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ABSTRACT OF THE DISCLOSURE

Frame structures each comprised of two similar closed
polygonal load-bearing frames each disposed around a
central space within the structure, the frames being each
comprised of sets of parallel transversely spaced beams
which are connected together by hinge joints and which
are all in parallel planes, the frames having respective
sets of beams which are interleaved to produce interpene-
tration of the frames and an overlapping of their respec-
tive transverse extents, and the frames being coupled in
parallel to a press inside the central space to receive
oppositely directed loading forces from the press and to
share such loading forces.

et T T T

This invention relates to frame structures particularly
adapted for industrial uses such as bearing and absorb-
ing the reactive loads exerted by forging presses or other
means for doing work on material. More particularly,
this invention relates to frame structures of such sort
which are comprised of at least two separately identifiable
load-bearing frames.

“Laminated-type” frames are well known and generally
comprise a closed rectangular frame having two cross-
heads each formed of a set or “grating” of parallel cross
beams transversely spaced from each other to be sepa-
rated by voids. The two crossheads are coupled together
by two sets of parallel tie beams transversely spaced
from each other to be separated by voids, the tie beams
being interleaved at their ends with the ends of beams
of the crossheads, and a hinge pin being passed through
each such interleaving to join the interleaved beams to-
gether. Because of the voids between the beams in each
crosshead and between the tie beams in each set thereof,
the structure requires an undesirably large housing space
in comparison to its load bearing capacity.

To the end of improving the ratio of load bearing ca-
pacity to required housing space, it has been proposed to
provide a frame means wherein duplicate single frames
of the type described are interlinked like two rings. Both
frames are vertical and are disposed so that (1) the verti-
cal planes of the two frames intersect at less than a right
angle to form an X, (2) the lower crossheads of the two
frames are in abutting relation at the center of the X
to form a lower compound crosshead and, likewise the
upper crossheads of the two frames are in abutting rela-
tion at the center of the X to form an upper compound
crosshead. Because of their interlinked relation, each of
the two frames provides for the compound crossheads one
component crosshead which is inside the other frame and
one component crosshead which is outside the other
frame.

While this frame structure represents a substantial ad-
vance over the prior art and is satisfactory for many
applications, it has certain disadvantages as follows.

First, because the two frames of the structure are in
non-parallel planes, the structure takes up more room
than is desirable in the transverse dimension i.e., the
dimension between the ends closest together of the arms
of the X. Also, the X configuration of the structure re-
duces the dimension of the access way for work (i.e., the
dimension between the ends farthest apart of the arms of
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the X) to a size less than the horizontal span of the
crossheads of the frame.

Second, the inner and outer component crossheads of
each compound crosshead are in series with each other
for the purpose of receiving and absorbing the load im-
posed on the compound crosshead. Because of this serial
coupling of the two component crossheads of each com-
pound crosshead, the two frames are locked together
under load so as to be unable to each respond to the load
in a manner which is unconstrained by contact with the
other frame. Further, because the load is transmitted to
each outer component crosshead through the inner com-
ponent crosshead, the deformation patterns of the two
component crossheads are not necessarily the same, and
the inner crosshead is subjected to an outward loading
stress which is about twice that on the outer crosshead.

Third, the compound crossheads of the frame structure
each provide a fill factor of only 50% for a load applied
to the crosshead. That 50% figure is arrived at as fol-
lows. First, a determination is made for the beams of the
compound crosshead of the effective areas of the inner
face portions of those beams to which portions of the
outwardly directed load stress are transmitted by wholly
parallel couplings of the load to the tie-connected beams
of the compound crosshead. By “effective area” is meant
the component of the full area of any such face portion
which is normal to the direction of application of the
load. The total of such effective areas is then divided by
the area of the whole circumscribed region occupied by
those effective areas to yield the fill factor. As a homely
example of fill factor, a checkerboard has a black square
fill factor of 50% because the black squares of the
checkerboard have a total area which is 50% of the area
of the entire checkerboard.

The fill factor so far described may be termed the
regional fill factor because it concerns only the region of
the compound crosshead which is actually subjected to
distributed loading. Also of importance, however, is the
span fill factor, i.e., the ratio of the mentioned effective
areas to the effective area of the whole transverse and
lateral extent of that portion of the compound crosshead
which spans the central working space. For best use of a
compound crosshead, it is evidently desirable that the
span fill factor have a value of at least 50% and prefer-
ably be of greater value.

