WO 03/ 102972 PCT/ US03/ 05761 1 LOW PROFI LE PROTECTI VE SHEATH W TH
CORRUGATIONS Field of the Invention This invention concerns |owprofile
sheat hi ngwbas/1e29¢asi ng and protecting el ongated itens, s®ech/se3/eirectri cal
wiring, which 5 is routed within the passenger conpartnent or trunk of an
aut onobi |l e. Background of the Invention Electrical wiring is used
extensively in autonotive applications where it is routed through the
various conpartnents 10 of the car, sugch as the passenger conpartnent, the
trunk or al ong the inside of the roof, to provide electrical power to
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as mnrlag i&thfnla sBeaIQ whi ch organi zes 15 and protects the wiring.

O gani nplished by capturing and grouping the
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also al %mﬁom%edr@btﬂlmd%h@lP@%%@$@%ro$°m9@rﬁm?%§ °¥hE¥%%§ °hravi ding for
efficieptréhoOnbl eshooting and repair. These are desirable characteristics
as autonotive electrical system problens tend to be difficult to diagnose
and time consunming to repair. 25 Protection of the wiring is also

desi r alb&ckerpuedent thaysheahtamage to both the wiring and its insulation
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vi bration of %e car fuctur e due roug engihe operation and road
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assenger can sever :
P gcomponents within the automobile. It is advantageous to encase

elongated items such as wiring within a sheath which organizes
15 and protects the wiring. Organizing the wiring is accomplished
by capturing and grouping the various wires within one or more
sheaths. This avoids an unsightly tangle of wires within the
automobile which can be inadvertently snagged and possibly
severed or disengaged from a terminal. Organizing the wiring
20 also allows for rapid identification of the wires, thereby
providing for efficient troubleshooting and repair. These are
desirable characteristics as automotive electrical system
problems tend to be difficult to diagnose and time consuming to

repair.

25 Protection of the wiring is also desirable to prevent
physical damage to both the wiring and its insulation due to
abrasion and pinching. Abrasion of the wiring may be caused by
vibration of the car structure due to rough engine operation and
road roughness. The wiring responds to the vibration and rubs

30 against a nearby portion of the chassis. Abrasion, as well as
pinching, may be caused by physical contact of the wiring with
passengers as they enter or exit the vehicle or cargo ag it is
placed in the trunk. Pinching of a wire, for example, between a

sharp edge on the chassis and the foot of a passenger can sever



WO 03/102972 PCT/ US03/05761 2 a wire, and abrasion of the wire by repeated
rubbi ng notion against the chassis can cause a short circuit by wearing

t he i nsuwetmomozaxvay and all owing the bare wire to contactca/uset/edrel part of
the chassis which is typically at negative electrical 5 potential. Short
circuits in the electrical systemof an autonobile usually lead to
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its width so .15 as ablesto_ e o1 ] y e~.apd.hakd Lhgowisring in
pl ace i%u59%8 %%%n?%gﬁngf?ggdggﬁf%gﬁgg?¥§%.?%?E%ﬁ% ganectiﬁe, tﬁe
sheat hi bgtsaoul dndemarl aebvélbyin| expFpréovfFahsverse to its length so as to
bend readily and follow contours of the autonobile chassis. 20 Protective

sheathing for elongated itens should al so be econonjcal %o groduce, easy
to incorporat® PREBYakCeRildPVnghRe| WyEuRIoFOdREFGNVARA HaleSr EPFA6PE neans
for seakbmgaabfletnseaki gt hatshentihiengisoishdesikedanhaeadhky receive

WL Lin and then secur capture_and protect it. 25 hects of
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The edges of on rate are 30 pairéd wt he edges_of the other
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place in a substantially flat configuration. At the same time,
the sheathing should be relatively flexible transverse to its
length so as to bend readily and follow contours of the

automobile chassis.

20 Protective sheathing for elongated items should also be
economical to produce, easy to incorporate into an existing
layout or design and have reliable means for sealing and
unsealing the sheathing so that it can readily receive wiring

and then securely capture and protect it.

25 Summary and Obijects of the Invention
The invention concerns a sheath for receiving and

protecting elongated items. The sheath comprises first and
second elongated substrates, each having opposite edges defining
a width of each substrate. The edges of one substrate are

30 paired with the edges of the other substrate. One of the pairs
of edges is flexibly joined lengthwise of the substrates to form
a hinge. The hinge is pivotally movable between an open
position, wherein the first and second substrates are angularly
oriented with respect to one another, and a closed position,

35 wherein the first and second substrates are overlying one

another in substantially parallel relationship. The sheath has



35 wherein the first and second substrates are overlying one another in
substantially parallel relationship. The sheath has WO 03/ 102972 .

PCT/ USO3/Wba8102932 neans for securing the first and secondPswhisos/eires in the
cl osed position nmounted along the other pair of edges opposite to the

hi nge. The elongated itens are received between the substrates when the
subst r aesnar €oirnstherapen thesifiret and gapbutedudshebwren ihhensubsiyates
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betmeen%égﬁeﬁgfguggg EE°§EQ Egﬁétggnﬁ Preferably, the hinge is fornmed by a
i ée

plurality of first regions o hé™s t having reduced thickness. The
first 20 regions of reduced t hi ckness are oriented to be substantially
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the subsd red¢93%.casily between the open and closed positions.

Preferably, the hinge is formed by a plurality of first

regions of the sheet having reduced thickness. The first

20 regions of reduced thickness are oriented to be substantially
within the plane of the sheet forming the hinge. The hinge
further includes a plurality of second regions of the sheet also
having reduced thickness. The second regions of reduced
thickness are oriented substantially perpendicularly to the

25 plane of the sheet and are connected to the first and second
substrates by respective connecting portions of the sheet. FEach
of the connecting portions are bent through a substantially
right angle, one right angle connecting portion being positioned
on either side of each of the second regions of reduced

30 thickness. The first and second regions of reduced thickness
are positioned one behind the other in an alternating pattern

lengthwise along the substrates.

