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Application filed August 8, 1927. Serial No. 211,309,

The present invention has for its object to

expand a metal sheet consisting of slitted

portions alternating with unslitted rib-form-

ing portions in such a manner that a uniform

5 tension will be maintained throughout all of
the strands during the expanding process.

A further object of the present invention

is to produce a simple novel and efficient ma~-

chine for producing the expansion of a sheet
in the manner just described.

A further object of the present invention is
to expand a sheet consisting of diagonally
slitted panels alternating with unslitted rib-
forming sections, that the latter sections will
at no time assume or be caused to assume a
twist, although being permitted to move rela-
tively to each other in the lengthwise direc-
tion while the strands are being opened and
thus relieve the strands from unnecessary
stresses.

The product produced in the preferred
form of my machine is one in which the ribs
or unslitted portions lie at an acute angle to
the general plane of the sheet. The old prac-
tice in producing a sheet of this kind involved
various distortions of the metal, such as twist-
ing the ribs or corrugating them, that weak-
ened the same and required the expenditure
of unnecessary energy; the result being an
inferior product made at too high a cost. One
of the objects of the present invention is to
produce 2 machine which will impose on the
slitted sheet no other stresses than those re-
quired to expand the slotted areas.

In the preferred means whereby my inven-
tion is carried out, I provide long guides
whose working faces at one end are a1l in the
same plane and which are gradually spread
in a manner comparable to bending the same
in planes at right angles to the aforesaid
plane, together with feed rolls cooperating
with the working faces of the guides to draw
the unslitted sections or ribs of a sheet along
the guides while the slitted sections of the
sheet are gradually expanded. One 6f the
objects of the present invention is so to dis-
pose the guides and the feed rolls that the
lengthwise movements of the unslitted sec-
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50 the strands to swing naturally into their

tions or ribs are at all times such as to permit

opened positions, without imposing on the
strands stresses other than those required to
swing them in directions to produce the de-
sired mesh.

In the slitting of a sheet ‘as a preliminary
step to the expansion of the same, the slits are
produced by pressing portions of each éle-
ment that is to constitute a strand in the fin-
ished product out of its normal plane. There-
fore since the body of a sheet remains un-
changed, this distortion of the strand por-
tions can be brought about only by a stretch-
ing or lengthening of such portions. ‘A fur-
ther object of the present invention is so to
expand a sheet that what may be termed the
slack due to the stretched strand portions is
first talen up at the advance end of the sheet
kefore the actual expansion begins.

In the expanding of a slitted sheet by a
continuous process, the expansion of one end
of the sheet 1s completed while a considerable
amount of expansion is yet to take place at
the rear end. A further object of the present
invention is so to manipulate a slitted sheet
that the slack due to the stretching of the
strand portions in the slitting operation is
completed at the advance end of the sheet ‘as
a preliminary step, whereas the slack at the
trailing end of the sheet is taken up as the
final step in the expanding operation.

A further object of the present invention
is to produce a machine which may be said
to be arranged in halves between which the
sheet that is being expanded liés at all times,
and arranging one of the halves in such a
way that any section theréof may readily be
moved into a position that will give full and
easy access to the work underlying the same.

A further object of the Present invéntion
is to produce an expanding machine that will
yield under an abnormal thickness of metal
passing through the same; without ithposing
objectionable stresses on the parts of the ma-
chine, and which will at all times adjust it-
self automatically fo the thickness of the
work. ‘ :

A further object of the present invention
is to produce an expanding machine compris-
ing guides and cooperating feed rolls, the
latter being arranged at varying angles; in
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which the rolls and the guides can be quickly
and easily adjusted in any direction.

