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(57) ABSTRACT 

Cellular retrore?ective sheeting comprises a ?rst ?lm of 
thermoplastic material Which has been formed to de?ne 
arrays of minute cube-corner re?ective elements on one face 
thereof. The re?ective elements are covered With a second 
thin thermoplastic ?lm and the tWo ?lms together pass over 
a patterned roller Where a series of sonic Welding heads 
rapidly bond the ?lms together forming small cells of 
retrore?ective cube-corner elements in the pattern of the 
roller. Because the heat generated in the Welding process is 
localized to the pattern of the roller, cell Walls may be 
formed having narroW thickness yet good bonding of the 
?lms is achieved. Further, residual heat does not appreciably 
transfer to adjacent retrore?ective elements, therefore, dis 
tortion of adjacent elements is minimized and a sheeting 
construction is achieved having superior brilliance and dura 
bility as Well as maximum retrore?ective capability over a 
Wide angular range of incident light. Also disclosed is a 
method for forming such sheeting. 
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CELLULAR RETROREFLECTIVE SHEETING 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to construc 
tion of sheeting having the capability of retrore?ecting 
incident light and, more particularly, to a cellular retrore 
?ective sheeting having enhanced re?ective characteristics 
through Wide angles of incident light While, at the same time, 
having improved bonding strength of its composite layers. 

[0003] 2. Description of the Prior Art 

[0004] Retrore?ective devices have been advantageously 
used for many years to improve highWay safety in many 
parts of the World. Devices such as pavement markers, 
automobile re?ectors, post markers and highWay signage, 
for eXample, have been constructed using various retrore 
?ective devices Which re?ect incident light from vehicle 
headlight beams back to the driver and serve during loW 
ambient light driving conditions to inform the driver of 
approaching danger or other highWay conditions. 

[0005] One form of retrore?ective device is knoWn as a 
cube-corner type re?ector. This device typically comprises 
an array of several “cube” elements each consisting of three 
mutually perpendicular faces Which serve to receive incident 
light and retrore?ect the light through 180° approximately 
parallel to its incident path and back to its source. The term 
“cube-corner” has long been recogniZed in the art to refer to 
essentially any structure of three mutually perpendicular 
faces Without regard to the siZe or shape of each face or the 
optical aXis of the element so provided. An early eXample of 
a cube-corner type re?ector is disclosed in Stimson, US. 
Pat. No. 1,906,655, issued May 2, 1933. Another eXample is 
in Hennan, U.S. Pat. No. 3,332,327 issued Jul. 25, 1967, 
both of Which teach a pavement marker construction. 

[0006] In pavement marker construction, the cube corner 
elements may be relatively large in siZe because the marker 
is constructed to be a rigid assembly capable of Withstanding 
vehicle loads and tire impact. HoWever, an important appli 
cation for cube-corner type re?ective elements has been 
developed in the area of retrore?ective sheeting. Retrore 
?ective sheeting is particularly useful in the construction of 
highWay signage, for eXample, in Which an aluminum sign 
blank is covered With a layer of light re?ective sheeting 
bearing suitable indicia for informing drivers of a particular 
highWay condition. 

[0007] Unlike pavement marker applications for cube 
corner type re?ective elements, in re?ective sheeting appli 
cations the cube-corner elements are reduced in siZe to be 
useable on a relatively thin ?lm substrate. Preferably, the 
sheeting must be ?exible and capable of being produced and 
supplied in roll form. To this end, methods have been 
developed to form thin ?lm materials With retrore?ective 
elements such as by embossing or casting. Typically, the 
sheeting comprises a transparent acrylic substrate, or ?lm, 
although various other forms of thermoplastic material may 
be used as polycarbonate, vinyl, polyethylene or polyure 
thane, for eXample. 

