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This invention relates to a method and ap 
paratus for embossing sheet materials and more 
particularly to the crumpling of metal foil. 

It has been found that very attractive display 
and sign apparatus may be produced by incor- i. 
porating a reflector formed from a sheet of metal 
foil which has been crumpled or embossed in such 
a manner as to project reflected light rays in all 
directions. Such apparatus is disclosed in co 
pending applications Serial Numbers 216,361 and 1 
253,191, respectively filed by the present inven 
tor on June 28, 1938, and January 27, 1939. In 
preparing the foil for use as a reflector it was 
found that it was preferable to have the Surface 
embossed so as to produce a multitude of Small 
angularly positioned reflecting facetS Which, pref 
erably, are more or less irregular in their shape 
and location. That is, while geometrically ar 
ranged embossings are satisfactory to a degree, it 
is preferred to eliminate a pattern, which is pro 
duced by a geometric arrangement. 

It has been found that the knoWn methods of 
crumpling or embOSSing sheet materials are not 
adaptable to use in preparing metal foil in this 
late. 

the foil without harming it does not sufficiently 
crumple the material to produce the desired 
effect. On the other hand, the apparatus which 
might produce the surface in the desired man 
ner has been found to mutilate the foil in such 
a manner that it is not usable. Needless to 
say it is extremely tedious and impractical to 
produce the foil by hand crumpling for commer 
cial purposes. 
The present invention contemplates a method 

and apparatus for mechanically handling and 
treating the foil so as to produce the desired 
formation thereof and without harm thereto. In 
addition, the method and apparatus is extremely 
simple and inexpensive so that it may be prac 
ticed on a commercial scale at a great Saving of 
time and money. Furthermore, the sheets of 
foil which are treated according to the present 
invention are found to have an even distribution 
of reflecting facets so that the sheet becomes an 
ideal reflecting member for the desired pur 
pOSe. 

Briefly, the present invention comprises pro 
gressively embossing a sheet of material in one 
direction, and then treating the sheet in pre 
cisely the same manner in at least One Or more 
different directions, in as many steps. This 
operation may be accomplished by passing the 
sheet through a pair of rolers having projec 
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preferably flexible and resilient in nature. In 
the first operation these rollers may be so located 
With respect to each other so that the projections 
barely internesh. In succeeding operations the 
roller's may be arranged so that the projections 
internesh to a greater degree in each individual 
operation. While the preferable form of pro 
jections resemble fingers extending radially from 
the roller, other formations Such as ridges of 
various types or honeycombs have proven to Work 
satisfactorily. Furthermore, these formations 
may be applied to the foil by means other than 
rolls, Such as by various platen formations and 
the like. 
The novel features that I consider character 

istic of my invention are set forth With par 
ticularity in the appended claims. The inven 
tion itself, however, both in its organization and 
its method of operation, together with additional 
objects and advantages thereof, will best be un 
derstood from the following description of spe 
cific embodiments when read in connection with 
the accompanying drawings, wherein like refer 
ence characters indicate like parts throughout 
and in which: 

Figure 1 is an enlarged fragmentary view in 
cross-section of a sheet of crumpled material; 

Figure 2 is a diagrammatic view showing the 
various steps of the process; 

Figure 3 is a diagrammatic plan view showing 
an arrangement of apparatus Which Would be 
suitable for conducting the process; 

Figure 4 is a Schematic diagram showing the 
manner in which the projections on the rolls 
intermesh to a greater degree in succeeding steps 
of the process; 

Figure 5 is a fragmentary view in perspective 
of One form of roll having finger like projections 
arranged geometrically thereon; 

Figure 6 is a fragmentary view of a pair of op 
posed resilient projections bearing against each 
other; 

Figure 7 is a diagrammatic view of a platen ar 
rangement Suitable for use in this process; 
Figure 8 is a diagrammatic view in elevation of 

a modified platen arrangement for handling the 
foil; 

Figure 9 is a plan view of a roll having fingers 
irregularly located thereon; 

Figure 10 is a plan view of a roll having sub 
stantially straight ridges extending radially 
therefrom; 

