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Y2 Claims.
1
. This Jnventmn reélates to g liquid storage tank,
and more particularly to a new improved shoe
supporting ‘means for use in conjunction with
a ﬁoatmg roof in & liquid storage tank.

‘Liguid: storage tanks employing” 'a floating
roof as the top closure for the liquid stored
therein "are being widely adapted a$ the most
‘efficient, method of storing volatile llqurds such
as petroleum products. Such floating roof tanks
usually provide for a; flexible seal ta seal the space

between the roof a:nd a plurahty of shoes which.

- porting the shoes agamst side walls of- the tank
many of Whlch ‘have been extremely comphcated
in nature.

We have invented and are ‘herein disclosing
and claiming a shoe hanger of 51mp1e design
which ‘has many advantages that W111 ‘be here-

“inafter pomted out. ‘This invention is an im- !

provement upon the co-pending application. of
Frederick®D. Moyer filed February 3; 1947, as
‘Serial No. 726,179, now Patent No. 2, 554 497, May
29, 1951.
" ‘'The mventlon will be described in the embodi-
“ment dlsclosed in the accompanying drawing
. which is a. vertical section through a liquid stor-
age’ tank showing portions -of the side walls, the
floating roof, and the lquid stored it the tank.
Referrmg now to the ﬁgure L mdlcates a
1

mg roof_has a top 14, a side 15 and a bottom
i6.
{he spacé 18 between the side 15 of the tank
-and a . plurality of shoes 19 which shdably con-
-tact the §ide wall of the tank.
. A lug:20 is welded to the upper portion of the
“side 157and has a hole 21 provided therein in
which a: pin or shaft 22 is journaled, the shaft
“being attached to the upper end of a-lever 23 to
“provide g pivotal connection of the lever to the
upper ‘portion of the roof. The lever 23 has a
downwardly extending portion 24, an angle 25
and an inwardly extending portion 25. A weight
271 is provided on the inwardly extendlng por-
-tion to exert a downward force upon the lever,
and the position of the weight may be changed
by sliding it along the portion 26 and clamping
it in any desired. position by means of the clamp
.2Ta. Pivotally connected at 28 to the upper por-
tion of the shoe is a shoe supporting member
29. ‘The other end of ‘the shoe supporting mem-
:ber is connected to the lower portlon of the ‘side

Anannular seal 17 of flexible material seals .
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2
15 by means of a pin and slot arrangement. As
shown in the drawing, a bracket 30 is attached
to the lower portion:of the roof having a vertical
slot 31, the sides of #li¢ slot being engaged by
a pin 32 attached to the lower end of the mem-
ber 29. The shoe supporting member is pivot-
ally connected to the lever 23 at 33, as shown.

In the preferred embodiment shown; the
‘points  of connection of the member 29 to the
shoe and of the lever 23 to the roof le in the
same horizontal plane and the distance along
the member from the point 28 to the point 33
of connection to the lever ‘equals the distance
along the lever from that point ¢33) to its point
of connection to the roof at 22. Also, the point
33 lies midway between the ends of the
member 29.

‘The weight of the shoe is-carried by the shoe
‘supporting: member 28 and transmitted. from
that member to the lever by means of the con-
nection-33. ¥t will be noted that the angle 25
is normally spaced froem the shoe. {9 and hence
does not rub against the shoe. The pin and
slot arrangement 34 and 32 permits vettical
‘movement of the lower-end of the shoe support-
ing member 29 with respect to the roof while
preventing horizontal movement thereof. Prac-
tically no-vertical movement of the shoe occurs
with horizontal movethent ‘of the roof, and the
forces set up by horizontal movement of the
roof tend t6 return the roof to center. This lat-
ter feature can perhaps: be best described by
expressing the various forces in terms of formu-
lae. For thi-s purpose, “let

(W) equal the downward. force exerted by the
weight 27;

(w): equal the downward force exerted by the
shoe; E

(H) equal the horizontal distance from- the
weight 27 to the pin 32;

(1) equal the horizental distance frem %he pin
32: to the side wall I of the tank;

(V) equal the vertical distance between-the point
of connection of the lever to the roof at 22 and
the point eof contact -of the pin 82 with the
edges of the-slot 31.

The equation of moments {R1) about the point

33 of -all the forces:on thelever 23 is:

WHAVoRY —~ (Ww) (Voh)— R1(V¥) =0.
whence ‘

R17‘=--——————-2W13}— wh
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The equation of moments (Rz2) about the point
29 of all the forces on the entire hanger system is:

WH—wh—R2V=0
whence
WH—wh
By="p— .