A regional fill factor of only 50% is obtained for the
compound crossheads of the described frame structure
because, in each of those compound crossheads it is only
the beams of the inner compenent crossheads which pro-
vide inwardly facing beam portions to which portions of
the outwardly directed load stress are transmitted by
wholly parallel couplings of the load to the tie-connected
beams of the compound crosshead.

Further, the compound crossheads cannot, practically
speaking, be distributively loaded from one side to the
other of the central working space enclosed by the frame
structure of that patent. That is so because the load on
each such compound crosshead should be distributed only
over the region thereof within which there is an over-
lapping of the component crossheads of the compound
crosshead, and the size of that region varies directly with
the respective extents in their transverse directions of the
two component crossheads. If, however, those transverse
extents are increased to increase the size of that region,
then the access way for work pieces is commensurately
reduced in size. It follows that, if the transverse extents
of the component crossheads are increased enough to
create such a region extending fully from side to side of
the central space for the frame structure, there would be
no access way at all for work pieces.

It is accordingly an object of this invention to provide
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frame structures which are free of one or more of the
disadvantages noted above.

Another object of this invention is to provide frame
structures which maximize the ratio of the load capacity
thereof to the housing space required therefor and to the
size of the access way provided by the structure.

These and other objects of the invention are realized
in a manner as follows. In accordance with one aspect of
the invention, a frame structure is provided which is com-
prised of at least two closed polygonal load bearing
frames each disposed around a central space within the
structure and each comprised of (a) laterally extending
crossheads on longitudinally opposite sides of such space
and (b) longitudinally-extending tie means disposed on
laterally opposite sides of such space to couple fogether
the crossheads of that frame. The two frames are dis-
posed in relation to each other to have respective lateral-
longitudinal midplanes normal to a commeon line in the
transverse direction and to be characterized on each of the
laterally opposite sides of such space by an overlapping in
the transverse direction of the respective transverse ex-
tents of the two frames. Accordingly, the frame structure
requires a minimum of housing space in the transverse
direction.

As another aspect of the invention, each of the frames
is comprised of beams of which at least portions occupy
or pass through voids between at least portions of beams
of the other frame,

As still further aspects of the invention, the frames may
be duplicates in size and shape, may be loaded in paral-
lel, may be in relative floating relation, and may provide
for the frame structure both a regional and a span fill
factor in excess of 50%.

For a better unders:anding of how the aforementioned
and other objects of the invention are realized and for a
better understanding of other aspects and advantages of
the invention, reference is made to the following descrip-
tion of exemplary embodiments thereof and to the ac-
companying drawings wherein:

FIG. 1 is a perspective view of a double parallelogram
frame structure according to the invention;

FIG. 2 is a front elevation view of the frame structure
of FIG. 1 as employed with a press;

FIG. 3 is a force diagram pertaining to FIG. 2;

FIG. 4 is a front elevation of a modification of the em-
bodiment of FIG. 2; and
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FIGS. 5-7 are schematic views of other embodiments .

of the invention.

In the discussion which follows, any two elements
which are counterparts will be designated by the same ref-
erence numeral but will be differentiated from each other
by using a prime (') suffix for the reference numeral de-
signating one of those elements. It is to be understood
that, unless the context otherwise requires, a description
herein of any element is to be taken as being equally ap-
plicable to its counterpart.

Referring now to FIG. 1, a frame structure 10 is com-
prised of a pair of frames 20 and 20’ of which each is
in the form of a skewed parallelogram, and’ of which each
is disposed around a central space 21 within the structure
10. The two parallelogram frames are duplicates in size
and shape but have a different orientation, ie., have a
mirror relation to each other in the sense that the shape of
frame 20’ is the shape of frame 20 as rotated 180° about a
wvertical axis. Because of the similarity between the two
frames, only frame 20 will be described in detail.

The frame 26 is comprised of upper and lower longi-
tudinally spaced crossheads 25 and 26. Upper crosshead
25 is comprised of a set of parallel steel beams 27-29
transversely and equidistantly spaced from each other so
as to have voids therebetween of the same thickness as
the beams, The crosshead beams 27-29 are disposed in
parallel transversely and equidistantly spaced planes which
are generally designated herein as the a planes, and which
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are the planes a;, a; and ag for the beams 27, 28 and 29,
respectively.

