| MPROVED | N- MOLD DECORATI NG PROCESS The present i nvéhfP&R#1-&
relates to the manufacture of plastic articles and, nor e 1PoS
"particularly, to an inproved in-nold decorating process for the

manuf acture of such articles. The disclosed process is particularly well

suited for t he manufacture of autonotive |ight assenblies wherein

one or nore colors are

1

IMPROVED IN-MOLD DECORATING PROCESS

The present invention relates to the manufacture of plastic articles and,
more particularly, to an improved in-mold decorating process for the
manufacture of such articles. The disclosed process is particularly well.suited for
the manufacture of automotive light assemblies wherein one or more colors are

5 screen printed onto a single film which is then incorporated with other
components in an in-mold decorating process.
FIELD OF THE INVENTION

The present invention relates to an improved in-mold decorating process

and product which is particularly well suited for the preparation of automobile
10 light assemblies.

In a typical in-mold decorating process, a printed substrate is formed into

a three-dimensional shape and placed into a mold. Molten resin is then injected

into the mold cavity space behind the formed substrate, forming a single molded



5 screen printed onto a single filmwhich is then incorporated with

ot her conponents in an in-nold decorating process. FI ELD OF
- THE | NVENTI ON The present invention relates to an inproved
i n-nmol d decorating process and product which is particularly well

suited for the preparation of autonobile 10 2/ ight assenblies.
In a typical in-nold decorating process, a printed substrate is fornmed into
a three-di nensional shape and placed into a nold. Mdlten resin is then

I nj ected into the nold cavity space behind the fornmed substrate,
formng a single nol ded . . . . .
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nodified in order to produce parts such as tail lights, which
usual Iy require nsukhbptadl lighks) mwddchastially reqdideentltipke colored and/ axrefiective
elements.
5 Applicants have disclosed herein an improved in-mold decorating process

which greatly simplifies the manufacture of complicated parts. In the case of, for
example, a tail light assembly, the disclosed process is not only simpler but also
produces one-piece products that are superior to the multi-component tail light
assemblies which are presently available.
10 BACKGROUND OF THE INVENTION
To date, automotive tail lights and similar products have been produced
using complicated and/or costly manufacturing procedures. This high degree of
complexity has been necessitated by the complexity of such parts, which have
typically incorporated several different components within a frame. For
15 example, a standard tail light usually includes clear lenses, colored lenses,
reflective parts, etc. These separate pieces were arranged in the appfopriate
order and bound together within a frame which was then attached to the
automobile.
Another approach has been to mold a first part of the lens in one tool and
20 to then transfer this first molded part to a second injection molding machine
having a second tool. The first molded part is inserted into the second machine
and a new color may be injected onto the first part to create a two color lens. The
process may be repeated as many times as necessary to produce the desired tail
light assembly. Obviously, this approach is costly since it requires at least two

25 injection molding machines and at least two tools.



5 Applicants have di scl osed herein an inproved in-nold
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injection, including the previously discussed increased tooling costs, longer

10 processing cycle times, additional part scrap and the need to maintain additional
material inventory.

More recently, an in-mold processing variation of the framing technique
has been proposed in United States Patent No. 5,275,764. The ‘764 patent
suggests that one or more colored or reflective elements be placed into a single

15 mold cavity. Molten plastic is then injected into the mold cavity such that the
individual colored or reflective elements are combined in a one-piece assembly
having one or more colors or reflective means in a single lens panel. It is claimed
that since the elements may be of uniform thickness and density, this one-piece
assembly provides more even color distribution when lit. In addition, this one-

20 piece assembly is said to reduce cost and manufacturing time in comparison to

the tail lights of the prior art.



25 i njection nolding machines and at |east two tools.

3 *Alternatively, nulti-shot injection nolding machi nes have
‘been used. Mul ti-shot is a process using nore than one injection
barrel to obtain a nmulti- colored part. This process is very
expensive, as it requires speci-ally designed 4 I njection barrels and
tools. In a typical application, a clear coating mght be 5 initially

injected onto the three-di mensional piece, and then various colored or
reflective segnents would be injected, using different injection barrels,

onto the base piece_in the appropriate order. Wile an advance over
the fram ng of SUMMW@EWN%@% there are a nunber of
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mat eri al inventory. re recently, an in-nold processing
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5 (1)  providing a substrate made, for example, of polycarbonate;
(2) optionally co-extruding with the substrate (or laminating thereto) a
weatherable fluoropolymer film;
(3)  screen printing and/or otherwise decorating one or more colors on
a surface of said substrate;
10 (4) forming and trimming the printed substrate into a three-
dimensional shape, such as that of an automobile tail light;
(5) fitting the printed substrate into a mold having a surface which
matches the three-dimensional shape of the substrate; and
(6) injecting a molten resin, such as polycarbonate, into the mold
'1 5 cavity through a plurality of gates behind the printed substrate to produce a one-
piece, permanently bonded three-dimensional product suitable for applications,
e.g., automotive tail lights.
The present invention is also directed to the tail light or similar structure
made by said process. In the case of a multi-color tail light made in accordance
20 with the present invention, said tail light may vary broadly in design and style,
but preferably comprises four discreet layers. In order from the exposed exterior

surface to the interior surface closest to the light source, those layers are:

(1)  apolycarbonate film layer or other transparent substrate, to which

the PVDF film is laminated;



has been proposed in United States Patent No. 5,275,764. The ' 764 patent
suggests that one or nore colored or reflective elenents be placed into a

"single 15 nold cavity. Molten plastic is then injected into the nold
cavity such that the i ndi vi dual colored or reflective elenments are
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5 (4) apolycarbonate substrate or other substrate with suitable bond

bt

strength which is injection molded directly against the decorated layer.