R is the horizontal force applied at the point

22, outward on the lever 23 and inward on the .

roof: Rz is the horizontal force applied at the

point 32, inward on the shoe supporting member
29 and outward on the roof; and Rs is the hori-=
zontal force applied at the point 28, inward on
the shoe supporting member 29 and outward on
the shoe. :

Then the equation of equilibrium of horizontal
forces on the hanger system is:

WH—wh_2WH-wh_
v v

‘Ra"r‘RZ"‘Rl:Oy or R+

whence

WH
R:,——.V——

As W is constant and both V and H increase-

10

25

with decreasing k (but H increases faster than -

V), the roof is maintained centered in the tank.
. It can be seen from the foregoing that our
hanger system has certain inherent advantages.
There. is practically no vertical movement of
‘shoe with horizontal movement of the rvoof. The

force pushing the shoe against the shell is con--.

stant regardless of the weight of the shoe, and
-the force varies directly with the horizontal dis-
_tance between the weight 27 and the point of
connection of the member 29 to the lower por-
tion of the roof, that is, the pin 32. Both the
outward push on the shoe and the centering force
may be regulated directly by changing the posi-

tion of the weight 27 on the inwardly extending:
The outward push on the shoe acts™

‘portion, 26.
only at the top of the shoe, that is, about the
point of connection 28, but the lower portion of
the shoe is not permitted to leave the side walls

s distance greater than the distance of clearance

between the angle 25 and the shoe, which is gen-
-erally .about % to ¥, inch. The angle 25 does
-not rub on the shoe in normal operation of the
roof, and any rubbing which takes place due to

inward displacement of the lower portion of th ‘

shoe occurs in the liquid. S
While we have shown and described our in-
vention in its preferred embodiment, it is to be
understood that it is capable of many modifica~
tions. - Changes, therefore, in the construction

the

40

and arrangement may be made without depart- -

-ing from the spirit and scope of the invention as
disclosed in the appended claims.
- We claim:

1. In a liquid storage tank having a floating
.roof and one or more shoes adapted to slidably
contact the inner side walls of the tank, means
for supporting the shoes against the side walls in-
cluding g lever swingably attached to the roof,
said lever having an angular portion, a portion
extending downwardly in the space between the
roof and the tank from the point of attachment
of the roof to the angular portion and a portion
extending inwardly from said angle and a rigid
metallic shoe supporting member having one end
pivotally connected to the shoe and having the
other end pivotably connected to the roof, said
connection to the roof permitting vertical move-
ment and preventing horizontal movement of
said other end with respect to the roof, said shoe
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. prevented.

supporting member being pivotally connected in-
termediate its ends to the downwardly extending
portion of the lever and being supported thereby.
2. Apparatus of the character described in
claim 1 in which said angle is normally main-
tained in a position spaced from the shoe.
3. Apparatus of the character described in

“claim 1 in which the connection of the other end

of the shoe supporting member to the roof in-
cludes a bracket attached to the roof having a
vertical slot therein, and a pin attached to the
other end of said shoe supporting member slid-
ably engaging the sides of the slot.

4. In a liquid storage tank having a floating
roof and one or more shoes adapted to slidably
contact the inner side walls of the tank, means
for supporting the shoes against the side walls

‘including a lever swingably attached to the upper

portion of the roof, said lever having an angular
portion immersed in the liquid, a portion extend-
ing downwardly from the point of attachment of
the roof to the angular portion and g portion ex-
tending inwardly from said angle, means for
exerting a downward force on said inwardly ex-
tending portion, and a shoe supporting member
having one end attached to the upper.portion
of the shoe and having the other end connected
to the lower portion of the roof, said connection
to the lower portion of the roof permitting verti-
cal movement and substantially preventing hori-
zontal movement of said othér ‘end with respect
to the roof, and said shoe supporting member be-
ing pivotally connected intermediate its ends to
the downwardly extending portion of the lever.