The various features of novelty whereby
my invention is characterized will herein-
after be pointed out with particularity in the
claims; but, for a full understanding of my

invention and of its objects and advantages, .

reference may be had to the following de-
tailed description taken in connection with
the accompanying ‘drawings, wherein:
Figure 1 is a side elevation of the receiv-
ing end of a machine embodying the present
invention; Fig. 2 is a top plan view of that
portion of the machine shown in Fig. 1; Fig
3 is a view similar to Fig. 1, illustrating the
delivery end of the machine; Fig. 4 is a plan
view of the delivery end of the machine; Fig.
5 is a central longitudinal section, on a larger
scale than Figs. 1 to 4 through the recelving
end of the machine, namely on line 5—5 of
Fig. 2; Fig. 6 is a section taken approxi-
mately on the line 6—6 of Fig. 5, showing
fragments of the initial deforming feed rolls
and a sheet lying between the same; Fig. 7
is a section taken approximately on line 7—7
of Fig. 5, the scale being the same as that of

Fig. 6, and only fragments of a portion of the:

guide bars being shown; Fig. 8 is a section
taken approximately on line 8—8 of Fig. 2
on a somewhat larger scale than Fig. 2; Fig.
9 ig a section taken on line 9—9 of Fig. 8;
Fig. 10 is a view similar to Fig. 8, on a larger
scale, and showing only a fragment of the two
feed rollers and guides; Fig. 11 is a section
taken approximately on line 11—11 of Fig. 2
being on a smaller scale than Fig. 10; Fig. 12
is a section taken on line 12—12 of Fig. 4, be-
ing a view similar to Fig. 8 and being on the
same scale; Fig. 13 is a view similar to Fig.
12 but on a larger scale, showing only a frag-
ment of the machine; Fig. 14 is a section
taken approximately on line 14—14 of Fig.
12; Fig. 15 is a section, on an enlarged scale,
taken approximately on line 15—15 of Fig.
12; Fig. 16 is a side view of the parts par-
tially shown in Fig. 16; Fig. 17 is a plan
view of the expanded product; Fig. 18 is a
section taken approximately on line 18—18
of Fig. 17; Fig. 19 is a view looking in the
direction of the arrows X in Fig. 18, together
with a diagram illustrating the manner of
expanding the sheet and Fig. 20is a plan view
of a fragment of the slitted sheet or blank.
Referring to Fig. 20 of the drawings, A
represents a metal sheet divided into slitted
sections B and unslitted sections C alternat-
ing with the slitted sections. The slits D are
arranged at an acute angle to the long edges
of the sheet in the form of broken lines, the
unslitted portion in each line lying opposite
slitted portions in the two adjacent lines;
each slitted panel or section being therefore
made up of rudimentary strands X and bonds
F. When the sheet is expanded it has the
appearance shown in Figs. 17 and 18, the un-

slitted portion C constituting longitudinal
ribs and the strands ¥ forming diamond
mesh in the spaces between the ribs. A slit-
ted panel may be expanded by the simple
process of holding an adjacent unslitted sec-
tion stationary and pulling the other adja-
cent unslitted section out of 1ts normal plane;

“this action simply bending the strands at

both ends, namely where they join the ribs
and where they join the bonds; thus impos-
ing on the strands only such stresses as are
necessary to overcome the resistance to bend-
ing. During such expanding operation the
rib that is being moved to produce the ex-
pansion must move lengthwise to accommo-
date itself to the new positions of the strands
intervening between it and the other rib. The
composite movement of a point in the travel-
ling unslitted section or rib is indicated by
the dotted line G in Fig. 19; the progress of
this point transversely and lengthwise being
illustrated by the vertical and horizontal
dotted lines H and I. It will be seen that
the lateral movement of the rib for a given
lengthwise movement gradually decreases.
In the slitting of the sheets, since the cutters
must pass through the same, the rudimentary
strands will be bowed out of the plane of the
sheet, thus being stretched and lengthened.
During the first part of the expanding action
of the sheet, these strands should be straight-
ened. It will be seen from the curve G that
at the start the theoretical lengthwise move-
ment of the travelling rib is very small.

Therefore, as the strands are straightened at 1

the beginning of the expanding operation,
their increased length produces an offset to
their angular movements, so that the travel-
ling rib will not begin to move lengthwise
until what may be termed the slack in the
strands may be taken up. '

