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UNITED STATES PATENT OFF 2,537,764 ICE 
2,537,764 

APPARATUS FOR SLITTING AND EXPAND 
ENG. SHEET MATERAL, 

Dean L. Hanzicker and Clifford T. Walton, Madi 
soa, Wis., assignors to Research Products Cor 
poration, Viadison, Wis., a corporation of Wis 
consin 

Application August 21, 1946, Serial No. 692,080 
Claims. 

This invention relates to improvements in ap 
paratus for slitting and expanding sheet mate 
rial, particularly thin, flexible sheet material, 
Such as paper, cloth, metal foil, etc., which, after 
having been slitted, is adapted to be expanded 
by a stretching operation. 

It is an object of the invention to provide an 
apparatus of the character mentioned in which 
the slits are cut or punched accurately in the 
desired location without tearing the sheet mate 
rial and in which the narrow webs of the net 
Work of the final expanded sheet are all orient 
ed similarly, whereby a uniform final product 
is obtained. 

It is a further object of the invention to pro 
vide an apparatus of the character mentioned 
which is capable of rapid operation upon wide 
widths of sheet material to produce a large out 
put of expanded product. 
Other objects and advantages will become ap 

parent as the following description progreSSes, 
which is to be taken in conjunction with the ac 
companying drawings; in which: 

Fig. 1 is a front elevational view, party in Sec 
tion and With portions removed, of the apparatus 
of the invention; 

Fig. 2 is a side sectional view, taken at approxi 
mately the midsection of the apparatus; 

Fig. 3 is a plan view of the apparatus; 
Fig. 4 is a perspective view of a portion of the 

apparatus showing the principal elements of the 
slitting means and the means for orienting the 
webs of the expanded product; 

Fig. 5 is an enlarged sectional view of the web 
orienting means, taken along line 5-5 of Fig. 3; 

Fig. 6 is a fragmental view of the sheet as it 
goes from the slitted to the expanded condition; 
and 

Fig. 7 is a plan view of a modification of the 
apparatus of the invention. 
The apparatus comprises a main frame ) 

which is elongated crosswise of the apparatus 
and is supported upon the legs . The frame 

consists of hollow, horizontal top and bottom 
tubular sections 2 and 3 and vertical tubular 
side sections 4 and 5. Upon the interior Walls 
of vertical sections A and is are guide members 
T and 8 between which the Side pieces of a 

reciprocating cutterhead 28 side vertically. Only 
one of the side pieces S is shown in Fig. i. 
The cutterhead 2 extends croSSWise of the ap 
paratus and consists of top and bottom members 
22 and 23 which are joined together integrally 
at the sides of the apparatus. 

Additional guides for the intermediate porr 
tion of the cutterhead may be provided as showin 
in Figs. 1 and 2. These consist of vertical back 
members 24 and 25 extending between the top 
and bottom frame members 2 and 3. Upon 
the vertical member 25 guide pieces 2 and 28 are 
supported by means of a bolt 29, said guide pieces 
being spaced apart to accommodate a thickened 
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46 
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portion 3) of the cutterhead member 22. The 
rearward guide piece 28 is held in spaced rela 
tion to the vertical member 25 by the spacing 
member 3. An opening 32 is provided in the 
thickened portion 30 of the cutterhead member 
22 to accommodate the bolt 29. The head mem 
be undergoes vertical reciprocating motion be 
tWeen and in sliding engagement with the guide 
pieces 2 and 28, the opening 32 being elongated 
vertically to accommodate the reciprocating mo 
tion of the head member. There are four such 
means for guiding the intermediate portions of 
the cutterhead 20 upon the specific machine ill 
lustrated, and the corresponding parts of the 
various means are designated by the same nun 
merals. 
A pair of top and bottom cutters 33 and 34 

are mounted upon the top and bottom cutter 
head membei's 22 and 23 respectively, and extend 
transversely for the full width of the apparatus, 
Their cutting edges are arranged in spaced apart 
opposed relation as shown. They are fastened 
in place by clamping bars 35 and 36 which are 
held by stud boltS 3 which pass through open 
ings in the clamping bars and the cutters and 
are Screwed into threaded openings in the cutter 
head. Wertical reciprocating motion is imparted 
to the cutterhead 2 by Suitable means compris 
ing the electric motor 38, the reduction gear 39, 
Sprocket 40, chain 4, sprocket 42 and drive 
shaft 44. Drive shaft 44 has an eccentric por 
tion cooperating With a connecting rod 45, which 
inparts the reciprocating motion to the cutter 
head. The reduction gear 39 is preferably of 
the well known adjustable speed ratio type in 
which the speed ratio is adjusted by turning the 
regulating wheel 46. The drive shaft 44 is 
mounted rotatably in the bearing member 8, 
which is supported by the plate 49, which, in 
turn, is bolted to the frame C. The drive shaft, 
extends to the right of the apparatus, as the 
same is viewed in Fig. 1, and means similar to 
that described is provided at the right end for 
transmitting motion from the drive shaft to 
the cutterhead. 
Means are provided for feeding and guiding the 