The disclosed process eliminates the need for the framing of individual
parts and the multi-shot injection techniques of the prior art. In turn, the present
process beneficially reduces the tooling costs, processing cycle times, part scrap

10 and material inventory of these prior art methods. Moreover, design changes 61:
modifications may be made simply and cost effectively with the present process,
because such changes or modifications, when necessary, may be made to the

screen printing rather than the injection molding or tooling equipment.

15 DETAILED DESCRIPTION OF THE INVENTION
One of the most efficient and cost-effective ways of decorating a part is to
do it during the molding cycle. One way to accomplish this is by inserting a
decorated substrate into the cavity of a molding tool and injecting plastic behind
it. This process is generally known as in-mold decoration or insert mold
20 decoration (IMD). The decoration for the finished part can either be exposed to
the environment (“first surface decoration”) and/or encapsulated between the
substrate and the injected material (“second surface decoration”). In-mold
decoration can provide a number of advantages over other decoration methods:
é In-molded graphics can provide product differentiation for

25 consumer applications.



weat herabl e fl uoropolyner film - (3) screen printing and/or

ot herwi se decorating one or nore colors on a surface of said
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. The in-molded film remains in place for the life of the part.
In order to optimize any in-mold decorating process, a number of

prerequisites should be considered:

10 . Selecting the proper substrate (e.g., LEXAN® polycarbonate) and
film thickness.
. Determining which surface will be decorated.
. For a 3D part, access to vacuum forming or cold forming expertise.
. Decorating with the part aesthetics and gating system in mind.
15 . Selecting compatible film/resin/ink combinations.

While a significant advance over prior techniques, there are a number of
drawbacks with in-mold decoration. An obvious drawback to first surface
decoration is that the decoration is exposed to the environment, and therefore
susceptible to wear. Of course, this problem is eliminated with second surface

20 decorated parts, where the decoration is encapsulated between protective inner
and outer surfaces.

That is not to say that second surface decoration is without problems. In
fact, at least two problems have been recognized, and both are adhesion related.
The first problem is wash out, i.e., the adhesion between decoration and

25 substrate may be lost or diminished when the injected material contacts the ink.



5 _ (2) optionally, a layer of polyvinylidene fluoride
("PVDF") filmor- other material resistant to ultraviolet (UV) light;
(3) a decorated | ayer, which nay be varied as desired, and which is
printed on the exposed surface of the pol ycarbonate Iayer and 5

(4) a pol ycarbonate substrate or other subgtrate with suitabl e bond
strength which is injection nolded directly agai nst the decorated | ayer.
The di scl osed process elinmnates the need for the fram ng of individual
parts and the nulti-shot injection techniques of the prior art. In turn,
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When the injection process is modified to minimize wash out, the second
problem arises, i.e., a loss of adhesion between the injected material and the
decorated substrate. One proposed solution to this problem has been to limit the
use of decoration to areas away from the gate area of the injection molded part,

10 i.e., the area where the injected material is introduced into the mold. The
primary problem with this method is that it severely limits the potential
decorations. Previous attempts to solve the first problem have generally
aggravated the second problem, and vice versa.

The present process provides a simultaneous solution to the two most

15 common problems associated with second surface in-mold decoration. The
superior second surface IMD parts of the present invention are obtained by the
following general method:

(1)  start with a smooth, transparent substrate;

(2)  print graphics onto the second surface of the substrate;

20 (3) form the printed substrate if geometry dictates (flat parts generally
do not require forming);

(4)  provide a mold that has one surface that matches the shape of the
formed substrate or dimensions of the unformed substrate;

(5) trim the substrate so that it fits inside the injection mold;



do it during the nolding cycle. One way to acconplish this is by insert.ing
a decorated substrate into the cavity of a nolding tool and )
injecting plastic behind it. This process is generally known as

i n-nmol d decoration or insert nold 20 decoration (I MD). The decoration
for the finished part can either be exposed §o t he environnent
("first surface decoration") and/ or encapsul ated between the

substrate and the injected material ("second surface decoration"). In-nold
decoration can provide a nunber of advantages over other decoration
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6 halve€bf the mol®arts can be decorated then nolded in one
operation. [err] G aphi cs can be changed even whil e using

the sane injection (7)  dasedhemgoldasd inject a material againgt ghe decoratiopmyl the 3D

parts can be decoral 8. rtace of the substrate.

5 The disclosed process produces one-piece injection molded parts having a
permanently bonded printed applique wherein the graphics are sandwiched
between the substrate and the injected material. Such parts overcome the
aforementioned problems associated with second surface decoration.

In their extensive investigations to determine and resolve prior
10 shortcomings of second surface decoration, the present inventors additionally
determined that a number of other parameters contribute the preparation of the
superior second surface decorated parts of this invention.
First, high temperature, formable inks are preferably used for the
graphics. Second surface decoration requires more robust ink systems to provide
15 adequate ink adhesion during the molding process. Moreover, in applications
such as light assemblies where light transmission is critical, dye inks should be
used rather than pigmented inks so as not to affect light transmission and haze
readings. Evaluation of many different inks indicates that many ink systems are
not suitable for second surface decorating. Among those inks which are
20 appropriate are the following:
. Naz-dar 9600
. Colonial/Coates C-37 Series
. Marabuwerke IMD Spezialfarbe 3060
. Nor-cote (UK) IMD Series



5 - [err] Processi ng and | abor costs .can be reduced.

[err] Secondary operations such as adhesi ves may be elim nated.

“[err] The in-nolded filmremains in place for the life of the part.
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complex three dimensional parts, and could lead to poor appearance of the in-

10 mold decorated part. In order to obtain properly fitting film inserts for an
existing injection tool, cfeating the forming prototype mold from the tool
drawings of the injection mold is suggested. After establishing feasibility, it is
suggested that new forming and injection tools be built which are designed
specifically for IMD. For example, production forming tools for use on LEXAN®

15 polycarbonate should be constructed of durable materials such as cast or
machined aluminum, steel or metal filled epoxy. Conductive molds should be
internally heated to a temperature of 250° F.

