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The present invention relates to a pressure vessel for 5 hol di ng

coirpressed fluids, and nore particularly to a conpos- ite pressure

vessel haviygpeasRhurality of storage cells which e RCI/BEIgesss al | y

wi thin a conposite web to closely and efficiently approxi mate a

rect angul ar vol umne. 10 TECHNICAL BACKGROUND OF THE

| NVENTI ON Pressure ve to store liquids and
gases under pressure. The storage cq&gg&&igo ggit,essure vessel .
depends on the internal volune of essure_vessel and the pressure

the vessel is capable of safely dition to its storage

capacity, the sizethe rprasait invenﬂiapexe&atesntb s ppegsural vessglt foir t he
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and correspondlng re trons in care costs. Natural gas is
also arelatively abundant fuel . Accordlngly, approaches have been
devi sedibor 25 convert i'PTRCHNECAL B 2SINVENTERIONf i tting them

to use CNG i VR - — 0
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t he use of vessel depends on the internal volume of the pressure vessel
and the pressure the vessel is capable of safely containing.
15 In addition to its storage capacity, the size, internal
shape, external shape, and weight of the pressure vessel are
often important in a particular application.
One growing application of pressure vessels is the
storage of compressed natural gas ("CNG"). CNG is increas-
20 ingly viewed as preferable to gasoline for fueling vehicles.
CNG generally burns cleaner than gasoline, leading to a
visible reduction in air pollution and corresponding reduc-
tions in health care costs. Natural gas is also a relatively
abundant fuel. Accordingly, approaches have been devised for
25 converting gasoline~fueled vehicles by retrofitting them to
use CNG instead of gasoline.
Known approaches to retrofitting a vehicle for use with
CNG include replacing the gasoline tank with conventional
natural gas storage cylinders. Unfortunately, the use of
30 conventional CNG cylinders restricts the driving range of the
converted vehicle to about 120 to 140 miles, which severely
limits consumer acceptance of such conversions. The driving
range of such a converted vehicle could be increased by
simply adding more CNG storage cylinders. This could be
as done, for example, by mounting the additional CNG cylinders
within the trunk of the vehicle. However, it is generally
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tion of the internal storage volume of the cylinders, thereby
15 reducing the volume of stored CNG and hence reducing the
vehicle’s driving range. Thickening the walls also increases
the weight of the storage cylinders, thereby decreasing the
fuel efficiency of the vehicle.
Other approaches to increasing the driving range of
20 vehicles fueled by CNG propose varying the shape of CNG
storage containers. Currently, spheres, cylinders, and
certain combinations of spherical and cylindrical sections
are favored. As illustrated in Figures 1 and 2, one conven-
tional pressure vessel 100 includes several lobes 102 secured
25 together. Each lobe 102 is geometrically defined as a por-
tion of a "tube-and-dome” shape. Geometrically, a tube-and-
dome includes a straight tube 104 which is circular with
radius R in transverse cross-section (see Figure 2). Two
lobes 102 are combined by slicing each lobe 102 along a plane
30 106 that is parallel to the longitudinal axis 108 of the tube
104. The truncated faces of the two lobes 102 are then
secured against one another. Each of one or more center
lobes 110 is thus sliced along two planes 106 parallel to the
longitudinal axis 112 of the center lobe’s tube. In the
35 resulting container 100, the lobes 102 are not tangent to one
another at junctions 114 where they meet. Each tube 104 is
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a vehicle gular geometry. 1In the case of retrofitted vehicles, the
desire for substantially rectahgular vessels arises because
many gasoline tanks are shaped like substantially rectangular

15 shells, as illustrated generally by a phantom rectangular
shell 118 in Figures 1 and 2. In the case of vehicles de-
signed initially to use CNG, the preference for a substan-
tially rectangular pressure vessel may arise from other
design considerations. 1In either case, a single tube-and-

20 dome lobe 102 is a very poor approximation to such rectangu-
lar volumes. )

Arranging truncated portions of several tube-and-dome
lobes 102 together to form the pressure vessel 100 improves
the approximation, but large wedge-~shaped unused volumes 120

25 nonetheless remain which are not used for CNG storage. The
unused volumes 120, which are defined by the circular walls
of adjacent tube-and-dome lobes 102, may occupy a significant
percentage of the internal volume of the rectangular shell
118. Eliminating the unused volumes 120 entirely would

30 require a CNG container which is substantially a rectangular
shell in shape. But building a rectangular shell-shaped CNG
vessel sufficiently strong to resist typical CNG storage
pressures would require excessively thick walls, because the
rectangular shell is so far removed in shape from a sphere.

35 In addition to the unused volumes 120, the vessel 100
has the disadvantage that the lobes 102 tend to peel apart at
the junctions 114 because of stresses that occur at the
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15 subjected to internal storage pressures.

Such a pressure vessel is disclosed and claimed herein.

I O
The present invention provides a pressure vessel having
20 a novel geometry. In one embodiment, the pressure vessel is

configured to resist pressure from compressed natural gas
("CNG") stored within the vessel and the vessel approximates
the rectangular shape of a conventional gasoline tank. The
pressure vessel resists a normal operating pressure of up to
25 about 3,600 p.s.i. and has sufficient burst strength to
resist about three times the normal operating pressure,
namely, a burst strength of about 11,000 p.s.i.
The novel geometry of the present pressure vessel is
described herein through reference to geometric operations
30 such as slicing a shape with a plane. These geometric opera-
tions do not necessarily correspond to manufacturing methods,
but are rather illustrations of the geometry of the pressure
vessel to be manufactured.
One embodiment of the pressure vessel includes two end
35 cells. Each end cell includes a semi-cylindrical outer wall.
The outer wall geometry is defined by slicing a first cylin-
drical container with a plane through its longitudinal axis
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walls is capped by a cap. Each cap corresponds in shape (not
necessarily in materials actually employed) to an elastic
sheet secured to a closed polyradial curve as a boundary

20 condition and then subjected to a uniform deformation pres-
sure. _

‘The novel geometry of the present invention is further
illustrated by a cross-section taken transverse to the longi-
tudinal axis of one of the end cells. The cross-section

25 defines a polyradial curve which includes an arcuate outer
wall, an arcuate upper wall, and an arcuate lower wall. The
outer wall corresponds to the semi-cylinder with the larger
radius, which is therefore termed the outer wall radius. The
upper wall, which has one end unitary with the outer wall at

30 an upper-outer junction, corresponds to the upper quarter-
cylinder, and thus has an upper wall radius that is less than
the outer wall radius. The lower wall, which has one end
unitary with the outer wall at a lower-outer junction, corre-
sponds to the lower quarter~cylinder. In this embodiment the

35 lower wall radius is equal to the upper wall radius,'but
these radii may differ in other embodiments. Thus, in gener-




35 cells. Each end cell includes a sem-cylindrical outer wall. The

outer wall geonetry is defineeby—=slicing a first—eylin- dri cal
container with a plane through its longitudinal axis

- 4= WD 96/ 23721

PCT/ US96/ 0036 to create a half-cylinder. Each end celicﬁﬁéévm
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geometry of the 5“&*%3339'B§¥Ef6%l k ef€£&h§£ne as the radii of the guarter-
cylindrical upper wall and lower wall, respectively, of the
end cells. Thus, the end cells and interior cells of the

15 present pressure vessel are generally tangent to one another
where they meet, unlike the lobes of previously known pres-
sure vessels. This aspect of the novel geometry of the
present pressure vessel reduces the tendency of adjacent
cells to peel apart.

