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a contoured surface or a three- dimensional structure, 
and methods of making and using the same. The 
devices have geometries (308) that are in point con
tact with the contoured surface. The geometries are 

300 substantially rigid and are provided by a flexible ap
plicator(306). In this way, the flexible applicator per
mits conformance to the surface contours, along with 

304 rigid point contact that provides uniform and consist
ent coverage of liquid material. Specifically, the 
devices comprise a handle (304) and an applicator 
(302) pliantly affixed to the handle, the applicator 
comprising a plurality of spaced geometries (308).  
The devices meter film-forming coating liquids onto 
contoured surfaces or three- dimensional structures to 

- form uniform coatings and resulting uniform films.  
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DEVICES FOR COATING CONTOURED SURFACES 

TECHNICAL FIELD 

[0001] This disclosure relates to devices for coating surfaces, such as contoured surfaces.  

Devices are hand-held and have an applicator pliantly affixed to a handle, the applicator comprising a 

plurality of spaced geometries. Upon contact with a contoured surface, the geometries are in point 

contact with the contoured surface.  

BACKGROUND 

[0002] A number of products exist today that are designed to temporarily protect various 

surfaces or articles from incidental damage and/or environmental contaminants. Protection of 

automotive surfaces is of particular interest as the repair process associated with any damage to clear 

coats can be extensive and expensive. A current common method of protecting vehicle surfaces is 

with pressure sensitive adhesive backed films that are applied directly to and in intimate contact with 

the surface to be protected. Although these types of films (i.e. transit tapes, paint protection films) 

can be effective at protecting the surface from physical damage and environmental fallout (dust, 

insects, tar, rocks, sand, pollen, rail dust, etc.), they are very difficult to apply. These pressure 

sensitive adhesive backed films are two-dimensional, and when applied to typical three-dimensional 

vehicle surfaces, wrinkles and bubbles are formed. These wrinkles and bubbles can, and frequently 

are, the source of clear coat deformation issues. Also, just the presence of a pressure sensitive 

adhesive in intimate contact with a substrate can cause substrate deformation.  

[0003] Additional products on the market include materials that can be applied to modify the 

appearance of the vehicle surface without painting it. Matte black films, for example, exist to change 

the gloss and color of the vehicle or portions of it. These films are wrought with the same application 

difficulties as any two dimensional film. These typically have to be applied by a professional to 

obtain results that are visually acceptable, and tend to be rather expensive.  

[0004] Liquid-applied film-forming coatings can be used to solve some of the problems 

associated with applying pre-formed films onto surfaces. Liquids are infinitely conformable and, 

therefore, are easily applied onto a three-dimensional vehicle surface. This is a significant application 

advantage relative to any two dimensional pressure sensitive adhesive backed films.  

[00051 Use of liquid materials, however, posses a challenge in applying it to three

dimensional surfaces of an automobile while maintaining a consistent coating thickness, especially 

across the entire automobile. Traditional coating applicators, including but not limited, to paint 

brushes, paint rollers, paint pads, standard automated paint pumps, foam rollers, foam brushes, 

adhesive rollers, putty knives, squeegees, and the like do not provide uniform coatings. Meyer rods, 
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in particular, are for single-plane applications and lack suitable conformability to coat three

dimensional surfaces.  

[0006] Spraying is a typical coating process for applying liquid coatings to a substrate; in 

particular, the body panels of an automobile. Spray application techniques and pieces of equipment 

include airless sprayers, air assisted airless sprayers, conventional air spray guns, HVLP air spray 

guns, automotive seam sealer guns, automotive Schutz guns (for undercoatings), aerosol sprayers, 

compressed cylinder (Northstar) sprayers, trigger bottles, and hand pump sprayers. Proper spray 

technique can produce a uniform and consistent coating thickness on three-dimensional substrates.  

With spray application of a coating, however overspray is always produced, sometimes in significant 

amounts. As a result, surrounding areas must be masked off to prevent the deposition of overspray 

droplets when spray coating a panel of interest. On automobiles, in particular, the entire vehicle is 

typically covered with masking to protect all adjacent surfaces. This masking process can be 

prohibitively expensive and time-consuming.  

[00071 Therefore, it is of substantial value to be able to apply a liquid coating to a three

dimensional substrate, such as a contoured surface, uniformly and in such a way that eliminates the 

need for masking time and materials.  

SUMMARY 

[0008] Provided are devices for coating a contoured surface or a three-dimensional structure, 

and methods of making and using the same. The devices have geometries that are in point contact 

with the contoured surface. The geometries are substantially rigid and are provided by a flexible 

applicator. In this way, the flexible applicator permits conformance to the surface contours, along 

with rigid point contact that provides uniform and consistent coverage of liquid material.  

