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NEW Tl TLE: APPARATUS FOR DI FFERENTI AL PRESSURE FORM NG PLASTI C SREETS
BACKGROUND OF THE | NVENTI ON Field of the Invention: 5 -

The invention relates generally to vacuum formed and pressure forned
products and processes, particularly hard sided | uggage. Backgr gund
Art: WO 96/40484 a1 d si ded | uggage usual |y consi sts of PEVESI/MESSE s
cormmonly called a lid shell and a base shell. Each shell typically
is made froma sheet of thernoplastic 10 mat eri al that has been nold

in the shape of a container. The shell frequently is shaped as a

rectangul ar box with rounded corners whose open side is defined by a
peri phera

| he 1 ral _edges of the two shells substantiall
cor resp_on@ " s E@M&ﬁﬂ%h@&‘ oF TiNe PREPSURE FORMING FﬂU’eﬁ;’é@,
concave si & §\Nn upon the base shell with its concave side up,
that the respective edges are aligned and/or in 15 contact. So
arranged, the shells nmay t hBACKSREUMNR QR THEINVENHONnd rel easabl e .
kFatches, as known in the art, to define a container with an accessible
interior Eigld of the imvention: : A principal objective in hard sided
| uggage nmaking is to provide a case that

The invention relates generally to vacuum formed and pressure formed

products and processes, particularly hard sided luggage.
Backaround Art:
Hard sided luggage usually consists of two stiells, cbﬁmonly called a lid
shell and a base shell. Each shél! typically is made from a sheet of thermopiastic
10 material that has been molded in the shape of a container. The shell frequently is
shaped as a rectangular box with rounded corners whose open side is defined by a
peripheral edge. The peripheral edges of the two shells substantially correspond to
one another, so that the lid shell may be placed, concave side down, upon the base
shelt with its concave side up, so that the respective edges are aligned and/or in
156 contact. So arranged, the shells may then be connected by hinges and releasable
latches, as known in the art, to define a container with an accessible interior
space. _
A principal objective in hard sided luggage making is to provide a case that
is at once both lightweight and strong. Besides being puncture-proof and
20  unbreakabls, a hard sided case of ideal strength also resists gross deformation of
its overall shape due to external torsional or flexural forces. Whiie some minor
flexibility is desirable in a hard sided case, an advantage of hard sided luggage

v should be its rigidity -- the ability to withstand forces without undue amdunts of
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I's at once both |ightweight and strong. Besides being puncture-proof and
20 unbreakabl e, a hard sided case of ideal strength also resists gross
def ormati on of its overall shape due to external torsional or

fl exural *forces. Wile sone m nor flexibili+ty is desirable in a
hard sided case, an advantage of hard sided |uggage should be its
rigidity -- theWaiIsmedd4 to withstand forces without undue and&®

1 WD 96/ 40484

PCT/ US95/ 10258 twisting or bending. Twisting of any type of

| uggage can jeopardi ze the |uggage contents, and may al so danage
hi nges and promote |atch failure. ' Shel.l s incorporated in hard

ded | '
ot ocesses) | pdifind 8 BentNl 4 Sty 3t Ay aiFe B 1ugaage cah EbeRRL 363 il
of molten the émgh&staha nﬁﬁh@c damge%hgemcyaf&m%th faikire. mssi ve st eel

nmol ds to form stanti al conpl ete shells including integral frane and

att achment amﬂmﬁéorﬁefatwmh&d sl'awdug?ag@afe nJmauv%etaed Qisxdg“d;ﬁscﬁf on

nol di ng processes machinery IimtT Somewhat the ultirmate

configurationggh :ﬁégﬁns&hﬂﬁg précusked. ”lrf}é‘étldﬁr\noldmg mvomh%e hijedtidh, "UddE T es

the use of very hi presstre systens, which can
5 pressure, of molten thermoplastic resin, typically po!ypropylene, into massive steel

molds to form.substantially complete shells including integral frame and attachment
points for wheels, handles, etc. The nature of injection molding processes and
machirierv limit somewhat the ultimats configuration of the molded item. Injection
molding also requires the use of very high pressure systems, which can be

10 e:ipensive to acquire and maintain, and which may limit produc'. variety and rapid
product modification.

The other main procéss, commonly called "vacuum forming,” involves
forcing a heated sheet of thermoplastic against a male or female moid. The driving
force is provided by a pre#sure differential, so that a difference in air pressure on

15 = opposite sides of the sheet causes the sheet to move against the mold. Strictly
. speaking, "vacuum forming" refers to the creation of 'a "negative," or reduced
pressure in the volume between the sheet and the mold, thereby puiiing or
"sucking” the shest up to t_he mold. Alternatively, "pressure molding” involves the
creation of a volume of "paositive,” or elevated pressdre on the side of the sheet
20 opposite from the mold_, thereby blowing or pushing the sheet to the mold.
" Moreover, pressure moiding and vacuum moiding can and frequently are
simuitaneously p_erfotmad within a single apparatus, and such combined processes

sometimes are generically referred to as "vacuum molding.” Unless the specific
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10 expensive to acquire and maintain, and which may limt produc.
variety and rapid product nodification. The ot her
mai n process, commonly called "vacuum form ng," involves forcing a
heat ed sheet of thernoplastic against a male or female nold. The driving
force is provided by a pressure differential, so that a difference in air

pressure_oqwﬂég opposite sides of the sheet causes thﬁgﬁggﬁb- nove
agai nst the ﬂyw%irictly speaki ng, "vacuum for ers to the
creation of a "negative," or reduced pressure in the vol une between
the sheet and the nold, thereby pul l'ing or "sucki ng" the sheet up
to the nol d. Alternatively pressure nol di ng" I nvol ves the

creation of a volume of "positive." or elevated - -pressure on the side of the
sheet 20 terms Pyatsiutrefdrming "t dre” predstire farenind?yarel ussdy this diseicsoreghdlihgsesheet ¢

to the nold. Nbreover_ pressure nol ding and vacuum nol di ng can and
f T equent | ythageneric term "pressuné differentidl foqmingJrmesning vacuura formingalanepar at us,
and such conbi ned processes ~sometines are generically referred to
ag "vacuurpressure farmind alopgsot & conybinstionof the two processes
2 WO 96/ 40454
PCT/ US96/ 10258 in differential pressure forming, after the plrable heated sheet has cohformed
5 to the shape of the mold surface; it is removed frem the mald. The three
dimensional shaped shells are then trimmed to proper siz..e'an'd to eliminate edge
sections (sometimes called offal or se!vage portrons) needed for the proeess but
not forming a part of the final product. Convenuonelly, in erder for the resultmg
formed case to have adequate ngldity. the formed shell is nveted or stapled to a
10 separate ‘rame component -- commonly a metel frame extruded frorn aluminum or
magnesium alloys. Hinges are attached to the frames, and .ether hardware and
lining elements are then attached to form the completed case.
A disadvantage of the standard differential pressure formrng processes for
making luggage is the need for the separate frame eomponent to be ettached to the
16 shell. - A typical drfferentrel pressure formed shell, elone. is relatively crush proof
and puncture proof, has flexible strength yie!dihg to stress, and is subject to both
plastic and elastic deformation when subjected to ariy censiderable loading. The
frame, on the other hand, is light and strong, but cor’nparatively in_flexible. The
stiffness of the frame and the flexibility of the shell do not Icerrrpliment each other,
20 especially at the Iaeel stress points where the shell and the frame ere riveted or
stapled together. At these points of elevated stress, rivets or staples are proneto

pull through or tear the thermoplastic shell. 'Afso, the megnesium end alurrlinum

L - frames add expense to the manufacture of the case; the frame itself usually
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terms "vacuum form ng" or "pressure form ng" are used, this disclosure

shel | use the generic term"pressure differential form ng," neaning
vacuum form ng al one, . pressure forming alone, or a conbination of
the two processes. In differential pressure formng, after

the pliable heated sheet has conf or med 5 to the shape o F@L
surface, it is%}PMﬁ fromthe nold. The three di ne%‘gﬂ[@ s'ﬂaped

shells are then trimred to proper si-ze and to elim nate edge

sections (sonetines called offal or selvage portions) needed for the
process but not formng a part of the final product.
Conventionally, in order for the resulting formed case to have
adequat e ri gi @iquires & naniterrofdinishing steps hiecedsedit @s a pirinpipati assthetic fe@ture of the
separate frane conponent -- commonly a netal franme extruded from al um num
oL megarapietsd adticleyst lugbagms s Alsoe the fraoiecid typicalhe uSeditrebide ahel rawvher
har dwar e and lining elenments are then attached to formthe

conpl et ed casedge of the trimmed forfneti shellvant age of the standard differential
pressure form ng processes for maki ng | uggage is the need for the
separate frame conkmothat ptobldre frequentie éncauntered inTonveatiendl vaguurforaing
differential pressure forned shell, alone, is relatively crush proof

and punctiure pomtainer manufacturing pronessesjisiundesirable ghinoing indbe wallspfithe

subj ect to both plastic and el astic defornmation when subjected to
any consi der afinished grdust, garticularly near conngrieand,pdges: Fhisoseg seriouss | i ght
and strong, but comparatively inflexible. The stiffness of the
frane and t hedisedyanseges to eentainer sirengthg singscosrsrs|andegdges end ta hethe 20
especially at the local stress points where the shell and the frame are
riveted or  Pportions ofithe coptaingsybiect toaleyaied impastand bending. §ies88Sst 1 esss,

{her mopl asti o shol Sl ARBsr pFRblerA JRECHRANFEH 8 the RrpFRIh art s the limifatian dhatcare
expense ’Eé) ' h?mggsneléf t?pccstnutrhee scgapteho% ~ﬁ2 %i%;al Br%%u{:{ ‘r(ns thé tnggcl! tco ?ésr%g\lrel ﬁte finished -
product from the mold. The finished product is simply pulled straightaway from
._ the molid once tha thermoplastic has cooled. In order for this separation to be
accomplished without cutting the molded product, the mold must be shaped to
provide that no part of the molded product interiocks with the mold itseff; if a
15 siandard vacuum mold surface has substantial projections or depressions into
whicli prbduct material is f_otced, a the product will interlock with the mold to
prevent the product from bein_g pulled away from the mold in the direction of
attempied separation. Unfortunately in the present art, this limitation on the shape
of the mold has hindered container design, including the design of integrally framed
20 luggage shells. |
| Luggage shells have aiso been manufactured using blow molding and

rotational molding processes. Blow molding and rotational molding have a variety

of limitations in luggage applications. For example, blow molding and rotational
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PCT/ US96/ 10258 requires a nunber of finishing steps because it is
a principal aesthetic feature of the conpleted article of |uggage.
Also, the frame is typically used to hide the raw edge of the
trimed fornmed shell. Anot her problem frequently encountered

in conventi 'MF uunrfornrng 5 cont ai ner manufactu sses is
unde5|rabI‘Q§%Pn 'ﬁg in the walls of the finishegbﬁggghgés
particularly near corners and edges. This poses serious

di sadvant ages to contai ner strength, since corners and edges tend to be the

portions of the contains subject to elevated inpact and bendi ng stresses.
Still another problemencountered in the present-art.is the limtations

that are mblding prqnessas havenpadrehickagss cdnttdieresultinig iprtbiuspotbin walls.need t o K
renove the finished - _.product fromthe nmold. The finished product is*
sTnply pulhess mofaatghtm$sf argralso limited as e the sbapescand tampositiongofthei ¢ has
cooled. In order for this separation to be -~ acconplished w thout
cutting theodustsopredpeertand da net permit raady liningsorfirishing of interior syurfassisde t hat
no part of the_nolded product interlocks . with the nold itself; if a
- Thus @ need remains for a luggage product manufactured usmg the
5 comparatively simple and i rnexpensrve pressure drfferential moldrng process. but
which overcomes the drsedvantages of present products and lmproves upon the
manufacturing process. _Agarnst this background, the present invention was

developed. . -

10. * SUMMARY OF THE tNQENTroN
. The invention relates generally to differential pressure formed products and
. processes, particularly hard sided luggage. “The inventicn'_.is an apparatus for
making an improved differential formed shell, | Where the shell hes a bottom portion
. and sides extending from the bottom to a rrm, the mtersectrcns cf the srde portions
18 with each other and with the bottom define a pluralrty of shell corners. The
inventive apparatus mclude_s a first pleten assembly and a second platen assembly
disposed in substantiaily parallel confronting reletion wlth the first platen assembly,
a shell mold disposed upon the first platen assembly, the shell mold and the second
platen assembly substantially surro'und'ing a fcnn 'space; systems for-oreating a
20 differential in air pressure to force one portion of the sheet against the shell moid,
| and movable form means for shaping a second portron of the sheet whrle the one
portion is forced against the moid. The form means preferably consrsts of at least

{ one side draw form. The side draw form is movabile hetween a retracted position
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15 standard vacuum nol d surface has substantial projections or

depressions into whi ch product material is forced, a the product
W ll interlock with the neld to prevent 't he product from being
pul l ed away fromthe nold in.the direction of ~ & attenpted separation.

Unfortunately in the present art, this [imtation on the sh of
the nol d has MWRH@W@&Pcontainer desi gn, including the desigﬁQ%Fm?%“%grally
framed 20 | uggage shell s. . Luggage shells have al so been
manuf act ured usi ng bl ow nol di ng and rotational nolding processes. .
Bl ow nol di ng and rotational nolding have a variety of limtations
i n luggage applications. For exanple, blow nolding and rotational

4

substantiallfPeRferieP 48 4aid form space and an extended position extending at
PCT/ US96/ 10258 nol di ng . processes have poor thickness control,

Fesul ting in ehétpditigliysintd'said fofm space.. Thel§ide driwi form Mdy iciess AsmaVably
also linmted as to the shapes and conpositions of the products

produced, andatgsrhasle insidaifacg.eady |ining or finishing of interior surfaces.
Thus a need remains for a |uggage product manufactured using the 5

conparatively si nithe ipfprovetcappanstius ahps issbuiltardiid arform, mbvatile betweer deess,

- S platen assemblies,' for shaping a marginal portion of the sheet to fashion a frame
ihtégraily formed with a centr#l portion of the sheet, with the frame extending
substantially continuously along at least a portion of the peripheral edge of the
shell. Such side draw form ié movable substantially independently of the platen
assemblies. |

10 Thé appafatus glso includes elements for severing a selvage portion of the
sheet from the mai‘ginal portién of the she_et while the sheet is against the moid.
The severing elements include a b_loék on one side of the sheet and a movable piate
on the other sidé of the sheet. The plate is movable to pinch the sheet between
said plate and said block means. .

15 The invention aiso includes elements for stretching selected parts of the
sheet pridr to creating the pressure differential and for retarding stretching of
selected sections of the sheet cbrféspcnding to the shell corners. These elements
include at least one cooled corner plug disposed between the upper platen
assembly and the lower platen assembly.

20 A primary object of the in\)ention is to provide an apparatus for differential

pressure forming a container with an integrally formed frame.
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whi ch overcones the di sadvantages of present products and inproves upon the
manuf act uri ng process. Agalnst t hi s background, the present invention was

devel oped. 10 SUMMARY OF THE | NVENTI ON

The invention rel ates generally to differential pressure forned products
and processes, particularly hard sided |uggage. The invention is an
apparatus f maki ng an inproved differential forned shell, where

t he shel | 393’4?)‘8& om portion and si des extendi ﬁ&'@ﬁ%ﬁh"%’ﬁe bottom
toarim thelntersections of the side portions 15 ‘with each other and
with the bottomdefine a plurality of shell corners. The I nventive

apparatus includes a first platen assenbly and a second pl aten assembly
di sposed in substantially parallel confronting relation with the first

pl at en assenbl x,primary advantagaaifitheiiv@ndon o ted itimakes & diffdrérmtial predsare
assenbly, the shell nold and the second pl aten-assenbl y

subst ant i #bimedscarntained pragust thnars imegral fymie e ifrprovedesttangth vithdlt a
differential in air pressure to force one portion of the sheet against the
shel | nol éet increase in contkimerwaatesialsaequiramertsf or shapi-ng a second portion of
t he sheet while the one _ portion is-forced against the nold. The
form neans pr eOthexbjeatsnadvantages ant riayat features, and fusther scnhn df aw form The
side draw formis novable between a retracted position o
5 5 application of the present invention will be set forth in part in the detanled

description to follow, taken in conjuncnon wsth the accompanymg drawmgs. and in

‘part will become apparent to those skllled in the art upon examma'aon of the

. following, or may be learned by practxce of the mventlon The objects and
advantages of the invention mav be realized and attained by means of the

10 instrumentalities and combinations pafticuléﬂy pointed out in the appended claims.

_ BRIEF DESCRIPTION OF THE DRAWINGS |
The accompanying drawings, which are incorp__orgtad into and forfn a part of
the specification, illustrate several embodimenté of the f)résent invention, and
15 ‘together with the written de’é’cription serve to 'éxblair_.l ihe ﬁrinc_iples of th_g
invention. The drawings are only for the pufpose 6f iflustrating a preferred
embodiment of the invention and are naf to be construed as .limiting the invention.
In the drawings: ' | |
Fig. 1 is a perspective view of the bréferred émbodi‘menf of the luggage case
20 ~ apparatus of the invention, with the cisa partially opeﬁ;
Fig. 2 is a front view of the Fig. 1 embodimeht; |
Fig. 3 is a front view of the luggage case apparatus of the invention,

. | showing the case in a closed position;
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PCT/ US96/ 10258 substantially exterior to said form space and an
extended position extending at | east partially into said form
space.. The side draw form-nmay include a renovably - attachabl e i nsi de

face. : The inproved apparatus thus is built around z

novabl e bet weernV?Q fi§40434 pl aten assenblies, for shaping a n&FﬁPﬁgﬁ&%g}tion
of the sheet to fashion a frane - integrally formed with a central '
portion of the sheet, wth the franme extending substantially
continuously along at |east a portion of the peripheral edge of the

shell. Such side draw formis novabl e substantially:-independently of the

pl at en assfiyold isa partidl sectional side Viesv aptiee higgagekase appdratisof the
el ements for severing a sal vage portion of the sheet fromthe

mar gi nal port iiavemfontinea pértialy open positien stheagection agkemsubstantially|along section
The severing el enents include a block on one side of the sheet and a
nmovabl e pl at e line 4-4 in Fi;m 2;he ot her side of the sheet. The plate is novable
to pinch the sheet between said plate and said bl ock neans. 15
The invention al so A isoe pantiabsentional side vieve of the figs & embedimeat,t thecfectibe -
sheet prior to creating the pressure differ ential and for retarding
stretchi ng of taken substastigliycglotg sectiqrokins & intkigsBret corresponding to the
shel | corners.. These el enments, ‘ i ncl ude at |east one cool ed corner
pl ug di sposed bet wdig: & isca pprtial eplargedrsectional side wieye ahthe Wagags casespparatus
pl at en assenbly. :
of the invention, showing details of the latch and handle elements;

Fig. 7is a top viéw of the preferred embodiment of the luggage case

ab'piratus of the invention, showing the case completely open;

10 Fig. 8 is a partial enlarged view of the hinge portion of the Fig. 7

‘embodiment;

Fig. 9 is a partial enlarged view of the latch portion of the Fig. 7
embodiment; ‘

Fig. 10 is a partial enlarged view of the luggage case apparatus of the

15  invention in a slightly opened position, with portions broken away to show details
of the latch, handie, and catch elements;

Fig. 11 is a sectional side view of the preferred embodiment of the
manufacturing apparatlis of the invention, show_ing the platen assemblies in a
separated relation;

20 Fig. 12 is a top sectional view of a portion of the Fig. 11 embodiment, the
section taken substantially along section line 12-12 in Fig. 11, showing the side

draw forms in a substantially retracted position;
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20 A primary object of the invention is to provide an apparatus for

differenti al pressure formng a container with an integrally
formed frane. _ 6

WD 96/ 40484

PCT/ US96/ 10258 ' A primary advantage of the invention is

that it makgs | fferential pressure formed cont gine gduct with
an int eg’rar‘% rgg{?r@uand i mproved strength without a %%@fgase in
container materials requirenents: O her objects, advantages -
and novel features, and further scope of 5 application of the present

i nvention will be set forth in part in the detailed description to..

follow, taken in conjunction with the acconpanyi.ng drawi ngs, and in
part will becopig. aBrssectorabsidh adew oif itheé ethbodinmére cfrRig.uphrshoxwing s i on of

t he following, or may be |earned by practice of the invention. The*
obj ect s arptacement of aaireahofithesmoplastice material to dve mualdede real i zed and
attained by neans of the 10 instrunentalities and conbi nations

particul arly pBigntidds aiside seaticaabyipwafctitedirafented embodiment, showing the
side draw forms in a substantially extended poéifidn; | |
S Fig. 14A is a partial eniarged sectional sideu viévv_ of a portion of the
embodiment of Fig; 14, 'showihg; details of the pihc.h' é(até. side draw form, and
seal plate elements, wkh'thé'pindh off plate in a lowered posiﬁon:
- Fig. 14B is another_viéw of the Fi'g'.. 14A efnﬁodirﬁent. showing the pinch off
plate in a raise&’posiﬁdh;'and' | o | | | |

10 " Fig. 15 is a top view of the erhbodiméni of Fig. 12, showing the Ei_de draw
forms in a substantially extended position. |

DESCRIPTION OF THE PREFERRED EMBODIMENT
(BEST MODE FOR PRACTICING THE INVENTION)

18 °~  The improvements 6f the preéent. invenﬁon pertéin to the manufacture of -
hard sided luggage, although it will be undérs_tdsd thﬁt tﬁe_ .principles of the
invention certainly may bs used in the mﬁnufacturé of c_:ontainers generally. The
advantages of the invention may be realized "vvh.eﬁe.\.le.r itis .dgsired to_ provide an
integraily formed frame about a thin thermoplastic hollow shéll with an opening into

20 the shell bound by the integrally formed frame.

Attention is invited to Fig. 1, which sﬁc_iws a pergpective view of a luggage
case 30 manufactured according to the ihﬁeﬁﬁdn. The item shown is a pullman
style case, although the invention applie's'és: wéll to popular "upright" luggage

. ' styles. Moreover, while the case 30 depicted in Fig. 1 has no wheels or wheel
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BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng draw ngs,
whi ch are incorporated into and forma part of t he specification,
illustrate several enbodinents of the present invention, and 15 t oget her
with the witten descriptiion: serve to explain the principles of the

i nvention. The drawings are only for the purpose of illustrati ng a
preferred WO 96/40480di ment of the invention and are not t W& ued
as limting the invention. ln the draw ngs: Fig 1

is a perspective view of the preferred enbodi nent of the |uggage case 20
-apparatus of the invention, wth the case partially open;
Fig. 2is afront viewof the Fig. 1 enbodi nent; : Fig. 3is a

front view of hénfb?e,' it QHIRBE r6dtly (RSB ThaX altdtRativh/Efbbdihents of the lugddleM NI
the case in a closed position; :

7. - %pparaéﬁg ot&hd @\htion may incorporate wheels and pull_'handles known in the
PCT/ US96/ 1025 Fig. 4 1s a partial sectional side view of

the luggage CagfoPRIRANIREYSggeltdbe wheeled, HdtHeriHafcarfied partially open
position, the section taken substantially al ong section
' Reference is made to Figs. 1-3. The inventive case 30 includes a lid shell 40
%  and a base shell 80. The inventive process may be employed to manufacture both
the base shell 80 and the lid shell 40, and in the preferred embodiment the
shelis 40,80 are very sfmilar in their configuration and sﬁape. Optional variations
of the invention may include embodiments where only one of the shelis of the
case 30 is manufactdred according to the invention; indeed, one of the shells,
10 perhaps the lid shell 40, may be made of stitched cloth panels, ¢ 2nerally termed
"soft side" construction. |
In the preferred embodiment, each shell 40,80 is molded from a single sheet
of thermoplastic material. The invention is perticularly well-suited to the molding of
sheets 6f acryionitrilé-butadiene-styrene (ABS). The invention also can be
15 practiced using a vacuum-formable {e.g. a low meit index) polypropylene. Thus,
the invention is applicable to forming_polypropy;ena, and can make an inventive
product that has the appearance of having been injection molded, eveh though it
was differential pressure formed. |
The stbck sheet typically is a fectangular and planar sheet of matefial,
20 perhaps extruded, with marginal pértions surrounding a central portion. In the
descrfption to follow, the sheet will be described with respect to a central portion,
a marginal portion, anﬁ a 'selvage po_rtion. The selvage portion is a comparatively

small proportidn of the overall sheet, an_d- is comprised of the border of the sheet

10
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line 4-4 in Fig. 2; Fig. 5is a partial sectional side view

of the Fig. 3 enbodi nent, the section 5 taken substantially al ong
section line 5-5in Fig. 3 Fig. 6 is a partial enlarged
sectional side view of the |uggage case apparatus of the invention,
showi ng details of the latch and handl e el enents; : Fig. 71is

a top vi ewg%?&lg preferred enmbodi nent of the Iuggage C

nvention, showi ng the case conpl etel yagﬁwl%

appar at us

Fig. 8 is a partial enlarged view of the hinge portion of the Fig. 7
enbodi nment ; Fig. 9 is a partial enlarged view of the latch
portion of the Fig. 7 enbodi nment ; Fig. 10 is a

partial enlarged view of the |uggage case apparatus.of the 15

i nventi on gjacenfid a@bhymapeal,ﬁe PTifd $divdge PbriiBnRS hbbdtbto seuerd t/ehast © Show
details handl e, ‘and catch- el enents;