20 A web is secured about the end cells and about any
interior cells that are present. The web includes a substan-
tially planar upper sheet which is generally tangent to the
upper-outer junction of each of the end cells and to the
semi~-cylindrical upper portion of each interior cell. The

25 web also includes a substantially planar lower sheet which is
generally tangent to the lower-outer junction of each of the
end cells and to the semi-cylindrical lower portion of each
interior cell. The web strengthens the pressure vessel by
assisting in holding the cells tangent to one another and by

30 reinforcing the cell walls.

The pressure vessel of the present invention defines
wedge-shaped unused volumes between the web and the cells
that are not used for pressurized fluid storage. In one
embodiment, the pressure vessel is strengthened by substan-

35 tially filling the unused volumes with wedges of foam or
rubber disposed between the web sheets and the cells.
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adj acent to ipressure’ vessel négtesds 14 preditermined value. The valve

alsc includes a fusible plug to provide emergency venting in
the presence of high temperatures.

Advantageously, the pressure vessel of the present

15 invention facilitates retrofitting gasoline-fueled vehicles
because the filled weight of the pressure vessel does not
exceed the filled weight of a conventional gasoline tank
occupying substantially the same volume envelope. In addi-
tion, the pressure vessel may be configured with fixtures

20 defining exterior recesses capable of engaging conventional -
gasoline tank straps. Thus, the same tank straps previously
used to secure the gasoline tank to the vehicle can be used,
without substantial alteration or further testing, to secure
the pressure vessel to the vehicle.

25 Those of skill in the art will appreciate that the
pressure vessel of the present invention is not limited to
use in retrofitting vehicles. The present invention also has
applications in the design of new vehicles, as well as in
other applications which benefit from the use of pressure

30 vessels having a substantially rectangular shape.

Pressure vessels according to the present invention are
manufactured with metal or composite parts. In one embodi-
ment, the cells are formed of a liner such as a metallic foil
or a synthetic polymer film to provide gas impermeability.

35 The liner is overwrapped by a composite layer using filament
winding or another method familiar to those of skill in the
art. Interior ports may be provided in the cell walls for
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apart. 20 A web is secured about the end cells and about any
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reinforcing the Mmmq%tm or thermogpt pesiRure vessel of the present

i nvention defines In \/ﬁme&hamduﬁuﬁed ¥hée USSR & ik Formed WEbnatdlt bp
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filling théounus@si%limé'étwam-mea!gesns alopieess are welded togepberd and
bet ween t he web shectiherisvdii@appedswith a composite web. Examples of

bGC}/ US96/ 00363 XQ&%?@ Getals are titanium, aluminum, and steel.

In summary, the present invention provides a pressure

vessel in which the cells meet tangentially and are overwrap-

15 ped with a reinforcing web. The novel geometry of the pres-
sure vessel prbvides generally circular cross-sections which
resist the tendency to peel apart in response to internal
pressure. The exterior of the pressure vessel conforms
generally to the external shape of a conventional gascline

20 tank and includes fixtures defining recesses to engage con- .
ventional gasoline tank straps.

The features and advantages of the present invention
will become more fully apparent through the following de-
scription and appended claims taken in conjunction with the

25 accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective view of a prior art pressure
vessel.
30 Figure 2 is a cross-section taken along line 2-2 in
Figure 1.
Figure 3 is a partial cut-away perspective view of one
embodiment of the pressure vessel of the present invention.
Figure 4 is a transverse cross-section of a portion of
35 the pressure vessel taken along line 4-4 in Figure 3.
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conventlona gaso ine t ank occupyi ng substantially the sanme vol une
envel ope. tion, the pressure vessel may be configured with
fixtures 20 dethqngeekttﬁlqn expiexieds pexppective Uhgﬁgil@psnranin§<3nal

gasol i ne tanke3kifed  cmipdnentld o2 Ehe dibodlindht Eﬁ%oi:'ﬁ #i re gjsed to
secure the gasoli g tank tf t he v q@é{e n be u i

substantial alter e 18,2 ‘W&"P’BYSBEH?B“ ve 'br%ﬁi‘re
vessel %00 t haltehnative 2émbodimentTinfsa presisure vessal efttlvelprﬁqnhem ate
that the ? nPbRefoRe vessel of the present invention is not limted to
use in retrofitting vehicles. The present invention also has

applications in the deS|gn of new vehicles, as well as in ot her
appl i cati ons whi chDEERE] ‘ OF : ENTshaving a

e bentenr o SchEELe 14w nage to 28 35HLEeV9RERLEn 0N ot O
|n one BhbodRTe refery r&vagvﬁﬁes rmerads e The BTePRRF LHYARtion:
metal lic foi relates otoaamm:re: vesisele geherally, pandi wergaspecifically

i mper meabi | i §y. a3§anka@r|li iﬂgs ﬁggﬁrglcg O{z:i.é,?;-l)ayf‘; usi ng
filanent W ndi n not amlirar to Ki in the
art. Interiofupbing Ve 1ﬁ(ﬂHQﬁuquWq:he Ope| epkediment che present

pressure vessel is indicated generally at 10 in Figure 3.

20 This embodiment of the pressure vessel 10 includes three
cells 12 secured within a web 14. The three cells 12 include
a left end cell 16, a right end cell 18, and one interior
cell 20. The cells 12 have a novel geometry and other impor-
tant characteristics which will be described in detail after

25 the other main components of the pressure vessel 10 are
noted.

The right end cell 18 is preferably configured with a
valve 22 to control fluid flow in and out of the pressure
vessel 10. The valve 22 preferably includes pressure relief

30 means for the controlled release of pressurized fluid from
the pressure vessel 10 if the internal pressure of the pres-
sure vessel 10 exceeds a predetermined value. In one embodi-
ment the pressurized fluid is CNG and the predetermined value
for controlled fluid release is about 3,600 p.s.i.

35 Suitable pressure relief means include a mechanical
pressure relief mechanism of the type familiar in the art
which is configured to bleed off CNG at a set predetermined

-9-
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PCT/ US96/ 00363 f | ui d—commumi-cati on between cells, or an external
mani f ol d may be subsequently attached to provide such comruni cati on.
The cells are positioned adjacent one another, and all the cells are
t hen overw ap conposite web. The conposite 5 used j | s,
the web, or %ﬁﬂmﬁéyﬁlnclude car bon, gl ass, graphite, ar%ﬁ¥@§ﬁg%&%ther
known fibers bound in a t her nopl astic or thernDset resin In

anot her enbodi ment, the cells are forned of netal
extruding, or anBFRESUFRoccMitahle pressyrenpelief HEPnszﬁéqq Hﬁ?fFHEbAYt