[0008] An eXample of a highly ef?cient method and appa 
ratus for continuous embossing of a resinous ?lm With 
cube-corner retrore?ective elements is disclosed in Pricone 
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et al., U.S. Pat. No. 4,601,861, the disclosure of Which is 
incorporated herein by reference. In this process, a continu 
ous Web of transparent ?lm is fed through an embossing 
machine in Which the ?lm is heated to a transition tempera 
ture and compressed by an embossing tool such that resinous 
?lm material ?oWs into the pattern of the tool. The ?lm is 
then cooled, quenched and stripped from the tool. The tool 
may be constructed by a process of the type disclosed in 
Montalbano, U.S. Pat. No. 4,460,449, the disclosure of 
Which is incorporated herein by reference. The tool of this 
patent is capable of creating very small, accurately formed 
cube-corner elements on the order of several thousand per 
square inch of ?lm. 

[0009] It is Well knoWn that cube-corner elements are 
orientation sensitive and have varying degrees of re?ectivity 
depending upon the angle of the incident light. Accordingly, 
one generally accepted practice in the construction of cube 
corner sheeting is to construct master tool blocks on the 
order of one-quarter inch or so square With the cube prisms 
tilted on the order of approximately siX degrees. Then, using 
multiple master blocks, each in a different rotational orien 
tation, multiple matrices or grids of cube-corner re?ective 
elements may be formed in the ?lm such that the resulting 
sheeting is highly re?ective, overall, over a Wide range of 
orientation angles. 

[0010] In using a cube-corner system to construct retrore 
?ective sheeting, it is generally understood that the rear 
surfaces of the cube elements must either be metaliZed or 
supported With an air gap betWeen any adjacent rear support 
surface. This is so because essentially any material other 
than a re?ective metal coating placed in intimate contact 
With the rear surfaces of the cubes Will have a refractive 
indeX such that the focal point of the cube element Will be 
altered. Accordingly, metaliZation of the rear surfaces of 
cube-corner elements has been practiced to alloW the ele 
ment substrate to be bonded to a suitable rear support layer. 
In practice, a rear support layer is essential to protect the 
re?ective elements and provide a sheeting surface Which 
may be readily secured as With adhesive to a sign blank or 
the like. MetaliZation may readily be performed by knoWn 
aluminum or silver vapor deposition techniques, for 
eXample. 

[0011] A knoWn disadvantage of metaliZation in the con 
struction of retrore?ective sheeting is that the metallic 
re?ective layer imparts a distinct grayish tint to the resulting 
sheeting. This grey appearance of the sheeting has been 
found undesirable for highWay signage, particularly during 
daytime light conditions. An air gap system, in Which the 
cube elements are spaced from the rear layer, on the other 
hand, creates a sheeting having enhanced brilliance over 
metaliZed products. Accordingly, attempts have been made 
to construct sheeting using an air gap system in some form. 

[0012] In one form of an air gap system as disclosed in 
Pricone, US. Pat. No. 4,618,518, a Web of transparent 
thermoplastic material is ?rst embossed With cube-corner 
re?ective elements and the elements are overcovered in a 
pattern as by printing With a slurry of mineral spirits, alcohol 
and hydrophobic silica poWder to create small islands of 
silica covering the surfaces of a number of the cube corner 
elements. Because the silica is Water-resistant, a layer of 
Water based acrylic is then ?ooded over the silica creating a 
continuous surface coating and forming cell Walls around 
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the silica in a desired printed pattern. The silica granules, 
Which contact the cube faces only tangentially, maintain an 
air gap and alloW the elements to be hermetically sealed by 
the acrylic coating. Thus, an acceptably re?ective sheeting 
product may be achieved in Which the sheeting has a suitable 
rear support layer, While employing the desired air gap 
system. An appropriate cell siZe is chosen so that breaking 
the seal of the cells by cutting the sheeting to siZe Will result 
in only minor contamination of re?ective elements at the 
very edges of the sheeting form and an edge sealing step is 
avoided. HoWever, a disadvantage of this construction is that 
to obtain adequate mechanical bonding of the acrylic sup 
port layer, the cell Walls formed around the silica ?ller, in 
practice, must have a Wall thickness on the order of 0.035 
inch (0.9 This is necessitated by the eXtreme condi 
tions under Which the resulting sheeting is eXpected to 
perform, such as rapid and severe expansion and contraction 
of an associated sign blank, for eXample. Moreover, With cell 
Walls of at least 0.035 inch (0.9 mm) thickness, it has been 
found that the resulting sheeting With silica backing has 
reduced ef?ciency at 30° and greater incident angles. 
Accordingly, this type of sheeting may not meet certain 
re?ectivity standards for use in some highWay signage 
applications. 

