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The present invention relates to sheet stretching ap 
paratus and in particular to a sheet gripping device which 
is adapted to be used in such an apparatus. 
As is well known, it is required in the treatment of 

certain sheets to stretch the sheets both longitudinally 
and transversely. Thus, depending upon whether the 
sheet has been calendered, cast, or extruded, the sheet 
will be stretched longitudinally and transversely in order 
to provide, through proper orientation of the molecules 
of the sheet, a greater strength of the sheet, greater uni 
formity in its properties, or greater transparency inas 
much as some sheets can be rendered more transparent 
by such stretching thereof. In the event that the longi 
tudinal and transverse stretching of such a sheet takes 
place one subsequently to the other, it is required that 
the arrangement of the molecules be changed twice, 
which very often results in damaging of the sheet or in 
any event in very di?icul-t handling thereof during the 
second change in the orientation of the molecules. Even 
though there are known devices for stretching a sheet 
simultaneously both longitudinally and transversely, these 
known devices make it very dif?cult to control the extent 
of transverse stretching in synchro-nism with the extent of 
longitudinal stretching, and in most known machines 
the structure for transversely stretching the sheet opposes 
the operation of the structure for longitudinally advanc 
ing the sheet, which is also extremely undesirable. More 
over, with known structures the gripping devices which 
engage the sheet unavoidably damage the sheet undesir 
ably either by forming holes which pass through the sheet 
or by unavoidably deforming the sheet. 

It is accordingly a primary object of the present inven 
tion to provide an apparatus which will avoid the above 
drawbacks. 

Thus, one of the objects of the present invention is to 
provide a sheet-gripping device which will reliably grip a 
sheet during longitudinal and transverse stretching there 
of while at the same time avoiding the possibility of any 
damage to the sheet at the places where it is gripped. 

Another object of the present invention is to provide 
a sheet-gripping structure which is capable of effecting 
both the longitudinal and transverse stretching of the 
sheet in such a way that the interrelationship between 
the longitudinal and transverse stretching can be pre 
cisely controlled. . 

It is furthermore an object of the present invention to 
provide a sheet-gripping device which forms part of a 
sheet-stretching apparatus and which is capable of being 
reliably guided through the apparatus as well as of being 
conveniently handled to attach a sheet to and to remove 
the sheet from the gripping device. 

It is \furtherm-ore an object of the present invention to 
provide a sheet-stretching apparatus which is capable of 
longitudinally and transversely stretching the sheet in 
such a way that the extent and rate of transverse stretch 
ing of the sheet can be precisely synchronized with the 
extent and rate of longitudinal stretching of the sheet so 
as to provide the desired orientation of the molecules 
of the sheet. 

Also, the object of the present invention includes the 
provision of a sheet-gripping device which is characterized 
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2 
by great strength as well as simplicity in construction 
and reliability in operation. 
' With the above objects in view the invention includes, 
in a sheet stretching apparatus, a drawing means which 
draws a sheet longitudinally through a predetermined 
drawing ?eld while simultaneously longitudinally stretch 
ing the sheet as it passes through the drawing ?eld. A 
pair of gripping means respectively grip the sheet at 
opposed side edge portions thereof, and a guide means is 
located along opposite sides of the drawing ?eld and 
guides the pair of gripping means for movement along the 
drawing ?eld together with the sheet, this guide means in 
creasing the distance between the pair of gripping means 
as the latter advance with the sheet along the drawing 
?eld so that the sheet is stretched transversely simul— 
taneously with the longitudinal stretching thereof. 
The novel features which are considered as charac 

teristic for the invention are set forth in particular in the 
appended claims. The invention itself, however, both 
as to its construction and its method of operation, to 
gether with additional objects and advantages thereof, 
will be best understood ‘from the following description of 
speci?c embodiments when read in connection with the 
accompanying drawings, in which: 
FIG. 1 diagrammatically illustrates in a top plan View 

one possible apparatus according to the invention tor 
longitudinally and transversely stretching a sheet; 
FIG. 2 is a top plan view of a gripping device accord 

ing to the invention, FIG. 2 showing in dot-dash lines a 
guide means which guides the gripping means of FIG. 2; 

FIG. 3 is a front elevation of the structure shown in 
FIG. 2; 

FIG. 4 is a view of the structure of FIG. 2 as seen from 
the le?t side of FIG. 2; and 
FIG. 5 is a view of the structure of FIG. 2 as seen from 

the right side of FIG. 2. 
Referring to FIG. 1, there is illustrated therein a sheet 