The metal pi ecesineiuded dedusigsie plngand provide cehdmyermie vantipgd ini thea
conposi te web.  EpERbse Ue nign YdmpAbhEufELY! Sudh Cad ditidi BTl WIER AN

st eel . sunmar y sent Lnvention provi des a pressure
vessel in which ?ﬁ%lééF4¥§Qnﬁﬁe1ﬂﬁﬁ@§HFPaFﬁ§h ndt%9é9¥n&§qmenye=§sl 18cabgyven
a reinforci 8y wethe piedetemiirged valug.of Ithisppresently preferredsthat the

provi des general S e

to peel apart in %ﬁ%%%éi*ﬂ{%c’%eﬁ?—é’"%%ﬁm e8bEdvide efeitietioy VankIngtPhun
pressure vessel temperafures inydhe fank r 3Ph%b%‘k?eﬁmt &g dlegregs Fahren-
conventional gasweite Zfhosé B skidli iel tHesaft WwilPsappfdciate thaesshe to

engage con- h%¥§ 000 A e A0y W%&ﬁﬂkaiL%aﬂ%-useful Lly cont ga! %;gﬁté‘ﬂg

advant ages of t resent 1 nvention appa
t hr ough t hd0f ol | ¥a1Y® ¥R-at another Jorskigndonpithiarere Fhan oRecvailve.
conjunction wth the wédge-asixpEd Bnpportsapit ngte positioned to extend

lengthwise between the cells 12 and the web 14. For clarity
of illustration, portions of these supports 24 have been cut
- away in Figure 3. The supports 24 generally fill the wedge-
15 shaped unused volume between the cells 12 and the web 14 to
provide structural support to the web 14. Suitable materials
for the supports 24 include rubber, resilient foam, and other
rigid or semi-rigid materials familiar to those in the art.
The exterior of the pressure vessel 10 is configured
20 with fixtures defining recesses 25 for accepting and retain-
ing conventional gasoline tank straps {(not shown). It is
~ presently preferred in retrofitting applications that the
exterior of the pressure vessel 10 also conform generally in
shape to a conventional gasoline tank, both in its generally
25 rectangular shape and in its dimensions. The recesses 25 and
other conforming features of the pressure vessel 10 facili-~
tate replacement of a conventional gasoline tank with the
pressure vessel 10 during conversion of the vehicle from a
gasoline~-fueled configuration to a CNG-fueled configuration.
30 With reference to Figure 4, the end cell 18 includes an
outer wall 26 disposed about a liner 28. The outer wall 26
is preferably made of a composite material, such as carbon,
glass, graphite, aramid, or other known fibers bound in a
thermoplastic or thermoset resin such as epoxy. The liner 28
35 may be made of a gas impermeable material, such as a metallic
foil or a synthetic polymer f£ilm.



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a perspective view

of —apriror—art—pressure vessetT30 Frgure-2—TSa Cr oss=section
taken along line 2-2 in Figure 1. Figure 3 is a partia
cut - away perspective view of one enbodi ment of the pressure vessel of
the prese J§§ tion. - Figure 4 is a transver sep&iidsnsstst i on of
a:portion9%¥ i the pressure vessel taken along line 4-4 1n Figure 3.
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PCT/ US96/ 00363 5 is a sectione ective ew o
first al ter rﬁt‘i’\f’é‘%&& ﬁ@ﬁ?loﬁeﬁmﬁﬁé%sﬂ?‘g ‘?Fg'%%elc 5Ft§8ﬁt°f

i nventi on. the present dmven$ibp wiucbeodmbmieh@edmmcefnmcﬁ tosthend
5 alternatdyg @dﬁOQdTE@thQE gelRisgSedr fV€R§§ réﬁsﬁ:‘lev%%%‘inﬁ.o also

i nventi on. u | S an ex pectlve V|em1 | ustr tlng
sel ected comfinde Wﬁ%hc;‘éﬁﬂb'&?nen?hgh%m? SJg ﬁ SeMylre 8
I s a pasti aleylindnimsalner Thec geonetryvodfthe difter aiatm.r n&t isedefibnednbyt of

a pressure VosRtingfa Fiest’ 6982haer withV#pidik through a longitudinal
axis 30. The longitudinal axis 30 extends through a point 32
perpendicular to the plane of Figqure 4. The radius 34 of the
outer wall 26 is thus substantially constant through an arc

10 of about 180 degrees.

A generally quarter-cylindrical upper wall 36 and a
generally quarter-cylindrical lower wall 38 are attached to
the outer wall 26. The upper wall 36 is unitary with the
outer wall 26 at an upper-outer junction 40, and the lower

15 wall 38 is unitary with the outer wall 26 at a lower-outer
junction 42. The guarter-cylindrical geometry of the walls
36 and 38 is defined by slicing a second and third cylinder
which each have the same length as the outer wall 26 cylinder
but which also have smaller tube radii 44 and 46, respective-

20 ly. Each of the second and third cylinders is sliced with
two perpendicular planes through its longitudinal axis to
define the quarter-cylinder.

The upper half of the outer wall 26 and the upper wall
36 thus define a polyradial curve. The lower half of the

25 outer wall 26 and the lower wall 38 define a second poly-
radial curve. In this presently preferred embodiment, the
radius 44 of the upper wall 36 eguals the radius 46 of the
lower wall 38, but in alternative embodiments these radii
differ. However, the radius 34 of the outer wall 26 is

30 always larger than either of the radii 44 and 46.

A substantially straight inner wall 48 connects the
upper wall 36 and the lower wall 38. The inner wall 48 is
unitary with the upper wall 36 and the lower wall 38 at an
upper-inner junction 50 and a lower~inner junction 52, re-

35 spectively. The inner wall 48 is generally tangent to the
upper wall 36 at the upper-inner junction 50 and is generally
tangent to the lower wall 38 at the lower-inner junction 52.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI NENTS Ref erence is
now made to the figures wheretra++ke-parts 15 -are referred to by like
nunerals. The present invention relates to a pressure vessel
generally, and nore specifically to a tank for hol ding conpressed

nat ural gas ("CNG for fueling a vehicle (not shown). Cgﬁaﬁgnﬁgsﬁe

of the present 'ﬁfessure vessel is indicated generally at I'n Frgure
3.720 Thi s enbodi ment of the pressure vessel 10 includes three cells
12 secured within a web 14. The three cells 12 include a left end cel

16, a right end cell The WRh dhe(Figwie &) includep apoupper sheets Sk WiEb 5
novel geonetry arné geherallpotangent torthe uppatt ﬁail.StBGSatz\H:mél umidr%ter

descri bed in det %‘n&mc@?&ﬁr 48> Tﬁg%&rfﬁ iﬁ!ghon ig,gg‘gagﬁn | e preg %ﬁ%&ich

vessel 10 are
configured with 45 geneyaliy Yangent din r'-?ﬂe fiowey wrdl 3?\ ﬁhoﬂlﬁlt qyfewter

pressure 5 vesapkction 42e vihe cupperdrstieditaisigy andcthdcapper sl Je lsup-
30 means for t%‘gaﬁgﬂ{;gﬂr' ngiﬁéefﬁwsﬂ %ﬁ%zgg Mayéﬁ‘ {4 %t usedt *}%F

pressure vessel e*internal pres

10 exceeds a pr e&EPELRgREeFERTLze] rf’dﬁé’-enﬂ'@&i lover shﬁﬁt: Qﬁé’ﬁ? é?%rll"r'éd'
fluid is CNG andwal@ pscgabstantidllylderine a Ginitapt unhsed Joliine r'6d.caghe

= onmott o ©00 Pyl Jorame 5640 ke ReRMAR o BRI Sl by

which is codliguthe FS"EPEEH‘BN BYRPARtsy 24 t(Figuyet 3) ri ned

- 9- WO 96Ag312iustrated in Figure 3, it is presently preferred to

PCT/ US96/ 00363 configure each end of each cell 12 with a cap 62. In one
enmbodiment, the caps 62 on the end cells 16, 18 have a geome~
try which interpolates smoothly between a portion of a sphere

15 having a radius equal to the outer wall radius 34, on the one
hand, and portions of spheres having the upper wall radius 44
and the lower wall radius 46, on the other hand. The geome-
try of the caps 62 on the interior cell 20 interpolates
smoothly between a portion of a sphere having a radius egual

20 to the outer wall radius 34, on the one hand, and portions of
spheres having the upper wall radius: 44 and the lower wall
radius 46, on the other hand. In alternative embodiments,
the caps 62 have different geometries which smoothly blend
spheres having the three radii 34, 44, and 4e.