The formed part will contract in size once it is removed from the mold and
allowed to cool. The amount of shrinkage depends on the material selected, but

20 it is predictable and must be accounted for when calculating the mold
dimensions. The same is true for the expansion of the mold at operating
temperatures. For example, LEXAN® polycarbonate film will typically shrink
approximately 0.5 - 0.9% after forming, depending on the mold. The thermal

expansion properties of the mold material at an operating temperature of 2500 F

25 must be subtracted from the film shrinkage number to obtain accurate mold



7 Wash out causes graphic distortion. To conbat this, it has been

suggest ed t hat the decoration be sandw ched between two substrates
so that it is protected from both the environnent and the injected
material . Obviously, since a second substrate | ayer adds conplexity
to the process and cost to the part, this 510 suggestion is not S
practical . When the injection process is nodified to mnim ze
wash out, the second problemarises, i.e., a loss of adhesion
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5 traditional gating apply to IMD along with several extra considerations. For

example, one gate should be used whenever possible to minimize the potential
for wrinkling the film. Gates should be located away from end-use impact as
well as to provide flow from thick to thin sections to minimize weld lines. Gates
should also be located at right angles to the runner to minimize jetting, splay and

10 gate blush. Large parts requiring multiple gates should include gate positions
close enough together to reduce pressure loss. Sequential gating may be used to
prevent folding of the film at weld lines. Gate land lengths should be kept as
short as possible. An impinging gate may be used to ensure that the incoming
flow is directed against the cavity wall or core to prevent jetting. Venting

Is (particularly full perimeter venting) may be accomplished by knock outs, cores
and parting lines and should be used whenever possible to avoid trapped gas
that can burn and rupture the film. In addition, flow restrictions near gate areas
can increase the potential for wash out due to increased shear. If bosses, core
shutoffs, etc., are needed near a gate, rounded features or corners should be used

20 to reduce shear. Finally, care should also be taken to ensure that the gating
distributes the injection pressure over a large area, thus reducing the shear forces
at the gate. Examples of gates that accomplish this include fan gates and
submarine gates that enter the part via a rib.

When selecting a resin, it is advantageous that the resin’s viscosity be

25 sufficiently low such that the pressure necessary to inject it into the mold may be



The present process provides a sinmultaneous solution to the two nost 15
~ common probl ens associated with second surface in-nold decoration. The
"~ superior second surface IMD parts of the present invention are obtai ned by

t he foll owi ng general nethod: (1) start with a
snoot h, transparent substrate; 11 (2) print graphics onto the
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substrate if geonetry dictates (flat parts generally do not require
form ng); (4) provide a nold that has one surface that

mat ches the shapg,ficel N addition, th Qg&ﬁgnaﬁg]%kﬁmeaeo ﬁ{a@mig’&%it?taf [Hhe
(5) trimt othat 1t fits

unfornmed substrate; e substrate s
i nsi de the inj ecthjeitedBlattrial maintained at a sufficiently low level in the gate area and may

8 (6) pl ace the decorated, forned, trinmed substrate
bet ween the two be raised aftgracsuitable skia layar ds established near the garg- Atlowsse the

rSTIJIr ]g aggd oi‘ n{ ﬁgt s %bsgn?%[xg{ | f’%al sh%grafjopc%tof rtlbeein]de(ca&earn?gttier?a isolrgv}e? &nd is therefc?r%(igsrs]d
5 likely to disturb the ink on the second surface of the substrate. When using a
LEXAN® polycarbonate substrate, it has been found that substrate/resin
adhesion is acceptable when the resin is either a polycarbonate (e.g., LEXAN®)
or polycarbonate-containing (e.g., CYCOLOY®, XENOY®, VALOX®) resin.
It is also possible to print the graphics on the substrate so that they extend
10 beyond the gating area and into the runner system. In this case, if the ink is
disturbed by the flow of the injected material, it will be disturbed in the runner
area that will be trimmed off after the part is ejected from the mold.

Of course, runnerless systems or heated gating systems may also be
employed. With a runnerless system, the drop diameter must be large enough to
sufficiently distribute the pressure or flow into a part, such as a rib, which does.
With a heated gating system, the tips of the heated gates be maintained at a
temperature sufficiently below the softening temperature of the substrate so as to
prevent substrate deformation.

Screenprinting is an example of a suitable technique for producing
20 graphics on the film substrates of the present invention. Screenprinting is

essentially a stencil printing process which may now be generated by computer

with the aid of various software packages. Its ability to vary and control ink
thickness accurately has made it an extremely useful process for the decoration

of many different types of plastic substrates.



5  The disclosed process produces one-piece injection nol ded parts having
.a pernmanent |y bonded printed applique wherein the graphics are
sandwi ched between the substrate and the injected material. Such
parts overcone the af or ement i oned proi#ens associ ated w th second
surface decoration. _ In their exXfensive investigations to
determ ne and resolve prior 10 shortcom ngs of second surface
decoration, the present inventors additionally determ ned that a
nunber of other paraneters contribute the preparation of the
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that affect ink deposit, including thread diameter, squeegee angle and hardness,
emulsion thickness, etc. Higher mesh screens are suggested for formed IMD
10 applications.

The basic screenprinting process involves the use of a flat bed where the
substrate is held by vacuum during printing. A frame holder positions the
screen and holds it both vertically and horizontally during the printing process.
With the screen lowered over the substrate bed and held at the off contact

15 distance by the press, the squeegee carrier moves the blade across the screen at a
preset speed, pressure, stroke and angle.