Lowercrosshead 26 is likewise comprised of a set of
parallel steel beams 30-32 which are transversely and
equidistantly spaced from each other to lie in, respectively,
the planes aj, as, @3, and which have voids therebetween
of the same thickness as the beams.

The crossheads 25 and 26 are coupled to each other
at their laterally opposite ends by left-hand and right-hand
tie means 35 and 36. Tie means 35 is comprised of a set
of iparallel steel tie beams 37-39 which are of the same
thickness as the crosshead beams, and which are trans-
versely and equidistantly spaced from each other to have
voids therebetween of the same thickness as those cross-
head beams. The tie beams 37-39 lie in a set of trans-
versely and equidistantly spaced p'anes which are gener-
ally designated herein as the b planes, and which are
parallel to each other and to the a planes and are in inter-
leaved relation with the a planes to be transversely dis-
placed from the a planes by half the distance between
adjacent a planes. The b planes of the three tie beams 37—
39 are by, by and bg respectively.

Tie means 36 is comprised of a similar set of parallel
transversely and equidistantly spaced steel tie beams 40,
41 and 42 disposed in, respectively, the planes bq, by and
b3.

As shown, the longitudinally opposite end portions of
the left-hand and right-hand tie beams of frame 20 are
interleaved with the laterally opposite end portions of
the beams of both crossheads of that frame, and hinge
pins 45-48 are passed through the four resulting inter-
leavings to provide load-transmissive couplings in the
form of hinge joints by which the crossheads and sets of
tie beams are coupled together to form the closed load-
bearing polygonal frame 20. The advantages provided
by such hinge joints in a load-bearing frame are set out in
U.S. Patent 2,968,837 to Zeitlin et al.

The frame 20 differs in structure from frame 20 only
in that in frame 29’ the beams of its crossheads 25’ and
26" are in the b planes and the tie beams of its two tie
means 35" and 36’ are in the ¢ planes.

There is no coupling between frames 20 and 20’ which
would have the effect in the longitudinal and lateral di-
rections of causing a deformation of one of the frames
or an adjustment of one of the frames in its shape or in its
position (angular or translational) to be wholly or partly
constrained by the other frame. Hence, in the longitudinal
and lateral directions, the two frames are floating in re-
lation to each other.

Because of the difference in the planes occupied by the
crosshead beams of the frames 20 and 20’, the respective
beams of the separate crossheads 25 and 25’ of those
frames are enabled to pass by each other. As shown, those
beams do pass by each other in interleaved relation to
provide an upper compound crosshead 5¢ having 25
and 25" as component crossheads thereof. Similarly, the
respective beams of the separate lower crossheads 26 and
26’ of the frames 20 and 20’ are beams which pass by each
other in interleaved relation to form a lower compound
crosshead 51 having 26 and 26° as component crossheads
thereof.

Because of the mode of interleaving of the component
crossheads of the compound crossheads, each of the latter
has two joints which are on laterally opposite sides of the
space 21 and which are inside two other joints associated
with that compound crosshead. Thus the joints provided
by pins 45’, 46 of crosshead 50 are inside the joints pro-
vided by pins 45, 46’, and the joints provided by plus joints
47, 48’ of crosshead 51 are inside the joints provided by
pins 47" and 48. As shown, the component crossheads of
each compound crosshead are laterally overlapping over
the distance between the laterally opposite sides of space
21 (i.e., between the inner sides of the two inside joints of
the compound crosshead), and the access way 52 (FIG.
2) for introduction of a piece of work into space 21 is at
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least as large as (and, in fact, is larger than) that distance.

The respective tie means of the frames 20 and 25 are also
interleaved. That is, the left-hand tie beams 37-39 of
frame 20 and the left-hand tie beams 37°-39’ of frame 20’
pass by each other as shown to be in interleaved relation.
Similarly, the right-hand tie beams 46 and 42 of frame 20
and the right-hand tie beams 40’42’ of frame 20’ pass by
each other to be in interleaved relation.

From the previous description, it will be appreciated
that any two adjacent sets of parallel transversely spaced
beams are adapted to pass by each other in interleaved
relation when the beams of one set occupy the a planes and
the beams of the other set occupy the b planes.