The invention further includes an apparatus for forming the
flexible hinge between two substrates described above. The
35 hinge and the substrates comprise a flexible sheet material,

such as a thermoplastic, which is formable into a predetermined



The invention further includes an apparatus for formng the flexible hinge
bet ween two substrates descri bed above. The 35 hinge and the substrates
conpri se wofoBasot e sheet material, such as a thernopl asPCE/USKIVTNR i S
formable into a predeternm ned WO 03/102972 PCT/ US03/ 05761 4 shape when
heat ed and whi ch hol ds the shape upon cooling. The apparatus conprises a
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| 5 posi gulesteth @i Hcentatal 1ak, fspsted Orgbarion fouthd feast haxingsyear
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gear. e gear eeth on the fourth gear internmesh wth the gear teeth on
the tHite apearating aheofburindgear FRipdsyerbreaviay agent tectherndecond
gear. 15 The goal-41884 haodhut hendi £ sisanskf Ouih hr geas sreasbibaveithespective

bevel ed faces which nove into and out of pverl appi aljgpment w.th one
anot herfiipth 9%t | oht®f tiEheS 8376 . T ERAS bF L OLH %@3@?%18’% g%egh%\r,\tlr st

sppar atgsh by a fidgsttigapeshenaal hgnedar Theesheet natetalale abeut hebeéed, is

fed between the interneshing O . teeth.of th i nd, i nd
fourth %ﬁﬁﬁ%ﬁeﬁ%ﬁ?slnP§%§%%yr%%?%%%%dw %hc%%%léé§§%ﬁ ?%%Qéha%égoég?ﬁe gear
teeth. Héetlhewelgte ffoestbfgear intstmasd whehfobettegeaFrsetbranathe
pluralify; of JiLSt LRgIOAS ﬁcf)uffflqu g4, t i ckness;: ghedPagsdcehpt e5Vahe al ong
t he sheet material as the sheet maierial passes 25 through the first gap.
The firsecoreyi & of reduced thickness define the hinge and divide the
sheet material into the substrates. The gear teeth on the second and third
ears each have respectjve side surfaces Lch ve into_an ut _of
rlapping * %ﬁ?ﬁnﬁ%ﬁ?hmf?hg%ﬁegéﬁﬁFh%?gﬂt8ﬂrggt%??6ﬁ S?Cgh%aggars. The

si de respective beveled faces which move into and out of overlapping

alignment with one another upon rotation of the gears. Each of

the beveled faces are separated by a first gap when aligned.

The sheet material, when heated, is fed between the intermeshing
20 teeth of the first, second, third and fourth gears and is

thereby deformed to comply with the shape of the gear teeth.

The beveled faces of the first and the fourth gears form a

plurality of first regions of reduced thickness at spaced

intervals along the sheet material as the sheet material passes
25 through the first gap. The first regions of reduced thickness

define the hinge and divide the sheet material into the

substrates.

The gear teeth on the second and third gears each have

respective side surfaces which move into and out of overlapping

30 alignment with one another upon rotation of the gears. The side
surfaces are separated from one another by a second gap. The
gear teeth on the second and third gears each have radially
outwardly facing surfaces offset from one another. The sheet
material, when heated and fed between the intermeshing gear

35 teeth as described above, passes through the gap between the
side surfaces of the second and third gears, thereby forming a

plurality of second regions of reduced thickness at spaced



surfaces are separated from one another by a second gap. The gear teeth on
the second and third gears each have radially outwardly facing surfaces
of fset frwmoonesanot her. The sheet material, when heat edprPemdisbaes7het ween
the internmeshing gear 35 teeth as descrd bed above, passes through the gap
between the side surfaces of the second and third gears, thereby formng a
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above. HEREHHD tRYMPPFLRY TREL SRR pRE oFeduee AS Jp? 9?5?@130 tBFe
sheet ceH@risidy andederi@d vhécfheds forepbhe into ahersdeteratasd shape
when heated to a predetermned tenperature and which holds the shape upon
cooling; (B) heating the sheet material to the predeterm ned 20

t enper at ur e; TH«) 1 foemt hon afpt that | tycbidésratmeelgpdngf oforeduged t hi ckness

at SpaQﬁﬂﬁi %stant?él€&ﬂ?£bg ege o i@y’ofhﬁlrétréﬁdr§9bgﬂé bei ng

posi tione pl ane of the sheet material; 25 (D)

f or mi ngregitng 0F t%ﬁ@#cg‘éc’é]%dﬁ@@?%n%s oferediked apAveknesse alfle‘é]ﬁ%@ed

I nt er val Smsth DI thige shesbs n@ferl al, the second regions being interspersed

betmeen the {IrStpég 1gﬂggaa flexible sheet comprising a material which
is formable into a predetermined shape when heated to a
predetermined temperature and which holds the shape upon
cooling;

(B) heating the sheet material to the predetermined

20 temperature;

(C) forming a plurality of first regions of reduced
thickness at spaced intervals along the sheet material, the
first regions being positioned substantially in the plane of the
sheet material;

25 (D) forming a plurality of second regions of reduced
thickness at spaced intervals‘along the sheet material, the
second regions being interspersed between the first regions and
being oriented substantially perpendicularly to the plane of the
sheet material;

30 k (E) bending the sheet material through a first and a
second substantially right angle bend on either side of each of
the second regions of reduced thickness; and

(F}) cooling the sheet material to fix the first and the
second regions of reduced thickness and the right angle bends,

35 the first and second regions defining the hinge.

It is an object of the invention to provide a low-profile

sheath for protecting elongated items.