[0009] In a first aspect, a device for coating a contoured surface comprises: a handle; an 

applicator pliantly affixed to the handle, the applicator comprising a plurality of spaced geometries; 

wherein upon contact with the contoured surface, the geometries are in point contact with the 

contoured surface.  

[0010] In one embodiment, the applicator comprises a flexible microreplicated material that 

comprises the plurality of geometries. The geometries are rigid. The geometries of the flexible 

microreplicated material can be selected from the group consisting of pins, posts, cones, cylinders, 

pyramids, mushroom heads, cube corners, and J-hooks. Material of construction and geometry 

configurations can be chosen to accommodate the needs of a particular application. In one or more 

detailed embodiments, the geometries have a height in the range of 50 to 2000 microns (~2 to 80 mil), 

and/or a base diameter or width in the range of 100 to 2000 microns (~4 to 80 mil), and/or a density in 

the range of 50-2000 geometries per square inch (~7-3 10 geometries per square centimeter).  

2
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[0010A] In another aspect, there is provided a device for coating a contoured surface 

comprising: a handle; an applicator pliantly affixed to the handle, the applicator comprising a 

flexible microreplicated material that comprises a plurality of spaced geometries, wherein the 

geometries are selected from the group consisting of pins, posts, cones, cylinders, pyramids, 

mushroom heads, cube corners, and J-hooks; wherein upon contact with the contoured surface, 

the geometries are in point contact with the contoured surface.  

[0010B] In another aspect, there is provided a device for coating a contoured surface 

comprising: a handle; an applicator pliantly affixed to the handle, the applicator comprising a 

plurality of spaced geometries wherein the applicator comprises a spring and the geometries 

comprise coils of the spring; wherein upon contact with the contoured surface, the geometries 

are in point contact with the contoured surface.  

[0010C] In another aspect, there is provided a device for coating a contoured surface 

comprising: a handle; a microreplicated flexible material on a non-rigid backing, the 

microreplicated flexible material being pliantly affixed to the handle by the non-rigid backing 

and having a plurality of spaced geometries, wherein the geometries are selected from the 

group consisting of pins, posts, cones, cylinders, pyramids, mushroom heads, cube corners, 

and J-hooks; wherein upon contact with the contoured surface, the geometries are in point 

contact with the contoured surface.  

[0010D] In another aspect, there is provided a method for coating a contoured surface, 

the method comprising: providing a device comprising a handle and an applicator pliantly 

affixed to the handle, the applicator comprising a flexible microreplicated material that 

comprises a plurality of spaced geometries, wherein the geometries are selected from the 

group consisting of pins, posts, cones, cylinders, pyramids, mushroom heads, cube corners, 

and J-hooks; and using the device to apply a film-forming coating liquid to the contoured 

surface, wherein the geometries are in point contact with the contoured surface.  

[0010E] In another aspect, there is provided a method for forming a uniform film on a 

three-dimensional structure, the method comprising: loading a device with a film-forming 

coating liquid, the device comprising a handle and an applicator pliantly affixed to the handle, 

the applicator comprising a flexible microreplicated material that comprises a plurality of 

spaced geometries, wherein the geometries are selected from the group consisting of pins, 

posts, cones, cylinders, pyramids, mushroom heads, cube corners, and J-hooks; metering the 
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film-forming coating liquid onto the three-dimensional substrate with the device, wherein the 

geometries are in point contact with the contoured surface to form a uniform liquid coating; 

and drying the uniform liquid coating to form a uniform film.  
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[0011] In another embodiment, the applicator comprises a spring and the geometries 

comprise coils of the spring. The springs can be coated to provide a non-scratch surface. Devices 

formed with a spring application can further comprise a biaser, which facilitates coating of concave 

surfaces. Exemplary biasers include another spring perpendicular to the applicator spring to provide 

an outward force. Another biaser can be a support structure, such as tubing, within the coils of the 

spring. Such devices can also further comprise a tensioner that is effective to vary coil-to-coil 

distance of the spring.  

[0012] In embodiments provided herein, the geometries are effective to meter a substantially 

uniform layer of a film-forming coating liquid onto the contoured surface.  

[0013] The geometries are also effective to avoid marring the contoured surfaces. For 

coating of vehicle panels, the devices do not scratch the clear coat.  

