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(57) ABSTRACT 

The present invention provides a neW sheeting article that 
may suitably include: a carrier having a ?rst major surface 
and a second major surface; and a plurality of discrete 
segments of a sheeting (e.g., a retrore?ective sheeting), 
Wherein the sheeting has a ?rst major vieWing surface and a 
second major opposing surface, and the ?rst major vieWing 
surface of the sheeting is preferably removably attached to 
the second major surface of the carrier. Preferably, the ?rst 
major surface of the carrier comprises a release surface, the 
second major opposing surface of the sheeting comprises an 
adhesive, the article is provided in the form of a roll, and the 
adhesive surface of the sheeting is adjacent the release 
surface of an adjacent layer of the roll. In a presently 
preferred embodiment the present invention provides novel 
easy-to-use truck conspicuity sheeting. 
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SEGMENTED SHEETING AND METHODS OF 
MAKING AND USING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/606,911, ?led Jun. 26, 2003 Which is 
a divisional of US. patent application Ser. No. 09/740,215, 
?led Dec. 18, 2000, noW allowed and published as 
02-0012761-A1, Which claims priority from Provisional 
Patent Application No. 60/173,953, ?led Dec. 30, 1999. 

FIELD OF THE INVENTION 

[0002] This invention relates to segmented sheeting, 
including segmented retrore?ective-type sheeting suitable 
for use on a Wide variety of substrates, including rigid or 
?exible substrates. 

BACKGROUND 

[0003] Retrore?ective sheeting has long been used to 
improve the night time visibility (or “conspicuity”) of 
articles and vehicles. This sheeting, Which Was ?rst devel 
oped by Minnesota Mining and Manufacturing Company, 
St. Paul, Minn. (“3M”), has greatly improved the night time 
visibility of trucks and has helped prevent countless dan 
gerous accidents. 

[0004] In certain parts of the World this life-saving sheet 
ing is noW mandated by local or national governmental 
bodies. Often the local governmental body Will pass regu 
lations that specify, for example, precisely hoW much of a 
truck length should be delineated With the sheeting, as Well 
as other requirements. For example, in the United States a 
regulation speci?es sheeting shape, mounting requirements 
and even provides a spacing alloWance betWeen retrore?ec 
tive segments. Other jurisdictions have different regulations. 
Unfortunately, hoWever, the applier may not correctly apply 
the sheeting, for example by miscalculating the spacing 
requirements for their particular jurisdiction. In such cases 
the delineation Will have to be corrected, often at consider 
able cost. generally more common and less costly “rigid 
type” of retrore?ective sheeting could be used. Unfortu 
nately, hoWever, the ?exible nature of the canvas siding does 
not Work Well With the more rigid-types of sheeting and the 
user is left to use a more costly “?exible-type” of sheeting. 

[0005] From the foregoing, it Will be appreciated that What 
is needed in the art is improved sheeting for article and 
vehicle conspicuity programs. Such sheeting and methods 
for preparing and using the same are disclosed and claimed 
herein. 

SUMMARY 

[0006] In one embodiment, the present invention provides 
a neW sheeting article that comprises a carrier having a ?rst 
major surface and a second major surface; and a plurality of 
discrete segments of a sheeting (e.g., a retrore?ective sheet 
ing), Wherein the sheeting has a ?rst major vieWing surface 
and a second major opposing surface, and the ?rst major 
vieWing surface of the sheeting is attached, preferably 
“removably” attached, to the second major surface of the 
carrier. 
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[0007] In another embodiment, the present invention pro 
vides a neW sheeting article that comprises a carrier having 
a ?rst major surface and a second major surface; a plurality 
of discrete segments of a ?rst retrore?ective sheeting; and a 
plurality of discrete segments of a second retrore?ective 
sheeting, Wherein the sheeting has a ?rst major vieWing 
surface and a second major opposing surface, and the ?rst 
major vieWing surface of the sheeting is attached to the 
second major surface of the carrier. In a preferred embodi 
ment, the ?rst retrore?ective sheeting segments are spaced 
along a major length of the article and at least a portion of 
the second retrore?ective sheeting segments are interspersed 
therebetWeen. 

[0008] In yet another embodiment, the present invention 
provides a neW sheeting article that comprises a carrier 
having a ?rst major surface and a second major adhesive 
surface; and a plurality of discrete segments of sheeting 
(e.g., a retrore?ective sheeting), Wherein the sheeting has a 
?rst major vieWing surface, a second major opposing sur 
face, and a periphery, the ?rst major vieWing surface of the 
sheeting is attached to the second major adhesive surface of 
the carrier, and the carrier extends beyond the periphery of 
the discrete segments of retrore?ective sheeting. 

[0009] In a presently preferred embodiment the present 
invention provides novel, easy-to-use truck conspicuity 
sheeting. 
[0010] The present invention also provides novel methods 
of making and using the above articles. 

[0011] One such preferred method includes the steps of 
providing an elongate strip of a carrier having a ?rst major 
surface and a second major surface; providing an elongate 
strip of a retrore?ective sheeting, Wherein the sheeting has 
a ?rst major vieWing surface and a second major opposing 
surface (preferably an adhesive surface); cutting the elon 
gate strip of retrore?ective sheeting into smaller discrete 
segments; and attaching, preferably “removably” attaching, 
the ?rst major vieWing surface of the sheeting to the second 
major surface of the carrier. 

[0012] Another method includes the steps of providing an 
elongate strip of a retrore?ective sheeting on a release liner, 
Wherein the sheeting has a ?rst major vieWing surface and a 
second major opposing adhesive surface protected by the 
liner; cutting the elongate strip of retrore?ective sheeting 
into smaller discrete segments on the liner; stretching the 
liner in at least one direction to separate segments; and 
attaching, preferably “removably” attaching, the ?rst major 
vieWing surface of the sheeting to a second major surface of 
an elongate strip of a carrier having a ?rst major surface and 
a second major surface. 

