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- NEW TITLE: APPARATUS FOR DIFFERENTIAL PRESSURE FORMING PLASTIC

SHEETS

BACKGROUND OF THE INVENTION
he In |

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
material that has been moided 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
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
unbreakables, 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

should be its rigidity -- the ability to withstand forces without undue amdunts of
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twisting or bending. Twisting of any type of luggage can jeopardize the luggage

contents, and may aiso damage hinges and promote iatch failure.

Shells incorporated in hard sided luggage are normally molded ‘using one of
two manufacturing processes. Injection molding invoives the injection, under
pressure, of molten fhermoplastic resin, typically polypropylene, 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
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
opposite sides of the sheet causes the sheet to move against the moid. 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
opposite from the mold_, thereby blowing or pushing the sheet to the mold.
Moreover, pressure moiding and vacuum molding 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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terms "vacuum forming” or "pressure forming” are used, this disclosure shall use
the generic term "pressure differential forming," meaning vacuum forming alone,
pressure forming alone, or a combination of the two processes.

In ditferential préssure forming, after th'é_ phable heated sheet has conformed

‘to the shape of the mold surface; it is r"en"ioVéd frc_ifﬁ the mold. The three

dimensional shaped shells are then trimmed to proper size and to eliminate edge

sections (sometimes called offal or se!vé'ge por_ticnsi needed.'fdr the ﬁrocess but
not forming a part of the final 'product.: COnVeﬁtfonéiiij, in _o'rdler. for thé résulting
formed case 10 haVei'adequ'ate;'ﬁgfdfiy. the fbfméd shell is riveted or stapléd toa
separate ‘rame component -- commonly a metal frame é:étrizaed frofn alurﬁinum or
magnesium alloys. Hinges are attached to the frames, and .éthe.'r hardware and
lining elements are then attached to form the completed case.

A disadvantage of the standard differential pressure fofthfng procésses for
making luggage is the need for the sepératé frame comﬁoﬁent to be attached to the
shell. - A typical différential pfessure formed shell, éldne. |s relatively érugh pfoof
and puncture proof, has flexible strength yie!diﬁg to stress, and is subject to both
plastic and elastic deformation when subjected to ariy cbnsideréble loading. The
frame, on the other hand, is light and strong, but cor’nparétively in_flexible. The
stiffness of the frame and the flexibility of the shell do not Icorripliment each other,
e_s_pecially at the Ioéal stress points where the shell ;nd thé fraina gre riveted or
stapled together. At these points of elevated stress, rivets or staples are proneto
pull through or tear the thermoplastic shell. 'Afso, the magnééium ahd éfuminum

frames add expense to the manufacture of the case; the frame itself usually

3
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requires a number of finishing steps because it_is a pﬁncipal aesthetic feature of the
completed article of luggage. Also, the frame is typically used to hide the raw
edge of the trimmed formed shell.

Another problem frequently encountered in conventional vacuum-forrming
container manufaciuring processés is undesirable thinning in the walls of the
finished product, particularly near corners and_ edges. This poses serious
disadvantages to container strength, since corners and edges tend to be the
portions of the contains subject to elevated impact and bending stresses.

Still another problem encountered in the present art is the limitations that afe
imposed upon the shape of *he final produ_ct by the need to remove the finished

product from the mold. The finished product is simply pulled straightaway from

. the mold once the 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
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
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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“molding processes have poor thrckness control resultmg in thm spots in walls.

These prior art processes are also lrrmted as to the shapes and composmons of the
products produced, and do not permit readv hmng or frmshmg of intenor surfaces.

" Thus & need remains for a luggage product manufactured usmg the

comparatively simple and i rnexpenswe pressure drfferential moldrng process. but

which overcomes the dlsedvantages of present products and improves upon the

manufacturing process. _Agamst this background, the present invention was

developed. . -

" SUMMARY OF THE rwsmrbu

. The invention relates generallv to drfferential pressure fcrmed products and

. processes, particularly hard sided Iuggage The invention isan apparatus for

making an improved di differential formed shell, where the shell hes a bottom portion

. and sides extending from the bottom to a rrm, the mtersectrons of the srde portions

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 paratiel confronting re!atiorr with the first platen assembly,
a shell mold disposed upon the first platen asserhbly, the shell mold and the second
platen assembly substantially surro'und'ing a form 'spece; systems for-creating a
differential in air pressure to force one portion of the sheet agairlst the shell moid,
and movable form means for shaping a second portion of the sheet \rvhile the one
portion is forced against the mold. The form means preferaoly consists of at least

one side draw form. The side draw form is movable hetWeer\ a retracted position
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substantially exterior to said form space and an extended position extending at
least.partially into said form épace...' The side draw form may include a removably
attachable inside face.

The imptoved apparatus thus is built around a form, movable between the
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 is movable substantially independently of the piaten

assemblies.

Thé appafatus glso includes elements for severing a selvage portion of the
sheet from the mai‘ginal portién of the sheet while the sheet is against the mold.
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. .

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.

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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A primary advantage of the inveriﬁbﬁ is that it maka:s_ a differential pressure
formed container product with an ihtegral frame and improv.ed. strength without a
net increase in container materials requirements. o |

Other objects, advarita'ges_ancl. novel feaiure_s; and furiher égoge of
aéplication of the présent invention v(till.'be set férth in part in the d_etailed_

description to follow, taken in corij'unctidn wfth the accompanying _dra_wings. and in

part will become apparent to those skilled in the art upon examination of the

. following, or may be learned by pfactiée of the inVehtipn. The objects and

advantages of the invention may be realized and attained by means of the

instrumentalities and combinations pafticuléﬂy pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS |
The accompanying drawings, which are incorp__orgtad into and form a part of

the specification, illustrate several embodiments of the present invention, and

‘together with the written de’é’cription serve to 'explain the principles of the

invention. The drawings are only for the purpose of illustrating a preferred
embodiment of the invention and are not to be construed as limijting the invention.

In the drawings:

Fig. 1 is a perspective view of the bréferred émbodi‘ment of the luggage case

- apparatus of the invention, with the cisa partially open;

Fig. 2 is a front view of the Fig. 1 embodiment; |

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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Fig. 4 is a partial sectional side view of the lu.ggage case apparatus of the
invention in a partially open position, the section taken substantially along section
line 4-4 in Fig. 2;

Fig. ié a partial secti_onal side view of. tﬁe Fig. 3 embodiment, the section -
taken substantially along section line 5-5 in Fig. 3;
| Fig. 6 is a partial enlaréed sectional sidé view of the luggage case apparatus
of the invention, showing details of the latch and handlé elements;

Fig. 7is a top viéw of the preferred embodiment of the luggage case
ab'piratus of the invention, showing the case completely open;

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

" invention in a slightly opened position, with portions broken away to show details

of the iatch, handle, and catch elements:

Fig. 11 is a sectional side view of the preferred embodiment of the
manufacturing apbaratds of the invention, showing the platen assamblies in a
separated relation; |

Fig. 12 is & 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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Fig. 13 is sectional side \riev\r df the en-rbodirnent_ of Fig. 11, showing the
placement of a sheet.ef' ther'r'no'pl.astie meteriai.l. to he rnoided- | | | |

Fig. 14is a side sactional view of the preferred embodnment. showmg the
side draw forms in a substantlally extended posmon,

Fig. 14A is a partial eniarged sectional srde view of a portion of the
embodiment of Fig; 14, 'showing; details of the pinc.h' elate. side draw form, and
seal plate elements, with the pmch off plate in a lowered position;

. Fig. 14B i |s another vnew of the Flg 14A embodlment, shewrng the pinch off
plate in a raised posntion. and -

Fig. 15 is a top view of the embodiment of Fig. 12, showing the Eide draw

forms in a substantially extended position.