Fi g. 11 i syithif ehé vasRimIomsiny insakhifery)ie dBeS hot becomapart oTaRk fidishede
manuf acturi ng apparatus of t-he invention, show ng the platen assenblies in

a pro@URR B 98I trirAimet isvviy durk(y or :mmemaia\gaftaetﬁe&naidtr{gomeeéd OTRd View
of a portion of the Fig. 11 enbodinent, the: - - 'section taken

subst ant i &lehyrappomionofehe shedtiisehd Bulk2ori majbtity pdrhonaifm BHedt¥habisde
draw f orms in a substantially retracted position;,
8 =3 moided to form the main part of the shell The marginal portion, whose size in
proportion to the central pcrtaon may varv substantnally from product to product, is
- the portion of the sheet deﬁmng the perlmeter of the central portlon, its outer limit
is the mtersect:on w:th the selvage pomon The marglnai portion becornes an
-integral part of the finished product and effectwelv compnses the edge of the
10 finished sh .il once the selvage is tnmmed away. The sheet is heated to render it
flaccid and pliable, and while in a flaccid state it is'rno!ded fo assume a shape
‘similar t0 base shell 80 ilustrated in Fig. 1. .
Except for where otherwnse noted descnptlon of the base shell 80 serves to
describe the lid shell 40 as well. In the preferred embodlment. each formed
15 shell 40,80 obtains a generally concave shape wuth a bottom portion 81 and
integral side portions 833 83b which extend away from bcttcm portion 81. The
side portions 83a,83b and bottomn portlon 81 thus enclose on five sides the interior
space of the shell 80. in which items may be stored. The apparatus of the
invention is not limited to any partioular cverali .shape._ .h_owever..and may include -
20 cylindrical containers The molding a’nd Ehape of certain facers_ of the side
~ portions 83a,83b are an aspect of the invention, and will be.further explained.
Side portions 83a,83b extend away from bottom portion 81 to a rim 86.
. The lid shell 40 has a lid shell rim 48, and baee shell 86 has a base shell rim 86.
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WD 96/ 40484

PCT/ US96/ 10258 ' Fig. 13 is sectional éi de view of the
enbodi ment of Fig. 11, show ng the pl acenent of a sheet of
" thernoplastic material to be nol ded; Fig. 14 is a side

sectional view of the preferred enbodi ment, show ng the Si raw .
forms in a subXOM44M| y extended position; 5 Fi grcwa?@sg

partial enlarged sectional side view of a portion of the enbodi ment’
of Fig. 14, show ng details:ef the pinch plate, si‘de draw form and

seal plate elements, with the pinch off plate in a | owered position;

Fig. 14B is another view of the Fig. 14A enbodi nent, show ng the pinch off

pl ate in a raRissi4§86i preferablgreckteriDabout the entirdperiméateridefined by the eideof t he

enbodi nent of Fig. 12, showi ng the side draw forns in a

substanti al | ypmamdealwmpenwn shells 40, 80. Preferably, but not ne@iESaNilyPWheN tBE
THE PREFERRED EMBCDI MENT (BEST MODE FOR PRACTI ClI NG

THE | NVENTI O\pasel30 is completely Thosed spAplasedrunonod horizontebsupporting, surfacen the
pertain to the manufacture of hard sided | ug gage al though it wll
be under st oodritth8@ ottussprherei oplepe sangent to the plenurmotthel ahell Bt isubsstantially be

used in the manufacture of containers generally. The
5 perpendicular to the supporting surface, as illustrated in Fig. 3.
Both shé!ls 40,80 are shaped to provide an integrally molded frame about
" their respective tims 46.'86. This frame presents tremendous advantages, in that it
is integrally molded with fhe shell, e.g., being formed from the same sheet of
: thermoplastic as the shell. The formation of an integral frame eliminates the need
10  to staple or otherwise attach 2 separate frame, e.é. an extruded magnesium hoop,
to the shell. This reduces tremendously the time and cost of manufacture, and
obviates the problems associéted with coupling a separate rigid frame to a flexible
shell.
Combined reference is' made to Figs. 1 and 2. Génaral desc_:riptioh_ of the
15 - shell 80 continues to describe cotrespoﬁding and analoéous components of the lid
shell 40 as well. In the preferred embodiment, the integrally molded frame includes
a wall member 82 depending from the shell 80 in the vicinity of the rim 86, and a
flange 84 extending from the wall member 82. Each of shells 40,80 has a wall
member 42,82 extending inwardly, (that is, into and toward the interior space)
20 fro_m' the respective rirris 46,86. Lid shell 40 has lid sheil wall member 42 and base
shell 80 has base shell wall member 82. As shown in Figs. 1, 2 and 7, each wall

 member 42,82, like the ;ims 48,86, preferably (but not necessarily) runs about the

~ full perimeter of the case 30. In the preferred embodiment, wall members 42,82
12
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advant ages of the invention may be realized whenever it is desired to

provi de an integrally fornmed franme about a thin thernoplastic

hol | ow shell with an opening into 20 the shell bound by the integrally
formed frane. Attention is invited to Fig. 1, which shows a
per spective view of a |uggage case 30 manufactured according to
the inventi %WT Item shown is a pull man . ) styl SCTREn 0&“ hough
the invention applTes as well to popular "upright” |uggag€e styl es.

Mor eover, while the case 30 depitted in Fig. 1 has no wheels or wheel
WD 96/ 40484

PCT/ US96/ 10258 handle, it wll be readily understood that
al ternative enbodinents of the |uggage - apparatus of the invention

nmay i ncor pjepahé paberidscutetly frornl thbaines 46,86 0 the resrbémtve shells 46180 fier,
al l owi ng | uggage to be wheel ed, rather than carried.

‘Ref er ence vwall mentber (BzzisgmbsfhnﬂanyThsallelvtera horizonea aupporting| suefase aipbhd shel |
40 5 and a base shell 80. The inventive process may be enpl oyed to
“manuf act urwhishtthe case 30 mightbb piacedHEig. 330 Thus, thecariglalas kesrl indérosaind in the
preferred enbodi nent the -~ - shells-.40,80 are- vergﬁsr mlar in their
conf i gur atsection i &gaﬁefor@awteilthmhaaualbmmber 82 malds tefativertoghei on may
i ncl ude enbodi ments where only .one of the shells of the e case 30 is
manuf &ct urieunadiateratijargnt sideirortions:834 on 33br0d($bd“ 80rnreferabiyis sbouti mnetv
degrees. In alternative embodlments, however, the angle between a shell srde
portion and its depending well member may be obl:que at any suitable angie.
Projecting from the respective wall members 42 82 are base flange 84 and
lid flange 44. Like the wall members 42 82, flanges 44, 84 are mtegrallv molded
10. from the same sheet of thermeplastrc as therr eorrespendmg shells 40,80.
Shell 80, wall member 82, and ﬂange 84 thus are net separable components, but
rather are extensions of one another all molded from the single orlginal.
thermoplastic sheet. One of the flanges 44,84, preferably the fid flange 44,
extends perpendicularly frerri its respective .well_ member 4_2. As illustrated in
16 Figs. 1 and 2, flanges 44,84 extend outward .f'rom wall 'mer.nbers' 42,82, that is,
they project away from the interior space. '. | _
The free edges of the flanges 44, 84 defme the respectlve peripheral
edges 48, 88 of shells 40,80. Penpheral edges 48, 88 run about the perimeter of
the open side of each shell 40,80, and thus elrcumscnbe t_he opening and establish
20  its dimensions. |
As shown in Figs. 1-3 and 7, base shell 80 and lid sheil 40 are configured to
- be used in conjunction; the lid shell 40 eligrred atop the base shell 80. When the

. case 30 is closed (Fig. 3) the b‘eripheral edges 48,88 register in close proximity.
13
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10 perhaps the lid shell 40, may be nmade of stitched cl oth panels,
generally termed "soft side" construction. _ In the
preferred enbodi nent, each shell 40,80 is nolded froma single sheet

of thernmoplastic material. The invention is particularly well-suited to the

mol di ng of sheets -of*acrylonitril e-but adi ene-styrene (ABS). The

i nvention al soVeAff4l484 15 practiced using a vacuumform ’"F 9258, | ow |
mel t index) polypropyl ene. Thus, - the invention is applicable to '
form ng pol ypropyl ene, and can nake an inventive product that has

t he appearance of having been injection nolded, even though it was
differential pressure forned. : The stock sheet typically is a

rectangul ar afgh ghidto,80%4 pRotdlR! inhBbted Blether BRINAGSTERBbAUIHgdendth bf

mar gi nal portions surroun g a central portion. |

description thef:%éﬁ%ﬁvbfﬁgﬁ 3Rk 48,85 (. 98S Thi pivbtabletonfeawsH p;ae@b%y

is
central portion, mar-gi nal portion, and a selvage portion. The

sel vage portignaighirforcRBRA6ORingSd ¥1,71°, or a singlélehgth 6Ppiahb Hing¥, ortRe aKer al |
sheet, and is conprised of the border of the sheet .

10 Accordingf{y e 1id&hSH 40 may by swung upward from base shell 80 to expose
PCT/ US96/ 10258 - - _
5 the interior storage space of the case, or may be lowered to completely enclose
" and define the interior space.

Altemaiive embodiments of the case 30 may be hingeless. For example, a
case or box container may be composed of a lid that slides straight down onto the
base, in a manner common to hat boxes and shoeboxes. . In such an.embodiment,

10 the flanges 44 and 84 still slide past one another in an overiapping fashion; the lid
shell 40 and the base shell 80 simply are. completely separable with no hinged
connection. Claw bolt or other types of latches on one of the shells engage a ridge
or ridges around the other shell to secure the shells together.

Figs. 4 and 5 show enlarged cross sections of portions of the inventive

156 | lug_gage case 30. These figurgs depict in further detail the specific configuration of

| the integrat frame feaﬁ_:re of the apparatus of the invention. Fig. 4 is a sectional
view of the sheils 40,80 taken .subétantially glong line 4-4 in Fig. 2, as the
shells 40,80 are oriented when case 30 is partially ajar. Fig. 5 shows, in cross
section taken substantially along line 5-5 in Fig. 3, the relative position of the

20 elernenfs of the integral shell frames when the cass 30 is closed. Shells 40,80
may be moided in a gentle curved cross section extending to their respective
rims 46,86. At each rim 46,88, the shells 40,80 are bent inward, according to the

process hereinafter described, to create wall members 42,82. In the preferred

14
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adjacent to its original edges. The selvage portion is needed to secure the

sheet within the vacuumform ng nmachinery; it does not becone part
of the finished product but is trinmed away during or imediately
after the nol ding process. The central portion of the sheet is the
bulk or majority portion of the sheet that is .5 nol ded. to formthe

mai n part _ofw,j)ﬁwwel | . The margi nal portion, whose size in

proportion to the central portion may vary substantial |y F¢#8®Ruct to
product, is the portion of the sheet defining the perineter of the
central portion; its outer limt is the intersection with the

sel vage portion. The margi nal portion becones an ~ integral part of

the finished product, and effectively conprises:-the edge of the 10

fini shed serbediment eash ofavalhmembers 42, 87:projacty intdithe irterior sSpackeat ed t o
render it flaccid and pliable, and-while-in a flaccid state it is -
il ded to eensaimed Pysthamase 30, substantigilyperpendicider tchthsl in@ginary planeahatisi n
Fig. 1. _ Excegt for where otherw se noted, description of the
base shel | taggentto the qusve of the resgective; shell 40,80 ag itsirish 14610r 88. Tbelinward t he
preferred enbodi nent, each forned 15 - shell. 40,80 :obtains a generally
concave shdigtangethatawplhmemiess 42,84 ppjectis not absoluteiy-eritinahl butiitimustbe i ons
83a, 83b which extend away from bottom.portion 81. The - - si de portions
83a, 8% ansuhssantiaiieg, ab 388 M Q8 a-$tandard sizeds pullman erss) imerden te prayide

space of the shell 80 in which itens be, stored. The apparatus of the
i nventi on e 'e#icﬁ?ﬁse‘ifcf'ﬂnér{'g‘"ﬁaﬁ’ft ?ﬁ&%é}efmﬁPﬁP theshells, andithustheand may

Facet's. of ghprofithe Aeiaity o el AR 05 o1 o an aspect of the |
535, 830 oxt end SREEPCRBARIE S8 FlalTRemorr. 42 aplfram the Base’shell wak "}
shel |40 h%%nﬁek' is‘i &Q%ﬁlﬂJngﬁGaan&ebﬁ?negeSgﬁl Ajeéggct&aéﬁf. ""'l'!'t\)é"1 gﬁelIShel | ,ri m 86.
10 flanges 44,84 are fashioned substantially cbncurr'e'nﬂv wuth the foif_ﬁatién _of the
wall members 42,82, using the same inventive p'rocess... Like tﬁe wail
members 42,82, the shell flanges 44,84 are rﬁolded frpm. tﬁé mai:arial bf the
original sheet of thermaplastic, and thus are integral _exténsidhs of their.
corresponding wall members 42,82-.‘ in the preferr_ed émb‘odimerit lid flange 44
15 projects perpendicularly from wall members 42; the lid ﬂanée 44 mérﬁber_extends
downward toward the base shell 80. Base flange 84 'exte:rfds upvﬁard toward the
lid shell 40, as shown in Fig. 4. The base f'lange" 84, hoﬁever, préferably is canted
or obliquely tilted _with respect to base wall member 82. It has been détérmined
that providing base _ﬂange 84 with a slight inward {toward the eh&osed épacel tilt
20 encourages the lid flange 44 to smoothly and automaﬁcaliy éiide baét and around
the base flange 84, promoting an automatic alig‘nmeﬁt a.nd registf_atibn. of the

shells 40,80 during closure of the case 30.

15
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11 WD 96/ 40484

PCT/ US96/ 10258 Rins 46, 86 preferably extend about the entire
perimeter defined by the side portions of the respective shells 40,
80. Preferably, but not necessarily, when the case 30 is conpletely

cl osed and pl ac a horizontal supporting surface, the 1.1 86
occurs where a gﬁ%ﬂg angent to the plenumof the shell 80 is'SﬂB%Fé ally

5 per pendi cul ar to the supporting-surface, as illustrated in Fig. 3.
Both shells 40,80 are shapéd:t.o provi de an integrially nol ded franme about
their respective rins 46,86. This franme presents trenendous advantages, in
that it is integrally nolded with the shell, e.g., being forned
ffom the sane sheetThefdimensions andensrsi stasscsegtionslccartiigurationaf therhesei on of
an integral frame elimnates the need 10 to staple or otherwi se attach a
separ at e fr ameflangey®4.abassxshelldvall membes B2athelid flange 44 and thetlideshallavall Thi s

reduces trenendously the tine and cost “of ‘manuf act ure, and obvi at es
t he probl ens apweodientddd pieferablyafe unifpre thepughoud theigiogeunrenae arguad thexi bl e
shel | . Combi ned reference is nade to Fi 1 and 2. GCeneral

description of pefiraeters of the shells 40,80. It is noted, however, %r?a't effective aiternative
5 embodiments of the inventibn may vary the dimensions (or conﬁul_'ation) of the
wall embers 42,82 and flanges 44,84, as a function of the.ir specific location
upon the perimeter of fhe respective shell 40 or 80. Mor_eover, alternative
embodiments of t'hé invention may involve interruptions in the flanges 44,84 and/or
the wall members 42,82 to accommodate other sl;ructural elements, reduce weight,
10 or to address other concerns. Thus, while in the preferred embediment the frame
consisting of the wall members 42,82 and shell flanges 44,84 extends ;_:.omplete!v
around the opening of each sheil 40,80, alternative embodiments may provide the
frame element only to 6artaln porﬁéns of the shell _perir_net_:er.
Molding a thermaplastic sheet to fashion and incorpo_ra;e the 'w_a_ll
16  members 42,82 and fianges 44,84 into the shells 40,80 thus presents the
advantage of creating an integratea frame, dispensing with the need to attach a
separate frame component to the shell. Each shell 40,80 is stiffened and stabilized
by the rigidity provided Sy its associ;téd flange 44 or 84 and especially by its
respective wall member 42 or 82. This increased rigidity is observed in any single
20 shell 80 considered in isolation (e.g. When the case 30 is open, or in those
embodiments of the invention which incorporate only one hard shell). The
~ additional stiffness reéults from the. moment of inertia of the cross section of the

 shell 80; 'flange 84, and wall member 82 in the immediate vicinity of rim 86. The
16
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15 shell 80 continues to describe correspondi ng and anal ogous conponents

of the lid shell 40 as well. In the preferred enbodi nent, the
integrally nolded frame includes a wall nmenber 82 dependlng from
the shell 80 in the vicinity of the rim86, and a fl ange 84

extending fromthe wall nenber 82. Each of shells 40,80 has a wall
menber 42,8 ing innardly, (that is, into and towar Laterior
- space) 20 amﬁ%%@@?the respective rins 46,86. Lid shell J%Thgimvg% shel | _
wal | nmenber 42 and base - -shell 80 has base shell wall nenber 82. As
shown in Figs. 1, 2 and 7, each wall menber 42,82, like the rins

46, 86, preferably (but not necessarily) runs about the . full :
perimeter of the case 30. In the preferred enbodinent, wall nmenbers 42, 82

12 moment of ineV¥ia 86 e 84, wall member 82 and sheli 80, with respect to
PCT/ US96/ 10258 depen perpend| cularly fromthe rins 46,86 of the*

respect i veamphdgingty akid, withie the shell 80 (6Al) s4i5 HarslleBlo tise AmMEEIRRL | al | y

parallel to a horizontal supporting surface upon : whi ch the case 30

ni ght be pinafeaded dug to e relitive displacementcofthesshl fiangs 'BASHom the shelf80f i ON
(|n Fig. 4, for exanple) that the wall menber 82 makes relative to the 5

i nmedi ate B¢Jomenmgsrhdeﬂapges 44;&4 ftom melr&ahaeﬁtwehhblls 20,80, and'rigidly i s about
nnet {3 | connectmg the shells end flanges wrth wall members 42 82, the shelis’ resistance
to bendmg is dramatrcally lmpreved. The well member 82 and flange 84
combination effectwelv serves as an L-beam frame around the opening of the
. shell g0, fully rntegrated wrth the shell 80 | | _ N
A noteworthy aspect of the preferred embodlment of the apparatus of the
10 | invention is the operatlonal relatrenshlp of the lid shell wall member 42 and lid
flange 44 with the base shell wal(__ member 82 and the base flange 84. The
relatienehip is .best understood with reference to Figs. 2, 4 and 5_; Fig..5 shows, in
cross section, the relative .positions of the two shells 40,80 and their respective
mtegrel frames when the ease 30 has been completely clesed as in Fig. 3. These
15 frgures |llustrate that in the preferred embodrrnent the lid shell wall member 42, the
| lid flange 44, the base shell wall member 82, and the base flange 84, are -
detiberetely dimensioned so as to eeeperete 10 provide an improved case. The
cooperation of the lid sheﬁ frame with the correspendin__g e(eme_nts_ of the base
shell 80, provides an improrred mode of eese_ elosdre,l as well as to._increase the .
20 rigidity and security ef the cleeed case. | _
Fig. 5 shows that the when the cese 30is elesed an overlapprng

relationship is provided between the lid flange 44 and the base flange 84 - Lid

shell wall 42 extends inward from ths lid shell 40 a distance somewhat less than

17
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degrees. In alternative enbodi nents, however, the angle between a shell

si de portion and its depending wall nerber nay be oblique at any
sui tabl e angl e. . . _Projecting fromthe respective wall nenbers
42,82 are base flange 84 and lid flange 44. Like the wall nenbers

42,82, flanges_ 44,84 are integrally nolded 10 fromthe sg h of
t hernopl astic 3‘?%@1’?’ correspondi ng shells 40, 80. ' S‘ﬁ%éggﬁg%l I

menber 82, -and flange 84 thus are not separabl e conponents, but

rather are extensions of one another all nolded fromthe single original

t hernopl astic sheet. One of the flanges 44,84, preferably the lid flange
44, extends perpendicularly fromits respective wall nenber 42. As
i1l ustrated ithe distance thejpaseishall wall membey 82 exteryds iawastg ThadiERE®rER I wal |
menbers 42,82, that is, ) t hey project away fron1th%,interior space.
The free edgedistencespreferahlyds amrqama&w graualita the spebinedthicknessas, off the two
edges 48,88 of shells 40,80. Peripheral edges, 48,88 run about the peri neter
of tfiangep A% 84dAcsprdingly, the-perimetepdimensipn afthehase shell Resipherab
openi ng and establish 20 its di mensiogns. ) As_shown in

Pl gs. 1-3 ancedae BB seslighiy|shorser AN Tt of 516 id shal peripforal prias Ae.o Figs. 4 and
be used in conjunction, the lid shell 40 aljgned,atop.the ha hel | 80.
When theb 5 ais shege thas hase fapde §4 axtandein Tengt s Alksnae ot lanass thy
regi ster in close proxini '

13 the distance extetn)c/i'ed by lid ﬂanggljggﬁ.gm @ﬁggﬁc@@eg%es is

approximately eq'ual to the thiékness of one of the flanges). These differences in

dimensions between the frame components df the lid shell 40 and the
corresponding components of the base shell 80 provide for the overlapping
10 relationship depicted in Fig. 5 'whe:n the shelll 40,80 are brought together to close
‘the case. Lid flange 44 overlaps, énd mildly slidably contacts, the base flange 84.
Also, when the case 30 is closed thé lid shell peripheral edge 48 preferably
contacts the base shell wall member 82. . _ |
An added benefit of the confiédration of flanges 44.84 is that they interact
15 during the closure of the case 30 to cause case 30 to ciose properly. The
shells 40,80 are essentially seif-_éligriing duﬁné closure, because the peripheral
edge 48 of the lid shell 40 is slightly greéter in circumference than the peripheral
 edge of the base shell 80, and béﬁi_use the shells 40,80 are hinged together at at
least one point so as to place the lid ﬂgnge 44 to the outside of the base flange 84
20 (Fig. 8). The lid flange 44 vnlrill' always slide to the outside_ and around the base
flange 84, and then register against t_he ba§e shell wall member 82 as shown in
Fig. 5, even if the two shells 40,80 were not properly aligned at the inception of

_ closure.
18

SUBSTITUTE SHEET (RULE 26)



WD 96/ 40484

PCT/ US96/ 10258 The shells 40,80 are pivotally connected together
al ong correspondi ng | engths of their respective back sides 45,85
(Fig. 1). The pivotable connection preferably is by a pair or nore

of hinges 71,71, or a single length of piano hinge, or the I|ike.

Accor di ngly ‘ﬁﬂﬁ %d shell 40 may by swung upward from base shell 80 to
expose e 'Mterior storage space of the case, or e YEMBHer ed to
conpl etel y encl ose and define the interior space.

Al ternative enbodi nents of the case 30 may be hingel ess. For exanple, a
case or box container may be conposed of a lid that slides straight down

onto the : ‘base, in.a manner -commonto hat. boxes and shoeboxes. In
such an emrbodi rithig arradgementtdfehé Iﬂanges44/84amﬂ @4l shérhbers|42)82 etwin shse
anot her in an overl apping fashion; the Iid -~ shell 40 and the base

shel | 80 scasel 30 i ecropintdletiolsgd gé‘pesr ahiaptagesiofrasrdnigtiye flig. 5 shows thadnect i on.
Claw bolt or other types of.latches on one of the shells engage a ridge

or ridges whenntte chse 80l closed| thetwalkmembers 42,82 piiefarablygee isubstantially

Fi gs. 4 and 5 show enl arged cross sections of portions of the inventive 15
| uggage caperaiie bulispsced ppart aslistancete.g.n appraximatel8L emiing typisal f i ¢
configuration of -~ the integral frame feature of the apparatus of
the ifvent pellmarFr:gseM Acgordingly: wheaithe case 30 is 91oeed.othemeﬂ mlembless 48,88
taken substantially along line 4-4 inFig as - shells 40, 80
are ori ent aod flaege 4484 s!emegtspefrtf\eapreﬁoawaﬁheh 80 39 féﬁéﬂgn cpaperptively to

form a type of U-beam frame around the penmeter of the case 30; the wall

members 42,82 serve as the !egs of the U-beem whlle the flanges 44,84 function

‘as the back of the beam Thrs ceoperatrve strengthemng functlen is dramatically
10 enhanced * shen the shells 40 80 are tatched together, for example, when a

. latching mechanism securely links one wall member 42 to the other wall

member 82. This cooperation of the flanges 44, 84 and .the wall members 42,82 of

both shells 40,80 to form a sort of U-beern frame around the closed case 30 serves

to drarnatleelly increase the cases’ reslstance to bending, warping, or buckling.

15 Thus, while lacking an exp_eneive. seperately attached frame, the case 30
nevertheless offers substantialiy seeure 'eterege_of conteained articles. Externally
applied forces are reedilw]'transn'littee. from. ei_ther sheli to the other shell, via the
wall members 42,82 and ﬂanges 44 84. .

