STARTI NG AND STOPPI NG CONTI NUOUS- FEED THERMOMOLDI NG
MACHI NE SPECI FI CATI ON FI ELD OF THE | NVENTI ON The
.present invention relates to a nethod of starting and
stoppi ng a thernonol di ng machi ne. Mrre particularly
this invention concerns such a nmethod applied to a
conti nuous-feed thernonol ding nmachi ne.. BACKGROUND OF
THE I NVENTION I n a standard batch-type prior-art
t hernonol di ng nachine of the type described in US
4,209,957 of Uzmann the foil is fed to a nolding
station that fornms blisters in the foil that are
fill ed $TARFING GOOEFORGING ICONTINUROUSHIHED BRRRMONGIDING Q& INE
with a seal foil in a succeeding sealing station. The
nol ding station is as a rule imedi ately downstream
of a heating station in wWhgsderrkB8rdogi | 1S warned up
to the tenperature necessary for the formation of
blisters, typically in a deep-draw ng process. The

heati ng can be done byr?ﬁ’ﬁﬂb%twﬁﬁ Eﬁvﬁvﬂ% qted platen or

in a contact-free manne passing the foil at a
spaci ng past heaters in the heating station, a shield
pl at e bei ng r{,fqvabl e between the %ater el enent s and
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BACEKGROUND OF THE INVENTION

In a standard batch-type prior-art thermomolding
machine of the type described in US 4,209,957 of Utzmann the foil
is fed to a molding station that forms blisters in the foil that
are filled in a succeeding f£filling station and then closed with a
seal foil in a succeeding sealing station. Tﬁe molding station
is as a rule immediately downétream of a heating station in which
the foil is warmed up to the temperature necessary for the
formation of blisters, typically in a deep-drawing process. The
heating can be done by contact with a heated platen or in a
contact-free manner by passing the foil at a spacing past heaters
in the heating station, a shield plate being movable bhetween the
heater elements and the foil to stop the heating. Such a machine

is relatively easy to start and stop. Sections of the foil are



pl ace on, once again, a stationary workpiece. As the
bat chwi se thernonol di ng machine i s stopped and
started a shield plate is noved into and out of the
heating station to expose the foil, as needed, to the
heat source. This nethod is not applicable to a

conti nuous-feed thernonol ding nmachi ne, nainly because
there is no cycling so that the foil pieces are

conti nuously noving through the heating station. A
piece that is insufficiently heated cannot be nvol ded

properly, so that at the start of operation the first
few Bﬁf%eﬁ’e?‘ thechestisgbstatiom wedde tstebiodaey and then are

cont | - d i | S topped the foil, piece in
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t he Ptaps pad dneapeyadbiire swhtibnhbe WRRPIdR .| Sis the batchwise
rest @f;etr%d' r man 1'198 50 143 of Bar and Gaus descri bes

an apparatusPoPrIant it FRPReggtharatind aotiiplecdste is
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are heated with near infrared INR) e f?%gds%ggn%% foil, as

t hei P& fApecathe dealreowweni tored by pyroneters. This

reference suggests bt t NLR radiation be started
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— properly, so that at the start of cperation the first few batches
are unusable. In addition when a continuous~feed machine is
stopped thelfoil pPiece in the heating station will ccol off and
will not have the required temperature when the machine is
restarted.
. German 188 50 143 of Bar and Gaus describes an
apparatus for laminating together two workpieces, namely a glue
layer and a seal. The two workpieces are heated with near
~infrared (NIR) emitters and their temperatures are monitoréd by
pyrometers. This reference suggests that the ﬁIR radiation be
started and steopped in fractional seconds by the use of shutters,
but this reference does not say how to avoid rejects with
cohtinuously moving workpieces and how to get the workpieces up

#o molding temperature when the machine is started.

OBJECTS OF THE INVENTION



It is therefore an object of the present invention to
provide an inproved starting and stopping a

cont irnuous-feed thernonol di ng machi ne. Anot her object .
is the provision of such an inproved starting and
stoppi ng a continuous-feed thernonol di ng machi ne that
overcones the above-given di sadvantages, in particular
that allows the nachine to be stopped and started

wi t hout any significant waste of material, that is
where the | ast piece that noves out of the heating
station before the machine is stopped is perfectly
heated and the first piece noving out after the

machi ne is ridstartheckipee ahsbjpet becileyphRahi€dnvention to
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SUMMARY OF THE INVENTION

in a continucus-feed thermomolding machine during
normal operation a foil is advanced in a transport direction at a
substantially constant_travel speed through a heat station where
it is exposed to a heat source such that each piéce of the foil
is exposed ig the station for a predetermined residence time that
is a direect function of the parameters of travel speed, heat
output of the source, and length in the direction of the station,
When the machine is stopped a shield is positioned so that it is
stationary and extends the length of the station between the foil
and the source so that substantially neo heat iz imparted to the