Sheet material through the apparatus so that it 
may be slitted by the cutters 33 and 34. As is 
shown in Fig. 2, top and bottom guide members 

50 50 and 5 are rigidly supported upon the frame 

60 

49 by means of the fianges 52 and 53 thereof 
which are bolted to the vertical frame members 
24 and 25 as shown and also to the vertical side 
Sections f4 and 5 of the frame. The guide 
members 56 and 5 are spaced apart vertically to 
for a horizontal guideway or slot 54 which is 
adapted to accommodate one or more thick 
neSSes or the sheet material to be slitted. The 
sheet material is indicated at 56 and is adapted 
to be fed longitudinally forward in the direction 
indicated by the arrow in Fig. 2 by the feed rolls 
57 which are positively driven at adjustable speed 

  



3 
by means which are not shown. For convenience, 
the direction of travel of sheet 56 will be con 
sidered to be the forward direction and dimen 
sions extending parallel thereto will be consid 
ered to be the longitudinal dimension with re 
spect to both the sheet and the apparatus. The 
sheet is preferably composed of a thin, flexible 
material, such as paper, cloth, metal foil or the 
like. The guide members 5 and 5 extend acroSS 
the entire width of the apparatus and also ex 
tend forwardly and rearwardly substantial dis 
tances from the flanges 52 and 53. 
A second pair of top and bottom guide mem 

bers 58 and 59 are mounted forwardly and in 
spaced relation to guide members 50 and 5 and 
are arranged to provide a guideway or slot 6 
between them which is in alignment with the 
siot 54. The guide members 58 and 59 extend 
across the entire width of the apparatus and are 
supported upon transverse angle members 62 
and 63 which, in turn, are supported upon angle 
members 64 and 65 which are mounted at their 
ends upon the vertical sections 4 and 5 of the 
frame 6. The guide members 58 and 59 have 
their rearward ends in adjacent Spaced relation 
to the forward ends of the guide members 50 and 
5 to form the gap 67 between then, within 
which gap the cutters 33 and 3A reciprocate 
across the plane of the slotS 54 and 6? and are 
adapted to cut or punch transverse ines of slits 
in the sheet 56 as the Same advances in the Said 
slots. A pair of pull rolls 68 draw the slitted 
portion of the sheet 56 forwardly at a rate more 
rapid than the rate of advance to the cutters 33 
and 36 to expand the sheet, as will be described 
hereinafter. The rolls are driven at adjustable 
speed by means which are not shown. The ar 
rangement of the cutters is such that when the 
cutter head 2 is at the median position, i. e., 
at the middle of the reciprocating Stroke, the 
sheet 56 passes freely through the clearance 
space between the cutters, as shown in Fig. 2. 
As is shown in Fig. 4, each of the cutters has 

spaced apart teeth it thereon, the teeth of one 
cutter being in staggered-relation to those of the 
other. The teeth are adapted to cut transverse 
rows of spaced apart slits in the sheet 56 during 
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jacent row. The guide members 50 and 5 and 
58 and 59 provide lateral support for both sides 
of the sheet 56 against the vertical forces ex 
erted upon it by the cutters as they pierce the 
Sheet and withdraw from the Slits. The cutters 
preferably move in contact with the forward end 
Surfaces of the guide members 50 and 5, and 
the teeth thereof pierce the slits into the sheet 
while the latter is held against vertical motion 
by the guide members. The slits are formed ac 
curately and cleanly, and there is no tearing of 
the sheet material. The slitted portion of the 
sheet 56 is drawn forwardly from the cutters by 
the rolls 68 at a rate more rapid than that at 
which the unslitted sheet is fed by the rolls 57, 
and the slits are opened and the sheet is ex 
panded in a longitudinal direction. 
A fragment of the sheet 56 as it passes from 

the slitted to the expanded condition is shown in 
Fig. 6. The slits are arranged in parallel rows. 
The Slits of One row are spaced apart and the 
slits of adjacent rows are arranged in staggered 
relation to each other. In the expanded portion 
of the sheet, the slits have been opened up to 
form the diamond shaped openings 72 within a 
network of narrow webs 3 of the sheet material. 
In accordance with the present invention, 

means are provided for orienting the webs in a 

30 
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40 
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the reciprocating movement of the head 20, one . 
row being formed by the top cutter 33 during 
the quarter cycle while said cutter is moving 
downwardly below the median position. During 
the next quaiter cycle, the said cutter 35 moves 

