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APPARATUS FOR TWO*STAGE FUSI ON OF FACE- TO FACE 2
PCLYMERI C SHEETS 3 4 Cross-reference to Related Applications: 5
continuation-in-part of co- 6 pendi ng U. S

This application J .
Appl i cation N3“)5@§H@9,457 comonl y assigned 7 with the p¥ 7727
application. 8 9 Background and Summary of the Invention: 10 The
i nstant invention relates to the fusion of an 11 anor phous copol yest er
backi ng sheet and a pol yvinyl 12 chl oride sheet to forma two-piece card
structure, such 13 as an identification card, and nore particularly to

belt- 14 type transport apparatus for transporting the facing 15

sheets through successiptpaRAGUBIFORITHEOBTALEE FUBdeN. ofOFACE-To-FACE
Belt-type transport apparatus of the general type 18 contenpl ated herein
have heretof ofe been known in the 19 POLYMERIGSHEETS ¢t | n general, the
prior art apparatus 20 typically include only a single heating station
for 21 applyin e u t t astic sheets 22

whi | e mai ntai fi ngg?ﬁ%ga%%&es Iglﬁ'ﬁgf g%gﬁ?ggfé%eibi:éi%%@gﬁms% These

appar at us ar eSknown as Byl appliggd loanilsataoreontHguation~in-part of co-

6 pending U.S. Application No. 08/419,457 commonly assigned
7 with the present application.

8

9 Background and Summary of the Invention:
10 The instant invention relates to the fusion of an
11 amorphous copolyester backing sheet and a polyvinyl
12 chloride sheet to form a two-piece card structure, such
13 as an identification card, and more particularly to belt-
14 type transport apparatus for transporting the facing
15 sheets through successive fusing and cooling stages.

16

17 Belt-type transport apparatus of the general type
18 contemplated herein have heretofore been known in the
19 lamination art. In general, the prior art apparatus

20 typically include only a single heating station for
21 applying heat to the surfaces of the thermoplastic sheets

22 while maintaining the sheets in face-to-face relation.
23 These apparatus are known as single-stage laminators and
24 they are effective for laminating wmwany types of
25 thermoplastic sheet materials. However, there are
26 certain types of thermoplastic sheet materials, such as
27 the above-noted amorphous copolyester and polyvinyl
28 chloride materials, which have specific heating and
29 cooling characteristics which are not met by the prior
30 art devices. It has thus been found that there is a need
31 in the industry for an apparatus which is effective for
32 the fusion of these new card materials.

33 A first embodiment of the instant invention provides

34 a two-stage fusing apparatus comprising upper and lower



24 they are effective for Ilamnating nmany types of 25
thernnplastlc shéet rmaterials. However, there are 26 certain
types of thernoplastic sheet materials, such as 27 t he above-noted

anor phous copol yester and polyvinyl 28 chloride materials, which
have speci f WON&3HPng and 29 cool ing characteristics wirctussrernent net
by the prior 30 art devices. It has thus been found that there is a need
31 in the industry for an apparatus which is effective for 32 t he
fusion of these new card materials. 33 2 A first enbodi nent of the
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second and Bourt fiverdlass beltnxgrejveguereuns third and fourth rollers.

6 The belt assemblies are supported in a frame structure
7 such that the first and third rollers form an input nip,
8 and the second and fourth rollers form an output nip,
9 with the endless belts in facing relation. The first and
10 second rollers are fixed in position, with the third and
11 fourth rollers being slidably suspended relative to the
12 first and second rollers. The third and fourth rollers
13 are biased downwardly from their suspended position
14  toward the first and second rollers to form spaced, but
15 pressurized input and ocutput nips. The first, or lower,
16 input roller is heated by an internal cartridge heater to
17 a temperature of about 200°C. The heated input nip is
18 operative for pressing the copolyester sheet and the
19 polyvinyl chloride sheet together to initially fuse the
20 . two facing sheets into a two piece structure. A heating
21 platen, positioned in abutting relation with an upper
22 portion of the metallic belt adjacent to the first roller
23 is heated to a temperature of about 160°C to define a full
24 fusing stage. Fan cooled heat sinks are positioned in
25 abutting relation adjacent to the output nip for cooling
26 the metallic and fiberglass belts passing therebetween
27 and removing heat from the card after fusion.
28 A second embodiment of the apparatus includes a
29 single belt assembly having an endless belt received
30 around first and second rollers. The apparatus further
31 includes a third roller mounted in cooperation with the
32 first roller to form an input nip with the first roller
33 such that the rollers press the sheets together to define

34 a two-piece structure having a polyvinyl chloride side



9 with the endless belts in facing relation. The first and 10 second
r'ollers are fixed“in position, with the third and 11 fourth rollers
bei ng slidably suspended relative to the 12 first and second rollers.

The third and M’o’r 4ti1 rollers 13 are biased downwardly fromtheir
suspended posi Y% toward the first and second rol | er s RGUSSFHT27

spaced, but 15 pressuri zed i nput and output nips. The first, or |ower,
16 input roller is heated by an internal cartridge heater to 17 a
tenperature of about 200[err]C. The heated idput nip is 18 operative
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i n cooperation Twi th m an i nput

first roller 8 copolyester side is cooled while the polyvinyl chloride
o side is heated. The roller fan actively removes heat from
10 the amorphous copolyester sheet during the initial fusion
11 to prevent the copolyester -from deforming under the nip
12 pressure. The apparatus further includes a heated platen
i3 downstream of the input nip for applying additional heat
14 to the polyvinyl chloride side of the two piece structure
15 to effect a full fusion of the sheets. The heated platen
16 is in thermal communication with an underside of the belt
17 wherein further heat is applied to the polyvinyl chloride
18 side of said two-piece structure as the belt carries the
19 twoc piece structure over the platen. Finally, the
20 apparatus includes fan-cooled heat sinks positioned above
21 and below the transport belt for cooling both sides of
22 the two-piece card structure as the two-piece card
23 structure is transported away from the heated platen.
24 Accordingly, among the objects of the instant
25 invention are the provision of a two-stage fusing device
26 wherein two thermoplastic sheets are initially fused
27 under heat and pressure, fully fused under heat alone,
28 and then cooled; the provision of a fusing device
29 including an endless belt for transporting sheet
30 materials through an initial fusing station, a full
31 fusing station, and a cooling station; and the provision
32 of a fusing device including a heated input nip, a heated

33 platen and fan cooled heat sinks.
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18 side of said two-piece structure as the belt carries the 19 t wo

pi ece structure over the platen. Finally, the 20 appar at us i ncl udes
fan- cool ed heat sinks positioned above 21 and bel ow the transport belt
for cooling both sides of 22 the two-piece card structure as the
two- pi ece carWOPFBMOgtycture is transported away from t he PREASEPTR7at en.
24 Accordingly, anmpbng the objects of the instant 25

i nvention are the provision of a two-stage fusing device 26 wherein two
t hernopl astic sheets are initially fused 27 ® under heat and pressure,
fully fused under heat al one, 28 and then cooled; the provision of a
fusing device 29 Including an endless belt for transporting sheet
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station, and a cooli1'ng station; pr ovi si on usi ng devi ce
i ncludi ng a heat ed GoRPAPYNqf, SpifdaRaplaMinnesotee, Aty dearTddste dheRET
si nks. WO %7/ 43 FPiblication No. W095/09084 which is incorpoPaféd/Ier&iny27
41 . Q per bgbjrﬁ%é§e cteatures and advantages of the 2 invention
shal | becone. apparént as the description 3 t her eof proceeds when
consi dered i n &onnect i oRP&Gi $ppiamt security card system generally indicated
6 at 12 in Fig. 4, comprises a backing sheet 14, a cover
7 sheet 16, and a security image (not shown), with the
8 security image preferably being reverse printed on the
9 inner surface 18 of the cover sheet 16 so that it is
10 located between the fused sheets 14, 16 when secured
11 together. When viewed through the upper side of the
12 cover sheet, the reverse printed security image appears
13 in its correct orientation. The backing and cover sheets
14 14, 16 are fused directly together without an
is intermediate layer of adhesive, wherein the backing sheet
i6 14 preferably comprises an amorphous copolyester film,
17 and the cover sheet 16 comprises a rigid polyvinyl
18 chloride film. The amorphous copolyester backing sheet
19 14 is preferably pigmented with titanium dioxide so that
20 it is opaque white, while the PVC cover sheet 16 is
21 preferably transparent, although other color schemes and
22 arrangements are also suitable. In most instances, the
23 backing sheet 14 is considerably thicker than the cover
24 sheet as it is intended to provide most of the rigidity
25 and strength of the assembled card 12. For example, the
26 backing sheet 14 preferably has a thickness of between
27 about 20 and 22 mils, and the cover sheet 16 preferably
28 has a thickness of between about 7 and 10 mils for a
29 total card thickness of between about 27 and 32 mils.
30 The particular advantage of the subject security card
31 system 12 is that good adhesion can be achieved between
32 PVC and amorphous copolyesters at relatively 1low
33 temperatures, e.g., at temperatures of about 150°C. The

34 fusion can be effectively achieved because both amorphous



4. acconpanying illustrative drawings. 5 6 Description of the

Drawi ngs: 7 " In'the drawings which illustrate the best node 8
presently contenplated for carrying out the present 9 i nvention: 10
Fig. 1is a front view of the first enbodi nent of 12 t he apparatus of the
i nst ant i nveEWOISy#d11012 Fig. 2 is a rear view thereorcralsorn?