[0014] In a detailed aspect, provided are devices for coating a contoured surface comprising: 

a handle; a microreplicated flexible material on a non-rigid backing, the microreplicated flexible 

material being pliantly affixed to the handle by the non-rigid backing and having a plurality of spaced 

geometries; wherein upon contact with the contoured surface, the geometries are in point contact with 

the contoured surface. In one embodiment, the non-rigid backing comprises a foamed pad. In another 

embodiment, the non-rigid backing comprises a spring.  

[00151 Another aspect provides a method for coating a contoured surface, the method 

comprising: providing a device comprising a handle and an applicator pliantly affixed to the handle, 

the applicator comprising a plurality of spaced geometries; and using the device to apply a film

forming coating liquid to the contoured surface, wherein the geometries are in point contact with the 

contoured surface. The geometries are effective to meter a uniform layer of the film-forming coating 

liquid onto the contoured surface.  

[0016] A further aspect provides a method for forming a uniform film on a three-dimensional 

structure, the method comprising: loading a device with a film-forming coating liquid, the device 

comprising a handle and an applicator pliantly affixed to the handle, the applicator comprising a 

plurality of spaced geometries; metering the film-forming coating liquid onto the three-dimensional 

substrate with the device, wherein the geometries are in point contact with the contoured surface to 

form a uniform liquid coating; and drying the uniform liquid coating to form a uniform film.  

[00171 These and other aspects of the invention are described in the detailed description 

below. In no event should the above summary be construed as a limitation on the claimed subject 

matter.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The disclosure may be more completely understood in consideration of the following 

detailed description of various embodiments of the disclosure in connection with the accompanying 

drawings, in which: 
3
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[0019] FIG. 1 is schematic of a device according an embodiment; 

[0020] FIG. 2 is a microphotograph of a pin geometry that is on an applicator according to 

one embodiment; 

[0021] FIG. 3 shows a schematic of a cone geometry that is on an applicator according to 

one embodiment; 

[0022] FIG. 4 shows a schematic of a device according to another embodiment; 

[0023] FIG. 5 shows the use of the embodiment of FIG. 4 to coat a contoured surface; 

[0024] FIG. 6 is a schematic of another embodiment of a device; 

[00251 FIG. 7 is a schematic of another embodiment of a device; and 

[0026] FIG. 8 is a schematic of another embodiment of a device.  

DETAILED DESCRIPTION 

[00271 Before describing several exemplary embodiments of the invention, it is to be 

understood that the invention is not limited to the details of construction or process steps set forth in 

the following description. The invention is capable of other embodiments and of being practiced or 

being carried out in various ways.  

[0028] Devices provided herein apply liquid coatings to three-dimensional structures, such as 

contoured surfaces of vehicle panels or industrial equipment such as fan blades, uniformly and 

efficiently. In this way, the inefficiencies and difficulties that accompany the use of pre-formed films 

or spraying can be avoided.  

[0029] The following terms shall have, for the purposes of this application, the respective 

meanings set forth below.  

[0030] "Geometries" refers to a series of structures of the same shape that are effective to be 

in point contact with a contoured surface. Examples of geometries include, but are not limited to, 

coils of a spring, upstanding stems or projections or ridges of a film layer such as pins, posts, cones, 

cylinders, pyramids, mushroom heads, cube corners, and J-hooks. Tips of these geometries can be 

configured as needed, for example, concave tips may be beneficial under certain circumstances, 

whereas convex tips may be beneficial under others. Geometries are rigid, that is, they generally 

retain their shape upon contact with the contoured surface. This is in contrast to devices, such as paint 

brushes or paint pads, that use bristles or filaments or napping, whose shapes are deformable.  

[0031] "Pliantly affixed" means that the applicator is able to move in at least two and 

possibly even all three translational motions (up and down, left and right, forward and backward) 

while being maneuvered by the handle. For example, a spring attached at each end to two posts of a 

handle is pliantly affixed. Also, a flexible microreplicated material that is attached to a handle is also 

pliantly affixed. As needed, the flexible microreplicated material could be on a non-rigid backing. A 

spring attached at each end to two posts of a handle can provide a non-rigid backing. Also a foam pad 

on a plane of a handle can provide a non-rigid backing. Other examples of non-rigid backings 
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include, but are not limited to silicone gel pads, nonwoven polymeric pads, paint brush bristles, and 

the like.  

[0032] "Point contact" means that individual surfaces of the geometries of the applicator are 

substantially in contact with the contoured surface at individual points. This is in contrast to "line 

contact" where there would be a continuous line of contact between an applicator and a surface.  