Addmonelly. the overlapping and engaged ﬂenges 44,84 and wall -

20 members 42,82 serve to strengthen the case 30 egarnst carrying loads when the
case 30 is f'lled closed, and carned bv the cerry hendle 34. In the preferred
embodiment, shown in Figs. 3, 5, 6 and 10, the carry handle 34 of the case 30is

‘securely attached to the wall member 42 of lid shell 40. Accordingly, the forces
19
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section taken substantially along line 5-5 in Fig. 3, the relative position
of the 20 el ements of the integral shell franmes when the case 30 is

cl osed. Shells 40, 80 - . my be nolded in a, gentle curved cross
section extending to their fespective rinms 46, 86. At each rim

46, 86, the shells 40,80 are bent inward, according to the rocess
herei nafter desMO%MM84to create wal | menbers 42,82, In the'-mf’ﬁa”

14 WO 96/ 40484

PCT/ US96/ | 0258 enbodi nent, each of wall nenbers 42,82 projects
into the interior space contalned by the case 30, substantially
perpendi cul ar to the imginary plane that is " . tangent to the curve

of the respect \%ﬁ tme\k,h.gﬁ@ oﬁgh@toaaa& chéd'B0 @r@iniBdlly thAfsrhittéd tfom the handle 34

di stance that wa 82 project is not absolutely critical, but it
mist be 5 téﬂﬁgﬁcﬁgﬁélﬁ#o(w mathelﬁref%rrgd(‘e'ﬁ\muﬂeﬁi ReH @Erﬁhﬁ@ﬂ:dﬂ%' bésides

case) in order to provid desired cross sectional nonent at the -

perineter of tBEsnﬁf’tﬁéﬁtﬁse@ﬂ'ﬂoéﬁh&ttéﬁﬁ born by thedidNSHEN' 403 tsd ardl ditderlyt O the
shel | s 40, 80. Depending fromthe lid shell wall rrenber 42 and

fromthe base iﬁﬁ%ﬂmﬁﬂ trom the carryf’ﬁﬁw 3830 ahe liti ishell WdiDRerhberad, ﬂfé‘h%e to the
flange 84, respectively. The shel
5 catches 39,39', thence to the latches 90,90°, and thence to the base shell wall
* member 82 for transmission to the base shell 80 itseif. Some loading forces (such
the wefght of a user sitting on the casa while the case is in an upright position, as
well carry forces originating at the handle 34) also are transmitted from the lid
| flange 44 directly fo the base flange 84, and thence to the base shell wall
10 member 82 to be disiributed *hrough the ba_se shell 80. The overiapping
configuration of the flanges 44,84, the engagement of alignment pins 110,110’
into alignrﬁent apertures 111,111°, and the use of a latch 80 and catch 39 to
connect in a bridge-like manner the opposing wall members 42,82, thus effectively
transfer throughout thé case 30 the load forces imposed upon the case 30
18 originafing at the handle 34 .or_elsewhera.
" Fig. 8 details the pivotable connection of the lid shell 40 to the base shell 80
using one or more hing_es 71. The mode of connection sﬁown in Fig. 8 has
hinge 71 being sscured, with screws, rivets, or the like, to base shell wall
member 82 and to lid flange 44. For added strength and durability, the hinge 71
20 may be adapted to be secured to the fid shell wall member 42. The hinge 71 thus
is mounted to the stiffest, strongest, parts of the shells 40,80 -- the integral frame
elements defined by the flanges 44,84 and the wall members 42,82. Hinge 71 is

fixedly positioned upon the base shell wall member 82 so as to provide that the lid
20
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10 fl anges 44,84 are fashioned substantially concurrently with the

formation of the wal | nmenbers 42,82, using the sanme inventive
process. Like the wall menbers 42,82, the shell flanges 44,84 are
nol ded fromthe material of the original sheet of thernoplastic,
and thus are integral extensions of their correspondi ng wal |

menbers 42, 8%. In the preferred enbodinent lid flange 44 _15 &rﬂgj ects
per pendi cul a P)?aﬂ‘ﬁ‘?n wal | menbers 42; the lid flange 44 nds

downward toward the base shell 806. Base flange 84 extends upward toward the
lid shell 40, as shown in Fig. 4. The base flange 84, however, preferably
Is canted or obliquely tilted with respect to base wall nenber 82.:
It has been determ ned - that providing base flange 84 with a slight

i nward (towaashe 84 nedyciwmadnePsifiapbinktpositidn relating Q8 tAE Basd hﬁn%é gdafvbgaoe 44
to snoothly and automatically slide past and around - - . the base

ftange 84, MHeOMPShENAAE DS BSWA ORtd BESESHEIIBT! VWitirthecddse B0k dofpletely

shel I's 40,80 during closure of the case 30. _
15 - closed, the \Mihg¥o7 1 i¥Sr the outside of the case 30, with the lid flange 44

PCT/ US96/ 10258 o ~ The dinmensions and general ‘cross-sectional
confi gur at i digpoded betwaenacthe hinge 71 and the base flange 84. | '
5 - Figs. 2, 6, 7, and 10'cﬁilectivély sﬁow the pfeferre_d attachment of the carry
‘handle 34 to the lid shall 40} aﬁd thé pféferred éﬁéﬁhrhgnt of at lgast_ one latch 90
to the base shell 80. The attachment to the lid sheil 40 of the hangii_e assembly
consisting of the handle 34, handle bezel 36 and handie base 38, while the
- -latches 80,90° are at'tache& to th'e'bas'e'shénl.l '.80, isa &ebartﬁfe from convention in
10  the art. Inthe known'.'aft; the handle aséembly énd the Iétches ltvpically are sll
‘mounted on the base sh'ali; often for reasoné ;éiated_to the provision or
. -canfiguration of the separate metal alioy 'frémé. .'II'Ihe .apparatus 6f the_ invention
permits handle 34 to be securely mountsd to the lid shéll 40,. which is an
advantage to the user. 1ntuitive_ly, a handle 34 shou_ld b.e_. ﬁlaced_ upon the lid
15 shell 40, whers it can serve és a grip"wi'th whlch td Iift the lid sheﬁ 40 when
opening the case 30, o
“The latches 90,90° of the preferred embodiment, however, are on the base
shell 80. In the preferred embodiment, the latches 96.90’ engage Qvith
- catches 39,39’ on lid shell 40 to Secﬁre the casé 30 in a ctésed position.
20 . Attention is invited to -Fig'.s. 6 and 10, détqiliné the a;tacﬁment of the
handle 34 to fhe lid shell 40, Handle 34 and handle Eézels 35,35 are fixedly
connected to handle base 38. Handle base 36 preferahiy is s_ek:ﬁréhj mounted, as

with rivets 38,38' or the like, upon the outside face ths lid shell wall member 42.
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fl ange 84, base shell wall nenber 82, the lid:flange 44 and the |id shel

wal | menber 42, preferably are uniformthroughout their occurrence
around the perimeters of the shells 40,80. It is noted, however,
that effective alternative 5 enbodi nents of the invention may vary the
di mensi ons (or conflguratlon) of the wal I menbers 42,82 and fl anges
44,84, as a funMO9640484 t hejr specific location & . upon ROTAISHEIRMet er
of the respective shell 40° or"80. Mbreover, alternative enbodi nents -
of the invention may involve interruptions in the flanges 44,84 and/ or

the wall menbers 42,82 to accommpdate ot her structural elenments, reduce

wei ght, 10 or to address other concerns. Thus, while in the preferred
embodi nent t he Ptgfarably, but optiosaliys asthim gigid, ﬁdu&ingaﬁlhtmmragssnala&bemﬂuﬂﬁdl |
fl anges 44, 84 extends conpletely around the opening of each shel

40, 80, al ter naupue therimsitdensunfaterafithp lid\sheit wilbmember 42, bppositecthanteatidieon! y
to certain portions of the shell perineter. Mol ding a -

t her nopl asti c daseB6; o prsideoreirfortemem apdrahen-compredsible s6eface agaihsy which to
42,82 and flanges 44,84 into the shells 40,80 thus presents the

advant age of cn:emtmutg onipull it riveet a thaluriting the hinsiiebhasend6 o tthe fit shalk ellt-o

attach a separate franme conponent to the shell. Each shell 40,80 is
stiffened @nd sherbbéri 42 preferred tolmoutting itgjmhtthepludd‘la'mdﬂéwmtIStmieMd
flange 44 or 84 and especially by its respective wall nenber 42 or

82. This incredeig nengptdvtopnnbvewdrw@e ibodyyofsha didesheil @0, is sorabwhatmore
considered in isolation (e.g. when the case 30 is open, or in those
enmbodi nents of prore tonflexuraldbending or breekagmr ate only one hard shell). The
additional stiffness results fromthe nonent of inertia of the cross
section of the Figs. GsF_{eﬂmd 40 shomathas peajecting) thiqugh therbandlg base 36-are
I mredi ate vicinity of rima86. The :
catches 39,39°. Each catch 39 is fixed to lid shell wall member 42 and extends
10 inwardly to define a small space between catch 39 and the inside surface of lid
shell wall member 42. Catch 39 is engaged by eiements of latch 80 to lock the
case 30 closed, in a mode hereafter described.
Figs. 8, 7, and 10 also depict that case 30 preferably is equipped with a pair
of latches 90,80’ for securing the shells together to lock the case 30 in a closed
15 position. Alternative embodiments of the apparatus of the invention may feature
one, three, or even f_our tatching mechanisms. In the preferred embodiment,
latches 90,80° are spring-operated "lift-lever” type latches. The general features
and operation of lift-lever type latches are known in the art; however, the
 fatches 90,80° incorporated in the preferred embodiment of this invention are
20 ‘modified to operate in an innovative manner and are dnconventionallv attached to
the case 30. As the drawings show, the latches 90,90° are attached to the base |
shell 80. Importantly, the latches 90,90° are mounted upon the base shell wall

member 82, and preferably are not mounted upon and do not contact the base
22
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16 WD 96/ 40484

PCT/ US96/ 10258 nonment of inertia of the flange 84, wall nenber
82 and shell 80, with respect to any inmaginary axis within the
shell 80 (and, say, parallel to the rim86), is i ncreased due to

the relative displacenent of the shell flange 84 fromthe shell 80.

By of fsettinggblsudd anges 44,84 fromtheir respective 'She%&y@& and
1 42

rigidly 5 connecting the shells and flanges w.th wall , 82,

t he shells' resistance to bending is dramatically inproved. The’
wal | menber 82 and fl ange 84 conmbi nation effectively serves as an
L- beam frame around the opening of the shell 80, fully integrated .
with the shell 80. . A noteworthy aspect of the preferred
enbodi nent flenge 84 dpthe prefesrest emhediment, therdstsht 9B is spaced awaydremitbaal
relationship of the lid shell wall nenber 42 and lid flange 44 with

the base shese flange 84ntniRrpvide agRP Phuobhspacerhatmgendhe bettem of the latch 90
rel ationship is best understood with reference to Figs. 2, 4 and 5. Fig.5
shows, in and the baseflangef%tion, the relative positions of the two shells

B ) A BB o 8, © 53 B, b i PSS P
It h% PT e;oe{t{eegutgl eq‘(ajti:éngp ghet l?aeseI sih%ll %S‘a‘?i 'rl'nem%lelr 8 unstljnegr .rie'ezt’s 9t1r,]81‘ or the like.
The screws or rivets 91,91 pass thfdugh the iatch .90,. pe’netrafe thé base shell
wall member 82, and may be securéd with nut§ or' fhe like. An optional latch
‘backing plate 89 may be placed on the inside of Easé' shell wait rﬁember 82 to
provide reinforcement and a rigid surface against Whiéh"'to: turn nuts or bull a rivet.
10 _ Figs. 6 and 10 show how the mode of mounting the handle base 36 and the
latch 90 av_aids intarfering with the overlappiﬁg éngégemént of thé two
flanges 44,84. Both latches 90,‘90' funéﬂtion the sami; and ehgag_e other elements
of the case 30 in the same way, so daéri'ption'of ohe latch serves to describe
both. Because latch 90 is mounted upon the base sheli wall mémber 82 removed
15  somewhat remotely from the base flange 84, a space is prbvided beiweén the.
latch 90 and the base flange 84 into which the lid fléngé 44 may 't.:e slidably
ingserted. Thus, when the éasa 30 is completely ciosed, the lid flange 44 nestles
against the bﬁse flange 84, with the lid shell périph'éral edge 48 against the base
shell wall member 82 (as seen in Fig. 5), without any interference from the
20 latch SO. When the case 30 is closed, a portion of the lid flange 44 thus is
smoothly interpositioned between the bottom of the latch 90 and.a'por'tian of the

base flange 84. The invention thus permits the 's_hells' 40,80 to be latched together
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lid flange 44, the base shell wall nenber 82, and the base flange 84, are
del i berately di nensioned so as to cooperate to provide an inproved case.
The cooperation of the lid shell frane with-the corresponding

el enents of the base shel | 80, provides an inproved node of case
closure, as well as to increase the 20 rigidity and security of e

cl osed case. WO9MM84 iy 5 shows that the when the cgggx’ﬁfnlo}ép

cl osed, an overl appi ng relationship is provided between the lid

fl ange 44 and the base flange 84. Ud shell wall 42 extends inward.
fromthe lid shell 40 a distance sonewhat |ess than

17 WO 96/ 40484

PCT/ US96/ 10258w'}thout projectibA$ of apériives Jf%y%?@hﬁiﬁ%‘to ‘ﬁ_@hétrﬂ%fﬂ?@@r fe Badecnds

i nward. The difference’ I n di stances preferably is approximately
equal to the Cﬁéﬁamo} Melidpangsaal the two fl anges 44, 84.
t he

Accordi ngly, peri neter dinension of the base shell peripheral

edge 88 is slightl \ighd, % and " shé\e thel tr{ek&sbisb Elogks wWith ihﬁh-f%hale ﬁdgﬁd48-

Figs. 4 and 5 5 al so show that base flange 84 extends in Iength a
di stance slighfdngié BEEEBE sed betweerl Hfe fv6 1261565 90/907d Thelliteriof ehtifbfifre

44 (e.qg. the difference in distances is
5 latches 90,90 substantially align with corresponding exterior ends of the handle
bezels 35,35°. The handle bezels 35,35’ feature a space betwesn a portion of
each bezel 35,35" and the lid flange 44, so that an abbreviated portion of each
latch 90,90° fits under a portion of a corresponding bezel 35,35’ when the case 30
is closed, as suggested by the detail of Fig. 10. Thus, the case 30 can close
10 completely, with the lid flange 44 on the exterior of, and surrounding, the base
flange 84, and yet with the latches 90,90’ aiso fully accessible on the exterior of
the case 30, as shown in Fig. 3.
Conventional lift lever latches known in the art typically are "bottom-
- mounted” in that they are attached to th-e luggage by means of screws or rivets
15 passing through the latch’s. boﬁom plate and into the luggage frame. Likewise,
most latch levers generally are "bottom-locking.” Bottom-locking latch levers
utilize a lock cyﬁnde‘r which passes through the bottom plate of the latch lever and
through the frame of at least one shell, in order to lock the latch to the frame and
thereby secure the shells together.
20 Latch 90 of the present invention, shown enlarged in Figs. 9 and 10, is
similar, in general operation, to lift lever latches known in the art, but is
distinguishable from known devices in that it is innovatively side-mounted rather

than bottom-mounted, and locks solely to its own bottom plate 92, rather than to a
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approximately equal to the thickness of one of the flanges). These

differences in di nensi ons between the frane conponents of the |id
shell 40 and the correspondi ng conponents of the base shell 80
provi de for the overlapping 10 rel ationship depicted in Fig. 5 when the
shel | s 40,80 are brought together to close -~ the case. Lid flange 44
overlaps, and mldly slidably contacts, the base flange 84. Al so,
when the ca¥¥O%H#%48¢ | osed the |id shel|l peripheral edge PASUSIAOEBAp y
contacts the base shell wall nenber 82. An added benefit of

the configuration of flanges 44,84 is that they interact 15 during the
cl osure of the case 30 to cause case 30 to close properly. The :
shelI's 40,80 are essentially self-aligning during closure, because the

i oh I q AN i chal : . :
oi r cunt er oA wga“bteﬁ 45 Bty tRetidne) S siagtly infert o0 i binlcrd B R el -
be he, rfé()?

Soc:gs? otpl ace ?Pt %S‘ya ) Qhé g&g’ﬁfélla%tes%?f I-klleelqb?al'lsgnf' gﬁig"el 400(2)|0nt

(F' g 8). ?&%pnstct,'saﬂ&em% hdo. atmam?ém%? tﬁ@lzfta?sﬁ%sthd‘ihﬁlgéo%&'é”d the

l'ange 84, and then register agai.nst the base-s

rrenber 82 age ?@‘ﬁ?‘td &randard practlé:é ould m@MI@E sbfevhhﬁ o‘?%lﬁ&%bsoo‘tﬂmgo wer e

not properly ned at the inception of -~ cl osure.
18 5 plate 92 dlreotly to the base ﬂange 84 )

Similarly, latch 90 is slde-catohmg Latch 90 has hooked bolt 94, which
extends from the side of the latch 90. Hook boit 9_4 is engageabl_e with the
" catch 39 protruding from the .h'andlle_base.ss: engagement of bolt 94 with catch 39
serves {with hinges 71,71) to seourely latoh lid shetl 40 to base shell 80 when
10 - case 30 is closed. Thus, Iatch 90 features a Iateral oatohmg feature
Continued reference is made to Flgs 9 and 10, which illustrate a
configuration of latch 80. Latch 80 has a main body 93 whloh_ is securely attached
" to the wall member 82 of the base ehell'éot Main body 83 has rail 95 upon which
" shuttle 96 rnay glide, that is, shuttle Sé ie eﬁoably etteohed to tail 95. Grip
11 lever 98 is manually lifted and 1owered to dxsengage and engage the latoh 90. Grip
lever 98 is pnvotallv connected to shuttle 96 by means of an axle pin 97. Axle
- pin 97, which runs through both Iever 98 and shuttle 96 preferably also is
disposed through slots in rail 95, so that shuttle 96 rnay slide honzontally {i.e.
parailel to base flange 84) to and fro upon rail 95 but is constrained agamst up and
20 down motion (perpendloular to base ﬂanga 84\ Hook boit 94 is rigidly or integrally
attached to, and extends laterally from, shuttle 93 Grip lever 98 also is swingably
connected to main body 93 by fink arm 99 whloh is plv_otallv connected at its ends

to lever 98 and body 93 r'e'soect'iValy. Pivotellv dispoeed at the distal end of
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This arrangenent of the flanges 44,84 and wall nenbers 42,82 when the

case 30 is conpletely closed offers advantages of strength Fig. 5 shows

t hat when the case:30-is closed, the wal¥ ftenbers 42,82 preferably
are substanti al paral | el but spaced apart a distan

approxi matel y &%9%%«1% a typical 5 pul | man case). Accogg{’éggﬁsg?ﬂgmen
the case 30 is closed, the wall nenbers 42, 82 and flange 44, 84

el ements of the respective shells 40,80 function cooperatively to

forma type of U beamframe around the perineter of the case 30; the wall
menbers 42,82 serve as the |l egs of the U-beamwhile the flanges 44, 84

function  lever 88 drbaath301 avid dliw 102 NWhHEN theCsep Sbisi clased] Brip déver 198 @iay
function is dramatically 10 enhanced when the shells 40,80 are | atched
t oget her, for bexeppisted)\brisirg claw 102 té fitedengageradthaciostn BG.C Mnelgstid nks one
wal | nmenber 42 to the other wall menber 82. This cooperation of the

fl anges 44, 84 muinbdrm04)auch asrdspringlor, tha like, connects shuoitle 381t m:maow)eap
forma sort of U-beam frame around - the cl osed case 30 serves

dramatical | y iandritssee shioetiec88 ¢swardcthedistat end of kiendiairgbodw BBi Ag., toward the

buckling. 15 Thus, while |acking an expensive, separately attached
frame, tHe casieatdo0o. nevert hel ess of fers substantially secure storage
of contained articles. Externally lied forces are readily
transmitted from eThadigurseshow the campoenants 92@7‘6 latgh and handle assembligg &s they

menbers 42,82 and flanges 44, 84. Additionally, the

over | appi ng arright gopeat tmmdgéslvmosao shaishutting afghe case30epnd aid wtheer ve

to strengthen the case 30 agai nst carryi n'g | oads when t he "
understanding of the operation of the fatch 80. Latch 90 is in an open position,

“with lever grip 98 lifted. When the case 30 is completely closed the peripherai
10 edge 48 of the lid flange. 44 preferably abuts the outside face o the base shell wall
member 82, and a portion of the latch 90 moves under the protruding portion of
the handle bezel 36. With the case 30 closed, grip lever 98 is depressed
downward; as the lever is pushed downward toward the lid flange 44, it pivots
about both the axle pin 9‘} and the link arm 99 (while the link arm 99 aiso swings
15 _ around its connectio.n with main b.odv 93). Concurrently, the shuttle 96 glides
upon the rail 95; agéinst the tensioh force of the elastic member 104, as the entire
grip lever 98 shifts downward and slightly toward the proximal end of the body 83,
i.e., toward the handle 34. | |
‘. Wﬁan the lever 98 hés besn compietely depressed, it is substantially paralle!
20  with the bottom plate 92 of the main body 83 and with both the flanges 44,84
‘(which now overlap). Shuttle 96 is translated to its maximum position proximate
to the handle bazel_ 35, whii:h causes hook boit 94 to engage catch 39. The °

insertion of hook bolt 94 between catch 39 and lid shell wali member 42 latches
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case 30 is filled, closed, and carried by the carry handle 34. In the

preferred enbodi nent, shown in Figs. 3, 5, 6 and 10, the carry
handl e 34 of the case 30 is securely attached to the wall nenber
42 of |Iid shell 40. Accordingly, the forces WD 96/ 40484
PCT/ US96/ 10258 fromthe weight of the |oaded case 30 are
initially tr, nsn1tted fromthe handle 34 to the lid shell 40. But,
in the prefelPed¥fbodi nent, these carrying | oads, besi deBCT/USI6M0258 |yq; 1y

di sbur sed throughout and born by .the Iid shell 40, also are directly
transmtted fromthe carry handle 34 to the lid shell wall nmenber 42,
thence to the 5 catches 39,39', thence to the | atches 90,90', and

t hence to the base shell wall .~ menber 82 for transmission to the

base shel | 188 shéle4d, aoSag&hboavlIcaanéarc@eme{rfreg&hcuve wall melbel42/82, Ofhe

user sitting on the case while the case is in -an- upri.ght p05|t|on as

vel | carry (§tehiagds et yed dyi thg enbagementastiiadn 02 Withacledte100.amh®i tted from
the lid : flange 44 directly to-the base flange 84, and thence to the

base shel | enghgeméit may terdoabiyiassuredowittithe mctusdtion dffthe kel Iddke1 03 eelirkdee! |
80. The overl appi ng ~confi.guration of the flanges 44,84, the

engagenment upbnajripjever®8,if desifet), Kehlock 103, whemengagedy seounes thecgfip!r es
111,111', and the use of a latch 90 and catch 39 to connect in a
bri dgesl i kdevani@@:to thacbattym plate) Saawmofepm»ts@;psﬁ)e lelers8@ frioerc being| lifted
- to disengage the hooked Bolt 94 from the catch 39 The latch 90 of the invention
is distinguishable from prior life lever Iatches in that_-t_h_e_ grip lever 98 locks dlrectly
and only to bottorn plate 92, and not the base_fleﬁg_e_ 84, which atlews the
opposiﬁg shell flange 44 to be inserted between the latch 90 and the flange 84.

10 When the case 30 is closed and the latch Ievers 98 depressed the latches 80,90°
are desirably recessed at least in part wnthm the channel defined bv the wall
members 42,82 and the iid flange 44. N _ |

‘The ehene 40,80 are unlatched by repeating the latching process in reverse
progress.  Tab 101 is first Iifted to release clew 102 ftom. cleat 1 _00; A slight

15 upward tug on the lever 98 pulls the lever §8 from its' o!ose__d position, at which
time the energy stored in the stretohed elastic membe_r 104 .is_. releesed, causing the
shuttie 96 to be quickly pulled along the rail 95.t:o§n.'rard' the distal end of the
latch 90, with the result that the lever 98 rotates .are.und exle pin 97 and Iinlt
arm 99, and pops" upwerd toa fullv dlstended posmon, as ehown in Fig. 9. The

20  shuttle 98 is pulled to its-maximum distal posmon (away from handle 34) by the

elastic member 104, which results in a concomitant _mo_vement of the hook boit 94,

thus disengaging it from the catch 39. The user may then grip the handle 34, and

27

SUBSTITUTE SHEET (RULE 26)




transfer throughout the case 30 the | oad forces inposed upon the case 30
15 originating at the handle 34 or el sewhere. Fig. 8
details the pivotable connection of the Iid shell 40 to the base shell 80
usi ng one or nore hinges 71,..The node of connection shown in Fig. 8 has

hi nge 71 being , Wih _screws, rivets, or the like, I
wal |- n‘gﬁgé{ﬁ%z and to lid flange 44 For added streﬁ%?ﬂg?ﬁﬂﬁk
durability, the hinge 71 20 may -be adapted to be secured to the lid
shel |l wall nmenber 42. The hinge 71 thus is mounted to the

stiffest, strongest, parts of the shells 40,80 - the integral frane
el ements defined by the flanges 44,84 and the wall nenbers 42,82. Hi nge 71

'p'fov, o that 584 l BRI BOUREEWARG e b SnB AR ey R W dee TRER S0 B2 @8

WD 96/ 40484 se 30. _
PCT/ US96/ 10258%%® fl'ange 44 may SWi ng into overl appi ng position