being oriented substantially perpendicularly to the plane of the sheet
material; 30 (E) bending the sheet material through a first and a second
subst ant iablog/1029ght angl e bend on either side of each of PChass®end

regi ons of reduced thickness; and (F) oling the sheet material to fix the
first and the second regions of reduced thickness and the right angle
bends, 35 thie {d rgloand: regians defdit h tHe hidgede 14 iswan obj ect
of the invention to provide a lowprofile sheath for protecting el ongated
it ens. RADTEYE I IPATE USB/ 95TBACT 7] 1S R HYS obj ect of the invention
to provide a low profile sheath having stiffening corrugations. It is

anot her object of the .invention to_provide a |ow profile. sheath having a
hinge. 5 It TS %&%%Fh%j%ﬁe% The" FRvER o T3 P ovf der & h?angoew whi ch
conpensates Torsidecldiidermmnce himsdhear stiffness between the hinged edge
and free edges of the sheath. It is still another object of the invention
to provide an apparatus for manufacturing a lowprofile sheath. 10 It is
yel anot her Bhjlettandthéeie ohieel i oh Elee phoverelem tApPPEPEidR 3 opinge

manuf agiil i deGudidge: dsapbe wid hafheet Ve i | deasheat hendbiesee agewt her

objects of the invention will becone apparent. upon consi deration of the
fol | owi TR A ERFY<CHR 201G Hetdi ?%%e%e%gréb?i%e%&t he preferred

enbodi ments. Brief Description of the Drawings Figure 1 is a perspective
view of the |ow profi sheat h hown, i pe | tion, Fi 2.1S a
Cross-secti oth%lIl isé%igkaerﬁo% %Jﬁgo 'en%% (rﬁ]fgtn%?l%gﬁg?%%}rle&i frf%\yis %vx?frl\g t he
sheat h apparatws elioposani dag L Jug ea 3Low-r pek bpeehemehvi ew of the sheath
ina flat configuration before folding about its hinge; Figure 4 is a

cross-sectional view taken along line 4-4 of Figure 3; ,
It is yet another object of the invention to provide an

apparatus for manufacturing a hinge usable with the low-profile
sheath.

These and other objects of the invention will become
apparent upon consideration of the following drawings and

15 detailed description of the preferred embodiments.

Brief Description of the Drawinds

Figure 1 is a perspective view of the low-profile sheath

shown in an open position;

Figure 2 is a cross-sectional view taken along lines 2-2 of

20 Figure 1 and showing the sheath in a closed position;

Figure 3 is a perspective view of the sheath in a flat

configuration before folding about its hinge;

Figure 4 is a cross-sectional view taken along line 4-4 of

Figure 3;

25 Figure 5 is a cross-sectional view taken along line 5-5 of

Figure 3;

Figure 6 is a perspective view of an apparatus for making
the sheath;



25 Figure 5 is a cross-sectional view taken along line 5-5 of Figure 3;
Figure 6 is a perspective view of an apparatus for naking the sheath; WO
03/ 102972WB@3NWS8EB/ 05761 7 Figure 7 is a partial section&CTWsSesoFhow ng
the relation of the upper right and |ower left diagonally opposed teeth of
Figure 6; Figure 8 is a partial sectional view taken along lines 8-8 5 of
Figure 7, Flﬂg&e‘? 751 @ PaLLie] o 5eCLEONGa Vi EVES oMb Rthd hené et @tdoion of the
upper left and | ower right diagonally opposed teeth of Figure 6; FiLgure 10
5 5 1 rOntth SHPRAT (HES Appaiht LRVSHOWFE Y AP GRAE: L1 REOFFQUr €2 T0/6T o o

det ai | g yii.ew ®f a portion of Figure 10 wthin the broken line circle and
shown on an enlarged scale; and Figure 11 is a flow chart which descri bes
a method of 15 nmeking the sheath. Detailed Description of the Preferred
Enbodi nent s FHgure 9 shoaspart ek psedtiienat ovbevi vekeheattnaOlbredrdidg to
thae I nve t-i;@ir%hﬁath 10 is forned froma pair of elongated substrates 12
and 14. Su rates’ 12 and 14 each have respective 20 opposite edges 16a
and 16b, and 18a and 18b, the distance between the edges defining the wi dth
20 of the S@&%ﬁ@é@ a8dy phec sheakbedfon£00eBevt 68n&ntnd 6bnof reubsicat e 12

Wi

are paired h coryresponding edges, 18a and 18b. of substrate 14 and the
pai red ¥dgee 1‘&?%&%’%‘5 e f‘P‘é‘?&?bﬁﬂ i %g?%a%&ho%??\%?gzge?éﬁg? wi se

al ong tiveystdssyates 12 and 14 by neans of a hinge 22. Hinge 22 is

pi votal |y novabl e between an open position, shown in Figure 1, wherein the
substrates 12 and 14 are angularly oriented with respect to one another
and a cl osedFigass t10nishawhroémt Frgew eo R, tiderebara les sshevi atesF1Quaad 14
e 30 ég);\/erl yi ng one another in substantially parallel relationship.

Figure 10A is a detailed view of a portion of Figure 10
within the broken line circle and shown on an enlarged scale;

and

Figure 11 is a flow chart which describes a method of
15 making the sheath.

Detailed Description of the Preferred Embodiments

Figure 1 shows a low-profile protective sheath 10 according
to the invention. Sheath 10 is formed from a pair of elongated
substrates 12 and 14. Substrates 12 and 14 each have respective

20 opposite edges 16a and 16b, and 18a and 18b, the distance
between the edges defining the width 20 of the substrates and
the sheath 10. FEdges 1l6a and 16b of substrate 12 are paired
with corresponding edges 18a and 18b of substrate 14 and the
paired edges 16b and 18b are flexibly joined to each other

25 lengthwise along the substrates 12 and 14 by means of a hinge
22. Hinge 22 is pivotally movable between an open position,
shown in Figure 1, wherein the substrates 12 and 14 are
angularly oriented with respect to one another and a closed
position shown in Figure 2, wherein the substrates 12 and 14 are

30 overlying one another in substantially parallel relationship.
In the open position of Figure 1, the sheath 10 may receive
elongated items such as wires 24. When in the closed position,

shown in Figure 2, the sheath 10 captures and protects the wires



In the open position of Figure 1, the sheath 10 may receive el ongated
items such as wires 24. Wien in the closed position, shown in Figure 2,

t he sheatwobG/1eapt ures and protects the wires WO 03/ 10297 PCPTRO3E081 05761

8 24, the sheath being held in the closed position by a neans 26 for
securing the substrates 12 and 14 to each other along paired edges 16a and

18a. Tg%,pftﬁf{eeféh%%mf{%m{ 0f SEGUd NOL SBANSH 0 20: LAY S Sl 0ke 28 and
| oop 30 fastener system at ac%ed 5 respectively to edgC d 18a, (g)ut
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be adhesively attached or sewn onto the substrates 12 and 14. Wile

t hernopl astic or thernosettable polyners are preferred, the sheath nmay
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substrates 12 and 14. While thermoplastic or thermosettable
polymers are preferred, the sheath may also be formed from
materials such as aluminum, copper or steel alloys which are

20 vieldably formable, for example, by cold working, into a desired
shape.