25 In one embodiment, each cap 62 corresponds in shape to a
hypothetical elastic sheet which is secured to the closed
polyradiél curve defined by the end of the cell 12 and then
subjected to a uniform deformation pressure. In analytic
terms, the end of the cell 12 defines a boundary condition

30 and the shape of the cap 62 is determined by manipulating
differential equations corresponding to deformation of the
uniform sheet by spatially uniform forces such as gas pres-
sure. Those of skill will appreciate that different sheet
elasticities may lead to differently-sized caps, and they

35 will readily choose between these possible shapes according
to the rectangular volume being approximated and other design
constraints.



pressure. Suitable pressure relief nmeans al so preferably I ncl udes a

fusrbte prug To provide emergency Venttng rmthe pr-esence-of - high--———-—

t enperatures, such as tenperatures which could rai se the pressure
within the pressure vessel 10 above 5 the predetermned value. It is
presently d that the fusible plug be confi gurRenisesdasavi de
ener gency Qé%%ﬁ’éFMen tenperatures in the tank rise above about 212
degr ees Fahren- heit. Those of skill in the art will appreciate that
t he pressure_vessel 10 coul | so be useful]y confjgured w,th the 10
val ve 22 at anot HEIIYRRS R e wldnskpate tua aH %’if‘é’qe ebodindnt

V\edge- shapedos upipe rpressure vesaelt odnthet preaen!tldi_.nventilmngt [Baiche elpet ween
the cells 12»@&%:% 0 ntim Ectdbabll ¥10ng ?:Piiﬁé '%&‘fiﬁﬂdﬂ&i&%&h@?ﬁ of

t hese supports ve been cut away Lh Figure 3. The pports. 24
general |y fi®32¥ pin \Refjdion to %é&nﬁngg‘édi%oﬁfm?%éwéﬁwg‘%éhs 12
and thesweb dubédiment sghown dm FigureuSainelywdes ta tlefthendiveld. 16uahdbl e
mterials a5 p{dft ldia el Fio_&?s, i¢ iBE{lHﬂ?er‘Pbﬁiteﬂ"oi: et 2foQa”hga“d
ot her rigrad or sem-rigid matertrals tamljar to those 1n the art.
The exteri or°?ﬂt’fﬁfﬁt'pr%tﬂ“\%°6’é§9§lt shova i Figure  Jdmcluges, ar 1otk cs
defini ng recendaselb 6y aaxdeht epdacdllecid) nand two iintexdorcielasalko.
gasoline ta r sla&?ﬁhﬁ kS mhl r '
retrofittingﬁoaﬁol ca |o(nié"t hat t gbhth °£x?%?=oé)r 0 t%ﬂo%?s&?gt\bgssel 10
al so caRf or P¥ReANG | invention mayipelude ;2050\ (RQFR | inferdiorneeddBk, both
in its generally xb showrtiangilares8ipaachdintericr GeFNY0Kas albab-
recesses 25 &g&ﬂluau téﬂi—%‘l%@&ﬂk” R@S@H{@é Yedt¥or" S%rki%n"ﬁﬁse' 10
facili - at € repl acement orf a cohventronal gasoll ne’'tank w t he
pressure vesgenerally tangentnFer eibhess thacupeer Walk 3fnof an end cell
gafsol i ne-fueled x® oy gwaitieoaem-&i%ueilzwbﬁcaﬁdwsﬁdﬂ@n 20 of Wth
referepge tao Fi e e 18,.] I 2
di sp032§ aboﬂ@%ﬁenfehrt%s%%%]‘gu? te)r’ w%{i %Zy@&f&f sceplrle%?tr géf\ga%ﬁegof a
conposi t e mAuhstantialdy semizcisrular loyenserosg-gaation 23awhdchoisot her
known f[I_Eerlsg&)mmSlly; tangent E.Bebﬂﬁ&iisthﬁ Mwéﬂﬂ&idm@t)sl 'S iah enahcasl "
epoxy. e er e.made of a gas inpernea .mat eci al., such as
etallic 1R de R edRaTRRFpRiof FoVer WAL 85’ 8
another interior cell 20. 1In this embodiment, the radius of
20 each semi-circular upper cross-section 21 substantially
equals the upper wall radius of the upper walls 36.
As il)lustrated in Figures 5-~7, the interior chambers of
the cells 12 of the pressure vessels may be placed in fluigd
communication with one another by one or more ports 64.
25 Thus, the pressure within the interiors of the cells 12 is
equalized, and only one valve 22 is needed to control the
flow of pressurized fluid in and out of the pressure vessel.
An alternative embodiment, illustrated in Figure 8, provides
fluid communication between the cells 12 through an external
30 manifold 66. The manifold is constructed of metal or other
familiar materials. In this embodiment, the pressure relief
valve 22 and fusible plug are integrated into the manifold
66.

Although the pressure vessels illustrated in Figures 3
35 through 6 are generally in the form of one row of cylinders,
alternative embodiments employ the novel geometry of the
present invention in pressure vessels having other general
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PCT/ US96/ 00363 e Athoughr t he novel georetry and ot her
characteristics of the present invention will be described with
reference to the end cell 18, other cells 12 of the pressure vessel 10
al so I ncl vel features. The outer wall 26 is gener gy D
cylindrical. ‘#‘gg‘%g rretry of the outer wall 26 is defined b?/ééﬁu S |:::i ng
a first cylinder with a plane through a |ongitudinal axis 30. The

| ongi tudi nal axis 30 extends through a point 32 per endl cul ar to t he

pl ane of Figure #roge Fof JDSEANGE, fghe embogimentg, inciydesgepgrally
substantial |l y corntaidal kedlghwhidchrhavé inoétredmigectiondEhecnovel geometry

A general 'y quarger. \He!lwdrﬂq:ali VeReio wal | 36 and a general |y
quarter-cylindrical Tq 38 are ched to he outer wall

The upper wal | 36 is QtieraSpbgdiment; § clude i fgur, and 5’61&? I Bﬁ’ﬁe?h%t*éw
junction 408 ancbnme.:dnmr In slmhl bnﬂedxnents.tax)cmﬂm-shbtiont of eath &6
at a | ower-outer rier the
wal | s 36 an e3§ | s % ne&iéyi ?If%iﬂﬁé iesIeéc%)QerWédS?%Fgga ?’l nder:

whi ch each have 3%t maydncivge, tye 12l \ghnves; M‘H‘dSPm of @ guar-

whi ch al so have tsemidiarculare outediri wdlla'bnlaﬂﬁis nasitary wdth’two &pallérch of

e serond, S A LBEARE SnThheCrhl ey 1o SURERTYeRhne el

The upper BRI f @nd reldy@ddr the Junctiens: PRtyesn: they quter ""'QG andsthef i ne
a polyradi al curueitabye smalderhsallls] ahe €ve various wellls?@rangenécalpyer