2 which is stretched both longitudinally and transversely, 
as indicated by the arrows 5 and 6 in FIG. 1. A draw 
ing means is provided for advancing the sheet 2 through 

ice 

a substantially horizontal drawing ?eld in which the sheet ‘ 
2 is located in FIG. 1, and this drawing means will stretch' 
the sheet longitudinally in the direction of the arrow 5 
simultaneously with movement of the sheet through the 
drawing ?eld. The drawing means includes a pair of 
drawing rollers 3 located at the entrance end of the draw 
ing ?eld and a pair of drawing rollers 4 located at the 
discharge end of the drawing ?eld, and the drive which 
rotates the drawing rollers 4 turns these rollers at a speed 
greater than the rollers 3 so that the sheet is necessarily 
stretched longitudinally while advancing through the 
drawing ?eld. The drive for the rollers 4 is controlled 
in a well known manner so that the extent and rate of 
longitudinal stretching of the sheet as it passes through 
the drawing ?eld can be regulated. Depending upon the 
nature of the plastic sheet material 2, heat will be ap 
plied to the sheet in accordance with the characteristics 
thereof and the heated sheet will be longitudinally 
stretched while passing through the drawing ?eld also‘ 
at a rate and extent determined by the nature of the ma 
terial of the sheet. 

In accordance with the present invention the sheet 2 
is gripped at edge portions thereof by a plurality of grip 
ping devices which are entirely unconnected from each 
other and which travel with the sheet 2 as the latter ad 
vances along the drawing ?eld. The gripping devices 1 
of the invention are shown in FIG. 1 adjacent the dis 
‘charge end of the drawing ?eld. A guide means 7, 7' is 
provided for guiding the pair of gripping means 1 while 
the latter grip opposed side edge portions of the sheet 2, 
and the guide means 7, 7’ guides the pair of gripping 
means 1 for movement with the sheet 2 along the draw‘ 
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ing ?eld while at the same time the guide means 7, 7' in 
creases the distance between the pair of gripping means 1 
as the latter advance with the sheet in the direction of 
the arrow 5 so that in this way the sheet is stretched trans~ 
versely, as indicated by the arrow 6, simultaneously with 
the longitudinal stretching thereof. It will be noted that 
the inner sides of the pair of endless guides 7 and 7' extend 
along the drawing ?eld while located at opposite sides 
thereof, and at the entrance end of the drawing ?eld the 
inner portions of the guides 7 and 7’ are located relatively 
close to each other and extend parallel to each other while 
these inner portions of the guides then extend along 
curved paths while diverging from each other so that it 
is possible with this construction to stretch the sheet 
transversely in dependence upon the extent of longitudi 
nal stretching thereof, and also the transverse and longi 
tudinal stretching take place simultaneously. 
As is apparent from FIG. 1, the drawing rollers 3 and 

4 are carried by a table the top surface of which forms a 
support means for the structure of the invention, and the 
endless rods 7 and 7' are suitably carried by this table. 
Each of the endless rods 7 and 7', which form the guide 
means of the invention, is composed of successive rod 
sections which are pivotally hinged to each other, and the 
ivot pins are in turn supported by blocks located be 

neath the rods 7 and 7' and supported in suitable guide 
slots of the table so that these blocks can be shifted later 
ally and in this way determine the distance between the 
inner runs of the guide rods 7 and 7' so as to determine 
the distance between the pair of gripping means 1 as the 
latter advance with the sheet through the drawing- ?eld. 
The structure for adjusting the blocks and holding them in 
their adjusted positions so as to determine the con?gura 
tion of the guide means 7 and 7' forms no part of the 
present invention and is therefore not illustrated. With 
this construction it is possible to precisely set the manner 
in which the the pair of gripping means 1 are displaced 
apart from each other as they advance longitudinally 
along the drawing ?eld and by changing the speed of revo 
lution of the discharge rollers 4 of the drawing means it 
is possible to provide a synchronized control in the rate 
and extent of longitudinal and transverse stretching of the 
sheet so that the manner in which the sheet is treated can 
be very precisely controlled with the structure of the in 
vention. The adjustment of the guide rods 7 and 7', 
which have a circular cross section, and the regulation of 
the speed of the discharge rollers 4 of the drawing means 
can be derived from a central control station. 
The gripping devices 1 of the invention serve the pur 

pose of holding and guiding the sheet so as to support 
the latter during the longitudinal stretching thereof and 
in addition the gripping devices of the invention act di 
rectly upon the sheet to effect the transverse stretching 
thereof. 