50 

upwardly and is withdrawn from the slits just . 
formed. The sheet is held Substantially station 
alry by the cutter during the time the cutter pene 
trates the sheet, and again moves forwardly 
when the cutter moves free of the sheet. The 

55 

slitted portion of the sheet undergoes longitudi 
nal Stretch to accommodate the momentary stop 
page. During the third quarter cycle while the 
bottona cutter 34 moves upwardly above the me 
dian position, said cutter forms a Second row of 

60 

spaced apart slits across the sheet, this row be-, 
ing slightly to the rear of the first row, and the 
slits thereof being in staggered relation to those 
of the first mentioned row. During the fourth 
quarter cycle, while the bottom cutter is mov 
ing downwardly above the median position, said 
cutter is being withdrawn from the sheet. Again 
the sheet is held momentarily stationary while 
the cutter penetrates it, and moves forwardly 
when the cutter moves free of the sheet. There 
after, the Sequence of operations is repeated and 
a continuous Series of rows of slits extending 
acroSS the sheet is formed, the slits of each row 
being in staggered relation to those of the ad 

70 
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particular manner. If the sheet 56 is drawn 
forwardly in a straight line from the cutters 33 
and 35, that is, in a plane substantially coincid 
ing with the plane of slot 6 between the forward 
guide members 58 and 59, the Webs 3 do not 
Orient themselves uniformly, but their orienta 
tion is heterogenous, the webs being turned in 
One direction in Some areas of the sheet and in 
the other direction in other areas. When a slit 
ed. Sheet material is expanded, the webs thereof 
naturally turn. So that their surfaces are at a 
Substantial angle to the general plane of the 
sheet, and if the sheet is expanded by a stretch 
ing Operation, Some of them turn in one direction 
and others turn in the opposite direction. As 
stated heretofore, the present invention pro 
vides means for turning all of the webs in the 
Same direction so that a uniform orientation is 
obtained throughout the sheet. This means 
Comprises a Supporting member 75 which is in 
the form of a platform bolted to angle members 
76, which, in turn, are supported by the angle 
members 63. Member 75 presents a fiat support 
ing Surface for the advancing slitted sheet 56 
adapted to carry the latter in substantially the 
Same plane it occupied as it passed through the 
slotS 54 and 6. The supporting member 75 is 
preferably relatively thick as shown so that its 
forward or terminal end has a surface of Sub 
Stantial area, which Surface preferably extends 
perpendicularly to the top surface, as shown, but 
may be at a Smaller angle to such surface, if de 
Sired. The terminal end of the supporting mem 
ber 75 has edges which converge from the sides 
thereof to an apex at the middle, whereby it is 
bluntly pointed, as shown in Fig. 3. 
A pair of cylindrical friction members 77 and 

78 are mounted for rotation each With a surface 
thereof in adjacent opposed relation to one of 
the converging edges of the supporting member 
75 and in mild pressure contact with the upper 
Surface of the sheet 56. The friction members 
are preferably in the form of cylindrical brushes, 
having bristles of a material which will not in 
jure the sheet material, such as fiber, metal, or 
the like. They may have friction surfaces of 
other material, such as Sponge rubber, felt, mos 
hair, or other pile fabric. The friction member 
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78, is mounted rigidly upon a shaft 79, which is 
supported for rotation in bearing members 80, 
which are mounted upon a supporting plate 82 
(see Fig. 1). Said supporting plate is mounted 
in adjustable manner upon a second Supporting 
plate 83 which is mounted rigidly upon the frame 
iO by means of the flange 84 thereof. For rea 
sons which will be explained hereinafter, the 
angle at which the terminal edges of the Sup 
porting member 75 converge is made adjustable, 
this being done by providing a number of inter 
changeable supporting members 75 having differ 
ent angles of convergence. The friction mem 
bers 77 and 78 are, therefore, arranged So that 
they are adapted to be swung in a horizontal 
plane, whereby the surfaces thereof may be 
maintained in parallel relation to the terminal 
edges of the various interchangeable Supporting 
members 75. The top supporting plate 82 is 
arranged so that it can be swung in a horizontal 
plane, and this is done by providing arc-shaped 
slotted openings 86 in the lower plate 83 and pro 
viding round openings (not shown) in the upper 
plate 82, which register with the slotted openings 
86. Bolts 87 are passed through the openings 
in both plates, with the bushings 88 surrounding 
them and arranged between the two plates. 
With this arrangement, the upper plate can be 
swung into any desired position and then 
clamped rigidly by tightening the bolts 87. The 
friction member 78 is driven by the motor 89 
by means of the reduction gear 90, shaft 9, 
pulley 92, belt 93 and pulley 94, the latter being 
rigidly mounted on the end of shaft. 79. The 
speed of friction member 78 is also preferably 
made adjustable by causing reduction gear 90 to 
be of the adjustable. speed ratio type, the ratio 
being adjusted by turning the regulating Wheel 
99. Friction member 77 is also driven by motor 
89, through the intervening reduction gear 90, 
shaft 9 f, pulley 95, belt 96, and pulley 97. 
As is stated heretofore and is shown in Figs. 4 