E)ﬁlt gt io\allget ghtelhle baﬁ& Wen the' case gfi 'f gug%ttahﬁalw ﬂdﬁb@ﬂdenfgf F@\é@hﬂ&‘iﬂa rdonn
e L2 P 4B . Sl e e e o
5 shell element) using the cieat 100 and claw 162, and engages a catch 39 which is
" mountable virtually anywhere upon an opposite sheil. Consequently, the latch
functions with a minimum of weakening penetrations through the shells.
| Figs 2, 7, and 10 show an auxiliary system for guiding the proper alignment
6f the m)o shells 40,80'upon closure of the case 30. Protruding rigidly from the
10 side of handle base 36 are orie or more alignment pins 110,110°. Corresponding
| pin apertures 111,111’ occur in the base shell wail member 82. Pins 110,110°
align with the pin apeftures 111,117°, and, during closure of the case 30,
pins 110,110° are inserted into apertures 1 11,111°. While the case 30 is closed,
the engagement of pins 110,110 with apertures 111,111’ helps prevent parailel
15 relative shifting of the overlapping flanges 44,84. _Pins 110,110’ also assist in the
transfer of shear forces between the two shelis 40,80 of the case 3b: when a
loaded case 30 is held in an upright position, the load farces are transferred
between the wall members 44,84 via the contact of tha pins 1 10,.1 10’ with the
base wall member 84. | |
20 itis saen therefore, that the mode and apparatus for latching the
shells 40,80 of the invention together provides for secure closure of the case 30
withoutlany need to penetrate the flanges 44,84 with any holes, bolts, screws,

catches, or other components. This advantageous lack of any apertures through,
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5 Figs. 2, 6, 7, and 10 collectively show the preferred
attachnment of the carry handle 34 to the lid shell 40, and the
preferred attachnent of at |east one latch 90 to the base shell 80.
The attachment to the lid shell 40 of the handl e assenbly

consi sting of the handl e 34, handle bezel 35 and handl e base 36, mhlle t he

| at ches 90, Yb oshogpedt t ached to the base shell 80, is a d éﬁssgﬁﬁ?%’rom
convention in 10 the art. In the known art, the handle and the
| at ches typically are all " nounted on the base shell, often for
reasons related to the provision or configuration of the separate
netal alloy frane. The apparatus of the invention permts handle 34
to be securely nounted to the |id shell 40, which is an _ advant age

to the usebr attathrnéntsabythecfidngeddd, Mreﬁmﬁslmls’aengémtgasm thee |id 15
shell 40, where it can serve as a grip with which to lift the lid shell 40-

when unobstpeed gverdeppirgsef 8@.flanges to permit a smddth, uaimnm;'I&{Doﬁﬁé obf the
preferred enbodi nent, however, are on the base - . shell 80. In the

preferred ¢mboasenBOit Alsdqélmmng: Btiaciooeras’ ofén@agme lat¢Hes 90,90 and thé ches
39,39 on lid shell 40 to secure the case 30:in a closed position. 20
Attention handia\4 tedtheutwgedly dacingl surfacescaftheiwjist42, 82 respectively tiklpt he
handle 34 to the lid shell 40. Handl e 34 and handl e bezels 35,35 are
fixedld  simplify factaryessembiys The ghells3Q,8038e convienienthabeldm phoﬂmmbu yis
securely nounted, as wth rivets 38,38 or the |ike, upon the
out si de  f ameork surface) (sugh|as indig. ﬂemVaqgus screw fasteners are inserted from
21
above to attach, in a "top down" manner, the respectlve hardware assembly to the
-wall members 42,82. Since hc‘athi'ng is affixed to thé flanges 44.84, there is no
need for complex positioning devices to hold the shells 40,§O'venically, and to
10 rotate and/or reposition the shells, to aid in inserting fasteners tlirbugh the fianges.
As shown in Figs. 4-8; the shells 40,80 may be molded with one or more
bumper strip channels 50,50° which are shallow channéls or mild grodvés running
around the perimeter of the shell 40,80 hgar the rim 46 or 86. Strip
channeis 50,50’ are optional features used to enhance ﬂié'appearance of the shell.
15 Strip channels 50,50’ may receive and retain bumper strips. Bumper strips (not
- shown) lengths of resilient ribbon or cord wrapped around the perimeter of a
luggage shell to absorb some of the ordin'ary wear and tear to which the luggage is
. subjectad. The bumper strip often is colored in a hue that is complimentary of
pleésantly contrasting to the color of the shell 40 or 80, and thus sen)eé the du_al_
20 purpose of improving the aesthetics of the caée 30 as well as extending its life.
- The process of the invention also promotes the ability to rﬁold other desifble
functional and/or aesthetic features into the shells in the geharal vicinity of the

shell rims 46,886.
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PCT/ US96/ 10258 Preferably, but optionally, a thin, rigid,
backing plate 37 (Fig. 6) may be nounted .. upon the inside surface
of the lid shell wall nenber 42, opposite the handle base 36, to

provi de rei nfor‘f‘?gg tuand a non-conpressi bl e surface agai nst P}Q‘Plhggblkfgf
I'd shell

turn nuts or pu arivet. Munting the handle base 36 to the

wall 5 menber 42 is preferred to nounting it upon the lid flange 44,
since the flange 44, being renotely cantilevered fromthe body of
the lid shell 40, is somewhat nore prone to flexural bending or

br eakage. Figs. 6, 7, and 10 show that projecting through the
handl e base 36 areKnown pressyeg ehvacwymn fymingdevicesiand systems ¢anned to | i d
shel | wall nenber 42 and extends 10 inwardly to define a small space

bet ween cat chr@auiasurertbeiluggags anparatys agidescibed. In presenfcsystems. thaenber

42. Catch 39 is engaged by elenments of latch 90 to lock the, case 30
closed, in a fhermaticorafthe svallysemberscfi2,82 and/or the flangesf4,82 ipthey, and 10

al so depict that case 30 prefe_rablgl I s_equipped with a Paﬁié ~of

| at ches 90, 90configurgtiens shRIve e JNdllg 428suplacting substaptisheperpgrdiguiarly o

closed 15 _position. Alternatiye odi nents of the apparatus of the
i nvent i orP may ifVerd frem side portiong P!ﬁﬁgé’é?u ,seggvé-ﬂvmapgf Q}%m@:at of the

T S < i Bkt 5 S B st e 855 10 o o
o e O Bbnebf A o B PR P el Pl of PSS o
are which formed the wall members, locking the product in the moid..
Figs. 11-15 depict the princibal components of thg inventive apparatus for
10 - performing the process of the inventidn. '_fhe apparatus inciudes an upper platen
assembly 200 and a lower platen assembly 240, positioned in parallel opp_bsition to
each other, preferably horizontally, one 'ﬁbo\ie the other. Hydrahlic or other known
systems permit upper platen assembly 200 and lowqr platen assembly 240 to be
moved parpéﬁdic_ulaﬂy with respect to each other, e.g. closer or ﬂ_:r_t_he_r apart.
15  Known technologies permit the controiied adiuétment of_the_ distance between the
platen assemblies 200,240, by moving either the upper pléten assembly 200 or the
lower platen assémblv 240, or both of them. The platen assemblies 200,240
at':_cordinly may be substa,ntially separated, or may be brought into contact.
Figures 11 and 13, for example, show the platen assemblies 200,240 in widely
20 separated positions, while Fig. 14 show; the platen assemblies 200,240 drawn
neér together. | |
" Inthe pr'eferrgd ambodirhent, upper pilatan éssembly 200 includes vacuum

box 202 and shell mold 206. As illustréted generally in the figures, shell mold 206
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20 nodified to operate in an innovative manner and are unconventionally

attached to the case 30. As the drawi ngs show, the |atches 90, 90
are attached to the base shell 80. Inportantly, the | atches 90, 90
are nmounted upon the base shell wall menber 82, and preferably are

not nounted upon and do not contact the base

22 . WO 96/ 40484 |
PCT/ US96/ 10%%396“0"84 flange 84. In the preferred enbop(?rmw Ms[xhe | at ch

90 i s spaced away fromthe - base flange 84, to provide a gap or slot
space between the bottom of the [atch 90 and the base flange 84.

As best shown in Figs. 6, 9 and 10, a latch 90 is securely nounted directly
5 to the outside face of the base shell wall nenber 82 using rivets

91,91' or hhienldutéide surface zﬁhsnaqm:dersuffauetz@@h&&mpm‘atrﬁaaugh the
| at ch 90, penetrate the base shell nber 82, and may be '

secured WshHabe! WhidH séroés to Hefine’thecsiape ft6|wﬂnaﬁ Qll‘ie product isMGIGeaY IRkRS © 89
nmay "be placed on the inside of base shell wall nenber 82 to provi de

rei nf or ceffuehtiondtha stefirfold B0Be Temgealils tandiihtdrchangedbis, petivitting thtlusea
rivet. 10 _ Figs. 6 and 10 show how the node of nounting the
handl e bas,e tR6 appatatuseto msnufacture luggage shells, or ather product, in a virtuaily
5 unlimited assortment of shapes, surface f‘mshes, and surface features. The
outside surface 207 of shell mcld 206 functlcns in conjunction. ‘with vacuum
box 202 to define » and substantlally surround the evacuation space 210. Sheill
mold 206 is in sealed contact w:th the vacuum box 202. Vacuum box 202 has
one or more vacuum orifi ices 205 connected to a corresponding vacuum line 204.
10" Vacuum line 204 is in ﬂmd ccnnectton wnh kncwn pump devices. Pumps (not
shown) are used to evacua_te the air {or other gas; from the evacuation space 210
in vacuum box 202. | | | |
. The evacqation 'space 210is defin_ad by the ccmp_cnsnts of the upper platen
assembly 200 such that evacuation sgsce 210 may be sealed and isolated from the
15 ambient a'tmcs'chers. 'Figs. 11, 13, and 14 show that this may be accomplished by
placing shell mnld 208 in sealed contact with vacuum box 202. Vacuum box 202
has a gaskated seal wifh the outside sur__facs_ 207 of the shell mo_ld 206. Upper
platen assembly 200 and vacuum box 202 are adapted to function with an
assortment cf differing shell_ moids 206. In the e_mbcd_iment__ depicted in
20 Figs. 11-15, shell mold 208 is a concave or "female” mold for shaping luggage
shell. The final shape and surface finish (smooth, faux grain leather, stippled, etc.)

of a shell to be molded is determined by the mold sutfac_e 208 of the shell
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latch 90 avoids interfering with the overlappi ng engagenent of the two
flanges 44,84. Both | atches 90,90 function the sane and engage ot her

el enent s of the case 30 in the sanme way, so description of one

| at ch serves to describe bot h. Because latch 90 i s nmounted upon the
base shell wall er 82 renpved 15 sonmewhat renotely fr ' e
flange 84, a sp g“ﬁrOV|ded bet ween the | atch 90 gﬂéhgﬁﬁﬂ%gse
flange 84 into mhlch the lid flange 44 may be slidably i nserted.

Thus, when the case 30 is ‘tonpletely closed, the'lid flange 44 nestles
agai nst the base flange 84, with the Iid shell peripheral edge 48 agai nst
t he base shell wall nenber 82 (as seen in Fig. 5), wthout any

interference fpom gge Within {hatcdhcafity Wmut :headczée a b&nﬁh@asﬁnemaaéw %

of the lid flange thu 'S y interpositioned between th

bottom of the k&t 1? a portion of the base fl ange .84. The
i nventi on t hus pern?ts the shells 40,80 to be | atched together

23 Vﬁbi%ﬁérﬂ:%@%ade to Figs. 13 and 14. Shell mold 206 is completely
PCT/ US96/ 10258 hout projections or apertures of any sort
having to penelyasbfatsls b pli.lPd‘ht@ﬁ%ﬁcuum apertufdsAGE sRIWA] ok ot ieds lunioefily?4-
| 5 distributed over shell mold 206 generally in accordance with known art. The
| ﬁpertures permit passage of air from within form space 212 into evacuation
spﬁée 21 0. In the course of the molding process, a heated shest 216 of shell
material.is forced against the mold surface 208 by a pressure differential induced
across' the shell mold 206. The pressure differential usually is attributable to an
10 | elevated gas pressure within form space 212 and a reduced gas pressure within
evacuation space 210. Alternatively, the form space 212 may be pressurized
withdi.xt a cancurrent depressurization of the evacuation space 210 or, a more
common aiternative may be to evacuate thé evacuation space 210 without
'afﬁrr'natively pressurizing the form space 212.
| 15 In the ﬁreferrad_ embodiment, sheet 216 is composed of ABS plastic.
| Aiterhative embodiments may use sheets of polypropylene. Other thermoplastics
rﬁay be Qtilizeﬁ, with variable levels of success. The preferred pressure differential
is between appr_oxirna_tely 35 p.s.i and approximately 40 p.s.i., wuth an upper limit
of approki:ﬁately 125 psi. Differential pressures below 35 p.s.i. must be -

20 accompanied by the use of plastics with extremely low meit flow indexes;

however, low meit flow indé_xes adverssly affect other ke'y material properties such

as impact strength and flexural modulus.
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Figs. 2, 3, and 10 show that the case 30 closes with the handl e 34 and
handl e base 36 di sposed between the two | atches 90,90'. The interior ends

of the 5 | at ches 90, 90" substantially align with correspondi ng exterior
ends of the handle bezel s 35,35 . The handl e bezels 35,35 feature
a space between a portion of each bezel 35,35 and the lid flange
44, soﬂthat Q’@@?& evi ated portion of each | atch 90 90 fItS under
a portion of espondi ng bezel 35,35 when the case PFTUs :

cl osed, as suggested by the detai-l of Fig. 10. Thus, the case 30 can cI ose
10 corrpl etely, with the Iid flange 44 on the exterior of, and

surroundi ng, the base flange 84, and yet with the Iatches 90, 90'
also fully accessible on the ‘exterior of - the case 30, as shown in
Fig. 3. Lower platenGessembly 240 inchidds duppert Boad 242 swhichvsupports ise ar t
typically are "bottom nounted” in that they are attached to the
| uggage by sewiepiatec?44;candvat least oneqiinch 48 plate 246 loogtediupmngdeat platé 2440' s
bottom plate and into the |uggage frane.. Li kew se, ; nost | atch

| evers gendymbptiorai sedllkey (245 mey iprotgude foom seal piatk 244 thedugholtthe s

utilize a lock cylinder which passes through the bottomplate of the latch
| ever and periphery afithesgal plate 244 nBealkext 245 carresponds fteal seal shauiderr21d | ock
the latch to the frame and t hereby secure the shells together. 20
Lat ch B0 ofineaeh pf sidesraw foems 230,232 oliey 4B amaye dontsctthpsundersides eDside s -

simlar, in general Beratlon to lift |ever latches knowm in the art, but
is drawJorme 2301232 and engagerrhanides 21daxhem upper platen; assemiiv 200 vel y
si de-nount ed rat her than bottom nounted, and | ocks solely to its

own bot t omasddewen glaterhaspgfnhhhgﬁotaée grawn into mutual contact, as deprcted in
“Fig. 14. With seal key 246 substantially agarnst shoulder 217 form space 212is
sealably and substantially completely enclosed by shell mold 208, side draw
10 forms 230 ,232, and seal plate 244. |
At least one gas pressure fine 248 supplies gas (e g. air) to form space 212.
A pump {not shown) pumps air or other surtable gas through gas pressure line 248
to elevate the fluid pressure in form space 212. Gas pressure line 248 may pass
through the support box 242 and seal plate 244 en route to the injection
15 aperture 249 at the form spa'ce'-21 2. beperrding upoﬁ the particular configuration
of the pinch off plate 246, pressure' line 248 may pass through it as well.
Above the pinch off plate 246 are chilled corner _
plugs 2560,250°,250°,250°"*, which project .fror:n the seal plate 244 and occupy
locations within the forrn' space 212 when tl"re two platen assemblies zoe.z4o are
20 brought together. For operationai convenience, corner plups 250,250°,250"°,250"""
may be controllably movable up and down with respect to seal plate 244. such
that they may be aiternatively retracted into and exterlded out of'the support

box 242 (by passing through sealed apertures in seal plate 244 and pinch off
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PCT/ US96/ 10258 frame nmenber. As previously nentioned, a side of
latch 90 is attached to the wall menber-- 82 of the base shell 80;

t he bottom pl ate 92 of thel'atch 90 is not used to fix the latch

90 to the shell Attachment of the latch 90 to the shell :
according to SFQHHQ practice woul d i nvol ve screwi ng or bolpﬁﬂggphgﬂbottom
5 plate 92 directly to the base flange 84.) Simlarly,
latch 90 is side-catching. Latch 90 has hooked bolt 94, which

extends fromthe side of the latch 90. Hook bolt 94 is engageable wth the

catch 39 protruding fromthe handl e base 36; engagenent of bolt 94 with
catch 39 plate<246) o THiled ¢orhenplegs 2507259 1 280°8,2501"E Iservieto ool iand shape 40
to base shell 80 when . 10 case 30 is closed. Thus, latch 90 features a

| at eral cat chiprgsdiexted lanalized sections of the Geatedrehedt %Smrm@ differsntial prossure
Figs. 9 and 10, which-illustrate a . configuration of latch 90. Latch
90 has a mmi n fooding9Inthe embogirent.iiustyated. carnetiplugs 260,26Q), 250! 250" aearber
82 of the base shell 80. Miin body 93 has rail 95 upon which

shuttl e 96 mayshgpedds provide cenvexen tmeleddorms tn preliminarily shanfethe eprnats ofabe
Gip 15 | ever 98 is manually lifted and | owered_to di sengage and
engage t hB | atshelldpfore the final molding is accomplxshed by the differential pressure forming
process. Chilled corner plugs 250,260°,250"",250°"" are in fluid communication
with a source of cooled fluid (not shown), which is recirculated to and through the
plugs via coolant lines 252. |
in the preferred embddiment. pinch off plate 246 is di_sposed upon and
10 parallel to seal 'plate 244. Tha outér edge 247 of pinch off plzte 246 is bevelled at
an obtuse angle, such that the edge 247 of the pinch off plate 246 slopes outward
' _away from the center of the plate 248 throughout its periphery. When, prior to the
creation of a pressure dffferential to accomplish vacuum and/or pressure forming,
the side draw forms 230,232 are moved to their maximum inward position, the
15 ablique face of beveied edge 247 comes m close proximity to the lower edge of the
" inside faces 236,237 of side draw forms 230 232. During pressure and/or
~ vacuum forming of a luggage shaell, the sheet 216 of sheli material is placed
between the side draw forms 230,232 and the pinch off plate 248.
in the preferred embodimcnt. pihch off plate 246 is movable away from seal
20 plate 244. Known hydraulic or qther #ystems control movement of pinch off
plate 248. As best indicated in Fig#. 14A and 148, pinch off plate 246 may be

moved up and down a rala’avely short dlstance. such that it may be in contact with

seal plate 244 or spaced parallel away and above seal plate 244. Moving the pinch
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| ever 98 is pivotally connected to shuttle 98 by neans of an axle pin 97.
Axl e pin 97, which runs through both | ever 98 and shuttle 96,
preferably also is di sposed through slots in rail 95, so that
shuttle 96 may slide horizontally (i.e. parall el to .base flange
84) to and fro upon rail 95, but is constrained agai nst .up .and 20 down

mtion._(perwwar to base flange 84). Hook bolt 94 iW%or

integrally attached to, and extends laterally f | e 96.
Gip lever 98 also is swingably - connected to main body 93 by link
arm 99 which is pivotally connected at its ends to lever 98 and
body 93 respectively. Pivotally di sposed at the distal end of

25 WO 96/ 40484

PCT/ US96/ 1iPpRte 246 upward t6'¢ontaee tioy ﬁde abawcf&rrﬁﬁ Q30|, 282 dlersWrcpiriches case
30 is closed, grip lever 98 may be depressed,  causing claw 102 to -

i nter enga@f‘\mhlel'sehlagetpotﬂdh 222 ofiths sheet of thermaoplasity 2164to leavda atesn, Spri ng
or the like, connects shuttle 96 to nain body 93, - and hi ases shuttle
96 t owar d uniiferrdj trimined edge faldrigethesformem dielR3, . e. toward the 5 cl eat
100. The figures show the conponents of the latch and handl e
assenbl i es as ODisppsed helow slnellgnnldamEzand mhwellsasledlytepﬂ%eretatlem oglelt ti ng

of the case 30, and.aid in the.
5 but preferably two or four slde draw forms 230.232 The practrce of the invention
involves the movement of the slde draw forms 230 232. Side draw
forms . 230,232 are movable separetely from elther of the platen
assemblies 200,240. As best illustrated in Figs.- _12 and 15, side draw
| forms 230,232 are faterally 'rnovable molding elements, used to shape the final
10 product. Side draw forms 230 232 are movable, as wrth hydraulic, pneumatic, or
- mechanical 1eck|ng systems or the ltke. rad:allv mward and outward from the center
of the pinch off plate 246 as md:eeted by the dlrectlonal arrows in Fig. 12. Fig. 12
shows the side draw ,forms 230,232 m a retreoted pos'i_tion. withdrawn outward.
from the pinch off plete 248. |
15 - Controlled hvdraullcs are used to translate slmulteneously the sxde draw
forms 230,232 inwardly toward or outwerdly away from, pinch oif plate 246 as
indicated by the dlreetlonel arrows and phantom lines i in Figs. 11 and 12. Fig. 15
shows the side draw forms 230,232 moved mte a posmon much closer to pinch
off plates 246. As indlcated from F'gs. 13, 14 14A and 148 when, i in the
20  preferred embodiment, the side draw forms 230,232 are extended to the closed
position, their inside fscé_s 236.237 protrude past th inside mold surface 208 of
the shell mold 208 and inwardly into the form space 212. As suggested by

Fig. 11, the side draw forms 'mey be retracted to a fully open position, and the
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under standing of the operation of the latch 90. Latch 90 is in an open .

posi tion, with lever grip 98 lifted. Wen the case 30 is conpletely
cl osed, the peripheral 10 edge 48 of the lid flange 44 preferably abuts
t he outside face of the basge.shell wall ‘ nenber 82, and a portion of

the latch 90 r t,h@, protrud| ng portion of t assgbezel
35. Wth the case%fgmgfosed grip lever 98 is depressed - ri.‘?:l‘)i]"gownvvard
- as the lever i's pushed downward toward the lid fl ange 44, it pivots

about both the axle pin 97 and the link arm99 (while the Iink arm99 al so
swings 15 around its connection with main body 93). Concurrently, the
shuttle 96 glides upon the rail 95, against the tension force of
the el astic nimdide faed 238;287 areptiledcoutwardly andgpdsp theinsidedokhsurface 208.
downward and slightly toward the proximal end of the body 93,
i.e., toward tnehdinfullycexidnded, or "closed" positidiicthetdneisofube sifd draw been
conpletely depressed, it is substantially parallel 20 with the bottom .
pl ate 92 of tHerma2B0I28E a&Baliyvidontattiohehothise, Sd thag abe fierna4230,232 define an
(whi ch now overlap). Shuttle 96 is translated to its maxi mum position
pr oxi mat e annuiust surtduadingrtite piniciy off miate 246 and substastidilywtircuniscribingtand

engage catch 39. The insertion of hook bolt 94 between catch 39
and |id s8ell d&ihinqmmipham af thecproduct being molded.
26

The figures show an' embodiment of the invention utilizing two side draw
fo?msi 230,232, each having two perpendicular legs. The motion of each side draw
form 230,232 is substantially' linear along a diagonal axis, as suggested in Fig. 12.
The diagonal axié of transiational movement for each form may generaily be
10 described as a line running fhrough the ._centroid of the pinch off plate 246 and.
through the corner of the plate proximate to the respective form 230 or 232. As
éach plate 230,232 moires inward, its perpendicular legs move and mold two
adjacent sides of the product being molded.
it will be apparent to a person of ordina_rv skill in the art that the number of
15 side draw forms utilized in thé invelitio_n is variable, Iand may be adapted to
customize the apparatus to particular mblding projects. For example, if it is desired
to utilize the side draw forms to create steep-sided depressions or deep pockets
(é.g. wheel wells) in the sides of a r_nolde& shell_, it may be preferable to employ
~ four independ'ently fnovable .side draw forms, one form for each side portion of the
20 shell. The use of foﬁr side _dréw forms._ while more complicated and expensive,
‘permits each form to perpéndicdlar_ly address a single respective side of the
luggage, to form perhéndicular depressions into the side of the shell. (In versions

of the invention utilizing two side draw forms, each form obliquely addresses two
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the shells 40,80 together by connecting their respective wall nenbers

42,82. The | atching is secured by the engagenent of claw 102 with
cleat 100. This engagenent may be doubly assured with the actuation
of the key lock 103 cyli nder upon grip l-ever 98, if .desired. Key

| ock 103, &ﬂﬁ ged, secures the grip 5 | ever 98 to the bottom
plate 92, whitcT vents grip the lever 98 from bei ng | i fRTgisoenoass ¢
dlsengage t he hooked bolt 94 fromthe catch 39. The latch 90 of the

I nvention I's distinguishable fromprior lift lever latches in that
the grip lever 98 locks directly and onIy to bottomplate 92, and
not the base flange 84, which allows the ‘opposi ng shell flange 44

to be insegikgs obeHe\IREM dimaithridoudly) Gritinh ith abilityt6redfe featélas Wien the case
30 is closed and the | atch | evers. 98 depressed, the | atches 90, 90

are desi r apbppendicaRAfInward iAGS bny Bivienrsidel) tShilinothbeembadinintslef tied by the
wal |- ~ menbers 42,82 and the lid flange 44. - The shells

40, 80 -are uﬂbaﬁm%\/@evef,emaeme@ sifigle | sidectviano farroRanDse Thstaieek Sthen it is
progress Tab 101 is first lifted to release -claw 102 fromcleat 100. A
slight - 15not negesssry toifgrmithe entitecperiph@y plithesfindl rodust) b&orily @meidrtwel osed

position, at which time the energy stored In the stretched el astic
menbers 104sides.r el eased, causing the shuttle 96 to be quickly pulled
along the rail 95 toward the distal end of the latch 90, with the

resul t that t hesluevle\aw dorms)230.A32:mev misoche indgpendentiyrriovahi up and dowrar m
99, and "pops" upward to a fully distended position, as shown.in Fig. 9.
The 20  betwaen thed®a plam assemblies 200,240. n&m ehsetoillllqmatrbnpﬁg( Adaforf r om

handl e 34) by the
example, shows slde draw forms 230 232in a Iowered posmon, nearlv in contact
with seal plate 244. Flg 13 shows the slde draw forms 230,232 raised up to
10 make a sealed contact wuth the outer penphery of the shell moid 208.
The manufacturmg apparatus of the mvenuon zs depicted in the drawings as
having a female shell mold 206 mounted within _t_he upper platen ass_embly 200,
and pinch off plate 246 and seal plate 244 dieposed within the lower platen
assembly 240. It shouid be readily understood however, that the entire apparatus
15 may be mverted as to functlon or poamon wnthout arresting its function or
exceedmg the scope of the invention. “The lower platen assembly 240 for
example, alt_ematwely may include the shell mold an_d vacuum box defining an
' evacuation space, while 'the upper platen assembly 200_ may be constituted from a
seal piate disposed below a support box, with a pinch off plate hanging from the
20 seal plate. This "upside down" embodfment_may affect use of chilled corner plugs,
but otherwise will meet the objeeti\)ee and supply the‘advantages of the invention.

