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UNITED STATES

PATENT OFFICE.

" JOHANN ZEH, OF VIENNA, AUSTRIA. B

IMPROVEMENT IN GRATES FOR STEAM-BOILER FURNACES. ‘

Specification forming part of Letters Patent No. 48‘,247, dated June 13, 1865.

To all whom it may concern: '
_ Be it known that T, JOHANN (JOHN) ZEH,
head engineer of the Western railway of Aus-
tria, residing in Vieuna, do hereby declare that
1 have invented certain improvementsin mov-
ing or mechanical grates or fire-bars for fur-
naces or other fire-places, and that the follow-
ing specification, taken in connection with the
accompanying drawings, is a full and exact de-
seription of the same. =~ -

First, that I make use of the inclined posi-
tion of the fire-grate and of the motion of the
same to obtain aregular supply of fuel, to clear
the grate of ashes and other incombustible
matter, and to produce perfect and regular
combiistion ; second, that none of the fuel can
enter between the movable grate and the fixed
parts of the fire-place or furnace; third, that

“the fire bars or grate may be easily removed |.

‘and replaced; fourth, that my grates are ap-
plicable to all kinds of fires and for all kinds
of fuel, if not overlarge, and that they are very
simple and durable.

For the sake of distinctness I have divided
thedesecription under theeightfollowing heads:.

first, the inclined position of the grate; second, :

. the movability of the fire-bars; third, the reg-
ular supply of fuel; fourth; the clearing of the
grate from aslies and other non-combustible
matters; fifth, the absence of all danger from
choking up with the fuel; sixth, the easy re-
movaland replacementofthe fire-bars;seventh,
the adaptability of my grates to all kinds of
fires and all sorts of fuel; eighth, simplicity
~ and great darability.

No.1. The inclined position of the grate.—The

inclination of thefire-grateinthe directionof its |

length may vary, according to eircumstauces,
from fifteen to thirty-six degrees, the thickness
of the layer of coal supplied for combustion
and the rate of movement of the grate being
augmented in proportion to the diminution of
the inclination. |

No. 2, The movability- of the fire- bars or
grate—The grate may be made to move in two
ways: Tirst, the grate-bars, being made mova-

" ble and of a convenient form, and lying not

longitudinally but transversely across the fire-
place, way be connected with bars or framing,
so as to be capable of an oscillatory motion in

thelongitudinal direction of the grate; or, sec-.

ond, the whole fire-grate may be arranged in
such a manner as to move bodily to and fro in
the same direction. These movements may be
produced manually, or by means of any kind
of power, and may be regular or irregilar, pe-
riodical or continuous. - ‘ _

No. 8. The regular supply of fuel.~~In order
that the following may be easily understood, it

‘may be here stated that the bottom of the grate
.| is prolonged toward the front beyond the fire,

so as to serve as the bottom or part of the
bottom of a cdal-box or coal-hopper connected
with the fire-place by means of an opening in
the front- hearth.plate or wall, and which can

. be increased or diminished so as to regulate

the thicknessof the layer of coal supplied to
the fire. - When the movement of the bottom
of the fire-place is from front to back, and eon-
seguently ina-downward direction, whatever
is placed upon the bars will necessarily follow
in the samre direction, there being no resist-
ance; bunt.when the movemens is in the oppo-.
site direction the fuel which is lying on the:
bars will follow the movement through a.part
of the distance, which diminishes in propor-
tion to the speed and the inclination of the’
grate, because, the movement being upward,
resistance takes place from thé:accumulated
fuel above. Now, it is clear that 1f these mo-
tions are repeated the fuel will gradually make
its way from the coal-hopper to the fire, and

‘in'the end to the lowest part of the grate, and

that if sufficient fuel be kept in the hopper
and at the upper end of the fire-bars the fire
will be supplied in a regular manner with fuel,
and combustion will be perfect, uniform, and
economical.  In order that on the movement
of the grate backward and downward a por-
tion of the fuel which lies on the front pro-
longation of the grate, and which might pos-
sibly be retained by thé weight of the incum-
bent coal in the hopper or by friction in the
opening, may without fail follow the motion
of the grate, the front portion of the fire-bars
has a slight extra elevation, and by this means
it is elear that a portion of the fuel must fol-
low the motion and reach the fire. - By the re-

verse or upward motion of the grate the fuel
is retained on the prolongation of the grate by
that which.lies overit in.the hopper. The grate
will coutinue its movement under the fuel and
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the space will be stutlfed with coal, 1 declare,
Liowever, that the extra elevation deseribed is
absolutely necessary, and m: v be omitted not
in many instances. ’ ’

No.4. The clearing of ... grate from ashes or
olher incombustible matters ~—As all objects ly-
ing upon the grate must eventnally arrive by
its motion at thefarthest and lowest part of
it, it is elear that the bars are continually freed
from ash and other matters, and which would
collect at that point were not a receptacle pro-
vided for them, from which they are removed
at intervals. This space is closed by doors or
other arrangements, and also by the accumu-
lated ashes, and it is only when it is opened
for the purpose of clearing it that air can Pos-
sibly pass through it into the fire-place.