[00331 "Microreplicated material" refers to a material with a major surface containing raised 

features that are arrayed in patterns. The raised features can be outwardly projecting elastomeric 

elements. Suitable materials include but are not limited to polypropylene and high density 

polyethylene. The raised features of the microreplicated material can include the geometries 

discussed herein. Exemplary disclosures of how to make a microreplicated material are U.S. Patent 

No. 7,703,179 and U.S. Patent Appln. Pub. No. 2011/0129644, both of which are herein incorporated 

by reference, commonly-owned by the applicant herein, 3M Innovative Properties Co.  

[0034] A "biaser" is a structure that lends support to the applicator and provides a positive 

force to keep the applicator in contact with the substrate. The biaser is particularly useful to facilitate 

coating of concave surfaces by keeping the geometries substantially in point contact with the concave 

surface. A biaser can be a spring or adjustable rod or other device that pushes or biases the applicator 

outward from the handle.  

[00351 A "tensioner" is a movable structure such as one or more slidable arms that changes 

the distances between coils of a spring applicator.  

[0036] A "uniform" liquid coating and/or layer and/or film is one that is visually consistent 

in thickness and weight. Minor surface striations, undulations, or variations still render a liquid 

coating and/or film one that is uniform.  

[00371 Reference to "meter" means that the film-forming coating liquid is supplied to the 

contoured surface is a measured or regulated amount. The resulting coating thickness is directly 

related to the configuration of the applicator. That is, for the applicators made from microreplicated 

material, the size of the geometries and their spacings can be tailored to deliver a desired amount of 

liquid to achieve a desired thickness of dried film. For applicators that are springs, the diameter of the 

wire forming the spring along with the spacings of the coil determine the amount of liquid to be 

delivered. Support structures within the spring will also impact the delivery amount.  

Devices 

[0038] Turning to the figures, FIG. 1 is schematic of a device 100 according an embodiment 

where applicator 102 is pliantly affixed to the handle 104. The applicator 102 can be affixed to the 

handle directly (not shown) or by a non-rigid backing 106. The applicator 102 of this embodiment is 

a microreplicated material formed from a desired polymer such as polypropylene or high density 

polyethylene. FIG. 2 is a micrograph of a pin geometry 108a that is on the microreplicated material 

according to one embodiment. FIG. 3 is a schematic of a cone geometry 108b according to another 
5
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embodiment. The geometries can have a height in the range of 50 to 2000 microns (~2 to 80 mil), or 

100 to 1800 microns (~4 to 71 mil), or even 250 to 1300 microns (~8 to 30 mil). The geometries can 

have a base diameter or width in the range of 100 to 2000 microns (~4 to 80 mil), or 150 to 1800 

microns (~6 to 71 mil), or even 50 to 800 microns (~2 to 30 mil). The geometries can be on the 

flexible microreplicated material at a rate in the range of 50-2000 geometries per square inch (~7-3 10 

geometries per square centimeter).  

[0039] Affixing the applicator to a non-rigid backing can be done according to need. That is, 

the applicator can be integral to a non-rigid backing, or permanently affixed, or even removably 

affixed by, for example, pressure-sensitive adhesive (PSA). In one ore more embodiments, the 

applicator can be disposable while the handle, and non-rigid backing as needed, can be reusable.  

[0040] In FIGS. 4 and 6, another device 200 is shown, providing an applicator 202 in the 

form of a spring that is pliantly affixed to handle 204. The geometries 208 of the spring are coils of 

desired spacing, diameter, and wire diameter. A biaser 210 pushes the spring out to facilitate coating 

of concave surfaces. In FIG. 5, use of device 200 is shown for applying coating 216 onto a contoured 

surface 214. In FIG. 7, spring applicator 202 is pliantly affixed to handle 204 and to a tensioner 218 

that is movable to a new position 218' to vary the coil-to-coil distance. Spring configuration can be 

chosen to accommodate the needs of a particular application. Exemplary and non-limiting 

configurations are provided as follows. The springs can be formed of wires having a diameter in the 

range of 0.25-5 mm. The springs can have coil diameters in the range of 5-50 mm. The spacings of 

the coils can be in the range ofO.25-10 mm. The springs can be coated to provide a non-scratch 

surface.  

[0041] FIG. 8 shows another device 300 where applicator 302 is a microreplicated material 

located on a non-rigid backing 306 that is a spring. The microreplicated material is pliantly affixed to 

handle 304 by the spring.  