In actual practice the sheet will be pro-
gressively expanded from one end toward the
other, and my invention contemplates such a
manipulation of the sheet that the various
shifting elements in the same will be permit-
ted to follow their natural courses while the
strands are subjected to uniform tension at

all times.
All of the mechanisms constituting my im- :-

proved machine may be mounted on a suita-
ble long narrow base 1 conveniently having
outwardly projecting horizontal flanges 2
along the top. The slitted sheet is fed length-

wise between the pair of horizontal feed rolls -

3, through a suitable guide 4 and to a second
pair of horizontal feed rolls 5 and 6, best
shown in Fig. 5. The rolls 3 may be simple
cylindrical members, but the rolls 5 and 6

are shaped to deform the sheet so as to pro- :*

duce the bends at the juncture of the strands
with the rib sections, or at least cause the be-
ginning of such bends. The construction of
these rolls and their effect upon the work is
shown in Fig. 6. It will be seen that each
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roll consists of sections of.one diameter alter-
nating with sections of .a larger diameter;
these sections in the roll 5 being indicated at
7 and:8:and in the roll 6 at-9 and 10. Calling
the sections of large diameter collars and the
peripheral spaces between the collars grooves,
1t will be seen that each collar engages
with a collar ‘on the opposed roll and
overhangs a. groove in the latter roll, . Each
collar has on one side an annular flange or
rib 11; those on one roll being on the left
hand side of the collars and those on the
other roli -being .on the right hand side of
the collars. The parts are so proportioned
that when the prepared sheet is fed between
therolls 5 and 6 the rib sections C are gripped
between the collars while the slitted sections
are drawn over the beads or flanges so as in
cross-section to have the appearance of a
flattened 'S. 'Thus are formed bends K, as
best shown in Fig. 7, at the points where the
strands join the ribs. The ends of the rolls,
or rather those sections that may be said to
constitute the endmost collars, are preferably
made in the form of frustums of cones, as in-
dicated at 12 and 13,'so as to bend the mar-
ginal rib sections downwardly at an angle
to the plane of the sheet and insure that the
sheet will be gripped tightly ‘enough along
the side -marginal portions to prevent the
side edges from being drawn in toward the
center., ‘

When the sheet emerges from the rolls 5
and 6 it is ready to pass to the expanding
guides for the purpose of being expanded.
These guides are in the form-of bars arranged
in pairs, one above the other, there being as
many Ppairs as there are rib sections in the
sheet; these bars expanding from one end of
the machine to the-other without twisting
of any kind; the central pair of bars being
straight and those on each side thereof being
gradually curved upward in the upward half
and downward in the lower half so as to
produce a fan-shaped arrangement. For the
sake of convenience in manufacture, adjust-
ment, inspection and removal of damaged
sheets, the bars are preferably made in short
sections arranged end to end, instead of being
continuous. The guide bars begin a short
distance from the rolls 5 and 6, the various
upper-sections being indicated at 14 and the
various lower sections at 15. The working
faces of all of the upper bars are in the same
horizontal plane at the receiving end, while
the upper or working faces of the lower
bars at this point are-also in the same hori-
zontal ‘plane. The bars of each pair do not
register completely - but, as best .shown .in
Fig. 7, less than one-half of each upper bar
overlies a corresponding portion of the com-
panion:lower bar. Furthermore, about one-
half of the working face of each bar is cut
-away to a:considerable depth, so as to provide
‘between each pair.of hars a chamber 16 that

3

will receive the slitted sections of the sheet
while the ribs lie between the effective work-
ing faces. The bars at each side of the group
as a whole have their working faces in the
form of inclined planes, two of these bars
being indicated at 17 and 18 in Fig. 7; thus
making provision for receiving the flanged
side marginal portions of the sheet. The
guide bars, as heretofore explained, while
forming a composite structure of uniform
width as viewed from below are disposed in
fan-shape. At a short distance from the
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feed rolls 5 and 6 is a feed roll unit shown -

in detail in Figs. 8, 9 and 10. This feed roll
unit consists of two parallel shafts 20 and
21 lying at the same angle as the guide bars
at this point. On the shafts are suitable
cooperating collars 22 and 23, there being
half as many collars on each shaft as there
are pairs of guide bars, and the collars being
spaced apart between centers a distance equal
to twice the distance between centers of adja-
cent guide bars,. While the guide bars were
required to have pecularly shaped working
faces at the receiving end of the bars, for
the purpose of providing spaces to receive
the slitted sections of the sheet, they may now

be simple bars rectangular in cross-section.