Figure 11 is a plan view of a roll having curved 
tions extending radially therefrom, which are 55 ridges extending therefrom; 
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Figure 12 is a plan view of a roll having honey 

comb ridges extending therefrom. 
Referring specifically to the drawings, it Will be 

seen in Fig. 1 that it is desired to Crumple a 
Sheet of foil So as to produce a heterogeneous 
array of small reflecting facets 2 of irregular 
shape and location. These facets 2 are located 
in planes that are angular With respect to 
each other, the lines between the facets being 
sharply defined By such an arrangement, the 
light falling upon the foil is broken up and 
reflected in substantially all directions So that 
it may be seen uniformly at very wide angles 
and in all directions. It will be understood that 
though the preferred formation comprises these 
irregularly shaped and positioned reflecting 
facets 2, sheets having Substantially regular 
and/or geometrically arranged embOSSingS may 
be used and produced according to this method. 
As shown in Fig. 2, the method comprises the 

passing of a sheet of foil through a first set of 
rolls 3 Which may be arranged to embOSS Or 
crumple the sheet to a light degree. It has 
been found that more satisfactory results are 
obtained by treating the sheet to only a slight 
degree in the first operation, in view of the fact 
that the foil is not capable of stretching, and 
consequently it must be indented in Such a man 
ner as to permit the surface to be gradually 
drawn in so that the sheet will not be torn Or 
otherwise mutilated. After being initially 
crumpled by the rolls 3, the sheet is then turned 
at right angles and passed through a second Set 
of rolls 4. In the event that a regular pattern 
was formed in the embossing of the sheet by the 
first step, these patterns are readily broken up 
by turning the sheet 90° and passing it through 
the second operation. Furthermore, in the Sec 
ond operation, the rolls may be positioned closer 
together so that the roll formations will inter 
mesh to a greater degree and crumple the foil 
with deeper embossings. It has been found that 
for many purposes these two steps are Sufficient, 
provided the second operation is arranged to en 
boss the sheet to a sufficient degree. Likewise if 
the rolls are properly set with respect to each 
other, satisfactory results may be obtained by 
twice passing the sheet between the Same set 
of rolls and turning the sheet for the Second 
operation. 
To obtain a sheet that has a great multitude 

of minute reflecting facets 2 on its Surface, how 
ever, it is preferred to pass the sheet through 
additional rolling operations in which event the 
sheet is turned 45° from its position in the Sec 
ond step and passed through a third set of rolls 
5 which are positioned slightly closer together 
than the rolls 4. Finally, the sheet may then 
be turned 90° and passed through another Set 
of rolls 6 which may be closer together than any 
of the preceding sets of rolls. In the event that 
it is desired to use only the first two Operations 
it will be understood that the second set of rolls 
4 will be positioned somewhat closer together 
than shown in the four steps previous, So that the 
formations on the rolls will intermesh to a 
greater degree. On the other hand, if it is pre 
ferred to pass the sheet through the additional 
steps, so as to produce a reflecting Surface of 
high quality, the rolls 4 will be positioned only 
slightly closer to each other than the rolls 3, 
and the succeeding sets of rolls, 5 and 6, Will be 
positioned successively closer to each other than 
the preceding set. 
This method may be accomplished by One me 
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2,290,608 
chanical unit as diagrammatically illustrated 
in Figure 3. A supply roll T of the metal foil 
may be arranged to feed the foil onto a travel 
ling web 8, whereupon the foil is cut into sheets 
by any suitable type of knife 3. The sheets of 

foil are then transported to guide members 
which direct the leading edges of the sheets 

between the rolls 3. As the sheets pass be 
tween the rolls 3, they may drop upon a second 
travelling web , which will transport the sheets 
through another Set of guide members O and 