The massive load-bearing frames of FIG. 1 are main-
tained in their illustrated position by one or more light
support frameworks (not shown) which are not part
of the present invention. Such one or more frameworks
are designed so as to not bear any substantial part of
the loads imposed on frames 26 and 2¢’, and so as to
not interfere substantially with the responses of those
frames to loading and with the floating relation between
those frames.

FIG. 2 shows the frame structure of FIG. 1 as em-
ployed to receive outward reactive loads on its compound
crossheads 50 and 51 from the opposed rams 66 and 61
of a forging press 62 doing work on a piece of work
67 such as a billet. The upper ram 60 has a wedged
shaped top providing oppositely-slanting load-transmit-
ting faces 63 and 64 which bear flatly and directly against,
respectively, the crosshead 25 and the crosshead 25’ of
the component crosshead 5@. In like manner, the lower
ram 61 has a wedge shaped bottom providing oppositely-
slanting load-transmitting faces 65 and 66 which bear
flatly and directly against, respectively, the crosshead 26
and the crosshead 26’ of the lower component crosshead
51. Hence, the oppositely directed loads from the rams
60 and 61 are transmitted in parallel to the frames 20
and 20’ and are divided half and half between those two
frames.

The frame structure of FIGS. 1 and 2 is a “double
strength” composite frame structure like that of U.S.
Patent 3,278,993 and shares many of the advantages
which are described in that patent for the frame struc-
ture disclosed therein. Among other additional advan-
tages of the frame structure of FIGS. 1 and 2, the com-
ponent frames of that structure have respective longi-
tudinal-lateral midplanes which each are normal to a
common line extending in the transverse direction of the
structure. Moreover, on each of the laterally opposite
sides of space 21 the two frames overlap in their respec-
tive transverse extents (i.e., the transverse extent of tie
means 35 overlaps with that of tie means 35, and the
same is true for tie means 36 and 36’). Hence, structure
10 is a composite frame structure which (1) minimizes
the housing space required for the structure in the trans-
verse direction, (2) maximizes in the lateral direction
the dimension of the access way for work i.e., the lateral
dimension over which work (such as billet 67) can be
introduced transversely from outside the frame struc-
ture to the central space within that structure so as to
be positioned between the rams 60 and 61.

Further, because the two frames are loaded in par-
allel and are floating in relation to each other, they are
each adapted to respond to the loading from press 62
in a manner which is not substantially constrained by a
coupling with the other frame by means other than the
indirect coupling of the two frames provided by press
62. Moreover, because the two frames are not only float-
ing but are also substantial duplicates in size and shape
and in the couplings thereof to press 62, the two frames
under loading undergo similar deformations and are sub-
ject to similar stresses and, accordingly, tend to automat-
ically equalize between themselves the loads which are
borne by each.

As another advantage, because the component cross-
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heads of each compound crosshead are laterally over-
lapping from one lateral side to the other of the space
21 within the frame structure 10, each compound cross-
head provides a full strength backing for load over that
entire distance, and, accordingly, the compound cross-
head can be distributively loaded over most or all of such
distance. Also, such increased span over which the com-
pound crossheads can be distributively loaded does not
entail any sacrifice in the size of the access way 52 for
the billet 67 or other piece of work.

Still further, the frame structure of FIGS. 1 and 2 is
relatively inexpensive to construct because it is entirely
fabricated from simple beam members and hinge pins
of which both are commercially available from steel mills,
and which require no alteration from their commercially
available shape except (in the case of the beam members)
for the boring of holes to accommodate the hinge pins.

The frame structure of FIGS. 1 and 2 does, however,
have a shortcoming best understood from FIG. 3. That
figure shows a skewed parallelogram 70 representative in
shape of the frames 20 and 20’. The short arms 71 and
72 of parallelogram 70 are subjected to equal loading
forces F and F’ from a source P corresponding to the
press 62 of FIG. 2. In the FIG. 3 diagram, the center
lines of action of the forces F and F’ are (a) equal and
oppositely directed, (b) colinear, (c¢) parallel to the long
arms 73 and 74 of the parallelogram 76. The center lines
of action also (d) pass through the centers of the short
arms 71 and 72. Because the loading forces F and F’
meet the conditions (a) to (d) just stated, the parallelo-
gram 70 is not subjected to any moment by those forces,
the short arms 71 and 72 will be symmetrically loaded
about their lateral centers by the forces F and F’; the
long arms 73 and 74 will be subjected to equal tensions,
and the parallelogram will be theoretically stable in its
shown skewed shape, i.e., will not tend either to collapse
or to assume a rectangular form.