Fig. 31s atop viewthereof; 14 Fig. 4 is a cross-sectional view

t her eof taken al ong 15 line 4-4 of Fig. 3; 16 Fig. 5is a
perspective view of a second enbodi ment 176 of the apparatus; 18

Fig. 6 is a front view thereof; 19 Fig. 7 is a rear viewthereof;
20 Fig. 8 is atop viewthereof; 21 Fig. 9 1is aright side

vi ew t hereof; and 22 Flq. iLs a crqss-sectional view thereof
Vaken 23 Loy onGoPPRESTRTR 8Ptk BYC oes” ASTenglTondify Hhe" i
Preferred Efbodi pyapesgp and both reongraaiy omoword inticatlr ahpwigsthen samest
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and 4 other existing card materials.

5 The first embodiment of the apparatus 10 comprises
6 upper and lower belt assemblies generally indicated at 20
7 and 22, which are supported in closely spaced adjacent -
8 relation by a frame assembly comprising a bottom wall 24,
9 and parallel front and rear walls, 26 and 28
10 respectively.
11 The lower belt assembly 22 comprises a stainless
12 steel belt generaily indicated at 30 received around
13 first and second metallic rollers 32, 34 respectively,
14 and the upper belt assembly 20 comprises a fiberglass
15 belt generally indicated at 36 received around third and

16 fourth metallic rollers, 38 and 40 respectively. Both
17 the stainless steel belt 30 and the fiberglass belt 36

18 preferably have thicknesses of about .003 inches. The
19 steel belt 30 is commercially available from Belt
20 Technologies of Agawam, MA, and the fiberglass belt 36 is.
21 available from Greenbelt Industries, Inc. of Buffalo, NY.
22 The rollers 32, 34, 38, 40 preferably comprise aluminum
23 rollers having shafts 328, 348, 385, 408. It is pointed
24 out that shafts 325 and 38S are hollow, while shafts 348
25 and 40S are solid.

26 The belt assemblies 20, 22 are supported in the
27 frame such that the first and third rollers 32, 38 from
28 an input nip, and the second and fourth rollers 34, 40
29 form an output nip, with the endless belts 30, 36 in
30 facing relation. The first and second rollers 32, 34 are
31 fixed in position, with the third and fourth rollers 38,
32 40 being slidably movable relative to the first and
33 second rollers 32, 34. More specifically, the shaft of

34 each roller is received through a pair of spaced bearing



28 generally indicated at 10 in Figs. 1-4. As wll 29
hereinafter be nore *fully described, the instant 30 apparatus 10
is operative for fusing face-to-face 31 t her nopl asti ¢ sheet
materials, such as those types of 32 sheet materials used in
constructing sEQAPAP cards. 33 More specifically, the i RETHS707727

I nvention 10 has been 34 © found to be particularly useful in fusing a
security card WO 97/ 43110

PCT/ US97/ 07727 5 1 system devel oped by M fhesota M ni ng and

Manuf acturing 2 Conpany of Saint Paul M nnesota, and described in PCT 3
Publication No. W95/09084 which is incorporated herein 4 by reference.
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in Fig. 4, conprises ackij ng_she a cover shee :
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t oget her. VWhen viewed t hrough thg u‘ﬁgr si de, of t@g COVer sheet,
the reverse prl nt e®e3EaNFFt F45agBdappthr SOmPrise sleeve-type bearings.
6

Furthermore, the sleeve bearings 44B and 44D are mounted
in a hardened outer sleeve 45. Each bearing holder 46

7

8 includes a recess 48 for receiving the bearing 44

9 therein, and further includes grooves 50 in the side .
10 edges thereof. The grooves 50 of the bearing mounts 42
11 are slidably received in respective slots 52 in the front
12 and rear walls 26, 28 of the frame assembly so that the
13 bearing holder 46 engages both the inner and outer
14 surfaces of the walls 26, 28. The bearing mounts 42A and
15 42B rest against the bottom of their respective slots 52,
16 and thus maintain the first and second rollers 32, 34 in
17  a fixed vertical position. It is pointed out that the
18 recesses 48B in the bearing mounts 42B (second roller 34)
19 are elongated in a horizontal direction to allow sliding
20 horizpntal movement of the axis of the second roller 34
21 with respect to the first roller 32. In this connection,
22 a set 54 is extended through a threaded opening in the
23 side wall of the bearing mount 46B and engaged with the
24 hardened outer sleeve 45 to adjust the distance between
25 the axis of the first roller 32 and the axis of the
26 second roller 34. This set screw arrangement is
27 operative for adjusting the parallelism of the first and
28 second roller axes as well as for taking up or tightening
29 slack in the steel belt 30. The bearing mounts 42D for
30 the fourth roller 40 have the same elongated recess 48D
31 and set screw 54 for adjustment of the fourth roller axis
32 with respect to the third roller axis.
33 The bearing mounts 42C, 42D for the third and fourth

34 rollers 38, 40 are suspended in the frame assembly by



13 inits correct orientation. The backing and cover sheets 14 14,

16 are fused directly together wthout an 15 I nternedi ate | ayer of
adhesi ve, wherein the backing sheet 16 14 preferably conprises an

anor phous copol yester film 17 and the cover sheet 16 conprises arigid

pol yvi nyl 18V097¥HPoride film The anorphous copol yest er pemussmgrRheet 19

14 is preferably pignmented with titani um di oxi de so that 20 It Is opaque
white, while the PVC cover sheet 16 is 21 preferably transparent,

al t hough ot her col or schenes and 22 arr &genents are also suitable. 1In

nost instances, the 23 backi ng sheet 14 is considerably thicker than the
cover 24 sheet as it is intended to provide nost of the rigidity 25
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achi eved begausQAtggﬁkf%gg&ggoggring 64 is received around each screw 56

8  and captured between the top of the respective bearing
9 holder 46 and the bottom of the respective suspension bar
10 ° 58 to bias the third and fourth rollers 38, 40 downwardly
11 from their suspended position ﬁoward the first and second
12 rollers 32, 34. Rotation of the screw 56 permits
13 adjustment of the vertical spacing between the third and
14 first rollers 38, 32 (input nip rollers) and the fourth
15 and second rollers 40, 34 (output nip rollers). In this
16 regard, the belt assemblies 20, 22 are adjusted so that
17 there is at 25 mil spacing between the input rollers 32,
18 38 and between the output rollers 34, 40, the spacing

19 being slightly smaller than the combined thickness of the
20 security card sheets (27-33 mils). Since the third and

21 fourth rollers 38, 40 are biased downwardly toward the
22 first and second roller 32, 34, the roller pairs form
23 spaced, but pressurized input and output nips.

24 The first, or lower, input roller 32 is heated by a
25 conventional cartridge heater 66 to a temperature of
26 between about 190°C and about 215°C, but more preferably
27 to a temperature of about 200°C. The cartridge heater 66
28 is slidably received in the center of the hollow roller
29 shaft 32S and is energized by a conventional electric
30 source (not shown). The input nip (rollers 32, 38) thus
31 defines an initial fusing stage for fusing the cover and
32 backing sheets 14, 16 together under pressure and heat.

33 Referring now to Fig. 4, a full fusing stage is

34 defined by a 1/2 inch thick aluminum heating platen 68,
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copol yesters and PVC are softened during the fusion 2 process, and both
contract on cooling at about the sane 3 rate, thereby reducing warping
probl enms encountered with 4 ot her existing card materials. 5 The

first enbodi neMO%H3 e apparatus 10 conprises 6 upper and®OTEHBTOMY) t
assenblies generally indicated at 20 7 and 22, which are supported in

cl osely spaced adjacent 8 relation by a frame assenbly conprising a
bottomwal | 24, 9 and parallel front aml rear walls, 26 and 28
10 respectively. 11 The | ower belt assenbly 22 conprises a
stainless 12 steel belt generally indicated at 30 received around 13

L i lrst and mSﬂeCOﬂg ”QSéHi!tiiﬁné@%&r&&ﬁzir%fgﬁﬁﬂﬂgﬁ:ﬂlﬂw,aﬂ‘hlp erapg_rthenuwer
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G eenbelt | ndustri esscdmpd isbedBhyf méans Y a rubber plate heater 70 glued

7 to the bottom surface of the platen 68. A rubber plate

8 heater 70 of the type contemplated is available from

9 Hotset, Inc. of Battle Creek, MI. Alternatively, other

io beating devices, such as cartridge-type heaters, could be
11 used to heat the platen 68.