[0013] In another form of an air gap system as used With 
cube-corner re?ective elements, a Web of re?ective elements 
is formed having cell Walls surrounding a plurality of cube 
elements. A?at cover sheet is applied covering the cell Walls 
and the assembly is chemically and/or heat fused to bond the 
Web to the cover sheet. The result is a sheeting having many 
small cells de?ning air gaps betWeen the re?ective elements 
and the cover sheet. An eXample of this construction is 
disclosed in McGrath US. Pat. No. 4,025,159. HoWever, a 
disadvantage of this construction is that When heat treating 
is used to bond the Web and cover layer the process is very 
dif?cult to control to avoid heat from distorting the cube 
corner elements adjacent the cell Walls during bonding. 
Cube-corner elements inherently must have their three 
re?ective faces oriented Within a feW minutes of perpen 
dicular or else they cannot be retrore?ective. Thus, the heat 
needed to bond the re?ective Web and cover layer, Which is 
necessarily in the range of 200-500° F., can destroy enough 
cube-corner elements as to render 20-30% of the resulting 
sheeting product completely non-re?ective. Moreover, When 
chemical processes are used to bond the Web to the cover 
sheet, not only are these processes complicated and time 
consuming they typically are accompanied by adverse envi 
ronmental impact if not carefully controlled. Another ver 
sion purportedly of ?exible sheeting is disclosed in UK. 
Patent No. 1,476,447, also referencing heat sealing. 

[0014] In a more recent patent application ?led under the 
Patent Cooperation Treaty as Serial No. WO95/11464, pub 
lished Apr. 27, 1995, some passing reference is made to 
using radio frequency or ultrasonic Welding to form cells of 
cube-corner retrore?ective elements on retrore?ective sheet 
ing. HoWever, this reference is merely prophetic and no 
associated disclosure of such Welding processes is provided. 
That application in fact describes the best mode as being 
thermal fusion techniques. Indeed, in practice, it has not 
been heretofore knoWn to use radio frequency or ultrasonic 
Welding techniques to continuously manufacture commer 
cially viable retrore?ective sheeting products. 
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[0015] Accordingly, it is desirable to provide retrore?ec 
tive cube-corner type sheeting using an air gap system. It is 
further desirable to provide such sheeting in Which arrays of 
small cells each enclose plural re?ective elements of a 
substrate ?lm in a hermetically sealed construction Wherein 
only minor contamination of the sheeting edges can occur 
after the sheeting is cut to siZe. 

[0016] Still further, it is desirable to provide such sheeting 
in Which a cover layer is ?rmly bonded to the substrate layer 
such that the cover layer Will not detach from the associated 
substrate layer under adverse conditions encountered, for 
eXample, in highWay signage applications. 

[0017] It is further desirable to provide such sheeting in 
Which the bonding of the substrate and cover layers Will not 
affect the retrore?ectivity of the cube corners as the incident 
angle of the light is increased. Further, it is desirable to 
provide such sheeting in Which the substrate and cover 
layers are bonded Without appreciable destruction of cube 
corner re?ective elements Whereby the number of function 
ing elements in the sheeting is correspondingly maXimiZed. 

[0018] Further, it is desirable to provide such sheeting 
Which is capable of being produced continuously at high 
production rates and Which does not involve potential 
adverse environmental effects in the production process. 