Simitarly, aeceptahle altefnatiire embodimenfs of th_e invention may include the use
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el astic nmenber 104, which results in a conconmitant novenent of the hook

bolt 94, thus disengaging it fromthe catch 39. The user may then
grip the handle 34, and B

27 _ WO 96/ 40484 o

PCT/ US96/ 10258 lift the lid shell 40 and'swing it ﬁ}ﬂ“&way
fromthe base YPAS448H open the case 30. rctiuss e

i ft
| ever 90, however, is substantially-independent of any particul ar '
feature of either shell 40,80. It is |lockable to itself (rather than to an
opposing 5 shell elenment) using the cleat 100 and claw 102, and engages
a catch 39 which is nmount abl e virtually anywhere upon an opposite
shel | . Consemfc'mdis” shélicmbltsciwhereby thefsheet ob tiwermioplasticis forcednagéinstakeni ng
penetrations through the shells. Figs 2, 7, and 10 show an
auxi | i ary syssomvexamoldui di ng the proper alignnent of the two shells
40, 80 upon closure of the case 30. Protruding rigidly fromthe 10 si de
of handl e base 36 Tiepracticeoof therprocessppftbatinysntion] aod some, of(its adwardaghisag
pin apertures 111,111 occur in the base shell wall menber 82. Pins
110, 110' may naw be desaribedh feferengp is madedo Figs. 11t and 334 whirh depjctthesur e

- of the case 30,

5  apparatus of the invention at the very beginning of a manufacturing cycle. In .
Figs. 11 and 12, upper platen assembly 200 is in a raised position to provide
‘working room between it and lower platen assembly 240. For clarity of illustration,
Fig. 11 shows a substantial separation distance between the upper platen
assembly 200 and lower piaten assembly 240. In practice, the platen

10 assemblies 200,240 may actually be separated by a relatively small distance,
sufficient separafion merely to allow the insertion of a sijeet of thermoplastic
* material (Fig. 13) tharebet\n.reen.
Contact between vacuum box 202 and the outer surface 207 of shell
mold 2086 is sealed against air' leaks. The contact between seal plate 244 and
15 support box 242 is likewise saaied. The selacted side draw forms 230,232 are -
' .installled in the retracted position. (Figs. 11, 12 and phantom lines in Fig. 13), but
are then rﬁoved into the extended posiiion (Fig. 14 and phantom lines in Fig. 11).
Fig. 15 shows forms 230.232 ina position just short of full inward extension; at
cbmpl'ete'inwa;r_& extension, the corresponding distal ends of the legs of the
20 forms 230.232 actually corﬁé in contact to complete a ring around the formed
sheet 216. Coqled wﬁter or other ﬂuid is pumped through the coolant lines 252 to

the corner plugs 260,250°,250°*,25 *, and constantly recirculated, to aid in-

withdrawing heat from the heated and flaccid thermoplastic sheet 216 where the
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pins 110, 110" are inserted into apertures 111,111'. Wile the case 30 is

cl osed, t he engagenent of pins 110,110" with apertures 111,111
hel ps prevent parallel 15 relative shifting of the overl apping flanges
44,84. Pins 110,110' also assist in the transfer of shear forces
between the two shells 40,80 of the case 30; when a . | oaded case 30
Is held.in Ipright position, the |load forces are transferre

bet ween theq&%HP nbers 44,84 via the contact of the mréé} gyﬁy Wi th

t he base wall nenmber 84. - 20 ' It is seen therefore, that

t he node and apparatus for latching the shel | s 40,80 of the

I nvention together provides for secure closure of the case 30
wi t hout any need to penetrate the flanges 44,84 with any hol es, bolts,

screws,  plugs contact thesshest. @hilled corngrpiags 250,503 Mazﬁmgearesn bessﬁomf
any apertures through,
28

above the piwh 6i/plara 246 as shown in Fig. 11 or, aiternatively, may be posed

PCT/ US96/ 10258 or attachments to, the flanges 44,84 results in .
stronger fl !aeigwsthermmmeff plate 248 butready taibe mb\odemwpumg the position anges
té permit a snooth, uninpeded closure of the case 30. Al S0,

limting atﬂEUWhﬁth dfl-both the 1atches 90, 90" and the
5 - A sheet 216 of thermop!astlc material is heated to render. it plastic and
_malleablé. The sheset 216 is "glr'.i.ppe'd around its edges and. maneuvered {up and
down and to and fro} with control c'lafnpe 213,213", ee depfcted in Fig 13. Controi
clamps 213 serve to fix and maintain the'lehgth of the outside edge of the
sheet 216. Alse' as depieted'iri Fig. 13, the two platen. asee_mblie_e 200,,240 are
10 . separated and the side draw forms 230,232 pesitiehed 1o allow the hot, pliable,
sheet 216 of therhéplasﬁc materiet to be moved into a position between platan
aesemblies 200,240. The sheet 216 is pleeed centrellv above the pinch off
plate 246, above the chille'deel"her:plugs 25”0,2'50'..250"_,250'“, and below the
shell moid 206 and the side draw forms 230 232. B |
15 After the heated sheet 216 is moved into posmon, it |s brought into contact
with the surfaces of the chilled corner plugs 250,250°,250",250"", by lowering
the sheet 216, by raising the eIUge,' or' by raieing the entire lower platen |
assembly 240. At fhis point, the piugs 250,250'.250";250"' function to partially
support-the sheet 216. As seen in Fig. 13, -the sheet 216, flaccid at elevated
20 . temperature, is supported where it cohtects the chilled comer |
plugs 250,250°,250'*,250""" and is unsupported elsewhere The sheet 216 may be
essentially planar when first placed between the platens 200 240, but its elevated

temperature renders it moldable. Due to the effect of gravity, the central
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handle 34 to the outwardly facing surfaces of the walls 42, 82 respectively
help 5 sinplify factory assenbly. The shells 40,80 are conveniently

hel d on a hori zont al wor k surface (such as in Fig. 7), and various
screw fasteners are inserted from above to.attach, in a "top down"
manner, the re ectlve harlwar e assenmbly to the = = wal | _nmenbers 42, 82.
Si nce not hi ng |‘§ #%%4d to the flanges 44,84, there is no FPCTUSSAMSE, fof

conpl ex positioning devices to hold the shells 40,80 vertically, and to 10
rotate and/ or rep03|t|on the shells,.to aid in inserting fasteners through
t he fl anges. As shown in Figs. 4-6, the shells 40,80 may be
nol ded with one or nore bunper strip channels 50,50 which are

shal | ow channglostior 298 lofl tisé eheets ufisuppor@d between thé pluyd 250;2601,250%7 2500F
the shell 40,80 near the ri.m 46 or 86. Strip : channel s 50,50" are

optional feat un®sdrooprisagaddvemesrd, tendimy ea assutre,dh drbss séutiohs takidn betwRehi P
channel s 50,50' nmay receive and retain bunper strips.- Bunper strips (not

S hovvn) | engt hplugs, ties shapendf a hahging catenaryl. Wnppnantlyrasahe dentrapportion (219 of
| uggage shell to absorb sone of the ordinary wear and tear to
V\:hl ch the | ugghgsheet 216 droopsidwrenard it alswetandsiterpull upgn thietseivags portion 222

in a hue that is conplinentary or pl easantly contrasting to the
col or of Bhe <ifahé sii€etcon td outsidetdfithe WQSO%MLQEO".ZBO’", thus stretchirig the
i mproving the .aesthetics of the case 30 as well as extending its life.
The process ofshetup andmveotheplugs towansk the centeraifi thet pinchyoffpiate 246 res
desirabl e - functional and/or aesthetic features into the shells in
t he general viiotinategd hyftnem;rectlonal arrowshinl Figr 138 Indhisgnanner, thermoplastic
29
material is moved from portions of the sheet 216 that would otherwise become
offal to the portions of the sheet to be formed into the final product. . -

10 - Adrawback of many typical vacuum or pressure formed items is weakness
in outside corners; luggage shell corners common to the current art often crush or
cdllapsa under impact loading. This weakness is due at least in part to the fact
that conventional vacuum or pressure. forming processes reduce the amount of
shell material in the corner portions of the sheil. Forcing the flaccid sheet of

15 thermoplastic completely into the extreme corners of the shell mold tends to :
stretch the sheet in the vicinity of corners, with the result that the sheet is there
thinner and thus weaker. Less stretching of the sheet is required to push the main
portion of the sheet against the generally planar portion of the mold to form the
panel portion of the shell. As a result, conventional differential pressure formed

20 luggage shells frequently are thinnest at the corners and thickest in the main panel.

" Thisis opposite of the optimum condition, since the corners of the shell are subject

'~ to the highest stresses and thus ideally shouid be the thlckast and strongest part of
the shell.
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Known pressure or vacuum form ng devi ces and systens cannot

manuf acture the | uggage apparatus as described. In present systens, the
formation of the wall nenbers 42,82 and/or the flanges 44,82 in the
configurations shown (i.e. walls 42,82 projecting substantially '
per pendi cul awb 9640384 inward from side portions 83a, 83b) peRisseaRE] OUSI Y

i npede the renoval of the nol ded pr oduct fron1the nDId. The wal |
menbers 42,82 would tend to catch "~ upon, or "hang up" on the
correspondi ng annul ar shoul der portion of the nold whi ch forned the
wal | members, |ocking the product in the nold. Figs. 11-15

depict the principal conponents of the inventive apparatus for 10
per forning the Amothesslisagivantageinivasent with existing Rressure diffarential esoldingupper

pl aten ' agsenbly 200 and a | ower. pl aten.assenbly 240, positioned in-
paral | el oppthodsiipthat gli portions ofetﬁtershsshe matﬁf@l mbby %mtmmtalgrgaterone
above the other. Hydraulic or .other tens permt upper

pl.aten as sQé’rfBﬁP" slggresnta {ares the shest "3§§BM§|19" 25@%‘6‘6@3 formed Sh‘ﬂb‘ﬂed
perpendicularly with rzg ect to eac ¢l oser, or f%thher apart.

15 Knovifire m?GPGQF ﬁeﬂ’ﬂﬂe'ﬁ ' E‘U%T%?’Pé %Ri prigingl surfaceeares et ance

bet ween t he n asse, 00, 240 nDV|ng ei t her the upper
pl at eR ass'@ﬁtﬂ'?‘aé@@‘i?r‘%t et use ﬂ‘t@'ﬂj} é I‘S/f’i"d’o"°'ﬁ'f“°t576t h of

them The t?:le?r}lg r} ﬂcsr%gPenaFls ava%gle to be forced into the mold durmg a glven
manufacturing cycle, a net reduction i in the average thicknass of the sheet must
accompany the forcing of the shest against the mold. |
Advantages of the invention are thus here manifest. It is kﬁown in the art of
10 differential pressure forming to provide plug assist's" to help shahe a ﬂac_cid sheet of |
thermoplastic immediately'priOr to apf)lyin'g the pressure differential to nioid the
- . product. In the present im)ehti'on; the éorner'plu'gs 250,250',250",25()'; * are
shaped and selectively located to help pre-form 6nly't_hé borfioﬂs of the éheei 216
that will form the corners of the shell, and are actively cooled. The chilled corner
'S5 plugs 250,250°,250"°,250"*" not onljhelp shape the sheét 21 6; b_ht also reduce
stretching of the parts of the sheet 216 ccrfeépbndihg to the éheli corners. As the
hot, flaccid, sheet 218 is moved to the chilled corner plugs 250,250",250",250",
the portions of the sheet 216 actually 'c'ontaéting'tlhe' plugs are cooled substantially,
reducing their plasticity. The radu’eed 'plasticity inhibits undesirable stretching in
20  those specific parts of the sheet 216. Whén the sheet 216 is formed intb a shell,
the cooled bortions undergo less stretching than in the prior aff._ and thus retain

substantial thickness compared to the rest of the shell. In the piasent invention,
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accordingly may be substantially separated, or may be brought into contact.
Figures 11 and 13, for exanple, show the platen assenblies 200,240 in

wi dely 20 separated positions, while Fig. 14 shows the platen

assenbl i es 200, 240 drawn near together. __ ' In the
preferred enbodi ment, upper. platen assenbly 200 incl udes vacuum

box 202 and sheVPo$i#M8# 206 As illustrated generally in the FCHUPNL02E Lo |

nmol d 206 ' - 30.
WO 96/ 40484 _ T PCT/ US96/ 10258
has an outside surface 207 and an inside surface 208; the latter is the

nol d surface which serves to define the shape to which the product

| nt e changeapl D9 hegtens of 'fitkt 3 ohfind Rl cofilyd of the LghBTRKATAE ey

arattus“t o man

| uggage shelstf?yag,ge @Pﬂigg%ggm%bﬁgmug Qtfé"j‘#éf%u”éméfﬁ-e unlimted assortnent

of shapes, surface Teatures. out si de

surface 207 of shel; ' i s i ' .
box 205 to define. 418 fesIRolaifiot fhe dhebeifl it mbh 0t 936 bidRg |

Sl e - St 2480 shicifidhify tRo6é pBAIUrATetWebA thé'Bniiad Wufier0x 202. - Vacuum
5 plugs 250,250°,250°°,250"’’, may briefly be allowed to droop immediataty prior to
the imposition of the pressure differential used to form a shell. This drooping in the
sheet 216 mildly pre-stretches all the sectidns of the sheet 216 except the corner
| bortions. Thus, the invant_ion effectively pre-stretches the central section 219 of
the sheet 216 that will be formed into the bottom 81 or panel portion of the shell,

10 where thé finished shell may acceptably be thinner. One advantage of the
invention is, therefore, that the hot flaccid shest 218 prior to actual vacuum or
pressure forming is cooled in those po_rtions that form the shell corners, and is pre-
stretéhed in thoss sections that form the shell panel, resulting in a vacuum-formed
sheil with stronger corners, but a slightly thinner panel.

15 Another advantage of the invention is that it increases the net volume of
thermoélastic material available for molding into the_final product. This increase is
due to enhanced efficiency of materials use, without a net increase in actual
materiais requirements.

| Some shell material droops downward and outward from the corner

20 plugs 260,250°,250'",250"*", and eventually is sandwiched between the shell

mold 206 and the seal plate 244. Before the she!l.material_ is clamped between the

unde_rsides of the shell moids 230,232 and the seal plate 244, hoWevét', the

sheet 218 is aliowed to sag between the corner plugs 250,250°,250"",250", as
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one or nore vacuumorifices 205 connected to a correspondi ng vacuum |line

204. 10 Vacuumline 204 is in fluid connection with known punp devi ces.
Punps (not shown) are used to evacuate the air (or other gas) from
t he evacuation space 210 i n vacuum box 202. The

evacuati on space 210 is defined by the conponent's of the upper platen
assenbl y 20Wosdsabesh hat evacuation space 210 may be seal ehcaRidodnpsigat ed from
t he 5 anbi ent at nosphere. Figs. 11, 13, and 14 show that this nay be
acconpl i shed by pl aci ng shell nold 206 in sealed contact with
vacuum box 202. Vacuum box 202 - has a gasketed seal with the outside
surface 207 of the shell nold 206. Upper pl aten assenbly 200 and
vacuum box 202 are adapted to function with an - ~assortnent of
differing em;qusmlmﬂge@ Asp resuitafibisi msmdélm sel¥egs portiop 222 of the.

11-15, shell mpld 206 is .a caoncave or, "femal e" nold_for shaping a | uggage

shel | . Thesheetis sghf&béd'aﬂﬂ"%mef %ﬂﬂ?squrﬂ‘g ﬁhE%fn%?ﬁ are fisedly heldi by centroler

stippled, etc.) ? n be nol ded is deternined by the nold
surface 20clampsi3i3, 203y |This stretc ing is mamfested by some sliding of the sheet 216

%éT, US9e/ 1imvardly ovvuptgf /tops of the plugs 250,250%,250"*,260°, as shown by the
5 directional arrows of Fig. 13. This sliding and stretching resuits in a movement of
a net volumé of thermoplastic material radially inwardly into the marginal portion
from the selvage portion 222 of the sheet 216. Material also nioves.u.p and over
the carner piugs 250,250°,250"*,250"", sliding past them intc; and toward the
central .porti_on 219. A netincrease is realizéd in the volume of thermoplastic
10 material in the portion of the sheet 216 in a confronting relation with fhe mold 206;
the beneficial consequencs of this movement of thermaplastic material is that more
material is available, from a given sheet 216, to be forced against the mold 208. A
comparatively reduced volume of material remains in the selvagé portidn 222 of the
sheet.
16 . . With the increase in material voiume available for molding. .'against' the
mold 208, the undesirable stretching of the sheet 216 to fit the mold surface 208
(espaciaily the corners) is mitigated. More availa_ble material volume résﬁlts ina
thicker molded shell wa_ll. producing a comparatively strdnger shall.. The finished
shell product accordingly has increased performance without an increase in
20  materials requirements.
. Reference is made to Fig. 13. Once the sheet 216 has been pre-stretched to
optimum conditions according to the foregoing disclosure, and ého.rﬂ? after the

time the sheet 216 contacts the corner plugs, the seal plate 244 and sidé draw
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mold 206. Wthin the concavity of shell nold 206, and partially defined
t hereby, is form space 212. Reference is made to
Figs. 13 and 14. Shell nold 206 is conpletely perforated by a
plurality f vacuum apertures (not shown) store or less uniformy 5.

di stributed oy Iaﬁhl mol:d- 206 generally in accordance wit The
apertures pern%"a s‘f)’as dge of air fromw thin formspace 212 M&’gg'}g%atlon
space 210. I'n the course of the nolding process, a heated sheet 216 of

shel | material is forced against the nold surface 208 by a pressure
differential induced across the shell nold 206. The pressure
differential usually is attributable to an 10 el evated gas pressure

wi thin form mohdse230232éleansvaltl tgetitr dperhaps by endvihipione or both plateracuat i on
space 210. Alternatively, the formspace 212 may be pressurized

wi thout a coassenitsties 200)2405tu clamipi the offal bheeleug@pammnzzaatmeﬁlﬁaamaa

nor e comon alternative may be to evacuate the evacuati on space 210
wi t hout betwedr tivenseal key 24fraristhei uridetsiddief thay side mnaw fafds 230232, The
In the preferred enbodi ment, sheet 216 is conposed of ABS plastic.

Al ternative etdnmlhgrmahetagf Uecsenhplates 244 apdithe side,drane for@ish230,232 provides

t her nopl asti cs may be utilized, wth variable |evels of success.
The pref&rr ecanpamulanrsealchrbﬂadelm farm space 212.wmﬂbelumdnragmaza>acnagels>a 35
p.s.i and approxi mately 40 S.i., with an u limt of

appr oxi mat el provigiopali gasket. f rniﬂaﬂrqw oo .b&%waysbpsulad torthe sead 20
acconpani ed by the use of plastics with extrenely low nelt flow indexes;
however, | owpiate244 ¢sing Rﬂ!ﬂ(éﬁﬂ&ad%rh}mt?e sveelitobjestds te spalablyand;|

properties such I npact strength and fl exural nodul us.
substantially completely enclose the form space 212.) In the preferfed

'~ embodiment, the form space 212 at this point in the process is entirely surrounded
10 by the shell mold 206, the ssal plate 244, and the side dr-w forms 230,232. The
platen assamblies 200,240 may be reieasablv locked tog_eth_er to assure éroperlv
sealed enciosure of the form space 212. |
Pressurization of form spacé 212 and evacuation of the evacuation
space 210 are then initiated. Air or inert gas is pumped rapidly through the air
15 ~ pressure line 248 and into form chamber 212, while concu;rently air is pumped out
of evacuation space 210 through vacuum fine 204. Tﬁe result is a sudden
reduction of pressure in the evacuation éhamber 210 and an elevation of pressure
in the form chamber 212. Thése praskure changes induce a pressure differential
acms§ shell mold 206, and gas is. thereby caused to flow from the form space 212 |
20 to the evacuation spice 210 via. the vaﬁuum apertures in the sheil mold 206.
B Substantually in accordancs wnth known principles of the art, the pressure
differential across the shel! mold 206 and the forced passage of air through the

" holes panetratmg the shell mold 206 give rise to & cotresponding fiuid pressure
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PCT/ US96/ 10258 Lower pl aten assenbly 240 includes support
box 242, which supports the seat plate 244, and at | east one pinch
off plate 246 | ocated upon seal plate 244. ~ An optional seal key 245
may protrude from seal plate 244 throughout the periphery of the
seal plate 4§ key 245 corresponds to a seal shoulder 217 5 in
each of side Pg ornms 230, 232. Key 245 may contact the PP of side
draw fornms 230, 232 and engage shoul der 217 when upper platen assenbly 200
and | ower platen assenbly 240 are drawn into nutual contact, as depicted in
Fig. 14. Wth seal key 245 substantially agai nst shoul der 217, form space
212 is seal ably and substanti-ally conpletely enclosed by shell nold

206, side- dypHrentthl acfdes The SREEt2DIS itadifl PR&br @lteedlﬁ“entnal is due to a lower"\.
| east one gas pressure |line 248 supplies gas (e.g. air) to formspace 212.

ATpunp (not pdagi be&WSBﬁ thé shé¥t 216)8hd the SNl Moc206 'Eﬁéwﬂi& passure %S.&v&e%
| i ne 248 to elevate the fl.uid.pressure-in-formspace 212.
pressure |i gt gHeetZ16 dhtbthe seal plate 244 The pressure dtfferentxal rapldly forces the
flaccid sheet 216 flrmly agamst the msnde surface 208 of the sheil moid 208, as
5 depicted in Fig. 14. The use of the pressu_r_a differential to press the sheet 216
against the shell mold '506 i# the "différeﬁa_l_pr_es_sﬁre forming"” step of_l._the
process. The pressure differenﬁal is l;ﬁai'htained for a period of time to insure that
the sheet 216 is fhnrbughl§/ impreséed_w_ifh_ every feature of the inside mold
surface 208. | | | . | _ .

10 The ir'r‘posi'tioh"o.f the bressura differential and thé pressing of the sheet 216
against the shell mold 206 is Initiated whnla the sxde draw forms 230,232 are in an
extended posmon, closed toward the pmch plate 246 and constituting a side mold
completelv around the penphery of the form sp;ce_Z?Z, as illustrated in Figs. 13

and 14, | - |
15~ Fig. 14 shows that the elevated pressure in f&rm space 212 forces a margin
of shieet 218 against the insu!e faces 236,237 of the stde draw forms 230,232.
The inside faces 238, 237 of the side draw forms 230 232 may be shaped or
textured so as to mold the margmal portion of shaat_z__‘ls pressed against them.
The inside faces 236}237 preferably are rémovabiy attachable to the interior ends

20  of their respective draw forms 230,232, and may 5_e_§lat_e§ or blocks that balt onto
or slip onto {e.g. key-and-slot i'r\t'erlock). fhe forms 230.232 Because inside
faces 236,237 preferably are iemovablé, thev.are_interchangeable__ independently

from the side draw forms 230,232 and from the main shell moid 206.
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t hrough the support box 242 and seal plate 244 en route to the injection

15 aperture 249 at the fiorm space 212. Dependi ng‘upon the particul ar
configuration of the pinch off plate 246, pressure |ine 248 may
pass through it as well. Above the pinch off plate 246 are
chilled corner pl ugs 250, 250, 250", 250""', which project fromthe
seal plate 244 V¥R 8649884ypy | ocations within the form $EHES6A58 \hop -
the two platen assenblies 200, 240 are 20 brought together. For
oper ati onal conveni ence, corner plugs 250, 250", 250", 250"" may be
controll ably novabl e up and down with respect to seal plate 244, such

that they may be alternatively retracted into and extended out of the

support behedfiverition tHas Hakds it peusilile 16 YbRAthRSIdedf difee] Bhar lorievah €
244 and pinch off ' : 33

WO 96/ 40484  the size (i.e. depth) of the molded shell without changing the entiféEhsiSRR(dL 966 3
plate 246). Chilled corner plugs 250, 250", 250", 250""' serve to cool and

shape  THESIBE WaWdoirRs 2BD2X3L 6186 lare itftethahféabie MithCrespéctitodhe shkil O
to differential pressure formng. In the enbodinent illustrated,

CouTSh For CAOLERSS, Bihe s mbodinart kot ey st tag
the final snol dpredutsby esepely|switohthgothet insiddifaéey 236,237, pPartisularirdividual dnside
faces 230,232 may be configu;ed io moid bumper strip channels, and/or loéational
ihdicia for hardware attachment, and/or aesthetic lines, logos, ridges, and/or the
like into the final product shell. Likewise, the inside faces 230,232 may be
configured to mold into the final shell a desired structural feature, for exampie a
10 wheel well and/or a hardle recess.
Similarly, the assorted sets of inside faces 230, 232 useable with a
| hatﬁcular 'ccrresponding side draw form 230,232 and a given shell moid 206 may
be of differing dimensions. By interchanging a narrower (/.e. shorter} or a wider
inside face component, the overall depth of the molded container or shell may be
.15 varied from cycle to cycle without the need to exchangé and repiace the shaell
moid 206 or the side draw forms 230,232. An advantage of the invention
therefore is that the indepgndent interchange_abilitv of the inside faces -236,237
‘permits mﬁnv permutations in the appearance and/or structurs of the finished shell
using a comparatively iimited number of different shell molds 206 and side draw
20 forms 230,232.
Figs. 14A is an enlarged sectional view depicting in detail the molding of the
margin 220 of sheet 216 by a side draw form 232. Side draw form 232 extends
inward, préferablv past the inside surface 208 of shell moid 206 and
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process. Chilled corner plugs 250, 250, 250", 250"" are in fluid conmmunication
with a source of cooled fluid (not shown), which is recirculated to and

t hrough t he pl ugs via coolant |ines 252. In the
preferred enbodi nent, pinch off plate 246 is di sposed upon and 10

parallel to seal plate 244. The outer edge 247 of pinch off plate 246 is
bevel | ed at an obtuse angle, such that the edge 247 of the pinch
off plate ZJKOQP@HQE out war d away fromthe center PET/UBIA2SE 5t ¢ 246
t hroughout its periphery. Wen, prior to the . creation of a pressure
differential to acconplish vacuum and/ or pressure form ng, - t he side
draw forns 230,232 are noved to their maxi ruminward position, the 15 =~ .
oblique face of bevel ed edge 247 comes in cl.ose proximty to the | ower edge

of the - correspdritingly ricléea nit§inaBrortibn B2tofitrveHeat 2162 3fhe Margin 220i NY
pressure and/ or vacuum form ng. of a |uggage shell, the sheet 216

of shel | nmisy bekhigedbytaside draw fornb2B8Ras tréde &l rakralier! G MENEAS aRa@ 2
and the pinch off plate 246. In the preferred enbodi nent,

pi nch of f pl térge s assthﬂwehhmnw\m QMaﬂlsﬁded:lctemﬂabelléﬂ dlzeurwanKW&
hydraulic or other systems control novenent of .pinch off ' pl ate

246. As be@4,irespectively) inFigs.gb and 54 ThedmaitBor pentedl pottiorpbiithre shéet may be
moved up and down a relatively short di stance, -such that it may be in
cont ack wi thaterial 216 showenfin Bigatl éAZthsUtutepﬂmuulpaofahe sheﬂa%;oreBﬁiaablﬁanseal
plate 244. Mving the pinch
34 in Figs. 4 and 5. Side draw forms 230 232, therefore, old the shell 40 80 of the
luggage case of the preferred embodlment to provnde the frame feature defined by
the wall members 42,82 and flanges 44 84 as descnhed in Flgs 1-8 and
| _hereinabove, as ‘well as other shell features. such as bumper strrp channels an_d the
10 like. I |
Thus, side draw forms 230, 232 mold the. mergins of the sheet 216 which
eventually comprise the peripheral frame eorﬁori ef .t'he ﬁniehed shell (and may be
configured to shape the side or other portiees of the s.hell.as well). When the hot
sheet 2186 is pressed against the inside of the shell mold 206, |t s:muitaneously is
15 forced against the side draw forms 230,232 which pro;eet inward into the form
space 212. The portion of the sheet 216 disposed hetween_ the forms 230,232
and the pinch off plate 246 is transformed from a"plan'er sheet to .a.shape having
the cross section shown in Figs. 14 and 14A. F‘gs 4 and 8 considered together
with Fig. 14 illustrate how the use of the su:le draw forms 230 232 molds the
20  margins of the sheet 216 to form the flanges 44,84 and wall members 42,82 of
the finished shell 40, 80. Fig. 14A also provides deteil of seai key 217 crimping
the offal or selvage portion 222 of the shest 216 against shoulder 217 in draw
form 232. | | |
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off plate 246 upward to contact the side draw fornms 230, 232 severs or

"pi nches of f" the selvage portion 222 of the sheet of thernoplastic
216, to |l eave a clean, uni form trimed edge along the formed shell.