[0013] Another method includes the steps of providing an 
elongate strip of a retrore?ective sheeting on a release liner, 
Wherein the sheeting has a ?rst major vieWing surface and a 
second major opposing adhesive surface protected by the 
liner; cutting the elongate strip of retrore?ective sheeting 
into smaller discrete segments on the liner; removing 
selected portions of the sheeting to separate the remaining 
segments; and attaching the ?rst major vieWing surface of 
the sheeting to the second major surface of an elongate strip 
of a carrier having a ?rst major surface and a second major 
surface. 

[0014] One method of using the above articles includes the 
steps of providing an elongate strip of a conspicuity article 
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having a carrier With a ?rst major surface and a second 
major surface and (ii) a plurality of discrete segments of a 
retrore?ective sheeting having a ?rst major vieWing surface 
and a second major opposing adhesive surface protected by 
a release surface, Wherein the ?rst major vieWing surface of 
the sheeting is attached, preferably “removably” attached, to 
the second major surface of the carrier; exposing the second 
major opposing adhesive surface of the sheeting; and apply 
ing the adhesive surface of the sheeting to a surface of a 
vehicle to thereby adhere the sheeting to the vehicle. In a 
preferred embodiment the method includes an additional 
step of removing the carrier from the applied article to 
thereby expose the ?rst major vieWing surface of the sheet 
1ng 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The present invention Will be further explained 
With reference to the appended Figures, Wherein like struc 
ture is referred to by like numerals throughout the several 
vieWs. 

[0016] FIG. 1a shoWs a top vieW of one embodiment of 
the segmented sheeting of the present invention; FIG. 1b is 
a cross-sectional vieW of the segmented sheeting of FIG. 1a, 
taken along line 1b-1b. 

[0017] FIGS. 2a and 2b shoW alternative cross-sectional 
vieWs of the segmented sheeting of the present invention and 
further illustrate alternative liners for use thereWith. 

[0018] FIGS. 3a-3g shoW top vieWs of alternative seg 
mented sheeting of the present invention, Wherein the sheet 
ing portion comprises an exemplary variety of shapes, 
patterns and/or spacing therebetWeen. 

[0019] FIG. 4 shoWs a top vieW of an alternative embodi 
ment of the segmented sheeting of the present invention 
having tWo carrier strips rather than a single carrier. 

[0020] FIG. 5a shoWs a top vieW of another embodiment 
of the segmented sheeting of the present invention Wherein 
the carrier is segmented; FIG. 5b is a cross-sectional vieW 
of the segmented sheeting of FIG. 5a, taken along line 
5b-5b. 

[0021] FIG. 6 shoWs a top vieW of another embodiment of 
the segmented sheeting of the present invention Wherein the 
sheeting portion is further segmented along the lengthWise 
axis. 

[0022] FIG. 7a shoWs a top vieW of another embodiment 
of the segmented sheeting of the present invention Wherein 
the carrier extends beyond the edges of the sheeting seg 
ments; 

[0023] FIG. 7b is a cross-sectional vieW of the segmented 
sheeting of FIG. 7a, taken along line 7b-7b. 

[0024] FIGS. 8a-8g schematically illustrate alternative 
manufacturing processes of the present invention. 

[0025] FIG. 9 is a graph illustrating correlation betWeen 
predictive data and measured data for segmented sheeting in 
a Wrinkle failure mode. 

[0026] FIGS. 10-13 are diagrammatic vieWs illustrating 
various failure modes. 

[0027] These ?gures, Which are idealiZed, are not to scale 
and are intended to be merely illustrative and non-limiting. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0028] The present invention provides retrore?ective 
sheeting articles (and methods of making and using such 
articles) that solve one or more of the unmet needs noted 
above. 

[0029] In one embodiment, the present invention relates to 
retrore?ective truck conspicuity sheeting having a carrier. 
The carrier preferably facilitates the placement and/or ori 
entation of retrore?ective segments on a substrate. For 
example, the articles of the present invention may be easily 
adapted for use on ?exible substrates such as canvas truck 
sides. As used herein, retrore?ectivity includes any article 
that provides a re?ected beam back toWard the source for 
angles of incidence that are not normal to a vieWing surface 
of the article. Thus, a retrore?ective article can be any 
suitable type of article including, for example, prismatic, 
encapsulated beads, embedded beads, and enclosed type 
retrore?ective articles. 

[0030] FIG. 1a shoWs a top vieW of one embodiment of a 
segmented sheeting article 10 of the present invention. FIG. 
1b is a cross-sectional vieW of the segmented sheeting of 
FIG. 1a, taken along line 1b-1b. As shoWn, segmented 
sheeting article 10 includes a carrier 14 having a ?rst major 
surface 16 and a second major surface 18. Sheeting article 
10 further includes a plurality of sheeting segments, typi 
cally retrore?ective sheeting segments 12 (12a, 12b, 12c) or 
“pieces” attached to the carrier. Sheeting segments 12 (12a, 
12b, 12c) typically comprise a sheeting vieWing surface 20 
(typically a retrore?ective backing) and an adhesive layer 
22. Sheeting segments 12 are discrete and may optionally be 
separated from adjacent segments by a gap 13. Segments 
12a, 12b, 12c, etc. may be the same or different. For 
example, 12a and 12c could be of a ?rst type and 12b of a 
second type of sheeting. This construction may be used to 
provide an article With, for example, alternating red and 
White colors. 