Alternate pairs of these bars, indicated at
14a and 15a, pass continuously between the
rolls 20 and 21 through the spaces bounded
at the sides by the collars. The remaining
pairs of bars 145 and 155 are in line with the
collars and must therefore be interrupted. at
the collars. - Therefore the sheet is gripped
between the collars on these feed rollers at
every other rib, the remaining ribs simply
sliding between the guides that are not in-
terrupted at the feed rolls. It will be seen
in Fig. 20 that the slits in alternate slitted
sections are inclined oppositely. Therefore
if alternate ribs are gripped and held sta-
tionary with respect to each other during
the expansion, the remaining ribs will all
swing in the same direction and to the same
extent with respect thereto. In other words,
if the left hand rib in Fig. 19 be the station-
ary rib, then another rib to the left of the
same will swing downwardly during the ex-
pansion process-in the same way as does the
rib shown at the right in this figure or, if two
ribs having between them another rib are
held against lengthwise movement during
lateral expansion, the central rib will be com-
pelled to move lengthwise during such .ex-
pansion. This is what occurs at the feed
rolls; two of the ribs in the sheet being
gripped and driven ahead at a wuniform
speed, while an intermediate rib simply slides

freely along its guides and may therefore lag &

behind as the strands between it and the two
flanking ribs continue to open.

It will be seen that the spreading of the
guide bars in a fan-shaped arrangement, by
extending the bars gradually out.of the plane
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in which their advanée ends Tie, without
twisting, causes the effective width of the
guide structure, measured along a transverse
Tine in contact with the work, to increase
gradually. In other words, the central rib
proceeds in a straight line while the ribs on
each side ave gradually bent up or down, de-
pending on which side of the center they Lie;
those closest to the center being bent the least
and each rib being bent to a degree propor-
tionate to its position in the sheet relative to
the central rib.

Throughout the length of the machine are
located many other feed roller units similar
to the one just described with the exception
that the shafts are longer, the collars spaced
farther apart and the inclination is different.
Thus, for example, in Figures 12 and 13 there
is shown one of the final feed roller units
consisting of shafts 20 and 21 and collars 22
and 237 It will be seen that while the first
feed roller unit, illustrated in Fig. 8, is very
nearly horizontal, the final units are almost

. as nearly vertical.

The last group of feed roller units ave all
alike and all placed at the same angle, since
their purpose is to hold the finished portion
of of sheet while the expansion of the trail-
ing end is being completed.

The inclination of the feed roll units de-
pends of course upon the degree to which the
upward and downward bends in the guide
bars have been made at the points where the
feed roll units occur, namely upon the width
of the partially expanded sheet at these
points. It will be seen that the expansion
takes place progressively from the front end
of the sheet toward the rear, so that at the

~ time the front end of the sheet has been ex-
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panded to its full width the rear end is not
yet fully expanded. Thercfore the rate of
velative longitudinal movement of the so-
called free ribs, because of the condition illus-
trated in Fig. 19, is variable thronghout the
length of the sheet, being greater at the ad-
vance end than at the trailing end. For this
reason, while the guides must be continuously
inclined during the expanding zone ot the
machine, the rate of inclination must become
gradually less and therefore, while the feed
roll units are all displaced angularly in the
same direction from each other from the inlet
end toward the outlet end of the expanding
zone, the angular displacement between con-
secutive feed roll units decreases gradually
throughout the expanding zone. Further-
more, after all of the so-called siack has heen
taken up in the advance end of a sheet and the
actual expansion begins, this expanding ac-
tion is carried back through the length of the
sheet before all of the slack is taken up at the
rear end and consequently the final operation
on the sheet at the rear end is the taking up
of the slack due to the slight stretching in-
cident to the slitting operation.

1,852,636

When the sheet first enters the guides in
the machine, as shown in Fig. 7, the expand-
ing pull is parallel to the plane of the sheet
and it is for this reason that the inclined side
guides 17 and 18 are required to grip the side
marginal portions of the sheet while the S-
shaped expanded sections are being straight-
ened. By the time that the sheet reaches the
first feed roller unit, as illustrated in Figs. 8
and 10, the expanding pull is at a considerable
angle to the plane of the flat faces of the ribs
and the special gripping guides along the side
marginal portions are no longer required be-
cause the necessary resistance to the com-
ponent of the pulling force parallel to the

plane of the sheet is afforded by the strands

in the expanded portions abutting against
the sides of the guides and the rollers through-
out the width of the sheet.