Di sposed bel ow shel | mol d :206 and above seal plate 244 are at_l|east one, 5
but pref er abl y WQ#6M8484f our si de draw forms 230, 232. The pr acFERUSIpOzE], . -

i nvention -~ involves the novenent of the side draw forns 230, 232.
Si de draw forms 230,232 are novabl e separately fromeither of the
pl at en assenbl i es 200, 240. As best illustrated in Figs. 12 and 15,
si de draw forms 230,232 are laterally novabl e nol ding el enents,

used to shape the fgﬂag elﬁe dra lefvé%or,ﬁsﬂ%a%%emﬁwﬂ% a%ziﬁﬁgded

novabl e, as with hydr pneu an| cal Jac

t th of
tS%Z Simrs]cﬁrof f epﬁsgf[%gl 2%? F%g: gg?é by %ﬂm%ct I onhal ar%@v\%%lrhﬁegm Tﬁ
Fig. 12 {
2 oo 218 o LS 0 5. 10 kBt

Control | ed hy
fornms 230, 232%%?5 ;ﬁ%vdvafr&ﬁg ‘%ﬁnggﬁmﬁi?ﬁﬁvﬁhérom pl ncﬁff épéneate 5‘2&“

as I ndﬂh%%ﬂ(éubizo g tﬁé &ﬁeétl 218! PrdseRty i fith BR7BXcYHs!shBlf ndtéridTiiPeut
11 and 12 Fi g. shows the side draw forms 230,232 noved into a

Elo; IS ti 2 g miz h ﬁﬂéfl Zﬁg?] éﬁéiz‘lgldﬁ\?fh%hnen uls::]ngt s gﬁﬁdﬁwbesheﬁﬁa if\§ sepétateproéets Sigp
after the completion of dxfferer_l_tial pressure forming. Figs, 14, 14A, and 14Bin
combination illustrate how pinch off plate 246 may be used to sever the
sheet 216 Figs. 14A and 14B are enlarged sadtional views of that part of Fig. 14

10 . showmg that side draw form 232 forns margm 220 of sheet 216 inwardly past
shell form 206 to close proximity to, or even mlld contact with, the pinch off
plate 246. Pinch off plafe 248 is movable, e.g. hydraulically, in a direction
perpendicular to the .seal plate 244, as indicated by the directional arrow in
Fig. 14A. Pinch off plate 246 normally is in parallel position and contact with the

15 undérlying seal plate 244, upén which pinch off plate 246 rests. ' A powerjed '

" mechanism (not' shown), .perhaps disposed below the seal plate 244 and within the
support box 242, extends through the seal plate 244 to the pinch off plate 246.
© After the differential pressure forming of the sheet 216 against the shell
moid 206 and the side draw forms 230, 232 has been completed (Fig. 14A), the

20 pinch off plate 248 is moved a small distance upward and away from the seal
plate 244 to the position lllustrated in Fig. 14B. Movement of the pinch off

plate 268 preferablv occurs lmmedlatelv prior to the vented release of pressure

from within the form space 212 and the termination of the pressure differential
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20 preferred enbodi nent, the side draw forns 230,232 are extended to the
cl osed position, their inside faces 236,237 protrude past the

i nside nold surface 208 of the shell nold 206 and inwardly into
the form space 212. As suggested by Fig. 11, the side draw forns
may be retracted to a fully open position, and the .

35 96/ 40484
PCT/ US96/ 102?5"I€§)9‘5"“Msy\D i nside faces 236,237 are pulled d’&'Wé?Wand past
the inside nold surface 208. = In their fully extended, or "closed"
position, the ends of the side draw forms 230, 232 actually cont act
one another, so that the fornms 230,232 define an annul us surroundi ng
t he pinch of f plate 246 and substantially circunscribing and 5 defi ni ng

the peri pheragroak thoshell Adid 20BEi1AghThalater, the pressure differeritidl Holdsthes show
an enbodi ment of the invention utilizing two side draw forns ;

230, 232, eachedw2161in plece darine tith pimching-of prockes. Fiy.i 118 stovesitHatthele draw
forn1230 232 is substantially linear along a diagonal axis, as suggested in
Fig. 12. movemehitof dha ginchl offiplate @46t pinchesahe ahatt 216 bevwderf the abdiqe f or m
may generally be 10 described as a |line running through the centroid of
the pinch offace24Y of 246 platel 246 and a lower edge of draw form 232. Plnch off plate 246
5  may be brought into contact with form 232 in whloh instance sheet 216 may be
completely cut between the two contactxng components 232,246. The side draw
form 232 thus serves as a type of lmmoblle eutting blook agamst whlch the pinch
off plate 246 may act. Pinch off piete 246 thus severs the selvage 222 (ie. the
part of the sheet 216 below the draw form 232) from the margin of the sheet 216
10 (the portion of the sheet 216 above the oblique face 247 of the pinch off plate 246
and interior to the shell mold 208). Alternatively, the face 247 of t_r_..;. plate 246
‘may be moved proximate to the edge of the form 232. but not in contact
therewith, as shown in Fig. 148, to con_e&ioi ihe sheet 216 without totally severing
it. In this manner, the sheet 216 is peintenenﬂy ofeesed to fa&l_ita_te later
18 separation of the offal from the shell. The pinchihg of the sheet 21, either to
completely sever or to crease it, "pf'ovid'es for a el.ean,. uniform cut of the sheet 216 |
between margin 220 and selvage 222. Such a cui 'shoulo'be uniform, since it
accurs along what sventually 'constitutee the 'peri_pheral edge 48 or 88 of the
shell 40 or 80 as shown in Figs. 1, 2 and 4. : | _ | _
20 An advantage of the invention is that th'e penpheral edges 48 88 are
exposed, not covered bv an expenswe, cumbersome metal frame. but rather are

exposed, providing economy, aesthetics and easv case closure The peripheral
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t hrough the corner of the plate proximate to the respective form 230 or

232. As each plate 230, 232 noves inward, its perpendicular |egs
nove and nold two “&dj acent sides of the- product bei ng nol ded.

It will be apparent to a person of ordinary skill in the art that the
nunber of 15 e draw forns utilized in the invention i

may be adapted“FH”“ ‘ custom ze the apparatus to particu ﬁcﬁ&%@ﬁglng
projects. For exanple, if It is desired to utilize the side draw
forms to create steep-sided depressions or deep pockets (e.g. wheel.
wells) in the sides of a nolded shell, it may be preferable to enpl oy

four independently novable side draw forns, one formfor each side portion
of the 20 edbes 48,88\ preferablyf aré onilled od mathinedftoraipleasdriti smouathnress, perhaps

conpl i cated and expensive, permts each formto perpendicularly
address a si ngising ®#spmputerquidedeedyging toml. | uggage, to form
" perpendi cul ar depressions into the side of the shell. (In versions

of the invention ufifter theginchm{tpldte a#&mascheaa ,maexd; if desinedbka qimehythe
addresses two

WO 96/ 40484  sheet 216 {Fsg 14B), the sheet 216 is held against the shell moldr206 ;lB%dn‘g)ZS8
sides of the shell sinultaneously, limting its ability to create features
5 enough to allow it to cool and harden. Once shell sheet 218 has cooled, it loses
its plasticity and becomes rigid in the general shape and form of the final product.
As mentioned, the side draw pulls 230,232 are movable radially outward
from the extepded posiﬁoﬁs shown in Figs. 13, 15, and 14 and in phantom lines in
Fig. 11 to the .retfacted position shown in Figs 11 and 12 and in phantom lines in
10"  Fig. 13. ‘While the imposed pressure differential holds sheet 218 firmly against
shell mold 206 and the inside faces 236, 237 as shown in Fig. 14, the side draw
pulls 230,232 are actuated and controllably moved, substantiaily parailel to and
batweeq the platen assemblies 200,240, outward from the. position depicted in
Figs. 13 and 14. The.si'de draw forms 230,232 are pulled away from the cooled
15 sheet 216 and retracted outward to the position shown in phantom lines in Fig. 13,
and in Figs. 11 and 12. The platen assemblies 200,240 are fhen moved apart to
permit sheet 218, now a molded shell, to be remdved from the molding apparatus
- for further finishing as needed, attachment of hardware gnd linings, and thé like.
It is observed that the movable side draw forms 230,232 permit the
20 formation into the shell .of substantial shell wall members 42,82, which depend
inwardly frofn the shell itself at angles of about ninety degrees, and yet also parmit

the molded shell easily to be removed from the shell moid 208. The movable

character of the side draw forms 230,232 overcomes the disadvantage of the

50

* SUBSTITUTE SHEET (RULE 26)



perpendicularly inward into any given side.) Still other enbodi nents of the
I nvention, however, may use a single side draw formin those instances when

it is not necessary to formthe entire periphery of the fina
product, but only one or two 5 si des. : Si de draw forns
230, 232 may al so be independently novable up and down . "~ between the
two platen ggs jes 200, 240. For ease of illustration, gerfiseehhess’ O
exanpl e, shows side draw fornms 230,232 in a |lowered position, nearly in
cont act with seal plate 244. Fig. 13 shows the side draw forns
230,232 raised up to 10 make a seal ed contact wth the outer periphery
of the shell nold 206. The manufacturing apparatus of the
invention is depicted in the draw ngs as : having a fermal e shell nold

206 nount ecknawtrham, inhwhigpitbe ppessuemdiffesential forfring of such substantialipnajectidnk
pl ate 246 and seal plate 244 disposed within the |ower platen
assenbl y 249oculdteffactively nsevensabe nmpoldsdishell foon, being\caraoved: fiom thashelit i r e
apparatus 15 may be inverted as to function or position wthout
arresting imeldf20f:t Wareghe side draw ferpe 230:2532 not msiglly astwardly imoxable, she The
| ower platen assenbly 240, for. - - _exanple, alternatively may include
the shel | rasnglagwallmember 830f@farmed shalh 80 would be:lpgked sgainstiradop ofhi | e
t he upger pl at en agse[rbla/ 200 may be constituted from a seal plate
di spos8d bethg\imaahilp siste; drgw, forgy against yyhieh the wall menber,83 was aressad, isad 20
seal plate. This "upside down" enbodi nent may affect use of chilled corner
Shugs o the entign,8hell e SHECHVBIY BR-BRTARAN Y, TaRlied, WU, B SWRLMP ho
advant ages of the.invention. ... .. i m, | agl ~acceptabl e alternative
b od mant SCRVErRRY; YRR B abilgy 2 crakde Sarthicars, SSendaly petpendicilay
projecting wall member 82, depending either inwérdly or outwardly from the main
or central portion of the shell, an effective increase in the moment of inertia of the
10 shell, and thus the molding of ah integrally formed ffamg element, would
. effectively be precluded using differential pressure molding. The present invention
o\iarcomes the shortcomings of know sysfefns by' pafrnitting the molding of
integrally formed container frames consisting of substantial projecting wail 82 and
flange 84 elements, while also permitting the retraction of the mold
15 o components 230,232'uséd to shape the intégral frame to aliow the separation of
the molded container from the mold 208.
Although the invention has been described in detail wnth particular reference
to these preferred embodiments, other embadiments can achieve the same resuits.
Variations and modifications of the pres'ent.inventiqn will be obvious to those
20 skilled in the art and it is intend_a'd'to cover in the appended claims all such
modifications and equivalents. The entire discldsure's of the patents cited

hereinabove are hereby incorporated by reference.
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37 WD 96/ 40484
PCT/ US96/ 10258 of "male" shell nolds, whereby the sheet of
thernoplastic is forced against a convex nol d. The
practice of the process of the invention, and sorre_ of its advantages,
may now be desqg] eference is made to Figs. 11°and 12, ct
the 5 appa?‘;[ %ﬂ“ at the very begi nning: o%ﬁgﬁgﬁﬂs
manuf acturi ng cycle. In Figs. 11 and 12, upper platen assenbly 200
is in a raised poimmmuu"mﬂm Hﬁ wor ki ng room between it and
| ower pl aten asse rity of illustration, Fig. 11
shows a substantial” separ at! on’ di'stance between the upper pl aten
assenbly 200 and | ower platen assenbly 280AIMS practice, the platen 10
assenbl i es 200,240 may actually be separated by a relatively snall
di st ance, Wefdlaim:ent  separation nerely to all.ow the insertion of a
sheet of thernoplastic material (Fig. 13) therebetween.
Cont act between vacuum box 202 and the outer surface 207 of shell :
nold 206 is seal ed agai nst air | eaks. The contact between seal plate 244
and 15 suppor t 1.oox Aapparatusifenimaking-an iraprovad ditferentialforned: shielhthé or ns
230, 232 are -

5 shell having a bottom portion and side portions extending from the bottom portion

to a rim, the intersections of the side portions and the bottom portion generally
defining a plurality of shell cbrners, the apparatus comprising:
a first platén assembly;
a'sec_ond platen assembly disposed in substantially pérallel confronting
10 relation with said first platen assembly;
a shell mold disposed upon said ﬂrs_t platen assembly, said shell mold
and said second platen assembly substantially defining a form space;
means for creating a differential in air pressure to for_ce a first portion
of the sheet against said shell mold; and
15 means, mavable with respect to said shell inoid. for shaping a second

portion of the sheet while the first portion is forced against the mold.

2.  The apparatus of claim 1 wherein said means for shaping a second
portion of the sheet comprises means for fashioning the second portion of the

20 sheet to form a frame substantially adjacent to the rim.

Sheet Has Been Replaced
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installed in the retracted position (Figs. 11, 12 and phantomlines in Fig.

13), but are then noved into the extended position (Fig. 14 and
phantomlines in Fig. 1 1). Fig. 15 shows forms 230,232 in a
position just short of full inward extension; at conplete inward
extension, the corresponding distal ends of the legs of-the 20 =~ fornms
230, 232 actyal | me in cq e a ring around_the forned
sheet 216. g@@ﬁéﬂater or1mnmnlﬂmﬂmuﬂuumed throughPFﬁ’é’s?,‘@msﬁnt l'i nes
252 to the corner plug@s 250" 250" 250", 250"', and constantly
recirculated, to aid in - withdraw ng heat fromthe heated and
flaccid thernoplastic sheet 216 where the

38 WD 96/ 40484 .

250, 350", 250", P+ TP EPpareRs OciEfls WhersliCual s ot beahlbnff BSippitvad™ 1.

o 1o ReEhdor el 30504l of HaePEESf ot el

pi nch of f ate ready to be noved upward 1 nto

hoated to Poughefor s wall member fniSGfe il ind Labetiidly RoRpie gt pttoRiof, 0
around it syfadgestand nmaneuvered (up and | '
4. Thé"appérafds of claim 3 lwha'rein the means for bending further
comprises means for fdiding fhé sheet to form a flange extending from the wall

member,

10 8. The apparatus of claim 4 wherein said means for bending and said
means for folding cohpﬁée st least one side draw form movable between a
position éxiendad at Iaést partlv into sa_i_d form space and a position retracted from

said form space.

15 6.  The epparatus of b;_la_im 5§ wherein said side draw form further

comprises a removably attachable inside face.

eect Has Been Reﬁaced
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down and to and fro) with control clanps 213,213', as depicted in Fig 13.
Contr ol cl anps 213 .serve to fix and mai ntaln the length of the
out si de edge of the _sheei——2—16——A|—se~a§dep|cted in Fig. 13, the two
pl aten assenblies 200,240 are: ‘and the side draw forns

230, 232 p05|t|oned to all ow tmu lll ﬂm sheet 216 of

t her nopl astic THAWHAME (o bel “ tion between pfg(lé??"m

assenbl i es 200, 240. The sheet 216 i's placed centrally above the pi nch of f
pl ate 246, above the chilled corner plugs 250, 250", 250", 250"', and bel ow

-t he shell nmold 206 and the side draw forms 230, 232. 15

After the heated sheet 216 is noved into position, it is brought into
cont act W gD LR daddirats Gbr bitferéntidl pPés<td Fétimif Wdfermopla

250, 250' , 250", 250" " by &tgd ng Sl préssury fou ﬁ% Farmoplastc sheet

pl ugs, or by rta'rﬁél&ga 'cBﬁtaﬁWr,' tHe éﬂ-’éé(%awn?tfﬁwargmal portuéﬁ%?'ﬁﬂst’ pZAﬂallyAt this
poi nt, the plugs 250, 250" 250", 250"" function to partially Support

the sheet 216.gufpuR8Mg 4 Bedtidl pok?on,tthe coRefthertidving b dotioth pbritincarit &ide 20

tenperature, is supported where it contacts the chilled coner

pl ugs 250, 250’ potiéhns éx@ndingd d ﬁeﬁbmwgfee%@in‘iﬂé@@ﬂitﬁas JMefd‘ﬁ??o&igﬁs ERY

essent ially planar when first placed between the platens
200 240, But ithe bt poftion generally defifiey ohel of M8 &hel cofnei®) thekippardtye t O

the effect of gravity, the central
39 : including a first platen assembly and a second platen assembly movable with
respect to each bther, a moid disposed on one of thé platen aséemblies. and
systen'is for i:reiting a pressure differential to force the sheet against the mold, an
improvement comprisir_lg means, movable between the platen assembilies, for
10 shaping the marginal pcrtion_ pf the sheet to fashion a frame integrally formed with
the cential portion of the sheet, the frame extending substantially continuously

along at least a portion of the peripheral edge, wherein said means for shaping is

movable substantially independently of the platen assemblies.

15 | 8. The apparatus of claim 7 wherein the means for shaping the marginal
portion of the sheet to fashi_on' a frame comprises means for fokming the sheet to

increase the moment of inertia of the shell at the peripheral edge.

9.  The apparatus of claim 8 wherein the means for forming comprises
20 means for bending the sheet to form a wall member extending from a side portion

of the container and for fashioning a flange extending from said wall member.

Sheet Has Been Replaced .
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WO 96/ 40454 PCT/ US96/ 10258
portion 219 of the sheet, unsupported between the plugs 250, 250", 250", 250".
may droop or sag downward, tending to assune, -in cross sections taken

bet ween pl ugs, the strape of a hanging catenary. Inportantly, as the
central portion 219 of droeps downward, it al so tends
to pull upon the sel vage po “lm “Em Hllﬂmuf the sheet on the outside of

the plugs 239 %404850" 250" usLst¥ etschi*ng t he PCIAISE10268 and over

the plugs toward the cent er of the pinch off plate 246, as
I ndicated by the directional arrows in Fig. 13. In this manner,

t hernopl astic material is noved fromportions of the sheet 216 that
woul d ot herw se b_ecorre_ offal to the portions of the sheet to be
formed into theipi nathed s of tihim 9 wherein the HiganBFeKbarding aidt ypi cal
vacuum or pressure fornmed itens i s weakness - . .in outside corners;

| uggage shahgdhisming ebmpeisssasidecdraetorny movable Hardllel t1oRé df thedplaten
col | apse under inpact |oading. This weakness is due at least in part to the

fact . assdrhibliesCatitl/ mbivalsle Detwaen a first pa¥itisrs I @ldtivhniongidmetdaaea reduce

t he anmount of shell material in the corner-portions .of the shell.
For ci ng t hesebbmd pbsitish éretelation tobsaid modd.opl astic conpletely into-the
extrene corners of the shell nold tends to - stretch the sheet in the
vicinisy of corners, with the result that the sheet is there

thinner and thus weaker. Less stretching of the sheet is required to push

the main 11por Therapparatusof ciniex 9 ahereistthe icontainarrcompyrisps arshellpdat i on
of the nmold to formthe panel 4p;frtlon of the shell. As a result,
convent i ondugnagfef@seMMlWhﬂ%em &ramer dafines 2 opening;gtithe |999ﬂ9$céseequent |y

are thinnest at the corners and thickest in the nmain panel.

12. The apparatus df claim 7 'further comprising means for severing a
10 selvage portion of the sheet from the marginal portion of the sheet while the sheet

is against the mold.

13. The apparatus of claim 12 wherein the means for severing a selvage
portion comprises: |
18 ~ ablock means on one side:of't'he éheet; and
a movable plate on the other side of the sﬁeet;
wherein said plate is movable to pinch the sheet betﬁ;een said plate and said block

means.

| | //II/I///I I/////I / /laced
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This is opposite of the optinmumcondition, since the corners of the shel
are subj ect to the highest stresses and thus ideally should be the

t hi ckest and strongest part ofm/mﬂ—she-!
40 V\DQG/ZICF 4

PCT/ US96/ 10258 vant age i nher
exi sting pressuvrve Gél f?‘erent | aI mmm \““ﬂwmet hods is thgﬁlg I Eg?t I ons

of the sheet of material nust be ﬁrétcﬁed to greater or | esser
degrees, to force the sheet into the shell. Because the fornmed shell in
three di rrensi ons has a greater total surface area than the original surface

area of t he an pi ece of sheet _u to formthe shell, and
because a flxed volans g ® apparatus Pﬁ@'ﬁ%ﬂl @%ﬂ&cm'ﬂnﬁ is available to be

f d into the nold d fa | t
oducti on in the aver aérghq%ﬁ?feﬁétggtcamtwcgﬁ%%ﬂ the shder o chesiing .

forcing of the sheet &al nst th m)l d. Advant ages of the
invention are PYRFSUTR e??ﬁ'ﬁ'ﬂ“ . is known in the art of 10
T ont1 a1 “pr essure. 1 gLL Ukl NG Biedi GPSHEb e el STt

5 corresponding to the shell corners.

15. The apparatus of claim 14 wherein the means for stretching parts of
‘the sheet comprises means for allowing selected parts of th_e_ sheet to sag under
their own weight. |
10
16. The apparatus of claim 15 wherein said means for allowing comprises
at least one clamp means for hoiding a selvage portion of the sheet remotsly from
said moid and for hanging the central portion of the sheet between the platen
assemblies. - o |
15
17. The apparatus of ciaim 16 lwhe.rein said means for allowing further
comprises at least two corner plugs dis_bdsad between the platen assemblies and

from which the central portion of the sheet may be suspended.

20

is Sheet Has Been RTIlaced
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thernoplastic imediately prior to applying the pressure differential to
nol d t he product. In the present invention, the corner plugs

250, 250' , 250", 250""' are shaped and. selectively located to help
pre-formonly the portions of the sheet 216 that will formthe
coners of the shell, and are actively cooled. The chilled corner 15

pl ugs 250, 25 " 250"' not mu m‘uﬂm he sheet 216 but al so
reduce Q’“’%EP‘“etch. ng of l ‘IFI “ sheet 216 |ng to
the shell corners. As the * hét f|aCCId sheet 216 is aned to the
chilled corner plugs 250, 250", 250" ', 250"' the portions of the

sheet 216 actually contacting the plugs are cool ed substantially,
reducing their plasticity. The reduced plasticity inhibits undesirable

stretching in 18 Thelapperatpeof tlaim
216 is fornmed into a shell :

Adrwherain $di¢ nmumstioPddtardity strédeRirgheet
‘the cool ed portions undergo |ess

stretchi ng bhsetectadtseetigns ofrtﬁersheeandmphs retain
t hi ckness conpared to the rest of the shell. In the present

subst anti al
i nventi on,

41

PCT/ US96/ 10258
of the | uggane tisehinivwerpiaten asserdbly; and

stronger
: 5

10

15

20

shel |

V\@t tsasti ond ¢orner plug disposed between the upper platen assembly
the portions of the sheet 216 formng the corners
by the plugs. to provide thicker,
corners.
means for actively cooling said corner plug.

19. An impfOVEd apparatus for differential pressure forming shells for hard

- sided luggage contamars, the apparatus comprising:

two platen assemblies movable with respect to each other;
a shell mold disposed upon one of said platen assemblies;

a form space, defined at least in part by said platen assemblies and

said mold, into which a sheet of thermoplastic may be disposed, the shest

including a marginai pérﬁon and a selvage portion;

at least one side draw form movable between a retracted position

substantially exterior to said form space and an extended position extending at

least partially' into said form space..