wal | 38 define %uﬁﬁﬁﬁ&gﬁmaﬁﬁ'they neet one another. Those of skill in the
art may also identify other embodiments according to the
teachings herein.
15 With reference to Figure 7, the present pressure vessel
is manufactured by methods familiar to those of skill in the
art. One approach forms the cells 12 by placing the liner 28
(Figure 4) around a mandrel (not shown) which has the desired
geometry and dimensions. The desired mandrel geometry, which
20 provides for tangential meetings between the cells 12 (see
Figures 5 and 6) and the other novel geometric features of
the present invention, is readily determined by those of
skill in the art according to the teachings herein.
The desired mandrel dimensions are readily determined by
25 those of skill in the art from information which includes the
strength of the materials used to form the cells 12, the
pressures the cells 12 must resist, and the dimensions of the
space into which the finished pressure vessel must fit. 1In
- one embodiment, the materials used to form the cells 12
30 include preimpregnated graphite tow which is wound with a
combination of hoop and helical windings to provide suffi-
cient strength to resist a standard operating pressure within
the pressure vessel of about 3,600 p.s.i. and a burst
strength of about two to three times that pressure. The
35 overall dimensions of this embodiment of the pressure vessel
are generally those of the conventional gasoline tank (not
shown) which the pressure vessel replaces. The present
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radial curve. In this presently preferred enbodi nent, the radi us 44 of

t he—upper—watt 36—equats the radrus—#6—of~—tfe——+ower—watl 38,—but—H—
alternative enbodi nents these radii di ffer. However, the radius 34 of

the outer wall 26 is 30 always larger than either of the radii 44 and 46.

A substantleﬂédé strai ght inner wall 48 connects the H§ﬁ6§ 36 and

t he | oner W The inner wall 48 is unitary with e upper wall 36
and the lower wall 38 at an upper-inner junction 50 and a | ower-inner
junction 52, re- 35 spectively. The inner wall 48 is generally tangent

to the ‘PRgRsune; Vesselamayhalaaphe - whhbized i applie a&#enﬁsogaﬁam ly

g g?gggtz 1t O tdfan wrdaaltltia& ghsbmcnéemudlnﬁhﬂm ifor ORG usage, in WO

The web 14 (‘f!} gur e“"af)e o ﬁﬁés an upper réhth? %,?Q %%9@/ Q:%%@%ntzonal ally
tangent to tQRSQkﬂﬂﬂ'ﬁﬁﬂN WéélaﬂefﬁeeuEBErd%R#QSG dimeqqhqeeueﬁ ? The web
14 al sosi nclpsasavird WemselNeet 56 which S generally tangent to the

| ower wall 38 at r r o] h t 54 and
t he upper wall BbAtQ%J the 1%{%@ aaf'?y*'%&?&l&ne%nk&u%}e E@S\Nhl ch is
not used forliner 28 dsi eyepwrapped by ¢onpopitm matenials neén%gi&menhe

| ower 4 vor WﬂdS%s%,g (t)thsea&bn]gihy, deipaewﬂtuﬁpm ,arauﬁamdvchm Qac&he
unused vol unes re a

wedge- shapedm§ﬁbp n%&gf Bﬁgé ¥a§£¥?hrrk°égﬂ§é Elsﬁ%?éd gure 3,
it is pPeserants p ppyts 64 begwmmmdmﬁheamléel pf1bheith a

cap 62. In glls 12 ?ﬂﬁ@k@?’f mabhenfng Saﬁi’e;.ﬁﬂ:ﬁé"%diﬁs@.%b' &flﬁhewehﬁve a

I R o L
suitable fixture. The valve 22 is secured to one of the end
cells 18 by a metal polar boss.

15 The cells 12 are then positioned adjacent one another as
shown in Figure 3. The rubber or foam supports 24 are placed
or glued against the cells 12. Then the cells 12 are over-
wrapped by the composite web 14. The web 14 includes known
composite materials and is applied by filament winding or

20 another application technique familiar to those of skill in
the art. 3

The full assembly is then placed in a clamshell mold
(not shown). The mold is generally box-shaped with silicone
rubber inserts that match the inside of the box on one side

25 and the desired exterior pressure vessel shape on the other.
A combination of silicone insert expansion and pressurization
of the cell liners 28 is then employed to compact the compos-
ite material to the desired shape. Those of skill in the art
will appreciate that other manufacturing techniques may also

30 be employed to form pressure vessels according to the teach-
ings herein. _

In another embodiment, the cells 12 are formed of metal
by stamping, extruding, or another process. familiar to those
of sBkill in the art. The metal pieces are welded together

35 and are then overwrapped with the composite web 14. Suitable
metals include titanium, aluminum, and steel.
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hand, and portions of spheres having the upper wall radius 44 and the

| oner wall radius 46, on the—etler—hand. The geofe- try of the caps 62
on the interior cell 20 interpol ates snoot hly between a portion of a
sphere having a radi us equal 20 to the outer wall radius 34, on the one
hand, and portions of spheres having the upper wall radi s t he
| ower wal | P WO P33l 46, on the other hand. In alternative l(l?rrrb é‘ment

the caps 62 have different geonetries which snoothly blend spheres
having the three radii 34, 44, and 46. 25 I n one enbodi ment, each

cap 62 corresponds | ANsBUBBATY, sthe Pregens HAVentios RECVIAes A (PXRLITE s
secured to the alegsed whichpapprodimates ithe detterndlbyolife cofl ®fcdivrsel |

12 and then e for, p S tic
terms, the end &i%?'%é %%gglﬁed nes @%%%yag?& cgﬁd ?o%ég:bs 'L&%é,

shape of the caMPPeri ¥addschrpgntewer walt i ayefspalkley fhan the
equati ons o®rrespa@idsngst ehdeéateatwm.of Bdnuse thuncémm neecitdngential-

spatially unifonQ [ @hGChesliibe EndWatd! £ tang[entiu&eto-rpﬂ%e?ghé rd siip-

appreci ate that eren el-asticitres ma
di fferently-si zP9régpthesrellne the pregoyre yagee) eﬁobbe present invention

possi bl e shapes hagCcgefiepgdlly ciiCuldl® drsis a@ctdbnEOthat bebigt AW %ﬁﬁrﬂd '

and ot her desig S ts.
WO 96/ 23721 %Y to ngﬂ L£§+€ ‘Moreover, the prﬁtﬁ?tE&%?ﬁﬂ@%%'vassel

Fi gures 5 ¥hd cconfgrmsate the external ishape iefdpneanventionadigagaline
pressure vessel tanklheTRecarberioy it ithe prasentpressure PeSeHENtid Gamaun

sectioned al ong 3, PgcERhGGTRR "Ehd'% & PLovidea with fixtures defining
recesses to engage the straps that previously held the gaso-
line tank to the vehicle.

15 The invention may be embodied in other specific forms
without departing from its essential characteristics. The
described embodiments are to be considered in all respects
only as illustrative and not restrictive. Any explanations
provided herein of the scientific principles employed in the

20 present invention are illustrative only. The scope of the
invention is, therefore, indicated by the appended claims
rather than by the foregoing description. All changes which
come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

25
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ally in position to the line 4-4 in Figure 3. Although the 5 enbodi nent
showr—mFrgure—5—Tnchudes—ateft—em~tert—T6—and— a rrght-end—ceH 18,

it includes no interior cell 20. By contrast, the enbodi ment shown in
Fidure 6 includes a left end cell 16, a right end cell 18, and two
interior celhgestn More general ly, enbodi ments of thepgfgssaiRsvessel
of .the 10 present invention may include zero or nore interior cells.

