box,
&e. |

It it be necessary on account of the small
size of the engine-house or other loeal causes, -
~either a part or the whole projection and the
frame-work included may be made removable,
or the main supports may turn upward on
hinges resting on the front of the boiler, while
the lesser rods are removed with the casing.

The shape of the projection is of considera-
ble importance, not only because it is the first
to meet the unbroken force of the wind, but
‘also because it must present the best average
angle of resistance to winds blowing in all di-
rections. In a dead calm a wedge-shaped pro-
Jection would lessen the resistance considera-
bly ; but if an adverse side wind of any con-
siderable force was blowing, (which is the
worst wind a train has to countend against,) it
would be of little or no use,as its shape would
cause 1ts sides to be not far from perpendicn-
lar to the direction of the wind the train has
actually to meet,it being remembered that the
current of air actually met by a train when a
side wind is blowing is in the direction of the
resultant of two forces: first, of the current
which may be considered as generated by the
-train itself—that is, in a direction exactly op-
posite to the motion of the train—and, second, -
of the current of the side wind, said resultant
therefore being much more nearly opposite to
the direction of the train than the side wind
alone. A perfect cone (though far better)
would, from its under surface, throw too much
alr into the confined space below the train, and
even if 1ts lower portion were to be considera-
bly flattened the upper half would still to some
extent be amenable to the same objection as
the wedge—u. ¢., it would present too much
surface in a direction not far from perpendica-
lar to an adverse side wind.

If the train moved through a dead calm or
against a directly adverse wind, the above
shape (a conical convex projection flattened
below) would perhaps be the best of all. If,
on the other hand, an adverse side wind were -
the only wind to be guarded against, the best
shape for the projection would probably be to

—

e emam |

continue throughout its wholelength a breadth
at least equal to the breadth of the engine, and
terminate, not in a point, but in a horizonta)
line, being in front perfectly flat and slowly
curving toward the rear, the curve being more
rapid in the center and very slight at the sides
until the projection becomes tangential to the
covering of the engine, which would be, as at
present, rounded over the top of the smoke-
box and then sloping obliquely over the cylin-
der with a very slight curvature. I propose,
therefore, tosolve the problem by a compromise
between these two methods, so as to obtain

the best average angle for all winds, premis-.

ing, however, that it is impossible to give the
exact meanin all cases between the two, as even
the nature of the countrr through which a
railroad has to pass may modify somewhat
the form desired. A sheltered railroad might
have one nearer the first, an exposed railroad
nearer the second. It is likewise to be borne
In mind that the second method is more cam-
bersome than the first. |

I'nmow proceed to describe the projection. Tt
will be seen to resemble somewhat the shape
of a * shark’s head,” which is constructed both
for speed when going straight ahead and for
rapidity of turning, and therefore has an acute
angle at the side as well as in front.

In the following description I refer rather
to the frame-work « than to the casing A, as
the mechanical difficulties incident to a repre-
sentation ona small scale render it impossible

to glve anythinglike a perfect comprehension

of the shape of the projection. The shape of

the projection, then, is substantially as fol-
lows: The two outermost arms, V V, of the
frame-work, uniting at the point 7, (which to-
gether form, so to speak, the base of the up-
per and lower portion of the projection, and
which to a great extent determine its shape,)
have outwardly a convex carvature, which
curvature should be very gradual in the rear

toward V and more abruptin the forward por-

tion—say at'8—if, as may be presumed, it be
desired to present an angle of considerable
aculeness to.a side wind. The upper portion
of the casing in its transverse section (which
may be repiesented by the red line 8 H over
the frame-work) will somewhat resemble to-
ward the apex a very obtuse hyperbola, be-
coming gradually less obtuse as it approaches

the casing of the engine proper, which casing -

4

itself will keep changing its curvature as it ap-
proaches the year of the engine, whereits trans-
verse section will be not far from semicircular
1n outline. A longitudinal section of the pro-
Jection (which may be represented by the lon-
gitudinal rods of the frame-work d, will also
reveal a slight convex curvature from the apex
to the smoke-box, where the casing of the pro-
jection becomes tangential to the casing of the
body of the engine onto which it is fastened.

