Y15
117

2,561,258
Za
76

Inventors
attonzqgs

L.von Holeerleiler

3
Y

gl
Sar . Wolf
8y Cameron, firham rdutlsr

" E
Her

F. WOLF ET AL

E.
ECCENTRIC MOUNTINGS AND SPACED WEIGHTS
Filed March 22, 1946

FLEXIBLE ROTARY AGITATOR FOR HOPPERS WITH VARIABLE

July 17, 1951



Patented July 17, 1951

2,561,258

UNITED STATES PATENT OFFICE

2,561,258
FLEXIBLE ROTARY AGITATOR FOR HOP-

PERS

WITH VARIABLE

ECCENTRIC

MOUNTINGS AND SPACED WEIGHTS

Edgar F. Wolf and Harry L. von Hohenleiten,
Baltimore, Md., assignors to Consolidated Gas
Electric Light and Power Company of Balti-
more, Baltimore, Md., a corporation of Mary-

land

Application March 22, 1946, Serial No. 656,491

9 Claims.
1

This invention relates to improved means for
effecting the removal of material from bunkers,
hoppers, bins and like containers, and more par-
ticularly to means for effecting removal of ma-
terial in a relatively finely divided state, espe-
cially where the moisture content of such ma-
terial may be relatively high. The invention
has particular application to means for effecting
the removal of finely divided coal from storage
bunkers, hoppers, bins and the like, but as will
be apparent to those skilled in the art the in-
vention can be applied to many other comparable
uses.

In bunkers, hoppers, bins and the like for the
storage of such materials as coal, and which will
hereinafter be generically referred to as bunkers,
it is usual for the outlet therefrom to be of
smaller area than the main cross sectional area
of the bunker. With such constructions diffi-
culty is frequently experienced in causing the
material to flow through the outlet, particularly
where the material is in a finely divided state,
and especially if the moisture content of the
material may be relatively high. Under such
conditions operation may result in the formation
of a tunnel through the material that starts at
the outlet and extends upwardly through the
mass. Such a funnel is usually referred to as
a “rat hole,” and once a rat hole is formed little
material will thereafter flow out of the bunker.

Various means have heretofore been proposed
to eliminate the condition above referred to, such
means including the use of electromagnetic vi-
brating devices adjacent the outlet of the bunker
for vibrating the side walls thereof and the use
of solid probing rods, or hollow probing rods
through which a blast of compressed air may
be delivered, which are manually operated for
freeing the material,

It is an object of this invention to provide
improved means for freeing the material in a
bunker under the conditions above referred to
that provides wide flexibility of application and
use.

Another object of this invention is to provide
a ‘device of the type referred to which may be
readily adapted to the configuration of a wide
variety of bunkers.

Another object of this invention is to provide
a device of the type referred to which by opera~
tion at different speeds can be used to meet the
exigencies of a wide variety of situations.

Another object of this invention is to provide
2 device of the type referred to which is so con-
structed that injury will not occur if overload
conditions are encountered.
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Another object of this invention is to provide
a device of the type referred to which is simple
in construction, easily repaired, readily adjust-
able and highly efficient in use.

Other objects will appear as the description of
the invention proceeds.

The present invention, which may be applied
to any type of bunker, hopper, bin or the like,
includes a rotatable chain, cable, rope or similar
means suspended from the top of the bunker and
herein referred to generically as a freely hang-
ing flexible element which extends into the void
in .the coal or other material afforded by the
“rat hole,” and which may be so constructed
and operated as to meet the varying require-
ments of different bunkers, different materials,
different conditions encountered, etc.

The invention is capable of receiving g variety
of mechanical expressions only two of which
have been illustrated diagrammatically on the
accompanying drawings, but it is to be expressly
understood that the drawings are for purposes
of illustration only and are intended merely to
exemplify some of the many possible expres-
sions of the invention, reference being had to
the appended claims for a definition of the in-
vention.

Referring in detail to the accompanying draw-
ings wherein the same reference characters are
used in the different figures to designate cor-
responding parts,

Fig. 1 is a diagrammatic sectional elevation
of a bunker provided with one embodiment of
the present invention;

Fig. 2 is a diagram to illustrate the operation
of an embodiment of the invention using a
weight at the end of the suspended rotatable
flexible element;

Fig. 3 is a comparable diagram to illustrate
another mode of operation;

Fig. 4 is a partial diagrammatic elevation to
illustrate an alternative way of providing a
weight on the suspended rotatable flexible ele-
ment; and

Fig. 5 is an enlarged detail of one form of
coupling.

