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SPECIFICATION forming part of Letters Patent Wo. 720,867, dated Fe'bruary 17, 1903.
Application filed November 26, 1802, Serial No, 132,859, (No model.} ' -

To all whom it may concern:
Be it known that I, FREDERICK C. WIL-
LIAMS, a citizen of the United States, residing

at Chieago, in the county of Cook and State,

of Illinois, have invented a-new and useful
Improvementin Tubular Grates, of which the
following is a specification.

Myinvention relates to an improvementin

theclassof tubulargratesin which the tubular |

grate-bars through which water is circulated
from and to the boiler form an upper fire-
chamber and alower fire-chamber, into which
latterthe live coalsdrop from the upper cham-
berthrough the spaces between the grate-bars
that separate the two chambers and lodgeon
the lowermost grate-bars between which: the

ashes fall into the ash-pit.

The primary object of my invention is to
generally improve the construction of grates
in the class referred to; and it is my farther
and especially important object to adapt the
fuel-bed-supporting grate-bars to be shaken
to effect more free passage betweenthem of the
material from the fuel imposed upon them. -

Referring to the accompanying drawings,
Figure 1 is a view in longitndinal sectional
elevation of a furnace provided with my im-
proved tubular grate connected with a boiler.
Fig. 2 isa view of the same in side elevation,
presenting the outer surface of a side wall of
thefurnace which is shown in inside elevation
inFig. 1. Fig. 8isasectiontakenatthelined
on either Fig. 1 or Fig. 4 and viewed as indi-
cated by the arrows; Fig. 4, a section taken
at the line 4 on Fig. 3 and viewed in the di-
rection of the arrow; Fig. 5, a section at the
inner end of the fire-chamber of the furnace,
taken either at the line 5 on Fig. 1 or at the
line 5 5 on Fig. 6 and viewed as indicated by

the arrows; Fig. 6, a section taken at the line

6 on Fig. 5 and viewed in the direction of the
arrow; Fig. 7, a broken view of two headers
or manifolds, one above the other, carrying
tubular grate-bars shown in the relative po-
sitions they occupy at one end of their throw
in shaking them; Fig. 8, a broken enlarged
view showing the two inner headers of the
middle section of the tubular grate-bars with
their elbow - pipe, flexible connection, and
other details adapting them to be shaken;
TFig. 9, a section taken at the line 9 on Fig. 8,
viewed as indicated by the arrow and en-

larged; and Fig. 10, a broken view, in sec-
tional elevation, of the shaking attachmens
on the outer ends of §aid headers, showing
details of construction.

A is a farnace having a fuel-combustion
compartment B in its forward end provided
with the required number of hinged doors a,
covering openings ¢’ in the front wall and
separated by a. hanging bridge-wall C from
the rear compartment B’, containing a boiler
D and provided with an outlet b for products
of combustion. .

"E is my improved tubular grate disposed
in the compartment B to form the upper
combustion -chamber ¥ and the lower com-
bustion-chamber F’ above the ash-pit F*ina
downdraft-furnace, through which ash-pitthe
boiler is connected from its base by a pipe ¢
with the system of grate-tubes at the lower
end thereof, they being connected from the
upper end by a pipe ¢, as shown, or in any
other suitable manner with the boiler above
the water-line therein. Thus cireulation is
established from the base of the boiler through
the tubular grate back to the boiler. Fuel
introduced through the upper door or doors a
into the chamber F burns on the grate-sec-
tion forming the base of that chamber, and
the live coals on the bottom of the fuel-bed d
in the chamber F drop between the bars upon
the bed d' in the chamber F'; from which the
ashes escape between the lower grate-bars
into the pit ¥ "While the furnace is in op-
eration the upper doors ¢ are open and the
draftisdownward fromthem through the fuel-
beds d and d’ and ash-pit, carrying the prod-
ucts of combustion to the rear of the furnace-
compartment B’ for passage through the large
flue e of the boiler from its inner end, being
stopped from rising above suchinnerend by a
diaphragm fin their path, From the forward
end of the flue ¢ the produects of combustion
pass through the boiler-flues ¢’ and escape at
the outlet b.
products of combustion through the boiler-
tubes applies to the particular type of boiler
illustrated; but it may vary according to the
type of boiler used, which has nothing to do

-with my invention.