and 5, the friction members 7 and 78 are ar 
ranged in adjacent opposed relationship to the 
surfaces of the terminal edges of the Supporting 
member 75. The slitted sheet is caused to turn 
downwardly at said edges and pass between the 
opposing surfaces of the friction member and 
the supporting member. The members TT and 
78 are arranged with their surfaces in frictional 
engagement with the top surface of the sheet, 56, 
and the bottom surface of the sheet is in fric 
tional contact with the edge surface of the Sup 
porting member 75. A retarding force is exerted 
upon the sheet by the supporting member. The 
friction members are rotated by the motor 89 
in such manner that the surfaces thereof at 
the area of contact With the sheet 56 move in 
the direction of the advance of the sheet at a 
rate of travel more rapid than the rate of travel 
of the sheet. The Surfaces of the friction mem 
bers, by reason of their frictional contact with 
the Sturface of the sheet, exert a force tending 
to accelerate the forward notion of the sheet. 
As a result of the retarding force exerted by 
supporting member 75 the slitted sheet is not 

O 
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expanded until it reaches the friction members 
77 and 78, When the latter, due to their accelerat 
ing force, exert a stretching action on the sheet 
which causes opening of the SlitS and expansion 
of the sheet. This action takes place unifornly 
across the sheet from the edges thereof and re 
Sults in uniform. Orientation of the webs. It is 
believed that the bending of the slitted sheet, as 
it turns downwardly over the edge of the Sup 

70 

6 
porting member is a factor which assists in obj 
taining uniform orientation. 
To explain the reason for having the terminal 

end of the Supporting member 5 bluntly pointed, 
it is a property of a slitted sheet that when it is 
expanded by a stretching operation, it under 
goes a narrowing, and it becomes narrower, or 
necks down, at the point where it changes from 
the slitted to the expanded condition. This is 
illustrated in Fig. 3. It is also a property of such 
a-sheet that the slits do not open in a straight 
line across the sheet. They begin to open at the 
edges before they open in the middle of the sheet. 
If a line is drawn across the sheet connecting 
the slits which are just beginning to open, such 
a line Will progress diagonally forward from the 
edges of the sheet to a point at the middle. The 
terminal end of the supporting member 5 is so 
shaped as to follow the last mentioned line, that 
is, it follows a line connecting the slits which are 
just opening, or the slits which are at the same 
Stage of Opening. It has been found that this 
line progresses from one to the next diagonally 
adjacent slit. Considering the fragment of sheet 
Shown in Fig. 6 as having been taken from the 
portion of the sheet illustrated in Figs. 4 and 5, 
that is, the portion to the left of the middle of 
the sheet as the same is viewed from the front, 
the individual slits which have just begun to 
Open are slitS (A, 32, and 3, and they are at 
the same stage with respect to the degree of 
opening. The terminal edge of supporting mem 
ber 25, for best operation, should preferably foll 
low a straight line connecting corresponding 
points, for example, corresponding ends, of said 
slits f0, 02 and 93. Upon the right half of 
the sheet, the line connecting slits which are at 
the Sane Stage in the process of opening ex 
tends at an equal angle to the longitudinal di 
rection, and backwardly to the right, instead of 
to the left from the middle of the sheet. The 
arrangement which has been described is illus 
trated in Fig. 3, 
The pattern of the expanded sheet may be al 

tered by varying the speed of operation of the 
cutters 33 and 34 or the rate of travel of the 
sheet 56. This changes the distance between the 
rows of slits, and consequently the width of the 
webs 73. As the web becomes narrower or wider, 
the diagonal lines which have just been described 
extend at a greater and smaller angle to the 
longitudinal direction. If the webs are nar 
rower, the angle is greater, and if they are wider, 
the angle is Smaller. To have the edges of the 
Supporting member 75 conform to the said diag 
onal lines, a number of interchangeable Support 
ing members are provided and the friction mem 
bers 77 and 78 are made adjustable in position, 
as described heretofore. The belts 93 and 93 
transmitting motion from the motor 39 to the 
brushes are sufficiently long to accommodate any 
adjustment of the position of pulleys 94 and 97 
which occurs with adjustment of the friction members. 
AS Stated heretofore, the friction members 