No. 5. The absence of all danger of choking up
with fuel—In order to prevent this, which
would be a great inconvenience, the ends of

_ the fire-bars or the sides of the whole fire-grate,
when movable as a whole, are furnished with
prolongations which pass over or under the
fixed sides of thefire-placein such mauner that
only a small.uniform distance is maintained
between them and uno space left to allow the
fuel to get in between.

No.6. Theeasyremoval and replacement of the
bars.—In order that any of the fire-bars may
beeasily takeu outand replaced, they are placed
ouframesorsupportsindependentofthe hearth.
plates or grate-frames, and secured by means

_of bolts or pins in any convenient manuer;
or, in the case of large furnaces, the frames
are fixed on a carriage with wheels that ran
on rails or ledges, and the bars are fixed in
like manner. When the grate is movable asa
whole the connection with the fire-place is
made by means of grate-supports, which are
8o arranged that the whole of the fire-grate
can be moved to and fro. In large furnaces
the grate-supports ean also be setupon a frame
rupning on wheels, and may be fised or fast.
ened in any convenient manner to the hearth-
plate. Itwill be clear fromthe preceding that
the grate or bars can at any time be easil y re-
moved aud replaced, being connected with the
fire-place only by means of bolts or pins, or
with a movable frame connected with the fire-
place or hearth-plate. However, I declare that
the movable bars may also be fixed upon sup-
ports or frames which are solidly connected
with the fire-place orhearth-plate, as their easy
removal is only of importance in case of the
necessity for repairs, without waiting for the
cooling of the furnace.

No.T. Theadaptabilityof my gratestoallkinds
of fuel and all sorts of fire-places.—The condi-
tious of complete combustion for all kinds of
fuel under all circumstances ave invariable—
viz,, first, theregularsupply of such anamount
of fuel as is just sufticient to replace the con-
sumption by burning; secoud, the equal cov-
ering of the grate in order that no surplus air
may enter the fire-place; third, the securing
of sufficient air; fourth, the clearance of the
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fire-bars froni ashes and other like matters
fifth, suflicient heatin the fire-place with suffi-
cient draft. Asin my grates all these condi-
tious are present, they are applicable to every
mode of firing where sufficient draft can be ob-
tained.

No. 8. Simplicity and great durability—My
grates are really simple, because by the motion
and inclination described all the requisites of
complete combustion are obtained, and be-
cause they are not encumbered by any unnec-
essary machinery. They are durable, because
those movable parts which are exposed to the
heat are disposed in such a manuer as not to
suffer injury, because the machinery necessary
for the movementof the grateis placed beyond
the reach of the fire and is not exposed to in-
Jjury, and because the grate is less exposed to
.wear than in many other furnaces and fire-
places, as the grate is always kept clear, and
the bars and other parts are thus cooled by
the current of air,

Difference between these and other movable
grates—My grates differ from other sloping
grates in this, that the inclination can be so
arranged that there is no falling of the fuel to-
‘ward the-lower part. Whatever be the nature
of the fuel nsed, it moves onward onl y accord-
ing to the motion of the grate itself. The pe-
culiarity in the ovement of my grates con-
sists, in part, as follows: In the case of my
separately - moving bars the bars themselves
move in their places only, and not out of them;
the bars are not placed in the inclined position
of the plane of the grate longitudinally, but
transversely, aud the fire-grate is moved to
aud {ro in the longitudinal direction. The
other distinctive features of my invention are
the prolongation of the grate or fire-bars, as
already referred to, the arrangement to pre-
vent choking up of the fnel, and the feeding
of the fire, not by hand, but by the motion of
the grate itself in its inclined position; that by

this motion the fuel advances regularly, and

is coutinually changing its position and pre-
senting new surfaces to the fire, which is neces-

B

sary for proper combustioun; and, lastly, that

the fire-bars can’ easily be taken out and re-
placed, and that the fire-places are adapted
for any kind of fuel.

My mechanical grates may be advantageously
applied to ordinary fire-places, in order to keep
the fire open and free from dust and ashes, and
I claim this application of my invention. In
the case of the motion being given to the en-
tire grate as a whole, the motion may be made
to take place in a diagonal direetion.

Eaxplanation of the drawings.—These are pur-
posely made ‘in” full detail in order that any
modifications may be made in the grates to
meet various cases. The sheets are numbered
from I to VI, and the same parts ave marked
with the same letters in all the drawings.