It is important to register artwork during a screenprinting operation. This
is normally done by locking the frame into a holder that aligns the frame using
pins or holders. The pin alignment method is generally preferred because the

20 artwork can be aligned along with the screen frame. Alignment of the substrate
with the print image is done through the use of edge guides, mechanical stops or
automatic devices. The first color is aligned by this method and subsequent

colors are aligned through the use of targets or gauge marks which are printed

along side the artwork.



[err] Nor-cote (UK) I MD Series

9 Prot otype nolds may be constructed from conmon material s
“such as pl aster, hard woods, fiberglass, syntactic foam and silicone.

These materials are relatively easy to work with and all ow m nor
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determining initial feasibility, but formed filmsanples will not

accurately fit : ' . . | | [

shri nkageyand expansi 9#2%%@%&3%{%%&%%&%{% éﬁg’*{%@?lﬁg?bp%ljiegagp%%n %gﬁstgés a

poer fit in the GANitdchnologpaced!If vhelifik is solvent 61OWRtee Kasdell] @n digh® fisd Dol
parts, and could |lead to poor appearance of the in- 10 nol d decor at ed
part. In order t clestriairyepeasples wseditp dry the ink.| Yhen peintisg borplastic films, it is
Cxi o110 |1 LG Look, Heh| I e LR IR 1 0Ly RE L, Lrom (e too
feasibility, sit |§orting the (HAIWEDLobrt DA is REMY, Q5 FhPGARY Ll SELVRIWARO! S
be.-built which are 8e5|%ne<§

good air flow to dissipate the fumes. It is also possible to use an infrared dryer

on some ink types, but particular attention must be paid to the temperature

control of the system. If the ink is UV curable, many suitable commercial units

are available for curing such reactive ink types.

10 If the final piece is three dimensional, there are two basic techniques for
forming 3D IMD parts. For parts having a draw depth greater than % inch,
thermoforming is suggested. For parts containing detailed alphanumeric
graphics or draw depths less than ¥ inch, cold forming is preferred.

The foregoing description merely explains the invention and the invention

15 is not limited thereto, as those skilled in the art having the disclosure before them
will be able to make modifications and variations therein without deﬁarting from
the scope of the invention. Moreover, the various parameters discussed herein
may be adjusted by those of skill in the art in order to maximize results. By way
of example, a second surface decorated part in accordance with the present

20 invention was molded in a hot manifold system using a LEXAN® polycarbonate
substrate, a solvent based ink, and LEXAN® 1 resin. The resulting part had
approximately 0.1 inch of washout at the gate when a melt temperature of 510°F
was used. By switching the resin to CYCOLOY® C2950HF and the melt

temperature to 450°F, washout was eliminated. Wash out may also be

25 eliminated by varying the process parameters. For example, no wash out was



specifically for IMD. For exanple, production formng tools for use on

LEXAN 15 pol ycar bonate shoul d be constructed of durable materials such
~as cast or machi ned al um num steel or netal filled epoxy.
Conducti ve nol ds shoul d be internally heated to a tenperature of
250[err] F. The formed part wi i contract in size once it is
renmoved fromthe nold and all owed to cool. The anpbunt of shrinkage
depends on the material selected, but 20 it is predictable and nust be
accounted for when cal culating the nold di mrensions. The sanme is

£ h ; | i . F
examl o Lixan payedPg 3l addifin sl ARERECHDLOYE CoosdrBREIRNES Bie 7O

approxi matel'y 0. Sesin Qa3 %niGhll injdcRidhtdaly SHeRe tHei iRfcth &Bﬁiiﬁ%ﬂrﬂdﬁiﬂ@'@ sp&t mal
expansi on properties of the nmold material at an operating tenperature of
250[err] F 25 rapacityaurgil bbe area exbunddhe gates wis fillech rThekeadter, injetiéon was obt ai n
accurate nold

10
di mensions. In adarigdeut a4 pG 1005’(“31]%nach@eﬁgnjﬁmpgggcagag%ﬁg@g@@d to
facilitate rpgg(gcgi%teé g)rrr%/o%la OI' gl&fﬂmlf%étr%‘l:%s &8@L Gar] lo%sreag&%ltfdg t l €ss

draft (1 to é def‘ asi c ‘consideratrons In i ng
are part design, shefVin tR&gkel BBar the gates, i.e., the area where wash out initiates.



requirenments and | ocation of in-nold graphics. The standard_guidelines of

5 traditional gating apply to IMD along with several extra

consi derations. For exanpl e, one gate should be used

possible to mnimze the potenti al for winkli ng thel‘mﬂmﬂmlll?,ullmlll
shoul d be | ocated away from end-use inpact asl> as*t o prtovitdes =+

flow fromthick to thin sections to mnimze weld Iines. Gates

shoul d al so be located at right angles to the runner to mninmze jetting,
splay and 10 gate blush. Large parts requiring nultiple gates should

i nclude gate posi WRRSs claimed is: C! 0S€ enough together to reduce pressure

| oss. Sequential gating nmay be used to prevent folding of the film
at weld lines. Gate | and | engths shoul d .be kept as short as

possi ble. An inpinging gate may be used to ensure that the incom ng
flowis directed dgai ndnimpeovedvreopdeariacoin-meldedecoraping peotesy etnpriging the
Venting 15 (partl cu} arly full perineter venting) hay be acconplished by

knock outs, cores® and parting |ines and shoul d be used whenever
possi ble to avoid trapef YSvidin atrans{pgf’etnt&%%ugwn and rupture the film
In addition, flow resttictiions n ar gate areas can increase the

potential for wash out (2jiue decorafifi 0AS EHMBFEiAks o h sRESRT saidQuBstrate;
shutoffs, etc., are needed near a gate, rounded features or corners should

be used 20 _ to reduc®)s héamunglth%mdwrat@bs@sghmhtsb aafhsee-diendnaional dhapensur e
area,  Chus 1 educi ng ¢ shauing Hiedcorated scbiifar T i v mechpwriee Bt os
that acconplish t BistcHed the ¥iifec. BitheAGbAs sARGk of the substrate; and
(®)  injecting a molten resin into the mold cavity through one or more
gates behind the decorated substrate to produce a one-piece, permanently

bonded three-dimensional piece.