DESCRIPTION OF THE PREFERREb EMBODIMENT |
(BEST MODE FOR PRACTICING THE INVENTION)

The |mprovements of the present mventlon pertain ta the manufacture of -
hard sided luggage, ahhough it will be understood that the principles of the
invention certainly may bs used in the manufacture of eentemers generally. The
advantages of the invention may be realized "whene\.ler itis .desired to provide an
integraily formed frame about a thin thermoplastic hollow shell with an opening into
the shell bound by the integrally formed frame. |

Attention is invited to Fig. 1, which ehows a perspectwe view of a luggage
case 30 manufactured according to the Inventicn. The item shown is a pullman
style case, although the invention applies as well to popular "upright™ luggage

styles. Moreover, while the case 30 depicted in Fig. 1 has no wheels or wheel
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handle, it will be readily understood that alternative embodiments of the luggage

apparatus of'the invention may incorporate wheels and pull'handles known in the
art for allowing luggage to be wheeled, s;ather than carried.

Reference is made to Figs. 1-3. The invéntive 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,
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
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 rectanguiar and planar sheet of matefial,
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, and 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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- adjacent to its original e"dge's'.' The selvage portion is needed to secure the sheet

within the vacuum-forming fnaohinéry; it does not become part of the finished

product but is trimme'd”away during or imniediate!y afier the_ moiding process. The

. central portion of the sheet is the bulk or majority portion of the sheet that is

moided to form the main part of the shell The marginal portion, whose size in

proportion to the central pomon may varv substantnally from product to product, is

- the portion of the sheet deﬁmng the peﬂmeter of the central portlon' its outer limit

is the mtersect:on w:th the selvage pomon The marglnai portion becomas an

-integral part of the finished product and effectwelv compnses the edge of the

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'mo!dod to assume a shape

similer to base shell 80 illustrated in Fig. 1. | |

Except for where othem‘)is’_o -noted__. "desoription' ol_‘ t:he bose. 'sl'_l_elll 80 serves to
describe the lid shell 40 as well. In the 'pref'er'r'e.o embodimenf,__e_ach formed
shell 40,80 obtains & generally concave shape with a bottom portion 81 and
integral side portions 83;,’83!) which 'ex'tend' aﬁay from bottom portion 81. The
side portions 83a,83b and bo'tt'om:ooi'tion'a'l"thus eﬁcloso 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 overali .sha.pe._ .h_owave.r..and may include -

cylindrical containers The molding and ohape of certain facets 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 baéo shell 86 has a base shell rim 86.

11
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Rims 46,86 preferably extend about the entire periméter defined by the side
portions of the respective shells 40, 86. Preferably, but not necessarily, when the
case 30 is completely clo#ed and placed upon a horizontal supporting surface, the
rim 86 occurs where a plane tangent to the plenum of the shell 80 is substantially
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 the shell, e.g., being formed from the same sheet of

~ thermoplastic as the shell. The formation of an integral frame eliminates the need

to staple or otherwise attach a 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
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)
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, wail members 42,82
12
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depend'perpendicUIarly from the rims 46, 86 of the respective shells 40 80, i.e.,
wail member 82 is substanttany parallel to a honzontai supporting surface upon
which the case 30 might be placed (Flg 3) Thus, the angle as seen in cross
section (in Fig. 4, for examplel that the wall member 82. makes relatwe to the
immediate adjacent side pomons 83a or 83b ef shell 80 preferably is about ninety
degrees. In alternative embodiments, hov\rever, the angle between a shell sirie
portion and its depending well member may be obquue 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
from the same sheet of thermeplastrc as therr correspendmg 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 orrginal.
thermopiastic sheet. One of the flanges 44 84, preferably the fid flange 44,
extends perpendicularly from its respeetrve wall member 42. As |llustrateci in
Figs. 1 and 2, flanges 44, 84 extend outward from wall members 42,82, that is,
they project away from the interior space' | _

The free edges of the flanges 44, 84 defane the respeetlve peripheral

edges 48,88 of shells 40,80. Perrpheral edges 48, 88 run about the perimeter of
the open side of each shell 40,80, and thus erreumscnbe t_he opening and establish

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 ahgned atop the base shell 80. When the

case 30 is closed (Fig. 3) the peﬂpheral edges 48,88 regrster in close proxamrty
13
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The shells 40,80 are pivotally connected together along corresponding lengths of

their respectiVe back sidgs 45,85 (Fig. 1). The pivotable connection preferably is

" by a pair or more of hinges 71,71', or a single length of piano hinge, or the like.

Accordingly, the lid sﬁell 40 mav by swung upward from base shell 80 to expose
the. interior storage space of tha case, or may be lowered to compietely 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,
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
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
elernenfs of the integral shell frames when the cass 30 is closed. Shells 40,80
may .be molded 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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embodiment, each of wall members 42, 82 pro;scts mto the mteﬂor space

contained by the case 30, substantially perpendlcular to ths |msg|nary plane that is
tangent to the curve of the respective shell 40,80 at its tim 46 or 86. The inward
distance that wall members 42,82 proiejst i's"n'_ot ahs'd'lutaaly acritical..-.l.:ﬁt it must be
substantial (e.g. about 3.0 cmona stsndsr& sizsd pullman case) in order to provide
the desired cross sectional moment at the perimeter of the shells, and thﬁs the
appropriate rigidity to the shells 40,80.

Depending from the fid shell wall member 42 and from 'the' base shell wail
member 82 are lid flange 44 and base flange 84, respectwely. Tha shell
flanges 44,84 are fashioned substantially concurrentlv wuth the formatton of the
wall members 42,82, using the same mventlve process Like the wa-l
members 42.82 the shell ﬂanges 44 84 are molded from the matanal of the
original sheet of thermaplastic, and thus are integral _extensmns of their

corresponding wall members 42,82-.‘ in the preferr_ed smbodimerit lid flange 44

projects psrpendiculaﬂy'frbm wall members 42;"1:he' lid flange 44 member extends

downward toward the base shell 80. Base flange 84 'exte:rfds upward toward the
lid shell 40, as shown in Fig. 4. The base f'lange" 84, hoﬁever, prsferably is canted
or obliquely tilted with respect to base wall member 82. It has been dstsrmined
that providing base _ﬂsnge 84 with a slight inward {toward the ehslosed spacel tilt
encourages the lid flange 44 to smoothly and automaﬁcaliy siide past 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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The dimensions and genera; cross-sectional cSnﬁgurati_on of the base
flange 84, base shell wail member 82, the lid flange 44 and the lid shell wall
member 42, preferably are uniforni thfoughout their occurrence around the
perimeters of the shells 40,80. It is noted, however, that effective aiternative
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,
or to address other concerns. Thus, while in the preferred embodiment 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 incorporate the 'w_a_ll

" members 42,82 and flanges 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
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 results 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

SUBSTITUTE SHEET (RULE 26)