Sheet I: Figure 1, application of my system
to a steam-boiler; Fig. 2, front view of same H
Trig. 3, top view of same; Fig. 4, part of Fig.1,
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eularged four times, the lower portion showing
the fire-grate alone; Fig. 5, top view of Fig.4;
Tigs. 6,7, 8, 9, sections on the lines A B, ¢ D,
'E Fyand G H, Fig. 4; Tig. 10, front wall.of
fire-place and part of hopper a in Fig. 2, twice
-the size; Fig. 11, section on line XK I, I'ig. 10;

Iigs. 12,12, other forms of grate-bars; Figs.13,

14,15, middle posts; Fig. 16, part of Fig. 4, sev-
eral grate-bars connected or supported by a
plate; Figs. 17, 18, utensils nccessary for the
grates. ' '

" Sheet II: Flg 19, part of a grate with differ-
-ent arrangementand united motion of the fire-.

bars; TFig, 20, top view of Fig, 19, the lower
part showing the grate only; Figs. 21, 22, 23,
24,25, sections on the lines A B,CD,EF,G H,
and I J, Fig. 19; Tig. 26, part of a grate with
different arrangement. and motion of the fire-
bars; Fig. 27, top view of I'ig: 26; Figs. 28,29,
‘sections on lines K L and M N, Fig. 26; Tig.
30, part of grate with bearings of fire-bars like
Tig. 4, with different motion; Fig.31,top view
of IMig. 30; Figs. 32,33, sections on thelines O P
and Q R, Fig.30; Fig. 34, arm of counterpoise
of T'igs. 30 and 31; Fig. 35, guide-rails of Figs.
30-and 31; TFig. 36, diagram of rotation of mo-
tion-wheel of Fig. 19.

Sheet IIL: Fig.37, partof a grate with united
motion of the fire-bars; Fig. 38, top view of
Fig. 37, the-lower portion showing the grate
alone, the coal-hopper and front wall of fire-
place being omitted; Figs. 39, 40, 41, 42, sec-
tious on the lines A B,C D, E F, and G H,
Tig. 37; Fig. 43, part of a grate with united
motion of fire-bars, with bars of a different
form and grate-bearing, and with other motion
as-in Fig. 37; Fig, 44, top view of Tig. 43, the
coal-hopper and front of fire-place omitted;
Figs. 45, 46, 47, 48, sections on the lines I J,
K L, M N, and O P, Fig. 43; Fig. 49, diagram
of rotation of motion-wheel, Fig. 37; Fig, 50,
diagram of rotation of motion-shaft, Fig. 43:

Sheet I'V: Fig. 51, application of grate with
united motion of fire-bars; Fig. 52, top view of
same; Fig. 53, frout view of same, firé bars
and bearer omitted; Fig. 54, section on- the
line G H, Fig. 51, fire-bars, bearers, and ecin-
der-chest omitted; I'ig. 53, top view of a part
of the grate and of the hearth-plate, Fig. 51,
increased four times, but with different fire-
bars, the lower part representing the grate:
frame with bars in place; Fig. 56, section of
‘same; I'ig. 57, front view of same, coal-hop-
per omitted; Figs. 58, 59, 60, sections on the
lines A B, CD, B T, Iig. 56; Figs. 61, 62, 63,
- other forms of grate-bearers; Fig. 64, fire-
bars of Fig. 51 magnified four times in width,
but not in length. i

Sheet V: Iig. 45, grate with cross Iying and
moving fire-bars for a locomotive or other boil-
er, with fire-box; Tig. 66, front view of Fig. 65,
fire-box omitted; Fig. 67, top view of Fig. 65,
boilerandbarsomitted; Fig. 68, part of Fig. 65,
double size; Fig. 69, frout view of Fig. 63, bars
omitted; Tigs. 70, 71, sections. on the lines A
B and CD,Tig. 68; Fig. 72, part of Fig. 65, deu-

ble size; Fig. 73, front view of Fig. 72, fire-bars
omitted; Figs. 74, 75, sections on the lines E
I and G H, PFig. 72; PFig. 76, seetion and view
of opering ivto the fire-box, Figs. 65 and 63,
for observing tleiire; Fig. 77, the grate, Fig.
65, with different motion; Fig. 78, section on .
the line I J, Fig, 77, double size; Rig. 79, sec-
tion of a grate in which the fire-bais are sup-
ported in the middle, intended to show that
they may be supported in one or more places

| as well asat the ends;- Fig. 80, valves or traps’

for regulating the thickness of the layer of the
coal on the bars. ‘

Sheet VI: Fig. 81, grate, with movable cross:
fire-bars for a marine boiler with two furnaces;
Fig. 82, front view of Iig. 81, the grate.drawn
out ou the right side; Fig. 83, top view of Fig.
81, the boiler in section on ‘the lines O P and
Q R, fire-bars omitted; Figs. 84 to 90, sections
on the linesAB, CD,E¥, GH,1J. K L,
and M N, Fig. 81, '

a represents the coal-hopper; a', the bottom
of the same; a", space between the bottom of
the hopper and the top fire-bar; b, the furnace
or fire-box; b%, opening between aand b in the
front wall of the furnace; ¢, the ash-conduit;

¢!, slider to same; d, ash-pit beneath the fire;

e, cheeks or furnace-frames; ¢!, guide-rail for
the removal of the entire grate of the furnace;
¢, socket for the lower bearing, n'; €', socket
for the upper bearing, a''; €', elevation on e,
serving as a sidewise guide for the grate-frame;