A. more simple description would be to say -

that the upper part of the projection proceeds
from the apex slowly to curve npward and sidé-.

¥
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wise until it becomes tangential to the front | ings) which close the__:apermires'?;'fdrj'dﬁ‘r-cift.','*b:qthf}ii;-_é§
of the casing B of the engine, which is rounded | in front and Dbehind, but especially in front,
over the top of the smoke-box, and thence should be fastened by hinges to the lower,not
slopes obliquely with a'very slight curvature | the upper, part of the - tire-box, and sliould be
~over the cylinder till it meets the outer frame | made to close npward, not downward; andif

of the engine. The lower portion of the cas. the door is made larger than the aperture, it .
_ ing of the projection is considerably tlatter { will meet the cot*éﬁnglj',('ib]-iqu_e]y.fand_:f*;{f-ljeui‘?-f'f’;;
S - ‘than the upper, as too much air should not be closed will offer but little resistance to the
~ ﬂeﬂected*intotheconﬁnedspacebelow thetrain, | wind. R R
o o and similarly with the upper slowly changes |  The spaces between the spokes of the driv- =
h S its outline until it becomes tan gential to the | ing-wheels should be tilled up with wood, or
roanded lower part of the main casing B of the | double plates of metal tlush with the outer:

engine. | o
At [—theapexof the projection—is provided
a hole for temporarily attaching the engine to

edge of the spokes, in orderto getridofthere-
sistanceof theatmosphere between the spokes.
It is Lelieved that this com plete-'cm?.'erip_'g';iu-i: L