and 8 are driven at a rate such that the surfaces 
in contact with the sheet 56 move forwardly at a 
rate faster than that of the sheet. It is pre 
ferred that the Surface speed of the friction 
members be considerably greater than that of 
the sheet, for example. A times that of the sheet 
or greater. A Speed as great as 11 times that of 
the sheet has been used with success. 
A modification of the apparatus is illustrated 

in Fig. 7, in which the friction members extend 
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across only a portion of the sheet. The appara 
tus consists of slitting mechanism similar to that, 
which has been described heretofore, which is 
Supported in a frame O and which is driven by 
the Sprocket 42, similar to the sprocket g2 of the 
mechanism described. The sheet 56 is fed to 
the slitting mechanism by rolls similar to feed 
rolls 57, and the sitted sheet is drawn forwardly 
at a rate faster than its approach to the slitting 
mechanism by pull rolls S3. A supporting 
plate 75 is mounted on frame 9 and in con 
tact with the lower Surface of the sheet passing 
from the slitting mechanism. A cylindrical fric 
tion member 20, composed of sponge rubber or 
other frictional material, is mounted rotatably 
upon a shaft 2 f which is supported in bearing 
members 22 which are mounted upon a plate 
23 which is supported by the frame O. The 
shaft 2 is suitably driven by a pulley 24 
mounted on the end thereof, which pulley is 
driven by a source of power which is not shown. 
The rotating friction member 28 is arranged 

in Opposed relation to the edge of supporting 
member 5 and in mild pressure contact with 
the upper Surface of one edge portion of the sheet 
56, and is rotated in a manner such that the 

Surface thereof in contact with the sheet moves 
forwardly at a rate faster than that of the sheet, 
as has been described heretofore in connection 
With the apparatus of Figs. 1 to 5. A second 
friction member 39 is mounted in a similar re 
lationship to the opposite edge portion of the 
sheet, upon parts consisting of the shaft 3i, the 
bearing members 32 and the plate 33. The 
friction members 28 and 30 are relatively short 
and extend from the edges of the sheet only a 
portion of the distance to the middle of the sheet. 
They cooperate with the supporting plate i5 in 
the same manner as described heretofore in coin 
nection. With the apparatus of Figs. 1 to 5. 
While the friction members 2 and 3G do not, 

extend across the entire width of the sheet, the 
apparatus is Surprisingly effective. It is khelieved 
that the members 29 and 3 create tension 
upon the edge portions of the sheet where the 
tension due to the pull rolls 63 alone is less than 
it is upon the interior portion of the sheet. A 
more uniform tension a Cross the sheet is thus 
produced, which results in uniforn. Orientation 
Of the WebS. 
While only a few modifications of the appala 

tus have been described and illustrated, these are 
by Way of example, and other changes and modi 
fications may be made within the scope of the 
invention. For example, the friction members 

5 

10 

20 

25 

30 

35 

3. 

45 

50 

need not be of cylindrical shape but may be of 
other suitable shape as long as the Surfaces 
thereof move fol'Wardly in contact with the sheet 
at a Suitable speed. They may be in the form of 
a belt having a suitable friction surface and run- i 
ning Over tWO Separated pulleys. Other modifi 
cations may be made Within the scope of the in 
vention as the same is defined in the appended 
claims. 
What is claimed is: 
1. Apparatus for making expanded sheet ma 

terial, comprising top and botton guide ineinbers 
forming a guideway adapted to provide lateral 
Support for both sides of Said sheet, means for 
advancing a sheet longitudinally forward in said 
guideway, Said guide members each having a gap 
therein extending transversely with respect to 
said sheet, said gaps coinciding with each other, 
a pair of cutters mounted for reciprocation 
Trithin said gains, and across the plane of said 

65 

3. 