Referring now to FIGS. 2-5, it will be seen that each 
gripping device of the invention includes a main body 8 
made of any suitable rigid material such as a suitable 
metal. The main body- 8 has an outer end which is lo 
cated distant from the drawing ?eld, and at its outer end 
the main body 8 turnably carries a guide roller 9 which 
forms one of a plurality of rollers of an assembly of roll 
ers carried by the main body 8 of each gripping means 1. 
It is the guide rollers 9 which principally absorb the 
transverse forces set up during the transverse stretching of 
the sheet, these transverse forces being absorbed by the 
rollers 9 as the latter‘ roll along the guide means formed 
by the rods 7 and 7'. The roller assembly of each grip 
ping means includes also a supporting roller 10 which also 
rolls along the guide rod 7, and the axis of the supporting 
roller 10 is inclined to the substantially vertical axis of 
the guide roller 9, and in addition the guide roller 10 is 
located at an elevation higher than the guide roller 9. As 
is apparent particularly from FIGS. 4 and 5, the guide 
roller 9 engages the outer surface portion of the guide 
rod 7 at the portion thereof which extends along the 
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4 
drawing ?eld while the supporting roller 10 engages an’ 
inner upper portion of the surface of the guide rod 7, this 
inner upper portion being located directly next to the 
drawing ?eld. As is apparent from FIGS. 4 and 5, the 
rod 7 is of circular cross section and the rollers 9 and‘ 
10 have concave peripheries which mate with the convex 
surface of the guide rods 7, and in addition these rollersv 
9 and 10 extend beyond the center of the guide rod 7 so, 
that in this way the rollers 9 and 10 cooperate to hold 
the gripping device on the rod 7, preventing separationv 
of each gripping means from the rod 7, and in addition 
the diameters of the rollers 9 and 10 are such that they 
are capable of executing the‘ necessary changes in direc 
tion provided by the curved guide rods 7 and 7’ during. 
the stretching of the sheet. The‘ roller 9 is supported for‘ 
rotary movement by a shaft 9' carried by the main body/ 
8, while the roller 10 extends through an opening in the‘ 
main body 8 and is supported for rotary movement by' 
the inclined shaft 16)’, and the axis of the shaft 19’, which‘ 
forms the axis of turning of the roller 10, intersects the 
am's of the shaft W, which forms the‘ axis of turning of' 
the roller St, at an acute angle at an elevation higher than‘ 
the horizontal drawing ?eld, the axis of the shaft 10’ be- 
coming located at greater distances from the axis of the‘ 
shaft ‘a‘’ as the axis of the shaft 10' passes downwardly tor 
the drawing ?eld from the intersection between the axes. 
of the shafts 9’ and 16)’, respectively. 
At the front end‘ of the main body 8, which is the left 

end thereof as viewed in FIGS. 2 and 3, this main bodyv 
8 carries a guide roller 11 which is turntable about a: 
vertical axis and which engages the inner side surface 
of each guide rod 7 and 7', and the purpose of this lead 
ing roller 11 is to enable the operator to locate the grip- 
ping means at a selected position on the guide means 
7, '7' as well as to position successive gripping means‘. 
at selected distances from each other. 
At its inner lower portion the main body 8 carries a‘ 

pair of supporting rollers 12 which are supported for: 
rotation by a pair of horizontal shafts 12', respectively, 
and these rollers 12 engage the surface of the table shown‘ 
in FIG. 1 adjacent the entrance and discharge ends of 
the drawing ?eld. The support means formed by the sur- 
face of the table thus cooperates with the rollers 12 to 
position the gripping means horizontally both at the 
entrance end of the drawing ?eld when the operator‘ 
places the edge portions of the sheet 2 in engagement 
with the gripping means as well as at the discharge end 
of the drawing ?eld where the operator disconnects the‘ 
gripping means from the sheet 2'. Moreover the rollers. 
12 cooperate with the supporting surface to support the 
guide body 8 of the gripping means during return of the. 
gripping means to the starting position thereof. 
The main body 8 is also formed with acutout 13 at 

its underside which is adapted to receive a projection 
of a drive means which serves to return the gripping; 

Moreover, there is lo-> 
cated at the under side of the main body 8 a guide roller' 
means to the starting position. 