Referring first to Fig. 1, a bunker of any suit-
able size, configuration and construction is dia-
grammatically indicated as having an upper
portion 10 from which extends a lower converg-
ing portion Il terminating in an outlet 12
through which the material, such as coal, must
flow. In conformity with the present invention
any suitable driving means, such as an electric
motor 13, preferably a variable speed motor, is
mounted at or adjacent to the top or inlet por-
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tion of the bunker in such a way that its shaft
{4 lies approximately along the vertical axis of
the bunker outlet 12. Any appropriate means
(not shown). known to the art may be used for
varying the speed of said driving means. 5

Suitably suspended from said shaft 14 through
a suitable driving connection 15 is a flexible:”
member (6 in the form of a freely hanging chain,
that preferably extends approx1mately the full
height of the bunker, i. e., into the’ nelghborhood 10
of the outlet 12. Connect1on i5 may be of any
suitable construction but is preferably such that
if an excessive load is 1mposed on the element
{86 said motor may rotate relatlvely to and 1n-
dependently of said element. A preferred con-" 15
struction is an overload clutch of any suitable
construction such that the clutch: maintding. its]’
driving relationship with the element 16 for all.
mechanical loads below a.certain liimting value,”
but when the lcad exceeds'this value, the clutch 20
will slip” or d1senga°e to prevent overloadmg of
the motor {3. Element {6 is connected to the’
output member {7 of said overload clutch in any
sultable way, and may be swivelled thereto or:
merely  hung therefrom. Under some condi- 25
tions it is desirable that the elément i6 be So
mounted that it may be shifted laterally with
respect to the shaft 14, as for example by pro-
viding a slidable connection between the upper
end of the element {8 and the output member 17 30
of the clutch as diagrammatically indicated at
22 in Figs, 4 and 5; and it may be desirable to
make the éntire unit including the motor, cou-
pling, ete., slidable transversely of the axis of
the bunker in oneé or more directions, as by 35
mounting the unit on an adjustable base indi-
cated in dotted lines at 22’ in Fig. 1; so that by
adjustment the element 18 may have different
degrees of eccentricity with respect to the driv-
ing shaft {4 and/or different positioning with 40
respect to the axis of the bunker.

Element 18 may be unweighted, but preferably
it is terminated at its lower end by any suitable
weight {8 which may be a mass attached to'the
end of the element as indieated in Fig. 1 or, 45
alternatively, the weight may be composed of
one or more loops of chain, as shown at 23 in~
Fig. 4, to increase the cutting action at the iree -
end of the flexible element. Element {6 may -
have only a single weight at the end thereof as 50
shown in Fig. 4, or as shown in Fig. 1 it may have
one or more intermediate weights which may
take the form of masses strung on or attached
to the fiexible element or be short flexible mem-
bers 18 attached to the element 16 ‘at one or ;5
more points along its length to 1ncrease the cut-
ting action. Such lateral elements may be simi-
lar one to another as regards léngth,” unit or
total weight, etc., or they may be of duferent
lengths, d1ﬁe1ent unit or total We1ghts ete. 60
Similarly the lateral elements may be supported
from the main element {6 at equal distances '
or they may have different spacings. The lateral
elements may also be weighted if preferred or
they may take the form of one or more loops g5
as shown at 23 in Pig. 4. Flexible element (6
when composed of a chain may be of any suit-
able construction, preferably being cormposed of
orcnnary link members so that replacement or
repair may be siinple and 1nexpens1ve However, 70
if preferred the flexible element may be con-
structed in any other suitable way, have links of
different lengthS, construction, ete., or 1t may be :

T a oable rope or the like.
Flg 1 shows the cond1t10ns W1th1n the coal 75
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bunker after a rat hole 20 has formed in the coal
21. In this figure the flexible element 1§ with
its lateral elements {8 is shown as hanging in
the rat hole 29 prior to 1n1t1at1ng operatlon of
the motor (3. 'If motor 13 be now started to
initiate rotation of element I6 centrifugal force
will cause element (6 to bow outwardly inter-
mediate of its extr remities and cut away the coal
where the elemen “ébntacts the sides of the rat
hole, causmg the displaced coal to flow out of
thé bunker by grav1ty