€'y projection ou ¢ for a; f, hearth-plate, by

which the area of the fire-bars is covered-at
the sides, in order that the whole grate or any
of the bars may be removed; /% slots in f to

allow for expansion; g, front wall of the fire-

place;y ¢', angle-iron on ¢ for the fastening of
a, and-as a guide to h; ¢¥, serews for the fast-

ening of a; k, trap or slide for regulating the’
thickness of the layer of coal; ', serew fixed

to plate &, the portion of the screw beyond-the

plate indicating the thickness of-the layer of
coal; ", slots in b for expansiou; ¢, bridge for

the clinkers and cinders; j, fire-bridge; F, cin-

der-box; [, screws for fastening the fire-bars to

the hearth-plate; m, frames for supporting the
fire-bars; m'; pins to connect # with parts of
motion; n, connecting-links for m; »', projec-

tions on »n for the support of the fire-bars on

the under side; n", same for the upper side;

0, motion-rods; p, connecting-rods; ¢ ¢', mo-

tion - shafts; r, fire-bars; #%, prolongation of
the first fire-bar; #'%, prolongatiou of the last

fire-bar ; 7', projection on fire-bars for keep-

ing.them at proper-distance from each other;

§; guides; ¢, levers or rods; ¢, cam for moving

¢; ¢ pinin  for the cam g, ¢, rod for mov-

ing ¢; u, pillar or support; ', projection on

u for limiting the motion; v, counterpoise; o',

arm of counterpoise; w; pulley; x, grate-bear-

er; &', projection on «, serving as side guide

for the fire-bars; ¥, notion-wheel; %, opening

in y for the cam t'; ¢, pillar or support for z
on e. :

. Figs.1 to 30 illusérate grates. with cross fire.
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barshaving an oscillating or vibratory motion,

either continuous or intermittent, and worked:

by straps aund pulleys. " Figs. 1,2, 3 represent

a grate applied to a steam-boiler. The flame

is supposed to pass, in the first instance, from

. b through the flue to the back of the boiler,
then, dividing itself, returns on both sides of
the boiler to the front, and, again uniting neéar
the lower part, passes again along the bottom
to the chimney.
the Dboller is of a different form, or if the flame
is desired to pass in another manter or to be
used for other purposes—suach as the superheat-
ing of the boiler—the masonry must be other-
wise arranged, so that this form of grate is ap-
plicable fo other furnaces as well as those for
steam-boilers.

The grate consists of the following main
pieces: first, the fire-bars or grate itself; sec-
ond, the machinery to give the movement;
third, the hearth-frame ; fourth, the coal-hop-
per, and, fifth, the ash-conduit.. :

First. The grate (or fire-bars) is composed of
the parts »mno p, Figs. 4, 5, shown on a large
scale. The bars r 7 rest ou the fixed piecesm

.m, Figs. 4, 5, 6, 7, 8, 9, and are moved by the
rods or levers o. The movement of the fire-
bars r 7, Fig. 4,is continnous, and oscillating,
‘as seen by the parts of motion. The fire-grate
is shown by itself in Fig. b, some of the bars
being omitted. Theprojections n'n' of 7%, Figs.
5, 7,9, serve to connect the grate with ¢ or with
the hearth, the projections »' lyingin theopen-
ings ¢ Figs. 4, 5, 7, where they are fixed, and
‘the projections »? falling into the grooves ¢,
‘which are so made along the whole length of
the grate as to permit the expansion and con-
traction of the fire-bars. To remove the fire-
grate the connection with the parts of motion
is severed by the loosening of the screws 1,
and the grate being drawn forward, whereby
the projections n? come out of the sockets ¢?
and out of the sockets or slots ¢ and lie on the
guide-rail e'. .

Figs.81,82represent an arrangement where-
by large and heavy grates are placed on a
frame provided with wheels, and which can be
drawn along like a carriage. In thefigure the
arrangement is applied to a marine boiler, but
it applies equally to other kinds of furnaces.
The wheels run on the guide-rails ¢', Fig. 1,
and the projections n! are not required. The
projections #* may serve to fix the fire-grate
and the traversing frame to the hearth-plate or

cheeks only. The slots ¢* for the projections #*

must in that case be parallel to the guide-rails
¢!, so as not to hinder'the forward movement
of the grate. 'The fire-bars » are in all the fig-