Film-Forming Coating Liquids and Films 

[0042] Useful film-forming coating liquids are those containing a polymeric dispersion and 

additives as desired. For example, useful polymeric materials can include styrene, butadiene, acrylic, 

vinyl acetate, ethylene vinyl acetate, polyurethane, or combinations thereof. A preferred polymer is 

an aliphatic polyether urethane provided by Stahl USA under the trade designation "RU 13-825". The 

aqueous polymeric dispersion can be part of a formulated system that comprises a defoamer and/or a 

thickener. In particular embodiments, the polymer is non-cross-linked, and the system is free of a 

cross-linking agent. The formulated system can further comprise a slip aid, a dispersing agent, a UV 

adsorber, a hindered-amine light stabilizer, and/or an antioxidant as desired to facilitate stability, 

durability, and/or integrity of the resulting film.  

[0043] The films themselves can vary in function, thickness, and composition based on need.  

For example, they can provide a protective coating on vehicles for use during transit of the vehicles.  
6
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The films can also provide a tint to a substrate, for example, a window, while remaining clear to avoid 

visual distortion when looking through the film. One such suitable film is formed by a film-forming 

liquid tint material disclosed in a concurrently-filed application under Applicant's designation of Case 

No. 69626US002, which is incorporated herein by reference.  

[0044] Unless otherwise indicated, all numbers expressing quantities of ingredients, 

properties such as molecular weight, reaction conditions, and so forth used in the specification and 

claims are to be understood as being modified in all instances by the term "about." Accordingly, 

unless indicated to the contrary, the numerical parameters set forth in the following specification and 

attached claims are approximations that may vary depending upon the desired properties sought to be 

obtained by the present disclosure. At the very least, and not as an attempt to limit the application of 

the doctrine of equivalents to the scope of the claims, each numerical parameter should at least be 

construed in light of the number of reported significant digits and by applying ordinary rounding 

techniques.  

[00451 Notwithstanding that the numerical ranges and parameters setting forth the broad 

scope of the disclosure are approximations, the numerical values set forth in the specific examples are 

reported as precisely as possible. Any numerical value, however, inherently contain certain errors 

necessarily resulting from the standard deviation found in their respective testing measurements.  

EXAMPLES 

[0046] Unless otherwise noted, all parts, percentages, ratios, etc. in the examples and the rest 

of the specification are by weight, and all reagents used in the examples were obtained, or are 

available, from general chemical suppliers such as, for example, Sigma-Aldrich Company, Saint 

Louis, Mo., or may be synthesized by conventional methods.  

[00471 The following abbreviations are used to describe the examples: 

C: degrees Centigrade 

cps: centipoise 

F: degrees Fahrenheit 

g/cm 2: grams per square centimeter 

g/m2: grams per square meter 

in 2: square inch 

lb/in2 : pounds per square inch 

mil: 10-3 inches 

mL: milliliter 

m/min: meters per minute 

pmn: micrometers 

nm: nanometers 

7
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N: Newtons 

oz: ounce 

Pa.s: Pascal second 

Paint Protection Liquid (PPL) 

[0048] The following components were used to make PPL-1 and PPL-2: 

[0049] 316G30SP: A polyethylene wax, obtained under the trade designation "316G30SP" 

from Chemcor, Chester, New York.  

[0050] D-655: A dispersant, obtained under the trade designation "TEGO DISPERS D655" 

from Evonik Degussa Corporation, Parsippany, New Jersey.  

[0051] DF-1760: A defoamer, obtained under the trade designation "DAPRO DF-1760" from 

Elementis Specialties, Inc., Hightstown, New Jersey.  

[0052] DF-3163: A defoamer, obtained under the trade designation "DAPRO DF-3163" from 

Elementis Specialties, Inc.  

[0053] RM-8W: A non-ionic rheology modifier, obtained under the trade designation 

"ACRYSOL RM-8W" from Dow Chemical Company, Midland, Michigan.  

[0054] WHD-9507: A white pigment, obtained under the trade designation "SUNSPERSE 

WHITE 6 WHD-9507" from Sun Chemical Corporation, Parsippany, New Jersey.  

[0055] RU-13-825: An aqueous polyurethane dispersion, obtained under the trade 

designation "PERMUTEX RU-13-825" from Stahl USA, Inc., Peabody, Massachusetts.  

[0056] PPL-1: 89.5 parts by weight RU-13-825 was added to a mixing kettle at 210 C. With 

continuous stirring, the following components were added in 5 minute intervals: 0.52 parts DF-3163; 

3.25 parts WHD-9507; 0.60 parts DF-1760; 2.91 parts 316G30SP; 2.73 parts D-655 and 0.52 parts 

RM-8W, after which the dispersion was mixed at high speed for 10 minutes. The resulting paint 

protection liquid MS-44 had a dynamic viscosity of 9,960 cps (9.96 Pa.s).  