between the rolls 4. As the travelling web 
is arranged to travel in a direction substantially 
90° from the direction of rotation of the rolls 
3, the sheets will automatically be turned 90° 
when they enter between the rolls 4. When the 
sheets pass between the rolls A they may drop 
upon a third travelling Web 3 which is arranged 
at an angle of approximately 45 With respect to 
the direction of rotation of the rolls 4, whereby 
the sheets will be transported into a third set 
of guide members 3 and between the rolls 5. 
As the sheets pass through the rolls 5 they may 
be received by another travelling web 5, which 
is arranged to travel in a direction at 90° to the 
direction of rotation of the rolls 5. The sheets 
i are then passed through another set of guide 
members and between the rolls 6 As the 
sheets f pass through this final step they may 
be received upon a travelling Web which car 
ries them to a receiving bin 8, whereupon the 
sheets are automatically stacked. 
The rolls are provided with a plurality of pro 

jections 28 as best shown in Figure 5. Prefer 
ably these projections 2 aire in the form of 
radially extending finger like members which 
are closely positioned together. In the event 
that the projections 20 are geometrically ar 
ranged around the surface of the roller, as shown 
in Figure 5, they can be so constructed as to 
intermesh with the similar projections 20 of a 
cooperative roller, as indicated in Figure 4. 
Consequently these member's may be fabricated 
from any desired material such as metal, wood, 
molding Compositions or the like. On the other 
hand, it has been found that by forming these 
finger members 23 of a resilient material, such 
as rubber, they may be located around the sur 
face of the rolls in any desired manner. The 
projections 20 may be formed integrally with the 
roll, as shown in Figure 5, or they may be ar 
ranged on a Web 2 which may be secured 
around the rolls, as shown in Figure 4. In the 
event that the resilient projections.29, a but each 
other they will merely bend without damage to 
themselves or to the foil, as shown in Figure 6. 
The finger like projections have been particu 
larly useful for the present method in view of 
the fact that the embossings formed in a previous 
step are not flattened by successive steps, but 
are accentuated to a greater degree. 
The resilient fingers 2) have many desirable 

features which cannot be obtained by the use of 
other types of materials. For instance, in view 
of the fact that the metal foil is not capable of 
stretching, it must be gathered in by the action of 
the embossing units so as to produce the forma 
tions without mutilating the foil. This may be 
readily accomplished by the use of resilient em 

70 bossing members because they are capable of 

75 

bending and giving way slightly to the event that 
the tension of the foil becomes too great. Fur 
thermore, due to their resilient nature and their 
adhering characteristics, the projections slightly 
grip the surface of the foil and gather it in by 



2,290,608 
their resilient action in returning to their normal 
position. 
In addition to these features the resilient pro 

jections are not prone to damage or mutilate 
the foil. In View of their relatively Soft composi 
tion they do not cut or mash the foil, as harder 
materials might do. Instead, however, they are 
capable of bending or becoming deformed to ten 
porarily give Way and in resuming their normal 
position they act to crumple the foil to a greater 
degree. As the projections are apt to be moved 
from their normal position, to a considerable ex 
tent, during the embossing Operation, they con 
sequently tend to crumple the foil to a greater 
degree, than rigid members would, by their re 
silient action in returning to their normal posi 
tion. 
As shown in Figure 4 the Succeeding sets of 

rolls may be Successively arranged Closer together 
so that their respective formations 20 may inter 
mesh to a greater degree. As the foil is passed 
by the travelling Web 8 through the guide mem 
bers 0 to the rolls 3, it is crumpled to a slight 
degree by the cooperative action of the projec 
tions 2 as heretofore described. It is preferable 
to provide this preliminary crumpling to gather 
the foil sufficiently to permit the deeper emboss 
ings which are made by the succeeding steps, 
While deeper embossings might be made in a 
single Operation by the use of flexible members 
29, it has been found that a single operation does 
not break up the Surface of the foil into a Sufi 
cient number of facetS 2. Accordingly, it has 
been found preferable to perform but a slight 
enbossing action in the first step. 
After passing through the first step, the foil 