S a car, therodsz zforminga cow-catcher. The | of the engine will also save fuel by keepingin = -~
' - covering B of the body of the engine rosts | the heat and preserve the engine by keeping -
- upon a frame-work, composed of rods a1 ribs | out'sand, di rt, &c., from the machinery. “Small
similar to those forming the frame - work a, | escape-holes may be left to allow for the ex- -
which are thewmselves supported by rods radi. paunsion of the air within, N
ating from the boiler and riveted to it, as well The lhouse or cal O (for the enzgiueer}_m;d;
~as by the outer frame on which the en <1ne | stoker) has a window, £, in each of its forward ™
- rests. Thelongitudinal rods are also fastened coruers, and a window, g, on”each side, from
to the front of the smoke-box on one end and | which may be seen objects in front and on the
to the front of the cabon the other. Said rods | sides of the engine.  The glass of the windows .-
may or may not extend in one plecetothe end J 1s inclined as much as is compatible iwli.thf__the;.j;--j;: ? _;
of the projection itself. This coverin g B in- | clear view of the engineer, and can be: made =
closes the boiler, cylinders, machinery, &ce., of | either to slide or open Inward-on hinges, -
the engine, both above and below, including | In foul weather the aperture made when = -
the upper part of the driving-wheel and the | the window is open may be p_r(}_téﬂted_;'abmg_;byhj_?
wheel-truck of the front wheels to below the sliding shutters, placed ei_tl]er;f\'ﬁt._lmu't-or;iﬁth}.
axles of said wheels, leaving slitsor apertures Hn the cab C. The. front. of ‘this house Cis L
d for the lower part of the w heels, apertures | ta pered off to meet the upper portion of the ' :
being also made for escape-pipes, stop-cocks, | covering B, and the Small space left between
&ce., while doors e are placed in the sides and the engine and tender is inclosed by a flexible . =
bottom of the covering torender the m achinery hood, E. (Sce i 11te'l*x*_a;[sfurl'(lé’r_ cars.) '_’As:-;thef T
accessible for the purpose of olling, cleaning, | engine and tender do not alter their relative -
&e.  The shape of this covering Bisas follows - positions, the simple form of hood herein de-.
First. Its upper surface, at the tfront of the | seribed (which is fixed on therearof theengine, ' .
-engiune, is rounded over the top of the smoke- | and whose metal rim is attached to the body of =~ -
box, its sides becoming mueh flatter as they _ _ : PR
slope obliquely downward over the cylinders. ble contrivance) will probably be preferred..
JToward the rear it Lecomes mor> and more Ln order to illustrate the way in which the
ronnded, till at the cab it is not far from semi- | covering of the engine, in¢luding not onl y the -
T circular, its beight at the same time continu- | projection, but also the all casing, acts upon -
S ~ously rising from the top of the smoke-box in | a side wind, let H be the point at which the |
A front till in the rear it equals 1n height the | resultantof the Sit_“lef'?Til_l_.tl’zmd__the'Cu_l‘ljellt_gen_:;:_2:j_'_;_ﬁf::;;i:g_*;;.gg
FE - forward part of the cab, thus protecting the erated by the train ac!s. -The_angle from Hto . -
S front of tlie cab from the direct pressare of the | the smoke-box is represeated as M H N,y while .
IR wind. It will be readily understood that this the angle presented by the.engine as a whole
L shape carries out the same principle as the | will be nearly as acute as N H O, The tender
shape of the proj.ection----n_a:.nely, it decreases | in its whole countour is inade to.conform to the
the pressure of a side wind as well as adirectly | general outline of the train. To etfect thisit
adverse one. s 18 raised to the same height as the roof of the .
, - Second. Its under surface begins to round | engine-cab and cars, and 1s provided with a
S - off on its sides below the outer frame of the | covered roof, in which: are l?l_'duedl'dom*s,?Gith.elfaf'éf’.;f?:-'?ffﬁ'f
(N - en gine,andthenexteuds borizontally,ornearly shiding or openi_x_ng;outw;rd-m_rl_linges; to admit -
U - so,under the bodyof the engine. The bottom coal, wood, &ec., and can have windows in its -
SR - of this covering should be on a level with the sides, roof, or both, to admit light aird air. Itb
R Top of the aperture for the draft, (both before | sides are to be made il_'_shwi_blj-the,sij_des.zt')f'-_jt_l;éj;fg&’fQ;'_.!;__;j*-':;-;
- and behind the ash-pit, which is left as it 18.) | engine-caband cars,and belowits wheel-trugks
R - Thus the whole front of the fire-boxaud all the | are inclosed by a false bottom similar to that o
SE AN ~confined space under the engine, as well as | under the cars, to which description I réfer, 0
e - the machinery, is protected from the adverse | The front of the tender should correspond
S pressure of the wind. @ exactly with the rear o'f'th'_e'eng'ijne_,gfan’djit;sﬁ_i*ea}pji;-
The small doors (not shown in the draw- | with the front of the first car. If the trans.. -
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“than that of the front of the first car, then the

versesection of therearof theengine be smaller

transverse section of the tender must slowly

inecease from front to rear. The interval be-

tween the tender and the first car is inclosed
by a flexible hood, B, which is described more

~ fully under the head of ‘“Intervals.”

The cars.—Tirst. Under each car a false bot-
tom is placed, extending alongits whole length,
including underneath the platforms. This in-
closes the whole of the wheel-trucks and the

“upper part of the wheels, leaving merely slits

1 of sufficient size to leave room for play for

the under part of the wheels, and throunghout

its whole length is flash, or nearly so, with a

line falling below the axles of the wheels. To

be made complete, it should also inclose the

cross - bars of the brakes, which therefore
should not be placed lower that is absolutely |

" necessary, as the false bottom should not come

 that each separate truck exposes from twelve

 of the wheels, axles, and trueks generally from
the weather, the deadening of the noise ot the

too near the ground. When it 18 remembered

to fourteen square feet of surface directly per-
pendicular to the motion of the train, the 1m-
portanceof thiscontrivance will be understood,
(apart from the consideration of the protection

 wheels, the lessening of the dust, &c., which

are incidental advantages.) The sides of the
false bottom are rounded off, while the under-

neath surface is nearly flat. That part of the

false bottom which incloses the trucksis to be

made easily removable in sections, in order

that the trucks may be removed when needing
repair. Small doors (not represented in the
drawings) are to be made in the side opposite
the grease-boxes and wheels, for greasing, test-
ing wheels, &ec. | |

Second. The platform-doors h on each side,
by which to enter or leave the car &, may slide
or swing on hinges opening inward, inclosing
the steps and side of the platform when shut.