. ures, where they lie across the fire-place, of the’
- same size and form and placed equidistantly,

with the exception of the two bars at the ends.
Therefore the air-passages are equal to each
other, If it is desired to leave less space
between tlie front bars in order that the fuel

may not fall through, and at the same time to’

leave sufficient room for the ashes toescapeand

1t Leing understood that if-

for air to pass in toward the back of the fire-
grate, then the heads of the bars » may be
made unequal; according. to the requirements -
of the case, or the bars may be placed at vary-
ing distances apart; and in Figs.12,12 is shown
an arrangement, for very small fael, in which.
no space is left between the front bars,
- Fig. 16 shows an arrangement for prevent-
ing the fael falling down on the upper part of
the grate, a plate being substituted for the
front fire-bars. In order to prevent this plate
from becowing warped,it may be made in sev-
eral pieces, with links or straps at the back,
(see Figs. 38, 44,) to allow for expansion and
contraction, and one or more stays may be ap-
plied, as in the case of the fire-bars, Figs. 13,
14, 15. "These stays lie on the shafts or con-
necting-rods #, and by means of the slots sup-
port the fire-bars at the side, Figs.13,14, On
the lower shafts the stays are-free to allow of
their expansion and contraction, and theyare
held up by the shafts n. The distances between
the fire-bars may be maintained by means of
the projections 73, Figs. 13,15, and if the back
links or straps are used, as before described,
they will not hinder the motion of the bars.
The first or upper fire-bar rises above the rest
and forms the easel-like elevation deseribed.
The prolongations 7' of the first and 73 of the
last bar correspond with the distance through
which the grate moves, and the connection he-.
tween the movable and fixed parts remains al-
ways the same. Consequently no squeezing in
or choking up by the fuel can happen. The
prolongation 7* passes under the eoal-hopper
and the prolongation 72> under the ciunder-con-
duit 4, Figs. 4, 5. :
Second, the motion and its machinery.—The
parts connected with the movement of the fire-
grate are marked ¢ ¢' s ¢t w w. The shaft ¢ is
connected with the rods m, and communicates

‘motion by means of the lever-piece ¢* and the

studs ¢°, Figs. 4, 5, 6, to the rods o, and through
these to the fire-bars. On one side of ¢ is fixed
the arm or lever ¢, Figs. 4, 5, 6, connected by
s with ¢*. The pillar or support u, Figs. 4, 5,
for ¢' is fixed on the side or cheek e. On the
outer end of ¢, Figs. 4, 5, is fixed the pulley
e, to which ‘movement is communicated by a
strap. 1t may, however, be observed that as
the movement of the fire - grate and-of the
shaft ¢! is but small it would be more advan-
tageous to give the motion by gearing than im-
mediately by strap and pulley, and the turbine
would be best snited to the purpose. The
movement becomes less when the inclination
of the fire-grate is increased or a thicker layer
ofeoalisrequired ; and when the movementsare
not continuous, but periodical, they are fewer
and quicker, as shown in Figs. 19, 36, 37, 49.
Themovementmay be given manually,in which
case either the shaft ¢, Figs. 1, 4, is used or

 the arm ¢ is so formed and placed as to be'con-

venient to the hand. (SeeFig.51.) Thecoun-
terpoise v, Figs. 1, 4, b, serves to keep the
proper balance of the fire-grate in all positions,
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in order that the motions of the latter may nos
be impeded, and is so.arranged that it can be
removed with ease. (See Figs. 4, 5,6.) )
Third, the heaith or furnace- frame.—The
parts of the frame are marked with the letters
e f gi. These are fixed together in any con-
. venient manuer. To prevent warping or buck-
ling, the slots f, Fig. 5, are provided, or, asin
Fig. 20, the plates or frames are of several
- 'pieces, so disposed that the spaces marked f*
remain between them 4o allow for expansion of
J. Thecinder-bridge ¢,of any convenient form,
is fixed on f;and is composed of several pieces
to allow for expansion. In Figs. 4, 5, 9, 19,
20, and 25, ¢is supposed to consist of two parts,
connected by screws with £, The bridge ¢ con-
nects the fire-grate with the cinder-conduit ¢.
By means of the front wall or plate, g, Figs. 1,
2,3,4, 5,10, 11, 16, the coal-hopper a is united
with the fire-place, and the opening b'in g is
for the passage of the coal from a to b,
. Fourth,the coal-hopper..—The hopper consists
of the sides a @, the bottom a', and thesliding
plate k. The manner of fixing the hopper to
the front wall of the combustion-chamber g is
shown in Figs. 10, 11, and for this purpose two
angle-pieces, ¢', are attached to g, and serve
at the same time as guides for the sliding plate
k. The two screws ¢7, Figs. 10, 11, serve tofix
a. This may be done in any other convenient
mannper, provided always that ¢ may be easily
removed. To prevent the buckling of the slide
7 it is pierced, as already described for other
parts, or it may be made in two parts, so that
if the lower portion be.injured it can be easily
removed, as shown-in Fig. 80. By means of
the plate % the thickness of the layer of coal
supplied to the furnace is regulated, so that it
is made to be easily adjusted to various heights.
For this purpose a screw is provided. "(See
Figs. 1, 2, 3, 10, 51,52, 53, 65, 66,81, 82.) The
upper portionsof thisscrew f, projecting above,
shows the thickness of the layer of coal al-
lowed for combustion. . The lower end of the
slide h must never touch thefire-bars, orit would
be injured by the movement of the grate. " In
Tigs. 2,10, 65, 66, 80, 81, 82, k is provided with
two horns, which, before the lower edge of the
slide touches the fire-bars, strike on. the top
of the angle-pieces between which the slide
moves. . In Figs. 51, 52, 53 a stud is applied
to.the other end of thé screw for the same pur-
pose. . The coal-hopper a, the slide %, and the
opening bt in the wall-plate g aré rather wider
thantbe fire-bars, and the sliding plateis some-
what curved below. (SeeFig.10.) . Theobject
of thisis that the sides of the grate may be well
supplied with fuel. The hottom, a', of a is so
arranged that a narrow opening, a?, Figs. 4, 16,
19,.26, 30, exists betiveen the bottom and .
This shows if the fuel becomes jammed i the
hopper, as in that case the fire wonld shine
througha?. "Theinstrument, Fig. 17, is toloos-