[00571 PPL-2: A paint protection liquid was prepared according to the general procedure for 

making PPL-1, wherein the D-655 was reduced to 0.68 parts, RM-8W was increased to 0.59 parts, 

and the balance made up with 1.91 parts water. The dynamic viscosity was 9,300 cps (9.3 Pa.s).  

Stem Web Applicators 

[0058] Sheets of thermoplastic stem web having various stem heights, density and geometry 

were prepared as follows. A polypropylene resin, obtained under the trade designation "3868PP" from 

Dow Chemical Company, Midland, Michigan, was extruded using a Davis Standard Extruder DS-25, 

2.5 inch extruder, serial number P7061, Screw Number XA281368LTR8332 obtained from Merritt 

Davis Corp., Hamden, Connecticut, at 210-218 0 C, into the cavities of mild steel patterned rolls at 

21 0C, according to the conditions listed in Table 1. The solidified stem web, having a target base 
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thickness of 8 mils (203 ptm), was converted to 6 by 1.5 inch sectioned (15.2 by 3.8 cm) sheets.  

Reference to "rounded conical" means a tapered body with a convex tip.  

Table 1 

Stem Extruder Conditions Stem 

Web Speed Extruder Nip Nip Density Geometry Height 
(m/min.) Temp. Pressure Pressure (stems/cm 2 ) (mm) 

( C) MA (kPa) OP (kPa) 
A 3.81 218.3 137.9 137.9 31.0 Rounded 0.46 

conical 
B 3.50 210.0 206.8 206.8 31.0 Rounded 0.48 

conical 
C 3.35 218.3 182.7 182.7 31.0 Rounded 0.56 

conical 
D 3.66 218.3 206.8 206.8 31.0 Rounded 0.61 

conical 
E 3.05 218.3 413.7 413.7 31.0 Rounded 0.76 

conical 
F 3.66 218.3 275.8 275.8 31.0 Rounded 0.79 

conical 
G 3.81 218.3 137.9 137.9 46.5 Rounded 0.46 

conical 
H 3.50 210.0 206.8 206.8 46.5 Rounded 0.48 

conical 
I 3.35 218.3 182.7 182.7 46.5 Rounded 0.56 

conical 
J 3.66 218.3 206.8 206.8 46.5 Rounded 0.61 

conical 
K 3.05 218.3 413.7 413.7 46.5 Rounded 0.76 

conical 
L 3.66 218.3 275.8 275.8 46.5 Rounded 0.79 

conical 
M 5.18 232.2 565.4 413.7 89.4 Rounded 0.41 

conical 

[00591 Hard foam hand sanding blocks having the following open cell foam back up pads 

were obtained from Rogers Foam Corporation, Somerville, Massachusetts: 

[0060] G-15A: '4 inch (6.35 mm) thick, having an Indentation Force Deflection (IFD) of 

1.80 lbs/in2 (126.6 g/cm 2 ) at 25% compression.  

[0061] G-15B: '/2 inch (12.7 mm) thick, IFD of 1.80 lbs/in2 (126.6 g/cm 2) at 25% 

compression.  

[0062] G-60: '/2 inch (12.7 mm) thick, IFD of 1.20 lbs/in 2 (84.4 g/cm 2) at 25% 

compression.  

[0063] 1544: 34 inch (19.05 mm) thick, IFD of 0.88 lbs/in 2 (61.9 g/cm 2) at 25% 

compression.  

9
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[00641 1235: 4 inch (19.05 mm) thick, IFD of 0.70 lbs/in 2 (49.2 g/cm 2) at 25% 

compression.  

[00651 The stem web samples were cemented to the face of the foam back up pad using a 2

part adhesive, obtained under the trade designation "PLASTIC REPAIR SEALER" from 3M 

Company.  

[0066] Various applicator constructions were used to apply paint protection liquids onto a 12 

by 12 inch (25.4 by 25.4 cm) painted and clear coated steel test panel, type "APR 50405" obtained 

from ACT Laboratories, Inc., Hillsdale, Michigan. The resulting coating thickness, using a wet film 

thickness gauge, and coating quality, subjectively ranked on a scale of 1-5, wherein the higher number 

represented higher coating quality, are reported in Table 2.  