As “shown in Figure 6, each interior cell 20 has a sub- stantially

sem -circul ar_upper cross-section 21 which is generally tangent to
either the uﬁﬁ@Fg@hll 36 of an end cell 16, 18 or to the sem -circular

upper cross-sectian Zlaopre§suranve$nnlicnnpﬁis:ngalI 20. Each interior
cell 20 also has a atsﬂaaen&a'&ﬂa%I ef&gbarenhow%u%e@inae&tlon 23

which is general |y tangent to i er t wer wall 38 of an end cel
16, 18 or to the SERPSCPPCLEOP FOMRYI8INEL_section 23 of anot her
interiorscell 20. In this eaboadrceate ouker awills deifiding aastbstantiallyl ar
upper cross-section 21 t &> the upper wall.radius of

t he upper walls 36. oot ba£+¥ustrat F| es 5-7, the interior
chambers of the cells 3P BFcuate d%&%’ﬁr‘@]\}e Li§9nﬂ§7 sad paierry
fluid conmmuni cat | withi saidneuteriwell At ar upperevaterr janétiorS

Thus, the pressure wi tgpgqly ggptesifrfe@{nﬁ; £ SbbehAtiay cofifiiahd 2o

and onI one valve 22 I'S nee ressuri zed
fluid iHand out of thBPBREsYAll Xadius which ig, 1ess-thap §aid Pekrrent

illustrated in Figure @alprpaddas; and fluid communication between the

cells 12 through an eXEe&QQ|sggureémgﬁgéﬂ(ké¥a ﬁ#gh%eggg|fggg?lé?ﬁonstructed

of netal or other odi nen e pressure
reI i ef val ve COPPEAGipgspprubstantially miagax uppek: sheet waich ois
Al t benglralhy pangant cty el uppdr+datareJunot FogUoL SseachsS

througg}é are geng&ah?xdlgn?hgei £n1of one row of cylinders,

al ternative enbodi nmen e novel geonetry of the pr esent
i nvention in pres@ure v‘égse;rQSﬁEWn‘geﬁﬁeierofga%@rim 1, wherein said end
- 13 - cells comprise a composite material.

3. The pressure vessel of claim 1.'wherein said web
comprises a composite material.

20 4. The pressure vessel of claim 1, wherein each of
said end cells comprises a_substantially semi-cylindrical
portion.

5. The pressure vessel of claim 1, wherein said outer

wall radius is substantially the same for each of said outer
25 walls and said upper wall radius is substantially the same
for each of said upper walls.

6. The pressure vessel of claim 1, wherein an interior
cell is secured adjacent at least one of said upper walls of
said end cells, and said web is secured about said interior

30 cell.

7. The pressure vessel of claim 6, wherein a portion
of said interior cell adjacent said web has a substantially
semi-circular upper cross-section.

8. The pressure vessel of claim 7, wherein said

35 substantially semi-circular upper cross-section of said
interior cell is generally tangent to at least one of said
upper walls of said end cells.
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forms. For instance, sone efpodtrents include gererally t or-ei-dal
cells which have in cross-section the novel geonetry of the present

i nventi on. O her enbodi ments include four end cells rather than
two 5 end cgll n such enbodi nents, a cross-section of e.g,}g

the four end c§+’|9§nﬂ%¥ﬂ udes at | east one polyradial curve, y
include two polyradial curves in the formof a quar- ter-C|rcuIar
outer wall that is unitary with two snalle arter-circylar wall

The web is generally % angéﬁ\e PJ‘PRB’TO"“%‘HH kgL t%e%ﬁ&?f’oﬁsrﬁ%{'%e#

the outer wall osaid mibstantialilyr geptetirculad luppendrdss-section pﬁl s;id
are generally Téﬁ&e@el"ﬁ‘%e sh%ﬁ%aggfﬁlﬁ%&\m K&t - aE'&Oa‘:gpQ% wEiyl i

t he art may a | entl ot her e nt s accor

t eachi ngs her ej rfadays of \?ﬂﬁ‘ﬁtr ongr gfcRa 'he present
pressure veSsel 1. MThe priessatebyeased cols dknini |1a.r mrelinsatoleaktl I
in the art 'ﬂ.&&r h I h er
(Figure 4) ar ounﬁlei r%}r:%%?l’,gﬁg&nﬁ ﬁﬁi‘éi %&J&%{P %qldn%g Belid

and di nensi ons. ik (YRR WA 18 © eﬁﬂ%@r?“ VFRs 2’@ adjagenlcaty ?“t

tangential neet wlm dtmtsﬁeh imterdek| eells( sand said Wweluriss secagddbabeut! t he

ot her novel geo the present invention, is readily
det erm ned by t@ﬂ:&'i qfﬂﬁil&e%ﬁallsl n the art according to the teachi ng;
™

herein. 10 Thétdes{The) PRESSNEe Veseel; of Claim o, Surkhgs: ePAPH
25 those of skalwedge idimpuded betweshosaid i upperistieeatndfugaidt beb and at

Strength of the [EA Il diSFhiOuLBEl kiR S S it eorcBbCEME SFrdd®

cells 12 nmust resist, and I'nto
fini shed pressur@aifbdipper sheet; towppd saiddﬂﬁp%ﬂﬁ’cﬁ%ent the materials
used to formthe cell1R.12 Spressateutesperi cqtmeisimst graphi te tow which is

wound “ﬁthlg at least two composite end cells, each end cell
having a cross-section comprising:
an arcuate outer wall defining a substantially
constant outer wall radius;
an arcuate upper wall having an end unitary
20 with said outer wall at an upper-outer junction,
said upper wall defining a substantially constant
upper wall radius which is less than said outer
wall radius;
an arcuate lower wall having an end unitary
25 with said outer wall at a lower-outer junction,
said lower wall defining a substantially constant
lower wall radius which is less than said outer
wall radius; and
an inner wall having an upper end unitary with
30 said upper wall and having a lower end unitary with
said lower wall; and
a composite web secured about said end cells, said
web comprising a substantially planar upper sheet which
is generally tangent to said upper-outer junction of
35 each of said end cells, and a substantially planar lower
sheet which is generally tangent to said lower-outer
junction of each of said end cells.
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conbi nati on of hoop and helical w ndings to provide suf fi - ci ent

strength toTesi st—a standard operaﬂgmm—t—hl n ——the—pressure————
vessel of about 3,600 p.s.i. and a burst strength of about two to

three tines that pressure. The 35 overall dinensions of this enbodi nent

of the pre ssel are generally those of the connaiiseeRaks
gasoline tan gno shown) which the pressure vessel replaces. The

pr esent - 14 - WO 96/ 23721

PCT/ US96/ 00363 essure ves o] i.n I ons
ot her than r¥ty ofﬁf [ s ST i % ngd§fa ,? %G’%gg gﬁ@

whi ch case cV?lbrtQﬂiEQKﬁﬂQIﬁB1Q:H9W9F28361 Eaéﬁm%éﬁﬁﬁ(ﬁHPStantla@éybl|ne
tank wi Il deggwgl}he desired dinensions of the 5 pressure vessel .

After the Ilner aced | i.ner. 28 is

overw apped by co%&fosﬁ'be %&e‘? Q‘% ff?Fﬁ q?f'gaﬁé?ﬁ#hﬁ' ‘werﬁflﬁ'gan[ ube .
rol ling5 t apinberigy repllauisomecsared pdjagenteat leastrgne off saidt Mpperet hod
famliar to ¢RPP# dia ddjdcdnt @t 1bdst 8hb: of! wmdlmf walAg[PMnacsaid

configured in th 2 _eit by machining after the
conposite of weR ef%xﬁﬁcureg 4&5“t padd SP%&” PE 5= hC|ng the conposite
fibers around a 15. <Xhe sgriessune vesselhefyalaim i, shaxeinee porsienof
the end of Shafa lfhtur idriedll aebaeehessué&nb has aTmnmﬂahuah re

o T oniPsuppRerk SR, el rdsahagtion WLHH Jd darkratny é%fh " the
cells 12 aretovsaid uppemmlrie@fbytt Aeastnpnei of swid ma Tedlscandsa
i ncludes knoy@pstantially semi-circular lower cross-section which is
generally tangent to said lower wall of the same one of said
end cells.