My improved grate comprises in detail the
following-described construetion: In the in-
ner or rear wall of the compartment B are

The described course of the
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provided, one above the other, the longitudi-
nal bores or openings g, h, and %, and corre-
sponding openings ¢’, I/, and ¢’ are provided
in the front wall of the furnace, the wall-sec-
tion below each of the openings » and &' hav-
ing by preference I-beams &z embedded in
them to extend flush with the bases of the
openings, which are lined with metal bear-
ing-plates k', and the wall-section below each
opening % and %' having similar beams I em-
bedded in them to project slightly above the
bases of the openings and afford bearings. In
theopening g is immovablysupported a mani-
fold or header I°, and a similar header I is
supported in the same way in the opening ¢’.
These headers are connected across the top

of the compartment I3 by a series of tubular’

grate-barsm. Headersl”and /*are supported
in the opening %' one upon the other with in-
terposed steel rollers 7, and the lowermost of
the two headers rests upon similar rollers r,
which bear on the plates &', and headers [ and
% are similarly supported one upon the other
through the medinm of roliers 7 in the opening
h. The headers " and [°, which are movable,
are connected across the center of the com-
partment by a horizontal series of tubular
grate-bars n, forming the base of the chamber
F, and inmediately below them the headers [°
and [4, also movable, are similarly connected
by a horizontal series of tubular grate-bars
7', which are normally in staggered relation
tothe bars n. Headers I’ and ! are supported
one upon the other, with interposed rollers »
in the opening¢’, and headers I?and I' are simi-
larlysupported in the opening¢. Theheaders
£ and I?, which are movable, are connected
across the base of the compartment by a hori-
zontal series of tubular grate-bars o, forming
the base of the chamber F’', and the headers
land l', which are stationary, are similarly
connected by a horizontal series of tubular
grate-bars o', normally in staggered relation
to the bars o above them.

The pipe ¢ leads from the base of the boiler
into the header . Beyond one end of the rear
wall of the compartment B the headers I’ and
? are flexibly connected, in the manner here-
inafter deseribed, at their projecting ends to
intercommunicate by an elbow-pipe p. " In a
similar manner the headers I* and I* are con-
nected at their ends which project beyond the
front wall of the compartment I3 by an elbow-
pipe p’, the headers * and I’ are connected at
their ends projecting beyond said rear wall
by an elbow-pipe p? and the headers 7 and I*
are connected attheir ends projecting beyond
the front wall by an elbow-pipe p°. The pipe
¢' (shown in Fig. 1 as connecting the header
I with the boiler) is represented as leading
downward from the header. In practice it
leads either straight or upward; but it had
to be shown as represented in the drawings
because of the limitations of the latter and
the desire to represent the parts of the strue-
ture upon a comparatively large scale.

Asshown, the grate-barsarereamed at their

720,867

opposite extremities to secure them against
withdrawal in their respective headers, which
are tapped at flanges ¢ on their outer sides
coincident with each grate-bar, the openings
being closed by screw-plugs ¢'.. This partie-
ular construction facilitates the removal and
insertion of any grate-bar in case of need.
Such removal may readily be performed,since
the taps on the leaders are accessible, those
at the rear of the furnace through a manhole
G on removing the slabs j, that cover the
openings ¢, h, and 4, as represented in Fig.
1, and by cutting off the reamed ends of any
tubular bar it may be drawn out at the front
of the furnace, the particular covering-plate
being removed for the purpose. In thesame
way a new tube may be adjusted in place,
and when inserted its ends are reamed to se-
cure it.

The several elbow-pipes, which afford com-
munication between the headers, are con-
nected in the manner represented in Fig. 9.
Each elbow-pipe is provided with flanges sat
its opposite ends, which enter and fit in sock-
ets s', projecting from the headers to be con-
nected by it, and glands s* are fitted against
the flanges s with interposed packing s® and
are fastened by bolts. Thus the flexible con-
nection is formed between the headers, which
permits the members of connected pairs to
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be slidingly reciprocated longitudinally with .