12 In order to cocl the belts 30, 36 and the fused
13 sheets 14, 16 held therebetween, first and second fan
14 cooled heat sinks generally indicated at 72, 74
15 respectfully, are ©positioned in abutting relation
16 adjacent to the output nip (rollers 34, 40). More
17 specifically, a first aluminum heat sink 72 is positioned
18 between the front and rear walls 26, 28 of the frame,

19 with the body portion 72B in abutting relation with the
20 upper portion of the steel belt 30. Fasteners 76 extend

21 through the front and rear walls 26, 28 of the frame and
22 into openings (not shown) in the heat sink 72 to fixedly
23 secure the heat sink 72 in position. A second heat sink
24 74 is positioned between the front and rear walls 26, 28
25 of the frame assembly with the body portion thereof 74B
26 in abutting relation with the lower portion of the
27 fiberglass belt 36. A second set of fasteners 78 extend
28 through vertical slots 80 in the frame walls 26, 28 and
29 into the second heat sink 74. Springs 82 are secured
30 between the fastener pairs to draw the second movable
31 heat sink 74 downwardly into compressing relationship

32 with the first fixed heat sink 72. The fins 72F, 74F of
33 the heat sinks 72, 74 extend perpendicular to the
34 direction of travel of the belts 30, 36 wherein first and



22 The rollers 32, 34, 38, 40 preferably conprise al um num 23 rollers
haV|ng shafts 32S, '34S, '38S, 40S. It is pointed 24 out that shafts 32S
and 38S are hollow, while shafts 34S 25 and 40S are solid. 26

The belt assenblies 20, 22 are supported in the 27 frame such that the
first and thi W@%éders 32, 38 from 28 an input nip, andPcE@ss#I®Id and
fourth rollers 34, 40 29 forman output nip, with the endl ess belts 30,
36 in 30 facing relation. The first and second rollers 32, 34 are 31
fixed in position, with the third and fourtA%ollers 38, 32 40 bei ng
slidably novable relative to the first and 33 second rollers 32, 34.
More specifically, the shaft of 34 each roller is received through a
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sl eeve-type béarings ernnre €éve Dbear i ngs
nmount ed cooling, the air is moved through openlngs 86, 88 in the

6 front and rear walls 26, 28 of the frame assembly.

7 In use, the belts 30, 36 are rotated simultaneously
8 in opposite directions for transporting the overlapping
9 cover and backing sheets 14, 16 between the endless belts
10 from the input nip to the output nip. Rotation of the

11 belts 30, 36 is accomplished via an electric motor
12 generally indicated at 90 and gear system. The body 92
i3 of the electric motor 90 is mounted to a bracket 94
14 attached to the rear wall 28 of the frame assembly. The -
15 drive shaft 96 of the motor 90 includes a worm gear
16 portion 98 for rotating a drive gear 100 mounted on the

17 rear end of the shaft 34S of the second roller 34 (Fig.
18 2, 3). Rotation of the lower belt assembly 22 is
19 transferred to the upper belt assembly 20 by a pair of
20 intermeshing transfer gears 102, 104 mounted on the front
21 ends o©of the shaft 348, 40S of the second and fourth
22 rollers 34, 40 (Fig. 1). The motor 90 and gear assembly
23 are preferably timed for transporting cards through the

24 apparatus at a rate of about 0.25 inches per second. The
25 instant device is thus operative for transporting a
26 conventional size ID card through the apparatus at a rate
27 of about 1 card per minute.

28 The apparatus 10 further includes upper and lower
29 steering assemblies generally indicated at 106 and 108
30 for maintaining proper alignment and rotation of the
31 belts 30, 36 on their respective rollers. Each steering

32 assembly 106, 108 comprises a shaft 110 mounted between
33 the front and rear walls 26, 28 of the frame. The shaft
34 110U of the upper steering assembly 108 extends



7 in a hardened outer sleeve 45. Each beari ng hol der 46 8 I ncl udes

a recess 48 for'receiving the bearing 44 9 therein, and further

i ncl udes grooves 50 in the side 10 edges thereof. The grooves 50 of the
beari ng nounts 42 11 are slidably received in respective slots 52 in the
front 12 aMO Pl 5| | s 26, 28 of the frane assenbly so tRaVU¥PRETR:
beari ng hol der 46 engages both the inner and outer 14 surfaces of the
wal | s 26, 28. The bearing nmounts 42A and 15 42B rest against the bottom
of their respective slots 52, 16 and thusldmintain the first and second
rollers 32, 34 in 17 a fixed vertical position. It is pointed out that
the 18 recesses 48B in the bearing mounts 42B (second roller 34) 19

are elongated jn a;hor ??‘?ﬁ&?‘ieco S | Q.lﬁelro‘f!oﬂ:hghngfzghe £ Dd O

movenent of the axis o

t
first roller . bglthdé abasenti bhe 12'5?‘“" nip¢and; Fheg Sé?tg' ﬁﬁé%l’*t# q&ﬁ‘u
threaded opening i nowee Ateerinydmssanblyl extendsarimmpdiotelyleboxed the
engaged W th t he Ziowergﬁ&?ﬁ%‘?f o%urtﬁE ?*:S@i’ Péhx 130 %@Jj‘d&&h&hﬁod&ﬁé ai}&ﬁxt

bet ween 25 he axi' s i rst Ier 32 and t e aX|
second rollers 34nip (FHi%s et Mﬁﬁﬂiﬁ %%Pfts &ggrgﬁ
for adjustingd he patghyepdivmosf tfhﬁcété&tcoaadraﬁlers a&eowdithotherlm as

wel | as for takinguy [ nj [ The
beari ng nmount 42Ddf1§f“8§6£ gn@%e&?g’ﬁr hm1 S’%‘a%io?ﬁ[é@ggt %&%%&r;géﬁe gﬁltﬁred
recess 48D 8 ends of the shafts 110. In this regard, as the belts

9 36 rotate, if either belt should skew toward one side or
10 the other, the belt will ride wupwardly on the
11 corresponding truncated roller 112, wherein it will be
12 urged back downwardly into its normal rotating position.
13 The apparatus 10 is intended to be used with the
14 cover sheet 16 of the card system facing downwardly and

15 the backing sheet facing 14 upwardly. As the overlying
16 sheets 14, 16 are fed into the input nip, the backing and

17 cover sheets 14, 16 are pressed together under the
18 pressure of the nip while the cover and backing sheets
19 14, 16 are heated by the heated lower roller 32 of -the
20 input nip. The pressure of the input nip squeezes out
21 air bubbles from between the sheets 14, 16 prior to
22 fusion, and further maintains the cover and backing
23 sheets 14, 16 in proper registration during initial
24 heating by the roller 32. Maintaining the sheets 14, 16
25 in proper registration during the initial heating is
26 extremely important, since the plastic materials become
27 somewhat soft, and movement of the sheets at their
28 interface while in a molten state will cause smudging or
29 smearing of the security image printed on the inner side
30 18 of the cover sheet 16. After the initial fusion, the
31 - sheets 14, 16 are transported over the heated platen 68
32 which further heats the sheets for a longer duration
33 while in a fixed position wherein they are able to fully

34 fuse together. It is noted that the longer exposure to



31 and set screw 54 for adjustnent of the fourth roller axis 32 W th
respect tothe third roller axis. 33 The bearing nmounts 42C, 42D
for the third and fourth 34 rollers 38, 40 are suspended in the franme
assenbly by WO 97/ 43110

PCT/ US97/ 0770143119 screws 56 which extend downwar dl yPCRUSIBATIRT
spaced 2 suspension bars 58 attached to the front and rear walls 3

26, 28. The head 60 of the screw 56 rests on top of the 4 bar while the
shaft 62 passes through an opening (not 5 12 shown) in the bar 58 and

extends into a threaded bore (no 6 shown) in the top of the respective
beari ng hol der 46 7 A conpression spring 64 is received around each
screw 56 8 t éﬂ% etehngat 8R ﬁifiéﬁh [%?ge r

hol der 46 ané the t%ﬁ%ﬂ regpectlve suspen§?§ﬁ *% i gB?o bi as

the third and fcnPQQK%“SIFBF§t3%4 W 3 RRiRE Yherein the suxfacs graiBpekded
posi tion toward twéufestoanctmcmwbﬂgaass reeler se Tan Bé. unwiBataglgn of

the screw 5 per g AR PG t he
third and 14§ flrég;éégq gg {I%gﬁﬁ?%%i&a %2r 5ﬂgﬁ€ %gﬁgﬁh 15
and second r®l | erkt40, Ip (§b%§ut°?n§PQtﬂqursF 1PVPIrnEPrtl°n of the

6 fiberglass belt 36 directly above the heating platen 68

7 is cooled by a fan 116. The air directed across the
8 fiberglass belt 36 keeps the back surface 114 of the
9 backing card 14 sufficiently cool and rigid so as not to
10 be imprinted with the surface texture of the fiberglass
11 belt 36.

12 The fused sheets 14, 16 are thereafter cooled to
13 almost room temperature by passage between the fan-cooled
24 heat sinks 72, 74. The sinks 72, 74 effectively remove
15 almost all of the heat from the sheets 14, 16 prior to
16 exiting from the apparatus between the output nip.