10

15

20

WO 96/40484 PCT/US96/10258

moment of_ inertia of the flanée 84, welll member 82 and shell 80, .with respect to
eny imaginery axis within .the shell 80 (end, say, parallel to the rim_'és), is
increased due to the re!etirre disolacement of the shell flange 84 from the shell 80.
By offsettlng the flanges a4, 84 from thelr respectrve shells 40,80, and rigidly
connectmg the shells end flanges wrth wall members 42 82, the shelis’ resistance
to bendmg is dramatrcally lmproved. The well member 82 and flange 84

combination effectrvelv serves as an L-bearn frame around the opening of the

shell g0, fully rntegrated wrth the shell 80

A noteworthy aspect of the preferred embodlment of the apparatus of the

invention is the operatlonal relatronshrp of the lid shell wall member 42 and lid

flange 44 with the base shell wal(__ member 82 and the base flange 84. The
relationshio is .best understood with referenoe to Figs. 2, 4 and 5_; Fig..5 shows, in
cross section, the reletive .posi-tions of the two shells 40,80 and their respective
mtegrel frames when the oase 30 has been completely olosed as in Fig. 3. These
f:gures |llustrate that in the preferred embodu'nent the lid shell wall member 42, the
lid flange 44, the base shell wall member 82, and the base flange 84, are -
detiberately dimensioned so as to cooperete 10 provide an improved case. The
cooperation of the lid sheﬁ frame with the corresponding elements of the base
shell 80, provides an rmproved mode of case closure, as well as to increase the .
rigidity and security of the closed case.

Fig. 5 shows that the when the cese 30is closed 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
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the distance the base shell wall member 82 extends inward. The difference in
distances preferably is approximately equal to the combined thickngsses of the two
flanges 44,84. Accordingly, the perimeter dimension of the base shell peripheral
edge 88 is slightly shorter than that of the lid shell peripheral edge 48. Figs. 4 and
§ also show that base flange 84 extends in length a distance slightly ionger than
the distance exfended by fid flange 44 (e.g. thé differeqca in distances is
approximately eq'ual to the thiékness of one 6f_ the flangesf._ 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

relationship depicted in Fig. 5 'whe.n the shells 40,80 are brought togsther to close

the case. Lid flange 44 overlaps, and 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
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 greater in circumference than the peripheral

 edge of the base shell 80, and beci_use the shells 40,80 are hinged together at at

least one point so as to place the lid flange 44 to the outside of the base flange 84
(Fig. 8). The lid flange 44 will always slide to the outside and around the base
flange 84, and then register against t_he base shelt wail member 82 as shown in

Fig. 5, even if the two shells 40,80 were not properly aligned at the inception of

_ closure.
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| This Iarrangem'e‘nt of the flanges 44, 84:'and wall members 42, 82 when the
case 30 is completely closed offers advantages of strength th 5 shows that
when the case 30 is closed the wall members 42 82 preferably are substantially
paralie! but spaced apart a dlstanoe {e.g approxlmately 3 0 cm in 8 typical
pullman cesel Aecordrngly, when the case 30 is closed, the wall members 42,82
and flange 44,84 elements of the respeetrve sh_ells_ 49,80_ functron cooperatively to
form a type of U-bearn frame aroUnd the' perimeter of the case _30; the wall

members 42,82 serve as the 'legs of .the U-beem while the flanges 44,84 function

‘as the back of the beam Thrs cooperatrve strengthenmg functron is dramatically

enhanced * shen the shells 40 80 are latched together, for example, when a

. latching mechanism seeurely 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;beem' frame around the closed case 30 serves
to-dramaticeli? increase the cases' resista::nce. to bendin_g, warping, or buckling.
Thus, whlle lacking an exp_ensive. s_'eper.ately .atteched frame, the case 30
nevertheless offers substantlally secure 'storege_of conteained articles. Externally
applied forces are reedllw]'transmitted. from. ei_ther shell to the other shell, via the
wall members 42,82 and flanges 44 84. .

Addltlonelly. the overlapping and engaged ﬂengee 44,84 and wall -
members 42,82 serve to strengthen the case 30 agarnst carrying loads when the
case 30 is f'lled closed, and cerned bv the carry handle 34. In the preferred
embodiment, shown in Flgs. 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
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from the weight' of the loaded case 30 are initially fransmittad from the handle 34
to the lid shell 40. But, in the preferred embodiment, these carrying ioads, besides
being disbursed throughout and born by tha lid shell 40, also are directly
transmitted from the carry héndle 34 to the lid shell wall member 42, thence to the

catches 39,39, thence to the latches 90,90’, and thence to the base shell wail

* 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

member 82 to be .dis-tributed ‘hrough the base 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 the case 30 the load forces imposed upon the case 30

originating at the handle 34 or elsewhere.

Fig B details the pivotable connection of the lid hell 40 to the base sﬁe'll 80
using one or more hinges 71. The mode of connection shown 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
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
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- flange 44 may swing lnto overlappmg posmon relatxve to the base flange 84 when

the lid shell 40 is closed down onto base shell 80 When the case 30 is completely

- closed, the hinge 71 is on the outside of the case 30 wnth the Ild ﬂange 44

disposed between the hinge 71 and the base flange 84.

Figs. 2, 6, 7, and 10'eeilectively show the pfeferre_d attachment of the earry

‘handle 34 to the lid shall 40} an'.d the pfeferred efteehrnent of at least one latch 90

to the base shell 80. The attachment te the lid sheil 4b of the handie assembly

consisting of the handle 34, handle bezel 35 and hand!e bese 36, whlle the

- -latches 90,90’ are attached to the base shell 80 isa departure from convention in
- the art. In the knewn art. the handle assembly and the Iatches tvmcally are sll
‘mounted on the base shell, often for reasons reiated to the provision or

. -canfiguration of the separate metal alloy frame. The apparatus of the_ invention

permits handle 34 to be securely mounted to the lid ehe_ll 40, which is an
advantage to the user. 1ntuitive_ly, a handle 34 sheu_ld b.e_. elaced_ upon the lid
shell 40, whers it can serve es_ a grip"wi'th whlch te Iift the lid shell 40 when
opening the case 30, o

“The latches 90,90° of the prefeifed embediment, nowever, ere on the base

shell 80. In the preferred embodament, the latches 90,90 engage with

- catches 39,39’ on lid shell 40 te secure the case 30 ina ctesed position.

Attenuon is invited to F’ge. 6 and 10Q, detallsng the ettaehment of the
handle 34 to the iid shell 40. Handle 34 and handle bezels 35,35" are fixedly
connected to handle base 38. Handle base 36 preferably is securely mounted, as

with rivets 38,38' or the like, upon the outside face ths lid shell wall member 42.
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Preferably, but optionally, a thin, rigid, backing platé 37 (Fig. 6) may be mounted
upon the inside surface of the lid shell wall member 42, opposite the handle
base 36, to brovide reinforcement and a non-compressible surface against Which to
turn nuts or pull a rivet, Moun;ing the handle base 36 to the lid sheli wall -
member 42 Is preferred to mounting it upon the lid flange 44, since the flange 44,
being remotely cantilevered from the body of the lid shéll 40, is somewhat more
prone to flexural bending or breakage.

Figs. 6, 7, and 10 show that projecting through the handle base 36 are
catches 39,39°. anh caﬁch 39 is fixed to lid shell wall member 42 and extends
inwafdly 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 héreafter described.