15 16. The pressure vessel of claim 12, further comprising

a valve capable of selectively providing fluid communication
between an interior chamber of said pressure vessel and an
exterior pressurized fluid line connected to said valve.

17. A pressure vessel comprising:

20 at least two composite end cells, each of said end
cells comprising a substantially semi~-cylindrical
portion, each of said end cells having a cross-section
comprising:

a substantially semi-circular outer wall

25 having an outer wall radius;

a substantially guarter-circular upper wall
having an upper wall radius less than said outer
wall radius, said upper wall having an end unitary
with said outer wall at an upper-~outer junction;

30 a substantially quarter-circular lower wall
having a lower wall radius substantially equal to
said upper wall radius, said lower wall having an
end unitary with said outer wall at a lower-outer
junction; and

35 a substantially straight inner wall having an
upper end unitary with said upper wall and having a
lower end unitary with said lower wall; and

- 19 =
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conposite materials and is applied by filament w nding or 20 anot her
application techni que fam | i-a—to—those of skill—n the art.

The full assenbly is then placed in a clanshell nold (not shown). The
mol:d is generally box-shaped with silicone rubber inserts that match

the inside of P’ﬁ&% on one side 25 and the desired exteri geriRkffdssse
vessel shape on the At her . A conbi nation of silicone insert expansion

and pressurization of the cell liners 28 is then enployed to conpact
t he conpos- ite material to ipe desi red s hos

|n t
art wi || appreciate £hZP®BPfLF® ?RHQEEQFQ ﬁFgﬂegn %gi
be enpl oyed to form medssomprisingl a suhutahtﬁplly'mﬂanaraupper sheetmnhich

herein. In; %n hﬁhﬂ?%ﬂa&w wfesﬂﬁ luiapLZ--%eeEOsHﬁétpé?f@i

by stanping, extrudln or _ano f ocess iar to il

7 Tho Br Y The. o adchopgasaid pk qee gy e Sybstantiatiy plsnar Lover
over w appedswi t h t he shestowhichwid ¢enerdlily diamgent tonsaitislowertowter

titanium al um num I / 1
PCT/ US96/ 00363 %g'ci%ﬁ Of gach of sal rngecn%iﬁlgnvent i on. provi des

pressure vessel8uhi HeaBﬁFﬁﬁ?ﬁ%I¥EP§?ke9@“9%4%% 17| GHELRET £ Lng
ti onal gasoline amlﬁppe"i'hweggerrdlspoeédtmm& said upper sheet uppunidvaﬁéhs

and |ower walls %Qb‘t 8he SFPhAfd gt mlézorr egaheéts?ﬁ tﬁ@r&%

wal | . Because t i t angent i al - ecause t
tangential1®o tlﬂ“«,tel“lrgeaﬁﬂ duppper sheef, tawand. B@é»F’I UPPERcWAl ke s i?/essel
of- the present ilowert weldge AispbsedJseiswedn \sxiid Qowatr shees- OfCéaid wéthaind

\r/g:'SZf the tendgy jeast oh¥é bf BEFY PHRML wdDNL P rebiEtRhGSEOECEL St ©
urge said lower sheet toward said lower wall.
19. The pressure vessel of claim 17, wherein at least

15 two interior cells are secured between said end cells, each
of said upper walls of said end cells is adjacent at least
one of said interior cells, and said web is secured about
said interior cells.

20. The pressure vessel of claim 19, wherein a portion

20 of each of said interior cells has a substantially semi-
circular upper cross-section adjacent said upper sheet of
said web, at least one of said substantially semi-circular
upper cross-sections is generally tangent to at least one of
said upper walls of said end cells, each of said interior

25 cells has a substantially semi-circular lower cross-section
adjacent said lower sheet of said web, and at least one of
said substantially semi-circular lower cross-sections is
generally tangent to at least one of said lower walls of said
end cells.

30 21. The pressure vessel of claim 17, wherein the filled
wveight of said pressure vessel does not exceed the filled
weight of a gasoline tank that occupies substantially the
same volume envelope as said pressure vessel.

22. The pressure vessel of claim 17, wherein saiad

35 pressure vessel is configured with fixtures defining exterior
recesses capable of engaging gasoline tank straps which are
capable of securing said pressure vessel to the vehicle.

- 20 -
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10 confornms to the external shape of a conventional gasoline t ank.

The—ext ert+or—of thepresent pressure-vesser 1S UENer=- attyTectangutar
and is provided with fixtures defining recesses to engage the straps
that previously held the gaso- line tank to the vehicle. 15 The
i nventi on yWgYeg£nbodi ed in other specific forms W pOITOSIsAIEIER T | NQ
fromits essential characteristics. The descri bed enbodi nents are to
be considered in aII respects only as illustrative and not

restrictive. Any n vi de f
principles enpl o ﬁ‘nh[%hggf surerggée% il n€e% gnn ar'ews‘P? Hl/eé%ln 3

The scope ofof ra;aid preiqmm NGESP% are cgenfiquread, giith: ag B?aﬁﬁe"%m}?ﬂed

clains vit?ldlﬁ pridvdaely fuagdf BoRGEA IGatiE Hetiioon thel inbenyess vbE ch
come within t {3 qpﬁpg and range of equival ency of the clainms are to
be enbraced ¥ %hise €ir scope. 25

- 16 - 5 24. The pressure vessel of claim 17, wherein said cells
of said pressure vessel are configured with an external
manifold which provides fluid communication between the
interiors of said cells.

25. The pressure vessel of claim 17, further comprising
10 a valve capable of selectively providing fluid communication
with an interior chamber of said pressure vessel.
26. The pressure vessel of claim 25, wherein said valve
comprises a fusible plug.
| 27. The pressure vessel of claim 25, wherein said valve
15 comprises a mechanical pressure relief mechanism which is
configured to bleed off pressurized fluid at a set
predetermined pressure.

- 21 -
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CLARVS: tT—A& pr essur e~veESSEr—CONPTTSTNY: =t

| east two end cells, each end cell having a Cross-section
cogprising: 5 an arcuate outer wall defining a

subst ant i akgdyogrmarn constant outer wall radi us; pCT/USe6H0363
an_arcuate upper wall having an end unitanrys with said outer
wabl at an upper-outer junction, : sai d upper wall defining a
substantially constant 10 upper wall radius which is |ess than
sai d outer wal | radius; and a web secured
about said end cells, said web conprising a substantially planar
upper sheet which is ® general ly tangent to said upper-outer
junction of each 15 of said end cells. 2. The pressure
vessel of claim1, whekegin said end cells conprise a conposite
material. © . decgrepsure vessel of claim1, wherein said web
conprises a conpesite gk \ 4, The pressure vessel of claim
1, wherein eac > \|'s conprises a subg=antially

sem -cylindriced \ 5. The presdli e vessel of claim

u} i s substanti al | Y& he sanme for each
er, wal | radius isggubstantially the

sane f or\ eachr \ 6. e pressure vesse
of claim1, whe A M is secured agEacent at |east one
of said upper wat s, and said I s secured about

said interior 30
wherein a porgbo

@, pressure vessel of claim§é,

FIG. 1



of said interior cell adjacent said web has a substantially
Se—eteut-ar—tpper—eross—secti-on— 8 —Thepressure-vesset—of———
claim7, wherein said 35 substantially sem -circul ar upper cross-section

of. sai d interior cell is generally tangent to at |east one of said

upper wal | s of said end cells. PCT/US96/00363 17 -

WO 96/ 237240 9623721 - 2/6 PCT/ US96/ 00363

9.. The pressure vessel of claim7, wherein a radius of sai d
substantially sem -circul ar upper cross-section of said interior cel

is substantially equal to said upper wall radi us of at |east one of

said upper walls. 5 10. The pressure vessel of claim1, wherein at

| east twoiﬂ%enior cells are secured between said end cells, each

of said upper watls of said end cells is adjacent at |east j=one of said
interior cells, d said web is secured about said interi@cells. 10