17. supported by a shaft 17' for rotation about a vertical 
axls and also coacting with a. structure which returns 
the gripping means to its starting position. 
The main body 8 of each gripping means 1 turnably' 

supports a front gripping lever 14 which guarantees that 
the gripping means will advance with the sheet‘longitudi 
nally along the drawing ?eld even if there is no particu 
lar lateral or transverse stretching of the sheet and which 
also prevents the sheet from being withdrawn from the 
gripping levers 15 and 16, which act to hold the sheet 
transversely, as a result of the longitudinal stretching 
of the sheet. As is apparent particularly from FIG. 3, 
the lever 14 is turnable about an axis which extends across 
the drawing ?eld and is located over the drawing ?eld in 
a counterclockwise direction, as viewed in FIG. 3, to an 
inoperative position where the lower curved end of the 
lever 14. is spaced from the upwardly directed surface of the 
main body 8 with which the lever 14 cooperates to grip 
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the sheet, and this lever 14 is turnable downwardly in 
a clockwise direction, as viewed in FIG. 3, to the oper~ 
ating position illustrated in FIG. 3 where a sheet will be 
gripped between the lower curved surface of the lever 
14 and the upwardly directed surface portion of the 
main body 8. The arrangement is such that as the force 
pulling the sheet in the direction of the arrow 5 of 
FIG. 3 increases the lever 14 and the cooperating upper— 
wardly directed surface of the main body 8 grip the sheet 
tighter. Moreover, the end surface of the lever 14 which 
engages the sheet is convexly curved around an axis 
which also extends transversely across the drawing ?eld, 
so that there are no sharp edges engaging the sheet and 
thus the sheet is in no way injured by the gripping lever 
14. The gripping lever 15 turns transversely with re 
spect to the drawing ?eld and is turnable about an axis 
which extends substantially parallel to the drawing ?eld 
in the direction of travel of the sheet during longitudi 
nal stretching thereof. The gripping lever 15 serves to 
grip the sheet and absorb the forces encountered during 
transverse stretching of the sheet. As is apparent from 
FIGS. 4 and 5, the lever 15 also has a curved convex 
bottom end face engaging the sheet and cooperating with 
an upwardly directed surface of the main body 8 to grip 
the sheet. Moreover the lever 15 is turnable in a clock 
wise direction, as viewed in FIG. 5, downward to the 
illustrated operating position, so that the lower, gripping 
end of the lever 15 moves inwardly toward the center 
of the drawing ?eld while the bottom end of the lever 15 
advances toward the cooperating surface portion of the 
main body 8 to grip the sheet, and thus with this con 
struction also as the transverse stretching forces increase 
the gripping force provided by the lever 15 also increases. 
At its rear end the main body 8 turnably carries a third 
gripping lever 16 which is substantially identical wtih 
the gripping lever 15 and which is supported for turning _ 
movement about an axis parallel to the axis of turning 
of the lever 15. It will be noted that the lever 15 is 
located forwardly of the lever 16 while the rear lever 16 
is located inwardly of the forward lever 15. The pur 
pose of the lever 16 is to hold the material or sheet which 
is transversely stretched by the lever 15 against any pos 
sible contraction at a portion of the sheet located to 
the rear of the lever 15. The several surface areas with 
which the bottom ends of the gripping levers 14-16 co 
operate are all located in a common plane and form ex 
tensions of each other, so that the levers 114-16 all co 
operate with a common surface portion of the main body 
8 to grip the sheet 2 and support the latter during the 
longitudinal and transverse stretching thereof. Moreover, 
all of the gripping ends of the levers 14~16 are convexly 
curved and moreover the levers are free of any sharp 
edges which might dig into the sheet 2 and damage the 
latter. 

It is possible to provide automatic control structures 
which cause levers such as the levers 15 and 16 to move 
to their operating positions engaging the sheet 2 only 
after the pair of gripping means 1 have been spaced from 
each other by a certain predetermined distance. 
During operation of the structure shown in FIG. 1, 

a pair of the gripping means 1 will initially be located 
at starting positions at the entrance end of the drawing 
?eld adjacent to the entrance rollers 3 of the drawing 
means. At this location the several gripping levers 14-16 
of the pair of gripping means 1 will be turned to their 
inoperative positions and the edge portions of the fabric 
will be placed on the upwardly directed surface portions 
of the main body 8 which cooperate with the bottom ends 
of the gripping levers 14-16. Then these gripping levers 
14—-16 are turned to their operating positions where they 
engage the upper surface of the sheet 2. If desired 
weights may be mounted on the levers 14-16 for auto 
matically turning the latter to their operating positions, 
and FIG. 3 shows along the right edge of the lever 14 an 
extension which forms a weight which serves the purpose 