Figs. 6, 7, and 1-0 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
position. Alternative embodiment_s 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

'modified to operate in an innovative manner and are unconventionally 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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flange 84. In the preferred embodiment, the latch 96 is s_ﬁaced away from the
base flange 84, to provide a gép or s\ot spéce betwé'eri thé bottom of the latch 80
and the base flange 84. o | - |

As best shown in Figs. 6, 9 and 10, a latch 90 is.se'eure'ly rhodnted directly
to the outside face of the base shell wall_member 8 2 usih§ .rivets §1,§1‘ 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 secured with nut§ or' fhe like. An optional latch

‘backing plate 89 may be placed on the inside of basé‘ shell wail member 82 to

provide reinforcement and a rigid surface against Whiéh"'to' turn nuts or pull a rivet.

" 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 member 82 removed

* somewhat remotely from the base flange 84, a space is prbvided between the

latch 90 and the base flange 84 into which the lid flange 44 may be 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

latch 90. 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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without projections or apertures of any sort having to penetrate e_ithér the base
flaz;ga 84 or the lid flange 44. |

Figs. 2, 3, and 10 show that the case 30 closes with the handle 34 and
handle base 36 disposed between the two latches 90,90°. The interior ends of the
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

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

passing through the latch’s bottom 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.

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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frame member. As oreuicusly mentioned, a side of latch 80 is attached to the wall

member 82 of the base shell 80; the bottom plate 92 of the latch 90 is not used to

~ fix the latch 90 to the shell 80 (Attachment of the latch 90 tc the shell 80 more

according to standard practlce wculd lnvolve screwmg_ or bolting the bottom .

plate 92 dlrectly to the base flange 84 )

Similarly, latch 90 is slde-catchlng Latch 90 has hooked bolt 94, which
extends from the side of the latch 90. Hook boit 9_4 is engageabl_a with the

" catch 39 protruding from the handle base 36; engagement of bolt 94 with catch 39

serves {with hinges 71,71) to securely latch lid shell 40 to base shell 80 when
case 30 is closed. Thus, latch 90 features a lateral catchrng feature
Continued reference is mada to Flgs 9 and 10, which illustrate a

configuration of latch 80. Latch 80 has a main body a3 whlch is securely attached

~ to the wall member 82 of the base shell 80 Main body 83 has rail 95 upon which
" shuttle 96 may glide, that is, shuttle 96 is slldably attached to ra:l 95. Grip

lever 98 is manually fifted and lowered to dxsengage and engage the latch 90. Grip

lever 98 is pnvotallv ccnnected to shuttle 96 by means of an axle pin 97. Axle

- pin 97, which runs through both lever 98 and shuttle 96 preferably also is

disposed through slots in rail 95, so that shuttle 9_6_ may slide horl__zo_ntally {i.e.
parailel to base flange 84) to and fro uoon rail _9.5_...bu__t is constrained agalnst up and
down motion '(perpendicul"ar to base flange 84). Hoolt boit 94 is rigidly or integrally
attached to, and extends laterally from, shuttle 6. _Grip lever 98 also is swingably
connected to main body 83 by link arm 99 which is pivotally connected at its ends

to lever 98 and body 93 resoecthely. Pivotallv disposed at the distal end of
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lever 98 are tab 161 and claw 102. When the case 30 is closed, grip iever 98 may
be depress’ed; causing claw 102 to interengage with cleat 106._ An elastic
member 104, such as a spring or the like, connects shuttie 96 to main body 93,
ana biases shuttle 96 toward. the distal end of the main body 93, ie., toward the
cleat 100. .

The figures show the components of.the latch and handle assemblies as they
might appear immediately prior to the shutting of the case 30, and aid in the

understanding of the opération of the latch 90. Latch 80 is in an open position,

“with lever grip 98 lifted. When the case 30 is completely closed, the peripherai

_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
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!

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 beze! 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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the shells 40,80 together by connactmg thelr respectwe wal! members 42,82. The
letchmg is secured by the engagement of claw 102 w;th cleat 100 This
engagement may be doubly assured with the actuation of the key lock 103 cylinder
upon grip lever 98, if desired. 'K'ey lock 103, When engaged, secures the gtip

lever 98 to the bottom plate 92, whlch prevents gnp the Iever 98 from 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_flang_e_ 84, which atlows the
opposing shell flange 44 to be inserted between the latch 90 and the flange 84.
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 snells 40,80 are unlatched by repeating the latching process in reverse
progress.  Tab 101 is first Iifted to release claw 102 ftom. cleat 1 _00; A slight
upward tug on the lever 98 pulls the lever §8 from its' o!ose__d position, at which
time the energy stored in the stretched elastic rnernbe_r 104 .is_. released, causing the
shuttie 96 to be quickly pulled along tlie rail 95.t:on'rard' the distal end of the
latch 90, with the result that the lever 98 rotates .around axle pin 97 and Iinlt
arm 99, and pops" upward toa fullv dlstended pOSIthI"I, as shown in Fig. 9. The
shuttle 98 is pulled to its-maximum distal posmon (away from handle 34) by the
elastic member 104, which resuits in a concomltant movement of the hook boit 94,

thus disengaglng it from the cetch 39. The user may then grip the handle 34, and
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fift the lid shell 40 and swing it up and away from the base shell 80 to open the
case 30.

The lift lever 80, however, is substantially independent of any particular
feature of either shell 40,80. It is lockable fo itseif {rather than to an opposing
éhell element) using the cleat 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
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 111,111°. While the case 30 is closed,
the engagement of pins 110,110 with apertures 111,111° helps prevent parailel
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 110,110’ with the

base wall member 84.

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
without any need to penetrate the flanges 44,84 with any holes, boits, screws,

catches, or other components. This advantageous lack of any apertures through,
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or attachments to, the flanges 44,84 results in stron-g:er flanges and the
unobstructed overlapping of the flanges to permit a smooth, unifnpeded-closure of
the case 30. Also, limiting attachments of both the iéiéh’es 90,90‘ and the
handle 34 to the outwardly facing surfaces of the walls 42, 82 résbecﬁvelv help
simplify factory assembly. The shells 40,80 are cbnvéni'ently held on a horizontal
work surface {such as in Fig. 7}, and various screw fasteners are insertéd from

above to attach, in a "top down" manner, the respeéﬁVe hardware assembly to the

-wall members 42,82. Since hc‘athi'ng is affixed td thé flanges 44.84, there is no

need for complex positioning devices to hold the shells '40,"80"vertically, and to

rotate end/or reposition the shells, to aid in inserting 'fa'steher;' tlirbugh the flanges.
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.

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

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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Known piessure or vacuum forming devices and systems cannot
manufacture the luggage apparatus as descfibed. | In present systems, the
formation of the wall members 42,82 andlof the flanges 44,82 in thg _
configurations shown {i.e. walls 42,82 pfojecting substanti_ally perpendicularly
inward from side portions 83a,83b) would seriously impede the removal of the
molded product from the mold. The wall members 42,82 would tend to .eatch
upon, of “hang up" on the corresponding annular shoulder _pdrtiqn of the mold
which formed the wall members, locking fﬁe product in the mold.