‘Elerdent 16 may, be caused to assume different
conﬁguratmns durmg rotation by varying the
speed of rotatlon and by varying the disposition
of ‘the masses along the element. This is illus-
trated by the diagrams of Figs. 2 and 3. One
configuration of ‘the flexible element when pro-
vided with one weight at the end thereof is indi-
cated in full line in Fig. 2 at O, A, B, C, the vol-
ume of revolution swept out by the element being
1ndlcated by sa1d full line and- the symmetrlcally
dlsposed dotted line correspondmg thereto. If
the’ speed of rotatlon is now 1ncreased the. posi-
tions of node B and peak A of, the conﬁgura-
tmn changes to the path 1nd1cated at O, A’, B,
C. Tnus Frg 2 1llustrates that, as the speed of
rotation’ is progresswely 1ncreased from Zero
through certain’ successive values, the we1ght 19
on_element” lo descr1bes a path from its center
posmon D at the’ axis through C, C’ ete., the
nodal pomt moving upwardly from B to B' and
the maximum amplitude ¢f the loop above the
axis incr easing from AX to A’X’, the transverse
plane of said maxnndm amphtude also moving
upwardly. Thus by selectlng the speed of rota-
tion of the flexible element the configuration of
thé volumie deﬁned by the dlsplacement thereof
can be controlled and adapted to the geometry
of the partlcular bunker w1th Wh1ch it. is_asso-
ciated.

Attachment of side elements 18 to said main
elenient 1§ also results in an increase in the vol-
ume’ through Wlnoh the rotatlng element. is ef-
fectlve as it'is apparent that the side eléments
will move outwardly under centrlfugal force to
varying decrees dependzng upon the speed of ro-
tation of the’ element 16, the free ends of the
lateral elements cuttmfr through the coal to
b1 eak up 1ts formatlon

dlca d 1n F1g 3in whlch two complete loops are
obtamed as compared to the one_complete loop
shown 'in Fig. 2. Here, at relatlvely low speed
the conﬁguratmn of element 18is represented by
the full 11ne, P,Q RS, T, U and, the volume
eut out t‘lereby 1s 1ndlcat°d by said full 11ne and
the” symmetrmal dotted lme conformmg thereto.
On'increasing the ‘speed of rotation a new path
is described represented by, solid llne P, Q, R,
S, T,"U’ and the ,volurne of revolutlon is’ eor=~
respondmgly changed It will be noted that the
voluine sv/ept by’ the element in F"lg 3 differs in
shape from that swept by the element in Fig. 2,
and thus by use of the mode. of rotation indi-
cated in Pig” 3" the _inyention may_be adapted
to bunker conﬁguratlons for which the mode of
rotation indicated in Fig. 2 would be unsuitable.
Other configurations and their correspondmg
volumes of revulutmn than’ shown in Figs. 2
and '3’ are possmle as will be apparent ‘to those
skilléd in" the art and. employment thereof in
the present 1nvent10n is contemplated it bemg
expressly understood ‘that the configurations
C in Flgs ‘9 and 3 ‘are, for purposes of. 1llus- '
tration otily to show' the result of selectmg dlf-
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ferent modes and speeds of rotation suitable to
the particular bunker to which the flexible ele-
ment is applied. The preferred mode of rota-
tion may be stabilized by placing weights or side
elements along the main element {6 at selected
points where peak amplitudes and nodes are
desired.

Whereas proper placement of weights along the
length of the element 18, as represented by the
lateral elements or weights 18, tends to stabilize
the operation of the flexible element to effect
given configurations and volumes at different
speeds of rotation thereof, under some conditions
it may be desirable to avoid a stabilized mode of
rotation and provide for random motion of the
element i6. Such may be obtained by placing
weights or side elements i8 along the main ele-
ment 16 at non-uniform spacings or by using
weights of unequal value or both. In place of
using side elements, weights may be used along
the length of the main element 18, but suitably
proportioned side elements are preferred because
they not only operate as weights in determining
the location of the nodes and points of maximum
amplitude under different speeds of rotation but
also increase the cutting action of the device and
the volume embraced therein because of their
swinging outwardly into cutting contact with the
material at the sides of the rat hole depending
on the speed of rotation. When unequal weights
are desired as above referred to the side elements
may be of unequal length or unequal unit or
total weights or as previously referred to the side
elements may be variously weighted or take the
form of one or more loops.

If as a result of the operation of the flexible
element as before explained the material should
fall as an avalanche and engulf the lower portion
of the flexibie element preventing rotation there-
of, in the absence of an overload clutch or its
equivalent as before explained, continued rota-
tion of the element would damage either the ele-
ment or the motor 13. With an overload clutch,
however, the stoppage of the element {6 does not
prevent the motor {3 from continuing to drive
the shaft 14 but the output member 1T of the
cluteh 15 will slip or release with respect to the
input member thereof.