As heretofore explained, the guides are
made in sections. The upper guides of each
section are secured together as are the lower
guides, so that the upper guides may be lifted
or swung out of the way to give free access ta
the worl in case there is a damaged sheet in
themachine. Furthermore, the feed roll units
should also be separable in the same way as the
guides. The first section, consisting of the
upper and lower guides 14 and 15, may be
fixed, as there will almost never be any occa-
sion for opening the guides of this section.
The remaining sections are preferably carried
by the feed 1oll frames, so that the lower
halves will remain stationary and the upper
halves be movable with the upper halves of
the feed roll frames.

Except as to proportions the feed roll
units, as heretofore stated, are all alike and
a description of one will suffice for all of
them. Referring to Figs. 8 to 16 it will be
seen that each pair of feed roll shafts is
supported within a hollow casing open at the
sides facing the ends of the machine. In
other words, each casing consists of a lower
half 25 and an upper half 26 generally chan-
nel-shaped in cross-section. The lower feed
roll is mounted in bearings in the lower half
of the casing and the upper feed roll is
mounted in suitable bearings in the upper
half of the casing. The upper bearings for
the feed rolls are in partition walls 27 and
28, respectively, at some distance from the
upper end of the casing, so as to provide
in the upper end of the casing a gear cham-
ber. On the ends of the feed rolls project-
ing into this chamber are gear wheels 29
meshing with each other. One of the rolls
is preferably extended beyond its gear wheel
and is there provided with a bevel gear 30
meshing with a complementary gear 31 on a
drive shaft 82 extending throughout the
length of the machine. This drive shaft is
made in sections, one for each feed roll unit,
the sections being connected by intermedi-
ate sections 33 through universal joints 34.
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This sectional drive shaft is driven through
bevel gearing: 85 from the shaft 36 of the
roll 5 at the receiving end of the machine.
The two.halves of each feed roll unit casing
are hinged together at. their upper ends and
are fastened together at their lower ends by
2 quick detachable connection that will per-
mit each upper casing member to be swung
up. out of the way. The sheets to be ex-
panded vary more or less in thickness and
therefore; in order that they may be prop-
erly pulled-through the machine by the feed
rollers it. is- necessary that the latter be so
arranged that they will yield to compensate
for different thicknesses of metal and at the
same: time maintain a uniform grip on the
work. I have- therfore so. constructed the
hinge and. the quick detachable connection
that. the upper member of each casing may
yield to-suit the conditions at any particu-
lar'moment. As best shown in Figs. 15 and
16, the hinge pin 37 consists of a central por-
tion and two end portions 38; the end por-
tions being axially aligned and concentri-
cally disposed with respect to the central
portion. or, the hinge pin may be said to
have a long eccentric throughout that part
that lies within the upper casing member.
An arm 39 extends radially from the mid-
dle portion: of the hinge pin, and through

this arm passes a rod 40 hinged at one end
-to a.post 41 projecting from the lower cas-

ing section adjacent to the hinge. On the
free end of the rod 40 is a nut 42, and be-
tween this'nut and the arm 39 is a compres-
sion spring 43. The hinge pintles in all
of the units are so-disposed that a plane con-
taining: the two long axes of the end parts
and. of the eccentric central part is hori-
zontal, as. indicated by the lines Y—Y.
Therefore, when there is no work in the ma-
chine, the - weight of the upper half of each
feed roll unit and the spring pressure on
the hinge pintle that tends to turn the same
will cause the upper fesd rolls to drop into
engagement with the:lower feed rolls, unless
stops are provided to afford a minimum gap.
Then, when. a sheet enters between the rolls
of any unit and a thickened part is reached,
the hinge connection permits the upper roll
to-move up-in a-vertical direction to accom-
modate the increased thickness. The fas-
tening between the lower ends of the two
halves.of the casing must, of course, be such
as to permit the automatic adjusting move-
ments of the upper half of the casing. This
may conveniently be accomplished by em-
ploying for the quick detachable connection
a rod 45 hinged at one end to.the lower cas-
ing' member and swinging laterally into a
notch 46 in the upper casing member: On
the free end of the rod, above the upper cas-
ing member, is a large nut or hand wheel
47 under which, around the rod, is a com-
pression spring. 48. By unscrewing the nut