Table 2 

Stem Web Foam PPL Average Wet Coating Quality 
Thickness Scale 1-5 

(mm) (poor-excellent) 
A G-15B PPL-1 0.36 5.0 

B G-15B PPL-1 0.31 3.0 

C G-60 PPL-1 0.32 4.0 

D G-60 PPL-1 0.24 5.0 

E G-15B PPL-1 0.29 3.0 

F G-60 PPL-1 0.33 4.5 

G G-15B PPL-1 0.29 4.5 

H G-15B PPL-1 0.24 4.0 

I G-60 PPL-1 0.19 4.0 

J G-60 PPL-1 0.20 4.0 

K G-15B PPL-1 0.24 4.0 

L G-60 PPL-1 0.28 5.0 

M 1544 PPL-1 0.25 4.0 

M G-15A PPL-1 0.25 5.0 

D G-60 PPL-2 0.23 3.0 

H G-60 PPL-2 0.28 2.0 

Spring Applicators 

[00671 The following springs were obtained from Century Spring Corporation located at 222 

E. 1 6th Street P.O. Box 15287, Los Angeles, CA 90015 a division of MW Industries, Inc. Springs 

were used to construct various applicators, according to the coil dimensions listed in Table 3: 

10
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[00681 SA-01: A extension spring obtained from Century Spring Corporation; 

[0069] SA-02: A compression spring obtained from Century Spring Corporation; 

[00701 SA-03: A extension spring obtained from Century Spring Corporation; and 

[00711 SA-04: A extension spring obtained from Century Spring Corporation.  

Table 3 

Applicator Spring Dimensions Physical Characteristics 
ID Stock # OD Free Wire Extension Spring Rate Material 

(mm) Length Diameter or (N/m) 
(mm) (mm) Compressi 

on 
Length 
(mm) 

SA-01 CSC 15.8 171.5 1.37 228.6 11.21 Hard 
5833 Drawn 

SA-02 CSC 12.29 304.8 0.79 132.08 17.51 Stainless 
S

3182* 
SA-03 CSC 22.23 222.3 1.57 323.85 57.80 Hard 

137 Drawn 
Powder 
Coated 

SA-04-0 CSC 11.10 215.9 1.19 215.9 127.84 Hard 
Extension 119 Drawn 
=0 in 

SA-04-2 CSC 11.10 215.9 1.19 266.7 127.84 Hard 
Extension 119 Drawn 
=2 in 

(50.8 mm) 
SA-04-4 CSC 11.10 215.9 1.19 317.5 127.84 Hard 

Extension 119 Drawn 
=4 in 
(101.6 
mm) 

SA-04-6 CSC 11.10 215.9 1.19 368.3 127.84 Hard 
Extension 119 Drawn 
=6 in 
(152.4 
mm) 

*free length cut to 5.6in (142.2 mm) for SA-02 

[0072] Using the spring applicators above, paint protection liquids MS-44 (PPL-1) were 

applied to various contoured surfaces of vehicles. The coating variables, and corresponding wet 

thickness and coating quality, are listed in Table 4.  
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Table 4 

Spring Applicator Body Panel Wet Thickness Coating Quality 
mm Scale 1-5 

(poor-excellent) 
SA-0I Hood 0.25 4.5 

SA-02 Hood 0.28 5.0 

SA-03 Hood 0.28 5.0 

SA-04-0 Flat Panel 0.08 5.0 

SA-04-02 Flat Panel 0.18 5.0 

SA-04-04 Flat Panel 0.23 5.0 

SA-04-06 Flat Panel 0.36 5.0 

[0073] Reference throughout this specification to "one embodiment," "certain embodiments," 

"one or more embodiments" or "an embodiment" means that a particular feature, structure, material, 

or characteristic described in connection with the embodiment is included in at least one embodiment 

of the invention. Thus, the appearances of the phrases such as "in one or more embodiments," "in 

certain embodiments," "in one embodiment" or "in an embodiment" in various places throughout this 

specification are not necessarily referring to the same embodiment of the invention. Furthermore, the 

particular features, structures, materials, or characteristics may be combined in any suitable manner in 

one or more embodiments.  

[0074] Although the invention herein has been described with reference to particular 

embodiments, it is to be understood that these embodiments are merely illustrative of the principles 

and applications of the present invention. It will be apparent to those skilled in the art that various 

modifications and variations can be made to the method and apparatus of the present invention 

without departing from the spirit and scope of the invention. Thus, it is intended that the present 

invention include modifications and variations that are within the scope of the appended claims and 

their equivalents.  
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[0075] Throughout this specification and the claims which follow, unless the context 

requires otherwise, the word "comprise", and variations such as "comprises" or "comprising", 

will be understood to imply the inclusion of a stated integer or step or group of integers or 

steps but not the exclusion of any other integer or step or group of integers or steps.  