17 Referring now to Figs. 5-10, a second embodiment of

18 the apparatus is illustrated and generally indicated at
19 117. The second emobidment 117 is generally similar to
20 the apparatus 10 with the exceptions that there is only

21 a single transport belt, and the upper input roller is
22 cooled, More specifically, the second embodiment 117
23 comprises a belt assembly generally indicated at 118
24 which is supported in a frame assembly comprising front
25 and rear spaced walls, 119, 120 respectively. The belt
26 ‘assembly comprises a Teflon coated .005 inch thick
27 stainless steel belt 122 received around first and second
28 rollers 124, 126 respectively. The rollers 124, 126 are
29 preferably fabricated from aluminum for good heat
30 conduction. The rollers 124, 126 are rotatably mounted on

31 shafts 128, 130 respectively wherein shaft 128 is hollow
32 while shaft 130 is solid (See Pig. 10). The opposing
i3 ends of the shafts 128, 130 are rotatably mounted in
34 respective fixed bearing mounts 132 received in the



16 regard, the belt assenblies 20, 22 are adjusted so that 17 t here
ks at 25 m | spacing between the input rollers 32, 18 38 and between the
output rollers 34, 40, the spacing 19 being slightly smaller than the
conbi ned t hickness of the 20 security card sheets (27-33 mls). _Since
the third and Wa9431¥0oyrth rollers 38, 40 are biased downwar % Y the
22 first and second roller 32, 34, the roller pairs form 23 spaced,
but pressurized input and output nips. 24 The first, or |ower,
input roller 32 is heated by a 25 convent tHnal cartridge heater 66 to a
tenperature of 26 bet ween about 190[err] C and about 215[err]C, but nore
preferably 27  to a tenperature of about 200[err]C. The cartridge heater
Sﬁa?? 328IS ZH!dabEﬁa&éaeg¥gﬂtianahﬁeSEDﬁﬁl}Qf}IéweizﬁlanthﬂliraﬁEJSuch

and Is energiz conve on e ric s : ougce s
shown). The i%put tﬁﬁg (’?‘b‘ﬂ Fed1ess’; %*thﬁ‘s?sslg‘('zé gfaifitained® UGS 49
fusing stage for fparagleherelatiommat 321 timegki ng sheets 14, 16 together
g[‘ge{; P;egzurﬁi gn?_ hegt Ehésbfllét ‘assdh§ iy p9Wrbeatéd. bf, ah feldctirniz ng
VO 87/ 43110 5 € Lig'gve Xot%r 134I gxrr]ixgghladér%rgnéhna% E,g%} ngtﬁ%% %%ar
surface 138 which intermeshes with a corresponding drive

gear 140 on the shaft 130 of the second roller 126. The
motor 134 and gears 138, 140 cooperate to rotate roller
126 at an appropriate speed to transport a card received
10 on top of the belt 122 through the various heating and
11 cooling stages of the apparatus 117.

0w ® N &

12 During rotation, the belt 122 is tensioned around
13 the first and second rollers 124, 126 by a spring-biased
14 tension roller assembly generally indicated at 142 (See

15 Fig. 10). The assembly 142 comprises a roller 144
16 'rotatably mounted on a shaft 146. The shaft 146 is
17 slidably mounted in a pair of opposing guide slots 148 in
18 the front and rear frame walls 119, 120. The shaft 146

19 is normally biased upwardly by a pair of springs 150 each
20 having one end received around an end of the roller shaft
21 146, and the opposite end received around a fixed post
22 152 mounted on the respective front and rear frame walls
23 119, 1l20.

24 Phe first roller 124 is heated by a conventional

25 cartridge heater 154 which is slidably received into the
26 hollow shaft 128 of the first roller 124. The cartridge

27 heater 154 is energized by a conventional electric source
28 '(not shown) and is effective for heating the roller 124
29 to a temperature between about 190°C and about 215°C.

30 The apparatus 117 further includes a third roller
31 assembly generally indicated at 156 mounted in
32 cooperation with the first roller 124 to form an input

33 nip with the first roller 124 such that the sheets 14, 16
34 (See Fig. 4) together to define a two-piece structure



1 positioned in abutting relation with an upper portion of 2 t he
steel belt 30 adjacent ‘to the first roller 32. The 3 platen 68 is
preferably heated to a tenperature between 4 about 150[err] C and about
170[err]C, and nore preferably to a 5 tenperature of about 160[err]C.
Heating of t"W@3H434%en 68 is 6 acconpl i shed by neans of BCTUMISIND| at e
heater 70 glued 7 to the bottomsurface of the platen 68. A rubber
plate 8 heater 70 of the type contenplated is available from?9

Hotset, Inc. of Battle Creek, M. Alternatli4vely, other 10 beati ng
devi ces, such as cartridge-type heaters, could be 11 used to heat the
pl aten 68. 12 In order to cool the belts 30, 36 and the fused 13

heets 14, hel f t
Sinks. general | 5 AN SR Cptigiing) Unsilaecclte 38 Bha af0BpRdsinge
positioned 2%n nphoys copalysRtes Sldﬁdﬁéceﬁbet6°%ﬁ€r06§§ﬁvthpl55

(rollers 34,3 40)generMm9 léompripesi facatdyrern fimest &h:umtnuahheai:esr nk 72
I s positione ‘J?gésf rqf andlsr ear I s, 26 emgégne

19 with the bo§§ po in-a dttlng rel®Bti on wi the upper
portion of the stsé@lCllfélc?lQE, thes troidker ﬁ%x%én@rsierablﬁr(SQthGh’QEdront

?Ed L ea{ wald s7§%roa1f8 am‘umltlhamf FRFE g Zﬁtari]: dﬁﬁ\ﬁ?t:ﬂﬂ?&ﬁ' ggﬁd(mgt fﬁtbem:} in
e ea Si Q | Xe re ea n SITI
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26, 28 8 extending parallel to the turning axis and spaced around
' ) the circumference of the roller 158. The bores 166 are
10 intended to allow an air stream from the fan 164 to

11 travel through the roller 158 to remove heat from the

12 roller 158. The roller 158 is rotatably mounted on a

13 shaft 168 which is received in fixed bearing mounts 170

14 which are secured in the front and rear retaining walls

15 160, 162. The retaining walls 160, 162 are attached by

16 flanges 172, 174 respectively to the respective front and

17 . rear frame walls 119, 120. The roller 158 is positioned

18 in the assembly 156 to provide approximately a 25 mil

19 spacing between the rollers 124, 158 so that the nip has

20 = adeguate clearance to accept the combined thicknesses of

21 the facihg sheets 14, 16. The front and rear retaining

22 walls 160, 162 each include a plurality of apertures 176
23 to permit air flow from the fan 164 to pass through the
24 retaining walls 160, 162 and the bores 166 in the roller

25 58. The fan 162 is a conventional electrically powered
26 fan, which is mounted on four spaced stanchions 178
27 affixed to the outside surface of the front retaining
28 wall 160.

29 The input nip (rollers 124, 158) is intended to
30 function as an initial fusing stage wherein the two
31 facing sheets 14, 16 are initially fused together under
32 temperature and pressure. In operation, the sheets 14, 16

33 are fed into the input nip with the polyvinyl chloride
34 side 16 facing the first roller 124 and the amorphous



25 of the frane assenbly with the body portion thereof 74B 26 I n
abutting relation with the |lower portion of the 27 fi berglass belt 36.
A second set of fasteners 78 extend 28 t hrough vertical slots 80 in the
frame walls 26, 28 and 29 into the second heat sink 74. Springs 82 are
secured 30 MR IBMO; he fastener pairs to draw the second Loty
heat sink 74 downwardly into conpressing relationship 32 wth the first
fixed heat sink 72. The fins 72F, 74F of 33 the heat sinks 72, 74
ext end perpendicular to the 34 direction &P travel of the belts 30, 36
wherein first and WO 97/ 43110

PCT/ US97/ 07727 10 1 second fans 83, 84 nounted to the rear wall of the

frame 2 respect igkBbYyhLoyy aiilqedar rhbendi thé WH B $ol2br 195, i fn3}his a
direction perpendicul ar toﬁﬁhe glrec i on gfcﬁflt.4. .&rﬁégl. T0
facilitate rafid afPPSFenSRtYakleoBPrsv2EY AT {9 it atF PR TRRred
t hr ough openi rigs 8@heSBeath prnvigied bir the heatedaroliwid 4226is28ufficiant
frame assembly, 7 ¢q softehntﬂéeenibfépﬁ&ifﬁéﬁ&l 18-€abOkRéSE 16 ang at

si mul t aneously 8 I n opposite directions  f transporting. the over %Bplng
9  cover an® bacRieA§tshef s 1PHSTRRShehREERTt HEPTh RS sSE haihes amorpho

6 copolyester sheet 14. However, it has been found by
7 experimentation, that the heat from the roller 124 often

8 is conducted completely through the copolyester backing

9 14 thereby softening the backing 14 and causing
10 deformation the entire card structure. This was sometimes
11 a problem in the first embodiment 10 because the
12 softening of the backing sheet 14 allowed the texture of
13 the fiberglass belt 36 to be imprinted into the back
14 surface of the card during passage through the nip.
15 Obviously, if a user wanted to print on the rear surface
16 of the card, the imprinting of the texture would be
17 unacceptable. The key aspect in the initial fusion of the
18 instant card structure is to retain the stability of the
19 backing 14, i.e. to heat the polyvinyl chloride cover
20 sheet 16 and only the facing surface of the copolyester
21 sheet 14 while maintaining the back surface of the
22 copolyester sheet 14 at room temperature. Accordingly,
23 this second embodiment 117 has been provided with a means
24 for actively cooling the upper, i.e. third roller 158 to
25 actively remove heat from the back surface of the
26 copolyester sheet 14 during fusion. In operation, the
27 fan 164 creates an air flow which passes through the
28 bores 166 in the roller 158 to remove heat from the
29 roller 158, and the copolyester sheet 14. By removing

30 the heat provided by the roller 124, the back surface of
31 the copolyester backing sheet 14 remains rigid and the
32 fused card is not deformed.