may be turned as described above and passed 
through Successive sets of rolls or embossing 
members as indicated in 4, 5 and S. Each of 
these successive sets of rolls are arranged so 
that their projections intermesh to a greater de 
gree than those in the prior step. By such an 
arrangement the foil is gradually gathered in 
and the Surface thereof broken up into any de 
sirable number of facets 2, without danger of 
damaging or mutilating the foil. It will be noted 
that the geometrical arrangement of the projec 
tions may be formed so that they intermesh sini 
larly to the teeth in a set of gears, and conse 
quently it is not necessary that these projections 
be formed of resilient material. Due to the ad 
ditional desirable features of the use of Such ma 
terial, however, they have been found to be con 
siderably more practical in commercial produc 
tion. Though the guide members have been 
shown associated with the first set of rolls only, 
in Figure 4, it will be understood that they may 
be associated With the succeeding sets of rolls as 
indicated in Figure 3. As a matter of fact, the 
guide nembers are more useful in association 
with the Succeeding sets of rolls, due to the fact 
that the foil is crumpled to a greater degree and 
the leading edges may be turned sufficiently so 
that they might not enter between the projec 
tions in the proper manner and, consequently, 
Would be folded Over or doubled up in some un 
desirable manner. The guide members , how 
ever, are arranged to direct the leading edges of 
the foil sheets to the proper position between 
the embossing projections of the rolls. 

In lieu of the rollers hereinbefore described 
other mechanical arrangements may be used to 
accomplish the method as well. For instance a 
pair of platens may be arranged to press against 
each other, and preferably these platens are ar 
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ranged to progressively meet each other in an 
angular direction. Such an arrangement is Spe 
cifically illustrated in Figure 7, wherein a lower 
platen 25 is provided with the projections 20 ex 
tending upWardly therefrom. This platen 25 is 
Secured to a hinge 26 secured to one edge there 
of. An upper platen 2, having similar projec 
tions 2 extending downwardly therefrom, may 
be secured to said hinge 26 and reciprocally 
moved to and from said lower platen 25 by a pis 
ton member 28 which is pivotally connected to 
the upper platen 2 by a pin. 29. In operation, 
the upper platen 27 may be lifted by the piston 
28 so that the projections 2 clear the like pro 
jections 20 of the lower platen 25, and a sheet 
of foil may be laid thereon. The upper platen 
may then be dropped downwardly so that the 
projections 2 intermesh and crumple the ?oil, 
said projections 2 intermeshing progressively 
away from the hinge 26 so that the foil sheet Inay 
be crunpled progressively and be permitted to 
draw in. 

Still another arrangement which may be suit 
able is shown in Figure 8. This arrangement 
likewise comprises a fiat lower platen 25, but in 
Stead of having an upper platen hinged thereto, 
a curved platen 38 may be arranged above said 
lower platen 25. The upper platen 33 may be 
positioned in such a nanner that it can rock 
back and forth across the lower platen 25 and 
may be Operated by a roller 3 which is adapted 
to OSCillate So as to press each portion of the 
upper platen 3 against the lower platen 25. In 
stead of a rigid platen the upper member 3 may 
be in the form of a flexible web which forces 
against the lower platen 25 in a progressive man 
ner. It may readily be understood that other 
mechanical arrangements may be effected, such 
aS combining a roll to oscillate over a platen, or 
arranging individual units of embossing men 
bers SO that they may progressively bear down 
upOn a basic paten. 
As mentioned heretofore, in describing the 

roll illustrated in Figure 5, the radially extend 
ing projections 2 may be arranged geometrical 
ly around the Surface of the roll, or they may be 
irregularly located thereon in an unsymmetrical 
manner Or may be Staggered Such as shown in 
Figure 9. These projections do not have to be 
Specifically located with respect to each other 
When they are formed of a flexible and resilient 
material, in view of the fact that no damage 
is effected upon the metal foil in the event that 
these projections become more or less superim 
posed, as they merely bend upon abutting each 
other and do not act to cut the sheet of foil. 
While the preferred form of projections re 

Semble finger-like structures, as shown and de 
Scribed heretofore, it has been found that other 
arrangements may be used particularly, if they 
are formed of flexible or resilient material. For 
instance, a roller may be arranged with corru 
gations extending axially thereof, as shown in 
Figure 10, Or the ridges of the corrugations may 
be twisted in any desired manner so as to form 
irregular embossings in the foil, as shown in 
Figure 11. Still another arrangement Comprises 
a honeycomb structure as shown in Figure 12. 
This structure may be formed in any suitable de 
sign and may comprise a plurality of narrow 
ridges Crossing and interlocking with each other 
So as to form a surface resembling a honey 
COmb. 
Although certain specific embodiments have 

been shown and described of the invention, it is 
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are possible. It is contemplated that the roller 
patterns disclosed in the various figures of the 
drawings may be combined as desired. The in 
Wention, therefore, is not to be restricted except 
insofar as is necessitated by the prior art, and by 
the Spirit of the appended claims. 