8 
sheet, Said cutters being arranged in opposed re 
lation to each other, and each comprising a row 
of Spaced apart teeth, the individual teeth of one 
Cutter being in Staggered relation to those of the 
Opposite Cutter, Said cutters being so arranged 
that at each cycle of reciprocal motion thereof 
each cutter cuts a row of spaced apart sits across 
Said sheet, means for imparting reciprocal mo 
tion to Said cutters, means for drawing the slit 
ted portion of Said sheet forwardly at a rate more 
rapid than the rate of advance to Said cutters, a 
Substantially flat Supporting member for the 
slitted portion of said sheet advancing from said 
cutters, the terminal end of said Supporting 
member converging to an apex substantially at 
the middle thereof, a pair of brushes each 
mounted for rotation with a surface thereof in 
parallel adjacent relation to one of Said con 
verging edges and in frictional contact with the 
surface of said slitted sheet remote from said 
supporting member, means for rotating Said 
brushes in a manner such that at the area of 
contact, thereof with said sheet the Surfaces of 
said brushes move forwardly at a rate more 
rapid than does the sheet. 2. Apparatus for making expanded sheet ma 
terial, comprising means forming a guideway 
adapted to provide lateral support for both Sides 
of said sheet, means for advancing a sheet longi 
tudinally forward in said guideway, Said guide 
way forming means having a gap therein extend 
ing transversely with respect to Said sheet, a 
pair of cutters mounted for reciprocation within 
said gap and across the plane of said sheet, said 
cutters being arranged in opposed relation to each 
other and each comprising a row of Spaced apart 
teeth, the individual teeth of one cutter being in 
staggered relation to those of the opposite cutter, 
said cutters being so arranged that at each cycle 
of reciprocal motion thereof each cutter cuts a 
row of spaced apart slits across Said sheet, means 
for imparting reciprocal motion to Said cutters, 
means for drawing the slitted portion of Said 
sheet forwardly at a rate more rapid than the 
rate of advance to said cutters, a substantially 
flat supporting member for the slitted portion of 
said sheet advancing from said cutters, the termi 
nal end of said supporting member converging to 
an apex substantially at the middle thereof, a 
pair of members having soft friction Surfaces 
each mounted for rotation with a surface thereof 
in adjacent opposed relation to one of Said con 
verging edges and in frictional contact with the 
surface of said slitted sheet remote from Said 
supporting member, means for rotating said fric 
tion members in a manner Such that at the area, 
of contact thereof with said sheet the surfaces 
of said friction members move forwardly at a 
rate more rapid than does the sheet. 

3. Apparatus for making expanded sheet ma 
terial, comprising means forming a guideway 
adapted to provide lateral Support for said Sheet, 
means for advancing a sheet longitudinally for 
ward in said guideway, said guideway forming 
means having a gap therein extending trans 
versely with respect to said sheet, at least one 
cutter mounted for motion within said gap and 
across the plane of said sheet, said cutter being 
adapted to cut rows of spaced apart slits across 
said advancing sheet, means for imparting 
motion to said cutter, means for drawing the 
slitted portion of Said sheet forwardly at a rate 
more rapid than the rate of advance to said 
cutter, a substantially flat supporting member for 
the slitted portion of said sheet advancing from 
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said cutter, the terminal end of Said supporting 
member having edges converging to an apex, a 
pair of members having friction Surfaces each 
mounted for rotation with a surface thereof in 
adjacent opposed relation to one of Said con 
verging edges and in frictional contact with the 
surface of said slitted sheet remote from said 
supporting member, means for rotating Said 
friction members in a manner such that at the 
area of contact thereof with said sheet the Sur 
faces of said friction members move forwardly 
at a rate more rapid than does the sheet. 

4. Apparatus for making expanded sheet ma 
terial, comprising means for advancing said sheet, 
means for forming in said advancing sheet a 
series of transversely extending roWS of Spaced 
apart slits, the slits of each row being in stag 
gered relation to those of the adjacent row, a 
supporting member for said advancing slitted 
sheet, said supporting member having a bluntly 
pointed terminal end having two converging 
edges, a rotating friction member in adjacent Op 
posed relation to each of said converging edges, 
said slitted sheet passing between and in con 
tact with said converging edges and said friction 
members, means in advance of said friction . 
members for drawing said sheet forwardly at a 
rate more rapid than the rate of advance to Said 
slit cutting means, means for rotating Said fric 
tion members in a manner such that at the area. 
of contact thereof with said sheet the surfaces 
of said friction members move forwardly at a rate 
more rapid than does the sheet. 

5. Apparatus for making expanded sheet ma 
terial, comprising means forming a guideway 
adapted to provide lateral support for both sides 
of said sheet, means for advancing a sheet longi 
tudinally forward in said guideway, means for 
cutting transverse lines of slits in said advancing 
sheet, means for drawing the slitted portion of 
said sheet forwardly at a rate more rapid than 
the rate of advance to said slitting means, a 
substantially flat supporting member for the 
sitted portion of said sheet advancing from Said 
slitting means, the terminal end of said Support 
ing member having edges converging to an apex, 
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a pair of friction members each mounted for ro 
tation. With a Surface thereof in parallel op 
posed relation to one of said converging edges and 
in frictional contact with the Surface of Said 
slitted sheet remote from Said supporting men 
ber, means for rotating said friction members in 
a manner such that at the area of contact thereof 
With said sheet the surfaces of said friction men 
bers move forwardly at a rate more rapid than 
does the sheet, 