relation to each other, as and for the purpose
hereinafter deseribed. Only-the headers [*
and 5 1* and ’,and I° and 7 require to be
moved. To this end they are each provided
with a headed solid extension #, projecting
from one end. Theexpanded ends of the ex-
tensions on the headers I° [’ are perforated and
enter, respectively, the bifurcated opposite
ends of a rocking head #', wherein they are
pivotally fastened by bolts passing through
such expanded ends and through elongated
openings [?in the bifurcated ends of the head.
The headers I* and I’ are flexibly connected
together in a similar manner by a head ¢/, and
a rock-shaft u, carrying an operating-handle
', Fig. 2, and supported in bearings «* on
the side wall of the furnace, through which
the headers project, connects the two heads
t" at their centers. The expanded extension
end of each header I?and [® enters the single
bifurcated end of a rocking head ¢, also hav-
ing elongated openings like the cpenings #*
in the heads ' to receive the bolts which con-
nect the heads pivotally with such expanded
header ends, and the heads {'’ are connected
together by a rock-shaft «'%, supported in the
bearings u* (shown in Fig. 2) and carrying
an operating-handle '’

As will be understood from the foregoing
description of the mechanism, the course of
water circulation through the tubular grate
ig from the boiler through the pipe ¢, header
l, tubes o', header I', elbow-pipe p, header
?, tubes o, header [, elbow-pipe p’, header
{*, tubes ', header I°, elbow-pipe p* headerl°,
tubes n, header [', elbow-pipe p% header 5,
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tubes m, header I, and pipe ¢’ back fo the
boiler. <

By working the handle «' back and forth
the headers [* I’ are reciprocated longitudi-
nally in relatively contrary directions owing
to their connection ¥, and the headers [* 7

are simultaneously reciprocated in the same |

way, with the effect of reciprocating the tubes
n n' to bring the members on different hori-
zontal planes, forming each pair into vertical
alinement, as represented in ¥ig. 7, at one
end of the throw of the operating-lever and
to restore them to their normal staggered re-
lation at the oppositeend of the throw. Thus
the spaces between horizontally-adjacent
tubes are widened and narrowed, and the mid-

dle section of the tabular grate is ¢ shaken”

to feed live coals from the bed d to the bed
d’. The headers I? and * may be reciprocated
relative to the stationaryheaders I' and [, re-
spectively below them, to widen and narrow

the spaces between the adjacent members of .

tube pairs o o’ for shaking the lower grate-
section to facilitate the evacuation of ashes
from the chamber F'. 1f desired, the shak-

ing operation may be continuous, and to that

end the handles ' and v’ may be coupled
with a suitable engine {not shown) for acta-
ating them.

The movements of the lower headers I*and
15 are, as will be observed, in horizontal lines
without deviation therefronr, while the rock-
ing-head connections ¢’ and ¢ cause the up-
per headers I and I’ and the upper headers I*
and B3, respectively, to tilt toward their ends
opposite those connected by the heads. Itis
to decrease the extent of this filt from a hori-
zontal line that the elbow connection between
headers is preferably made, as represented in
Fig. 8. It will be noticed that the connected
ends of the headers I’ and ¥ in that figure are
expanded, respectively, inadownward and in
an upward direction, so as to separate the
centers v and v’ of the points of connection
with the elbow-pipe that much farther apart.
Thus the arc a’ of the circle having its center
at x, through which the center v fravels, is
increased in radius, thereby decreasing the
extent of tilt from a horizontal line of the
end of the upper header, which extent is from
the inclined line «? to the inclined line o
The rollers = between the upper and lower
headers are confined by lugs w between con-
vex bosses 10’ on the header-surfaces toinsure
bearing of the upper header on its support-
ing-rollers throughoutits entire reciprocating
movement involving the tilting at ome end
referred to, and to prevent binding at the
ends of ecompanion headers where they are
connected by the rocking heads ¢’ and ¢ the
bolt-holes # In their bifurcated ends are elon-
gated, as shown and deseribed.

I have herein for the sake of clearness mi-
nutely described the details of the mechan-
ism illustrated for the embodiment of my in-
vention; but it is not limited to such details,
for they may be variously modified without

S

departure from my invention, which I con-
sider to be broadly new with respect to the
general construction of the tubular grate and
as to its shaking feature. - :

What I claim as new, and desire to secure
by Letters Patent, is—

1. In afurnaece, a tubular grate comprising,
in combination, upper, intermediate and
lower headers supported on each of the for-
ward and rear walls of the combustion-com-
partment, and series of tubes conneeting op-
posite headers and dividing said compart-
ment into an upper combustion-chamber and
a lower combustion-chamber having a tubu-

Jar base, said headers being connected one to

another to communicate throughout the grate.