2. A process according to claim 1 wherein a weatherable fluoropolymer film

is co-extruded with said transparent substrate or laminating thereto.

3. A process according to claim 2 wherein said fluoropolymer film is selected

from the group consisting of polyvinyl fluorides and polyvinylidene fluorides.

4. A process according to claim 1 wherein said transparent substrate is a

polycarbonate.

5. A process according to claim 1 wherein said decorating step is done by

screenprinting.
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submarine gates that enter the part via a rib.

selecting a resin, it is advantageous that the resin's VI f“ﬂltlmlumn ﬂ!l”“l
sufficiently | ow such that the pressure necessary to inje

nol d may be

reduced. In addition, the injection may be F;lﬁOfHed so that the vi scosMy

of the i njected material nmaintained at a sufficiently low level in
the gate area and may be raised after a suitable skin layer is
est abl i shed near the gate. At |ower viscosity, the shear force of

the injected matgrialaipsodet¥\Rtordith tosclditer RheYeth da@S ks are hightdRpdrahite,
disturb the ink on the second surface of the substrate. V\hen using a

LEXAN pol ycar bonfitrmablehdsterinkse, it has been found that substrate/resin
adhesion is acceptable when the resin is either a polycarbonate (e.qg.,

LEXAN err]) or pol ycar bonat e-containing (e.g., CYCOLOY, XENOY,
VALOX) resin. l e rint CS on
t he substrate so ‘t hatAtpﬁ%Cg‘;ss %&C()rdén 8 %d:?amﬁé)%?\e i sf‘?ti& r&tsaﬁegseg%}geéﬁrgﬁ'g‘%ﬁt o the

runner system grc;d;ﬂ conkidésy oﬂ Mtad-A8r 9608, Clonial / Coates 41-37 S¥rRE MM buUlREd OW Of

the injected mat it will be disturbed in the runner
IMD Spez1alfarbe 3060 and Nor-cote (UK) IMD Series inks.

8. A process according to claim 1 wherein said resin is selected from the

group consisting of polycarbonates and polycarbonate-containing resins.

9. A process according to claim 1 wherein said gates are selected from the

group consisting of fan gates and submarine gates that enter the part via a rib.

10.  Animproved light assembly comprising:

(1)  alayer of weatherable fluoropolymer film;

(2)  a polycarbonate film layer, to which said fluoropolymer film is
laminated;

(3)  ascreenprinted ink layer, which is printed on the exposed surface
of said polycarbonate layer; and

(4)  aresin which is injection molded directly against said ink layer.

11. A light assembly according to claim 10 wherein said fluoropolymer film is
selected from the group consisting of polyvinyl fluorides and polyvinylidene

fluorides.
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area that will be trimmed off after the part is ejected from the nold.

O course, runnerless systens or heated gating systens may
~enployed. Wth a runnerless system the drop di arreter rrust“ﬂ!nﬂma“IH““lHMI
to 15 sufficiently distribute the pressure or flow into*a ¢gpant, "sueh as
a rib, which does. Wth a heated gat?ng system the tips of the
heat ed gates be maintained at a tenperature sufficiently below the

softening tenperature of the substrate so as to prevent substrate
def ormati on. Screenprinting is an exanple of a suitable

techni que for preguci gg; §%9assem9f ARPS L PHS ddifa 10 &ﬁ@r@%@éfd xﬂk‘?§a Hfélﬁt he

present invention. Scre€nhprinti g I's essentially a printing
process whi ch mayempavatite genratdé dge ik. conput er vvrth the aid of

vari ous software packages. Its ability to vary and control ink

t hi ckness accurately has nmade it an extrerrely usef ul process for the

d ti f diff t b
12 3| Ak ersmpbhiaaRa ety Shertat ph i sdiniom and
bonded to a fi neth%%rohlg éﬁﬁ%{&é&%éﬁdmﬁﬁ do?orﬁﬁ?&o&t%@é’-%ﬁes,n arigid

frame: Franes may
Marabuwerke IMD Spezialfarbe 3060 and Nor-cote (UK) IMD Series inks.

14.  Alight assembly according to claim 10 wherein said resin is selected from

. the group consisting of polycarbonates and polycarbonate-containing resins.

15.  Animproved second surface in-mold decorated part comprising:

(1) atransparent film layer;

(2)  adecorated ink layer, which is printed on the exposed surface of
said transparent layer; and

(3)  aresin which is injection molded directly against said decorated

layer.

16.  Animproved part according to claim 15, further comprising a
weatherable fluoropolymer film co-extruded with or laminated to said

transparent substrate.

17.  Animproved part according to claim 16 wherein said fluoropolymer film
is selected from the group consisting of polyvinyl fluorides and polyvinylidene

fluorides.