Substrates 12 and 14 preferably have corrugations 34
com@rising a plurality of crests 36 and troughs 38 arranged one
behind another in alternating fashion. Corrugations 34

25 preferably extend transversely to the length of the sheath,
spanning the width 20 of the substrates 12 and 14. Corrugations
34 increase the width-wise bending stiffness of sheath 10 while
simultaneously providing lengthwise bending flexibility,
allowing the sheath to conform to undulating or curved contours

30 when in use. Preferably, the crests 36 on one of the substrates
are aligned with the troughs 38 on the other substrate, thereby
allowing the crests to nest within the troughs when the
substrates 12 and 14 are in the closed position. Alternately,
the crests 36 on one substrate may align with crests 36 on the

35 other substrate to permit the crests to interface with each

other when the substrates 12 and 14 are in the closed position.



allowing the crests to nest within the troughs when the substrates 12 and
14 are in the closed position. Alternately, the crests 36 on one substrate
may al i grwaioshorests 36 on the 35 other substrate to perPgirtusphes7er ests to
interface with each other when the subsgrates 12 and 14 are in the closed
position. 'y WD 03/102972 PCT/ US03/ 05761 9 Figure 3 shows a perspective
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regi ons 46a of reduced_ thickness are orjiented substantially_in, the_plane
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subst antéahdydrtightkaagseas compared with the thickness of the
substrates. Regions 46a and 46b of reduced thickness are
positioned in an alternating pattern one behind another
lengthwise along substrates 12 and 14 and form a line of

20 increased flexibility defining the hinge 22 and allowing the
substrates to be repeatedly pivoted between the open and closed
positions of Figures 1 and 2. As best shown in Figure 5, the
regions 46a of reduced thickness are oriented substantially in
the plane of the sheet 42 from which the substrates are formed.

25 Figure 4 shows the regions 46b, which are oriented substantially
perpendicularly to the plane of sheet 42 and are connected to
the substrates 12 and 14 by connecting portions 48 and 50. Each
connecting portion is bent through a substantially right angle
to effect the connection between regions 46a to each of the

30 substrates 12 and 14.

Hinge 22 is formed of the alternating regions 46a and 46Db
to provide greater in-plane flexibility and symmetry to the
sheath 10 when in the closed position shown in Figure 2.
Normally the hinged edges 16b-18b are stiffer in shear than the

35 edges l6a-18a attached to one another by the securing means 26,
creating a shear stiffness imbalance between the edges which

prevents the substrates 12 and 14 from sliding symmetrically



to effect the connection between regions 46a to each of the 30 substrates
12 and 14. Hinge 22 is fornmed of the alternating regions 46a and 46b to
provi de gweaBae29in-pl ane flexibility and symmetry to the PEmampI0L61 when in
the closed position shown in Figure 2.,45Normally the hinged edges 16b-18b
are stiffer in shear than the 35 edges 16a-18a attached to one anot her by
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i15 the 5 fisdn ofhdankse 28 anrh ¢pops 30 on flexible [ayers 44 are attached
to the opposite edges 54 and 56 of sheet 42. Preferably, the layers 44 are
of the same nmaterial as the sheet 42 allow ng 25 attachnent by ultrasonic
wel di ng. Thershest éetleswal an sapperatus 52 used to manufacture the

sheath 10 according to the invention. In the course of
manufacture, a continuous length of flexible sheet material 42,
preferably a thermoplastic material, is sized to a width which

20 will yield the sheath 10 having the desired width when folded
into the closed position. Securing means 26, preferably in the
form of hooks 28 and loops 30 on flexible layers 44 are attached
to the opposite edges 54 and 56 of sheet 42. Preferably, the
layers 44 are of the same material as the sheet 42 allowing

25 attachment by ultrasonic welding. The sheet material is then
heated and passed through apparatus 52 which forms corrugations
34 and hinge regions 46a and 46b while cooling the sheet, the
sheet material, upon cooling being fixed into the shape imparted
by apparatus 52. Figure 11 provides a flow chart which

30 describes aspects of the manufacturing process.

As shown in Figure 6, apparatus 52 comprises four gears 58,
60, 62 and 64 which mesh with one another as gear pairs, i.e.,
gear 58 meshes with gear 60 and gear 62 meshes with gear 64.
The gears 58-64 are preferably spur gears although other types
35 of gears, such as helical gears or beveled gears, may also be
feasible for particular applications. Gear 58 rotates about an

axis 66 and gear 60 rotates about another axis 68, the gears



heat ed and passed through apparatus 52 which fornms corrugations 34 and
hi nge regi ons 46a and 46b while cooling the sheet, the sheet material,
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are di naI f'or m f egi ons 46a of
reducecbé&ns:l@ﬂamdo@rmespergtme@e 22. As shown in Figure 6, teeth 60a and

teeth
While the teeth 58a, 60a, 62a and 64a work together as

meshing gear pairs to form the corrugations 34, the teeth 60a

20 and 62a on gears 60 and 62, which are diagonally opposite one
another, cooperate to form regions 46a of reduced thickness
comprising hinge 22. As shown in Figure 6, teeth 60a and teeth
62a each have a respective beveled face portion 72 and 74
positioned adjacent to their neighbor gear. As shown in Figures

25 10 and 10A, the beveled face portions 72 and 74 on each gear
move into overlapping alignment during rotation of the gears.
The beveled face portions 72 and 74 are separated by a gap 76
which allows the gears to align and pass one another without
interfering. As shown in Figure 7, which depicts a pair of gear

30 teeth 60a and 62a in isolation and engaging sheet 42, the gap 76
between the beveled face portions 72 and 74 form the region 46a
of reduced thickness of hinge 22 by pinching the sheet material
42 as it is fed through the meshing gears. The size of the gap
76 determines the thickness of the regions 46a. Figure 8 is a

35 cross-section taken through the gap 76 between the beveled face
portions 72 and 74 of gears 60 and 62 and shows how the regions
46a are formed in sequence, one behind the other in spaced

relation, as the gear teeth 60a and 62a move into and out of



62a each have a respective beveled face portion 72 and 74 positioned

adj acent to their nei ghbor gear. As shown in Figures 25 10 and 10A, the
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al ignment during rotation of the gearss;, The bevel ed face portions 72 and
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the sheet material 42 between the side surfaces 78 and 80, the
size of the gap 82 determining the thickness of the region 46a.