Figs. 11-15 depict the princibal components of the inventive apparatus for

- performing the process of the inventidn. '_l‘he 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.
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
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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has an outside sﬁrfece 207 and an inside _sutf__ace 208; the latter is the mold
sdrface which :e_efves to define the_shape to wﬁieh the product is molded. In the
invention, the sheil mold 2086 is rerrl_o__ila.ble_“and interchangeable, permitting the use
of the abparatus to'rﬁaﬁqfacfure l_ﬁgg_ege shells, or other product, in a virtuaily
unlimited assortment of ehapee, .su.rfac'e fi nishes, and surface features. The
outside surface 207 of shell mold 206 functlons in conjunction. ‘with vacuum
box 202 to define and substantlally surround the evacuation space 210. Shell
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.
Vacuum line 204 is in ﬂmd connectton wnh known 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 'spaee 210is defined by the cemp_enents of the upper platen
assembly 200 such that evacuation see;e 210 may be sealed and isolated from the
ambient a'tmcs'phere. '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__face_ 207 of the shell mo_ld 206. Upper
platen assembly 200 and vacuum box 202 are adapted to function with an
assortment ef differing shell_ moids 206. In the e_mbed_iment__ depicted in
Figs. 11-15, shell mold 208 is a eoncave 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 sutfar_._e 208 of the shell
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mold 206. Within the concavity of shell mold 206, and partially defined thereby, is

form space 212. | |

| Reference is made to Figs. 13 and 14. Shell mold 2086 is completely
berforated by a plurality f vacuum apertures (not shown) more or less uniformly
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

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 alternative may be to evacuate the evacuation space 210 without

'afﬁrr'natively pressurizing the form space 212.

In the hreferrad_ 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 -
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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Lower platen assembly 2430 inolud_es support oox.242. which supports the

seal plate 244, and at least one pinch off plate 246 located upon seal plate 244.

. An optionai seal key 245 may protrude from ‘seal plate 244 throughout the

. periphery of the seal plete 244, Seal kev 245 corresponds to a seal shoulder 217

in each of side draw forms 230,232. Key 245 may contact the understdes of side

draw forms 230,232 and engage shoulder 217 when upper platen assembly 200

-and lower platen 'assembly 240 are drawn into mutual contact, as depicted in

“Fig. 14. With seal key 245 substantially against shoulder 217" form' space 212 is

sealably and substantially completely enclosed by shell mold 208, side draw
forms 230 ,232, and seal plate 244.

At !east one gas pressure fine 248 supplies gas (e g. air) to form space 212.
A pump {not shown) pumps air or other sultable gas through gas pressure line 248
to elevate the fluid pressure in form spece 212. Gas pressure line 248 may pass
through the support box 242 and seal plate 244 en route to the injection
aperture 249 at the form space 21 2. bepehding upoh 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 ohilled corner _
plugs 2560,250°,250°,250°"*, which project .frorh the seal plete 244 and occupy
locations within the form' space 212 when the two piaten assemblies zoo.z4o are
brought together. For operational oonvenience, corner pluos 250,250,250, 250"
may be controllably movable up and down with resper_:t 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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plate 246). Chilled corner piugs 250,250°,250",250""" serve to cool and shape
preselected- localized sections of the heated sheet 216 prior to differential pressure
forming. Ih the embodiment illustrated, corner plugs 260,250°,250',250"" are
shaped to provide convex or "male” forms_to preliminarily shape the corners of the
shell before the final molding is accomp.lished by the differential pressuré 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
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 differential to accomplish vacuum and/or pressure forming,

the side draw forms 230,232 are moved to their maximum inward position, the

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
plate 244. Known hydraulic or qther #ystems control movement of pinch off
plate 248. As best indicated in Fig#. 14A anc_l 148, pinch off plate 246 may be
moved up and down a relatively short distance, 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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off plate 246 'dpward'to'cont:aet fhe side draw forms -230 232 severs or "pinches
off" the selvage portion 222 of the sheet of thermoplastrc 216, to leave a clean,
uniform, trlmmed edge along the formed shell - |

Disposed l;elow shell rnold 206 and above seal plate 244 are at least one,
but preferably two or four srde draw forms 230.232 The practree of the invention
involves the movement of the srde draw forms 230 232. Side draw

forms,230,232 are movable separetely frorr_n either of the pl_at_en

assemblies 200,240. As best illustrated in Figs 12 and 15, side draw

forms 230, 232 are laterally movable moldmg elements, used to shape the final

product. Side draw forms 230 232 are movable, as wrth hydraulic, pneumatic, or

- mechanical 1ack|ng systems or the ltke. rad:ally mward and outward from the center

of the pinch off plate 246 as md:eated by the drrectronal arrows in Fig. 12. Fig. 12
shows the side draw ,forms 230,232 rn a reiraeted pos'i_tion. withdrawn outward
from the pinch off pla'te 248.

- Controlled hydraulrcs are used to translate slmulteneously the sxde draw
forms 230,232 inwardly toward or outwardly away from, plneh oif plate 246 as
indicated by the dlreetlonal arrows and phantom lines i in Figs. 11 and 12. Fig. 15
shows the side draw forms 230,232 moved mto a posmon much eloser to pinch

off plates 246. As indicated from Figs. 13, 14 14A and 148 when, in the

- preferred embodiment, the side draw forms 230,232 are extended to the closed

position, their inside feeé_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 'may be retracted to a fully open position, and the
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inside faces 236,237 are pulled outwardly and past the inside mold surface 208.

In their fully extended, or "closed” ;Sosition, the ends of the side draw

forms 230,232 actuaily contact one anﬁther, so that the forms 230,2_32 define an |
annulus surrounding the pinbh off plate 246 and substantially circumscribing and
defining the periphery of the product being molded.

Tﬁe 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
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
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

shell. The use of four side _dréw forms, while more complicated and expensive,

‘permits each form to perpendicularly address a single respective side of the

luggage, to form perpendicular 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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sides of the shell siinhlt'ahe'o.usl'y,._Iimiiiﬁg its Abilitv to create featuras
perpendicﬁlarly inwérd inib .anv .iven' side.) _Still other arﬁbodiments of the
inVention, however, mv use a si'nﬁle s;ide draw form __in_ t_hose instances when itis
not necessary té'fdﬁﬁ the entire pefiphéfv of _thé fin_ai product, but oﬁly_oné or two
sides. o “ o

- Side draw forms 230,232 may also be independently movable up and down

between the two platen assemblies 200,240. For ease of illustration, Fig. 11, for

example, shb'ws'side draw forms 230,232 in a quyqred posit_ion, nearly in contact
with seal plate 244. .Fig. 13 sﬁowﬁ iﬁe sid_e draw forms 230,232 raised up to
make a sealed contact with the outer periphery of the .shell mold 206.

The manufacturihg apparatt.s's of the inventio.n is depicted in the drawings as
having a female shell rﬁold 206 mounted within ._t_he Qpper platen ass_embly 200,
and pinch off plate 246 and seal plate ZM_diSposed within the lower platen
assembly 240. It should be'readilf undérs_tood, however, that the entire apparatus
may be inverted as to func;ion or pbs‘itiop Qiﬂ*lout-arf#ting its function or
exceédihg the scope of the invention. ‘The lower _blate_n assembly 240, for

example, alternatively may include the shell moid and vacuum box defining an -

' evacuation space, while 'thé upper platen assembly 200 may be constituted from a

seal piate disposed below a support box, with a pinch off plate hanging from the
seal plate. This 'upsidé down" émbddimént may affect use of chilled corner plugs,
but otherwise will meet the objécti\)és and supply the advantages of the invention.

Simitarly, acceptablé altefnatiire embodimenfs of th_a invention may include the use
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of "male” shell molds, whereby the sheet of thermoplastic is forced against a
convex mold.
The practice of the process of the invention, and some of its advantages,

mav'now be" described. Referénce is made to Figs. 11 and 12, which depict the

‘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
assemblies 200,240 may actually be separated by a relatively small distance,

sufficient separation merely to allow the insertion of a sheet of thermoplastic

" material (Fig. 13) therebetween.