[0076] The reference in this specification to any prior publication (or information 

derived from it), or to any matter which is known, is not, and should not be taken as, an 

acknowledgement or admission or any form of suggestion that that prior publication (or 

information derived from it) or known matter forms part of the common general knowledge in 

the field of endeavour to which this specification relates.  
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What is claimed is: 

1. A device for coating a contoured surface comprising: 

a handle; 

an applicator pliantly affixed to the handle, the applicator comprising a flexible 

microreplicated material that comprises a plurality of spaced geometries, wherein the 

geometries are selected from the group consisting of pins, posts, cones, cylinders, pyramids, 

mushroom heads, cube corners, and J-hooks; 

wherein upon contact with the contoured surface, the geometries are in point contact 

with the contoured surface.  

2. The device of claim 1, wherein the geometries have a height in the range of 50 to 

2000 microns.  

3. The device of any of claims 1-2, wherein the geometries have a base diameter or 

width in the range of 100 to 2000 microns.  

4. The device of any of claims 1-3, wherein the geometries are on the flexible 

microreplicated material at a rate in the range of 50-2000 geometries per square inch (7-310 

geometries per square centimeter).  

5. The device of any of claims 1-4, wherein the geometries are rigid.  

6. A device for coating a contoured surface comprising: 

a handle; 

an applicator pliantly affixed to the handle, the applicator comprising a plurality of 

spaced geometries wherein the applicator comprises a spring and the geometries comprise 

coils of the spring; 

wherein upon contact with the contoured surface, the geometries are in point contact 

with the contoured surface.  

7. The device of claim 6 further comprising a biaser.  

8. The device of any of claims 6-7 further comprising a tensioner that is effective to vary 

coil-to-coil distance of the spring.  

14



9. The device of claim 1, wherein upon contact with the contoured surface, the 

geometries are effective to meter a substantially uniform layer of a film-forming coating 

liquid onto the contoured surface.  

10. The device of claim 1, wherein the geometries are effective to avoid marring the 

contoured surface.  

11. The device of claim 6, wherein upon contact with the contoured surface, the 

geometries are effective to meter a substantially uniform layer of a film-forming coating 

liquid onto the contoured surface.  

12. The device of claim 6, wherein the geometries are effective to avoid marring the 

contoured surface.  

13. A device for coating a contoured surface comprising: 

a handle; 

a microreplicated flexible material on a non-rigid backing, the microreplicated 

flexible material being pliantly affixed to the handle by the non-rigid backing and having a 

plurality of spaced geometries, wherein the geometries are selected from the group consisting 

of pins, posts, cones, cylinders, pyramids, mushroom heads, cube corners, and J-hooks; 

wherein upon contact with the contoured surface, the geometries are in point contact 

with the contoured surface.  

14. The device of claim 13, wherein the non-rigid backing comprises a foamed pad.  

15. The device of claim 13, wherein the non-rigid backing comprises a spring.  

16. A method for coating a contoured surface, the method comprising: 

providing a device comprising a handle and an applicator pliantly affixed to the 

handle, the applicator comprising a flexible microreplicated material that comprises a 

plurality of spaced geometries, wherein the geometries are selected from the group consisting 

of pins, posts, cones, cylinders, pyramids, mushroom heads, cube corners, and J-hooks; and 

using the device to apply a film-forming coating liquid to the contoured surface, 

wherein the geometries are in point contact with the contoured surface.  
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17. The method of claim 16, wherein the geometries are effective to meter a uniform 

layer of the film-forming coating liquid onto the contoured surface.  

18. A method for forming a uniform film on a three-dimensional structure, the method 

comprising: 

loading a device with a film-forming coating liquid, the device comprising a handle 

and an applicator pliantly affixed to the handle, the applicator comprising a flexible 

microreplicated material that comprises a plurality of spaced geometries, wherein the 

geometries are selected from the group consisting of pins, posts, cones, cylinders, pyramids, 

mushroom heads, cube corners, and J-hooks; 

metering the film-forming coating liquid onto the three-dimensional substrate with the 

device, wherein the geometries are in point contact with the contoured surface to form a 

uniform liquid coating; and 

drying the uniform liquid coating to form a uniform film.  

19. The method of claim 18, wherein the microreplicated flexible material is on a non

rigid backing, the microreplicated flexible material being pliantly affixed to the handle by the 

non-rigid backing.  
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