This Sheet Has Been Replaced

THIS SHEET HAS BERN
REPLACED




ei ther wood or metal, with netal being preferred. The franel"lunJ
dinensionally stable and able to withstand handling during J ﬂ"mﬂ ”"I
process. 5 Screen fabrics are generally nmade fromnetal | Tzed po yes

nyl on, stainless steel, and nost conngply, pol yester. The fabric |s
tightly woven under precise control ng di nensi onal | y exact
filaments. There are a nunber of vari abl es that affect ink deposit,

i ncluding thread di aneter, squeegee angl e and hardness, enul si on

t hi ckness, etc. Hi gher nesh screens are suggested for formed IMD 10
applications. 18  Animprovél paitastardaqy toeiimi15twitgeipsaiciatsspanat ves t he
use of a flat bed where the substrate is held by vacuum duri ng
printing. A franesthstateis peolcathonatehe - screen and holds it both
vertically and horizontally during the printing process. VWth t he
screen | owered over the substrate bed and held at the off cont act

di stance by the pkgss,

screen at a 15 pr‘Ae‘}sIg&? Pﬁ%’égg’gﬁg"}%‘g‘?ﬂ‘{rﬁg‘? st r(?%e anc %@dég{a@é&n&hg}ler

It is .inportant tgukﬁghﬁhﬁ@dartmork during a screenprinting operation. This
is normally done by locking the frame into a holder that aligns the frane
usi ng pi ns or hol ders. The pin alignnent nmethod is generally

]E) : gjrgr ' i|d| gﬁﬁgﬁf ea t hénémgquaergzﬁtraﬁcgr%mg to cla dheexl'lal%r;gld 1 h t ehscr een

temperature, formable dye ink.

21.  Animproved part according to claim 20 wherein said inks are selected
from the group consisting of Naz-dar 9600, Colonial /Coates C-37 Series,
Marabuwerke IMD Spezialfarbe 3060 and Nor-cote (UK) IMD Series inks.

22.  Animproved part according to claim 15 wherein said resin is selected
from the group consisting of polycarbonates and polycarbonate-containing

resins.
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with the print image is done through the use of edge guides ~-nechani cal- —

stops or automatic devices. The first color is '

nmet hod and subsequent colors are aligned through Tﬂ m,m,“,ﬁlﬂ;m,
or gauge mar ks whi ch are printed al opg side the a

13 Once the ink is printed, it nust be either drled or
cured dependlng on the I nk technology used. If the ink is solvent or
wat er based, then a gas fired or el ectric dryer can be used to dry
the ink. Wen printing on plastic fitms, it is i mportant to contro
the tenperature 2Ad déelimproves semndmxrmem-mlchdmochtuig proceds sdraptising thdie
film If a solvent ink is used, it is |rrportant to use an oven with

good air flow'toStEPE&fpate the funes. Ls al so p055| ble to use an .
infrared dryer n s rt| a attention nus e
paid to the terrperatu 2 sg%n% X{X&ﬁg #%n‘& g;{? P the ink is W

curabl e, many suitabl g) Corﬂ’@%f)ﬁtﬁh il gfaphics onto th@"s@coﬁ& AR ot thEusthtdd
such reactive ink types.
(3) forming the printed substrate;
(4)  providing a mold that has one surface that matches the shape of the
formed substrate or dimensions of the unformed substrate;
(5) trimming the substrate so that it fits inside the injection mold;
(6)  placing the decorated, formed, trimmed substrate between the two
halves of the mold;

(7)  closing the mold and injecting a resin through one or more gates

against the decoration on the second surface of the substrate.

24. A process according to claim 23 wherein a weatherable fluoropolymer

filmis co-extruded with said transparent substrate or laminating thereto.

25. A process according to claim 24 wherein said fluoropolymer film is

selected from the group consisting of polyvinyl fluorides and polyvinylidene

fluorides.

26 A process according to claim 23 wherein said transparent substrate is a

polycarbonate.

27. A process according to claim 23 wherein said decorating step is done by

screenprinting.
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10 If the final piece is three dinensional, tﬁéfé“éré‘Tmﬁ”ba§ic““

t echni ques for formng 3D IMD parts. For parts h

greater than inch, thernmoformng is suggested. EHH'HH ﬂ"ﬂnﬂr
cont ai ni ng detail ed al phanuneric grapbi cs or draw+dept eSS
[err] inch, cold formng is preferred. The foregoi ng
description nerely explains the invention and the invention 15 i's not
limted thereto, as those skilled in the art having the disclosure before
t hem will be able to make nodifications and variations therein

Wi t hout departing fron1 the scope of the invention. Mreover, the

vari ous paraneter cussed herein . be a j st ed, by those of

Sk T n the ar ¢ 2Bn o ERpos e g e i 7p Plerqlf s A% € niph (bR GuRts
second surface dqggﬁghgg PRk, i n accordance with the present 20 |nvent|on
was nol ded in a hot nan|¥old system usi ng a LEXAN pol ycar bonat e

substrate, a solvent based ink, and LEXANJerr] 1 resin. The resulting part
had apprOX|nater 0.1 inch of washout at the gate when a melt

t enperature of 5If er A process according to slaim 2Byheygin s2id inks are seleatpdh from becoL Oy

of i mi nat ot Vash ESAL? FRgPines KL B0E CoRmnlf G Cor ity Nlarebheriess

gir aneters. For axfAyBhE;albRbdB5Hd AN te (UK) IMD Series inks.

30. A process according to claim 23 wherein said resin is selected from the

group consisting of polycarbonates and polycarbonate-containing resins.

31. A process according to claim 23 wherein said gates are selected from the

group consisting of fan gates and submarine gates that enter the part via a rib.
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observed in another part nolded from CYCOLOY[err] C2950HF resin when the
resin was initially injected at only 5% of the injection nolding nmachine's
speed capacity until the area around the gates was filled. Thereafter,
injection was carried out at 50 - 100% of t machi ne's injection speed
capacity. It wll be appreciated by those of skill in the art that this
rocess variation reduces t Ml s, i.e., the
,gr ea where wash out initi at};@?l«?‘nﬁl Iﬁ—rk(;[nf pECORAYING %&'@Se

