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This inventicn relates to weighing scales ang
in particular to -Supporting structure for carry-
ing a load receiver or platform on-a plurality of
hydraulic. capsules..

One of the difficulties that must beovercome in -

the construction of any hydraulic weighing seale
is. the weakness: of the capsules. in resisting hori-
zontally applied forces. Such forces: may result
from the starting or stopping of trucks or other
vehicles: being driven
The permissible: lateral movement of the pressure

response to: lateral forca: v Therefore, to. secure
satisfactory life in. the: capsules. it is necessary to
interpose some.form: of horizontally yieldahle sup-
port between the capsule: and the load receiver,
It is furthermore desirable in.a; hydraulic scate
to-centralize the loag: on:-each. capsule to minimize
the: forces tending to tip
plate with: respect to)its base. In this connection
it-is also desirable that-the point of foree applica -
tion to the eapsule should be gs close: as: possible
to:the hydraulie chamberof the capsule to reduce
the: moment. arm of any horizental forees applied
to the capsule,

The: prircipal object of this: invention.is to: pro-
vide a load receiver Supporting strueture that is
mounted .on. a- capsule and that serves to cen-
tralize the application of force to the capsule and
at the same. time: to: offer only sufficient lateral
foree to the Ioad receiver and eapsule to. insure
that the receiver returns to ‘its. central Pbosition
Wwhen the lateral forees are 1o longer applied.

Another object of the. invention is to Provide

an extrémely compact; supperting system: offering *

little resistance to horizontal movement of the
load receiver.

-A still further object of the: invention is to pro-
vide a-strut ‘interposed between surfaces: on. the
capsule and load receiver at: least. some of the
cooperating eng surfaces of the strut.and the cap-
sule and load receiver surfaces being convex and
of such radif ‘that s Small restoring force tend-
ing to center the Platform. is exerteq when: the
platform is laterally displaceq by horizontally
applied forces:

A still further ohject of the invention is tg pro-
vide & collar of rubber or other resilient material
that'is compressed between a pairof shallow sock-
ets one mounted: on the strut ang the oth’ez;on
the load reeeiver, said collar serving to protect

e haf&ﬁﬁé"surfaces and providing some restor-
ing foree in addition to that of the strut.

More specific objects and: advantages are ap-

across the load receiver, !

the capsule Pressure -

Ohio, assignor to-

Toledo, Ohio; a. COrpo-

Serial‘No. 204,789:

(Cl. 265—47)

&0

40

barent. from  the folloWing description. of pre-
ferred embodiments of the invention.
Aceording to: the Invention the load receiver

surfaces: of the strut and adjacent members are
spherical ap sections of g spherical surface and
are-of such: radius. of curvature that little or no
restoring force is generated: whenever the load:re-
ceiver is defleeteq laterally from its midposition.
referred: ambodiments of the invention: are
Hlustrated in: ‘the.:a:cconmanying' drawings.

in the drawings:

Figure T is a'side elevation, Partly in. section, of
a. hydraglic capsule, a-portion. of
and the improved: stru; .
receiver from: the:capsule., .

Figure: IT is: g broken: away isometric view of
& strut ang g portion: of g support plate that ig
attached to the lead: receiver.

Figure IIT is:g, fragmentary gsection of the upper
end of the.strut sngd: caoperating members show-
ing the relationship between the parts when: not
subjected to:load.

Pigure IV

erating surfaces:

Figure: V is g fragmentary vertical segtion of
& modified: form. of strut assembly.

Figure VI is g d’iagramm‘atic.ﬂlustration. show-
ing the radius:of eurvature. of each.of the various
surfaces of the structure shown: in. Figure V.

Figure VI is g vertical seetion: showing still
another arrangement constracted according to
the invention,

Pigure: VIII is o, diggrammatic sketch. to show
the radius of -carvature of the Cooperating sur-
faces of the €lements:showzr i Figure VIT.

Figures IX and X show sti1 another possible
arrangement of the self stabilizing strut.