[0031] In one embodiment, ?rst major surface 16 com 
prises an optional release coating. Suitable such release 
coatings include loW adhesion backsiZe (LABs) such as are 
common in the pressure sensitive adhesive tape industry. 
When the carrier 14 comprises an optional release surface or 
coating, the sheeting article 10 may be conveniently pro 
vided in the form of a pad or roll and adhesive layer 22 
placed in contact With the optional release surface or coating 
of an adjacent carrier, e.g., When adjacent layers of a roll are 
placed in contact. 

[0032] FIGS. 2a and 2b shoW alternative cross-sectional 
vieWs of the segmented sheeting of the present invention and 
further illustrate alternative liners for use thereWith. In FIG. 
2a, segmented sheeting 30 is provided With a separate 
“continuous” release liner 24a. The function of the release 
liner is to protect the adhesive layer 22 prior to its use against 
a substrate. In use, release liner 24a Would be removed (e. g., 
peeled off) to expose adhesive 22 prior to application of the 
article to a substrate. In FIG. 2b, segmented sheeting 32 is 
provided With a separate “segmented” release liner 24b. As 
described above, the liner pieces Would be removed prior to 
application of the article to a substrate. 

[0033] FIGS. 3a-3g shoW top vieWs of alternative seg 
mented sheeting of the present invention, Wherein the sheet 
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ing portion comprises an exemplary variety of shapes, 
patterns and/or spacing therebetWeen. 

[0034] The article of FIG. 3a is similar to that shown in 
FIG. 1a, hoWever, the gap 13 betWeen adjacent segments 12 
is smaller. It is Within the scope of the present invention to 
have no gap betWeen adjacent segments. HoWever, for use 
on ?exible substrates, e.g., canvas truck sides, the presence 
of a gap is preferred. Such gaps alloW greater ?exibility in 
the resultant truck side, particularly When the sheeting is of 
a more rigid-type of sheeting. As Will be illustrated in greater 
detail later, some of the embodiments that employ gaps are 
utiliZed Without generating Waste, knoWn as material Weed. 

[0035] The article of FIG. 3b illustrates segments 12 
having “diamond” shapes. One method of producing such 
shapes is to cut square or rectangular shapes from a strip 
(thereby not Wasting any sheeting) and rotate the segments 
45 degrees When attaching them to the carrier. 

[0036] The article of FIG. 3c illustrates segments 12 
having “circular” shapes. 

[0037] The article of FIG. 3a' illustrates segments 12 
having “irregular” shapes such as might constitute a logo or 
message. 

[0038] The article of FIG. 36 illustrates an article 346 
having a large number of small segments 12 having “rect 
angular” shapes. One method of producing such an article is 
to (1) “kiss” cut (a “kiss” cut is a partial cut that does not 
extend through all layers) a retrore?ective strip on a stretch 
able liner into a pattern of small rectangles, (2) stretch the 
strip (either lengthWise or WidthWise or both) to separate the 
segments, and then (3) attach the separated segments to a 
carrier. This method can be utiliZed With any other “pack 
able” pattern, i.e., any other pattern than packs together and 
can be cut from a sheet With minimal or no Waste. 

[0039] FIG. 3f illustrates an article 34f having a plurality 
of discrete segments 12 Which combined reveal a message or 
graphic. 
[0040] The article of FIG. 3g illustrates segments 12 
having “chevron” shapes. 

[0041] FIG. 4 shoWs a top vieW of an alternative embodi 
ment of a segmented sheeting article 36 of the present 
invention. As shoWn, segmented sheeting article 36 includes 
tWo carriers 14 (14a, 14b) along each edge of the article. 
Sheeting article 36 further includes a plurality of sheeting 
segments 12 or “pieces” (typically retrore?ective sheeting 
segments) attached to the carriers. 

[0042] FIG. 5a shoWs a top vieW of another embodiment 
of a segmented sheeting article 37 of the present invention. 
FIG. 5b is a cross-sectional vieW of the segmented sheeting 
of FIG. 5a, taken along line 5b-5b. As shoWn, segmented 
sheeting article 37 includes a plurality of segmented carrier 
pieces 14. Sheeting article 37 further includes a plurality of 
sheeting segments 12 (typically retrore?ective sheeting seg 
ments) attached to the carrier. If desired, the carrier may be 
permanently attached to the sheeting segments, e.g., by use 
of a permanent adhesive, bonding, sonic Welding, riveting, 
seWing, or other methods. The carrier pieces in such cases 
remain attached to the article after it has been applied to a 
substrate and are not subsequently removed. Sheeting seg 
ments 12 typically comprise a retrore?ective surface 20 and 
an adhesive layer 22. Sheeting segments 12 are discrete and 
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may optionally and preferably be separated from adjacent 
segments by a gap 13. If desired, an optional release liner 
24a (or a segmented release liner, not shoWn) may be used. 

[0043] FIG. 6 shoWs a top vieW of another embodiment of 
the segmented sheeting 38 of the present invention, Wherein 
the sheeting portion 12 is further segmented into three 
smaller pieces (12a, 12b, and 12c). The embodiments shoWn 
in FIG. 6 illustrate an article Where separations exist 
betWeen adjacent segments 12, hoWever, it is Within the 
scope of this invention that smaller gaps or no gaps be 
present therebetWeen. Also, it is Within the scope of this 
invention that gaps exist betWeen pieces 12a, 12b and/or 
12c. 

[0044] One feature of the sheeting of FIG. 6 is that 
increased ?exibility can be achieved by providing cut lines 
11. In most preferred embodiments of the present invention, 
the cut lines 11 do not substantially adversely affect the 
performance properties of the sheeting. For example, When 
segment 12 comprises a sealed prismatic or beaded retrore 
?ective sheeting, it may be preferable to seal the edges of the 
segment pieces to avoid subsequent loss of performance of 
the sheeting. Such edge sealing may not be necessary in the 
case of retrore?ective sheeting that utiliZes a re?ective 
coating layer rather than an air interface. 