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

support box 242 is likewise seaied. The selected side draw forms 230,232 are -

~ instalied in the retracted position (Figs. 11, 12 and phantom lines in Fig. 13), but

are then rﬁoved into the extended position (Fig. 14 and phantom lines in Fig. 11).
Fig. 15 shows forms 230.232 ina position just short of full inward extension; at
c'ompl'ete'inwa;r_d extension, the corresponding distal ends of the legs of the
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°,260°°,250°, and constantly recirculated, to aid m

withdrawing heat from the heated and flaccid thermoplastic sheet 216 where the
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- plugs contact the sheet. Chilled corner pl'ugé 250,250',250".250"_’ are in position

above the pinch off plate 246 as shown in Fig. 11 or, alternati\_rely, may be posed
below the pihch off plate '24'6':But ready to be moved upward into the position
shown in Fig. 11. |

. A sheet 216 of the'rmép!'a:s'tic material is heated to render it plastic and

_malleablé. The shest 216 is Qr’ippéd around its edges and maneuvered (up and

down and to and fro) with control c'lafnpé 213,213, as depfcted in Fig 13. Control
clamps 213 serve to fix and maintain the'ler'\gth of thé outside edge of the

sheet 216. Also as depiéted'iri Fig. 13, the two platen asse_mblie_s 200,240 are

. separated and the side draw f_ofﬁ\s"230,2'32 positidned to allow the hot, pliable,

sheet 216 of therhéplasﬁc fnat’eriét to be moved into a position between platan
assemblies 200,240. The sheet 216 is plaéed centréllv above thg pinch off
plate 248, above the chille'd'ébfﬁer:plugs 25”0,2'50'..250"_,250'“, and below the
shell moid 206 and the side draw f.orms.230.232. B |
After the heated sheet 216 is mov.ed. into bosftion, if is broughf into contact
with the surfaces of the chilled corner plugs '250,250'.250",.250"', by lowering
the sheet 216, by raising the :pltjg's,' or' by raising 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

temperature, is supported where it cohtécts the chilled comer

plugs 250,250°,250'*,250"** and is'unsup'ported elsewhere. The sheet 216 may be

essentially pianar when first placed be'tween. the'plate'n_s 200,240, but its elevated

temperature renders it moldable. Due to thé effect of gravity, the central
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portion 219 of the sheet, unsupported between the plugs 250,250°,250",250"°
may droop or sag &ownward, tending to assumé, in cross sections taken between
plugs, the shape of a hanging catenary.. Importantly, .as the central portion 219 of
the sheet 216 droops downwa;d, it also tends to pull upon the selvage portion 222
of the sheet on the outside of the plugs 250.250',250".2_50"’, thus stretching the
éheet up and over the plugs toward the center of the pinch off piate 246, as
indicéted by thé directional arrows in Fig. 13. In this manner, thermoplastic
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. . -

A drawback of many fvpica_l 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 hiatarial in the corﬁer portions of the shell. Forcing the flaccid sheet of

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
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 thickest and strongest part of
the shell. | '
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" Another disadvantage inherent with existing .pr'essdré differential molding
methods is that all portions of the sheet bf material rﬁust be stretchéd, to greater
c.;:r. lesser degrees, to force the sheet into the sheil. Because tﬁe formed shell in
three dimensions has a greater total surface area than fhe oiiginal surféce area of
the planar piece of sheet used to form the _sh'ell. and becéusé a fixed voiume of
thermoplastic material is available to be forced mto the mold duri'ngla_given
manufacturing cycle, a net reduction in the average 'thicknass. of the sheet must
accompany the forcing of the sheet against the moid. |

Advantages of the invention are thus here manifest. It is kﬁown in the art of

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 mold the

. product. In the present invention, the éorner'plu'gs 250,250°,250",260"*" are

shaped and selectively located to help pre-form 6nly't_hé porﬁons of the sheet 216
that will form the corners of the shell, and are actively cooled. The chilled corner
plugs 250,250°,250°,250°’" not onljhelp shape the sheét 21 6; b_ut 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'ontacting'the' plugs are cooled substantially,
reducing their plasticity. The radu’eed 'plasticity inhibits undesirable stretching in
those specific bar'ts of the sheet 216. Whén the shéet 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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the portions of the sheet 236 forming the corners of the luggage sheil are cooled
by th§ plugs to provide thicker, stronger shell corners.
Fig. 13 also shows that in the present invention much of the plastic
sheet 218, specifically those portions between the chilled corner -
plugs 250,250°,250°,250"", mﬁy briefly be allowed to droop immaediatsly prior to

the imposition of the pressure differential used to form a shell. This drooping in the

sheet 216 mildly pre-stretches all the sections 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,
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.

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
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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previously described. As a result of this-ségging, thé selvagé portion 222 of tbe
sheet is stretched, since the edges of the sheet 216 ara fixedly held by control
clamps 213,213. This stretching is manifested by some sliding of ihe sheet 216
inwardly over the tops of the plugs 250,250°,250°",250°"*, as shown .by the
directional arrows of Fig. 13. This sliding and stretching resuits in a'r.riovement 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
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.

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
(especially 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

“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 éhortly after the

time the sheet 216 contacts the corner plugs, the seal plate 244 and sidé draw
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molds 230,232 are moved together (perhaps by moving one or both platen
assemb!iéé 200,240) to clamp the offal or seivage portion 222 of the sheet 216
between the seal key 245 and the undarsidé of the side draw forms 230,232. The

- clamping together of the seal plate 244 and the side draw forms 230,232 provides

an annular seal around the.farm 'space 212, with the seivage 222 acting as a
provisional gésket. (The side draw forms 230, 232 may be saaled to the seal
plate 244 using othér methods, but the overall object is to sealably and

substantially completely enclose the form §pace 212.) In the preferred

'~ embodiment, the form space 212 at this point in the process is entirely surrounded

by the shell mold 206, the seal 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

pressure line 248 and into form chamber 212, while concurrently air is pumped out

of evacuation space 210 through vacuum fine 204. The 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 |

1o the evacuation spice 210 via ths vacuum apertures in the sheaill moid 206.

B Substantiallv in accordancs witﬁ kno\n)ri principles of the art, the pressure

differential across the sheli moid 206 and the forced passage of air through the

holes hanetrating the shell mold 206 give rise to a cotresponding fluid pressure
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differential across'the sheet 216 itself. The pressure differential is due to a lower
pressure between the sheet 216 and the shell mold 206 than the pressure between
the sheet 216 and the seal plate 244 The pressure dtfferentxel raprdly forces the
flaceid sheet 216 flrmly against the msnde _surface 208 of the shell moid 206, as
depicted in Fig. 14. The use of the pressu_re differential to press the sheet 216
against the shell mold '506 ie the "differentiel_pres_sere forming"” step of_l._the
process. The pressure ditferential is rrlar'htained for a period of time to insure that
the sheet 216 is thnrbughlrj impreséed_w_ith_ every feature of the inside mold
surface 208. | | | . | _ .