en the coalin such cases. The hopper and its
glide differ from those in ordinary use in being
wider than the fire-bars in the carvature of the

lower edge of theslide-plate, and also with re-
spect to the opening «® in the bottom part of
the hopper.»

Fifth, the cinder-conduit.—The spacec forein-
ders and other non-combustible matter is seen
in Figs. 1, 2,3, and isformed partly of masonry
and partly of the framing of the hearth, and
can be closed by a slider,¢'. Thisslider moves
in a frame fixed on the hearth-frame or-in the
masonry. When theslider ¢ is pulled out by
meaus of the hook, Fig. 18, aH the contents of
the eonduit falls into the ash-pit or into a
truck, %, Fig. 1, which is drawn out by the
same hook. It is wellto have the cinder-con-
duit large, so as not to require frequent empty-
ing.

Figs. 19 to 25 represent part of a grate with- -
the fire-bars resting in such a maunner on the -
frames m as to be. moved by the bars o in an
oscillating manner. This movement takes
place at intervals by means of the wheel y,
Figs. 19,20, into which the cam ¢ works, Figs.
19, 20, 21, the motion being communicated by
the arm ¢, the shaft ¢, and the rods o to the
fire-Dars. The shaft ¢ acts on the frames m.
No counterpoise is here required. Themotion-
rods o, Figs. 19, 20, 21, 24, are attached to the
shaft ¢ and the last grate-bar.-

Fig. 36 is a diagram of the upper side of
the motion-wheel g, Fig.19. The central line
shows the middle position of the fire-bars, the
length of the line indiecates the time for one
rotation of ¥, and the black line the movement
of the upper part of the fire-bars during that
time, by which it is plain that the bars are at
rest during two-thirds of the period. In Fig.
26 the fire-barsy are like those in Fig. 19. The
motion is transmitted from the crank ¢ by the
rods s o, and on to r, the rods being attached
to the bars. The motion is continuous, as
shown in Fig. 50. The pillars or supports «
are in this case fixed to the hearth-plate . In
order to prevent the fire-bars, Figs. 19, 26,
warping, they may be supportedin one or more-
places as well as at theends.  In Fig. 70 they
are supported in the center. co

In Tig. 30 the fire-bars are formed and sup-
ported in the same manner as in Fig. 4, and
have a continuous motion given to them by
‘the crank q. The counterpoises v are shown in
red; and in Fig. 34 is the bearing @' for the
counterpoise and its application. The remov-
al of the fire-bars in Figs. 19, 26, 30 is effected
in the same manner as is explained under
Figs. 4, 5. ‘

Figs. 37 to 64 represent grates with -the
whole of the fire-bars moved in mass by belts
or by hand. ‘ ‘

- The bars r are fixed to the framesuiand n in
such mannerthat they cannot move independ-
ently. In Fig. 37 this arrangement is shown
with three fire-bars in section, and TFig. 41 1s
a view of- the same. The bars m and n are
joined together and form a frame for the fire-

" bars, and the whole is supported beneath by

the standards «, Figs. 37, 38, 42, and above by
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the shaft ¢ by means of the pins #', Tigs. 37,
38,°39. . ¢ and «x are fixed abthe sideat 2, Figs.
37, 88,39, 42. . The upper portion of thegrate
in. Figs. 37, 38 consists of plates rather than of
bars, no interstices beiug left;. but the lower
part consists of bars of thie usual form, asin
the case of grates in which the whole of the
grate moves as oue piece. The bars may be of
any desired form. The motion of the grate,
Tig. 27, is produced by w ¢ y ¢, and is inter-
mittent, as seen in diagram Trig. 49, in which
the black line indicates the movement of the
grate, aud the length of the line the time for
a'rotation of the wheel . The grate remains
half the time at rest and half in motion.
When it is to be removed it is supported at
the upper end while the pins m*, Figs. 37, 38,
39, are taken out, the wheel y being thus
thrown out of gear. . The point #?, Figs. 37, 39,
and the cam ¢"are then taken ouft, the screw
1, Figs. 37, 38, loosened; the counterpoises re-
moved, and the shaft ¢, Figs. 37, 38, -39, de-
tached whenthe grate can be drawn forward
the prOJecblng pieces nt of the shaft ».lying on
the guide-rail ¢, Figs. 37,38, 40.