Figure XT is g horizontal. section taken along
the ine XTI XT of Figure IX,

Figure XBI’.is:an.tisom&tﬁe. view of the regilient
callar that I8 interpesed. between:the. members at
the upper eng: of the strut,

These: specific: figures, and the: accompanying
description are Iintendeg merely:to iMustrate the
invention and net ‘to:limit. its scope,

In a hydraylic weighing scale construeted ac-
cording to the Invention: & logg Teceiver compris-
ing a girder or beam. | is supperted by a strug
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assembly 2 from a hydraulic capsule 3. The cap-
sule 3 includes a base member 4 that is supported
from a pier or foundation 5 by & corrugated lead
sheet 6 interposed between the base member 4 and
the foundation 5. The corrugated lead cushion
or sheet & yields with the initial application of
joad to the load receiver and by such yielding
allows the base member 4 of capsule to be uni-
formly supported throughout its area. A cap-
sule plate 1 that includes a clamping ring 8 is
hydraulically supported from the base member
4 by hydraulic fluid confined within a rubber liner
comprising an upper membrane 9 and 2 lower
membrane 10, The rubber membranes 9 and 10
are held in fluid tight engagement with - each
other around the periphery of the capsule by a
plurality of bolts |1 drawing the clamping ring
8 tightly against the upper capsule plate 1. In
the gap between the periphery of the base mem-
per 4 and the clamping ring 8 the membrane 10
is supported by a plurality of narrow metallic
strips 12 which, while being flexible in bending,
are non-stretchable and thus prevent stretching
of the membrane 10 in the gap. A coupling 13 is
provided to hydraulically connect a pressure pipe
i4 through a neck i5 and to the hydraulic space
within the capsule 3.

A plurality of threaded studs 16 erected from
the upper capsule plate T adjustably support a
pair of horizontal arms {1 connected to a pipe
18. The pipe 18 is part of a frame work that
connects the capsule plate 1 to the capsule plates
of the remaining capsules. The frame work, by
interconnecting the plates, prevents tipping of

the capsule pressure plates with respect to the !

base members 4. ‘

mach corner of the Joad receiver is supported
on a strut assembly comprising a strut assembly
foot 19 that is centrally positioned on the pressure
plate T and that has a vertical generally cylindri-
cal section which is internally threaded to receive
an externally threaded socket 20. A strut bear-
ing 21 fitted in the bottom of a bore in the socket
20 supports the lower end of a strut 22. The
upper end of the strut 22 supports a top plate
23 attached to the bottom surface of the load
receiver girder 1. A collar 24 that is fixedly
mounted on the strut 22 has a socket 25 in its
upper surface in juxtaposition to a socket 26 in the
top plate 23. A molded rubber collar 21 that fits
into the sockets and around the strut 22 serves
to position the strut 22 with respect to the top
plate 23 and at the same time exert a restoring
force when the receiver is deflected laterally.

To accommodate lateral movement of the load
receiver the greater portion of the hole in the
socket 20 is tapered. "This taper is sufficient to
accommodate any lateral movement that is per-
mitted by platform stops or bumpers that are
ordinarily installed in the walls of the pit in
which the load receiver is installed. The bottom
end of the hole in the socket 20 is cylindrical
to closely fit the strut bearing 21. The cylin-
drical portion of the hole extends upwardly be-
yond the strut bearing 21 and half way past a
groove 28 encireling the bottom end of the strut.
The strut itself is also 2 close fit within the cy-
lindrical bore of the hole in the socket 20. To
accommodate lateral movement the upper sur-
face of the strut bearing 21 is formed as & Sec-
tion of a spherical surface. The cooperating
lower end surface of the strut 22 is flat. Like-
wise the upper end of the strut 22 is formed as @
section of spherical surface and the cooperating
surface of the top plate 23 is flat. These mem-
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bers are constructed of a material that can be
hardened sufficiently to withstand, without per-
manent yield, the high forces that are trans-
mitted through the comparatively small area of
contact between the members. Thus the force
from the load on the load receiver is transmitted
downward from the flat undersurface of the top
plate 23 to the upper end ‘of the strut 22 and
from the flat bottom of the strut 22 to the spheri-
cal surface of the strut bearing 21 that is sup-
ported directly from the pressure plate 1 of the
capsule 3.