33 The apparatus 117 further includes a heated platen
34 180 (Fig. 10) for applying additional concentrated heat



10 fromthe input nip to the output nip. Rotation of the 11 bel ts
30, 36 is acconpliished via an electric notor 12 general ly indicated at
90 and gear system The body 92 13 of the electric notor 90 is nounted
to a bracket 94 14 attached to the rear wall 28 of the frame assenbly.
The 15 drVPe74ist 96 of the notor 90 includes a wor m g@ET/UEH/7727por t i on
98 for rotating a drive gear 100 nounted on the 17 rear end of the shaft
34S of the second roller 34 (Fig. 18 2, 3). Rot ati on of the | ower
belt assenbly 22 is 19 transferred to th® upper belt assenbly 20 by a
pair of 20 I ntermeshing transfer gears 102, 104 nounted on the front 21
ends of the shaft 34S, 40S of the second and fourth 22 rollers 34, 40
(Fig. 1). he or a 2 a f b ti or
transporti n-gr1 car t° ‘ﬁ? gﬁgk’g%&h 7‘q"(iﬁ@g:%g?al?gu'isdeat i€ ?Jrfe a&%l g%lgut

i nches per §econ(§tr“¢h‘ér‘?53° achievgne B%‘W%% ?sf“c% Sfckhei fuo reheets
transporting a 2G4, 160NVEHE iplatlensiBe tomprigks hfrolaghmﬁ.hﬁmaﬁw athisemt a
rate 27 f ab gtposf@:{cgbe%e mmtﬂggrﬁal zgomm rﬁ) catl-gl?neﬁgﬂa de;léc)sj{dér ther

i ncl udes up er an eer asse |es ener al ed at
106 and 108 530 off Gpeﬂﬁﬂﬁaﬂﬁ?nadﬁw& n6°ib?§t1%fh- ofMaxfe 31
bel ts 30, 36 on EhecifiefNgGt ke pIatear 380 anhoxnfmar begwdén th&SERIHY Yy

106, 108 conpri S?E,gargggf Er}‘;f%e% ?ﬂl&etl%e.n'l‘%g pla“:gg {86Ms A L&

wal I s 26, 28 of rarne.
8 to a temperature of between 150°C to 170°C by a cartridge
9 heater 182 inserted into a bore in the body platen 180.
10 As the fused two-piece structure exits the input nip it
11 is transported over the surface of the heated platen 180
12 by the belt 122, In order to maintain the card in
13 " intimate thermal contact with the belt 122 and platen
14 180, the apparatus includes a plurality of pivotally
15 linked rollers 184 which rest on the top surface of the
16 belt 122. As the two-piece card structure passes under

17 the rollers 184, the rollers 184 hold the card in contact
18 " with the belt 122. It is noted that the rollers are free

l9 floating and are not affixed to the frame so that they
20 can move up and down as the card structure passes beneath
21 each roller 184. However, the rollers 184 are disposed

22 within an upper housing 186 which maintains the rollers
23 184 in position on top of the belt 122. In this regard,
24 the rollers 184 are pivotably linked together by link

25 elements 188, and the link elements 188 are slidably
26 pinned to the upper housing 186 by a pin 190. Pin 190
27 rides in a slot 192 in the housing 186 to permit upward
28 movement of the roller assembly while restricting
29 longitudinal movement of the rollers 184 with respect to
30 the belt 122. While the rollers 184 do exert some
31 downward pressure due to gravitational forces, they are
32 not intended exert any positive pressure onto the card.
33 Accordingly, as the two-piece card structure card passes

34 over the platen 180, the card structure is heated to a



34 110U of the upper steering assenbly 108 extends WO 97/ 43110

PCT/US97/07727 11 1 - immediately beneath the upper portion of the

rlbergI?ss 2 belhb?G adj acent the input nip, and the shaft 110L of the 3
ower steering assenbly extends i mredi ately above the 4 | ower._portion of

the steel belWO3T4UY acent to the input 5 nip (Fig. 4). ?@ﬁ”%n each

of the shafts 110 is a 6 mating pair of truncated cone rollers 112 with
the larger 7 di aneter ends of the roller %12 facing toward the outer 8
ends of the shafts 110. In this regard, as %'he belts 30, 9 36 rotate,

i f either belt should skew toward one side or 10 the other, the Dbelt
will ride upwardly on the 11 corresponding truncated roller 112,

wherein it witl DesifescidiftIcdchpekatonanaidi! wullyo asenatiml pooyeihyy

position. 13 ratu 10.is intend d

cover sheet 18 of ‘E’}?é’rd'gf’dgg%s‘f@ﬂ &ETRY '&%ﬁﬁﬁﬁgﬁﬁl {:0%&}&1{%6 I\@t F\Lg %ggﬁl ng
sheet facing 14 upwaiettstoodAthalte ’ajvaer$9¢qui 1mat1rg1e& sthe caxd gp¥ fhe
into the inpuj {‘Lgpllééﬁlﬁm W'vﬁ@lla%tlaeforﬁowé sheeieckbse thepeeiprassed

tsﬁggi Qer undeg pc:srl::n.vepre;?r?eus'rsev.zr%c texer.ucé%. Whl l € ‘él'rx]ee Co¥& agg béghégg
6 deformation.
7 In order to cool the two-piece card structure back
8 to room temperature, the apparatus 117 includes a lower
9 fan-cooled heat sink 194 (See Figs. 7 and 10) positioned
i0 in abutting relationship with the underside of the belt
11 122. The heat sink 194 is mounted between the front and
12 rear frame walls 119, 120 and is cooled by a fan 196
13 mounted to the front frame wall 119. The front and rear
14 frame walls 119 are provided with appropriate apertures
15 . 198, 200 respectively, to permit an air flow from the fan
16 196 to pass through the front frame wall 119, through the
17 fins of the heat sink 194 and outwardly through the rear
18 frame wall 120. The apparatus 117 further includes a
19 = second upper heat sink 202 which is pivotably linked at
20 its upstream end to the rollers 184. The heat sink 202
21 also includes a chamfered corner 204 at its upstream end
22 to permit the fused card structure to easily slide

23 underneath the heat sink 202 during transport. It is
24 noted that the heat sink 202 is captured within the upper
25 housing 186 and is permitted to float upwardly so that

26 the upper surface of the backing sheet 14 is maintained
27 in intimate contact with the lower surface of the heat
28 sink 202. The heat sink 202 is cooled by another fan 206
29 which is mounted on the upper wall of the upper housing
30 186. In operation, air passes downwardly through the
31 upper housing 186, over the heat sink 202 and outwardly
32 through openings at the sides and ends of the housing

33 186.



19 14, 16 are heated by the heated | ower roller 32 of the 20 I nput
ni'p. The pressureé of the input nip squeezes out 21 air bubbles from
bet ween the sheets 14, 16 prior to 22 fusion, and further nmaintains the
cover and backi ng 23 sheets 14, 16 in proper registration during
initial 24 WO ¥ng by the roller 32. Mintaining the sPERUSITAZ2T 16 25
I n proper registration during the initial heating is 26 extrenely
i nportant, since the plastic materials becone 27 somewhat soft, and
novenent of the sheets at their 28 inté¥& ace while in a nolten state
wi || cause snudging or 29 snearing of the security imge printed on the
I nner side 30 18 of the cover sheet 16. After the initial fusion, the
31 sheets 14, 16 RSROT plat 6 whi ch
further heatis t he shggeetefs&][egr a I%%ﬂ%ﬁ%ﬁo%%iﬁt V\It%i ﬁ%el %p%%}aitggd
posi ti on wher ei n"tRh&Prer Bagses throughy gnoutpul; nip forpad iy the lpwerot ed
that the | osger weposwoeled 126Y\0 &hd 481¥durth roller 208 mounted in
PCT/ US97/ 07{)27 Teodperatiedl A L Jtoéveﬁ]&e%e% Hod el 1&%2' ¥ngOLbeng,t he
upper 2 acki ng ‘shee 4 to a poln erern thé surface grain of 5
texture of $he 3§ Fosakrhly IPupkgdpen i\ FREEJRY0 having ends which

6 are received in shaft blocks 212. The shaft blocks 212

7 are slidably received in openings 214 in the sidewalls of

8 the upper housing 186. The blocks 212 are biased in a

9 downward direction by springs 216 captured between the
10 upper housing 186 and the shaft blocks 212. The springs
i1 216 bias the roller 208 downwardly to form a pressurized
12  output nip for output of the card.