The fire-bars in Figs. 43 0 48 are supported
in the middle as at the ends, and here'again is
seen the arrangements for preventmm their
warping.. The fire-grate in Figs, 42 and 44 is
composed in front of bars, or rather of plates,
which overlap the interstices.  The last of
these stands-above the rest, its prolonged part
¥® passing beyond theash-condnit 4, thus pre-
venting the fuel or other matters getting in be-
tween. The framing for the bars is supported
at its upper and lower ends by the bearers. z,
Figs. 43, 44, 47, and the sides of these sup-
ports are fixed in z, but are easily removed.
The grate receives its motion from the erank-
shaft ¢ by means of therods s, and this motion
is continuous, as shown inr diagram Fig. 50,
To remove the grate the pins m', Figs. 43, 44,
46, are taken out, the courterpoises with-
drawn,and the gmte drawn forward, when the
upper pormon will rest on the bar. connectm g
the bearers  and the lower with the. projec-
tions »', Iig. 44, upon the guide-rail ¢'. The
upper supports.or pillars, «, are then removed
and’the grate-drawn out. Thereplacement of
any of the fire-bars themselves is easily undes-
stood without explanatibn. It will be well to
apply counterpoises vin the case of grates in
which tlie whole series of bars moves together.
In the case of large heavy grates the bearers

may be laid on a frame with wheels, when the
whole grate may be drawn forward. A draw-
ing ot this is unnecessary, as any competent
person can make such a grate with the aid of
Figs. 81, 82.

Irig. 51 represents the application and use of
the hopper a in conneetion with a series of fire-
bars moving all together, with proper combus-
tion-chamber and parts of motion. The flame
and heat produced in sueh a furnace may be
applied to various purposes, such as the warm-
ing of’ buildings or for ecaloric-engines, the

_

flame being conducted from the furnaceintoa
chamber or pipe. Tor other purposes:the
flame and heat may be conducted in the direc-
tion of either the black or thered arrows in
Iig. b1, or in that of the blue arrows iu Ifig.
54, it being understood that no air be allowed
to enter between the fornace and the appara-
tas or engine to be heated. ‘Theash-conduit e
endsin a closed chest or receptacle, and this
chest can be emptied from time to time.

IMigs. 55 to 60 rupreseut a part of the grate,
Fig.51,but enlarged four times.” Thefire-bars
in these figures have a different. form from
those in Fig. 51. (Represented in I'ig. 64 four
times the size.) These form plates at the upper
end, steps in the middle, and bars with inter-
stices at the lower end, being .arranged thus
for burning very small fgel.  The fire-bars are
so arranged in a frame, m, that they can. ex-
pand and contract freely, the lower side of the
Dars, Fig.56, being made, as before described,
with-that object. ‘The frame m consists of one
piece, and is supported upon.the grate-bearers
#, and these again at the lower end are fixed
in 2. - The gmte is moved Dby the crank-shaft
q and the rods s. The bearings « for q are
fixed on f, and: the movement is by manual
power and is limited by the projections »' on

u, Figs. 55,56, 57. - The grate is supported at

the sides by the projections 2' of the grate-
sipports x. - When. the grate has to be re-
moved. the pin mY Figs. 55, 56, 57, must be
taken-out and the entire grate drawn forward
till & lies close to ‘the prOJectlons ¢, Figs. 55,

186, 57.. The grate is then raised.up in tront,

the front. bearer x removed, and the grate
lifted off the back grate-bearer z, the projec-
tions ¢ preventing the bearers z falling when
the grate is removed.

Fig. 61 represents arched grate - bearers
standing on their edges, the grate resting on
therounded porticn. Tig.62representsgrate-
bearers rounded above and below; Fig. 63, an-
other kind. They may be made of any con-
venient form, and where the grate is long it
may be supported by several bearers.

Irigs. 65 to 80 represent the application ana
working of a grate for a locomotive-boiler,
The hre bars are here supposed to be arranged
as in Fig. 19, and are moved by three rods, 0,
Figs. 73, 74. The arm ¢ of the shaft ¢, Figs.
65 aud 10 is directed upward and is moved by
the connectin g-rod t3, whichinitsturn ismoved
by the small piston; but it can also be worked
in the usnal manner. To remove the grate the
arm ¢ of t* must be disengaged and the scérews
I, Tigs. 65, 68, 69, relaxed, when the grate can
be drawn forwal d and the pmJecuom n!on 1,
Tig. 75, will rest upon the guide-rail €', and
then the grate is drawn upward from below
the boiler. The guide-rail ¢' is fixed on the
boiler and prolonged, as seen in Figs. 65, 68,