The relative position of the various parts of the
strut 22 and top plate 23 in their no-load con-
dition is shown in Figures II and IIL The rub-
per or resilient member 21 is of such thickness
that the upper end of the strut 22 is separated
2 small distance from the top plate 23. ‘When
load is applied, for example the weight of the
load receiver, the resilient member is compressed
until the strut 22 contacts the top plate 23. This
application of a preload to the resilient member
21 increases its capacity to withstand and resist
angular movement of the strut 22 with respect
to the top plate 23.

One of the objects of the invention is to sup-
port the load receiver in a stable condition and
at the same time allow it to move 1aterally with-
out transmitting Jarge lateral forces to the sup-
porting capsules. To satisfy this condition the
ends of the strut and the cooperating surfaces
of the strut bearing 21 and the top plate 23 must
have particular degrees of curvature. It is pos-
sible by varying the curvature to make the sys-
tem exhibit either stable equilibrium, neutral
equilibrium or unstable equilibrium. The con-
dition which exists depends upon the radii of
curvature of the surfaces and the length of the
strut. Figure IV illustrates in schematic form
the condition required for neutral equilibrium in
the preferred form. In this figure the bottom
end of the strut 22 and the lower surface of the
top plate 23 are each flat, i. e., each has an in-
finite radius of curvature. The strut hearing
21 has as small a radius of curvature as can be
made without concentrating the load over such
a small area that permanent yield of the strut
or bearing material occurs. In a medium size
truck scale the diameter of the strut bearing 21
and the radius of curvature of its upper surface
are equal and each is one inch in length. The
upper end of the strut 22 is also curved with a
radius of curvature “R” of a length such that
the sum of the radius of curvature of the strut
pearing 21 plus the radius of curvature of the
upper end of the strut 22 is equal to the length “L"”
of the strut 22. It may be shown that under
this condition, at least for small lateral move-
ments, the load receiver moves in a norizontal
direction and is therefore in neutral equilibrium.
If the radii of curvature are decreased so that
the sum is less than the length of the strut the
system is unstable and any jateral deflection pro-
duces a force tending to increase the deflection.
Likewise, if the sum of radii of curvature is
greater than the length of the strut the resulting
system isin a condition of stable equilibrium and
is urged toward its midposition by- force that is
proportional to the lateral displacement of the
load receiver and load on the load receiver of
the scale. In the preferred form of the invention
the radii of curvature are selected for substan-
tially neutral equilibrium and the resilient collar
21 supplies the restoring force.

_Figure V shows.a similar strut construction
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having & strut assembly foot 19a, a-collar 24q;
& rubber member 2T¢ and g top ;
strut bearing 21a set in' & socket 20 of the strut
assembly foot (9q Supports & strut 22¢. In this
examiple each end of the strut 22¢ is' rounded ag
Well as the cooperating surfaces of the strut bear-
ing 21d and top plate 23a. This condition is
illustrated in Figute VI wherein' tHe length of the
Strit is Ip while the radius of curvature at the
the strut is Ry, and the radius of
curvatire at thé bottom end of the strut is R,
The radius of curvature of the top plate 23y is
Rz and the radius of curvature of the strit heai-
ing 2fa is Re. Tn this arrangenient wherein all
of the contacting surfaces are curved the radii
of curvature must be Increased, ¥

strut- and the other of which Involves the radius
of curvature of the two contacting surfaces s
the top of the strut. Each of these functions
Is: the product of the radii of curvature divided
by the sum of the radij Thus the
function representing the equivalent radii - of
curvature at the hottom end of the strut 22q is:
R2R4 v
BBy

__In this example, as in the breceding éxample,
if the: radius of curvature of any of the surfaces
is increased beyond that glving neutral equilib-
rium. the. system becomes stable while if the ra-
dius is decreased the System becomes unstable,
In fact the preferred embodiment is g, special case
Wwherein Ry and Ry of the Figure VI are infinite
in length, i. e., bottom surfaces of the strut 22q
and of the top plate 23¢ are flat. In this case
the specified functions (the sum of which for
neutral equilibrium is equal to the length of the
strut) reduce to the raqii of curvature shown in
Figure IV, .