In the FIG. 2 structure, on the other hand, although
the loading forces on frame 20 are equal and oppositely
directed, the center lines of action of those loading forces
20 are not wholly colinear and are not wholly parallel
to the long arms of the frame, and such center lines of
action do not pass through the lateral centers of the short
arms of the frame. The same is true for the center lines
of atcion of the loading forces on the frame 20’. Hence,
the loading forces on the two frames exert on them a
moment tending to rotate the frame in opposite direc-
tions around the press 62. Also, such forces tend to urge

the skewed parallelogram frames to assume a rectangu-

lar form, and, although the forces similarly load both
frames, the forces do not load the individual crossheads
of each of frames 20 and 20’ symmetrically about their
lateral centers so as to produce equal tensions in the tie
beams of each of the frames.

Such frame stability problems as are created by the
mentioned assymetries in the individual loadings on
frames 20 and 20’ may be overcome by constructing the
skewed parallelogram frames to each approach as close
as possible to the rectangular form (see FIG. 4) conso-
nant with the consideration that the beams of the two
frames pass by each other (as shown) to position ones of
the joints of each frame inside the other frame. To put
it another way, such problems may be overcome by bring-
ing those frame joints which are on the inside of the frame
structure within the closest distance practical (see FIG.
4) to the adjacent frame joints on the outside of the
frame structure (see FIG. 4). By so constructing the
frame structure, the contacts between the frames 20, 20’
and press 62 and the friction between those frames and
the press will prevent the frames from rotating or chang-
ing in shape despite the assymetry in the loading on each
of the frames.

As an alternative to the mode of construction just de-
scribed or as an addition thereto, any tendencies of the
frames to rotate under a moment or to change in shape
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may be overcome by the optional use of hinge pins 80,
80’ and 81, 81’ passing transversely through the centers
of, respectively, compound crosshead 50 and compound
crosshead 51. Each such hinge pin fastens together the
two component crossheads of the compound crosshead
through which that pin passes so as to cause the horizontal
components of the respective loading forces on the two
component crossheads to balance each other out. Hence,
considering the frame structure 19 as a whole, the pins
80, 80’ and 81, 81’ cause the resultant loading forces on
that structure to be vertical, colinear, equal and opposite
forces and to otherwise meet for that structure the con-
ditions discussed (in connection with FIG. 3) which as-
sure the stability of that whole structure. When, however,
such hinge pins are used, they eliminate the ability of the
compornent frames 20 and 26’ to each respond to the load
in a manner unconstrained by the other frame.

FIG. 4 shows the FIG. 2 structure as modified to pro-
vide the symmetrical loading conditions discussed in con-
nection with FIG. 3. In the FIG. 4 modification, the outer
ends of the rams 60 and 61 are flat. Considering the upper
ram, interposed between its flat top and the underside of
beam 27’ (here shown in front of beam 27) are lower
and upper superposed steel friangular transition pieces
90’ and 91’ for the crosshead 25" of frame 28’. Those
pieces are of the same transverse thickness as the beam,
and they register transversely with the beam so as to trans-
mit loading force to the beam over its full transverse
width.

The picces 90’ and 91’ have therebetween an interface
92’ normal to the lies of the tie beams 35°, 36’ of frame
29’ of which beam 27’ is a part. If desired a layer of
“Teflon” (not shown) may be interposed at interface
92’ between the pieces 90 and 91’ to minimize the fric-
tional resistance to relative sliding of those pieces in the
direction of lie of the interface. Piece 91’ is coupled to
beam 27’ by conventional fastening means (not shown)
which prevents lateral sliding between that piece and the
beam. The two pieces 90’ and 91’ are disposed in the
lateral dimension of beam 27 so that the center line of
action of the load force transmitted through interface 92’
is directed to pass through the lateral center of beam 27’.
That transmitted load force is normal to interface 92’
and, hence, parallel to the tie beams 35" and 36’ of frame
26’

Two similar upper and lower transition pieces 90 and
91 are disposed behind transition pieces 90’, 91’ to be
interposed between the top of ram 60 and the beam 27
of crosshead 25 of frame 20. The pieces 90 and 91 are
arranged (with 91 being fastened to beam 27 to prevent
Jateral sliding therebetween) so that loading force trans-
mitted through their interface 92 (or through a “Teflon”
layer between the two pieces) is directed to pass through
the lateral center of beam 27 and to be normal to inter-
face 92 and, hence, parallel to the tie beams 35 and 36
or frame 20. )