20 Being heated and plastically compliant, sheet material 42
conforms to the shape of teeth 58a and 64a, the vertical
orientation of the gap orienting the region 46b substantially
perpendicular to the plane of the sheet material 42, the sheet
material further bending through a right angle to form

25 connecting portions 84 on each side of the region 46b to ensure
continuity of attachment of the substrates 12 and 14. As shown
in Figure 10A, the regions 46b may be offset along the axis of
rotation of the gears relative to the regions 46a by positioning
the gap 82 to one side or the other of the gap 76 between the

30 teeth 60a and 62a. Because teeth 58a are angularly offset from
teeth 62a, and teeth 60a are angularly offset from teeth 64a as
described above, the regions 46b are formed interspersed between
regions 46a as each set of teeth 58a and 64a, 60a and 62a,

alternately align with one another as the gears rotate.

35 The gears are preferably made from metal such as steel and
have a natural tendency to draw heat from the sheet material as

it passes between them, thus, cooling the sheet material and



size of the gap 82 determ ning the thickness of the region 46a. 20 Being
heat ed and plastically conpliant, sheet material 42 conforns to the shape
of teeth WBasam¥764a, the vertical orientation of the gapCariseses’sy the
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extruded polymer sheet 104 and has corrugations 106 for added

widthwise stiffness.

Hinge 100 differs from the hinge previously described in

20 that it is formed by simply thinning the sheet material 104
comprising the substrates 92 and 94 (preferably before the
corrugations are formed) lengthwise along the sheath. The
thinning may be accomplished by any one of many different
methods. For example, the hinge 100 may be formed by scoring

25 the sheet material with a knife or stylus (heated or cold),
passing the sheet material through a die having pinching rollers
which apply continuous pressure along a narrow band between the
substrates, application of pressure and heat in the form of
ultrasonic energy concentrated along the hinge line to effect a

30 thinned region, or by any other process which will cause a
thinning of the sheet 104 lengthwise along and between the
substrates 92 and 94. The simplest method is merely to fold the
sheet material 104 lengthwise in half and then apply pressure to
the folded sheet, for example between rollers or corrugating

35 gears. The pressure from the rollers or gears causes a kink to

form along the fold line, the kink resulting in a thinning of



t he previous enbodi nent, sheath 90 is preferably forned from extruded

pol ymer sheet 104 and has corrugations 106 for added w dthw se stiffness.
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In another embodiment of the sheath shown in Figures 14 and

15, a sheath 112 is formed wherein the crests 108 and troughs
110 of the corrugations 106 do not nest within one another. As

20 best shown in Figure 15, crests 108 on one substrate 92 align
with crests 108 on the other substrate 94, and troughs 110 align
with troughs. Sheath 112 is manufactured by forming a hinge 100
in extruded sheet material 104, attaching securing means 102 to
the edges 96a and 98a of the substrates 92 and 94, and then

25 forming the corrugations 106 by passing the sheet material 104,
before folding, through a single pair of intermeshing
corrugating gears (not shown). Because the substrates 92 and 94
are not folded prior to formation of the corrugations 106 the
crests 108 align with crests and troughs 110 with troughs on

30 each substrate.

Figures 16 and 17 illustrate yet another embodiment 114 of
the sheath according to the invention. In this embodiment,
hinge 100 comprises a thinned region formed simultaneously with

" the crests 108 and troughs 110 as described below.



fol ded) the crests 108 and troughs 110 of the corrugations are 15 aligned
with one another as shown in Figure 13 and nest within one another when

t he substwetoegozre in the cl osed position. In another enbedirnsns/ozsblthe
sheath shown in Figures 14 and 15, a gheath 112 is fornmed wherein the
crests 108 and troughs 110 of the corrugations 106 do not nest within one
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securing neans 102 is then fed between two pairs of interneshing gears
116, 118, 120 and 122. Gear 116 rotates aboui a is. 24 and shes %é
gear 118 whileh arstasnt d© i SBELBIES a4 4? sciﬂ)rﬁuaqﬁ st
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are aligned with the spaces 122b between gear teeth 122a on gear
122. Thus when the sheet material 104 is fed (preferably hot)
between the meshing gear pairs 116, 118, 120 and 122 in the

20 unfoided or open position meshing gears 116 and 118 form the
corrugations 106 on substrate 94 and meshing gears 120 and 122
form the corrugations 104 on substrate 92. Because of the
of fset between the gear teeth for gears 116 and 120 and 118 and
122 the crests 108 and troughs 110 on each substrate are offset

25 and able to nest one within the other when the substrates 92 and
94 are folded about the hinge 100. Hinge 100 is formed when the
sheet material 104 is thinned by stretching it in the region
where the gears 116 and 118 abut gears 120 and 122 respectively.
The stretching occurs as a result of the sheet material 104

30 being forced around and between the offset gear teeth by the

meshing gear pairs.

Low-profile protective sheathing according to the invention
provides a secure, durable, flexible cover for organizing and
protecting elongated items such as wiring, the sheath being

35 economical to produce and readily conformable to various
contours as necessary to adapt it to various applications. The

conformability of the sheath is augmented by the increased shear



wherein the crests 108 align with the troughs 110, gear teeth 15 116a on
gear 116 are aligned with the spaces 120b between gear teeth 120a on gear
120. Si mweriBgoxyenr teeth 118a on gear 118 are aligned wPCh/ush&ozpaces
122b between gear teeth 122a on gear 422. Thus when the sheet material 104
is fed (preferably hot) between the nmeshing gear pairs 116, 118, 120 and