[0045] FIG. 7a shoWs a top vieW of another embodiment 
of the segmented sheeting 39 of the present invention 
Wherein the carrier 15 extends beyond the edges of the 
sheeting portion. FIG. 7b is a cross-sectional vieW of the 
segmented sheeting of FIG. 7a, taken along line 7b-7b. In 
this embodiment, carrier 15 is shoWn having a backing layer 
17 and an adhesive layer 19. The extension of carrier 15 
beyond the edges of the sheeting portion 12 alloWs the 
carrier to be used, if desired, to secure the article to a 
substrate or to seal the sheeting from the surrounding 
environment. Consequently, in this embodiment there is no 
requirement that portion 12 comprise its oWn adhesive layer, 
though such a layer may be utiliZed if desired. 

[0046] FIG. 8a schematically illustrates one manufactur 
ing process 40 of the present invention. In this process a roll 
42 of sheeting 44 (typically retrore?ective sheeting) (shoWn 
on an optional release liner) is unWound and passed through 
a cutting apparatus 48 to form a segment 50 of sheeting. The 
segment 50 is then positioned against a carrier 52 and 
attached thereto. In preferred embodiments of this process, 
the carrier comprises an adhesive surface 56 that secures the 
segment thereto. In preferred embodiments the segments 
(50, 50b, 50c, etc.) are positioned along the carrier With gaps 
58 therebetWeen. In most preferred embodiments, the carrier 
52 With attached segments 50 is then Wound up to form a roll 
60 of segmented sheeting. If desired, an optional liner (not 
shoWn) may be used to cover and protect the optional 
adhesive surface of the segment. Alternatively, the carrier 52 
may comprise a release surface 54 and itself function as a 
liner. 

[0047] FIG. 8b schematically illustrates another manufac 
turing process 70 of the present invention. For simplicity, 
illustration of removal of the release liners is omitted in 
FIG. 8b, hoWever such steps are indeed performed. In this 
process a ?rst roll 72a of sheeting 74a (typically retrore 
?ective sheeting) is unWound and passed through a cutting 
apparatus 78a to form a segment of sheeting 80a. The 
segment 80a is then positioned against a carrier 82 and 
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attached thereto. A second roll 72b of sheeting 74b is 
unwound and passed through a second cutting apparatus 78b 
to form a segment of sheeting 80b. The segment 80b is then 
positioned against a carrier 82 and attached thereto, typically 
betWeen segments of the ?rst sheeting 74a. In preferred 
embodiments the segments are positioned along the carrier 
With gaps therebetWeen. The tWo sheetings (74a, 74b) may 
be the same or different. In one embodiment the tWo 
sheetings have different retrore?ective properties (e.g., dif 
ferent optical properties) or different colors and the tWo 
sheetings are alternated along the carrier. In most preferred 
embodiments the carrier 82 With attached segments 80a and 
80b is then Wound up to form a roll 90 of segmented 
sheeting. If desired, an optional liner (not shoWn) may be 
used to cover and protect the optional adhesive surface of the 
segment. Alternatively, the carrier 82 may comprise a 
release surface 84 and itself function as a liner. 

[0048] FIG. 8c schematically illustrates another manufac 
turing process 90 of the present invention. In this embodi 
ment sheeting 91 is provided in the form of a plurality of cut 
and sealed retrore?ective segments With adhesive and an 
adhesive carrier. Sheeting 91 is provided to drive rolls 92a 
and 92b, Which draW sheeting 91 therethrough. At point 94, 
the adhesive carrier is stripped from sheeting 91 and spooled 
upon roll 96. Then, an adhesive liner 98 With release surface 
100 is brought into contact With sheeting 91 at rollers 102a 
and 102b. An elongate carrier 104, having adhesive surface 
106, is brought into contact With sheeting 91 at rollers 102a 
and 102b. The resulting product 108 includes an elongate 
carrier, a plurality of sheeting segments and an adhesive 
liner. As Will be appreciated by those skilled in the art, the 
relative spacing betWeen the various segments can be accu 
rately controlled by varying the rotational speed of rollers 
102a and 102b With respect to rollers 92a and 92b. 

[0049] FIG. 8a' schematically illustrates another manufac 
turing process 110 of the present invention. This embodi 
ment is similar to that illustrated in FIG. 8c and like 
elements are numbered similarly. Sheeting 91 is provided in 
the form of a plurality of cut and sealed retrore?ective 
segments disposed upon adhesive and an adhesive carrier. 
Sheeting 91 is provided to drive rolls 92a and 92b, Which 
draW sheeting 91 therethrough. At point 94, the adhesive 
carrier is stripped from sheeting 91 and spooled upon roll 96. 
Individual sheeting segments are then provided to one of a 
plurality of lines 111, 113 based upon selective operation of 
actuator 112. Although a pair of lines 111, 113 are illustrated, 
those skilled in the art Will appreciate that any suitable 
number of lines may be used. In each line, an adhesive liner 
98a, 98b With release surface 100a, 100b is brought into 
contact With sheeting 91 at rollers 102a, 102b and 114a, 
114b. Elongate carrier 104a, 104b, having adhesive surface 
106a, 106b is brought into contact With sheeting 91. The 
resulting products 108a and 108b include an elongate car 
rier, a plurality of sheeting segments and an adhesive liner. 
This embodiment provides a pair of ?nished product rolls 
from the same stock of segmented sheeting, Which ?nished 
rolls may have the same spacing betWeen adjacent segments, 
or different spacing depending upon the relative speeds of 
rollers 102a, 102b, 114a, and 114b. 