SUMMARY OF THE INVENTION 

[0019] The present invention overcomes the disadvan 
tages of the prior art by providing a retrore?ective sheeting 
comprising a ?lm of thermoplastic material Which is formed 
by knoWn methods to de?ne arrays of minute cube-corner 
re?ective elements on one face thereof. The re?ective ele 
ments are covered With a second thin ?lm and the tWo ?lms 
together pass over a patterned roller at Which point a series 
of ultrasonic Welding heads rapidly bond the ?lms together 
forming small cells of retrore?ective cube corner elements 
in the pattern de?ned by the roller. Because the heat gen 
erated in the ultrasonic Welding process is localiZed to the 
pattern of the roller, cell Walls may be formed having 
reduced thicknesses and heat does not appreciably transfer 
to adjacent re?ective elements, Whereby distortion of adja 
cent elements is minimiZed and a sheeting construction is 
achieved having considerable brilliance and also maXimum 
retrore?ective capability over a Wide angular range of inci 
dent light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The foregoing and other novel features and advan 
tages of the invention Will be better understood upon a 
reading of the folloWing detailed description taken in con 
junction With the accompanying draWings Wherein: 

[0021] FIG. 1 is an enlarged plan vieW of the rear surface 
of a portion of a prior art ?lm substrate for use in retrore 
?ecting sheeting Which has been embossed or otherWise 
formed With cube-corner retrore?ective elements; 

[0022] FIG. 2 is a cross-sectional vieW taken substantially 
along the line 2-2 of FIG. 1; 

[0023] FIG. 3 is a side schematic vieW of an apparatus for 
constructing hermetic cellular retrore?ective sheeting in 
accordance With the principles of the present invention; 
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[0024] FIG. 4 is a side elevational vieW of the Welding 
station of the present apparatus; 

[0025] FIG. 5 is an end vieW thereof; 

[0026] FIG. 6 is a cross-sectional vieW taken substantially 
along the line 6-6 of FIG. 4; 

[0027] FIG. 7 is a schematic end vieW of a patterned roller 
constructed in accordance With the invention shoWing cel 
lular retrore?ective sheeting being formed thereby; 

[0028] FIG. 8 is an enlarged partial cross-sectional vieW 
of a patterned roller for constructing the cellular retrore?ec 
tive sheeting in accordance With the present invention; 

[0029] FIG. 9 is an enlarged cross-sectional vieW of a 
portion of cellular retrore?ective sheeting constructed 
according to the present invention; and 

[0030] FIG. 10 is a graph comparing re?ectivity of the 
prior art silica-backed sheeting to the sheeting of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0031] Referring noW to the draWings, and initially to 
FIGS. 1 and 2, a prior art ?lm 10 of the type used to 
construct cube-corner type retrore?ective sheeting is shoWn 
in enlarged scale. The ?lm 10 has been embossed on one 
side by knoWn methods With a repeating pattern of retrore 
?ecting cube-corner type re?ector elements 12 and may 
advantageously be acrylic having a thickness on the order of 
0.006 inch (0.15 The depth of the cube-corner ele 
ments as indicated by dimension A may, in one example, be 
0.00338 inch (0.08 Corresponding dimension B, 
Which represents the distance betWeen parallel grooves, 
Would be on the order of 0.0072 inch (0.18 mm) for the A 
dimension provided. AWeb of sheeting, bearing a protective 
carrier ?lm from the embossing process, such as disclosed in 
Pricone US. Pat. No. 4,618,518, is then available for further 
processing. In this example, the number of retrore?ective 
elements 12 Will approximate 22,000 per square inch (3,400 
per square cm) of ?lm 10. 