-15- What is clained is: 1. An i nproved second surface in-nold
decorating procesSBIRALT si ng |t he steps of: (1)

providing a transparent substrate having a weat herable . . .
f1 uor opol ymer fil m cof8imprensd RECEsss z%fit ef‘}a&Héﬁ’é‘F%ﬂ plastic articles such as light

substrate or |am_n . L her et : rat j i:Lh one or
more inks on a s &?%é@gle%?%gggarnclﬁ ma.de by said prggéss, aggggé?lfge%dé ;nﬁlevalgclosea
(3) formng the pI66as MicRidles H bRpFAicReindne o nidié Eslofiai@A&IoRAad onto a single

film which is then incorporated with other components in an in-mold decorating

process to yield the improved articles of the invention.
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shape; (4) fitting t he decor at ed substrate into a Ld'zgw"'s

Shaga’or The substrate (AVIEARRARR 1 < ecorvenssep.

injecting a molten resin into the nol d cdvity lE'hrough one or

nore gat.es agai nst the decorated substrate to produce a

one-pi ece, pernmanently bonded three-dinensional piece: 2. A process
according to claim1 wherein said fl J&rsﬁpol ynmer filmis sel ected

from t he Whatdpclaonad st i ng of polyvinyl fluorides and polyvinylidene
fluorides. 3. A process according to claim1l wherein said transparent

substratefis aanimprovedderond sarfatein-mold dedorating pracess compirising bhel ai m 1
wherein said dgggg@fl ng step is done by screen printing. 5. A
process accordi ng to claim1l wherein said inks are high tenperature,

formbl e dye inks, prévﬁi éﬁ%neﬁéehﬂgwweﬁbam@awammesau d inks

are selectedfromt ?,%Q'
Col oni al / Coat es C—37 Ser l{%ﬁ@teoya ﬁﬁ%‘ %\%gg l %g%?.é farbe 3060 and

Nor-cote (UK) | MD Series™Y ss accord| ng to claim1l1 wherein

said resin is selected fromthe consistin pola/carbonates :
ceof

and pol ycar bonat e- cl#it ai ‘iﬂ%a yngsyit one of m r%mksonasu
substrate;

(3) forming the decorated substrate into a three-dimensional
shape;

(4) fitting the decorated substrate into a mold having a surface
which matches the three-dimensional shape of the substrate;
and

(5) injecting a molten resin into the mold cavity through one or
more gate§ against the decorated substrate to produce a
one-piece, permanenﬂy bonded three-dimensional plece

2. A process according to claim 1 wherein said fluoropolymer film is selected !
from the group consisting of polyvinyl fluorides and polyvinylidene

fluorides.

3. A process according to claim 1 wherein said transparent substrate is a
polycarbonate.

4. A process according to claim 1 wherein said decorafing step is done by
screenprinting.

5. A process according to claim 1 wherein said inks are high temperature,
formable dye inks.

6. A process according to claim 5 wherein said inks are selected from the
group consisting of Naz~dar 9600, Colonial/Coates C-37 Series,
Marabuwerke IMD Spezialfarbe 3060 and Nor-cote (UK) IMD Series inks.

7. A process according to claim 1 wherein said resin is selected from the
group consisting of polycarbonates and polycarbonate-containing resins.
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- 16- 8. A process according to claim1 wherein said ga are selected
fromthe group consisting of fan gates and subnari Hmumﬁm'"
enter ‘the part via a rib. 9. An i nproved |ight o m’
conpri si ng: (1) a layer of weatherable fluoropol'ynfr s *
film : (2) apolycaig)onatefilmlayer, to which said

fl uoropol yner filmis | am nat ed; (3)
a screenprinted ink layer, which (s prhnted on the expose

d
surface of saifl PRFSASAISOFHNG to Glalm 1 wherein said gates are sclegtgd from theysi n
whi ch is i nj ecdioun aepisisting of fangates agd; submarigegatas that enter the part via a
| ayer. 10. mb.light assenbly according to claim9 wherein said
fluoropolyner filmis sel ected fromthe group consisting of
pol yvi nyl9.f | uoAn irapraved light assemmylcpmpﬂstn'c?jene fluorides. 11. A light
assenbly according to claim9 wherein said ink is a high, :

tenperature, fornmablqg dy@tdggkidgwsg&émmemhgmq &fihy according to claim
cte ' e -

11 wherein said ink i's se rom group consi sting of . _
Naz- dar 9600, Col onjyal / f - ' i 7 werke | L
Spezi al f ar be 3060 2@3 N<c3i‘ér)B %5}&3%@%it%é"“.'%%‘.g{aﬂﬁggm‘%{"ﬁr gﬁ?'s
assenbly according to cl g Q_herei n said resin is selected from

t he group consisting, of pol ycarhonates and pal ycarbonat e- cont ai ni ng
resins. 14. An i&br ov£§ é@&@ﬂ@ﬁe dak layer.iwhigh Iipriied of the exposed

conpri si ng: surface of said polycarbonate layer, and -

(4)  aresin which is injection molded directly against said ink
layer.

10.  Alight assembly according to claim 9 wherein said fluoropolymer film is
selected from the group consisting of polyvinyl fluorides and
polyvinylidene fiuorides.

- 11. Alight assembly according to claim 9 wherein said ink is a high,
' temperature, formable dye ink.

12.  Alight assembly according to claim 11 wherein said ink is selected from
the group consisting of Naz-dar 9600, Colonial/Coates C-37 Series,
Marabuwerke IMD Spezialfarbe 3060 and Nor-cote (UK) IMD Series inks.

13.  Alight assemb[y according to claim 9 wherein said resin is selected from
the_group consisting of polycarbonates and polycarbonate-containing
resins.

14.  Animproved second surface in-mold decorated part comprising:

(1)  atransparent film layer:

2) a weatherable fluoropolymer film co-extruded with or
laminated to said transparent substrate;

(3)  adecorated ink layer, which is printed on the exposed
surface of said transparent layer; and

(4)  aresin which is injection molded directly against said
decorated layer.
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(1) a transparent filmlayer; (2) a weat herabl e

Said CFansparent Substrates (3 a decora Lllllﬂlflullmlﬁ ﬂﬂlllll

which is printed on the exposed surfacé of said
transparent |ayer; and -1{A) a resin which is injection

nol ded directly against said decorated | ayer.