These doors I and the glass of the windows F

should come as nearly as possible flush with

the outer surface of the sides of the car. The:

doors h may be provided with windows.

The sides.—All needless inequalities 1n the
sides—such as jutting window-ledges—are to
Le avoided. Instead of the projecting eaves
or ledges, which increase the ill effects of a
side wind, small gutters, running along the
sides of the roof, may be provided for carrying
off the rain, connecting with pipes running be-
tween the windows, which need not project on

the outside at all. This will enable the roof |

in all cases to be rounded off, commencing im-
mediately above the tops of the windows; but
a perfect construction would requaire that the
whole side should be rounded, the rounding
off at the upper part commencing more than
half-way down the side of the car. In rail-
ways-0of considerable length, especially those
which run over exposed portions of the coun-
try and where violent side winds are common,
it will be worth while to incur the additional
N |

m
vt

same time be materially diminished. - |
" Theintervals.—The interval betweenany two
contiguous carriages is inclosed by a flexible

4 _- ' 49,227

| expense of rounding the sides still more than

shown in the drawings, including the very

glass of the windows and the spaces between
the windows, since the more the sides of the
train are rounded off the less direct effect will -

a side wind have in retarding its progress, while
the amount of the friction of the flanges of the
wheels against the side of the rails will at the

covering or hood, B, attached to the extreme

| edge of the top, bottom, and sides of the cars,

'so that the hood, when stretched, will be flush
with the general outline of the train. The best |
‘hood (apart from consideration of expense, &e.)
will be one made of elastic material, so that 1t
“may keep sufficiently stretched, though the dis-
tance between the two carriages or sides of the

carriages may vary. If unelastic material be

used, the greater part ofitmay be keptstretehed
by elastic bands, or by cords governed by

springs, or in any other suitable mannper, leav-

ing only a small fold at one or both ends ot
the cloth. TFigs. 5 and 6 represent three dif-

ferent methods of effécting this end.

P is a double hood, half belonging to each

car. Each half has a metal rim at the edges,

‘which are fastened togetber by key-clamps or

other suitable contrivances. = A portion ouly

of each is shown, it being remembered. that

each hood goes completely round. Qis a sin-
gle hood, whieh is broad enough to cover the

whole interval, the corresponding hood at- .

tached to 1he other car being fastened up when
not in use. The hood in use is to be fastened
to the opposite car by hooks m, screws,clamps,
or in any other suitable manner. 1f the hoods
P and Q be not made of elastic material, they
can be stretched by elastic bands n.

R is a double hood with elastic b:zmds at- |

tached to each edge, which bands are fastened
to the opposite car. The parts of this hood R
are made to overlap, the part attached to the
rear of the forward car being always placed
outside. TFor this purpose hooks or catches
should be placed on each car just outside and

just inside the bood.

The bands may be either fastened singly,
or the bands of each side, top, and bottom, re-
spectively, may be conuected by a rod, which
can be hooked directly into its place. |

if the hoods @ or R are used, their outer
edges must either not be so stiff as to prevent
one hood from going over the other, or if the
edges are made of metal small joints, moving
inward, must be made at the corners. |

A perfectly feasible contrivance for closing
the intervals is already in use, consisting of a
kind of bellows made of leather and kept ex-
panded by steel ribs. As used it has had lit-
tle or no effect as far as reducing the atmos-
pheric resistance is concerned, since 1t has
been placed a counsiderable distance from the
sides, being used simply for the purpose of ven-

| tilation and protection from rain.

b1
L T ' VR S g o g pgrar R P s



.........