The pair of transition pieces under beam 27’ is dupli-
cated by a like pair of transition pieces under each of the
other beams in crosshead 25’. Moreover, the pair of tran-
sition pieces under beam 27 is duplicated by a like pair
of transition pieces under each of the other beams in
crosshead 25. All of the lower left-hand transition pieces
(e.g., piece 90) are fastened to all of the lower right-
hand transition pieces (e.g., piece 9¢’) by a pin 95 passing
transversely through the interleaving of the lower left-
hand pieces and lower righthand pieces. The whole array
of transition pieces under compound crosshead 50 is dupli-
cated by a like array of transition pieces interposed be-
tween the flat bottom of ram 61 and the lower compound
crosshead 51.

Upon loading of the frams structure of FIG. 4 by the
press 62, the described transition pieces cause the center
lines of action of the loading forces on the crossheads
of each of the frames 20 and 20’ to pass through the lat-
eral centers of those crossheads in a direction parallel
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to the lic of the tie beams coupled to those crossheads.
Hence, for the reasons discussed in connection with FIG.
3, each of the component frames of the FIG, 4 frame
structure will be stably loaded so as to have no moment
thereon and no tendency of change shape. Moreover, the
crossheads of each of the component frames will be sym-
metrically loaded about the lateral centers of such cross-
heads, and, in both frames, the two sets of tie beams in
the frame will be under equal tension.

It might be noted that the FIG. 3 parallelogram is
only theoretically stable since, if the forces F and F’
were to be point forces exerted as shown, any maintained
departure of those forces from colinearity would cause
the parallelogram to jack and to thereby collapse fo a
configuration approximating a straight line. In the FIG.
4 frame structure however, the tendency of each compo-
nent frame to be dynamically unstable like the FIG. 3
parallelogram is overcome by the fact that the loading
forces on the frame from the contained press and the
contact made between the frame and that press are both
distributed over a substantial lateral extent of each of
the crossheads of the frame.

In addition to its other advantages. the FIG. 4 struc-
ture provides a regional fill factor and a span fill factor
which are each greater than 50%. That is so because the
inner face portions of the beams of each compound cross-
head to which portions of the distributed load are trans-
mitted in parallel are beam portions of which the effective
areas have a total area more than 50% of the area of the
whole region occupied by those effective areas and more
than 50% of the egective area of the lateral and transverse
extent of that portion of each compound crosshead which
laterally spans the central working space 21. At the cost
of introducing a slight assymmetry in the loading on each
of frames 20 and 28’, the regional fill factor may be in-
creased to 100% by modifying the transition pieces in
each array thereof so that the pieces in the a planes and
the pieces in the b planes are laterally coextensive.

FIGS. 5 and 6 and 7 are schematic diagrams of further
embodiments of the invention. In each of those diagrams,
the heavy black lines represent transversely spaced sets
of beams, the letters a and b denote the planes in which
the beams in such sets lie, and the heavy black dots rep-
resent hinge joints.

In the FIG. 5 structure, the component frames 100 and
101, are in the form of interleaved trapezoids which are
duplicates in size and shape and which are in mirror re-
lation to each other so that the parallel sides of each
trapezoid are vertical to provide the sets of tie beams
for the structure. The load is transmitted from the press
62 to the component frames via triangular transition
pieces (one per beam) which are in fixed relation with
the corresponding beam, and of which the piece 101 and
the piece 101’ (partly behind piece 101) are exemplary.
The FIG. 5 structure has all the advantages of the FIG. 4
structure and the further advantage that its sets of tie
beams are vertical so as to take up a minimum of room.

In the FIG. 6 structure, the component frames 119 and
119’ are in the form of interleaved duplicate trapezoids
disposed so that the parallel sides of each trapezoid are
horizontal to provide the component crossheads of the
structure, The structure’s upper compound crosshead is
comprised of an upper component crosshead 111 (pro-
vided by frame 116) and a lower component crosshead
111’ (provided by frame 116¢’) of slightly lesser span than
crosshead 111. Because the beams of crossheads 111 and
111’ are in planes a and b respectively, the beams of the
two crossheads, although parallel, may be partly inter-
leaved. That is, the upper beams may occupy those por-
tions of the voids between the lower beams which are
above the pins by which the crosshead 111’ is connected
to its tie beams.