6. Apparatus for making expanded sheet ma 
terial, comprising means for advancing a sheet 
in a longitudinal direction, means for cutting 
transverse lines of slits in said advancing sheet, 
means for drawing the slitted portion of Said 
sheet forwardly at a rate more rapid than the 
rate of advance to said slitting means, a support 
ing member for said sheet between said slitting 
means and said drawing means, the terminal end 
of Said supporting member having converging 
edges, a pair of friction members each mounted 
for motion with a surface thereof in adjacent op 
posed relation to one of said converging edges and 
in frictional contact with the surface of said 
slitted sheet remote from said supporting mem 
ber, means for moving said friction members in 
a manner Such that at the area of contact thereof 
with said sheet the surfaces of said friction 
members move forwardly at a rate more rapid 
than does the sheet. W 
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7. In apparatus for making expanded sheet 

material, means for advancing and Simultaneous 
ly stretching in a longitudinal direction a sheet 
having lines of Spaced apart slits extending trans 
versely thereof, a supporting member providing a 
main Supporting surface for Said advancing 
slitted sheet, the terminal end of Said Supporting 
member having edges converging to an apex, the 
Surfaces of said edges being at an angle to said 
main Supporting Surface, a pair of fiction mem 
bers each mounted for rotation with a surface 
thereof in adjacent opposed relation to the Sur 
face of one of Said converging edges, Said slitted 
sheet passing between and in contact with the 
Surfaces of said converging edges and said fric 
tion members, and means for rotating said fric 
tion members in a manner Such that at the area, 
of contact thereof with said sheet the surfaces 
of said friction members move in the direction 
of advance of the sheet at a rate more rapid 
than does the sheet. - 

8. In apparatus for making expanded sheet 
material, means for advancing and Simultaneous 
ly stretching in a longitudinal direction a sheet 
having lines of Spaced apart slits extending trans 
versely thereof, a supporting member providing 
a main Supporting surface for Said advancing 
slitted sheet, the terminal end of Said supporting 
member having edges converging to an apex, the 
Surfaces of Said edges being at an angle to Said 
main Supporting Surface, a pair of friction mem 
bers each mounted for notion. With a surface 
thereof in adjacent opposed relation to the sur 
face of one of Said converging edges, said slitted 
sheet passing between and in contact with the 
Surfaces of Said converging edges and said fric 
tion members, and means for imparting motion 
to said friction members in a manner such that 
at the area of contact thereof with said sheet 
the surfaces of Said friction members move in 
the direction of advance of the sheet at a rate 
more rapid than does the sheet. 

9. In apparatus for making expanded sheet 
material, means for advancing and simultaneous 
ly stretching in a longitudinal direction a sheet 
having lines of Spaced apart slits extending trans 
versely thereof, a supporting member providing 
a Supporting surface for said advancing slitted 
sheet, the terminal end of said supporting mem 
ber having edges converging to an apex, a pair 
of friction members each mounted for motion 
with a surface thereof in adjacent opposed rela 
tion to the surface of one of said converging 
edges, said slitted sheet passing between and in 
contact with the surfaces of said converging edges 
and said friction members, and means for in 
parting motion to said friction members in a 
manner Such that at the area of contact thereof 
with said sheet, the Surfaces of Said friction mem 
bers move in the direction of advance of the 
sheet at a rate more rapid than does the sheet. 

10. In apparatus for naking expanded sheet 
material, means for advancing and simultaneous 
ly stretching in a longitudinal direction a sheet 

J having lines of Spaced apart slits extending 
transversely thereof, a supporting member pro 
viding a main Supporting Surface for said ad 
vancing slitted sheet, the terminal end of Said 
supporting member having an edge extending 
diagonally forward with respect to the direction 
of advance of said sheet, the Surface of said 
edge being at an angle to Said main Supporting 
surface, a friction member mounted for rotation 
with a surface thereof in adjacent opposed rela 

5 tion to the surface of said diagonal edge, said 
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slitted sheet passing between and in contact with 
the surfaces of said edge and said frictional 
member, and means for rotating said friction 
member in a manner Such that at the area of 
contact thereof with said sheet the surface of 
said friction member moves in the direction of 
advance of the sheet at a rate more rapid than 
does the sheet. 11. Apparatus for making expanded sheet 
material, comprising means for advancing a sheet 
in a longitudinal direction, means for forming 
transverse lines of slits in said advancing sheet, 
means for drawing the slitted portion of Said 
sheet forwardly at a rate more rapid than the 
rate of advance to said slitting means to expand 
Said sheet, and means for orienting the Webs of 
Said expanding sheet comprising means provid 
ing Separate frictional Surfaces in contact with 
the opposite surfaces of said sheet respectively, 
the frictional Surface in contact with one sur 
face of Said sheet being stationary and tending 
to retard the advance of said sheet and means 

2 
vidual teeth of one cutter being in staggered 
relation to those of the opposite cutter, said 
cutters being so arranged that at each cycle of 
reciprocal motion thereof each cutter cuts a row 
of spaced apart slits across said sheet, and means 
for imparting reciprocal motion to Said cutters. 