122 in obg¢edrar nopgR B%%h 0 ﬁ%@hﬁﬁ@n@%@&%rﬁb&a&@dxk@&oh@rnlthe
corrug£??§ﬁ§9%32§on substrat§.9 neghlga ears 120 4% 2 formthe
e

cor r ugafi saguced 6ﬁ1§ﬁ5§ﬁﬁapév9?g §€E§u§8 e 205 PIE BePREER the gear
teeth fokegearsohtbyaeddizd andekl8nandvihe? rore tedsisct0E lendifdddghs 110
on each substrate are offset. 25 and_abl.e t ne } t he ot her when
the suBSFF&EEs® gf gﬁ&gGQA 20 TPET &geQOUt h e%ﬁi%%% %%%Qhﬁﬁnge 100 is
fornmed when the sheet material 104 is thinned by stretching it in the
region where the gears 116 and 118 abut gears 120 and 122 respectively.
‘The stretching occurs as a result of the sheet material 104 30 being forced
around and between the offset gear teeth by the neshing gear pairs.
Lowprofile protective sheathing according to the invention provides a
secure, durable, flexible cover for organizing and -protecting el ongated
items such as wiring, the sheath being 35 econom cal to produce and readily
conformabl e to various contours as necessary to adapt it to various
applications. The conformability of the sheath is augnented by the

i ncreased shear WO 03/102972 PCT/ US03/05761 16 flexibility of the hinge
being formed fromalternating regions of reduced thickness having both

i n-plane and out of plane orientations yielding a design having nore

bal anced flexibility between the hinged and non-hi nged edges of the
sheat h. WD 03/102972 PCT/ US03/05761 17 What is clained is: 1. A sheath
for receiving and protecting elongated itens, said sheath conprising:

first and second el ongated substrates each having



opposite edges defining a width thereof, the edges of one substrate being
paired with the edges of the other substrate, one of said pairs of edges
bei ng fl| ewDBA03901 ned | engt hwi se of said substrates to f@®cmwsohiitge, said
hi nge being pivotally novable between-an open position wherein said first
and second substrates are angularly oriented with respect to one anot her,
and a gl ggsedspesitiea wherein said first and second substrates are
overlying one another i n substantially parallel relationship; and neans
for securing said first and second substrates in said closed position
nmount ed al ong saphdsabheh Eair retegddes, ahlde preltengdned eloags tedi Agems,
recei vabl, bﬁtmﬁ n said.substrates when in said open position and captured
bet weefi2s4i 2G5St FRTES\WHEY in  said cl osed position. 2. A sheath
according to d aiffirst wher eierosd @lbingsteds ghidEtapd S $acdr Mgyatidons

ext endi_n ransversel f, i.d_s icd RRRESIHE opdges of said
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conpri g’lge:@%?&%ﬁ%Z%% PCT/ US03/ 05761 18 pllurglti ty of crests and troughs

ar r ange@ e oBehilid @t her, said crests of said first substrate being
substantial ly al ixgnets Mt isesaird rey estisl ofixsad sk corebslbstrstes temdirsai d
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elongated items being receivable between said substrates when in
said open position and captured between said substrates when in

said closed position.

2. A sheath according to Claim 1, wherein said first
substrate has corrugations extending transversely of said sheath

between said opposite edges of said first substrate.

3. A sheath according to Claim 2, wherein said second
substrate has corrugations extending transversely of said sheath

between said opposite edges of said second substrate.

4. A sheath according to Claim 3, wherein said
corrugations of said first and second substrates comprise a
plurality of crests and troughs arranged one behind another,
said crests of said first substrate being substantially aligned
with said troughs of said second substrate, thereby permitting
said crests on said first substrate to nest within said troughs
of said second substrate when said substrates are in said closed

position.

5. A sheath according to Claim 3, wherein said

corrugations of said first and second substrates comprise a



troughs of said second substrate, said crests and troughs being positioned
opposi te one anot her when said substrates are in said closed position. 6.
A sheat h wooonaidmy to C aim4, wherein said first and seeomdseybEsr at es
are integrally formed froma single plgnar sheet of material divided by
said hinge, said hinge conprising a 61urality of first regions of said

sheet BfﬂwﬂiEgdafeéreéb'g,chaSEroﬁﬁhg bitshgeagbaRSHehinaduaedhehi ckness
bei ng “orrented substantially in the pla
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o] e pl ane,of sai sheet. an el conn d d_tigs d second
substr%?ég §§rSFe§ gé?F@EGCBﬁﬁagtFﬁgg68??%§§§§0F&§§?§53W%§F,Egggh sai d
copgectrﬁgghgrbEOEabéiegcbadtsubscughea sabdt aneessl g §FOUIRfighbeingne of
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secpnqp?gégéﬁgggf8%@%%225 ?h?cﬁﬁggg%k gg?& ??%gtgaﬁﬁ sgggﬁd fegions geing
posltlohededneObehﬂﬁﬂ- another in an alternating pattern | engthw se al ong
said substrates. 7. A sheath according to Claiml, wherein said first and

second substrates are integrally forned.froma single_sheet, qf. r4 a
sai d hinge éonprﬁs?ﬁ&aghrégFBﬁdﬁﬁgsgpdgéﬁégi4OfW%S%&&Edsgﬁﬁcﬁﬁgggagﬁd ,
posi ti @@@gnae%wglﬂralﬂést berehy teefianilyy fomeedf freai d edged cobleamiad fir st
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oriented substantially perpendicularly to the plane of said
sheet and being connected to said first and second substrates by
respective connecting portions of said sheet, each said
connecting portion being bent through a substantially right
angle, one of said connecting portions being positioned on
either side of each of said second regions of reduced thickness,
said first and second regions being positioned one behind
another in an alternating pattern lengthwise along said

substrates.

7. A sheath according to Claim 1, wherein said first and
second substrates are integrally formed from a single sheet of
material, said hinge comprising a region of said sheet of
reduced thickness positioned between and thereby defining one of

said edges of said first and second substrates.