The ir"nposi'tior\“ot th,e bressure ditferent_ial and the pressing of the sheet 216
against the shell mold 206 is Initiated while the side draw forms 230,232 are in an
extended positiorn, closed toward the"pineh plate 246, ;an_d eonstjt__uting a side mold

completely around the periphery of the form spece_Z?Z, as illustrated in Figs. 13

“and 14,

" Fig. 14 shows that the elevated pressure in ferm space 212 forces a margin
of sheet 218 against the inside faces 236,237 of the side draw forms 230,232.
The inside faces 236,237 of the side draw forms 230,232 may be shaped or
textured so as to mold the marginel portion of sheet_z__‘lB pressed against them.
The inside faces 236}237 preferably are removabiy attachable to the interior ends
of their respective draw forms 230,232, and may 5e_platee or blocks that balt onto
or slip onto {e.g. key-and-slot ir\t'erleck). the forms 230.232 Because inside
faces 236,237 preferably are removable, thev.are_interehangeable__ independently

from the side draw forms 230,232 and from the main shell moid 206.
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The invention thus makes it possible to vary the appearance, shape, or even
the size (i.e. depth) of the molded shell without changing the entire shell mold 2086.
The side draw forr'ns' 230,232 also are interchangeable with respect to the shell
mold 206, but the preferred embodiment allows the user to customize or adapi his
product by merely switchinQ the inside faces 236,237. Particular individual inside
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
configdred to mold into the final shell a desired structural feature, for example a

whee! 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
varied from cycle to cycle without the need to exchangé and replace the shell
moid 206 or the side draw forms 230,232. An advantage of the invention

therefore is that the indep_endent interchange_abilitv of the inside faces 236,237

‘permits many permutations in the appearance and/or structurs of the finished shell

using a comparatively limited number of different shell molds 206 and side draw
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, preferably past the inside surface 208 of shell moid 206 and
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- correspondingly molds a ma'rgin_éﬂl' portion 220 of the sheet 216. The margin 220

may be shaped by the' side draw form '2'32 to create a'wail roember element 42 and
a flange 44, as those elements are szmﬂarly deplcted {Iabelled 42 or 82 and 44 or
84, respectively) in Flgs 4 and 5. The main or central pomon of the sheet"
material 216 shown in Fig 14A cons'ututes the bulk of the shell 40 or 80 as shown
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 l_n Flg_s. 1-8 and

_hereinabove, as ‘well as other sholl f'e'athres; such as 'bumper strip channels and the

like.

Thus, side draw forms 230, 232 mold the. mérgins of the sheet 216 which
eventually comprise the peripheral frame oortiori of .t'he ﬁni#hod_ shell (and may be
configured to shape the side or other portioos of the s.hell.as well). Whon the hot
sheet 2186 is pressed against the inside of the shell mold 206, |t s:muitaneously is
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 frotﬁ a"plan'ar. shoet 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

~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 detail of seal key 217 crimping
the offal or selvage portion 222 of the sheet 216 against shoulder 217 In draw
form 232. | |
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After the side draw plates 230,232 have been moved into the extended
poéiﬁon show_n in Figs. 14 ind 14A to form fhe margin 220 of the sheet 216, the
sheet 216 is maintainqd in the configﬁration of Fig. 14 for a brief period longer. An
optional feature of the invention may then be engaged to trim the seivage 222 from
the margin 220 of the shest 2186. Preséntly in the art, excess shell material is cut
off from the molded shell using 3 bandsaw or the like in a separate process step
after the completion of differer_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

. Showing that side draw form 232 formis margin 220 of sheet 218 inwardly past

shell form 206 to close proximity to, or even mild 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
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
pinch off plate 248 is moved a small distance upward and away from the seal
plate 244 to the position illustrated in Fig. 14B. Movement of the pinch off

plate 268 p}eferablv occufs _i_mmédlatelv prior to the vented release of pressure

from within the form space 212 and the termination of the pressure differential
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across the shell moid 208. In this manner, the pressure_ differentia_l holds the
sheet 216 in placs during the pihehihg-bff precees. Fig. 14B shows that the
movement of the pinch off plate 246:pinchee the sheet 216 betwe_n the oblique

face 247 of the ‘plate"246-'a"nd'a Io'wer:'e'dge of drew form_ 232. Pi_neh off plate 246

" may be brought into contact with form 232 in which 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 bloek agamst whlch the pinch
off plate 246 may act. Pinch off p!ate 246 thus severs the selvage 222 (ie. the
part of the sheet 216 below the draw form 232) frnm the margm of the sheet 216
{the portion of the sheet 216 above the obllque face 247 of the pmch off piate 246
and interior to the shell mold 2086). Altematwely, tha tace 247 of t_he plate 246

‘may be moved proximate to the edge of the form 232. but not in contact

therewith, as shown in Fig. 148, to cdn_e&iei ihe sheet 216 without totally severing
it. In this manner, the sheet 216 is peimeﬁenﬂy efeesed to fa&l_ita_te later
separation of the offal from the shell. The pinchihg ef the sheet 21, either to
completely sever or to crease it, "pfbvid'es for a el.ean,. uniform cut of the sheet 216 |
between margin 220 and selvage 222. Such a cui 'should'be uniform, since it
accurs along what sventually 'constitutee the 'p'eri_pheral edge 48 or 88 of the
shell 40 or 80 as shown in Figs. 1, 2 and 4. : | _ | _

_An advantage of the inventich is that th'e' peﬁpheral edges 48,88 are
exposed, not covered by an expensive, cﬁniberéoma metal frame, but rather are

exposed, providing eco‘nomy, aesthetics and 'eas'v' 'case'closu're. The peripheral
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edges 48,88 preferably are milled or machined to a ﬁ!eas_ant smoothness, perhaps
using a computer-guided edging tool.

After the pinch off plate 246 has been moved, if desired, to pinch the
sheet 216 {F'ig. 14B), the sheet 216 is held against the shell mold 2086 just long
enough to éllow it to cooi and harden. Once shell sheet 216 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 exteﬁded positions shown in Figs. 13, 15, and 14 and in phantom lines in

Fig. 11 to the retracted position shown in Figs 11 and 12 and in phantom lines in

- 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 j:laten 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

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 and finings, and the like.

It is observed that the movable side draw forms 230,232 permit the
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
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known art, in which the preééure differéntial forrﬁing of sﬁch substantial projections
would effectively prevent the moided shell.frbm béing femovecj from the shell

mold 206. Were the 'sidé draw forms 230,232 hot Eadially outwardly movable, the
annular wall member 82 of a formed shell 80 \_hould be locked against the top of
the immobile side draw form against which tﬁé wﬁli meuiber 82 was pressed, and
the entire shell would effectively be befmanenily lrﬁolc_.l._ed within its own mold.

Conversely, without the ability to mold a significant, substantially perpendicularly

projecting wall member 82, depending éither inWérdly or outwardly from the main

or central portion of the shell, an effective increase in the moment of inertia of the

shell, and thus the molding cf an integrailv 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

‘components 230,232'uséd to shape the intégral frame to aliow the separation of

the molded container from the mold 206.

Ahthough the invention has been described in detail wnth particular reference
to these preferred embodiments, other embodiments can achieve the same resuits.
Variations and modifications of the pres'ent.inventiqn will bé obvious to those
skilled in the art and it is intend_a'd'to cover in the appended claims all such
modifications and equivalents. The entire discidsﬁre's of the patents cited

hereinabove are hereby incorporated by reference.
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CLAIMS
We claim:
1. 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 cbrners, the apparatus comprising:

a first platén assembly;

a'sec_ond platen assembly disposed in substantially pérallel confronting
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

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

sheet to form a frame substantially adjacent to the rim.