13 It can therefore be seen that the instant invention
14 provides apparatus 10 and 117 which are effective for
15 initially fusing a pair of sheet materials under pressure
16 and heat, further heating the fused sheets without
17 pressure to achieve a full bond, and then cooling the
18 fused sheets prior to exiting the apparatus. The
19 apparatus achieve these objectives by providing a
20 = pressurized input nip having a heated roller. Sheet
21 materials passed through the input nip are fused under
22 the pressure and heat of the nip. The fused materials
23 are then passed over a heated platen for further heating
24 of the sheets materials to achieve a full bonding of the
.25 materials. The fully fused sheets are then cooled by fan
26 cooled heat sinks prior to passage out of the apparatus.
27 For these reasons, the instant invention is believed to
28 represent a significant advancement in the art which has
29 substantial commercial merit.
30 While there is shown and described herein certain
31 specific structure embodying the invention, it will be
32 manifest to those skilled in the art that various
33 modifications and rearrangements of the parts may be made

34 without departing from the spirit .and scope of the



4 " inprinted on the back surface 114 of the backing sheet 5 14. In

this connection,” a ‘1ower portion of the 6 fi berglass belt 36
directly above the heating platen 68 7 is cooled by a fan 116. The air
directed across the 8 fiberglass belt 36 keeps the back surface 114 of

the 9 backWQPMMEHE 14 sufficiently cool and rigid so as rRATYSSTATI2T  pe
inprinted with the surface texture of the fiberglass 11 belt 36. 12

The fused sheets 14, 16 are thereafter cooled to 13 al nrost room
tenperature by passage between the fan-cool etf 14 heat sinks 72, 74. The
sinks 72, 74 effectively renove 15 alnost all of the heat fromthe
sheets 14, 16 prior to 16 exiting fromthe apparatus between the output

nip. 17 1 R_etlfiﬁéi:i'ﬁiﬂ?“’iﬁ'@eﬂﬂﬁe Sordéept? Sef0ekheEndi BBk Ak hbt
the apparatus I1s illustrated and generally_ indigated at 19, 17. Th
second enobi dfent ##RritedgehRr a"rl?*g sﬁﬁﬁ%%lﬁa 2 °mst?'ée’é?)’pféraﬁ Y0 a&ﬁd’[h
t he exceptions t hatiesbeilmed £xcapy Disofaraasi ipdicatednbpothe betope Afd thige
upper. input rgller . £0Q{L£d. More specifically, the second
enbodi nent 117 23 abégﬁér%crligses as%elt assenbly generally indicated at 118
24 which is supported in a franme assenbly conprising front 25 and
rear spaced walls, 119, 120 respectively. The belt 26 assenbl y

conprises a Teflon coated .005 inch thick 27 stainl ess steel belt 122
recei ved around first and second



28 rollers 124, 126 respectively. The rolTers 124, 126 are 29

preferably fabricated® from ' ood heat 30 conducti on.
The rollers 124, 126 are rot aHMIH"ﬂF“I‘”@H 31 shafts 128, 130
respectively wherein shaft 128+*isc hal | ew » Wwhile shaft 130 is solid
(See Fig. 10WO97AM#0 opposi ng 33 ends of the shafts 128, prt3Rseworr27
rotatably nounted in 34 respective fixed bearing nmounts 132 received in
t he WD 97/ 43110 PCT/ US97/ 07727 13
1 spaced front and rear walls 119, 120 @b the franme such 2 that the
rollers 124, 126 are maintained in fixed 3 parallel relation at all
tines. 4 The belt assenbly 118 is rotated by an electric 5 drive
not or 134 havingcgaghiye shaft 136 with a worm gear 6 surface 138 which
i ntermeshes with Fr’espondi ng drive 7 gear 140 on the shaft 130 of
the second rlol | e2.126Appanates foyptBusirgy andigedr polyBeriq sheeberinie to

rotate roll &f 9 facd2fodfach) rHRNARN RiEhSRESELAMY WAYRRREE anedtd firsel ved
10 on top of the be&%ﬁlZZ throj&? the various héating and 11 cool i ng

stages of tie apPRPATALUS 9omHBLSY During rotation, the belt 122 is
t ensi oned ardound means for pressing said sheets together in face-to-
' 5 face relation to define a two-piece structure;
6 first means for applying heat only to the first
7 polymeric sheet while said sheets are being pressed
8 together, said pressure and heat achieving an initial
9 fusing of said first and second polymeric sheets;
10 means for cooling said second polymeric sheet while
11 said sheets are being pressed together; and
12 second means for applying heat only to said first
13 polymeric sheet under ambient pressure to achieve a full
14 fusion of the first and second polymeric sheets to each

15 other.

1 2. In the apparatus of claim 7, said means for pressing
said sheets together comprising an input nip having first
and second rollers.

L

3. In the apparatus of claim 8 said first polymeric
sheet being received adjacent to said first roller and
said second polymeric sheet being received adjacent to
said second roller while said sheets are being pressed
together, said first means for applying heat to said
first polymeric sheet comprising means for heating said

N Oy bW N =

first roller.

4. In the apparatus of claim 9, said means for cooling
said second polymeric sheet while said sheets are being
pressed together comprising means for cooling said second

W N e

roller.
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13 the first and second rollers 124, 126 by a spring-bi ased 14

tension roller assenbly gener(u 142 (See 15 Fi 10

The assenbly 142 conprises a a‘ nn”mzlmﬂuﬂ“m ot atably nounted gn a s%aft
146. The shaft 146 is 17 sti dabl'y flouhit ed in a pair of o gui de
slots 148 in W®9743ke front and rear frane walls 119, 120. 'é!‘ﬂgﬂt 146
19  is normally biased upwardly by a pair of springs 150 each 20

havi ng one end received around an end of the roller shaft 21 146, and
the opposite end received around a fixed posgl22 152 nounted on the
respective front and rear frame walls 23 119, 120. 24 The first
roller 124 is heated by a conventional 25 cartridge heater 154 which is
slidably received into the 26 hol | ow shaft 128 of the first roller 124.
The cartridge 27 heater "154 is energized %y a conventional electric
source 28 (hot ShownYhenepparaguscef| Gkaimy 7 FEREReY FFETLSLNE 2 1sﬁF°Z§i
to a tenperatu e bekyeeny &ﬁkﬂiﬂs 890hetrédm AT sabausedtr aen}fng3feans for
The_apparatus 17 fuﬁ%her ne %5?5 égt|ﬂ rd roller 31 assenbly generally
i ndicated at 156 dRPed® cooperation with the first roller
124 to forman input 33 nip mnth the first roller 124 such that the
sheets 14, 16 B34 .(Se@nEi gppabatiu@yekEheraim sdehirtivern domprpstng &tsemind e

2 cooling means downstream of said second heating means for
3 cooling said sheets.

1 7. The apparatus of claim 9 further comprising a second
2 cooling means downstream of said second heating means for

cooling said sheets.

1 8. Apparatus for fusing a first polymeric sheet in
2 ' face-to-face relation with a second polymeric sheet
3 comprising;

4 a first belt assembly including a first endless belt
5 received around first and second rollers;

6 a third roller mounted in cooperation with said
7 first roller to form an input nip with said first roller,
8 said first and third rollers pressing said sheets
9 together in face-to-face relation to define a two-piece
10 structure, said first polymeric sheet being received
11 adjacent said first roller and said second polymeric
12 sheet being received adjacent said second roller while
13 said sheets are being pressed together;

14 means for heating said first roller such that only
15 said first polymeric sheet is heated, said pressure and
16 said heat achieving an initial fusing of said first and
17 second polymeric sheets;

18 means for cooling said third roller such that said
19 second polymeric sheet is cooled while said first
20 polymeric sheet is heated; and

This Sheet Has Been Reﬁlaced




VO 97/ 43110 PCT/ US97/ 07727 14 1

hKavi ng a pol yvinyl" chl ori de sj osing 2 anor phous
copol yester side 14. The roll I] H u/mHHm generally conprises a

roller 158, front and rear*4 ¢ wetval 8l ng wal 160, 162, and a
fan 164. Wor94B10 specifically, the roller 158 |s pr ef escasyré7ady i cat ed
6 fromal um num for good heat conduction, and is further 7 f or med
with a plurality of lateral bores 166 (Fig. 10) 8 extending parallel to
the turning axis and spaced around 9 them circunference of the roller
158. The bores 166 are 10 i ntended to allow an air streamfromthe fan

164 to 11 travel through the roller 158 to renove heat fromthe 12
roller 158. The roller 158 is rotatably nounted on a 13 shaft 168 which
i s recei vedlin fixed hRateAnglatemiReans) tpr arPyipyg heat &a dadd ifirefhe
front and rear rmdéhymerip washeet]5 saidl6BGeatéd. dlwterct meansg beines i60, 162
are attach by I?gg@§g 7 t t e e front
and 17 ?gar f%rg?rxémﬁ/\gal Hg%ojn ?‘he roﬁe{rﬁﬁ%% JT'&SE p%gl %'lsgﬁe%E%§

t he assenbP§ 15653 ﬁ‘rWG\/PHGC%p?ﬁ%GtHﬁ?e??“&S EPRPrted on am Apney Eéfiﬁeen
the rollerg5124,0458a%® be&bt &l BéDndatsraibportede fuohe saligaiapae hapaccept
the conbi ngg thi Gkoessgs Yurkhce df'Csdffi HOaSlFChTatdn hBandNGHietalh and

rear retalnlng
further heat is applied under ambient pressure to said
28 first polymeric sheet.

1 9. The apparatus of claim 14 further comprising a
2 second cooling means downstream of said heated platen
3 means for cooling said sheets.