-17- 15. An |rmrov acc rdln t.0 4 wherein said f] ugropol yrmer
filmis 19 \é"cﬁo?@ PrP'E %@' asfﬁtwp?v@mﬁrfﬂ'mu%n des
and poI §%’Pﬁ§ﬂ firmdhe grsn ‘éfgbs‘stm%) POM'H Hetdes @3¢t according to

cl ai m 4 wher ei polyinylideng\Byeridest substrate is a polycarbonate. 17.

An inmproved part .according to claim4 wherein said decorated ink |layer is
screenpri #6ed. Anidproved parp accwrdingdotclainud wiiergn isaidciranspatentsutsitrate ai d i nk
I's a high is 4 polyeaionate, formable dye ink. 19.” An’inproved part
according to claim 18 V\/nerel n sal d inks are selected fromthe group

consi sti ngzof Naz Nor il g@%ﬁ%}ﬁ'{fg re'ﬁ s§ﬁf(’i§ccorated ink Ié\@rqé)umer ke -

| MD Spemalfangfeg 5 hid el €S

1-8. An lmproved part according to claim 4 wherein said ink is a high
temperature, formable dye ink.

19. An |mproved part according to claim 18 wherein said inks are selected
from the group consisting of Naz-dar 9600, Colonial/Coates C-37 Series,
Marabuwerke lMD Spezialfarbe 3060 and Nor-cote (UK) IMD Series inks.

20.  Animproved part according to claim 4 wherein said resin is selected from
the group consisting of polycarbonates and polycarbonate-containing
resins. .

21.  Animproved second surface in-mold decoratlng process comprising the.
steps of: .

(1)  starting with a smooth, transparent substrate having a
weatherable fluoropolymer film is co-extruded with said
transparent substrate or laminating thereto;

(2)  decorating ink graphics onto the second surface of the
substrate;

(3) forming the printed substrate;

(4)  providing a mold that has one surface that matches the
shape of the formed substrate or dimensions of the
unformed substrate;

(6)  trimming the substrate so that it fits inside the injection mold;

(6)  placing the decorated, formed, trimmed substrate between
the two halves of the mold;

r
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20. An inproved part according to claim4 wherein said resin is selected

potycat bonat e-contarn ng. — resins.” o1 an 1 mprovea MMM MAHRIIIN

i n-nmol d decorating process conprising the steps of: S *)
starting-with a snooth, transparent ?ébSt rate having a
weat her abl e fl uoropol yrrer filmis co6- xtruded wth said

transparent substra 2 decorati ng
i nk graphics onto t se8[8 @gqﬁ%(’%%g tmgaresm through on(e grm [ﬁ)st at e;
(3) formng the print ed98 cora on on the f?ﬁo"d f&ll‘qﬁﬁ%?% a nold
that has one surface thaf¥ 'E%?res t he shape of the
formed substrate or di nensions of the unf or ned

substrat e22. A process acqasdingtte claimrigwhaeein §ﬁl§tﬂt@f@p®wnenﬁkm i s¢lectedi nsi de .
the injection fremdhe group consisting Qﬁpolyvnpylafbnongesiaaddmbomwhdenef or med, :
trimed subst rﬁmmdnst.ween the two halves of the m)l d;

- 18- ' (7) closing the mold and injecting a resin through one
or more 23, A process accordingab eRimdpivgkeid SgiddatRpatdisubsrhfsissecond
surface of thepolycarbonate

24. A process according to claim 1 wherein said decorating step is done by
screenprinting.

25. A process according to claim 1 wherein said inks are high temperature
formable dye inks.

26. A process according to claim 5 wherein said inks are selected from the
group consisting of Naz-dar 9600, Colonial/Coates C-37 Series,
Marabuwerke IMD Spezialfarbe 3060 and Nor-cote (UK) IMD Series inks.

27. A process according to claim 1 wherein said resin is selected from the
group consisting of polycarbonates and polycarbonate-containing resins.

28. A process according to claim 1 wherein said gates are selected from the
gtr)oup consisting of fan gates and submarine gates that enter the part via a
i .
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substrate. ¢ 22. A process according to claim1l wherein said fluoropolyner

filmis selected fromthe group consisting of polyvinyl fluorides
and -pol yvi nyl i dene fluorides. 23. A proczess according to claim1
wherein said transparent substrate is a pol ycarbongte. 24. A

process;-according to claim1l wherein sai-d9ecorating step i s done by

screenprinting. 25. A pr C | sai d inks are
hi gh tenperature ?ﬁg%ﬁgg&éygN?rﬁ(Egn %@ﬂﬂ process accordl ng to

claim5 wherein said i nks are selected fromthe group consisting of
Naz- dar 9600, CoABFIRACTCoates C- 37 Seri es, Mar abuwer ke | MD

Spezi al f arbe 3060 and Nor-cote (UK) Serl s ink 27 process
according to claim 1W@Pﬁeds%1i°éleﬁsé%q the many CBBFQgplF‘F%Crﬁrl“ﬁ'éS such as lighgyr oup

consi sting of pq n n n 8. A
pr oile:sl agcor dPnJSX%%lP% e i‘ \Aﬂgcrl%?rr‘lé/agegtlg)%% P&{)Ig)scgsgféerglge ec? 3ﬁlf %‘ﬂgl?sﬁé

gr oup consi st ngp:@&esé mlaﬁe&a%te@nﬂh&umm{elda%&akaarsta}aae&%@a ohftfa fifgle Via a
ri

film which is then incorporated with other components in an in-mold decorating

process to yield the improved articles of the invention.

o
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