‘While in the drawing the main element {8 has
been shown as suspended coaxially with the shaft
14 the suspension may be eccentric with respect
to the shaft 14 to introduce other modes of rota-
tion. To increase the effective range and adapta-
bility of the device the entire unit may be
mounted, as heretofore pointed out, so that its po-
sition may be adjusted with respect to the bunker.
Any suitable provisions for such adjustments may
be employed. The eccentricity adjustment may
be accomplished by a radially slidable connection
between the clutch output member (T and the
upper extremity of the chain 16, as shown in en-
larged detail in Fig. 5, and the increase in effec-
tive operative range may be accomplished as by
making the unit as a whole adjustable laterally
as shown in Fig. 1.

While the present invention has been illus-
trated as breaking loose the material being de-
livered after a rat hole has formed, it can be used
if desired to prevent the formation of a rat
hole, and furthermore it may be used in aiding
the remcval of material from bunkers and the
like where unaided gravity discharge normally
results in large dead storage volumes.

It will therefore be perceived that the present
invention provides a bunker emptying means of
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wide utility which by reason of its construction
and operation can be adapted to a great variety
of bunkers and conditions, and by variations in
the speed of operation and in the disposition of
weights the volume and configuration defined by
the rotating flexible element, with or without
lateral elements, can be modified to meet a wide
variety of exigencies. The construction is simple -
and strong and readily and inexpensively repaired

/in event of breakage. The construction further-

more assures that in the event the material im- -
poses a heavy load on the rotating element the
driving motor shall not be injured. )

While the embodiments of the invention illus-
trated on the drawings have been described with-
considerable particularity, it is to be expressly
understood that the invention is not limited
thereto, as will now be apparent to those skilled
in the art. While a flexible element with a weight
or loops at the end is preferred, such may be
omitted within the broader aspects of the inven-
tion to obtain some of the henefits thereof.
Through use of the principles hereinabove ex-
plained, by sultably locating the weights length-
wise of the element I$ to predetermine the nodes
and planes of maximum displacement the-device
can be constructed to meet the requirements of a
wide variety of conditions, and by use of suitable
side elements, with or without weights thereon,
and either singly or in the form of one or more
loops, the total volume defined by the rotating
clement can be predetermined to meet the re-
quirements of a wide variety of bunkers. Changes
may also be made in the details of construction,
arrangement and proportion of parts, other pro-
visions than above described may be employed for
driving the flexible element, for providing over-
load slippage or release, for providing lateral ad-
justment of the flexible element, etc., without
departing from the spirit of this invention. Ref-
erence is therefore to be had to the appended
claims for a definition of said invention.

What is claimed is:

1. In a bunker emptying means, in combination
with a bunker having an outlet at the lower por- -
tion thereof, a motor mounted adjacent the top
of the bunker and having a vertical shaft driven
thereby and terminating adjacent the top of the
bunker, a freely hanging flexible element extend-
ing throughout its entire length downwardly be-
low said shaft from near the top of the bunker
to near the outlet thereof approximately at the
vertical axis of the bunker, at least one weight
disposed intermediate the ends of said flexible
element, and connecting means between said
shaft and the upper end of said element for ro-
tating said element around a vertical axis to flex
said element and generate a geometrical surface
of revolution as it rotates.

2. In a bunker emptying means, in combina-
tion with a bunker having an outlet at the lower
portion thereof, a motor mounted adjacent the
top of the bunker and having a vertical shaft
driven thereby and terminating adjacent the top
of the bunker, a freely hanging flexible element
extending throughout iis entire length down-
wardly below said shaft from near the top of the
bunker to near the outlet thereof approximately
at the vertical axis of the bunker, at least one
short flexible element attached to said freely
hanging element intermediate the ends thereof, -
and connecting means between said shaft and the
upper end of said element for rotating said ele~
ment around a vertical axis to flex said element
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and:generate.a; geometrlcal surface of revolutmn,

as it rotates.:
3. In ,a‘_bumier emptying.: means, in combina-
tion with:a bunker having an outlet at the lower

portion: thereof, a_motor mounted adjacent the..

top, of -the bunker and: having a. vertical shaft
driven fhereby and. terminating adjacent the top
of the bunker, a freely hanging flexible element
extending throughout . ifs . entire. length down-
wardly below said shaft from near the top. of the
bunker to near.the outlet thereof approximately
at, the verfical axis of the bunker; a weight-at-
tached to said .flexible element: including a plu-
rality ‘of -loops;. and, connecting means betwsen
said shaft and the upper end of said element for

rota,tmg -8aid element around a vertical axis to:

flex said element and.generate a geometrlcal sur-
face of revolution as it rotates.