20. The apparatus of claim 19 further cotnprising means for severing a

' selvage portion of the sheet from the marginal portion of the sheet while the sheet

is against said shell mold.

hlS Sheet Has Been Reﬂlaced
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Fig. 13 also shows that in the present invention nmuch of the plastic
sheet 216, specifically those portions between the chilled corner 5

pl ugs 250, 250", 250", 260"', nmay brief+y—be—allowed to droop immediately

prior to t he |rrp05|t|on of thewressure differential used to forma

shell. This dr [ ot ly pre-str t he
sections of thgagﬁgﬁ?‘hgm e cept mﬁu flmﬂmnml porti ons%ﬂ‘%é‘,’%e
invention effectively pre-stretches the‘ceht r&l *section 219 of t he
sheet 216 that will be forned into the bottom 81 or panel portion of the
shell, 10 where the finished shell may acceptably be thinner. One
advant age of the invention is, therefore, that the hot flaccid
sheet 216 prior to2act udhe Eﬂﬁﬂéﬂﬁbﬂtlam 20 whehdi® $5¢! feah8 foF Sdveringedieshd N
t hose portions that formthe shell corners, and is pre- _ stretched
in those sectigyition lddmprieesn t he shel | panel resulting in a vacuum forned
shell with stronger corners, but a slightly thinner panel. 15

Anot her advant age of t hg blotkagarson a sideibf the shigsteasd®s t he net vol une of
thernoplastic material available for nolding into the final product. This
increase is dueatmovablepiation the ottmcsyds)éfﬂwdreaa;l S use, . w thout a
net increase in actual materi al s requirenents. Sone
shel | mat &ri al wemirpsaid plateds chawabllectot pinchi tie sheetbeteeensaid piste andsaid block
250, 250, 250", 250"'., and eventually is sandw ched between the shell

mol d 206 and t inease wihilplthe eh@etds ageihet saidisbel imgld. naterial i s cl anped

bet ween t he under si des of the shell nolds 230,232 and the seal

pl ate 244, however, the sheet 216 is allowed to sag between the

corner plugs 250, 250 , 250", 250"', as
22." The apparatus of claim 19 further comprising:

at least one corner plug disposed between the upper platen assembly
10 and the iowar platen assembly; and

means for actively cooling said corner plug.

e

s Been Rep\aced
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42 WD 96/ 40484
PCT/ US96/ 10258 previo _
the selvage portion 222 of the |THiS SHEER tretched, since the edges
of the sheet 216 are fixedly helld byRE " clanps 213,213. This
stretching is mani fested by song-stiding of the sheet 216 I nwar dl y
over the t R9H048he pl ugs 250, 250', 250", 250"', as shownPOYUSK*H0258 '

directional arrows of Fig. 13. This sliding and stretching results in a

a result of this sagging,

novenent of a net volune-of thernoplastic material radially
I nwar dl y intothm fromthe selvage portion 222 of

the sheet 216. Ma ' \ up and over the corner plugs .
250, 250", 250", ZSOHm'EMIHlEH'EH@} heminto and toward the central
portion 219. A net*incraas lized in the volume of thernoplastic 10
material in the portion of the sheet 216 in a confronting relation with the
mbl d 206; " t he benefi ci al pgnpeougnse of this noverment of
t her mopl ast [1eceBled hy2lthd IntdrabtidRAE Bureau on 8 Gtt6Bdralages(oB /ad logpj €, froma
gi.ven sheet 2¥fginad dieinmsol<22drepdacetisby tamended|cladfo1-2% (9 pages)]conparatively
reduced volune of material remains in the selvage portion 222 of. the
sheet. 15 1.  An appalatadforinnakirgparciniproved diffefdntislpressuréfatiedbl e f or
nol di ng agai nst the L - _ Co

shell, the shell having a peripheral edge, bottom portion, and side portions

extending from the bottom portion to a rim, the"intersééti'pns of the side portions
and the bottom portion generally defining a p'lurality of shell corners, the apparatus
comprising: _ |
- a first _gla_te:nl ags_embly_: -
.a sac.ond. plafen assembly disposed in substantially parﬁllel confronting
relation with said first platen as_ser.nbly;' o
a shell mold diépoéed ﬁpon said first platen assembly, said shell mold
and said second platen assembly substantially defining a form space;
means for creating a differential in air presspre to force a first portion
of the sheet against said shell moid; and
means, interchangeable and movable with respect to said shell mold,
for shaping a second portion of the sheet while the first portion is forced against
the shell mold, said means for shaping comprising:
means for fashioning the second portion of the sheet to form a frame
substanﬂally between the rim and the peripheral edge; and
means for molding the second portion of the sheet to customize the

side portions of the shell between the rim and the bottom portion.

. 5t T f” i
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mol d 206, the undesirable stretching of the sheet 216 to fit the nold

surface 208 (especially the c ﬁﬁgrsﬁ}iﬁ ﬁAgbggm ted. More avail able
material volune results inza . Pumﬁsled sthell wall, producing a
conparatively stronger shekl. The fini shed , shel | pr oduct

accordi ngly h@p dehagdsgased performance w thout an increase i peraiSoeno2ss
materials requirenments._———Reference is made to Fig. 13. Once

the sheet 216 has been pre-stret opti mum condi ti ons
according to the foregormm m‘ m ﬂHnd shortly after the tinme
the sheet 216 contacts the seal plate 244 and side draw

43 WO 96/*40484

PCT/ US96/ 10258 nol ds 230, 232 are noved t oget her (perhaps by
movi ng one or b@th Pl apparatus of clalmeTrinthietein 23R Mééns for fashioning kenmpirises or
sel vage portion 222 of the sheet 216 bet ween the seal key 245 and

t he under siraeansffor hending sheisaepricopertion 2§ the sheetras an angle rejativetonthetfirgtet her
of the seal plate 244 and the side draw f ovj des

annul ar seeﬁ°"‘é?'b&h The wall membsr integrsl W\'Mq dt‘f?&@é a’g‘é’“ ?'Eﬁ,ttﬂwrégf
provi si ona g{ (The side draw forns 230, 232 may be sealed to the seal
pl ate 244 Ot her methods, but the overall object is to sealably and

3. The apparaius of claim 2 wherein the means for bqnding further
comprises means for folding the sheet to form a flange extending from the wall

member.

4. '_!'hé apparatus of claim 3 wherein said means for bending and said
means for folding and said means for molding comprise at least one side draw form
movable between a pbsition extended at least partly into said form space and a

position retracted from said form space.

5. = An apparatus for making an improved differential formed shell, the
shell having a bottom portion and side portions extending from the bottom portion
to a rim, the intersections of the side portions and the bottom portion generally
defining a plurality of shell carners, the apparatus corﬁprising:

. a first platen assembly;
a second platen assembly disposed in substantially parallel confronting
_ relation with said first platen assembly;
| a shell mold disposed upon said first platen assembly, séid shell mold
and said second platen éssemblv substantially defining a form space;:

means for creating a differential in air pressure to force a first portion

~rey
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substantially conpletely enclosethe form space 212.) In the preferred
enbodi ment, the form space 212 atH;gisHEEmAgl&Eé,\p the process is entirely
surrounded 10 by the shell d m@bacephe sepl plate 244, and the side -
draw fornms 230, 232. . The --pl—a-t—e-n—assaah.u_es 200, 240 may be rel easably
| ocked together to assure properly seal ed encl osure of the form
space 213vo 96/40484 ——Pressurization of form space 2tRusssiomsgacuati on of
t he evacuation ac n initiated: Air or inert gas is
punped rapidly through i)w \ﬁiﬁ! m\ ‘essure line 248 and into form
chanber 212, while conc I T'si s*punped out of evacuation
space 210 through vacuum | i ne 204. The result is a sudden . reducti-on
of pressure in the evacuation chanber 210 and an el evation of pressure

in the formchanber 212. These pressure changes induce a pressure

di fferential = means, navableswithabspectitel saidashell mbldaforishapingreedecoodused to’
flow fromthe forms to 1 he evacuation space 210 via the

vacuurRoslien pf thesshest gsthé %‘Fs‘rﬁﬂ'fp'Q ifcforced against thy M‘ﬁnﬁ“& Means

i 11 orighpegind AorBufa e Bt lnfrulsheopnt BBrRrEar fethogt e o

t hr ouGrheirame substanfifllyosdjEsent it e Reh, %rﬁiheéaid HiekAs #5HFaBhivRing' S€ 10 @

correspondlng fluid pressure
44 comprises means for bending the second poruon of the sheet at an angle relatwe to

the first portion to form a wall member integral with and dependmg from the first
portion of the shest; wherein the'meane for behding fﬁrther comprises means for
folding the sheet to form a flange extending from the wall member, and whersin
said means for bending and said means for folding comprise:

" at least one side draw form movable bemeen a position

extended at least partly into said form space and a position retracted from said
form space;and o | o
8 removably attachable inside ?ece diepoeed upon said side

draw form.

6. In an apparatus for dlfferehtiel ptessure'fbrmihg a thermoplastic ,_sheet_
to make a container, the sheet having a margmal portion at Ieast partially
surrounding a central portion, the container having a bottom portlon and sude
portions extending to a peripheral edge, the intersections of the eld_e portions and
the bottom portion generally definifig one or more" shell corners, the_' ‘apparatus
including a first platen assembly and a second platen assembly movable with |
respect to each other, a shell moid disposed on :ene of. the plafeﬁ aesembl_ies, and s
systems for creating a pressure 'differeﬁtial to force the shest aéafnst the shell
mold, an improvement comprising means, movabl‘é‘be'tweeh the platen assembliee,‘ i

for shaping the margina| portion of the sheet to fashion a frame integrally formed
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differential across the sheet 216 itself. The pregsure pdeifdggoenti a i s due

to a | ower . pressure between the sheet 216 and the sheld—rpl d 206
than the pressure between the sheet 216 and the seal pl ate 244.

The pressure dyvdhbe4eag i al_rapidly forces the ~ | acel peraikegio2ssl 6
firmy against the insi dew shel | nol d 206, as 5

depicted in Fig. 14. The u ressure differential to press the
sheet 216 agai nst - ﬂmg 6 is the "differential pressure
form ng” step of the * ressure differential is

mai nt ai ned for a period of tlrre to |nsijre' t hat the sheet 216 is
thoroughly inpressed with every feature of the inside nold surface
208. 10  with the cefitrel portiosiof itber shéettand gise farumelditigl thermeangirall partibnt dfe
pressing of the sheet 216 agai nst the shell nold 206 is initiated
whi | e the sthecssheehip psmm%wez%@ EP@'qﬂﬁ of the shell bet\t\tsmethaé@%m it

| d dth h 246, d
Comml ot o1y BPomcpAHhER B, Firke §*Binafiics apantiah cangnibusly Sl st least 2y | .

Figs. 13 A gy\g,‘ &vated
pressure in %‘P%%&ggi%'ﬂ;r?g?% esf véhen‘%'rn édﬁi n-fb‘én§t? *hﬁt rh@v%l agai nst the
| nsi de f acegybstntlally iadeddndentiy of die’v\ﬂa‘iafi&“semeé’.?ﬁ The inside
faces 236,237 of the side draw forns 230, 232 nay be shaped or

textured so as to nold the nargi naI portion of sheet 216 pressed agai nst

t hem The in de faces 2 37 @referabl éaare renovabl y at'tachabl e
to the interior &nds hgoapparq;psp r% atain the means foyrshepinghedparg may

be plates Oﬁonlo(?\cé(fsthte%teep% *asRﬂ:K'\Oa frame compnses means for forming the sheet to

increase the moment of inertia of the shell at the peripheral edge.

8. The apparatus of claim 7 wherein the means for forming comprises
means for bending the sheet to form a wall member extending from a side portion

- of the container and for fashioning a flange extending from said wall member.

9. The apparatus of claim 8 whereib the means for bending and for
fashioning and for molding the marjinal portion comprises a side draw form
movable parallel to one of the platen assemblies and movable between a first
position in relation to said shell moid and a second position in relation to said shell

mold.

10. The apparatus of claim 8 wherein the container comprises a shell of a

luggage case, and wherein the frame defines an opening of the luggage case.

———
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or slip onto (e.g. key-and-slot interlock) the forms 230,232. Because

i nsi de faces 236, 237 prefgpalhyernss gg{g(p yabl e, they are

i nt erchangeabl e i ndependent |y rEPLAGRE h de draw fornms 230,232 and
fromthe main shell nold 206. ' '
45 WD 96/ 40484 o :

PCT/ US96/ 1%,40484 - The invention thus nakespdimgdgsnssd! e to

vary the appearance, shap the size (i.e. depth) of the
nol ded shell w t hout chanxlmm"mgmutumua'mhel | nmold 206. The side
draw fornms 230,232 also aré& i hAtefchHangeable with respect to the shell

nol d 206, but the preferred enbodi nent allows the user to custom ze or

'adapt his 5 product by nerely switching the inside faces 236, 237.

Parti cul ar individual inside, ' faces 230,232 may be configured to :
nmol d bunper $tri nndmm:ﬁrsmsaaddmwmapmm forming a thenvdoplagtid stieehar dwar e’
attachnment, and/or aesthetic lines, |ogos, ridges, and/or the i ke
i nt o t hdofmake a peotainer, thecsheet Dawewasmarmnaé ppriindat leestpartially, 232 nay be
configured to ol d |nt? the fi shel | a‘desiyed structural feature, for
exanpl e Syrroppding 3,pergral portion, P"fa'n?ahav'egrae Qitom partion an s'de

o Lo b ARG S0 50 8B RRIR o S BHBRHAR
may the bottom portion generaily def‘mng one or more shell corners, the apparatus
including a first platen assembly and a second _platen_ assembly movable with
respect to each other, a mold disposed on one of the platen assemblies, and
systems for creating a p’fesst:re"differential to force the sheet against the moid, an
improvement comprising: o
means, movable between the platen assemblies, for shaping the
marginal portion of the sheet to fashion a frame integrally formed with the central
portion of the sheet, the frame extending substantially continuously along at least a
portion of the paripheral edgé,- m)herein séid means for shaping is movable
substantially independently of the platen assemblles, and
means for severing a selvage portion of the sheet from the marginal

portion of the sheet while the sheet is agamst the mold.

12. The 'apparafus of claim 11 wherpin the méans for severing a selvage
~ portion comprises:
a block means on one side of the sheet; and
-a movabie plate on the other side of th;e_lsl;\eet:_ .
wherein said plate is movable to pinch the éheet between said plate and said block

means.
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be of differing dinensions. By interchangi ngra—aar+ewer—-—H+—e,; shorter) or a
w der I nsi de face conponent, the ove|Eh$ sHegpn ha®BEENE nol ded
contai ner or-shell may be 15 varied fronj cycl"tEPtJé)CE%/cl e W thout the
need to exchange and repl ace:the shell _ Totd—266—or—the si de draw
forms 230, 232woAguedyant age of the invention t her ef pepUSKwnO258L t he
i ndependent i nt er changeabi. H mﬂm“aml/ﬁ“Pe faces 236, 237 permts
many permutations in the a Ml structure of the finished shell
using a conparatively limted hurbe™ of different shell nolds 206 and side
draw 20 forms 230, 232. Figs. 14A is an enl arged
sectional view depicting in detail the nolding of the - margin 220
of sheet 216 by a side draw form 232. Side draw form 232 extends

i nward, preferaiBy phsa apparatussifchiainuG furtker@nprisinghiel | nol d 206 and

46 WO 96/40484 - PCT/ US96/,10258
cor r espondi ngl y ol deansfarftreiching selested nantspf theshegteriontpcreating e gi n

220 %s dsfl;l rg ﬁllbé he side draw form 232 to create a wall nenber
el ement 42 P{fgpure dittersity %‘%e 44, as those elenents are sinilarly depicted

(label l ed 42 or 82 apdadd 6k retarding stretchirig of selected sections of the sheet

corresponding to the shell cbrners.

14.  The appai'atus of claim 13 wherein the means for stretching parts of
the sheet comprises means for allowing selected parts of the sheet to sag under

their own weight.

16. The apparatus of claini 14 wherein said means for allowing comprises
at least one clamp means for holding a selvage portion of the sheet remotely from
said mold and for hanging the central portion of the sheet between the platen

assemblies.

16. The apparatus of claim 15 wherein said means for allowing further
comprises at least two corner plugs disposed between the platen assemblies and

from which the central portion of the sheet may be suspended.

17. In an apparatus for differen'_tial pressure forming a thermoplastic sheet
to make a container, the she'ef.having a msrginal portion at least partially
surrounding a central pdrtion,'ths container having a bottom portion and side

~ portions ext'ending' to _a peripheral edge, the intersections of the side portions and
the bottom portion generaliv defining one or more shell corners, the apparatus

including a first platen assembly and a second platen assembly movable wnth

W e |2




84, respectively) in Figs. 4 and 5. The main or central portion of the
sheet 5 mat erial 216 shown in Feg—i4A-constitutes the bul k of the
shell 40 or 80 as shown iy THIRYSHEEA HavscheBa |Si de draw forms 230, 232,
therefore, nold the shell 40,80 off theREPLACED | uggage case of the

preferred enbodi nent to &wc:f‘l eatdre-idef i ned by t he
wal | nmenbemeo 9640883 and fmes 44,84 as déscribed i n Fi gpcrriisdgness

her ei nabove, as wel | m’ﬂl’m'ﬂ res, such as bunper strip channels
and the 10 |ike. b Wﬂ;. de draw forms 230, 232 nold the
Mse

mar gi ns of the sheet 216 V\:hl ch “*eventual 1y conprise the peripheral
frame portion of the finished shell (and may be configured to shape
the side or other portions-of the shell as wel ). Wen the hot

sheet 216 is pressed against the inside of the shell nold 206, it

si mul t arrespast Jo iesch other, & mqldedlsagsedmm onhef shqiplatbraassambhas,m 232 which
project inward,into the f The portion of the sheet

216 dis ;i¥§ﬁﬂ“§)&'\ﬁé%ﬂ¥'"ﬁr?em°af“ﬁf§ dﬁ?f"?ﬁi‘ 1 force theaﬁhaeft against the mald, 8n at e 246
S transgﬁ%ﬂ(ﬁe@n t%g}n?ﬂgi{.gnar sheet to a shape havi ng _ the cross

séction and 14A. Figs. 4 and 8 considered together
with Fig. 14 "'%Bénfé Pdvibld BewehR b pldisn ae%en@eewfér% m§}ﬂ 232 molds

the 20 mar gi ns t he sheet 216 to ormt anges and wal |

menber s rAdrgitval pbrtion of the shbet toi fashibad feiras lintégrally Gorndd)with4he dehfralpr ovi des
detail of seal key 217 crinping the offal or selvage portion 222 of

the sheenortiam ofithe sheetsihg frares extending substentially continugualyalong at least a

47 portion of the perlpheral edge, ‘wherein said means for shaping is movable.

substantially mdependenﬂy of the platen assemblnes,

.means for stretching selected parts of the sheet prior to creating the
pressure differential; and _ | -

means for retarding stretr;:hin of s_elected sections ef_ the sheet
corresponding to the shell cornare, wherein said means for retard_ing stretching of
selected sections of the sheet comprises: | |
at least one corner plug disposed between the upper platen

assembly and the lower platen essetnbly; and

means for 'activ'ely t:ooling said corner plug.

18. An imprbved apparatus for differential pressure forlning shelis for hard
sided luggage containers, the apparatus eompnmng' _
two platen assemblies movable wrth respect to each other;
a shell moid disposed upon one of said platen assemblles,
a form space, defined in part by the other of seld two platen

assemblies and said mold into which a sheet of thermoplastlc may be disposed,
REPLACEMENT-:-SHEET : s T—e
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WO 96/ 40484 | Plg SHEET HAS BEEN
4e

PCT/ US96/ 10258 . Afterithe-si r ggwLpbed es 230, 232 have
been noved into the extended ' posi ti on_showa—+A—++gs— 14 and 1 4A to
formthe margin 220 of th P sheet 216 is maintai ned
in the configwoobMess of Fig. 14 for ' peri od | onger. PETAISI6/10258
optional feature of the inv mmnm‘mm‘tﬂ‘ge engaged to trimthe selvage .
222 from 5 the nmargin 220888 HH) x216. Presently in the art,

excess shell material is cut- of-f- from the ol ded shell using a
bandsaw or the like in a separate process step after the conpletion
of differential pressure formng. Figs. 14, 14A, and 14B in

conbinatiron illustrate how pinch off plate 246 nmay be used to sever the

sheet 216. Figs. 14/Atieastiwg sidedway formsdispesed hetwveon said two platan part of
Fig. 14 10 howi h i de .d f 232 f . in 220 of shee
L2 e apgeapue ekl oy bt F 168 ol b B i
m | d contag) sﬂﬁt%rmt#ﬁcp 'aﬁ& anéxftendcfd positi @it@ngiﬂﬁ't'?éé%@@aﬁwllx%ﬁt&i@% IS
novabl e, e.g. hydraulically, in a direction per pendi cular to the

seal pl at e tgrid sp@e Wheteis WHerd ¥aitWidel irar forRisadre arh tee\ekidnded positioh; Shid 14A.
Pinch off plate 246 normally is in parallel position and contact with the
15 . underfor spaceeis| definad dn part byusaid sidei drawpformi apfifsajd sitle dpshg forsss. A
power ed mechani sm &not shown), perhaps di sposed bel ow t he seal

pl ate 244 Aenetyilydefing@p anhulus. 5 hnort box 242, extends through the seal
plate 244 to the pinch off plate 246. :

19. | The apparatus of claim 18 further comprising means for severing a
selvage portion of the sheet from the marginal portion of the sheet while the sheet

is against said shell mold.

20. The process of claim 19 wherein the means for severing a selvage
portion comprises: _
& block means on a side of the sheet; and
a movable plate on the other side .of' the sheet;
wherein said plate is movable to pinch the sheet between said plate and said block

means while the sheet is against said shell moid.
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After the differential pressure form ng of—the ’;h@: 216 agai nst the shell
nol d 206 and the side draw fornms 230, -ﬂBQngé”béﬁpe cofmpleted (Fig. 1 4A),
the 20 pinch off plate 246 is nov ce upward and away

fromthe seal plate 244 to t |on|IIustratedin Fig. 14B.
Movenent of the pinch off ptate—266-preferably occurs i mediately
prior to tH¥O¥ rel ease of ress from w thdriushé}aadsOr M space
212 and the ter m nati on of H i‘ |ﬁ||c“‘“1 erenti al

48 WO 96/4

PCT/ US96/ 10258 acr 0ss the sheII mold 206. In this manner, the
pressure differential holds the sheet 216 in place during the

pi nchi ng-of f process. Fig. 14B shows that the novenent - of the

pi nch of f pl ?;e Zgﬁé‘gl nch s the sheet: 216 between the oblique face
247 of the pfate ﬂpaﬂkﬂm%wéﬁﬁereaﬂdvmm 1@mingishells fof hapl at e 246.

5 nmglm ) h.form 232, in which instance sheet 216
may ﬁﬁﬁw& ete ryé:guégéé?' °‘{'W%'SE% contacting conponents

232, 246 The si dea.dum; platen assétﬁﬁﬁ‘&ﬁzam ag{ei‘ea%ﬁﬁﬁf’@r §§ e of immmbile

cutting bl ock against which the pin may act. Pinch
of f pl atassemblias-movatde avith tdspeaalo\mh &B&’r (i.e. the '

a sheli mold disposed upon one of said platen assemblies;
a form space, defined at least in part by said platen assembiies and
said mold, into which a sheet of thermoplastic may be disposed the sheet

including a marginal portion and a selvage portion,

at least one side draw form movable betWoen a retracted position
substantially exterior to said form space and an extended position extending at

least partially into said form space;

at least one corner pIUé disoosod bet\)veon the upper platen assembly
and the lower platen assembly; and

means for actively cooiing said corner plug.
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part of
216 10

pinch off plate 246
Al ternatively,

the sheet 216 bel ow the draw form 232) fromthe margin of the sheet

{the portion of the sheet 216 above the oblique face 247 of the
and interior to the shell nold 206)
the face 247 of the plate 246 may be mygi®g

roxi mat e

to the edge of t rm 232, l%&hﬂ@% t her et .,' as shown
!n Fig. 14B, tom;slfrlct the ee t tota??"y severi ng
| tt I'n. t hi SNTERRATIONAL KPPEICATION POBLISHES UNBER rmhmcrmmmmﬁemm@mpcn
ater G M Blc offat | rgm-the—shert——Ttre_prctrTg
sheet 2 é) memfﬁg'ﬁ'?'"* don "% onpl et b LY Rybljcptien, Nmber; | prow SQEW
a:clean| uBPGSUIG SI20SIBRSBhcet 21h A (“)Mmmmw n lgggmgg}qg%(wugﬁ)
Sa‘t,vage 222 —Such—a—cut—shoul d beun Sl G- Bt S6-CHH-S—alt ohg
~pat <2 VR 4k Rpybabdn Naiert P&Ws@&\@is@ af states: 88, 8, i) B, HU, I, KR.
shel I* 40 or 80 as shown in Figs. 1, 2 and|4 LVMKMXNOPIARO \saax.
t he i nvi®M Intsypational FijngDatet o perﬁﬂﬁéﬁ&ﬂwa '(AM'ABZ-BY ﬁdgg
E.C
covered| by an expensive, cunbersone netal fra oa_plpawntmpm
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¥ | o Abstract

The invention relates to an for hard-sided luggage shells and other containers by vacuum forming or pressure
forming thermoplastic sheets (216). An apparatus for forming shells and containers with integrally molded frames which avoids later
attachment to a separate frame is disclosed. The includes comer plugs (250, 250*) which reduce undesirable stretching of shell
material that occurs during differential pressure forming, pasticularly the thinning of comer portions of the shell. The apparatus includes
side draw forms (230, 232) for more efficiently using offal portions of the thermoplastic sheet to form the integrally molded frame. The
appammsalsomcmdespmchoffplawe(us)forasveﬂngofﬁlmbﬁnlﬁvmtheﬁnalpmductwlﬂlethcnﬂcleisondzmoldslwﬂ(208)




edges 48,88 preferably are mlled or machined to a pl easant snoot hness,

per haps usi ng a conput er-gui ded edgi ng tool. Af ter
the pinch off plate 246 has been noved, if desired, to pinch the

sheet 216 (Fig. 14B), the sheet 216 is held against the shell nold 206 just

long 5 enough to allow it to cool and harden. Once shell sheet 216 has
cooled, it |oses - its plasticity and becones rigid in the general

shape and formof the final product. - As mentioned, the side
draw pulls 230,232 are novabl e radi ally outward: fromthe extended

positions shown in Figs. 13, 15, and 14 and in phantomlines in
Fig. 1 1to the retracted position shown in Figs 11 and 12 and in phantom
Yimes in 10 Fig. 13. Wiile the inposed pressure differential holds

sheet 216 firmy agai nst shell nold 206 and the inside faces 236,
237 as shown in Fig. 14, the side draw pul I's 230,232 are actuated
and controll ably noved, substantially parallel to and bet ween the

pl at en assenblies 200, 240, outward fromthe position depicted in
Figs. 13 and 14. The side draw fornms 230,232 are pulled away fromthe

cooled 15 sheet 216 and retracted outward to the position shown in
phantomlines in Fig. 13, and in Figs. 11 and 12. The pl aten
assenbl i es 200, 240 are then noved apart to : permt sheet 216, now a
nol ded shell, to be renoved fromthe nol di ng appar atus for further

finishing as needed, attachnment of hardware and |inings, and the |ike.