Still other combinations of flat and spherical
surfaces may be employed in the design ©of the
improved strut assembly for weighing scales,
THus Pigure VII illustrates an assembly wherein
a strut 226 is ftted with a collar 24b and is inter-
posed between the top plate 335 and a strut bear-
Ing 2ib. The strut bearing 21b is mounted on
the bottom of a hole in 3 socket member 29p
which in turn is carried on a strut assembly foot
{9b. In this example, as illustrated in Figure
VIII, each end of the strut is a portion of 4 spher-

Yo

vature Rs of the upper end of the strut 22» plus
the radius of curvature R¢ of the hottom end of
the strut is equal to the length I; of the strut 225.
This example may be derived from the second
example by allowing Rs and R« to each become
infinite in length.

This example clearly indicates the condition of
neutral equilibrium because as long as the fAat
surfaces of the strut bearing 21b ang the top
plate 230 are horizontal a line bassed through
the points of contact between the strut and co-
operating surfaces is perpendicular to the sur-
faces and passes through the center of curvature
of each end of the strut. Therefore the strut is

10

15

20

30

35

40

50

55

60

75

6 |
In effect &' patr of Kemispheres having a common
bolar axis' and therefore behaves: like' a ball in

raising or lowering the load receiver.
s the condition for neutraj equilibrium,
Figures IxX and X illustrate

cooperating sur-
a top-plate 23c
are curved. In this example neutral equilibrium
iy obtained if the sum gf the radii of curvature
R7 plus' Ry i equal to the length Ls of the
strat 226 o

I all'of ‘the éxamples the radif of the cooperats
Ing: surfaces at the bottom end of the stiut srg
made as sl a5 possible consistent with satis-
fattory lite of the' material and freedorn from
Dermanent yield under” the maximum éxpected
oad e. If the' rading of curvature is made
V00" smidll the stress in the matsrial ' are;
of econtact exeeedy tHe elastic limit-and g perma-
nent yield takeg place. This has the effect of
indreaking tHe radius of curvatuve of the con-
tacting members and: thugs makes the system
Much miore stable and as'a direct result inereases
tHe transmission of latera) Torces to the hydrauylic
capsule. Thixis undesirable Because it ig difficult
to construct 4 capsule that is both dccurate ang
sufficiently’ migged ta withstand: the inereassd
lateral forces. )

It th‘erefbre'follows; since the radius of curya-
ture or the radii Of curvatiire of the surfaces of
the bottom end of the strut are' fized by the
strength of the: material aag tha desirahility of
makiny them ag small as possible, that the radius
Or Tadil of eurvituve of the surface or surfacds
at' the top of the stryt are varied to sécure a cons
dition of neutral or slightly stable equilibrium.

Referring to Figure %I the upper end of the
socket mémber 200 has a pair of flats 28 so. that
the socket member 2pa may be rotated to soraw
it in or out of ths strut assembly fost 18¢ and
this regulate or adjust the heighth of the load
receiver with respect to the edges of the Bit or
with respect to the capsules themselves.
adjustment also makes it possible to accurately
distribuite the weight of the lead receiver amonsg
the several capsules and thus relieve the Iead re:
ceiver from twisting straing that might canse
warping; o