5 

10 

15 

20 

25 

35 

45 

70 

75 

6 
of urging the lever 14 to the illustrated operating posi 
tion thereof. In the same way weights may be applied 
to the levers 15 and 16 or may be formed integrally 
therewith as shown for the lever 14 in FIG. 3. 
With the opposed side edge portions of the sheet thus 

gripped by the pair of gripping means 1 the sets of draw 
ing rollers 3 and 4 are set into operation and the pair of 
gripping means 1 will be guided by the guide means 7, 7' 
so as to advance with the sheet in the direction of the ar 
row 5 along the drawing ?eld, and it will be noted that 
the sheet is supported by the pair of gripping means 1 
during longitudinal as well as transverse stretching of the 
sheet 2. Because the guide means 7, 7’ displaces the pair 
of gripping means 1 apart from each other as they 
advance along the drawing ?eld with the sheet 2, the 
sheet 2 is necessarily stretched transversely as well 
as longitudinally. When the pair of gripping means 1 
reach the discharge end of the drawing ?eld, and they 
are shown adjacent to the discharge end of the drawing 
?eld in FIG. 1, the gripping levers 14—16 are turned 
back to their inoperative positions, thus releasing the 
pair of gripping means so that they are free from the 
fabric or sheet 2 and can be returned to their starting 
positions, and beyond the discharge rollers 4 of the draw 
ing means the sheet 2 which has been longitudinally and 
transversely stretched is delivered to further structure 
for the purpose of further handling and treating the 
sheet 2. 

It will be understood that each of the elements de— 
scribed above, or two or more together, wiil also ?nd a 
useful application in other types of sheet stretching ap 
paratus differing from the types described above. 

While the invention has been illustrated and described 
as embodied in gripping devices for sheet stretching ap 
paratus, it is not intended to be limited to the details 
shown, since various modi?cations and structural changes 
may be made without departing in any way from the 
spirit of the present invention. 

Without further analysis, the foregoing will so fully 
reveal the gist of the present invention that others can 
by applying current knowledge readily adapt it for vari 
ous applications without omitting features that, from 
the standpoint of prior art, fairly constitute essential 
characteristics of the generic or speci?c aspects of this 
invention and, therefore, such adaptations should and 
are intended to be comprehended within the meaning 
and range of equivalence of the following claims. 
What is claimed as new and desired to be secured by 

Letters Patent is: 
1. In a sheet stretching apparatus for stretching a 

sheet longitudinally and transversely, in combination, 
drawing means for drawing a sheet longitudinally through 
a drawing ?eld having entrance and discharge ends, said 
drawing means comprising two pairs of drawing rollers 
respectively located at said entrance and discharge ends, 
and means for rotating the pair of drawing rollers at said 
discharge end at a greater peripheral speed than the peri 
pheral speed of the other pair of drawing rollers for longi 
tudinally stretching said sheet as it is drawn through said 
drawing ?eld; a plurality of independent gripping means 
for gripping the sheet at opposed side edge portions 
thereof, respectively, said’ gripping means being con 
nected to each other only by the gripped sheet portions; 
and a pair of guide means respectively engaging said 
gripping means at opposite side edge portions for guid 
ing said gripping means for movement through the draw 
ing ?eld with the sheet during the longitudinal stretching 
‘thereof by said drawing means, the distance between said 
pair of guide means increasing from said entrance end 
toward said discharge end so that the sheet is stretched 
transversely simultaneously with the longitudinal stretch 
ing thereof. 

2. In a stretching apparatus for, stretching a sheet both 
longitudinally and transversely, in combination, drawing 
means for drawing a sheet longitudinally through a draw 
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ing ?eld having entrance and discharge ends said drawing 
means comprising two pairs of drawing rollers respectively 
located at said entrance ‘and said discharge ends, and 
means for rotating the pair of drawing rollers at said 
discharge end at a greater peripheral speed than that of 
the other pairs of drawing rollers, for longitudinally 
stretching the sheet while the latter passes through the 
drawing ?eld; a pair of elongated guide rods located at 
opposite sides of and extending along the drawing ?eld, 
said rods being closer to each other adjacent the entrance 
end of the drawing ?eld than at the discharge end of the 
drawing ?eld; and a plurality of independent gripping 
means for respectively gripping a sheet at opposed side 
edge portions thereof while the sheet is drawn through 
the drawing ?eld, said gripping means being connected 
to each other only by the gripped sheet portions, and said 
gripping means respectively including roller assemblies 
which engage and ride on said rods, respectively, so that 
said rods guide said gripping means for movement with 
the sheet through the drawing ?eld while increasing the 
distance between the gripping means at opposite side 
edge portions as the gripping means advance with the 
sheet in the drawing ?eld so that the sheet is stretched 
transversely simultaneously with the longitudinal stretch 
ing thereof. \ 