foil from the source. The machine is started by accélerating the



foil to the travel speed while sinultaneously and
synchronously accelerating the shield opposite to the
travel direction such that, as the shield fully
retracts fromthe station, the foil reaches the
travel speed and, before the shield has fully
retracted fromthe station, every piece of the foil in
the station exposed by the retracting shield is
exposed to the source for the residence tine. Thus
wWwth this systemthe very first bit of the foil that
exi t s foite the@el Prhval ak i i s started
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W&irﬂdﬁEémﬂﬁating before the foil starts accelerating. More
particula;ly a time offset between when the shield starts
accelerating and the foil starts accelerating is substantially
equal to the residence time. This ensures that the furthest
downstream portion of the-foil in the station is heated for the
residence time, before it starts moving ocut. |

According to a further feature of the invention, the
foil is heated radiantly, preferably by NIR radiation. In
addition, while the foil is stopped, a heat output of the source
is substantially reduced. Furthermore according to the
invention, shortly before the foil starts accelerating, the heat
output is increased to a nominal level at vwhich it is maintained

during normal running. These steps ensure that energy is saved



during normal running. These steps ensure that energy
is saved 4 and it is not necessary to provide a
conpl-ex cooling systemfor the heating station. To

make sure that the tenperature of the foil is exactly
what is needed for the subsequent nolding step, the
tenperature of the foil is detected imedi ately

downstreamin the direction fromthe heating station
and controlling at | east one of the paraneters in
accordance with the detected tenperature. This can be
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According to é further feature of the invention, in
order to shut down the thermomolding machine, the foil is
decelerated from the travel speed to a full stop while
simultanecusly advancing the shield in the travel direction from
an upstream position outside station to a downstream position
extending all the way through the station between the foil and
the source with a speed synchroncus to the speed of the foil as
it decelerates so that the shield enters the station at the
travel speed and stops moving as the foil stops moving.

More particularly, immediately prior to shutting down
the thermomolding machine, the shield is accelerated upstream of
the station to the travel speed. The shield therefore enters the

station moving synchronously with the foil. The deceleration of



t he thernonol di ng machine, the shield is accel erated
upstream of the station to the travel speed. The
shiel.d therefore enters the station noving
synchronously with the foil. The deceleration of 5
the foil is started when the last part of the foil to
be thernonol ded has left the station. Thus with the
stoppi ng method of this invention, every bit of the
foil that | eaves the heating station is heated to the

desired rroldingtenperature The foil left sitting in
t he. t ,all so_t it wll not
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t hernmopl astic foil workpiece 4 .is

The above and other objects, features, and advantages
will become more readily apparent from the following deseriptien,
reference being made to the accompanying drawing in ﬁhich:

FIGS. 1, 2, and 3 are side schematic views illustrating
the method of this invention respectively when stopped, wﬁen
moving from stopped to the continuous-feed mode, and when in

continucus-~£feed mode; and

FIGS. 4, 5, and 6 are graphs illustrating the method of

the invention.
SPECIFIC DESCRIPTION

As seen in FIGS. 1 to 3, a thermomolding machine has a
heating station 1 to which a thermoplastic foil workpiece 4 is
fed in a direction 3 by a drive indicated schematicall& at 12 and
operated by a controller 6. The heating station 1 has a .



fed in a direction 3 by a drive indicated
schematically at 12 and operated by a controller 6.
The heating station 1 has a 6 downwardly open hood or
housing 2 provided with a row of NIR emtters 5
constituting a heat source and serving to heat the
foil 4. A stationary reflector 7 is provided
underneath the station 1 and underneath the foil 4.
Downstream of the heating station 1 is a nolding
station 13 (FIG. 3 only) mhere blisters or pockets 4

are f 0 etween the stations 1
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piecqﬁ(yhe housing 2 to an upstream exposing position shown in FIG. 2
with its downstream end 9 at or upstream of the upstream end of
the housing 9. In the FIG. 1 blocking position, the foil 4 is
not heated by the source emitters 5 while in the exposed
position, the radiation from the emitters 5 falls directly on the
foil 4.
During normal continuous-feed operation as sﬁown in
FIG. 3 the foil 4 moves continuously at a constant speed or
velocity V in the direction 3 and the heat emitters § are‘
operating at their standard nominal output. Thus every piece of
the foil 4 will have a residence time D in the heat station 1
that is a direct function of the velocity V and a length L in the
direction of the station 1. Since the heat cutput of the source
5 is constant, this will ensure that every piece of the foil 4 is

heated identically. The pyrometer 11 can vary the speed V and/or



the foil 4 wll have a residence tine Din the heat
station 1 that is a direct function of the velocity V
and a length L in the direction of the station 1.
Since the heat output of the source 5 is constant,
this will ensure that every piece of the foil 4 is

- heated identically. The pyroneter 11 can vary the
speed V and/or 7 the output of the source 5 to
fine-tune the heating by feeding an output
representing the actual tenperature of the foiI 4 as
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desired residence tlme D before, retraction of the shield plate 8
commences. Exactly when the nominal heating level is obtained
and after the start of the retraction of the plate 8, the foil 4
starts to move and is accelerated up to its nominal travel speed
V. This speed V is reached exactly when the shield plate 8
retracts fully from the station 1.