Figure X1 shows the elastic or resilient meri-
ber 271 which berforms two functicus in the. im-
broved strut assembly. First, it provides a con-
stant amount of restoring force to resist lateral
movement of the load receiver and, second, it
excludes moisture, dust and gritty material from
the cooperating surfaces at the upper end of
the strut. The surfaces at the bottom of the strut
are protected against dirt and water by filling the
lower socket around the lower end of the strut
with a heavy grease. This grease does not re-

hole in the socket 20,

of a strut and cocperating
surfaces at least some of which are curved makes
bossible a substantially neutral equilibrium sup-
porting system and at the same time keeps the
point of force application of force to the capsule
located very near the center of the effective area
of the capsule so that the tipping forces are
reduced to a minimum. Thig bermits the sto-
bilizing frame work comprising the arms (2 and
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pipe (8 to be made of relatively light material
and still provide gufficient rigidity to hold the
capsule pressure plate T in parallel relation to
the capsule base 4.

various modifications of the invention may be
made of specific details without departing from
the spirit and scope of the invention.

Iclaim: '

1. A support for carrying a load receiver on a
hydraulic capsule, comprising, & member sup-
ported on the capsule, the member having an up-
wardly opening socket, a bearing surface in the
bottom of the socket, a strut having its lower end
supported on the pearing surface in the bottom of
the socket said structure extending upwardly
from said member, and a bearing plate attached
to the load receiver and supported on the strut,
said bearing plate having & surface.to engage
the upper end of the strut and the strut having
an upper end cooperating with the bearing plate,
at least one of the cooperating surfaces being
convexly curved with a radius of curvature sub-
stantially greater than half the length. of the
strut to permit rolling movement, and at least
one of the juxtaposed surfaces of the bearing in
the socket and the end of the strut therein being
convexly curved with a radius of curvature sub-
stantially less than half the iength of the strut
to permit rolling movement of the strut in the
socket.

9. A support for carrying a load receiver on a
hydraulicfcapsule, comprising, a member Ssup-
ported on the capsule, said member having an
upwardly opening flaring socket, a bearing sur-
face forming the pottom of the socket, a strut
the lower end of which . is guided in the socket
and rests on the pearing surface, & bearing plate
attached to the 1oad receiver and having a flav
surface engaged by and supported on the upper
end of the strut, the upper end of the strut hav-
ing a spherical surface the center of curvature
of which is located between the center and the
lower end of the strut, the surface of the lower
end of the strut and the bearing surface in the
socket being in rolling contact
of the surfaces being of convex generally spher-
jcal form and naving a radius of curvature thab
is less than half the length of the strut.

3. A support according to claim 2 in which the
sum of the radii of curvature of the generally
spherical surfaces is substantially equal to the
length of the strut, whereby the system when

with at least one 4
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lightly loaded is theoretically in neutral equi-
librium.

4. A support for carrying a load receiver on a
hydraulic capsule, comprising a member sup-
ported on the capsule, said member having a
socket, a bearing surface in the socket, a strut
that fits into the socket with its lower end sur-
face resting on the pearing surface, one of the
surfaces being convexly curved to permit rolling
motion of the strut, a bearing plate attached to
the load receiver and having a flat bearing sur-
face resting on the upber end of the strut, the
upper end of the strut having a generally spher-
ical form, the center of curvature of which is
located between the center and lower end of the
strut.

5. In a device of the class described, in com-
bination, a hydraulic capsule structure having
formed thereon an upwardly facing bearing sur-
face, a strut having formed thereon a downwardly
facing bearing surface at its lower end, which
downwardly facing pbearing surface engages the
upwardly facing bearing surface of the capsule
structure, one of said bearing surfaces being con-
vexly curved with & radius of curvature substan-
tially less than half the length of the strut to
permit rolling motion between said bearing sur-
faces, the upper end of said strut nhaving formed
thereon an upwardly facing pbearing surface, &
1load receiver structure having formed thereon a
downwardly facing bearing surface which down-
wardly facing pearing surface engages the up-
wardly facing pearing surface of said strut, at
least one of the contacting surfaces at the upper
end of the strut being convexly curved with &
radius substantially greater than half the length
of the strut to permit rolling motion therebe-
tween, and means for preventing substantial
shifting of the bearing surfaces formed on said
strut in respect to the bearing surfaces formed
on said capsule structure and said load receiver
structure.

LAWRENCE S. WILLIAMS.
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