15. Apparatus for making slitted sheet ma 
terial, comprising top and bottom guide members 

to move the frictional surface in contact with the 
opposite Surface of Said sheet tending to acceler 
ate the advance of Said sheet, said last men 
tioned means being located between said slitting 
means and Said drawing means. 

12. Apparatus for making expanded sheet 
material, comprising means for advancing a sheet 
in a longitudinal direction, means for forming 
transverse lines of slits in said advancing sheet, 
means for drawing the sitted portion of said 
sheet forwardly at a rate more rapid than the 
rate of advance to said slitting means to expand 
said sheet, and means separate from said draw- , 
ing means for contacting said expanding sheet 
and imparting a turning moment to the webs 
thereof, said last mentioned means being located 
between Said slitting means and said drawing 
ea.S. 
13. Apparatus for making expanded sheet 

material, comprising means for advancing a 
sheet in a longitudinal direction, means for 
forming transverse lines of slits in said advanc 
ing sheet, means for drawing the slitted portion 
of Said sheet forwardly at a rate more rapid 
than the rate of advance to said slitting means 
to expand Said sheet, and means separate from 
Said drawing means for orienting the webs of 
Said expanding sheet comprising a frictional 5 
Surface and means for moving said surface in 
frictional contact with a surface of said expand 
ing sheet in such manner that at the area of 
contact thereof with said sheet said frictional 
Surface moves in the direction of advance of 
the sheet at a rate more rapid than does the 
sheet, said last mentioned means being located 
between Said slitting means and said drawing 
aeanS. 
14. Apparatus for making slitted sheet ma 

terial, comprising top and bottom guide mem 
bers forming a guideway adapted to provide 
lateral Support for both sides of said sheet, 
means for advancing a sheet longitudinally for 
Ward in Said guideway, said guide members each 
having a gap therein extending transversely 
with respect to said sheet, said gaps coinciding 
with each other, a pair of cutters mounted for 
reciprocation within said gaps and across the 
plane of Said sheet, said cutters being arranged 
in Opposed relation to each other, and each 
comprising a row of Spaced apart teeth, the indi 
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forming a guideway adapted to provide lateral 
support for both sides of said sheet, means for 
advancing a sheet longitudinally forward in 
said guideway, said guide members each having 
a gap therein extending transversely with re 
spect to said sheet, said gaps coinciding with 
each other, a pair of cutters mounted for recip 
rocation within said gaps and across the plane 
of said sheet, said cutters being so arranged 
that at each cycle of reciprocal motion thereof 
each cutter cuts a row of Spaced apart slits 
across said sheet, and means for imparting re 
ciprocal motion to said cutters. 

16. Apparatus for making slitted sheet na 
terial, comprising means forming a guideway 
adapted to provide lateral support for both sides 
of said sheet, means for advancing a sheet 
longitudinally forward in Said guideway, Said 
guideway forming means having a gap therein 
extending transversely with respect to said 
sheet, a pair of cutters mounted for reciproca 
tion within said gap and across the plane of 
said sheet, said cutters being so arranged that 
at each cycle of reciprocal motion thereof each 
cutter cuts a row of spaced apart slits acroSS 
said sheet, and means for imparting reciprocal 
motion to said cutters. 

17. In apparatus for making expanded sheet 
material, the combination of means for advanc 
ing a sheet, means for forming lines of slits in 
said sheet transversely of the direction of ad 
vance thereof to form webs in Said sheet, means 
for drawing the slitted portion of said sheet 
forwardly at a rate more rapid than the rate 
of advance to said slitting means to expand Said 
sheet, a bearing member for said sheet located 
between and out of alignment with Said slitting 
means and said drawing means whereby said 
sitted sheet in passing across Said bearing 
member undergoes a change of direction, a 
contact member mounted for notion in ad 
jacent opposed relation to said bearing member 
whereby said advancing sheet passes between 
and in contact with the surfaces of Said bear 
ing member and said contact member, and 
means for imparting motion to Said contact 

is member such that at the area of contact thereof 
with said sheet the surface of said contact mem 
ber moves in the direction of advance of the 
sheet at a rate more rapid than does the sheet 
and imparts a turning motion to the webs of 
said sheet. 

DEAN L. HUNZICKER, 
CLIFFORD I, WALTON. 
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