5. Apparatus of the character described in
claim 4 in which the point of connection of the
lever to the roof and the point of connection of

‘the shoe supportitig member to the shoe lie in

substantially the same horizontal plane whereby
vertical movement of the shoe with horizontal
movement of the roof is prevented. L

6. Apparatus of the character described in
claim 4 in which the point of connection .of’ the
lever to the roof and the point of attachment of
the shoe supporting member to the shoe lie in
substantially the same horizontal plane, and the
distance from the point of attachment of the
shoe supporting member to the shoe to its point
of pivotal connection to the lever is substantially
equal to the distance from said.point of pivotal
connection to the poilit of cofinection of the lever
to the roof, whereby vertical movement of the
shoe with horizontal movement of the roof is

7. In a liquid storage tank having a floating
roof and one or more shoes adapted to slidably
contact the inner side walls of the tank, means
for supporting the shoes against the side walls
including a lever swingably attached to the upper
portion of the roof, said lever having an angular
portion, a Aportion extending downwardly from
the point of attachment of the roof to the angu-
lar portion and .a portion extending inwardly
from said angle, a weight connectable to said
inwardly extending portion at a plurality of posi-
tions for exerting a downward force thereon, a
shoe supporting member having one end attached
to the upper portion of the shoe and having the
other end connected to the lower portion of the
roof, said connection o the lower portion of the

) rp’of permitting vertical movement and substan-
_tially preventing horizontal movement of said

other end with respect to the roof, said member
being pivotally connected intermediate its ends
to the downwardly extending portion, said shoe
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supporting member exerting an outward force
against said shoe to hold the same against the
side walls and an inward force against the roof
tending to move the roof away from the side
walls, said inward force varying inversely as the
distance between the roof and the side walls
whereby to center the roof in the tank, and said
weight being connectable to said inwardly ex-
tending portion at a plurality of positions where-
by to vary said forces exerted by said shoe sup-
porting member.

8. Apparatus of the character described in
claim 7 in which the point of connection of the
lever to the roof and the point of attachment of
the shoe supporting member to the shoe lie in
substantially the same horizontal plane, and the
distance along said shoe supporting member
from the point of attachment to the shoe to its
point of pivotal connection to the lever is sub-
stantially equal to the distance along said down-
wardly extending portion from said point of
pivotal connection to the point of connection of
the downwardly extending portion to the roof.

9. Apparatus of the character described in
claim 8 in which said shoe supporting member is
pivotally connected to the downwardly extend-
ing portion at a point substantially midway be-
tween its said ends.

10. In a liquid storage tank having a floating
roof and one or more shoes adapted slidably to
contact the inner side walls of the tank, means
for supporting the shoes against the side walls
including a pair of levers, one pivotally connected
to the shoe and slidably connected to the roof
and the other pivotally connected to the central
portion of the first lever and pivotally connected
to the roof, the pivotal connection of one lever
to the roof and of the other lever to the shoe
being in substantially the same horizontal plane
and means to provide a force tending to separate
the shoe and the roof which is substantially in-
versely proportional to the distance between the
shoe and the roof whereby no vertical force act-
ing in the plane of the shoe affects the pressure
between the shoe and the side walls.

11, In a liquid storage tank having a floating
roof and one or more shoes adapted slidably to
contact the inner side walls of the tank, means
for supporting the shoes against the side walls
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including a pair of levers, one pivotally con-
nected to the shoe and slidably connected to the
roof to permit relative vertical movement and
the other pivotally connected to the central por-
tion of the first lever and pivotally connected
to the roof, the pivotal connection of one lever
to the roof and of the other lever to the shoe
being in substantially the same horizontal plane,
both connections to the roof being substantially
vertically spaced from each other and means to
provide a force tending to separate the shoe and
the roof which is substantially inversely propor-
tional to the distance between the shoe and the
roof whereby no vertical force acting in the plane
of the shoe affects the pressure between the shoe
and the side walls.

12. In a liquid storage tank having a floating
roof and one or more shoes adapted slidably to
contact the inner side walls of the tank, means
for supporting the shoes against the side walls
including a pair of levers, one pivotally connected
to the shoée and slidably connected tc the roof
and the other pivotally connected to ‘the central
portion of the first lever and pivotally connected
to the roof, the pivotal connection of one lever
to the roof and of the other lever to the shoe
being in substantially the same horizontal plane
whereby no vertical force acting in the plane of
the shoe affects the pressure between the shoe
and the side walls.

FREDERICK D. MOYER.
LEONARD P. ZICK.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
1,660,021 Wiggins oo Feb. 21, 1928
1,673,984 Kuhl ____________ June 19, 1928
2,145,812 Einbeck oo __ Jan. 31, 1939
2,388,163 Laird oo __ Oct. 30, 1945
2,471,404 Boberg e ___ May 31, 1949

FOREIGN PATENTS
Number Country Date
549,419 Germany ........_ Apr. 14, 1932