[0050] FIG. 86 schematically illustrates another manufac 
turing process 120 of the present invention. In this embodi 
ment sheeting segments 122 are provided to rollers 124a and 
124b along With carrier 126 (With adhesive surface 127) and 
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adhesive liner 128 (With release surface 129). The various 
components are pinched together by rollers 124a and 124b 
to form intermediate product 130. At rollers 132a and 132b, 
a number of discontinuities are generated in the elongate 
carrier 126. Such discontinuities may take any suitable 
shape, but are preferably slots. One method of generating 
slots in carrier 126 includes using a roller 132b that includes 
a number of cutters 136. This is preferable because the 
function of a roller opposing roller 132a and the function of 
cutting slots are combined. HoWever, those skilled in the art 
Will appreciate that the various functions can separated as 
desired. FIG. 8g is a perspective vieW of the preferred roller 
132b illustrating cutters 136. FIG. 8f is a top vieW of 
?nished product 138 illustrating discontinuities 140 eXtend 
ing across the Width of product 138 betWeen segments 122. 

[0051] Suitable and preferred materials and methods of 
assembly and use of the articles of the present invention are 
as folloWs. 

[0052] Suitable articles of the present invention comprise 
a carrier having a ?rst major surface and a second major 
surface. Preferred carriers are generally elongated strips. 
More preferred carriers for use in the present invention are 
typically provided in the form of a roll. 

[0053] Suitable carriers include ?lm and sheet backing 
materials. A particularly preferred carrier includes a poly 
meric ?lm backing material. For eXample, suitable carriers 
include those polymeric backing ?lms that have the strength 
to support the attached sheeting segments during the manu 
facturing process and/or during subsequent application of 
the article to a substrate. For certain embodiments (e.g., 
Where the carrier is designed to be removed after application 
of the sheeting to a substrate), the carrier preferably has a 
suf?cient tensile strength to permit the carrier to be easily 
peeled aWay from the attached sheeting. Alternatively, the 
carrier may be made of a suitable material that may be 
removed from the sheeting (e.g., after application of the 
sheeting to a substrate) by dissolving the carrier aWay. 

[0054] In more preferred embodiments, the carrier has an 
adhesive surface, e.g., for attaching the sheeting segments to 
the carrier. Typically this adhesive Will be a pressure sensi 
tive adhesive (“PSA”), hoWever, other suitable types of 
adhesives (e.g., non-tacky adhesives such as are disclosed in 
US. Pat. Nos. 6,004,670; 5,912,059; 5,908,695; and 5,888, 
335) may be used if desired. 

[0055] Suitable PSAs include those that provide the req 
uisite adhesion to the sheeting segments. Preferably the PSA 
provides suitable adhesive strength to support the sheeting 
segments during the manufacturing process and/or during 
the application of the sheeting segments to a substrate. 
Suitable PSAs include those described, for eXample, in US. 
Pat. Nos. 5,861,211; 5,905,099; 5,820,988; 5,804,610; 
5,639,530; 5,584,962; 5,580,417; 5,453,320; 5,391,015; 
5,334,686; 4,985,488; 4,946,742; and 4,248,748. In cases 
Where the carrier is designed to remain attached to the 
applied article, the PSApreferably is selected With long term 
durability in mind. In cases Where the carrier is intended to 
be removed (e.g., peeled off) after the article is applied to the 
substrate the choice of adhesive or the amount of adhesive 
used (e. g., coating Weight, coating pattern or coating teXture) 
should preferably be adjusted so that the carrier can be easily 
peeled off. In other Words, preferably the force of adhesion 
to the sheeting segment and/or to the substrate is not such 
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that the removal of the carrier causes either the sheeting 
segments to release from the substrate or makes removal of 
the carrier from the substrate too dif?cult. 

[0056] Other suitable PSAs, e.g., for use When producing 
an article having a removable carrier, include Water dispers 
ible PSAs such as are described in US. Pat. Nos. 3,865,770; 

4,413,080; 4,569,960; 5,125,995; 5,270,111; 5,380,779; 
5,397,614 and 5,460,880. This type of adhesive is particu 
larly suited for use With Water dissolving carrier backings, as 
previously described. In cases Where both the carrier back 
ing and adhesive layer are dissolvable, e.g., With Water, the 
carrier can be simply Washed off from the substrate Without 
the need to peel the carrier off. 

[0057] It is Within the scope of the present invention to use 
alternative attachment means. Suitable other means include 
“non-tacky adhesive systems” (such as are disclosed in the 
aforementioned patents), and/or the direct lamination to 
suitable polymer surfaces. With proper selection of the 
non-tacky adhesive system or lamination method the carrier 
to sheeting adhesion force may be suitably adjusted. 

[0058] It is also Within the scope of the present invention 
to use alternative “permanent” attachment means. Suitable 
“permanent” types of attachment include sonic Welding 
methods, lamination methods (e.g., heat lamination), etc. 
For example, the carrier may be sonically Welded to the 
sheeting using lines, spots, etc. It is recogniZed that the 
“permanence” of the attachment, hoWever, may be varied, 
for example, by varying the number or siZe of the Welds. 

[0059] Suitable carriers, in addition to positioning and 
supporting a plurality of sheeting segments, are preferably 
also someWhat extensible. As has been previously described, 
the articles of the present invention typically comprise a 
carrier and a plurality of sheeting segments attached thereto. 
In some cases the sheeting segments may not themselves be 
very extensible. Segmented articles having loW extensible 
sheeting segments may be effectively extensible primarily or 
only at the gaps betWeen the segments. Consequently, pre 
ferred carriers are extensible and alloW the article to be 
positioned along an irregular surface, e.g., bent around 
obstacles, bent around curves and/or corners, stretched over 
rivets, stretched over pre-existing fold lines in a ?exible 
substrate, etc. Most preferably the carrier maintains its 
original shape (e.g., a straight lengthWise shape) during 
application of the article along a straight substrate, yet can 
be extensibly stretched by the applier When desired, e.g., to 
go around a Wheel-Well of a vehicle. In some embodiments, 
hoWever, very extensible carriers are used, such as that of 
Example 1, Run 9 set forth beloW, Where the degree of 
carrier extensibility facilitates “steering” or otherWise 
directing application of the retrore?ective segments in non 
linear applications. For example, if the segments are to be 
applied in an “S” pattern, the extensible carrier can be 
stretched and turned during application in order to generate 
the appropriate curves for the pattern. 