In loading the upper compound crosshead, the top of .
ram 6@ bears directly against the inner crosshead 111’,
and loading force is transmitted from the ram to the outer
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crosshead 111 through rectangular transition bars 112 in-
serted in the voids between the beams of crosshead 111’
so that the tops of the bars bear against the bottoms of
the beams of crosshead 111 and the bottom sides of the
bars 112 are flush with the bottom sides of the beams
of crosshead 111’.

The lower compound crosshead of the FIG. 6 structure
has a construction similar to that of the upper compound
crosshead just described.

The FIG. 6 structure has all the described advantages
of the FIG. 4 structure and the further advantage that,
in the FIG. 6 structure, a regional fill factor of 100%
and a span fill factor in excess of 50% are obtained with-
out the introduction of any accompanying symmetry into
the loading of the component frames. Because the outer
component crosshead 111 of the upper compound cross-
head is of slightly longer span than the inner crosshead
111’ thereof and, also, is subject to compressive stress
by the horizontal components of the tensile forces in the
tie bars to which crosshead 111 is connected, crosshead
111 might tend to have a larger bowing deformation than
crosshead 111’ if the same load were to be applied under
the same conditions to each crosshead, and the frames
110, 110’ were not floating in relation to each other. The
tendency of crosshead 111 to bow more than crosshead
111’ is however, largely or entirely overcome by the fact
that the load on crosshead 111 is transmitted thereto
through the transition bars 112 which, in effect, provide an
extra stiffening for the outer component crosshead. The
considerations just discussed also apply to the lower com-
pound crosshead. Moreover, irrespective of the relative
sizes of the deformations of the innmer and outer com-
ponent crossheads of each compound crosshead, the float-
ing relation between frames 110 and 110’ cause the two
frames to automatically share equally between them the
total load impressed on the FIG. 6 frame structure and
thereby cause the two component crossheads of each
compound crosshead to bear the same load.

In the FIG. 7 structure, the component frames 120 and
120’ are interleaved hexagons. In each of the frames,
two laterally opposite ones of the “tie” sides of the hex-
agon are formed by the joining together by a spaced pair
of hinge pins of interleaved a beams and b beams so that
the a beams project from opposite ends of the structure
thus formed and are overlapping over the distance be-
tween the two hinge pins. Each compound crosshead of
the FIG. 7 structure is formed of an inner crosshead
which bears directly against the corresponding ram and
of an outer crosshead which receives loading forces from
that ram via rectangular transition bars 121 similar to
those already described in connection with FIG. 6. In
each frame, the hinge joints at the widest part of the
hexagon are connected by beams 122 which prevent the
hexagon from collapsing under load into rectangular
form. Those beams 122 may be connected to the pins of
the mentioned joints at positions transversely outside the
connections thereto of the tie beams which are joined by
those pins, and such beams 122 may provide part of the
platform for the work 67. The FIG. 7 structure provides
the same advantages as the FIG. 6 structure and the ad-
ditional advantage that the two component crossheads
of each compound crosshead are of equal span.

The above-described embodiments being exemplary
only, it is to be understood that additions thereto, modi-
fications thereof and omissions therefrom can be made
without departing from the spirit of the invention, and
that the invention comprehends embodiments differing in
form and/or detail from those specifically described. For
example, while the description herein has been limited
to frame structures formed of only two component
frames, it will be appreciated that each such component
frame may be divided in the transverse direction into a
plurality of separate frames.

Accordingly, the invention is not to be considered as
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limited save as is consonant with the recitals of the
following claims.

1. In apparatus comprised of a load bearing frame
structure comprised of at least two closed polygonal load-
bearing frames each disposed around a central space
within said structure, each frame being comprised of
laterally extending crossheads on longitudinally opposite
sides of said space and of separate longitudinally extend-
ing tie means disposed on laterally opposite sides of said
space and coupled with such crossheads by load-trans-
missive couplings productive of an opposed relation in
said tie means between respective outward loads on said
crossheads, said frame structure being characterized by
compound crossheads disposed on longitudinally opposite
sides of said space and each comprised of component
crossheads of which each is a crosshead of a respective
one of said frames, the improvement in which said frames
have respective longitudinal-lateral midplanes which are
each substantially normal to a common line extending in
the transverse direction of said structure, and in which
said frames are relatively disposed in said direction to
be characterized on each of said laterally opposite sides
of said space by an overlapping in said direction of the
respective transverse extents on that side of said two
frames.