8. A sheath according to Claim 1, wherein said securing
means comprises a plurality of hooks positioned along said other
edge of said first substrate and a plurality of loops positioned
along said other edge of said second substrate, said hooks being
engageable with said loops when said substrates are in said

closed position to hold said substrates in said closed position.



formed froma single planar sheet of material, each said substrate having
opposite edges defining a width thereof, the edges of one substrate being
pai red wwb mshe9eziges of the other substrate; and a hi ng@Crlwses/md7g1 j oi ni ng
one of said pairs of edges I|engthw sepf said substrates, said hinge being
pivotally novable between an open position wherein said first and second

substrates gre anouhaLth Egkegé@ei»&h EBSPBEbtbetong anohbered andma,

cl osed position wherein said first and second substrates are overlying one

anot hesaidl shpatAnEPEPryShBPal lel relationship, said hinge conprising a
plurality of firsirgeghaasseebngakdoaheetdhavbsgreedscedtebirekigss, said

first regions_of reduced thickness,being_.ori su ntially in the
pl ane gPrm§§igrgﬂe@t?lﬁﬁgeapgﬁﬂﬁﬁlFF?egfg%e%%ﬁg&?géfogébgfgggbd sheet
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bei ng ¢ 0 sai Irst and second substrates by respective
connectithgtpekei oasdof said sheet, each of said connecting portions being

bent through a sybgtapil ahkkibiyghbianake oneneofsasdi dadamnedt iedgepor t i ons

bei ng positioned on either_ side of each .of ,said.second.regi of reduced
t hi ckng§§19th§7&§8 Pitr §18nFUDELEAG SFegiSonS ﬁb‘éﬁ?& R &é’g’%g‘%gi’behi nd
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said sheet, and a plurality of second regions of said sheet
having reduced thickness, said second regions of reduced
thickness being oriented substantially perpendicularly to the
plane of said sheet and being connected to said first and second
substrates by respective connecting portions of said sheet, each
of said connecting portions being bent through a substantially
right angle, one of said connecting portions being positioned on
either side of each of said second regions of reduced thickness,
said first and second regions being positioned one behind
another in an alternating pattern lengthwise along said

substrates.

10. A sheath according to Claim 9 further comprising means
for securing said first and second substrates in said closed
position mounted along said other pair of edges, the elongated
items being receivable between said substrates when in said open
position and captured between said substrates when in said

closed position.

11. A sheath according to Claim 10, wherein said first and
second substrates have corrugations extending transversely of

said sheath between said opposite edges of said substrates.



corrugations conprise a plurality of crests and troughs arranged one
behi nd another, said crests of said first substrate being substantially
al i gned woOh3gedod t r oughs of said second substrate, ther@oy/yses/od7sti ng
said crests on said first substrate tgynest within said troughs of said
second substrate when said substrates are in said closed position. 13. A
flexible hipge pgsithigpabLe-Bekwagncbweisubstinat @heresai dasdbstrates being
pivotally novable relatively to_one ,anot%gr abgut ) ig hi n e,as%%% @dnge
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r egi ongnhaf peaduaednothieekness docirested ofubst.antfialsiy siubvstthre tgl &eengf sai d
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SUbstaghbakkgtE!gﬁtn%ggl%it 1% %%i%aEQOE %e%k'@ﬁidp%%Ud%ﬁﬁs@@sﬁiate
p05|t|one5 on ei ther side of each of said second ,regions of reduced

t hi cknebep saiid Slubstratgssé&endy 8gilehs o5& §OFd< O oned one behi nd
another in an alternating pattern |engthw se along said substrates, said

reduced thickness of sai i,rst and .second.regi ons all ow i eet
material tolBend® é&ﬁ’ﬂl?%gnﬁi“@ﬁ@r & G &ied%?%%eee.n f%"éﬁ %q’rlﬁ%#grgtze%dordi ng
to O aigend3 sublketaickss aed rig fEtvo teddivonevetb ree dieded itfsilok s oty e al i gned
along a_first axis. extendi.ng |engt.hw [ Rstdale%,1 AnghesA d
second *P&EGFEnEC6H gﬁlﬁce%‘lfl%edk%sl?\gﬁglg%{ ?%?ln as'ﬂé%; a second axj s

ext endimag erdrgt Hairsedaliory $aird wigdsttvads fisstd resione 8§ LePEHy of f set
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materi al conprises a thernoplastic. 16. An %F%ﬁnr tus for form r]%f flexible
hi nge Betodead LEwy Osfulﬁﬁqoé’[‘ﬁsr,e%aﬂr@ GEN Y t%bl P HtFatEs to pivot
rel ati welos e taRe 13N digfendsiaid d1IRge anthes ailchrsulish reaties shomiprarsi ng a
flexible sheet material which.is formable into a .p rgsde erydned,shape, said
appar atfs o T &g W65 T0267 £ B U0S é?%fg 1(; &%l ‘

bent through a substantially right angle, one of said connecting

portions being positioned on either gside of each of said second

regions of reduced thickness, said first and second regions

being positioned one behind another in an alternating pattern

lengthwise along said substrates, said reduced thickness of said

first and second regions allowing said sheet material to bend

easily and thereby form said hinge.

14. A hinge according to Claim 13, wherein said first
regions of reduced thickness are aligned along a first axis
extending lengthwise along said substrates, and said second
regions of reduced thickness are aligned along a second axis
extending lengthwise along said substrates, said second axis

being offset from said first axis.

15. A hinge according to Claim 13, wherein said sheet

material comprises a thermoplastic.

16. An apparatus for forming a flexible hinge between two
substrates, said hinge allowing said substrates to pivot
relatively to one another, said hinge and said substrates
comprising a flexible sheet material which is formable into a

predetermined shape, said apparatus comprising:



a first gear having gear teeth and being rotatable about a first axis; a
second gear having gear teeth and being rotatable about a second axis
arranged wo o/1e9bst antial ly parallel, spaced relation toPsaiu$od/izst axi s
such that said gear teeth on said first and second gears internmesh; a
third gear having gear teeth and being rotatable about said first axis in

fixed relation wt Bl§§\:dgghﬁfshag§ﬁb cs@i debhir dngeaeihei rgtpesbiiconed
adj acent to said first gear; ourt% gear having gear teeth and being

r ot at abbeutapofitrshi 8*4&¢ond aX|s in fixed relation with said second gear,
said gear teeth anssabﬁdf geatrhhgeangi peermeskichganidt besaigd rgeatabileet h on

said third gear, said th b i
R e s ﬁ‘tﬂ@ e

pOS|t|@@saadpacentsamdsmamss bauweencsaﬁha@eﬁﬁlﬁeéﬁﬁr eeshi @t Frdd gear,
sai d gﬁﬁrfgeggg ggcé wgsgggnq geal,hei.ng aligned at respectlve p05|t|ons