[0060] In alternative embodiments, e.g., Where the carrier 
is designed to remain attached to the article, the carrier is 
preferably constructed using suitable ultraviolet (“UV”) 
light absorbers and/or other adjuvants. Preferred adjuvants 
help provide long-term durability to the carrier and/or under 
lying article. The carrier may also provide one or more 
feature to the article such as scratch resistance, deW resis 
tance, mold and organism resistance, dirt resistance, graf?ti 
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resistance, etc. For example, the carrier may be constructed 
using Scotchlite Premium Protective Overlay Film, Which 
comprises an ethylene tetra?uoroethylene ?lm With an acry 
late adhesive layer and Which provides several of the above 
mentioned features. Carriers such as Prespace Tape sold by 
3M under the trade designation SCPS-2, and Premask Tape 
sold by 3M under the trade designation SCPM-3 can also be 
used. 

[0061] In more preferred embodiments, the carrier has a 
release surface. The release surface facilitates the unWinding 
of the carrier When it is provided in the form of a roll and/or 
facilitates the unWinding of the article (Without unintended 
detachment of sheeting segments) When the article is in the 
form of a roll. 

[0062] Suitable release surfaces include loW adhesion 
backsiZe (“LAB”) coatings such as are knoWn in the adhe 
sive tape arts. Suitable LABs include typical silicone release 
coating materials such as are used on the liner component 
provided With a graphic article commercially available from 
3M under the trade designation “3M Scotchlite Premium 
Protective Overlay Film Series 1160.” Suitable LABs are 
also disclosed in US. Pat. Nos. 5,817,376; 5,962,546; 
5,858,545. 
[0063] Suitable articles of the present invention comprise 
a plurality of discrete segments of a sheeting, e.g., retrore 
?ective, re?ective or non-re?ective sheeting. Suitable such 
sheeting has a ?rst major vieWing surface and a second 
major opposing surface. In preferred embodiments the ?rst 
major vieWing surface of the sheeting is removably attached 
to the second major surface of the carrier. 

[0064] Suitable retrore?ective sheeting includes “beaded 
type” retrore?ective sheeting (e.g., exposed lens, enclosed 
lens, and encapsulated lens sheeting) and “prismatic-type” 
or “cube-corner-type” sheeting (e.g., encapsulated pris 
matic-type and metaliZed prismatic sheeting). Suitable types 
of retrore?ective sheeting are described in ASTM D 4956-94 
entitled “Standard Speci?cation for Retrore?ective Sheeting 
for Traf?c Control”. Brightness or retrore?ectivity of the 
sheeting may be expressed as the Coef?cient of Retrore?ec 
tion, Ra. This is measured in units of candelas/lux/square 
meter and is determined using ASTM E 810-94. 

[0065] The retrore?ective sheeting may be a ?exible-type 
sheeting or a more rigid-type sheeting. An advantage of the 
articles of the present invention is that rigid-types of sheet 
ing or less extensible types of sheeting can be used, even on 
?exible substrates such as are found on canvas-sided trucks. 

[0066] Illustrative examples of exposed lens retrore?ec 
tive sheeting are disclosed in US. Pat. Nos. 2,326,634; 
2,354,018; 2,354,048; 2,354,049; 2,379,702; and 2,379,741. 
Illustrative examples of enclosed lens retrore?ective sheet 
ing are disclosed in US. Pat. Nos. 2,407,680; 3,551,025; 
3,795,435; 4,530,859; 4,588,258; 4,664,966; 4,775,219; 
4,950,525; 5,064,272; and 5,882,771. Illustrative examples 
of encapsulated lens retrore?ective sheeting are disclosed in 
US. Pat. Nos. 3,190,178; 4,025,159; 4,663,213; 5,069,964; 
5,605,761; 5,714,223; 5,812,316; and 5,784,198. Illustrative 
examples of encapsulated prismatic-type retrore?ective 
sheeting are disclosed in US. Pat. Nos. 5,138,488; 5,450, 
235; 5,614,286; 5,706,132; 5,714,223; and 5,754,338. Illus 
trative examples of other prismatic-type retrore?ective 
sheeting are disclosed in US. Pat. Nos. 5,914,812; 5,491, 
586; 5,642,222; 5,376,431. 
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[0067] When encapsulated-type sheeting is used it is pre 
ferred that the segments be formed in such a Way that the 
edges of the segments are sealed to prevent moisture and/or 
dirt contamination. This can be done in a variety of Ways as 
is Well appreciated in the art. For example, When such 
sheeting is manufactured a seal-line can be provided in the 
sheeting and the segments may be cut from the sheeting by 
cutting through the seal-lines. Also, the sheeting can be cut 
and the edges sealed in a later step by, for example, using a 
sealing material along the unsealed edges. Also alternatively, 
in certain embodiments of the present invention, the carrier 
itself may extend beyond the edge of the sheeting and be 
used to form sealed pockets (i.e., the carrier and the substrate 
together form a pocket), With the sheeting being contained 
therein. 