Sheet Has Been Replaced
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3. The apparatus of claim 2 wherein said means fof_fashioning comprises
means for bending the second portion of the sheet at an angle relative to the first

portion to form a wall member integral w_it_h and depending from the first portion of

the sheet.

4. The apparatus of claim 3 wherein the means for bending further
comprises means for folding the sheet to form a flange extending from the wall

member,

5. 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.

‘6. The epparatus of claim 5 wherein said side draw form further

comprises a removably attachable inside face.

eect Has Been Reﬁaced
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7. In an apparatus for differential pressure forming a thermoplastic sheet
to make a containér, the sheet having a marginal portion at least partially

surrounding a ceﬁtral 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 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
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 séid means for shaping is

movable substantially independently of the platen assemblies.

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

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.

heet Has Been Replaced .
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10. The apparatus of claim 9 wherein the means for bending and

~ faghioning comprises a side draw form movable parallel to one of the platen

assemblies and movable between a first posstl_o_n in relatlcn to said mold and a

second position in relation to said mold.

11. The apparatua of claim 9 Wher_ein the cantainar comp}ises a shell of a

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

12. The apparatus df claim 7 'further comprising means for severing a
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:
a block means on one side of the sheet; and
a movable plate on the other side of the sﬁeat;

wherein said plate is movable to pinch the sheet betﬁ)ean said plate and said block

means.

beet
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14. The apparatus of claim 7 further com’prisi_ng:

means for stretching selected parts of the sheet prior to creating the

pressure differential; and

means for retarding stretching of selected sactions of the sheet

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 the 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.

16

17. The apparatus of claim 16 wherein said means for allowing further

comprises at least two corner plugs dis_pdsad between the platen assemblies and

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

20
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18. The apparatus of claxm 14 wherem sand means for retarding stretchirg

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.

19. An impfavad 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 spaca_, defined at least in part by said.platan assemblies and
said mold, into which a.sheet of tha.r_m_qplastic_ may be disposed, the sheet
including a marginai partionand 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.

Sheet Has Been Reﬂlaced
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21. The process of <laim 20 wherein the means for severing a selvage

portion comprises:
a block means on a side of the sheet; and
a movable piate on the other side of the sheet;

wherein said plate is movable to p_inch the sheet between said plate and said block

me_aris while the sheet is against said shell mold.

22. The apparatus of claim 19 further comprising:

at least one corner plug disposed between the upper platen assembly

and the iower platen assembly; and

means for actively cooling said corner plug.

-
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AMENDED CLAIMS
[received by the International Bureau on 8 October 1996 (08.10.96);
original claims 1-22 replaced by amended claims 1-21 (9 pages)]

1. An apparatus for makmg an unproved diff_ere_ntlal pressur:e-formed.
shell, the shell having a periphéral edge, bottom portion, aﬁd éfde 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 assembly, _

a shell mold d|sposed upon sald 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.

. T o
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2. The apparatus of claim 1 wherein said means for fashioning comprises
means for bending the secdnd portion of the sheet at an angle reiative to the first

portion to form a wall member integral with and depending from the first portion of
the sheet. '

3. The apparaius of claim 2 wherein the means for bqnding further

comprises means for foldiﬁg 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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means, movable with respect to said shell rhold,_ for shaping a second

portion of the sheet while the first portion is %oie'e& ageinst the mold, said means -
- for shaping comprising means for fashioning the seeond port'fdh of the sheet to .
form a frame substantially adjacent te the rim, wherein said means fer fe'éhionihg
comprises means for bending the second portioh of the sheet at an angle felativ_e to
the first portion to form a wall ‘fember integral with and depehﬂihg 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 o ‘
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 pesitieﬁ ‘retracted from said o

form space;and

8 removably attachable inside ?ece dieposed upon said side.
draw form.

6. In an apparatus for dlfferential pressure formmg 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 elde portions and
the bottom portion generally definifig one or more" shell corners, the_' ‘apparatus
including a first pleten assembly and a second piaten assembly movable with |
respect to each other, a shell moid disposed on :ene of. the plateh aesembl_ies, and s
systems for creating a pressure 'differéﬁtial to force the sheet aéafnst the shell .
mold, an nmprovement comprismg means, movablé’ between the pliaten assemblles, i

for shaping the margina| portion of the sheet to fashion a frame integrally formed

REPLACEMENT SHER!
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with the centrail 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
bottom portion, the frame extending substantially continuously along at least é
portion of the peripheral edge,.wharein said méans for shaping is movable - |

substantially independently of the platen assemblies.

7. The apparatus of claim 6 wherein the means for shaping the rriarginal
portion of 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 whereib 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 moid and a second position in relation to said shell
moid.

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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11. inan éﬁpafatué for diﬂerentiél ﬁressure forming a thermoplastic sheet
to make a container, the sheet havmg a mafgmal portaon at least partially
surrounding a central pomon, the contalner havmg a bottom portion and side
portions extending to a penpheral edge, the .mtersect:on_s of th_e side portions and
the bottom portion generaily &éﬁniﬁg bne or m§;'e 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 integraily jprmed 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 a_ssemblies; and _

means for severing a sel.vage; portiélr_\ of the sheet from the marginal

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

12. The 'apparafus of claim 11 wher;in the méans for severing a selvage
~ portion comprises:

a block means on one side of the sheet; and

‘a movable plate on the other side of thé_'sl;\eet:_

wherein said plate is movable to bi’nch the éheet between said plate and said block

s i
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13. The apparatus of claim 6 further comprisir_ng:
~ ‘means for stretchiﬁg selected parts of the sheet prior to creating the

pressure differential; and

means for 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 |
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respect to each other, a mold 'diepoeed en one of tli_e pleten assemblies, and
systems for creating a pressure differential to force the sheet against the mold, an
improvement comprising: _ _ ..

means, movable between the .platen aseeinljlies,_.fer shaping the '
marginal portion of the sheet to fashion a frame integralli, formed with the central
portion of the sheet, the frame extending substantially eontlnueuslv along at least a
portion of the per'iphetal edge,'wherein said means for sheping is movable.
substantially independently of the platen essembliee; _

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

means for retarding stretr;:hln of s_elected sections ef_ the sheet
corresponding to the shell cetn'e'rs, 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 assetnbly; and

means for 'activ'ely eooling said corner plug.

18. An imprbvecl apparatus for differential pressure forn'iing shelis for hard

sided luggage containers, the apparatus eomprimng' _

two platen assemblies movable wrth respect to each other;

a shell moid disposed upen one of said platen assemblies;

a form space, defined in part by the otlier of seid. two platen
assemblies and said mold into which a sheet of thermoplastlc may be disposed,
the sheet including a marginal portion and a selvage portion;
REPLACEMENT-:-SHEET : Te
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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 positior_l extending at least partially into said
form space wherein, when said sidé dtaw form_s 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.

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.

e
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21.  An improved apparatus for drfferentral pressure formmg shells for hard
sided luggage containers, the apparatus comprrsrng ' .

an upper platen assemblv and a Iower_plat_en_ assembly, said
assemblies movable with respect to each other, .

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 dispoeed the sheet
including a marginal portion and a selvage portion, -

at least one side draw form movable betvreen a retracted position
substantially exterior to said form space and an extended position extending at
least partially into said form space; | i _

at least one corner plué disposed bet\)veen the upper platen assembly
and the lower platen assembly; and

means for aeti\rely ceoiing said corner plug.
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