lengthwise direction in

5

or hand wheel, the pressure on the spring
48 is relieved and the rod may be swung out
of engagement with the upper half of the
casing. When the parts are in locking po-
sitions, the lower halves of the casing are
yieldingly held together so that, when the
upper half is compelled to move vertically
to adjust itself, it swings about the hinge
axis of the rod 45 at the lower end, at the
same time.’

The casings are supported from the base of
the machine by means of vertical posts in the
form of eye bolts of which there are prefer-
ably four for each feed roll unit. Referring
to Figs. 8 and 9, it will be seen that there are
two eye bolts 50 between the upper end of the
lower half of the casing and the base, and two
shorter eye bolts 51 between the lower end. of
the lower half of the casing and the base.

These eye bolts are fastened to the casing by

means . of transverse bolts 59 extending
through ears 53 on the casing or on members
attached to the casing and through the eyes
of the eye bolts. - The lower ends of the eye
bolts pass through the flanges on the base and
are secured thereto by means of nuts 54 and 55
arranged respectively above and below the
flanges. By adjusting the nuts 54 and 55 of
the eye bolts, the angular positions of the
feed roll units may be varied. It is also de-
sirable that provision be made for adjusting
the feed roll units transversely of the ma-
chine to facilitate aligning the units in a
setting -up  the ma-
chine. Therefore, instead of fastening the
supporting eye bolts directly to the casings,
I prefer to make the attachments thereof to
plates 56 and 57 secured to the undersides of
the casings in such a manner that the casings
may be shifted bodily thereon in the direc-
tion of their lengths. The details of this
feature of construction are best shown in
Figs. 12 and 14. On the underside of each
casing is a guideway 58 extending throughout
the length of the casing; and each of the plates
56 and 57 has in the center a thickened part
or projection 59 that fits into this guideway,
interlocking the plates and-the casing so that
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the long axes of the feed rolls will always -

remain in the same planes when the casing

is shifted on these supporting plates.. The
plates are held to the casing by means of
bolts 60" passing through: elongafed holes 61
in the plates and into the casing.  To facili-
tate the making of lengthwise adjustments of
the casings, T secure on the underside of each
a bar 62 parallel with the upper edge of the
lower supporting plate 57, and provide the
plate 57 with a stud 63 that extends up freely
through an opening in the bar. Nuts 64 and
65 are placed on the stud above and below the
bar. - By adjusting these nuts the casing-can

‘be moved a-limited distance lengthwise in

either direction. The plates 56 and 57 may be

connected togethier by a tie member 66 to 13
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prevent the plates from spreading apart
while adjustments are being made.
As heretofore stated, the guide sections are

. preferably supported from the feed roll units.

To this end each half of each casing is pro-
vided with a row of outwardly projecting lugs

70 extending along the inner edges of the cas-

ing sections; there being as many lugs in each
row as there are spaces between the collars on

one of the feed rolls. Those guide bar ele-
‘Tnents that-extend continuously past the feed

Tolls of one unit, namely the bars 14a and 15q,

-are supported from ‘these lugs; the bars 14a
“from the lugs on the upper half of the casing

and the bars 15¢ from the lugs on the lower

‘half of the casing.- This is conveniently ac-

complished by providing each bar with two

‘studs T1-projecting upwardly from the upper
-edge if it'is an upper bar or - downwardly
“from the lower edge 1f it is a lower bar; these
‘studs being so spaced apart on each bar that
‘they will pass through suitable opehings in

‘the corresponding:lugs of the two rows on
the adjacent half of the casing. - Nuts 72 and
73 are placed on these studs above and below

‘the lugs through which they pass. By ad-
justing -these nuts the cooperating bars of

each pair may be adjusted from and: toward

-eachother. The lugs are always set on the
-casings, regardless of the angles at which the

latter are set, so that the holes for the studs

-are vertical, so that transverse lines in the

working faces of the guide bars will always

‘behorizontal. Those guide bar elements that

are interrupted at the feed rolls, namely the

elements 145-and 150, are secured against the
sidesof the corresponding bars 14¢-and 15¢
‘by-‘means of rivets or pins 75 as best shown'in