[0068] Preferred sheeting for use in the present invention 
comprises an adhesive surface. The choice of adhesive is 
dictated by many factors, for example, the type of substrate 
to Which the sheeting is to be adhered. In preferred embodi 
ments the adhesive Will be a PSA. Most preferably the 
adhesive provides durability for the intended life of the 
sheeting article. In addition to the adhesives disclosed in the 
aforementioned patents, some representative patents related 
to PSAs include: US. Pat. Nos. 5,861,211; 5,905,099; 
5,820,988; 5,804,610; 5,639,530; 5,584,962; 5,580,417; 
5,453,320; 5,391,015; 5,334,686; 4,985,488; 4,946,742; and 
4,248,748. 

[0069] Suitable retrore?ective sheeting can be provided in 
a variety of colors, shapes, and/or have a variety of optical 
properties. In certain preferred embodiments of the present 
invention sheeting segments of more than one color or more 
than one optical property may be employed. For example, a 
carrier might comprise a plurality of “red” retrore?ective 
sheeting segments spaced there along and With large gaps 
betWeen the red sheeting segments. The large gaps, or 
portions of the large gaps, can then be ?lled With a different 
(e. g., a “White”) retrore?ective sheeting. The resultant article 
Will comprise, for example, alternating red and White sheet 
ing. Alternatively, segments having more than one retrore 
?ective optical property (e.g., narroWer or broader entrance 
and/or observation angularity) may be used along a carrier. 
For example, alternating segments that exhibit a particular 
preferred entrance angularity direction or plane (e.g., left, 
right, up, doWn, horiZontal, vertical) and ?uorescent prop 
erties may be positioned along the carrier to create a 
conspicuity article. 

[0070] In preferred embodiments of the present invention 
the selection of adhesives and release surfaces are chosen to 
facilitate manufacture, handling and/or use of the article. For 
example, in certain embodiments the sheeting segments are 
designed to be removably attached to the carrier. In these 
embodiments the term “removably attached” means that the 
carrier is designed to be temporarily attached to the sheeting. 
For example, the sheeting segments are preferably Well 
enough attached to the carrier that they remain attached 
during manufacture and handling of the article. HoWever, in 
these embodiments the carrier is preferably designed to be 
peeled off of the sheeting Without damaging the sheeting or 
causing the sheeting segments to be prematurely removed 
from the substrate to Which they are applied. Also in this 
embodiment, preferably the carrier is designed to easily be 
peeled off of the substrate to Which the article is applied. In 
more preferred embodiments (e.g., Where the carrier and the 
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sheeting each comprise a PSA and the carrier comprises a 
release surface), the PSAs are chosen such that the carrier 
and sheeting can be peeled off of the underlying layers of the 
roll Without causing sheeting segments to separate from the 
adhesive surface of the carrier, and When the sheeting and 
carrier are applied to a substrate the adhesion of the sheeting 
to the substrate is high enough that the carrier can be peeled 
aWay from the sheeting Without causing segments of the 
sheeting to separate from the substrate. 

[0071] It is contemplated that this effect can be achieved 
in a variety of Ways. For example, the selection and use of 
suitable loW adhesion coatings (e. g., on the carrier or release 
liner or optionally on the vieWing surface of the sheeting) 
can help adjust the adhesion properties. Also, the choice of 
adhesive, coating Weight of the adhesive, or texture of the 
adhesive can be chosen to accomplish this end. 

[0072] It is contemplated that articles of the present inven 
tion may be provided in a variety of forms. For example, for 
truck conspicuity purposes the articles conveniently may be 
provided as long strips Which may be fan folded, stacked 
(e.g., in a pad), in roll form or packaged in some other 
manner. A preferred form is as a roll. 

[0073] Suitable articles may include liners to protect the 
surfaces of the article. For example, a release liner may be 
used to protect an adhesive surface (e.g., a tacky adhesive 
surface) prior to its application against a substrate. Alterna 
tively, the article itself may comprise a suitable release 
surface (e.g., on the carrier) such that When the article is 
provided in a pad or roll form the adhesive surfaces can be 
protected. This embodiment has a couple of advantages. 
First, it avoids the need for a separate liner, thus saving cost. 
Second, the user doesn’t have to handle a separate liner or 
provide for its disposal. 

[0074] The features of the present invention are useful in 
the manufacture or use of a variety of articles. One such 
preferred article is a vehicle conspicuity article (e.g., an 
article for use on a car, truck, boat, railroad car, plane, trailer, 
ground handling equipment, farm equipment, bicycle, 
motorcycle, etc.). Other uses include barrel Wrap conspicu 
ity articles (e.g., for use on barrels), traf?c cone and tube 
conspicuity articles, barrier conspicuity articles (such as for 
use of roadWays), ?exible signage, helmets (e.g., bicycle 
helmets), backpacks, and apparel (e.g., safety vests and 
jackets). 
[0075] For use as a vehicle conspicuity article the article 
is preferably provided in a form acceptable to the respective 
governing body. One regulation of particular note is the 
United Nations “Agreement Concerning The Adoption Of 
Uniform Technical Prescriptions For Wheeled Vehicles, 
Equipment And Parts Which Can Be Fitted And/ Or Used On 
Wheeled Vehicles And The Conditions For Reciprocal Rec 
ognition Of Approvals Granted On The Basis Of These 
Prescriptions (Rev. 2/Add. 103; E/ECE/324; E/ECE/Trans/ 
505)”. This document provides, among other things, for 
various speci?cations for conspicuity sheeting. Preferred 
sheeting of the present invention meets or exceeds these 
speci?cations. 

[0076] Additional embodiments of the present invention 
Were realiZed upon detailed analysis of common failures of 
retrore?ective sheeting adhered to a ?exible substrate such 
as canvas. The purpose of the analysis Was to determine 
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advantageous properties for mounting retrore?ective sheet 
ing to a canvas substrate. As described above, canvas ?exes 
easily especially When used as a side of a truck. When 
?exed, the canvas bends. If the position of the segment is 
such that free bending of the canvas at the gap betWeen 
segments does not occur then the retrore?ective sheeting 
disposed thereon is forced to react. Retrore?ective sheetings 
are typically laminate structures. The retrore?ective sheet 
ing-laminate Will react based upon its material(s), layer 
thickness(es), position and distribution of materials Within 
the laminate, and the ability of the adhesive to Withstand 
applied loads. In general, the retrore?ective laminate can fail 
in any of four modes. 