I claim: 
1. The method of embossing metal foil sheet 

material which comprises passing a sheet through 
a first embossing step and thereby embossing 
the Whole Surface of the sheet, turning the sheet 
90, passing said turned sheet through a second 
embossing step and again embossing the whole 
surface of the sheet, turning said sheet 45, pass 
ing said sheet through a third embossing step 
and again embossing the whole Surface of the 
sheet, turning said sheet 90, and passing said 
sheet through a fourth embossing step and again 
embossing the whole Surface of the sheet where 
by the sheet material will be embossed in a plu 
rality of directions. 

2. Apparatus for embossing sheet material 
which comprises at least two Sets of embossing 
members, said members being adapted to de 
form the whole surface of said sheet, each of 
said sets of members being arranged successive 
ly closer together whereby to exert an increased 
embossing pressure, and means for turning a 
sheet between each successive set of said mem 
berS. 

3. Apparatus for embossing Sheet material 
which comprises four sets of embossing members, 
said members being adapted to deform the whole 
surface of said sheet, means between the first and 
second sets for turning a sheet 90°, means be 
tween said second and third sets for turning a 
sheet 45, and means between said third and 
fourth sets for turning a sheet 90° whereby the 
sheet material will be embossed in a plurality of 
directions. 

4. The method of crumpling metal foil sheet 
material which comprises successively deforming 
the whole surface of a sheet to increase the 
amount of material in a given area, without ma 
terially stretching the sheet, turning said sheet 
about an axis perpendicular to the plane of Said 
sheet between the successive deforming Steps, 
and increasing the pressure applied in each Suc 
cessive deforming step. 
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readily evident that many modifications thereof 5. Apparatus for embossing sheet material 

which comprises at least two sets of embOSsing 
members, said members having Spaced resilient 
projections extending therefrom, Said projec 
tions being positioned Over the entire embOSsing 
Surfaces and adapted to deform the Whole Surface 
of the sheet, and means for turning a sheet ber 
tween each Successive set of Said members. 

6. The method of crumpling metal foil sheet 
material which comprises successively passing 
said sheet between sets of embossing units to de 
form the whole Surface of said sheet So as to 
increase the amount of material in a given area 
without materially stretching the sheet, and 
turning said sheet about an axis perpendicular to 
the plane of said sheet between the successive 
sets of embossing units whereby the sheet ma 
terial will be deformed in a plurality of direc 
tions and the surface thereof crumpled into facets 
of approximately equal diameter. 

7. The method of crumpling metal foil sheet 
material which comprises Successively passing 
said sheet between sets of embossing units to de 
form the whole surface of said sheet progressive 
ly across the surface thereof So as to increase 
the amount of material in a given area. Without 
materially stretching the sheet, and turning said 
sheet about an axis perpendicular to the plane 
of Said sheet between the Successive Sets of emi 
bossing units whereby the sheet material Will be 
deformed in a plurality of directions and the 
surface thereof crumpled into facets of approxi 
mately equal diameter. 

8. Apparatus for embossing sheet material 
which comprises a lower embossing member in 
the form of a platen having Spaced resilient 
projections extending from its upper surface 
upon which the sheet material is Supported, and 
an upper embossing member including an emi 
bossing surface having Spaced resilient projec 
tions extending therefrom, said upper member 
being positioned over said lower member So that 
the extremities of the projections extending re 
spectively therefrom will contact the surfaces of 
said sheet material when in embossing position, 
said members being adapted to be moved rela 
tive to each other to emboss Said sheet material 
progressively thereacross. 

GEORGE H. EVANS. 