[0032] A machine for constructing the hermetic cellular 
retrore?ective sheeting in accordance With the present 
invention is illustrated in FIG. 3 and designated generally by 
the reference numeral 20. The machine 20 comprises as a 
principal component a patterned roller 22 suitably journaled 
for rotation, the function of Which Will be described in detail 
hereinafter. Positioned above the roller 22 are a plurality of 
sonic Welding heads 24 each having a Welding horn 26 
disposed in close proximity to the surface of the roller 22. 

[0033] A reel 28 of continuous, previously embossed ?lm 
10 (still supported by a carrier ?lm) constructed as hereto 
fore discussed is suitably supported such that ?lm 10 may 
pass over tensioning rollers 32 disposed ahead of the Weld 
ing heads 24. The ?lm 10 may be on the order of forty-eight 
or so inches Wide (122 cm), With the aforesaid number of 
elements 12 approximating 22,000 per square inch (3,400 
per square cm) of ?lm 10 

[0034] A supply reel 34 of similar Width ?at backing ?lm 
36 is also supported such that backing ?lm 36 may pass over 
tensioning rollers 38 ahead of the Welding heads 24. The tWo 
?lms 10 and 36 join together and pass betWeen the Welding 
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horns 26 and the patterned roller 22 Whereupon they are 
sonically Welded together creating ?nished cellular retrore 
?ective sheeting 40. Suitable drive rollers 42 are provided to 
draW the ?nished sheeting 40 at a uniform rate of speed 
through the machine 20. The sheeting 40 may then travel to 
a suitable take-up reel (not shoWn). 

[0035] Details of the Welding station of the machine 20 
can be seen in FIGS. 4-7. As illustrated therein, the Welding 
heads 24 are preferably arranged such that the Welding horns 
26 are staggered across the length of the roller 22 With 
preferably slightly overlapping ends, Whereby uninterrupted 
Welding can occur across the entire Width of the sheeting 40. 
In practice, to produce sheeting 40 having a Width on the 
order of 48 inches, seven Welding heads 24 each With a horn 
26 of about seven and one quarter inches (18 cm) in Width 
may advantageously be used. In such case, the horns 26 may 
be overlapping at their ends by about one-sixteenth inch (1.6 

[0036] Turning noW to FIG. 8, the patterned roller 22 can 
be seen in an enlarged cross-section to include a repeating 
pattern of closed cells 44 de?ned by upstanding Walls 46. 
Preferably, the Walls 46 have a thickness on the order of 
0.010 inch (0.25 mm), as measured at C, and have a height 
of on the order of 0.015 inch (0.38 mm), as measured at D. 
The roller 22 is preferably an eight inch (20 cm) diameter 
steel cylinder in Which the pattern of cells 44 has been 
etched. In one preferred form, the cell 44 pattern is an array 
of mutually adjoining, like-siZe hexagons, each having an 
area of approximately 0.015 square inch (0.1 square cm) and 
measuring approximately 0.15 inch (3.8 mm) across. 

[0037] In FIG. 9, an example of cellular retrore?ective 
sheeting 40 constructed using machine 20 is shoWn in 
enlarged cross-section. As seen therein, the Web of retrore 
?ective ?lm 10 having its cube corner retrore?ective ele 
ments 12 facing doWnWardly is covered by backing ?lm 36 
and Welds 50 formed in the pattern of the roller 22 bond the 
?lms 10 and 36 together to create hermetically sealed cells 
52 of multiple cube retrore?ective elements 12. In practice, 
the Welds 50 Will form a pattern of recesses 54 in the facing 
side of the backing ?lm 36 corresponding to the pattern of 
the roller 22. In the illustrated form of sheeting 40, and in a 
manner Well-knoWn in the art, the retrore?ective ?lm 10 
may be formed at the time of embossing With a layer 56 of 
highly UV stabiliZed acrylic such that the sheeting 40 may 
have increased resistance to deterioration under exposure to 
sunlight. As also knoWn, a layer of suitable adhesive 58 may 
be applied directly to the backing layer 36, covered by a 
release liner 60, such that the sheeting 40 is ready to apply 
to a structure, such as a sign blank, for example. The release 
liner 60 may in practice be a variety of suitable materials 
such as polyethylene, polyester or paper. 