3. In a sheet stretching apparatus for stretching a 
sheet both longitudinally and transversely, in combina 
tion, drawing means for drawing a sheet longitudinally 
through a predetermined drawing ?eld having entrance 
and discharge ends said drawing means comprising two 
pairs of drawing rollers respectively located at said en 
trance and said discharge ends, and means for rotating 
the pair of drawing rollers at said discharge end at a 
greater peripheral speed than that of the other pair of 
drawing rollers, so that the sheet is longitudinally stretched 
while advancing longitudinally through the drawing 
?eld; a pair of guide rods of substantially circular cross 
section respectively located at opposite sides of and ex 
tending along the drawing ?eld; and a plurality of in 
dependent gripping means for respectively gripping a sheet 
at opposed side edge portions thereof, said gripping means 
being connected to each other only by the gripped sheet 
portions, said gripping means respectively including roller 
assemblies which engage said guide rods to be guided 
thereby for movement with the sheet longitudinally 
through the drawing ?eld, said guide rods being spaced 
apart from each other adjacent the discharge end of the 
drawing ?eld by a distance greater than the distance be 
tween said rods at portions thereof adjacent the entrance 
end of the drawing ?eld, so that the gripping means at op 
posite side edge portions become more distant from each 
other as they advance through the drawing ?eld to stretch 
the sheet transversely simultaneously with the longitu 
dinal stretching thereof, and each of said roller assem 
blies including a pair of rollers each of which have outer 
concave peripheries engaging the guide rod. 

4. In a sheet stretching apparatus, in combination, 
drawing means for drawing a sheet longitudinally 
through a drawing ?eld while simultaneously stretching 
the sheet longitudinally; guide means extending along 
opposite sides of the drawing ?eld; and a pair of grip 
ping means for gripping a sheet at opposed side edge por 
tions thereof and guided by said guide means for move 
ment with the sheet longitudinally along the drawing 
?eld, said guide means increasing the distance between 
said pair of gripping means as the latter advance with 
the sheet through the drawing ?eld so that the sheet is 
stretched transversely simultaneously with the longitudi 
nal stretching thereof, each gripping means including a 
main body and a pair of gripping levers turnably carried 
by said main body for turning movement to and from 
gripping posiitons, said levers being respectively turn 
able about a pair of axes which are substantially per 
pendicular to each other and one of which extends sub 
stantially in the longitudinal direction of advance of the 
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sheet along the drawing ?eld while the other extends 
transversely to said longitudinal direction. 

5. In a sheet stretching apparatus, in combination, 
drawing means for drawing a sheet longitudinally through 
a drawing ?eld while simultaneously stretching the sheet 
longitudinally; guide means extending along opposite sides 
of the drawing ?eld; and a pair of gripping means for 
gripping a sheet at opposed side edge portions thereof 
and guided by said guide means for movement with the 
sheet longitudinally along the drawing ?eld, said guide 
means increasing the distance between said pair of grip 
ping means as the latter advance with the sheet through 
the drawing ?eld so that the sheet is stretched trans 
versely simultaneously with the longitudinal stretching 
thereof, each gripping means including a main body and 
a pair of gripping levers turnably carried by said main 
body for turning movement to and from gripping po 
sitions, said levers being respectively turnable about a 
pair of axes which are substantially perpendicular to each 
other and one of which extends substantially in the longi 
tudinal direction of advance of the sheet along the draw 
ing ?eld while the other extends transversely to said 
longitudinal direction, said levers of each gripping means 
respectively having gripping ends which cooperate with 
a common surface portion of said main body for gripping 
a sheet between said ends of said levers and said com~ 
mon surface portion of said main body. 