2. The improvement as in claim 1 further comprising,
means in said space to subject each of said compound
crossheads to an outwardly directed load, and means by
which such load on each compound crosshead is received
in parallel by the component crossheads thereof.

3. The improvement as in claim 1 in each of said two
frames has a response to load which is unconstrained by
contact with the other frame.

4. The improvement as in claim 1 in which each of
the component crossheads of each compound crosshead
is comprised of transversely spaced beams separated by
voids and disposed in respective planes which are parallel
to and in transversely displaced relation with the respec-
tive planes of such beams of the other component cross-
head of that compound crosshead.

5. The improvement as in claim 4 in which the com-
ponent crossheads of each compound crosshead have
respective beams of which at least portions are disposed
in the voids between beams of the other component cross-
head so as to be interleaved with at least portions of
the last named beams.

6. The improvement as in claim 1 in which each com-
ponent crosshead of each compound crosshead is com-
prised of transversely spaced beams separated by voids
to thereby render such compound crosshead comprised of
beams, said apparatus further comprising, means in said
central space to apply to each of said compound cross-
heads an outwardly directed distributed load, and means
by which such outward load on each compound cross-
head is received in parallel by beams thereof on inner face
portions of such beams, the effective areas normal to the
direction of load application of said portions being dis-
posed within a circumscribed region and having a total
area of at least 50% greater than that of said whole region
to thereby provide a regional fill factor of more than 50%
for such compound crosshead.

7. The improvement as in claim 6 in which each such
gogpound crosshead has a span fill factor in excess of

0%.

8. The improvement as in claim 1 in which each of
said frames is comprised of transversely spaced beams
separated by voids, and in which each of said frames
has beams passing through the voids between and in
interleaved relation with beams of the other frame so
as to render each frame partly inside and partly outside
the other frame.

9. The improvement as in claim 8 in which said frames
are substantial duplicates in size and shape.

10. The improvement as in claim 9 further comprising
means in said central space to subject each of said com-
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pound crossheads to an outwardly directed load, and
means by which such load of each compound crosshead
is divided between said frames to produce substantially
similar loading stresses on each frame.

11. The improvement as in claim 9 in which said load
bearing frame structure is substantially symmetrical in
a longitudinal-lateral plane about a longitudinal axis in
such plane, said last named plane passing through both
of said frames of said structure.

12. The improvement as in claim 9 in which said load
bearing frame structure is substantially symmetrical in
a longitudinal-lateral plane about a lateral axis in such
plane, said last named plane passing through both of said
frames of said structure.

13. The improvement as in claim 1 in which at least
one of said frames is of skewed parallelogram shape.

14. The improvement as in claim 1 in which at least
one of said frames is of trapezoidal shape.

15. The improvement as in claim 1 in which at least
one of said frames is of hexagonal shape.

16. The improvement as in claim 1 in which the com-
ponent crossheads of each compound crosshead are rela-
tively disposed to position two of said couplings of such
component crosshead inside two other of such couplings,
and in which said component crossheads of each com-
pound crosshead are laterally overlapping over the span
of such compound crosshead between said two inside
couplings.

17. The improvement as in claim 16 in which said

frame structure provides an access way at least as large 3

in lateral dimension as said span for introduction of a
piece of work transversely into said central space from
outside said frame structure.

18. In a frame structure comprising at least two cross-
head means disposed at longitudinally opposite ends of a
central space within said structure and each having oppo-
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site ends on opposite sides of said space and being com-
prised of beams extending in the.direction between such
opposite ends, arnd a plurality of tie means disposed on
opposite ones of said sides to couple said two crosshead
means together, the improvement in which each crosshead
means has only two ends which are laterally ‘opposite
each other, said beams of each crosshead means are
laterally overlapping in the laterally central portion of
that crosshead means and provide at each such end of
that crosshead means and in the transverse direction
normal to the longitudinal and lateral directions an alter-
nation between beams having laterally salient end portions
and beams having laterally indented end portions, and in
which said tie means couple said two crosshead means
together by being coupled to both said laterally salient
portions and said laterally indented portions of said beams
of said two crosshead means. ‘
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