[0038] It can noW be appreciated that the machine 20 of 
the present invention is capable of continuously constructing 
cellular retrore?ective sheeting 40 having enhanced re?ec 
tivity over prior art sheeting constructions. It is not neces 
sary to provide cell Walls in the substrate material. The Walls 
46 of the patterned roller 22 need be no thicker than 0.010 
inch (0.25 mm) in order to obtain an acceptably strong bond 
betWeen the substrate ?lm 10 and backing ?lm 36 With a 
pattern of cells 44 on the order of about 0.015 square inch 
(0.1 square cm), each cell containing approximately 300 
cube-corner re?ective elements 12. Moreover, the ultrasonic 
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Welding action of the Welding horns 26 creates Welds 50 
Which are accurately formed and highly localized approxi 
mately to the thicknesses of the cell Walls 46. Thus, residual 
heat distortion of the retrore?ective elements 12 adjacent the 
Welds 50 is minimized. The result is a cellular hermetic air 
gap sheeting 40 capable of enhanced retrore?ectivity at 
relatively Wide angles of incident light. 

[0039] Also, because the present cellular sheeting 40 does 
not involve the use of chemical bonding processes, envi 
ronmental issues in its manufacture are completely avoided. 
Further, rates of speed in production can be achieved far 
surpassing those of chemical processes. Production rates of 
at least tWenty feet (6 m) per minute can be readily accom 
plished using the present technique. 

[0040] A preferred material for the backing ?lm 36 is a 
highly ?exible acrylic copolymer having a White opaque 
color. This backing ?lm 36 together With the improved air 
gap system of cube-corner type re?ectors provides a sheet 
ing 40 having exceptional brilliance over prior art sheeting. 
For example, in one preferred embodiment, applicant’s 
assignee processes a 48 inch (122 cm) Wide roll of ?lm 10 
at a speed of tWenty feet (6 m) per minute to provide the 
sheeting 40. In this instance, the substrate ?lm is 0.006 inch 
(0.15 mm) thick acrylic having about 22,000 cube-corner 
elements per square inch (3,400 per square cm), as hereto 
fore described. The backing ?lm 36 is an acrylic copolymer 
on the order of 0.002 inch (0.05 mm) thick. The cell Walls 
46 Were 0.15 inch (3.8 mm) Wide and hexagonally shaped. 
The cellular sheeting 40 thus produced compares to the 
aforementioned silica-backed sheeting very favorably. For 
example, FIG. 10 illustrates a re?ectivity comparison 
betWeen the present sheeting 40 and the silica-backed sheet 
ing shoWing that the speci?c intensity per unit area of the 
present sheeting is considerably greater particularly at large 
angles of incident light. In fact, the re?ectivity is greater at 
all incident angles due to the reduced amount of sheeting 
dead area dedicated to formation of cell Walls. In another 
test, Whiteness Was compared as de?ned by CIE chromatic 
ity coordinates, 2 degree observer D65 source 0/45 geom 
etry and yielded the folloWing results: 

Color Values 

Y x y 

Silica-backed 55.54 0.3119 0.3324 
Sonically Welded 48.57 0.3009 0.3287 

[0041] A suitable Welding head 24 for practicing the 
invention is a Model 900 ao machine manufactured by 
Branson Ultrasonics Corporation of Banbury, Conn. having 
a vibration rate of 20,000 times per second and having 
stepped horns 26. Also, as shoWn in FIG. 3, although the 
Welding process does not generate inordinate amounts of 
heat, an air knife 56 may be positioned adjacent the roller 22 
to cool the sheeting 40 after Welding and avoid any adverse 
effects of built-up heat in the Welding horns 26 or roller 22 
Which could transfer to the sheeting 40. Further, the roller 22 
could also be designed to have a ?oW of constant tempera 
ture ?uid through it if further temperature control of the 
Welded sheeting 40 is desired. 
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[0042] An important advantage of the present invention is 
that cube-corner elements having different optical charac 
teristics (de?ned by cube shape, siZe, tilt, etc.) may be used 
to greater advantage, as no alloWance need be provided to 
de?ne cell Walls in the substrate ?lm, the Walls instead being 
de?ned during Welding by the Walls on the roller. 