adj ace aces en sal gear teeth on said fqurth ge
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said first, sec third_and fo d I R eired to
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and saischifogeblr gestd oiorswiny fourtlr gssry istermeshinggivgid §° e &
thi ckngas 8l oS RAGR t'hﬁtr%f vals along sehd sheplarmarialpas sainksheet

mat er i passes rou said first gap,. said first regions of reduced
th|cknéﬁsaﬂﬂﬂhnhﬂ;%%¥QiQﬁQRﬁ§aﬂﬁf%ﬂ\ﬁqﬂ ng said sheet material into said
substrates. 18. ARRA afdds ateididig staidufajmtlﬁeame:ea’iﬂg sdiidgearat t eet h

on said second and third gea
respecéive pogltloﬁé éé%éggﬂl Q%y%g£ﬁ§s§ e“%éﬂ(gald gear teeth
on said third gear, said gear teeth on said second gear being
aligned at respective positions adjacent to spaces between said

gear teeth on said fourth gear.

17. Apparatus according to Claim 16, wherein

said gear teeth on said first and fourth gears each having
respective beveled faces which move into and out of overlapping
alignment with one another upon rotation of said gears, each of
said beveled faces being separated by a first gap when aligned;
and

the sheet material being feedable between said
intermeshing teeth of said first, second, third and fourth gears
and being thereby deformed to comply with the shape of said gear
teeth, said beveled faces of said first and said fourth gears
forming a plurality of first regions of reduced thickness at
spaced intervals along said sheet material as sald sheet
material passes through said first gap, said first regions of
reduced thickness defining said hinge and dividing said sheet

material into said substrates.

18. Apparatus according to Claim 17, wherein said gear
teeth on said second and third gears each have respective side

surfaces which move into and out of overlapping alignment with



surfaces which nove into and out of overlapping alignnment with WO 03/102972
PCT/ US03/ 05761 22 one anot her upon rotation of said gears, said side
sur f aces wbaBngosepar at ed from one anot her by a second gapCTdsosiozjenr

teeth on said second and third gears eggh have radially outwardly facing
surfaces offset fromone another, the sheet material being feedable

bet ween,8alg ol ALe! ‘EEE%EJ &%tta%%lﬁ Jr sRlié S, ssenddd Wurdaaed fourth
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subst a |éﬁtl'y ri é)h ‘angl"e bend and orjienting said second regions, of
r educedd icsioies srigiibsthntstins ofpdraichdeal 4r98Fho & %riﬂgeetsﬁﬁﬁae%?sm ,

sai d segong sledns, Ofand adiced Jdickrssniale e dafining saifl déagel and

dividing said sheet_material into sgid subsirates. 19, ar S, accordi ng
to O aitRIE®PnSwdr SHUSHY Wssga% bgtﬁavﬁeee#] %t_ied:"éar]l e agér)rf 2%—%? s of f set

in a digrecdd e RI0Rg  5ai gh sk etk st eofi glotmts s frlomuesh ccdid steqppd

bet ween said _.bevel ed surfaces, : 4 110G L8y F1exd.blehinge

posi t i §Fabl <=55‘—"ltfagﬁﬁeceoﬂi1 wo Subs rogfe]%é,%géléd]qﬂ}%]?e %Efnok\g\n@lnrgg sai d s,u%est rat es

to pi Gettwedratsadel yf itws oreegimhert wedurektHoEEmRTi st tHRE1 % eps of :

provi ding @& flexi by %éi@% hf@éﬂ@:m%e dBierdiddbetr hOESE W acptolighidy of

first regions of reduced thickness af spaced intervals_al ong sali dtsheet

mat er i dlirsaiand & HEGE GFEOHATHG PbET 15 FUPLE T I3 T A 1R Pi%ne of

sai d shegty t&i@lved 0ome ngr ardurad i §lyi dinsec ondosegionsl bf reduced

thi Ckneivsesrpaetngipcamfleagrllyt’gé Vs?':lllsd asll'?ggt Sn?‘z!l‘gexslhaef} snaB:Egrégéond regions of
reduced thickness also defining said hinge and dividing said

sheet material into said substrates.

19. Apparatus according to Claim 18, wherein said second
gap between said side surfaces is offset in a direction along
said second axis of rotation from said first gap between said

beveled surfaces.

20. A method of forming a flexible hinge positionable
between two substrates, said hinge allowing said substrates to
pivot relatively to one another, said method comprising the
steps of:

providing a flexible sheet of formable material;

forming a plurality of first regions of reduced
thickness at spaced intervals along said sheet material, said
first regions being positioned substantially in the plane of
said sheet material;

forming a plurality of second regions of reduced
thickness at spaced intervals along said sheet material
alternating with said first regions and being oriented
substantially perpendicularly to the plane of said sheet

material; and



alternating with said first regions and being oriented substantially
perpendicularly to the plane of said sheet material; and WD 03/102972
PCT/ US03/WB08102928 bendi ng said sheet material through a PCTAiS0HI6R
second substantially right angle bend-gn either side of each of said
second regions of reduced thickness, said first and second regions

defining said hipgg i%%-sﬁi&ﬁéﬂggtaﬁgeéﬂiag tar6hghns2@irvhesndnasai d sheet
conprises a naterla? whi ch 1's formabl e %nt a predﬁterntﬁed sgggﬁ g@en
heat edseeonad predet R i ALY t EHPRE afDP LS aRa thPBhChEREE §4P8 Shaba tpSh

co0l i Nga i @2scAoABt hegi 866068i PEAtocE BhicRAekurt beldi Adkadi Agdt Recostleps of
heating said sgeﬁt nateriag %o said predeterm ned tenperature before said
f or mi nHCSEtEPS, “GhY"EBYI PAY saiH9Sheet material to fix said first and said
second regions of reduced thickness and said right angle bends in said

sheet naterbf[' A method according to Claim 20, wherein said sheet
comprises a material which is formable into a predetermined
shape when heated to a predetermined temperature and which holds

gsaid shape upon cooling.

22. A method according to Claim 21 further including the
steps of heating said sheet material to said predetermined
temperature before said forming steps, and cooling said sheet
material to fix said first and said second regions of reduced

thickness and said right angle bends in said sheet material.