6. In a sheet stretching apparatus, in combination, 
drawing means for drawing a sheet longitudinally 
through a drawing ?eld while simultaneously stretching 
the sheet longitudinally; guide means extending along 
opposite sides of the drawing ?eld; and a pair of gripping 
means for gripping a sheet at opposed side edge por 
tions thereof and guided by said guide means for move 
ment with the sheet longitudinally along the drawing 
eld, said guide means increasing the distance between 

said pair of gripping means as the latter advance with the 
sheet through the drawing ?eld so that the sheet is 
stretched transversely simultaneously with the longitudi 
nal stretching thereof, each gripping means including a 
main body and a pair of gripping levers turnably car 
ried by said main body for turning movement to and from 
gripping positions, said levers being respectively turn 
able about a pair of axes which are substantially per 
pendicular to each other and one of which extends sub 
stantially in the longitudinal direction of advance of the 
sheet along the drawing ?eld while the other extends 
transversely to said longitudinal direction, said levers of 
each gripping means respectively having gripping ends 
which cooperate with a common surface portion of 
said main body for gripping a sheet between said ends 
of said levers and said common surface portions of 
said main body, said drawing ?eld being substantially 
horizontal and the turning axes of the pair of levers of 
each gripping means being located above the drawing 
?eld over the common surface portion of the main body 
with which the ends of said levers cooperate and said 
turning axes of said levers being located in a plane sub 
stantially parallel to the drawing ?eld. 

7. In a sheet stretching apparatus for stretching a 
sheet both longitudinally and transversely, in combi 
nation, drawing means for drawing the sheet longitudi 
nally through a drawing ?eld while longitudinally stretch 
ing the sheet; guide means extending along opposite sides 
of the drawing ?eld; and a pair of gripping means for 
gripping the sheet at opposed side edge portions thereof, 
respectively, said pair of gripping means being guided 
by said guide means for movement with the sheet as the 
latter advances longitudinally along the drawing ?eld and 
said guide means increasing the distance between said 
pair of gripping means as the latter advance with the 
sheet along the drawing ?eld so that the sheet is stretched 
transversely simultaneously with the longitudinal stretch 
ing thereof, each gripping means including a main body 
and a gripping lever turnably carried by said main body 
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for turning movement about an axis which extends sub 
stantially transversely across the drawing ?eld, said grip 
ping lever being turnable from an inoperative position 
substantially in the direction of advance of the sheet 
along the drawing ?eld to an operative position where an 
end of said lever is located closely adjacent to a surface 
portion of said main body for gripping the sheet between 
said end of said lever and said surface portion of said 
main body. 

8. In a sheet stretching apparatus for stretching a sheet 
both longitudinally and transversely, in combination, 
drawing means for drawing the sheet longitudinally 
through a drawing ?eld while longitudinally stretching the 
sheet; guide means extending along opposite sides of the 
drawing ?eld; and a pair of gripping means for gripping 
the sheet at opposed side edge portions thereof, respec 
tively, said pair of gripping means being guided by said 
guide means for movement with the sheet as the latter 
advances longitudinally along the drawing ?eld and said 
guide means increasing the distance between said pair 
of gripping means as the latter advance with the sheet 
along the drawing ?eld so that the sheet is stretched trans 
versely simultaneously with the longitudinal stretching 
thereof, each gripping means including a main body and 
a gripping lever turnably carried by said main body for 
turning movement about an axis which extends substanti 
ally transversely across the drawing ?eld, said gripping 
lever being turnable from an inoperative position sub 
stantially in the direction of advance of the sheet along 
the drawing ?eld to an operative position Where an end 
of said lever is located closely adjacent to a surface por 
tion of said main body for gripping the sheet between said 
end of said lever and said surface portion of said main 
body, and each gripping means including a second grip 
ping lever turnable about an axis which extends in the 
same general direction as the direction which the sheet 
advances along the drawing ?eld, said second gripping 
lever being displaced rearwardly with respect to said ?rst 
mentioned gripping lever in the direction of advance of 
the sheet along the drawing ?eld and said second lever 
having a free end which cooperates with an extension 
of the surface portion of said main body with which said 
?rst~mentioned lever cooperates for gripping the sheet. 