[0043] While the present invention has been described in 
connection With preferred embodiments thereof, it Will be 
apparent to those skilled in the art that many changes and 
modi?cations may be made Without departing from the true 
spirit and scope of the invention. Accordingly, it is intended 
by the appended claims to cover all such changes and 
modi?cations as come Within the true spirit and scope of the 
invention. 

What is claimed is: 
1. A method of forming ?exible retrore?ective hermeti 

cally sealed cellular sheeting comprising the steps of: 

providing a ?rst thin continuous thermoplastic ?lm hav 
ing a plurality of cube-corner retrore?ective elements 
formed on one face thereof; 

providing a second thin continuous backing ?lm of ther 
moplastic material; 

juxtaposing said ?rst and second ?lms With said second 
?lm covering said retrore?ective elements; 

passing said juxtaposed ?lms over a patterned roller With 
said second backing ?lm in contact With said roller, said 
roller having a continuous array of upstanding closed 
Walls de?ning cells; and 

applying sonic vibration to said juxtaposed ?lms at said 
roller as said juxtaposed ?lms are passed thereover to 
thereby form continuous Welds betWeen said ?lms in 
the pattern of the roller, Whereby said Welds form 
discrete hermetically-sealed cells of multiple retrore 
?ective elements thereon With air gaps betWeen said 
elements and said second ?lm and thereby providing a 
cellular retrore?ective sheeting. 

2. The method of claim 2 Wherein said continuous cell 
Walls are approximately 0.010 inch in thickness. 

3. The method of claim 1 Wherein said vibration is applied 
by a plurality of ultrasonic Welding horns disposed length 
Wise of the longitudinal axis of said roller. 

4. The method of claim 4 Wherein said Welding horns are 
arranged in staggered relation along the length of said roller. 

5. The method of claim 4 Wherein said Welding horns 
overlap to assure continuous Weld. 

6. The method of claim 1 including the step of directing 
air against said Welding sheeting to thereby cool said sheet 
mg. 

7. The method of claim 1 including the step of conducting 
liquid through said roller to thereby control the temperature 
of said roller. 

8. Cellular retrore?ective sheeting comprising: 

a ?rst ?lm of thin transparent thermoplastic material 
having a plurality of cube-corner re?ective elements 
formed on one face thereof; 

a second ?lm of thin thermoplastic material disposed 
adjacent to said one face and covering said re?ective 
elements; and 
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a plurality of continuous Welds formed between said ?lms 
by ultrasonic vibration and bonding said ?lms together, 
said Welds de?ning a continuous array of closed her 
metically-sealed cells each multiple retrore?ective ele 
ments With air gaps betWeen said re?ective elements 
and said second ?lm. 

9. The sheeting of claim 8 Wherein said second ?lm is an 
acrylic copolymer. 

10. The sheeting of claim 8 Wherein said second ?lm is 
White in color. 

11. The sheeting of claim 8 Wherein said Welds have a 
thickness of 0.010 inch or less. 

12. The sheeting of claim 8 Wherein said cells have an 
area of approximately 0.015 square inch. 
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13. The sheeting of claim 8 Wherein said cells are hex 
agonal in shape. 

14. The sheeting of claim 8 Wherein said Welds have a 
thickness of approximately 0.010 inch or less and said cells 
have an area of approximately 0.015 square inch. 

15. The sheeting of claim 14 Wherein each cell has 
approximately 300 cube corner retrore?ective elements 
therein. 

16. The sheeting of claim 14 Wherein said cells are 
hexagonal in shape. 