- Tt will thus be seen that I have produced
4 simple and novel machine for expanding
.slitted sheets in such a manner that only such
stresses will be imposed on the metal of the

sheet. as.is needed to open up the strands,

-without imposing any stresses that would

tend to stretch or otherwise distort the strands

or the ribs.’ - , ' :

- T have spoken of the guide. bars being
‘bent or curved, that is; extending gradually
-ott of the plane in which their front ends

lie, without being twisted about their longi-

“tudinal center lines. - For all practical pur-

'poses, since the bars are made in short sec-
tions, the individual sections' may be straight,
‘so that each guide bar, considered as a whole

-and as extending from one end: of the machine
‘to the-other, takes the form of a curve. -

- “While I have illustrated and described
-with- particularity only a single preferred

form of machine, I do not desire to be limit-

-ed to ‘the exact details thus illustrated and

described; but intend to cover:all: forms; ar-

‘rangements and series of operations ‘coming
"within ‘the.definitions of my invention con-
:stituting the. appended claims. = i+ 0o

1,852,636

I claim:—

1. In a machine of the character described,
a series of pairs of feed rolls spaced apart
from each other and having their axes of ro-
tation in parallel planes, the axes of the pairs
of rolls being displaced angularly of each
other, the angular displacement between con-
secutive pairs of rolls decreasing progres-
sively from the receiving end of the machine,
guides for the work between the pairs of
rolls, and the rolls throughout the series hav-
ing stock-engaging portions shaped to con-
tact with the stock in parallel horizontal
planes.

9. In a machine of the character described,
a plurality of pairs of guides, each pair con-
sisting of an upper guide and a lower guide,
the receiving ends of said pairs of guides
being in one plane and the pairs of guides
being gradually extended out of said plane
without being twisted, feed rolls extending

‘aéross the guides at intervals, alternate guides

being interrupted at said feed rolls and the

remainder ‘passing through the rolls. ,
8. Tn a’‘machine of the character described,
‘o plurality  of pairs-of guides, each pair

consisting of ‘an upper guide and a lower

-guide, the receiving ends of said pairs of

guides being in one plane ‘and’ the pairs of
guides being gradually extended out of said
plane’ without being twisted, feed rolls ex-
tending across” the guides“at intervals; al-

‘ternate pairs of guides being intérrupted ‘at
‘the feed rolls, and said feed rolls having feed-
100

ing zomies located in the gaps of said- pairs
of giiides and clearance spaces to permit the

‘passage of ‘the remaining guides.

" 4, Tna machine ofthe characteér described,

o plurality of pairs-of guides, each pair com-

prising two guides one above the other, the

pair of guides being in the same plane:at

the receiving end and being gradually ex-
téended out of said plane at different rates
without being twisted, pairs of feed rolls

‘extending across said ouidés at intervals, and
‘means for supporting the guides and the rolls

to permit the upper guides and the upper
rolls to be lifted to expose the work.

5. In a‘'machine of the character described,

a plurality 'of pair of guides, each pair com-
prising two' guides one above the other; the
pairs of guides being in'the same plane at
the receiving end and being gradually ex-

tended out of said plane at different rates.
without being twisted, pairs of feed rolls ex--
tending across said guides at ‘intervals, and

means for supporting the guides and the rolls

to permit the iriclination of the guides and

the rolls to be varied.” ‘

*6.-Tn a machine of the character described,
& unit comprising an elongated ‘¢asing com-
posed of two members engaged at their ends
and spaced apart for the major porticns of

‘their -lengths, parallel féed rollers:mounted

one-on each of said members in the space be-
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tween them, parallel cooperating guide bars
projecting from said members in a plane
passing between said rells, a hinge between
said members at one end, and a quickly-de-
tachable connection between the other ends
of sald members.