With this method, therefore, the tiny portion of the
foil 4 at the extreme downstream end of the station 1 will be
exposed to the full heat of the source 5 for the desired
residence time D and, as the shield 8 retracts synchronously with
accelexation of the foil 4 from a full stop, every portion of the
foil 4 will be exposed to this heat for the exact residence time

D. Such operation ensures that on startup the only portion of



retracts fully fromthe station 1. Wth this nethod,

therefore, the tiny portion of the foil 4 at the

extreme downstream end of the station 1 will be

exposed to the full heat of the source 5 for the

desired residence time D and, as the shield 8

retracts synchronously with acceleration of the foil

4 froma full stop, every portion of the foil 4 wll

be exposed to this heat for the exact residence tine

D. Such operation ensures that on startup the only

porti ; ol l. 4 that ] ot usable wll be
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the shatd Qn .t Lnto motion in the direction 3 at the

foil-travel " speed V¥so thatewifEl 1hE S Rreter8tiont & the

the swedtiden |it and the foil 4 are noving

synchr onousl Thereafter both the shield 8 and foil

4yare decel e%S?esagé%é rsé:ﬁ%pl?éirbf GREIFT e sTiteld SeotFside

the station 1 into motion in the direction 3 at the foil-travel
speed V so that, when the shield 8 enters the s£ation 1.it and
the foil 4 are moving synchronousliy. Thereafter both the shield
8 and foil 4 are decelerated synchronously until the shield end 9
reaches the downstream station end and both the shield 8 and foil
4 come to a simultanecus synchronized halt. At this time the
output of the source 5§ is notmally reduced to save energy. Thus
every bit of the foil 4 that exits the station 1 before the foil
4 stops moving will be perfectly heated, having been exposed for
the desired residence time D in the station 1. The stopped foil
4 in the station 1 will be shielded from the source 5 until the

machine is restarted as described above.



reaches the downstream station end and both the shield
8 and foil 4 cone to a sinultaneous synchronized
halt. At this tinme the output of the source 5is
normal Iy reduced to save energy.. Thus. every bit of
the foil 4 that exits the station 1 before the foil 4
"stops noving will be perfectly heated, having been
exposed for the desired residence time Din the
station 1. The stopped foil 4 in the station 1 wll
be shielded fromthe source 5 until the nmachine is
rest aet €xhzgs descri bed above. 9 WE CLAIM 1. A nethod
of starting a continuous-feed thernonolding nachine
where during norrmal operation a foil is advanced in a
transport direction at a substantially constant

travel speed through a heat station where it is
exposed to alhedt mewdrfe starthng Bagonsinioupifeed of t he
FOI ] thSmRUBOARY raBndrdCuitf8ldQing hOnad HBLALET IR 5
residence time that is a direct function o the :
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between the foil and the source, whereby
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the travel speed while

comprising the steps of:

While the foil is stopped, positioning a shield so that
it iz stationary and extends the length of the station between
the foil and the source, whereby substantially no heat is
imparted to the foil from the source; and thereafter

accelerating the foil to the travél speed while
simultaneously and synchroncusly accelerating the shield opposite
to the travel direction such that, as the shield fully retracts
from the station, the foil reaches the travel speed and, before
the shield has fully retracted from the station, every piece of
the foil in the station exposed by the retracting'shiéld is

exposed to the source for the residence time.
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si mul t aneously and synchronously accel erating the
shield opposite to the travel direction such that, as
the shield fully retracts fromthe station, the foil
reaches the travel speed and, before the shield has
fully retracted fromthe station, every piece of the
foil in the station exposed by the retracting shield
is exposed to the source for the residence tine. 10
2. The thernonol ding nethod defined in claim1 wherein
the shield starts accelerating before the foil starts

accel erating. ;3. mlbausLther ' efined in .
claim2 wherein "a tine o#se%%ggom%g%ﬁ\%ﬁgﬁintﬁ%%h# Epgpein
st ar t Sheagbiddr thairhy sgerierhtingflyithre tthe tfoihiceettar at i ng :
is sufslapidealdy equal to the residence time. 4. The

t her nonol di ng net hod defined in claim1l wherein the
foil is heated radiantly. 5. The thernonol di ng nmet hod

defined in clgai mg ing.the foil .is heated by N R
radiation. 6. The ?\ﬁ%%ﬁ% da%%g? Eerl"e"tdh%ed"% ae ilﬂe%af"% 2 wherein
cl ai m Fime fofff setebetvempmhen rvhe tshéelst etnrthidceeldiatfmai dnd the
i's stopped.ofs a..Subsiantial reduci ng a.heat out put
of the source. 7. %T%%QF hiesr ﬁ%%ﬁf‘"gﬁlﬁgi%re By &Pt ﬁégi‘?eﬁce
cl ai fi8e- furt her conprising the step, shartly before
the foil starts accelerating of:

4. The thermomolding method defined in claim 1 wherein

the foil is heated radiantly.