[0077] The ?rst mode of failure is illustrated in FIGS. 10A 
and 10B, and occurs When the bending of the canvas puts 
the ?rst major surface of the segment in tension and initiates 
a crack in the ?rst major surface. In FIG. 10A, the substrate 
200 and segment 202 are ?at. In FIG. 10B, substrate 200 has 
been bent, and cracks 204 in segment 202 are formed. Such 
cracking can occur after many ?exes or as a brittle failure on 

a single ?ex. Proper choice of material ?exibility for the 
intended use environment can avoid this failure mode. 

[0078] The second failure mode is illustrated in FIG. 11 
and occurs When an edge, such as edge 206 of segment 202 
lifts, or otherWise begins to peel back. This failure mode 
generally occurs When segment edge 206 is located upon a 
portion of substrate 200 that is bent. Segment 202 reacts 
applying a bending moment on the adhesive. One of the 
manners in Which this failure mode is remedied is by 
choosing an adhesive that is specially adapted for the 
substrate. One adhesive that Works particularly Well With 
canvas is a PSA as described in US. Pat. No. 5,861,211. 
Although this adhesive is particularly suited for canvas, 
those skilled in the art Will appreciate that any suitable 
adhesive can be used. HoWever, even the best adhesive can 
only Withstand a ?nite bending moment from a before it 
fails. Thus a second manner in Which this failure mode is 
remedied is by choosing laminates With small bending 
rigidities. It is instructive to consider a simple, idealiZed case 
Where the edge is bent to a constant curvature. The moment 
applied to the adhesive is approximated to be proportional to 
the rigidity of segment 202 and inversely proportional to the 
radius of the circle. For example empirical evidence indi 
cates that the PSA as described in US. Pat. No. 5,861,211 
at 70 degrees Celsius can Withstand a bending moment, M, 
from a segment up to about 6><10_3N*m before it de-bonds 
from a test canvas, Verseidag Indutex/German, type 
Duraskin 12 B129835. 3M #981 retrore?ective sheeting, a 
typical rigid, sealed “prismatic-type” sheeting has a bending 
rigidity, D, of about 6><10_5N*m2. Thus the radius to Which 
the a segment of 3M #981 and the PSA as described in US. 
Pat. No. 5,861,211 Will Withstand bending Without edge-lift 
at 70 degrees Celsius is 

Adhesives that can Withstand higher moments before failure 
and/or use of less rigid segments Would alloW said segment 
to bend to smaller radii before failing. 

[0079] The third mode of failure is illustrated in FIG. 12 
and occurs When a jet of high pressure, fast ?oWing Water 
208 impinges upon any edge of segment 202. It is believed 
that this failure mode is also related to the adhesive. This 
type of failure is believed not related to mechanical reac 
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tions, laminate properties, or any Width-length combination 
that Would be unique to segments describe here. Segments 
from thin and ?exible to thick and stiff adhered to canvas 
With an adhesive particularly suited for canvas seem not to 
fail When exposure to a high pressure jet of Water. 

[0080] The fourth failure mode is illustrated in FIGS. 13A 
and 13B. This failure mode occurs When the retrore?ective 
segment 202 is placed in compression, for example When the 
substrate 200 (such as canvas) to Which segment 202 
adheres is ?exed so as to bend segment 202 around an inside 
arc. In this situation, a portion of the retrore?ective overlay 
segment 202 may buckle as illustrated at Wrinkle 210. The 
buckled portion 210 then lifts from substrate 200. A number 
of segments 202 made of ?ve distinct laminates, each 
laminate tested With Widths betWeen 13 mm and 50 mm and 
lengths betWeen 13 mm and 150 mm, Were adhered to the 
test canvas Duraskin 12 B129835 and the constructions bent 
over various inside radii to determine the minimum length 
that avoided Wrinkling. Material properties of and the ?ve 
laminates relevant to the discussion that folloWs are listed in 
Tables 1. 

TABLE 1a 

Material Modulus x 10’8/Pa Poisson’s ratio 

Glassy thermoplasticl'2 6.9 0.3 
semi-crystalline thermoplastic1 21 0.4 
Thermoplastic elastomer2 0.21 0.5 

1Materials used in the rigid cube corner ?lms. 
2Materials used in the ?exible cube corner ?lms 

[0081] 

TABLE 1b 

Laminate constructions, most ?exible to most rigid 

3.8 mil glassy thermoplastic ?lm 
Sealed, most ?exible cube corner ?lm 
Vapor coated, semi-?exible cube corner ?lm 
Vapor coated, rigid cube corner ?lm 
Sealed, rigid cube corner ?lm 

The test strips had Widths W, lengths L, and Were spaced 
apart by a distance 6. The ?rst observation Was that if the 
distance betWeen the segment ends Was too small, the ends 
butted up against each other or slide one on top of the other 
as the canvas Was ?exed. It appeared that the smallest 6 that 
kept the ends from butting Was approximately: 

6min z X L Equation 1 

Where t Was the laminate thickness. (The term in brackets is 
the strain at the ?rst major surface of the segment.) The 
equations beloW provide further details of this term. 

[0082] The second observation Was that, longer segment 
lengths failed at larger radii than shorter segments While for 
a given segment length, a more rigid segment Would fail at 
smaller radius than a less rigid segment. Using shorter 
lengths, more rigidity, or limiting the radius above a certain 
siZe all served to attenuate the likelihood of this Wrinkle 