1 10. A method of making an identification card in an
2 apparatus as claimed in claim 7 comprising the steps of:
3 providing first and second polymeric sheets;

4 arranging said first and second polymeric sheets in
5 face-to-face relation to define a two-piece card
6 structure;

7 applying pressure to said face-to-face sheets to
8 press said sheets together;

9 preheating only the second polymeric sheet while
10 said sheets are being pressed together, said pressure and
11 heat achieving an initial fusing of the sheets;

12 removing the applied pressure from the initially
13 fused sheets; and then

14 applying heat to only said second polymeric sheet of
15 the initially fused two-piece card structure to achieve
16 full fusion of the first and second polymeric sheets to
17 each other.

1 11. The method of claim 16 further comprising the step
2 of cooling said fused sheets of said two-piece structure.

- This Sheet Has Been Replaced
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22 wal I s 160, 162 each incIude—a—ﬁ+ﬁwa++%y—ei~apertures 176 23 to
permt air flow fromthe fan ass through the retaining walls
160, 162 and the bores 166 in th i!jm)l"mumuluﬂ ; The fan 162 is a
conventional electrically pomere i's mounted on four
spaced st anchi¥RE7431E 27 affixed to the outside surface oPCTHENOTBAL

retaining 28 wal | 160. 29 The input nip (rollers 124, 158) is
i ntended to 30 function as an initial fusing stage wherein the two 31
faci ng sheets 14, 16 are initially fused togeéther under 32 t enper at ure
and pressure. In operation, the sheets 14, 16 33 are fed into the input

nip with the polyvinyl chloride 34 side 16 facing the first roller 124

and the anorphqus 12V\Db9ye4:§330for fusing a first polymerlc sheet in face-—

PCT/ US97/07727_15 1 d 4 f thicd N
this 2 mannér dﬁ?yf? %?@@er Slcﬁ* |dgcggg€°§§ 'igﬂ%%acegs ee*‘I"he

heat provided By t heotpmakssichgr dhleestépd o8; sufficient 4 to soften the
entire polyving chloridg shge %O]@?fﬁ'dfﬁséand ES@Eﬁd}%ﬁy&@ﬁ@%ﬁEetEa%ng

surface of the_anorphous ester sheet wever, It has been

f ound by 5 ace-to-face relatlon to define a two-piece card
6 structure;
7 applying pressure to said face-~to-face sheets to
8 press said sheets together;
9 preheating only the second polymeric sheet while
10 said sheets are being pressed together, said pressure and
11 heat achieving an initial fusing of the sheets:;
12 removing the applied pressure from the initially
13 fused sheets; and then
14 applying heat to only said second polymeric sheet of
15 the initially fused two-piece card structure to achieve
16 full fusion of the first and second polymeric sheets to

17 each other.

1 13. The method of claim 18 further comprising the step
2 of qooling said fused sheets of said two-piece structure.

This Sheet Has Been Reilac
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7  experinmentation, that the—heatr fromthe roller 124 often 8 i's
conducted conpl etely through the copol yester backing 9 14 thereby

softening the backing 14 and- causing ‘10 deformation the entire card
structure. This was sonetinmes 11 "a problem .in the first enbodinent

10 because W@9N4110 softening of the backing sheet 14 al | BGHUSYIGE2T
texture of 13 the fiberglass belt 36 to be inprinted into the back 14
surface of the card during passage throuq? the nip. 15 Qoviously, if a
user wanted to print on the rear surface 6 of the card, the inprinting
of the texture would be 17 unaccept abl e. The key aspect in the initial
fusion of the 18 I nstant card structure-is to retain the stability of
the 19 backing 14, i.e. to heat the polyvinyl chloride cover 20 sheet
16 and only the facing surface of the copolyester 21, sheet 14 while

mai nt ai ni ng the back surface of the 22 cop@l yeste® sheeg 14 at room
tenperature. Accordingly, 23o tglsgsé@ond has been
provi.ded with a neans 24 9 aC'Pr\\?e\Ly\co@ Tif , 1.e. third
roller 158 to 25 actlveﬁy re«-ve\héab ferom t/h surfagge of the
26 copol yester sheet M¥dUrig Y USKO] : 271 Jan 164
Ccreates an air flom/mhmcﬁ3p.~ es\t roﬁg the

I n t rol | er
158 to renove heat fr0ﬂ1fﬁE\2‘ ollye sheet 14.
By renoving 30 theﬁyeap ¢ ack gurface of
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31  the copol yester backing sheet 14 remains rigid and the 32 fused

card is not deforned. 33 The apparatus 117 further includes a
heat ed pl aten 34 180 (Fig. 10) for applying additional concentrated heat
WD 97/ 43110 PCT/ US97/ 07727 16 1 to

the pol yvi nyl W99#B1Me side 16 of the two piece 2 st ruct uUPEXVHMERT eve a
conplete fusion of the two sheets 3 14, 160. The platen 180 conprises an

al um num body which 4 i's positioned ing4hermal comunication with an
underside 5 of the belt 122 adjacent to the first roller 124. Mre 6
specifically, the platen 180 is nounted between the front 7 and rear

frame walls 119, 120. The platen 180 is heated 8 to a tenperature of
between 150[err]C to 170[err]C by @ cartridge 9 «heater 182 inserted into
a bore in the body platen 180. 10 3 B the fg§eg fwoepi ece structure exits
the input nip it 11 S téanspdat d¥overmt h® syurflacg of the heated platen
180 12 by the belt 122. sln order\tQ maiftayn)jthe dard in 13 I ntimate
thermal contact with the delt i i =81 FE appar at us
includes a plurality of 6?§Q£f__ &1 Sphich rest on
the top surface of the — "\
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16 : belt 122. As the two-piece card structure passes under 17 t he
rollers 184, therollers 184 hold the card in contact 18 with the belt

122. It is noted that the rollers are free 19 floating and are not
affixed to the frame so that they 20 can nove up and down as the card
structure paswamatieath 21 each roller 184. However, th&EGIHPEE27184
are di sposed 22 w thin an upper housing 186 which naintalns the rollers

23 184 in position on top of the belt 422. In this regard, 24  the
rollers 184 are pivotably |inked together by link 25 el enrents 188, and
the link elements 188 are slidably 26 pi nned to the upper housing 186 by
a pin 190. Pin 190 27 rides in a slot 192 in the housing 186 to permt

upward 28 novenent of the roller assenbly while restricting 29
| ongi t udi nal novenent of the rollers 184 wth respect to 30 t he belt
122. * Wiile the rollers 184 do exert some 31 downward pressure due to
gravitational forces, they are 32 Mot intended exert any positive
pressure onto the card. 33 Lccordingly, as the t -,ﬁ ece cgrd structure
card passes 34 over the n 180, whe cardwstrycyure is hNeated to a
WD 97/ 43110 g\\ P ,/US%//6;727 17
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1 sufficient tenperature to fully fuse the polyvinyl 2 chl ori de

and copol yester materials together. It is to be 3 under st ood that the
second heating of the card by the 4 platen 180 will not deformthe card
because there is no 5 positive pressure exerted on the <card to
cause 6 deM¥R WPI8n. 7 I'n ord?{7 to cool the two- pPERESITRTTY
structure back 8 to roomtenperature, "tthe apparatus 117 includes a | ower
9 fan-cool ed heat sink 194 (See Figs. 7 and 10) positioned 10 in
abutting relationship with the underside of the belt 11 122. The heat
sink 194 is nmounted between the front and 12 rear frame walls 119, 120
and is cooled by a fan 196 13 nmounted to the front franme wall 119. The
front and rear 14 frame walls 119 arg pgpvided mﬁg@ appyopriate
apertures 15 198, 200 respectively, /to permit an air fkow fromthe fan
16 196 to pass through the 119 the 17 fins
of the heat sink 194 and out |y thfough fhe rear7t8 / firanme wal | 120.
The apparatus 117 further jncludas a {19 second yppersfregt sink 202 which
is pivotably linked at 20w——{['s nd to | I effs 184. The heat
sink 202 21 al so incl udes C rne \tsfjupstream end 22
to permt the fused cagd o{ru ufjder neat h t he
heat sink 202 during g<xan i le heat sink 202
Is captured within the upp
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25 housing 186 and is permtted to float upwardly so that 26 t he
upper surface of the backing sheet 14 is maintai ned 27 in intimte
contact with the |l ower surface of the heat 28 sink 202. The heat sink
202 is cool ed by another fan 206 29 which is mounted on the upper wall
of the upper RQEM43HO30 186. In operation, air passes cROwwSTAH7Y?
t hrough the 31 upper housing 186, over the heat sink 202 and outwardly
32 t hrough openings at the sides and %995 of the housing 33 186.