It is observed that the novable side draw forns 230,232 permt the 20
formation into the shell of substantial shell wall nenbers 42,82, which
depend innardly fromthe shell itself at angles of about ninety
degrees, and yet also permt t he nol ded shell easily to be renoved
fromthe shel'l nold 206. The novabl e
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character of the side draw forns 230, 232 overcones the di sadvantage of the
50 - WD 96/ 40484

PCT/USQG/lO%g@ known art, in which the pressure differentia
form ng of su RO/40484:t ant i al proj ections woul d effectively prevent

t he nol ded shell from being renoved fromthe shell . p@ﬁﬁgmgggs Vere
the side draw forns 230,232 not radialljyyqqutwardly novable, the"

annul ar wal | nenber 82 of a formed shell 80 would be | ocked agai nst the top
of 5 the i mobile side draw form agai nst which the wall nenber 82 was
-pressed, and the entire she3s wefpd ef f Gtivel y8§e permanently

nol ded mﬁthi?kj s own nol d. : hQ ability to nold
a significan ,-éuﬁétantia 2 [ : \ Nng wal | nenber
82, depending eitner A m@rdly 1t i o

)\ pidten -

r centra
ia of the
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15 conponents 230, 232 used to shape the integral franme to allow the
separati on of t he nol ded container fromthe nold 206.

Al t hough the invention has been described in detail with particular
reference WO 96/40483 t hese preferred enbodi nents, other enbodi nents can
achi eve the same results. Vari ations and nodifications of the

- present invention will be obvious to those 20 skilled i¥FIVURS6/a288 and i t
is intended to cover in the appended cl aigyggal |l such nodi ficati ons
and equival ents. The entire disclosures of the patents cited

-her ei nabove are_hegggé I ncor orated by reference.
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toarim the intersections of the side portions and the bottom portion
general ly ' defining a plurality of shell corners, the apparatus
conpri si ng: 64 a first platen assenbly;

a second pl aten 04| y disposed in substantially parallel confronting 10
relation with said first platen assenbly; - PCT a shell nold
di sposed upon said first platen assenbl ygsqgaid shell nold Swloam sai d
second pl aten assenbly substantially defining a form space;

means for creating a differential in air pressure to force a first portion
'of the sheet against said sHell nold; means,
novable wth respect to saiq shell ‘ theridhg a second

Jportion of the sheet while fhe f87 5 fgRced agai nst the nol d.

2. The apparatus of claiml V\/I%'e N S s~ Tor shaping a second
portion of the sheet conpriges QT 3 . 4@ t he second portion of
the 20 sheet to forma fra adjsgengj't’otwrlm
52 39' =
 —————
FIG.6 { ®
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WD 96/ 40484 PCT/ US96/ 10258

3. The apparatus of claim2 wherein said neans for fashioning conprises
means for bending the second portion of the sheet at an angle relative to
the first WO 96/4pf8gt 1 on to forma wall nmenber integral with and dependi ng
fromthe first portion of the sheet. 5 PCTU

apparatus of claim3 wherein the neans for bendi ng further S%M;ghe
conprises neans for folding the sheet to forma flange extending fromthe

wal | - nmenber . 10 5. 4Me apparatus of claim4 wherein
said neans for bending and said means for folding conprise at |east
one side draw form novabl e between a position extended at | east
partly into said formspace and a position retracted from said form
space. 15 6. The gppar at us_of Lai m5 wherein said side draw
form further cong 4;1 renmovad§ atfachabl e inside face. -




53 WO 96/ 40484 7. In an apparatus for
differential pressure formng a thernoplastic sheet to make a
contai ner, the sheet having a marginal portion at |east partially
surroundi ng WOssmb4sal portion, the container having a bottom portion and
si de - portions extending to a peripheral edge, the i ncihRsg&igags of .
the side portions and 5 °~ the bottom portion generally defining one or
nore shell corners, the apparatus - s/4gncluding a first platen assenbly
and a second platen assenbly novabl e mntﬁ respect to each other, a
nmol d di sposed on one of the p|laten assenblies, and systens for '
creating a pressure differential to TorcéLThE—shee%—agaLnst the nold, an

| mprovenent conprising neans, novabl e between the platen assenblies, for 10
shaping the narginal portion of the sheet to fashion a frame |ntegrally

formed with frame extending
substantially conti orti n of the
peri pheral edge, whér
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novable substantially independently of the platen assenblies 15
The apparatus of claim7 wherein the means for shaping the marginal

8.
portion of the sheet to fashion a frame conprises neans for formng the
sheet to wo sdiddgdscase the monent of inertia of the shell at the
peri pheral edge. 9. The appar at us of C|a'WN§wﬂQﬁéﬁ$§ t he
means for form ng conprises 20 nmeans for bending the sheet to forma

[ [ of the container and for

wal | nmenber extending froma side portion

fashioning a flange extending from said ﬁgkt menber. WO

96/ 40484 10. The appar at f claim9 wherein the neans for
fashi oning conprises a side draw form novabl e parall el

bendi ng and
to one of the platen assenbl i es and novabl e between a first position
in relation to said | d and a second, posi ti inrelation to said
mld. 5 11. The apparatus of in19 ein the container
conprises a shell of a | uggage case, |n the frame defines
an openi ng of the | uggage case. a aratus of claim?7
further conprising neang for segg |ng a 10 prtion 8{ t he sheet
from the marginal ' e she
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I s agai nst the nold.

13. The apparatus of claim 12 wherein

the nmeans for severing a sel vage portion conprises: 15

a bl ock neans on one side of the sheet; and : a novabl e

pl ate on the w &y de of the sheet; wherein said plate is novable
to pinch the sheet between said.plate and said bl ock ,

55 WO 96/ 40484 peifusieinss

PCT/ US96/ 10258 14. - The apparatus of claim?7 further

conpri si ng: _ means for stretching selected parts of the
sheet prior to creating the /M1 _ .

3

N

FIG.12



pressure differential; and means for retarding
stretching of selected sections of the sheet 5 corresponding to the
The apparatus of claim 14 wherein the

shel | corners. 15.

means for stweisghpay parts of the sheet conprises neans for allow ng

sel ected parts of the sheet to sag under their own hg@ 10
Ses

16. The apparatus of claim 15 wherein said neans for allowng ¢C
hol di ng a sel vage portion of the sheet

at | east one clanp neans for _
said nold and for hanging the central portion of the

remotely from
assenbl 8481 15 17. The

sheet between the platen
apparatus of claim 16 wherein said neans for allow ng further
| east two corner plugs disposed between the platen assenblies

ich the central portion of the sheet nmay be suspended.

conpri ses at
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PCT/ US96/ 10258

WD 96/ 40484
The apparatus of claim 14 wherein said neans for retarding stretching
at | east

18.
of selected sections of the sheet conprises:
and the

one corner plW@odidagspsed bet ween t he upper platen assenbly _
' means for acty l'ing
eyt

| ower pl aten assenbly; and 5
said corner plug. 19. An inproved apparatu
differential pressure formng shell3s for hard si ded | uggage
contai ners, the apparatus conprising: _ two platen
assenbl i es novable with respect to each other; 10 a shel
ol d di sposed upon one of said platen addéhblies; a
form space, defined at least in part by said platen assenblies and
said nold, into which a sheet of thernoplastic nay be di sposed, the sheet
i ncluding a marginal portion and a sel vage portion; at
| east one side draw formgnovabl e between a retracted position 15
substantially exterior said form space and an t ended position
ext endi ng at | east\ partially into said fo space.
20. The apparatus of c¢clai m\19 furtfer ri g ans for severing a
sal vage portion of the sheew from gin orti on of~he sheet while
t he sheet 20 i s agd ' d. , C
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57 SUBSTI TUTE SHEET (RULE 26)

WD 96/ 40484 : : PCT/ US96/ 10258 21. The
process of claim 20 wherein the neans for severing a selvage portion
conpri ses:  wo 96/4048 - a block neans on a side of the sheet; and
a novabl e plate on the other side of the sheet; 5 wher epOTAM6HgsRgat € i s
movabl e to pinch the sheet between said plate and said bl ock : neans
whil e the sheet is ‘against said shell nold. o 22. The apparat us
of claim 19 further conprising: : at | east one corner plug
di sposed between the upper platen assenbgyqq 10 and the | ower platen
assenbl y; and nmeans for actively cooling said corner
pl ug.
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58 _ 59 CLAI M5 1
An apparatus for nmaking an inproved differential pressure-forned
shell, the shell having a peripheral edge, bottom portion, and side

portions extending fromthe bottomportion to a rim the intersections of
t he side|mth@M§E&ﬁﬁ t he bottom portion generally defi ni ng PETIS¥/1a288t y of

shel |l corners, the apparatus conpri sing: a fist platen assenbly;
a second pl aten assenbly di sposed in substantially

1M/

FIG.I5



parall el confronting relation with said first platen assenbly; a she
nol d di sposed upon said first platen assenbly, said shell npold and said
second pl aten agnePRNATIONRE! SEARGH | REFORT Ni Ng a f Of nS{Xad Gplication No, MEANS T D
creating a. dlfferentlal in a|r pressure to force al ptresepessti on of the
sheét against said «d:_and peans, interchangeable and povab

W th resRaGh %ﬁ'ﬁs%‘ﬂﬂﬂmﬂm%t.&rorﬁe@as%agru@cs ?:ond portion.of the shee

Wh||et e first nnr LQn 1s analnet t a_.ch e nrnlrl e:\irl MRaRs 'Fnr

shapi ng|con ans for fas

sheet t fo ﬁ‘% GFE%E:F %@%T'ﬁ{?&?&%@éﬁ%%&eb nﬁteﬁgﬁg }‘eﬁgﬁep{ér al
edge; betweaa parsnt ‘ed parts of the sheet prior to
creating the pressure differential; and means for retarding stretch

of sele¢ted sections of theI‘TEWeétBSH‘BIA(é'Epondl ng to the shell corners,
wherein|the neans for stretching parts of the sheet conprises nmeans for
al | owi ng sel Eré afepidr felates tdren appeitus forsimgking derd sided tuggage shwlizhind sai d
means f or @bl euhtieSBPvACUROfoMningEas prefdife Forig MRstifopladtic Bdeti Ng a

sel vage|p g% O'ArP % &u? h‘éhya QSﬂtﬁﬁbf& Mﬁ%é%ﬂl&%olh@d‘gl ng the
2

o e s i gt TeC e |
di spose(l mﬂ&ﬁ‘ éﬁﬁ Icﬁf@ﬁ\l\ﬁ?ﬂ‘ée‘ ?E@s f“éﬁp q?s’trﬁg %g@ng% dSgrt i oh
of the ¢ mtyn ifferential pressure forming, partlcu

REPL ACEr /Etimrgagpf corner portlons of the shell. The apparatuginchudes ide draw OFHS us  of
claim 1 (@36 @32) foranere efficinatly fising offahpentions) of Septhereeplastigrsheetde bendi nf
t he seconfbrpotheiinmegrillyt moldsth fmimeat The) appayhtes risbdncludest pinchh offf platet portiof

to formaus) for&veeig offak fatrialrom thedimé pestiichg/hile alie adtielef isrant thpor ti on
 he shegt mold shell (P08).2pparatus of claim2 wherein the means for bending

Form PCT/ISA/210 (continuation of first sheet(2))(July 1992)»
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further conprises neans for folding the sheet to forma flange ext endi ng

fromthe wall Mparatus of clai N Sal d ans
for bendi ng and or folding and said ne _gpwg T(ﬁ'?'ﬁﬁ'rconprl se
at | east one si d Fﬂmmg | e between a posifilo gﬁm@d at] || east
into said form space a on retracted fro s,alél 5.
An apparatus for nmaking an.i rrproved differential fplned shell, th shel I
havi ng a bottom portion and side porti 8fAs extending fromthe botton portion

toarim the i ntersections of the spggrRgrti ons and tie—bottom-portion
eneral |y def |n| luraljt shel | . corners, the apparatus conprising;
g first %| at $ arat ug g‘éﬁonﬂabllﬁﬁena&sséﬁﬂrPV(ﬁdsp@&f-ql?ﬁntlal

subst anti al Igrqsmai'éeﬁonmasdrshélmg thleatghrl W ﬁéﬁvﬁ\i’g daf ipest La%taqn edge,

assenbl y; d p sai d aten_asse , sal d sheII
nol d an)cgl sai c?secotﬁgi“f{%h %lls@eg’%ﬁg by ng'gﬂﬁ g%t?nﬁéﬂgm T “'atft{ﬂ' R
means for creQitigp at%&fmntnlaﬁ Jmtamsecmmwrca‘:' ttnhé aricke épdntr:lsjns)@{ﬂd on

of the sheet a I ect

to said shelﬁ@m%dgéé?‘grbgﬁggﬁhg dagﬂse%g&ﬁ' p%el’ﬁtjl-% tﬁ% k’ \lelt eS}ﬁﬁlzp

first portlﬁPW?%c@beM%uﬁ&m@S%ﬁd rreans for shapl ng conprising

nmeans for fashiom n@_gthq;mmdamﬁb ; Of the sheet to forma frane

substantial ly adj acent to th rim e sai.d nmeans for fashioning
agesh

conprises neans fd ﬁ§e§’e Vi ofigpored sHeersuhstantamly
relative to H&mll&bbmﬂr@@iﬁgpréEaﬁnon with said first platen assembly; 61

a wal | member integraly *@1&”&1%?88@& Lr gg‘lhh%l];:‘lsl:CSt lp(?:retnI Oanssoefmlgfly,

sheet, wherein the nmeans
said shell mold and sald second platen assembly substantially

defining a form space;

means for creating a differential in air pressure to
force a first portion of the sheet against said shell mold;
and

means, interchangeable and movable with respect to said
shell moid,'for shaping a second portion of the sheet while
the first portion is forced against the shell mold, said means
for shapihg comprising: _

means for fashioning the second portion of the sheet to
form a frame substantially between the rim and the peripheral
edge;

‘means for stretching selected parts of the sheet prior
to creating the pressure differential; and

means for retarding stretching of selected sections of
the sheet corresponding to the shell corners,
wherein the means for stretching parts of the sheet comprises
means for allowing selected parts of the sheet to sag under
their own weight, said means for allowing comprising at least
one clamp means for holding a selvage portion of the sheet
remotely from said mold and for hanging the central portion
of the sheet between the platen assemblies, and further
wherein said means for allowing further comprises at least two
corner plugs disposed between the platen'assemblies and from
which the central portion of the sheet may be suspended.



conprises neans for folding the sheet to forma flang |
wal | member, and wherein sard nmeans for bending and saiRgpiREEME(PEHEST

conpri ses: de draw form novabl e be
ext ended at IHmmmﬁmmmnHmsal d form space and a pogit 1N g
said formspace&; and ®* sa fenovably attachabl e insi e
said side draw form 6. In an apparatus for differ
form ng a thernopl astic sheet to nake 80 cont ai ner, th¢ sheet havinq a

mar gi nal pﬁrz,i on mebl efgazidd aldfy Ciijlrarlﬁund.i Ngrheredm ralaé.aor el t FROr
cont ai ner: i a bottom partion an de ._ons . ext endi 0.3
peri pher al | Ry B ade Mebiie dre” BRGding Hron eoavad RETEJOPORE
portion generted |ghektf | at nan omegbe nelatsheltocbheefsrsthpoapmanatusform
i ncluding a 1 Pl i s§$€g n s d %EQHi vahl e . w th
respect to égcﬁa%ther I'ah %D?f %lggbs dggﬁéﬁg a%ﬂg %qr%
assenbl i es, %ﬂﬁuQﬁnﬁh@ws heetating a pressure dlfferentlal to force the
sheet against the shell nold, an inprovement conprising. means.. nhovable

bet ween t he pl at assenbl i es hapi ng [ he pargjnal portion t he
"sheet to fa§ g r%?%%r%fl?f?‘b‘ﬁ nedv FﬁlPhgh‘éeH‘F ne 5ort ?’@ﬁ‘d&F‘gt he
sheet and alﬁn:'tﬂmrr mdn@mdmmeansgf@ﬁlfdming)rtha‘ sheetsbeefoim  FlaPijer €
t he side portl “iqieﬂ% ][ entheframe and the rim the frame

C U6

ext endi ng SJ%F Qme 6%@ at |east a portion of the
peri pher al edge neans for stretching selected parts of the sheet prior to

creating the p Zﬂ% ea;ﬂ_ﬁiff{tfsntdf’ilc 1AM 3TRART Y éa":’kﬁ?ﬁa% %torrei)%lﬂcﬂglgm

sel ected sectlon eet_corresponding to th corne

62 wherein t3nd msismﬁansﬁf%tmwﬁ)mds Séﬂdtﬁ%aﬁﬁefsq’r m#&mywom@er or
al | owi ng selfct adapdr t 6nef ditR shealw EofRImMdvd®le between a position

extended at least into said form space and a position
retracted from said form space.

- he
jlng

fiigagt d{from
I sposed yipon

5. An apparatus for making an improved differential formed
shell, the shell having a bottom portion and side portions
extending from the bottom portion to a rim, the intersections
of the side portions and the bottom portion generally defining
a plurality of shell corners, the apparatus comprising;

a first platen assembly;

a second platen assembly disposed in substantially
parallel confronting relation with said first platen assembly;

a shell wmold disposed upon said platen assembly, said
shell mold and said second platen assembly substantially
defining a form space;

means for creating a differential in air pressure to
force a first portion of the sheet against said shell mold;
and

means, movable with respect to said shell mold, for
shaping a second portion of the sheet while the first portion
is forced against the mold, said means for shaping comprising
means for fashioning the second portion of the sheet to form
a frame substantially adjacent to the rim, wherein said means
for fashioning comprises means for bending the second portion
of the sheet at an angle relative to the first portion to form



their own weight, said neans for allow ng conprising atrteast—ome—ctan
means for hol ding servage portion of the sheet renotel) REFGACEHMENTSOEST And
for hanging the ' t he sheet between thef pl aten assenb] ijes,
and further V\herqm[‘!ﬁlmimgmimgr al lowi ng further conpfi sk N8V 138Fst{ two
corner plugs dispose et weens pl aten assenblies and from which the
central portion of the sheet may be suspended, and furtlh aijd
means for shaping is novable subséantially independertdy—of—the—platen
assenbl i es. : Rgﬁq@&pa- 3l =) : NEAGR g
the margin 3 ‘f)%}tll on_o th%ﬁgﬁégtait gJ qﬂgsnh?%&ﬁhge re?tlr(?t\%t?1 onpr s.efgﬂ%eans or
form ng t hepetleken t@f i hhecgbeethewheedn &he meanisy for thanding |fyrthewe
peripheral &&i@orised  meHHy APBR 3t &BdDhg CltlieM shvber atd) teegmeanseipige
form ng coq;rlse . means for bendhﬂg t he sheet éo Eornxa wal,|. menmber
extending f ingetrem the skl Li ndpd aWhersins gaicoMeans: $9hnge
ext endi ng fhexdbndg danédl sai@nesns £8r fab@iagpevwpuisesd:claim 8 wherein the

means for bendin n or_ fashioni n r h0g+L rdi [ on
conprises a si degdﬁ"?\%ggopﬁienévlé% e%r a??’f'é'ﬁ F@%ﬁ%gopeﬁ’e&% %t qucj’%]soés)%& lies
and novabl eexeended atfleast ppartlynintorsaidibormecpade amda positior a
second posifi@EpabPedCERbin08a21Q f@}ﬂléﬁggg;nﬁ%ﬁi 10. The apparatus of

claim8 wherein tﬂe cont ai ner conpri ses a s} of a | uggage case, and
wherein the frand HemPNablin agfachapls ingldeghage digposed upon said
63 side draw form.

6. In an apparatus for differential pressure forming a
thermoplastic sheet to make a container, the sheet having a
marginal portion at least partially surrounding a central
portion, the container having a bottom portion and side
portions extending to a peripheral'edge, the intersections of
the side portions and the bottom portion generally defining
one or more shell corners, the apparatus including a first
platen assembly and a second platen assembly movable with
respect to each other, a shell mold disposed on one of the
platen assemblies, and systems for creating a pressure
differential to force the sheet against the shell mold, an
improvement comprising means, movable between the platen
assemblies, for shaping the marginal portion of the sheet to
fashion a frame integrally formed with the central portion of
the sheet and also for molding the marginal portion of the
sheet to customize the side portions of the shell between the
frame and the rim, the frame extending substantially
cdntinuously along at least a portion of the peripheral edge;
means for stretching selected parts of the sheet prior to
creating the pressure differential; and means for retarding

stretching of selected sections of the sheet corresponding to
the shell corners,



11. In an apparatus for d|fferent|al pressure form ng [REMACEMENISHEET
. Sheet to mak eet having a marginal [pprtion at T&
~partially surroun port ions, the containerf havin@iy gyt om

portion and si ﬁﬂm !ﬂj‘ﬁ!“ ing to a peripheral edgd, the interseckions
of the side por tom portion generally ile“ T TTg—ofe—e—pr e

~shell corners, the apparatus including a first platen Ly _and _a sefond
pl at en assenbly movabl e with respect t® each other, a nold di sposed on one

of the plat Whe&ﬁeﬁitlhee&eaﬁﬁdféfsé%télﬁngr;f%ﬁtﬂs“%ﬂtlHee%h@.Ee% ebinpe4 8k a'

toforcethe sheet a t i he v t
novabl e bet W& H":é”‘%) eqrg‘? a?fe gh? h%ﬂgﬁFgFﬂaFagoPPﬂSH of
t he sheet td:Heashmm weﬁghm; san.dgnemhg ﬂmr raa‘ldouirztg tdompedating apoleaen of

t he sheet, 5 pefgﬁg 4(1%]%91@ ngofuhgia%galé t| &%'f{n){ %I ?at 8hea t a

portion of t edge; a Sel'vage p t he
sheet from trre@qmlgw o 9aid mekd t ard sf@mhmiegt hheshestrad pgakden the

nol d; r&anghgorsﬁé@t Phicigens! €rd e‘ﬂ)l%%@ns RksbhiB15b8Et d Okukeher
creating the pressure differential; an means tor retarding stretching
of sel ected §ighsaie peane ﬁHFﬁBeFoc?'ﬂBréﬁ%ﬂafc&ﬁ?@rtstwo
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portion co pargin 1 por on orf the sheet to fashion a frame comprises
means for forming the sheet to increase the moment of inertia

of the shell at the peripheral edge.

8. The apparatus of claim 7 wherein the means for forming
comprises means for bending the sheet to form a wall member
extending from a side portion of the container and for
fashioning a flange extending from said wall member.

9. The apparatus of claim 8 wherein the means for bending
and for fashioning and for molding the marginal portion
comprises a side draw form movable parallel to one of the
platen assemblies and movable between a first position in
relation to said shell mold and a second position in relation
to said shell mold.

10. The apparatus of claim 8 wherein the container comprises
a shell of a luggage case, and wherein the frame defines an
opening of the luggage case.
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means, movable between the platen assemblies, for shaping
the marginal portion of the sheet to fashion a frame
integrally formed with the central portion of the sheet, the
frame extending substantially continuously along at least a

portion of the peripheral edge; means for severing a selvage
portion of the sheet from the marginal portion of the sheet
while the sheet is against the mold; '
means for stretching selected parts of the sheet prior
to creating the pressure differential; and
means for retarding stretching of selected sections of
the sheet'corresponding to the shell corners.
wherein the means for stretching parts of the sheet comprises
means for allowing selected parts of the sheet to sag under
their own weight, said means for allowing comprising at least
one clamp means for holding a selvage portion of the sheet
remotely from said mold and for hanging the central portion
of the sheet between the platen assemblies, and further
wherein said means for allowing further comprises at
least two corner plugs disposed between the platen
assemblies and from which the central portion of the
sheet may be suspended.
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the sheet i51208i a8d said BI6ék m@akls, 16. The process of claim 15 wherein
t he neans f'or severing a selvage portion conprises: a bl ock neans on a

side of the sheet; and a novabl e plate on the other side of the sheet;
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ot her; | sposed upon one of ten ass I es;
portions extendlng to a perlpheral edge, the intersections of

the side portions and the bottom portion generally defining
one or more shell corners, the apparatus including a first
platen assembly and a second platen assembly movable with
respect to each other, a mold disposed on one of the platen
assemblies, and systems for creating a pressure differential
to force the sheet against the mold, an improvement
comprising: '

(V0]

means, movable between the platen assemblies, for shaping
the marginal portion of the sheet to fashion a frame
integrally formed with the central portion of the sheet, the
frame extending substantially continuously along at least a
portion of the peripheral edge, wherein said means for shaping
is movable substantially independently of the platen
assemblies;
means for stretching selected parts of the sheet prior
to creating the pressure differential; and
means for retarding stretching of selected sections of
. the sheet corresponding to the shell corners, wherein said
means for retarding stretching of selected sections of the
sheet comprises:
at least one corner plug disposed between the upper -
platen assembly and the lower platen assembly; and
means for actively cooling said corner plug.
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at least two side draw forms disposed between said two

platen assemblies and laterally movable between a retracted

position substantially exterior to said form space and an

extended position extending at least partially into said form

space wherein, when said draw forms are in the extended

position, said form space is defined in part by said side draw

forms and said side draw forms generally define an annulus.

15. The apparatus of claim 14 further comprising means for
severing a selvage portion of the sheet from the marginal
portion of the sheet while the sheet is against said shell
mold.

16. The process of claim 15 wherein the means for severing
a selvage portion comprises:

a block means on a side of the sheet; and

a movable plate on the other side of the sheet;
wherein said plate is movable to pinch the sheet between said
plate and said block means while the sheet is against said
shell mold.

17. An improved apparatus for differential pressure forming
shells for hard sided luggage containers, the apparatus
comprising: '

an upper platen assembly and a lower platen assembly,
said assemblies movable with respect to each other;

a shell mold disposed upon one of said platen assemblies;
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a form space, defined at least in part by said platen
assemblies and said mold, into which a sheet of thermoplastic
may be disposed, the sheet including a marginal portion and
a selvage portion;

at least one side draw form movable between a retracted
position substantially exterior to said form spece and an
extended position extending at least partially into' said form
space;

at least one corﬁer'plug disposed between the upper
platen assembly and the lower platen assembly; and

means for actively cooling said corner plug.