2. Inafurnace, a tubular grate comprisging,
in combination, an upper header supported
on each of the forward and rear walls of the
combustion-compartment, a series of tubes
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connecting said headers, a pair of interme-

diate beaders supported one above the other
on each of said walls and having correspond-
ing members of each pair connected by a se-
ries of tubes, and a pair of lower headers sup-
ported one above the other on each of said
walls and having eorresponding members of
each pair connected by a series of tubes, said
headers being connected ‘one to another to
communicate thronghout the grate and said
tubes forming in said compartment an npper
combustion-chamber and alower combustion-
chamber.

3. In a tabular furnace-grate, the combi-
nation of headers supported one above the
other in pairs on opposite walls of the com-
bustion-ecompartment of a furnace, and a se-
ries of tubes connecting opposite mewbers of
each pair of the headers, said members of
each pair of headers being relatively movable
for shaking the grate and said headers being
flexibly connected to communicate from one
to the other. ' '

4. In a tubular furnace-grate, the combi-
nation of headers supported one upon the
other in pairs in openings in opposite walls of
the combustion-compartment of a furnace,
the members of each pair being relatively

‘movable longitudinally, a series of tubes con-

necting opposite members of each pair of the
headers, said headers being flexibly connect-
ed to communicate from one to the other, and
means for actuating said movable members
to shake the grate. ’ :

5. Inafurnace, 2 tubulargrate comprising,
in combination, an upper header supported
in an opening in each of the front and rear
walls of the combustion-compartmens, a se-
ries of tubes connecting said headers, a pair
of intermediate headers supported one above
the other in an opening in each of said walls,
the members of each pair being longitudi-
nally movable and connected to reciprocate
in relatively contrary directions, a series of
tubes connecting opposite members of each
pair of said intermediafe headers, a pair of
lower headers supported one above the other
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in an opening in each of said walls, the up-
per member of each pair being longitudinally
reciprocable, a series of tubes connecting op-

- posite members of each pair of said lower
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headers, said headers being flexibly connect-
ed to communicate from one to the other
throughout the grate, and means for actuat-
ing said movable headers to shake the grate.

6. Inafurnace, atubular grate comprising,
in combination, an upper header supported
in an opening in each of the front and rear
walls of the combustion-compartment, a se-
ries of tubes connecting said headers, a pair
of intermediate headers supported one above
the other on rollers in an opening in each of
said walls, the members of each pair being
longitudinally movable and connected at one
end to reciprocate in relatively contrary di-
rections, a series of tubes connecting oppo-
site members of each pair of said intermedi-
ate headers, a pair of lower headers suapport-
ed one above the other in an opening in each
of said walls, the upper member of each pair
being supported on rollers and longitudinally
reciprocable, a series of tubes connecting op-
posite members of each pair of said lower
headers, elbow-pipes flexibly connecting said
headers from one to another, and means for
actuating said movable headers to shake the
grate.

720,867

7. Inafurnace, atubular grate comprising,
in combination, an upper header supported
in an opening in each of the front and rear
walls of the combustion-compartment, a se-
ries of tubes connecting said headers, a pair
of intermediate headers supported on rollers
one upon the other, with rollers interposed
between them, in an opening in each of said
walls, the members of each pair being longi-
tndinally movable, a rocking-head connec-
tion between the members of each pair of
said intermediate headers at each end there-
of, a rock-shaft connecting the opposite rock-
ing heads, and series of tubes connecting the
opposite members of each pair, a pair of lower
headers supported one upon the other, with
interposed rollers, in an opening in each of
said walls, the upper member of each pair
being longitudinally reciprocable and pro-
vided at each end with a rocking head, a rock-
shaft connecting the rocking heads on the

upper members of the lower headers, a series

of tubes connecting opposite members of each
pair of said lower headers, and elbow-pipes
flexibly connecting the headers in series from
one to another throughout the grate.
FREDERICK C. WILLIAMS.
In presence of—
ALBERT D. Baccor,
L. HEISLAR.
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