7. In a machine of the character deseribed,
a series of expanding units arranged end to
end, each unit comprising a support, a pair
of feed rolls on the support, and pairs of co-
operating guide bars mounted on said sup-
port and extending from the rolls midway
between the latter, said units being displaced
from each other in the same direction at pro-
gressively decreasing angles, corresponding
guide bars throughout the series being posi-
tioned in the same vertical plane and all of the
bars except those of one pair throughout the
series being gradually extended out of a
plane at right angles to the aforesaid plane
without being twisted.

8. In a machine of the character described,
a group of pairs of guide bars lying in paral-
lel planes curved gradually in the same di-
rection in their planes without being twisted
and at a progressively increasing rate across
the group, and means for gripping a sheet to
be expanded along alternate pairs of guide
bars and drawing the same throngh the ma-
chine.

9. In a machine of the character described,
two equal series of pairs of long guide bars
whose longitudinal center lines lie in paral-
lel planes, the central guide bar being straight
and the bars of one series being gradually
curved in one direction in said planes at rates
that increase with the distance of the bar
from the straight bar, and the bars of the
other series being gradually curved in the
opposite direction at rates that increase with
the distance from said straight bar.

10. A group of pairs of long guides ar-

ranged in parallel planes, the central pair be-.

ing straight, the guides on one side of the
central pair being curved gradually in one
direction in their planes and the guides on
the other side of the central pair being curved
gradually in the opposite direcfions in their
planes, the curvature of each curved pair of
guides being at a gradually decreasing rate,
and the rate of curvature of the guides in-
creasing with their distance from said cen-
tral pair.

11. In a machine of the character de-

scribed, a group of spaced pairs of cooperat-

ing guides, the guides of each pair being
adapted to receive between them a rib section
in a sheet composed of alternate slitted and
rib sections, the receiving ends of the guides
being in a single plane and the guides being
gradually extended out of said plane without
being twisted, the degree of the divergence
increasing from one end of the group to the

other, and feed rolls distributed along the

7

guides to engage the rib sections of the work
and draw the work along the guides.

12. In a machine of the character de-
scribed, a unit comprising an elongated cas-
ing composed of two members engaged at
their ends and spaced apart for the major
portions of their lengths, parallel feed roll-
ers mounted one on -each of said members in
the space between them and extending
lengthyise thereof, a series of pairs of guide
bars lying approximately in a plane passing
between said feed rollers and at right angles
to_a plane containing the long axes of said
rollers, one bar of each pair being fixed on

one of said members and the other bar on the

other member, and means for fastening said
members together so as to permit them to be
separated at will.

13. In a machine of the character de-

scribed, a group of parallel pairs of guide’

bars, each pair being curved gradually in the
same direction without being twisted and at
a progressively increasing rate across the
group, transverse lines on the working faces
of said guides all being parallel with each

other, and means for gripping a sheet to be

expanded at intervals along alternate pairs
of guide bars and drawing the same through
the machine.

14. In a machine of the character de-

seribed, a series of feed roll units, each unit
comprising two long parallel shafts, means
supporting said shafts, a plurality of col-
lars distributed along each shaft, the periph-

eries of said collars being frusto-conical, the”

collars on the two shafts of each umit being
oppositely disposed so that between the pe-
riphery of each collar and the periphery of
the opposite collar is a narrow space to re-

ceive a ribbed section of a sheet that is being

expanded, the shafts of the several umits
lying in planes parallel to each other, the
shafts in the several units being arranged at
progressively increasing angles to a plane at
right angles to the aforesaid planes from
one end of the series to the other, and pairs
of guide devices extending from one unit to
the other.

15. In a machine of the character de-
scribed, a series of feed roll units, each unit
comprising two long parallel shafts, means
supporting said shafts, a plurality of collars
distributed along each shaft, the peripheries
of said collars being frusto-conical, the col-

lars on the two shafts of each unit being op-:

positely disposed so that between the periph-
ery of each collar and the periphery of the
opposite collar is a narow space to receive a
ribbed section of a sheet that is being ex-

panded, the shafts of the several units lying

in planes parallel to each other, the shafts
in the several units being arranged at pro-
gressively increasing angles to a plane at
right angles to the aforesaid planes from one
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devices extending from one unit to the other,
some of said guide devices passing continu-
ously from one side of a unit to the other
side in the space between the pairs of op-
posed collars.

In testimony whereof I sign this specifica-
tion.

FRED C. AREY.
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