WD 97/ 43110 PCT/ US97/ 07727 18 1
Before the cooled card is output to the operator, 2 the card passes
t hrough an output nip forned by the |ower 3 belt roller 126, and a
fourth roller 208 nounted in 4 cooperation with the |l ower belt roller

126. The roller 5 208 is rotatably nounted on a shaft 210 having ends
whi ch 6 are received in shaft blggks 21%. The shaft bl ocks 212 7 are
slidably received in opening§o§14 i %rr sid@malls of 8 t he upper
housing 186. The bl ockg 212 are NS el 08 dowpygrd direction by

springs 216 captured batwddd te ;’e\\\\‘ L e on i@g 186 and the shaft
186

bl ocks 212. The spring
210

[l 164
172

122

130 [ ' ' ,
18- {IF_l=s 150

144 128

196 118 148

134 \\\ 142
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11 = 216 bias the roller 208 downwardly to forma pressurized 12 out put

m p for output of the rard. 13 It can therefore be seen that the
i nstant invention 14 provi des apparatus 10 and 117 which are effective
for 15 initially fusing a pair of sheet materials under pressure 16
and heat, fuWwoerddm®ati ng the fused sheets wthout 17 pPETUSHATOTIRD
achieve a full bond, and then cooling the 18 fused sheets prior to
exiting the apparatus. The 19 app tus achieve these objectives
by providing a 20 pressurized input hi'p having a heated roller.
Sheet 21 materi al s passed through the input nip are fused under 22
the pressure and heat of the nip. The fused materials 23 are then
passed over a heated platen for further heating 24 of the sheets
materials to achieve a full bonding of the 2ﬁ8 materials. The fully
fused sheets are themgzagl eWboy (496 26117 d heat sinks prior to
passage out of the apparaju 2 168or th se reasonsggt he i 2séant
i nvention is believed t r esgpt\ a (s :ghi"ifl ant advanc ment in the
art which has 29 su ' co ci g 36T 10e there is
shown and descri bed her e ine31 pEC 1|¢ @tr ct Bty the
invention, it will be fést /1 SR ehrr ag$, t hat
vari ous 33 nodi f i cat|iB@ ridar f anjge t t]E ad e nade 34
Wit hout departing fro b 10 deictihe 30
° - oy, 126
10)
124 = 132
154 138
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under|lying inventive concept and that the sane is not 2 limted to the
particular forms herein shown and 3 descri bed except insofar as
i ndi cated by the scope of the 4 appended cl ai ns. CLAI M5 1.

Appar atus forwos4dgoa first polyneric sheet in face- to-fad®RETUSITIT0N
wth a second polyneric sheet, the apparatus conprising: a presser
whi ch presses said sheets together in faCﬁ@ to-face relation to define a
t wo- pi ece structure; a first heat application device which applies heat
only to the first polyneric sheet while said sheets are being pressed
together, said pressure and heat achieving an initial fusing of said first
and second pol ynmeric sheets; a cooling device operable to cool said
second polymeric sheet whil.g %g|d1(5hgets are bqug pressed

1
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téget hei: and a second heat apy appli cation device which ap IRE@kA@iﬁ\&ENToﬁﬂ R

said first pomnmmlu)m er ambi ent. pressure to achi a TuII fusi n
of the first ﬁmw ric sheets-to each other.{2 Lﬁ q%]
ni'p “havi

apparatus of clfaim 1, daid pressing devicé conprising a g
first and second rollers. 3. - In the apparatus of clai

pol yneric sheet being received adjacent to said first r¢ller and said
second pol ynmeric sheet being received adjaqﬁpt to said ormdTOrTer while
said sheets are being pressed togethet first heat application device

i s operable ;065§§¥#€ald first roller. 2174, In the apparatus of claim

3, said coolin e is operable to cool sai d second roIIer : The

e o Fhm AGHRE A CABE LALLM, T ECE el Ss: danstiee,

cool said sheetéo_gace Tyglgpggﬁaiy§tgf glaég&gnéur§5f§mgggpr|§Héghp.qﬁﬁgnd
apparatus comprising:

a presser which presses said shéets together in face-
to-face relation to define a two-piece structure;

a first heat application device which applies heat
only to the first polymeric sheet while said sheets are
being pressed togethef, said pressure and heat achieving an
initial fusing of said first and second'bolyme;ic.sheets;

a cooliné device operable to c¢ool said second
polymeric sheet while said sheeté are being pressed
together; and

a second heat application device which applies heat
only to said first pdlymeric sheet under ambient pressure
to achieve a full fusion of the first and second'polymeric

sheets to each other.

-2.  In the apparatus of claim 1, said pressing device

comprisihé an input nip having first and second rollers.

3. In ﬁhé"épparatus of claim 2, said first polymeric
sheet being received adjacent to said first roller and said
éecond polymeric sheet being'received adjacent to said
second roller while said sheeté are being présSed tbgether,
said first héat application device is operable to heat said

first roller.

AMENDED SHEET



cool i ng device downstream of salid second heat applicatiyen dpvib%ﬂgmgé&q
ol ofticl 4i m

cool i ng devi ce i apol said sheets. 7.  THe R&BpHrtdt g

3 further corrpr”nlmmﬂmmammgol i ng devi ce down downsjt rleam of sal d secdnd
heat applicatiort dévi e, "whi chr cooling device is operalll & tegcpay fegd
sheets. 8. - Apparatus for fusing a first polyneric sheet| in face- to-fjage
relation with a second polyneric sheet conprising; a filst—bett—assemnbty
including a first endl ess belt received aroy d first and second rollers; |a
third roller mounted in cooperation with said first roler to forman I nput
“nip with said figrst rgll j L st ~@nd, -t hi r ers [N Ld .
sheet s togetherhrn fé@%J?%?fggggFéF%§i8% %ggﬁﬂf%ﬁ:%é%%wféﬁg%€é3€?§g¢%r%?
said first polygperaniBeeb BBLNYsheaCiskedn@didqaml- Said first AVENDED SHEET
22 roller and sald second polyneric sheet being received adjacent said
second roller while said sheets are being pressed together;

5.  The apparatus of claim 1 further comprising a second
cooling device downstream of said second heat application
device, which cooling device is operable to cool said

sheets.

6. - The apparatus of claim 2 furthar comprising a second
cooling device downstream of said second heat application
device, which cooling device is operable to cool said

sheets.

7. The apparatus of claim 3 further comprising a second
cooling device down downstream of said second heat
application device, which cooling device is operable to

cool said sheets.

-8. Apparatus for fusing a first polymeric sheet in face-

to-face relation with a second polymeric sheet comprising;

a first belt assembly including a first endless belt
received arournd first and second rollers;

‘a third rollér mounted in cooperation with said first
roller to form an input nip with said first roller, said
first and third rolleré pressing said sheets together in
face-to-face relation to define a two-piece structure, said

first polymeric sheet being received adjacent said first

AMENDED SHEET



a- heat application device which heats said first rol et

. U
e oo AT EIR BT 2 oy sai g pressure and spifEheat

whi ch cool s*satd 't hi"rd®rofler such that said second polyngg iMAYS
cooled while said first polyneric sheet is heated; apd heated pIaten neans
for applying heat to said first polyneric sheet, sai{l heatect—ptatemr—hepns
being in thermal comunicatjon with an mekgilde of $aid belt,

pi ece structure being supported on an upper

fr-that only) said
EMgldhi%eVk hgl an
ollng deli ce

S

said twp

transported fram

meians V\/nerelh n f’iﬂfﬁ%lfi ﬁ%z%tu t F’gll gﬁv?e%%‘g% ri;ﬁ%%eﬂgz g‘??g [}1?%}"?%
ool 1 ng devi co FoeTIeareon o8 %&*he%%i@# VAL e RS

sheet s.

pressed together;

'a heat application device which heats

i de of sard belt and bel ng

at en

Rt
g2 85N

S Sal

said first

roller such that only said first polymeric sheet is heated,

said pressure and said heat achieving an initial fusing of

said first and second polymeric sheets;

a cooling device which cools said third roller such

that said second polymeric sheet is cooled while said first

polymeric sheet is heated; and

heated platen means for applying heat to said first

polymeric sheet, said heated platen means being in thermal

communication with an underside of said belt,

said two

piece structure being supported on an upper side of said

belt and being transported from said input nip over the

surface of said heated platen means wherein further heat is

applied under ambient pressure to said first polymeric

sheet.

9. Thé-epparatus of claim 8 further comprising a_second

cooling device downstream of said heated platen means which

cools said sheets.
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(57) Abstract

Apparatus Qarn 182
operative for fusing an
amorphous copolyester 2
sheet (14) with a polyvinyl .
chloride sheet (16) includes ———
s bt assembly (118) 20 2 [i.l 4
having an endless belt (122) 8 S Sm—— e g
received around first and
second rollers (124, 126). L;;,;,;; , }19!7;?;’;,""",‘,
The apparatus (117) further ¢ el

includes a third roller (158)
mounted in cooperation with
the fisst roller (124) to form
an input nip with the first
roller (124) such that the
rollers (124, 158) press the
sheets (14, 16) together 1o
define a two-piece structure
(12) having a polyvinyl
chloride side and an opposing
amorphous copolyester side.
The polyvinyl chloride side
is positioned adjacent to
the first roller (124). The

.....

apparatus (117) still further includes a cartridge heater (154) for heating the first roller (124) such that the polyvinyl chloride side of the
two-piece structure (12) is heated as the sheets (14, 16) pass through the nip. The third roller (158) is cooled by a fan means (164) so
that the amosphous copolyester side is cooled while the polyviny} chloride side is heated. The apparatus (117) even further includes a
heated platen (180) for applying additional heat to the polyvinyl chloride side of the two-piece structure (12). The heated platen (180)
is in thermal communication with an underside of the belt (122) wherein further heat is applied o the polyvinyl chloride side of the
two-piece structure as the belt (122) carries the two-piece structure over the platen (180). Finally, the apparatus includes fan cooled heat
sinks (194, 202) positioned above and below the belt (122) for caoling both sides of the two-picce structure (12) as the two-piece structure

is transported away from the heated platen (180).
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