4 In .a bunker emptying means, in combina-
t1on Wlth a bunker having anoutlet at the lower
portmn,_thereof a.-motor mounted adjacent the
top-of -the bunker, a freely hanging flexible ele-
ment extending downwardly from near the top
of the bunker to near the outlet thereof, at least
one weight, attached to_said element, connecting
means between said motor and element for ro-

tating said .element around a-vertical axis to flex

sgid. element and generate a geometrical surface
of revolution gs it rotates;. and means for laterally
adjusting the position:of said flexible element
with: respect to the vertical axis of the bunker.

5 - Abunker emptymg means including, in com-
bmatlon with a bunker having :an ocutlet below

the top_,thereof - a variable ‘speed motor adapted

to be mounted at-the top of the bunker and hav-

ing a, vertical shaft driven thereby and adapted

to. terminate adjacent the top of the bunker,
a . freely - hanging - flexible = element depending

throughout its entire length vertically below said -

shaft and operatively connected thereto only at
the upper-end of said element for rotation by said
motor around an axis defined at least approxi-
mately by said hanging element. when -at rest,
and, means on said flexible element for predeter-
mining the. geometrical figure of revolution gen-

erated by -said. flexible element as it is rotated:
around said, vertical axis by said motor, said last:-

named means- 1nc1ud1ng at least one weight car-
ried by said flexible, -element intermediate the
length thereof

6..A bunker emptying means including, in com-

blnatmn w1th a- bunker hayving -an outlet below-

the top thereof -a variable speed motor adapted

to be mo_unted at the top of the bunker.and hav-
ing. a vertical shaft driven thereby and adapted.
to. termlnate adJacent the top of the bunker,:
a -freely. hangmg flexible element depending. -
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throughout its entire length vertically below said -

shaft and operatwely connected thereto only-at: -

the upper end of said element for rotat1on by-said

60

motor around an, axis defined at-least approxi- -

mately by sald vertical element when -at rest;and -
means on said flexible element for predetermm-,
ing the geometmcal ﬁgure of revolutmn generated -
by said flexible. element as it is rotated .around
said vertlcal axis by said motor sald last-named .
means including at least a group of loops at the-

end of said flexible element.

7. A bunker emptymg means including, in com-.
bmatlon with' &' bunker having an outlet below
the top thereof, a variable speed motor adapted.

to be mounted at the top of the bunker and hav-
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8:
ing a:vertical. shaft .driven thereby:and -adapted.
to sterminate adjacent:the top of ‘the. bunker,
a- freely hanging. flexible: element. depending:-
throughout:its entire length vertically below:said:
shati-and:-operatively: ‘conhected: thereto only.at:
the upper.end of:said element for.rotation by:said
motor around an axis defined at least approxi--
mately by said:vertical-element when at rest, and
means_on-said: flexible:element for predetermin-
ing.:the :geometrical figiire ‘of revolution gener- .
ated. by said: flexible ‘element. as it is rotated.
around:said vertical axis by said motor; said last
named means including atleast one laterally ex~
tending: flexible element disposed at g point in-

termediate the length of sald freely hangmg ﬁex- .

ible element.

8.: A bunker emptying means.including, in com-..
bination with a bunker having-an outlet below
thie top thereof, a variable speed motor adapted

-to be mounted at the top of the bunker and hav-.

ing.& .vertical shaft driven thereby and adapted
to terminate adjacent the top of the bunker,
a7 freely hanging: flexible element depending: -
throughout its entire length' vertically below: said::

-shaft -and opetatively ‘connected: thereto. only at-

the upper-end.of said élement for rotation by-said -
motor around an ‘axis defined at least appro}n-’

mately by said vertical eleient and-means on

said- flexible element when at rest for predeter-:-
mining the geometrical figure of revolution gen=.
erated by said flexible-element as. it-is rotated -
around said vertical axis<by:said motor, said last::
named. means- including: weights .at the end and:
at-least: one. 1ntermed1ate portlon of sa1d ﬁex1b1eT .
element.

9." A bunker emptying means including, in-com-
bination with a bunker having an outlet below the -
top ‘thereof, g variable speed ‘motor  having a -
vertical shaft adapted to be mounted at the-top: -
of-‘the bunker, a freely hanging flexible element
depending vertically bélow said ‘shaft and oper-
atively connected theretoat the upper end ‘of :
said element: for rotation: by :said: motor- arotnd
an approxithately vertical-axis, means on: said:
flexible element for predetermining the geomets-
rical figure of revolution generated: by said’ flex-
ible’ element as it is rotateéd around said vertical
axis by said motor, and means.for laterally ad--
justing the.position. of :said: fiexible: element rel-
ative to.-the axis of said:shaft whereby said ele-
ment may be rendered:eecentric: w1th respect to
the axis'about which it isrotated. - '

: EDGAR F;WOLFE:
HARRY L. voNn ‘'HOHENLEITEN.
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