9. In a sheet stretching apparatus for stretching a 
sheet both longitudinally and transversely, in combina 
tion, drawing means for drawing the sheet longitudinally 
through a drawing ?eld While longitudinally stretching 
the sheet; guide means extending along opposite sides 
of the drawing ?eld; and a pair of ‘gripping means for 
gripping the sheet at opposed side edge portions thereof, 
respectively, said pair of gripping means being guided 
by said guide means for movement with the sheet as the 
latter advances longitudinally along the drawing ?eld and 
said guide means increasing the distance between said 
pair of gripping means as the latter advance with the 
sheet along the drawing ?eld so that the sheet is stretched 
transversely simultaneously with the longitudinal stretch 
ing thereof, each gripping means including a main body 
and a gripping lever turnably carried by said main body 
for turning movement about an axis which extends sub 
stantially transversely across the drawing ?eld, said 
gripping lever being turnable from an inoperative posi 
tion substantially in the direction of advance of the 
sheet along the drawing ?eld to an operative position 
where an end of said lever is located closely adjacent to 
a surface portion of said main body for gripping the 
sheet between said end of said lever and said surface 
portion of said main body, and each gripping means in 
cluding a second gripping lever turnable about an axis 
which extends in the same general direction as the direc 
tion which the sheet advances along the drawing ?eld, 
said second gripping lever being displaced rearwardly 
with respect to said ?rst-mentioned gripping lever in the 
direction of advance of the sheet along the drawing ?eld 
and said second lever having a free end which cooperates 
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with an extension of the surface portion of said main body 
with which said ?rst-mentioned lever cooperates for grip 
ping the sheet, and said second levers of said pair of 
gripping means being located closer to ‘each other than 
said ?rst-mentioned levers. 

10. In a stretching apparatus for stretching a sheet both 
longitudinally and transversely, in combination, drawing 
means for drawing a sheet longitudinally through a sub 
stantially horizontal drawing ?eld while stretching the 
sheet longitudinally along the drawing ?eld; support 
means having at least a pair of supporting surface por 
tions respectively located adjacent ends of the drawing 
?eld beneath the latter; guide means extending along the 
drawing ?eld at opposite sides thereof; and a pair of 
gripping means for respectively gripping a sheet at op 
posed side edge portions thereof, said pair of gripping 
means being guided by said guide means for movement 
with a sheet longitudinally along the drawing ?eld and 
said guide means increasing the distance between said 
pair of gripping means as the latter advance together with 
a sheet along the drawing ?eld so that the sheet is 
stretched transversely simultaneously with the longitudi 
nal stretching thereof, each gripping means having a lower 
portion carrying at least one roller which turns about a 
substantially horizontal axis parallel to the drawing ?eld 
and extending transversely with respect thereof, and said 
roller being adapted to engage said surface portions of 
said support means for positioning said gripping means 
substantially horizontally at least adjacent the ends of the 
drawing ?eld. 

11. In a sheet stretching apparatus for stretching a 
sheet both longitudinally and transversely, in combina 
tion, drawing means for drawing a sheet longitudinally 
through a drawing ?eld while stretching the sheet longi 
tudinally; a pair of elongated guide rods respectively lo 
cated at opposite sides of and extending along the draw 
ing ?eld, said drawing ?eld having entrance and discharge 
ends and said guide rods being spaced from each other 
at'said discharge end of said drawing ?eld by a distance 
greater than the distance between said rods at said en 
trance end of said ?eld; and a plurality of independent 
gripping means for gripping a sheet respectively at op 
posed side edge portions thereof, said gripping means 
respectively including roller assemblies which engage said 
rods so that the latter guides said gripping means for 
movement with a sheet longitudinally along the drawing 
?eld, and said rods increasing the distance between said 
gripping means as the latter advance with the sheet along 
the drawing ?eld to stretch the sheet transversely simul 
taneously with the longitudinal stretching thereof, each 
gripping means having a leading end which is located at a 
front portion of each gripping means in the direction of 
advance of the sheet along the drawing ?eld and said 
roller assemblies of each gripping means including a 
roller located at the leading end of each gripping means 
and engaging the guide rod so that said roller may be used 
for locating the gripping means at a selected position 
along the guide rod and for maintaining a minimum dis 
tance between adjacent gripping means. i 

12. A sheet gripping device for use in a sheet stretch 
ing apparatus, said device including a main body having 
an inner end located adjacent to and an outer end located 
distant from a drawing ?eld in which a sheet which is 
gripped by the gripping device is stretched, said main 
body also having front and rear ends and said front end 
of said main body preceding said rear end thereof in the 
direction of travel of the gripping device with a sheet along 
the drawing ?eld, said main body pivotally supporting a 
pair of gripping levers for turning movement about axes 
which are parallel to each other and which extend in the 
general direction of advance of the gripping device with 
the sheet along the drawing ?eld and said levers being 
displaced both longitudinally and transversely on said 
main body with the front end of said pair of levers being 
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located nearer to the outer end of said main body than 2,923,966 2/60 Tooke et a1. __________ __ 18-1 
the rear one of said levers- 3,046,599 7/62 Nicholas et a1. ________ __ 18-1 
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