‘The angle-iron f, Figs. 65 to-69 and 70 to 79,

is fixed on the boiler and attaches the Slde
walls of the coal-hopper ¢ to the boiler. In
the furnace b this angle or frame piece covers
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the sides of the fire-grate and prevents it or
any of the separate bars being lifted up. In
broad furnaces it would be well to have a wa-
ter-wall along the middle, and thus to have
two narrow grates. The coal-hopper « has a
partition-wall in the middle, which supports
the lower part of the hopper, so that when the
hopper is tull of coals the bottom of it may not
rest on thie top fire-bar. The sides of the hop-
per a are fixed partly on the boiler, partly on f,
and the bottom @’ can be easily removed.” The
ash-conduit ¢ is closed by the valve ¢, and can
be easily removed. The fire-bridge j, formed
of fire-clay, protectsthe space ¢ from the heat
and prevents cold air entering the tubes when
the space ¢ is open. ‘

- Figs. 77, 78, represent a fire-grate which is
moved like that in Fig. 26. The movement of
w may be given by the axle of the machine or
of the tender, or by means of a small steam-
engine, - _

Fig. 65 exhibits the application of the grate

‘to locomotives or to similar boilers applied to
stationary engines; only, if there be no plat-
form to the boiler, the guide-rails may project
horizontally instead of upward, and in this
case afire-grate fixed upon aframe with wheels,
as in Fig. 81,1is applicable. Grates like those
represented in Figs, 4, 16, 37, 43, 55 can also
be used in such cases.

Tigs. 81 to 90 represent a grate for a marine’

boiler, - The fire-bars are supposed to be formed
and fixed as in Fig. 4. Therod tof the crank-
shaft q, Figs. 81, 82, is directed upward and
moved by the rod #, which may be connected
with the engine or any other motor. The fire-
bars are placed with the bars m upon the frame
¢, but only fixed at the upper end, so as to al-
low for expansion.
€ repose upon guide-rails €' fixed on the boiler.
Theprojectionsn?ofthe barnserveto fix thefire-
gratetotheframeon the boiler. The same fitin-
totheopeningse?, Figs.81,82,85,90,and areheld
fast by the screws I.. To withdraw the frame
with the fire-grate, ¢'is prolonged, the screws
I are relaxed, and-the rod ¢, Figs. 81, 82, dis-
engaged from the arm ¥, whereupon the frame
can be drawn forward. The angle-iron f, Figs.
© 81, 82, 83, 87, is fixed along the boiler, and its
prolongation serves-to fix the sides of the coal-
hopper a. In the furnace b the angle-iron cov-
ers the ends of the fire-bars and prevents them
from lifting up. The sides of the hopper are
- fixed partly on the boiler and partly on f, and
the bottom a', Figs. 81,82, 83, is here arranged
50 as to be removed with ease. The ash-con-
duit is ¢losed by a slider or valve, ¢&. On this
slider being opened by means of the hook, Fig.
18, all that is in the conduit e falls'into the

The wheels of the frame:

truek %, which runs upon ledges and is casily
removed. The bridge j, of fire-clay, serves to
keep the heat from c. ‘

Grates and furnaces like those represented
in Figs. 19, 37, 43, 55 may also be applied to
marine boilers. ‘

The lighting and managementof the furnaces.—
The grate must be freed from all ash, &e., with

‘the ook 18 before lighting the fire, the re-

fuse being pushed into the ash-conduit ¢, and
afterwardremoved. The fire-barsarethen to be
completely covered -with fuel, either by means
of the hook 18 or by moving the grate to and
fro manunally. The massis then to be ignited
and the motion continued. Whetherthemove-
ments are too many or too few, and whether
the layer of coal is too thick or too thin for
such motion, will be easily seen by the light
beneath the fire-bars. If the spaces between
the lower fire-bars are not lighted np—that is,
not covered with incandescent fuel-~then the
motion is too great or the layer of coal on the
upper bars too thick. If the upper bars are
not illuminated, then the motions are too few
or the layer of coal too thin, or the coal has
become jammed in the hopper a, which can be
ascertained by looking through the aperture -
a’. The motion and the thickness of the layer
of coal are both then t0 be so regulated that
all parts of .the grate from the top bar to the
bottom shall be covered with burning fuel.

With respect to the dimensions of the grates
it should be mentioned that they should be
as long in.proportion to their width as circum-
stances will permit.

What I claim as my invention, and desire to
secure by Letters Patent, is— :
1. The combination, with the transverse
grate-bars 7, of the rods m and o and their op-
erating devices, for the purpose of imparting
to the grate-bars an oscillating movement in-

dependent of their side supporting-rods.

2. The combination of the coal-hopper &, in-
clined furnace-grate b, cinder-conduit ¢, and
ash-pit, constrancted and operated -as herein
described. ‘

3. The combination, with the transverse
grate-bars r, of the rods m and their operat-
ing devices, for the puspose of imparting to
the entire grate bodily abackward-and-forward
motion, as herein specified. »

In testimony that the foregoing is a correct
description of my said invention I have here-
unto subscribed niy name in presence of two
witnesses.

JOH. ZEH.

Witnesses:
CHEV, DE SOHWARZ,
A.W. Japp. :