5. The therﬁomolding method defined in claim 4 wherein

the foil is heated by WIR radiation.

6. The thermomolding method defined in claim 1,
ffurther comprising the step while the foil is stopped of:

substantially reducing a heat output of the source.

7. The thermomolding method defined in claim 6,
further comprising the step, shortly before the foil starts
accelerating of:

increasing the heat ocutput to a nominal level at which

it is maintained during normal running.
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I ncreasing the heat output to a nomnal |evel at which
it is maintained during normal running. - 11 8. The

t her.nonol di ng nmet hod defined in claim1, further
conprising the step of: detecting the tenperature of
the foil imediately downstreamin the direction from
the heating station and controlling at |east one of
the paraneters in accordance with the detected
tenperature. 9. The thernonol ding nmethod defined in
.claim1l, further conprising in order to shut down the

t her nonol di n chi cel.erat]n he
shi el d upst r%amr%?e H‘]Fém éld; %FBI‘ ‘%ﬂ g ‘%?fg‘e&f

decelasaick NgribBsingi thef 5Eup bhe travel speed to a full
stop while sinultaneously advanci n% the shield in the

travel di r eCeREHEPY I FrREpeaEafitpbRs £rdh isnpdiagely

St at hOhokPedh iHOMWASERRM. PO Che BXLERNG HEheabd ahtie
way through the station between the foil and the

sour eentpetiing 8 dedsts phe Mot Baxayeteres 1y pneardmeeith the
foi | g8 deba d8GHLLLAELS, Whereby the shield enters the
station at the travel speed and stops noving as the

foil stops poving. he ther nonol di n

ot ned i n cPai m § PR HE AR e} LD DR Hate T
f 0i | furghey gpemxd siherint peddrate shut down the thermomolding
machine the steps of:
accelerating the shield upstream of the station to
the travel speed,
decelerating the foil from the travel speed to a full
stop while simultaneously advancing the shield in the travel
direction from an upstream position outside station to a
downstream position extending all the way through the station
between the foil and the source with a speed synchronous to the
speed of the foil as it decelerates, whereby the shield enters

the station at the travel speed and stops moving as the foil

stops moving.

10. The thermomolding method defined in claim o
wherein the deceleration of thae foil is started when the last
part of the foll to be thermomolded has left the station.

_12_



part of the foil to be thernonol ded has left the
station. 0 12 11. A nethod of stopping a

t her nonol di ng machi ne wherein during nornmal operation
a foil is advanced in a substantially constant
transport direction at a substantially constant

travel speed jhhr quggt@dhs@tsté,%a%h@ W08 801 dink Snachine

exposed "to a heat source suc at each piece of the

f oi | wharedppdrrdng insrmelhepenadivpe foil &= mdeenoedrin red

resi denasntifBy Dabedm 24 fdaeld 9R P ik%n :
par anet ers of tr avef’é spee%‘,sgﬁ%afngener ate gillﬁt emug _
sour gensignl Yrengk Fpeer theoughredepbstatiopiheseatt dm, exposed

t he ' h C I.S] e st.eps :
decel‘iéra%?‘ig%% 5 ﬁ% % g‘lgl':[h ? r ometgﬁggti %%vg? tg%e%"g’&t jés a "uﬁf'%'fl in
st op thhistatimnidat anpedsterniged residgned dindithhtl disna tdigect
trav ' t] j t4 £S]

ot Einodibd 3 LALRMAIANL UPNLEETPRR, AR GHEME by e
way séngegradhiengtatinothe ddtenkdon tifetieostatdng, tthe starting
Sourﬁ&h‘é{'ﬁt& - sflggdth%yg&%rﬁogpus to the speed of the

foil as It cel efates ereby the shield enters the
station at t Hecdleanighg sPeclioidnfret tps travalngpasl the full

foil stoi:t %enpﬂugganegusﬂys advancing the shield in the travel
direction from an upstream position cutgide station to a
doevnstrean position extending all the way through the station
between the foil and the source with a speed synchronous to the
speed of the foil as it decelexates, whexeby the shield entexs
the station at the travel speed and stops moving as the foil

's tops moving.
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