11. The pressur%ﬂl_ofJIA|mL_ el ddler conprisi ng — a <fdge

di sposed between sai d  ,upper she- SEFS heeQd at | eastgyone of said
upper walls for resist|| ng for 5 that urge '\ upper shegt owar d

sai d upper wall. i ;w. A pressure vessel COWpris

at |east two conposit en"c I1s, each end cell \\\~ haV| a
Cross-section conpr|3|no, an ar cN\t e out er I
defining a substantlall, 'l radius;
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20 with said outer wall at an upper-outer junction,

sai d-upper—watt—defTminga substanmtTatty—comnstant Hpper

wal | radius which.is | ess than said outer wal | radius;
an;arcuate |lower wall having an end unitary 25 with said outer
wal | at a Wﬁgter junction, sai d | onerlpc¥aisheédsés Ni Ng a
subst anti ally ‘const ant | gwgr wal | radius which is |less than
satd outer wal I radius; and an i nner
wal | having an upper end unitary with 30 sai d upper wall and
having a |l ower end unitary with said |l ower wall; and

a conposite web secured about said end cel
a substantially planar upper sheet which
sai d upper-outer junction of 35 .
substantially planar | ower '
said | ower-outer

sai d web conpri si ng
[ erally tangent to
and a

12

_18_

PCT/ US96/ 00363

sai d upper wal |
equal . 14.
interior cell is secuygté

adj acent at | east
about said interig

A

FIG. 7

30




15. The pressure vessel of claim14, wherein a portion ~of said

i nt-e-or—eelt—adiacent—sal-d—web-
upper cross-section which is generally tangent to said upper wall of
at. | east one of said end cells and a substantially sem -circular | ower
cross-section which is enerally tangent to said |lo t he
sanme one JYO 62! end celgl s. 15 Y 4/2 16. The pres\é\ﬁ{rném\g;dg}sogﬁit, of
claim 12, further conprising a val ve capabl e of selectively providing
fluid conmunication between an interior chanber of said pressure
vessel and an exterior pressurized fluid |ine connected to said val ve.
17. A pressure vessel conprising: 20 at |least two conposite end
cells, each of said end cells conprising a substantially '
sem -cylindrical portion, each of said end cells having a
Cross-section conpri si ng: a substantially
sem -circular outer wall 25 havi ng an outer wall radius;
a substantially quarter-circular upper wall havi ng an upper
wal | radius | ess than said outer wal | radius, said upper
wal | having an end unitary! 54 58 with sghd outer wall at an
upper-outer junction; 30 ! a subsgantially quarter-circular
| ower wal | ing a~toWwer wall radius substantially equal to
sai d upper wall radius, sa 7Wf§5fzﬂ==§§abn- an end
unitary with said outer wall g /f;‘?‘v?":‘!- Q junction; and
35 a subs} ag Gy stirai ght ™Raef™yal | having an
upper end unitary with saig/Zipfper wal I and havi NONS | ower
end unitary with said | owsh fﬁl and} -
19 - 36 — 4] ;
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a cenpostte—web—secured—about sai-d—emt—cettsT—sard web—conprtstg—
a substantially planar upper sheet which is generally tangent to
sai d upper-outer junction of each of said end cells, and a
substantia‘ln) B_Jngpar | ower 5 sheet which is gener glirxisbedgant to

sai d | ower-outer junction okygach of said end cells.

18: The pressure vessel of claim 17, further conprising an upper

wedge di sposed between sai d upper sheet of said web and at | east one

of said upper walls for resisting forces , ge sai d upper sheet

toward said upper wall, and a bet ween sai d | ower
sheet of said web and at N |s for resisting
forces that urge said Iomeaya eet toward sai g7l ower Ywal |

19. The pressure vessel of clq;%/17, wherein at | two interior
cells are secured between sgiZ each d upper walls of

said end cells is adjacenigh grior cells, and

said web is secured aboygfZ N, AR 20. The
pressure vessel of1§Ia';//,: 4//'—'. AT A//sach of said
interior cells has S 8Y-2 20722200091 27, ;7"& //A 25 Cross-section
adj acent said upper si ' ' & one of said

substantially sem -ci Q
to at |east one of A\
interior 25 cells ha&%\

each of said
Cross-secti on

| ower
east one of sai d

substantial ly sem -circul AfRIPEEZL ONTwE 84 general |y tangent
to at |east one of said | ower m@éls of saro1 end cells. 30 21
The pressure vessel of claiml17, ﬁﬁ ein theTilled wei ght of said
pressure vessel does not exceed t éii ed wei ght of a gasoline tank
t hat occupies substantially the sanme vol unme envel ope as said pressure

vessel . 22. The pressure vessel of claim 17, wherein said




35 pressure vessel is configured with fixtures defining exterior

reCesses capabl e of _engagi ng gasoi e tank straps which—are —capabte—of
securing said pressure vessel to the vehicle.

- 20 - WD 96/ 23721

PCT/ US96/ OQudrsT21 23. The pressure vessel of cl aipgrdgosothgdr €i n
satd cells of said pressure vesselgpgge configured with at |east one
port whi ch provides fluid communi cati on between the interiors of
said cells. 5 . 24. The pressure vessel of claim17, wherein said
cells of said pressure vessel are configured with an externa

mani fol d which provides fluid comuni cation between the interiors of
said cells. 25. The pressure vessel of claim 17, further
conprising 10 a valve capable of selectively providing fluid

conmuni cati on with an interior chanmber of said pressure vessel.

- 26. The pressure vessel of claim25, wherein said valve conprises a
fusi bl e plug. 27. The pressure vessel of claim25, wherein said
val ve 15 conprises a nechanical pressure relief nmechanismwhich is
conflgured to bleed¢off pressuri zed f|UId at a set pr edet er m ned
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(57) Abstract

A pressure vessel (10) for holding a pressurized fluid such as compressed natural gas ("CNG") includes two end celis (12) and zero
or more interior cells. The cell geometry ensures that the cells (12) meet one another at tangential circular surfaces, thereby reducing the
tendency of adjacent cells to peel apart. A web (14} secured about the cells includes two shects that are tangent to the cells (12). Unused
volumes between the cells (12) and the web contain wedges of foam or rubber, A valve (22) provides fluid communication between the
interior of the pressurc vessel and a pressurized fluid line. The filled weight of one pressure vessel does not exceed the filled weight of a
conventional gasoline tank that occupics substantially the same space as the pressure vessel. The pressure vessel may be configured with
exterior recesses for engaging conventional gasoline tank straps.