The manner of ventilation is as follows: Air
1s admitted in the front of the train, and the

central platform-doors of the cars are left open,

the side windows being closed, and the ailrthus
circulates from the front to the rear, where an
outlet for it is provided. The above method
1s equally applicable to the construction 1 pro-

pose, with the addition that the air may enter

as far forward as the projection of the engine
and be conveyed underneath the covering of
the engine and roof of the tender by tubes, and
thence into the cars. Itishardly neceqsm y to
state that this additional advantage of my 1n-

 vention is purely incidental dnd cannot torm
the subject of a claim, my sole ¢laim in this re-

gard being the closing in of the platforms and

the remaining interval beftween the cars flush
‘with the mdes, top, and Lottom of said cars,

such identity of outline being necessary to the

complete carrying out of my 1d_ea, -and, as [ be-
Any other
of the ordinary systeins of ventilation may be
used, provided only that as small a surface as

lieve, has never before been used;

possible be exposed to the resistance of the at-
mosphere. One of the simplest methods, and
one most free from objection on this account,
is that of square holes in the top part of the
side of the car, with a square plate turning on
a pivot.

The la,st car, which forms what may be
termed *the stern” of the aerial ship, should,
from its very front, commence to taper slowly

- toward the rear, decreasing gradually in both

breadih and height, (the bottom itself imme-
dlately in the rear of the last truck commenc-
ing to slope upward, so that at the rear the ecar
terminates 1n a pomt or as nearly so as con-
venient.) DBy this means I am enabled toover-
come the chief part of the resistance arising
from the drag of the air behind the rear car in
trains as ordinarily constructed.

I do not confine myself to the preclbe detaﬂs

that they may be varied without departing
from the spirit of iny invention—for instance,
the carsin common use may be much improved

- simply by closing the intervals, as set forth,

leaving the sides. unchanged.

- and placing a false bottom under the traln,

When a lamp is required t,he eateum sur
face of the glass should conform as much.as @
possible to the shape of the. projection, the,
minimuam of surface being lled, and the lamp‘?-.;j_

should be made removable

The smoke-stack should be made as rqma;ll
as possible, and even mi ﬂ*hb be mcllned to

ward the rear.

What 1 claim as 1t y inven tlon an d deslm

to secure by Letters Patent, is—

1. Giving to the exterior surt&cb of a 1.;111 'f

| way-train a form tapering from the center faf

the train toward either end, or tapering theen-
gine or car at the front or rear of the ‘train, ; _
substantially as described, for the purpose of

diminishing the ‘Ltmospheuc resistance.

2. (JOHS““‘-‘““g the engine and its truck
with a projection in front, in its several par ts

of the shape substantially as set forth, and in- =

casingitsbody, both above and below, subst‘m
tlally as set forth, and rounding its cab sothat =
its projection and main easing (while protect
ing its own surface from the direct resistance = -

ot‘ the wind) may, together with its rounded
cab, form a single prow to the whole of the +
| tram in the manner and for the pm pcbse here-_q,

in descrlbed

3. I’lftcmg a false bottmn substantla,lly as
descmbed under each ca1rlage of the frain, for. '
the purpose of protecting the trucks and other A
arrlages from. L

projecting surfaces under the c
the adverse action of the wmd

‘4. Inclosing the whole space bet,weeu dnyf'_ s
two contignous carriages of the train flush L
with the suleb, top, and bottom of said car-
riages by means of the false bottom aforesaid, .
(Wthh is extended underthe plabtorm J)incom-
bination with the projecting roof. already iu =
use and a ﬂElelb hood or hoods substdntlally o
as set forth e e
of construction here shown, as it is evident |

Witnesses:
N. W. STEARNS o
P, E TESGHEM‘QOHERp

N S. R, CALTHORP.
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