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(57) Abrege/Abstract:

A low temperature liquid tank (1) includes: a storage tank (5) having a bottom portion (5a) obtained by joining a plurality of bottom
plates (Sal); and a support portion (10) supporting the bottom portion, in which the support portion includes: an outer support
portion (11) supporting a margin of the storage tank including a sidewall of the storage tank; and an inner support portion (12)
disposed Inside the outer support portion and having a heat insulation (4b1) in which creep occurs when a load is applied to the
heat Insulation, and an Initial height of an upper surface of the inner support portion Is set so that, during a service life of the low
temperature liguid tank, maximum bending stress applied to the bottom plates due to a difference between a height of the upper

surface of the inner support portion and a height of an upper surface of the outer support portion remains equal to or smaller than
an allowable bending stress of the bottom plates.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca I*I
50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca al I a



10

CA 02303385 2015-05-01

ABSTRACT

A low temperature liquid tank (1) includes: a storage tank (5) having a bottom
portion (5a) obtained by joining a plurality of bottom plates (5al); and a support portion
(10) supporting the bottom portion, in which the support portion includes: an outer
support portion (11) supporting a margin of the storage tank including a sidewall of the
storage tank; and an inner support portion (12) disposed inside the outer support portion
and having a heat insulation (4b1) in which creep occurs when a load 1s applied to the
heat insulation, and an initial height of an upper surface of the inner support portion i1s set
so that, during a service life of the low temperature liquid tank, maximum bending stress
applied to the bottom plates due to a difference between a height of the upper surface of
the inner support portion and a height of an upper surface of the outer support portion

remains equal to or smaller than an allowable bending stress of the bottom plates.
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1
DESCRIPTION

Title

LOW TEMPERATURE LIQUID TANK

Technical Field

[0001]

Embodiments described herein relate to a low temperature liquid tank.

Background Art
10002]

Tanks (low temperature liquid tanks) in which a low temperature liquid is
stored, such as liquetied natural gas (LNG) tanks or liquefied petroleum gas (LPG)
tanks, are each equipped with a storage tank in which the low temperature liquid is
stored and a support portion that supports the storage tank. To prevent heat from being
input from the ground, a heat insulation is included in the support portion (bottom cold
insulating structure).

10003]

Conventionally, foam glass, which has high rigidity and in which the effect of
creep caused by a load applied from above is negligible in a manner similar to concrete,
has been used as the heat insulation included in the support portion. Further, in recent
years, a technique in which a margin including a sidewall of a storage tank is formed of

a material 1n which the effect of creep is negligible, such as concrete, and a water- or
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2
cyclopentane-foamed heat insulation having higher cold insulating performance as

shown in Patent Documents 1 and 2 is arranged inside the margin has also been

proposed.

Citation List
Patent Documents

[0004)

Patent Document 1: Japanese Unexamined Patent Application, First Publication

No. 2007-2118

Patent Document 2: Japanese Unexamined Patent Application, First Publication

No. 2000-171148

sSummary )

[0005]

However, unlike foam glass, a water-or cyclopentane-foamed heat insulation
does not have high rigidity. For this reason, there is a possibility of creep occurring
during the service life of a low temperature liquid tank and of an upper surface of the
support portion that supports the storage tank gradually sinking.

(0006]

If the upper surface of the middle portion of the support portion including the
water- or cyclopentane-foamed heat insulation sinks in this way, a great level difference
occurs between the upper surface of the middle portion and the upper surface of

portions supporting the margin of the storage tank. Due to the level difference, the

bottom portion of the storage tank is bent. Thus, bending stress occurs, and a great load is
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3
applied to the bottom portion of the storage tank. For this reason, during the use of the

low temperature liquid tank, a possibility of a need to perform large-scale maintenance
on the bottom portion of the storage tank arising is increased.
[0007]

In the tanks in which low-temperature liquids are stored at a low temperature
with no change in temperature, including but not limited to LNG tanks and LPG tanks,
the heat insulation is included in the support portion that supports the storage tank.
Thus, when the water- or cyclopentane-foamed heat insulation is used as the heat

insulation, the same problems occur.

[0008]
The present disclosure has been made in consideration of the aforementioned
problems, and an object of the present disclosure is to provide a low temperature liquid

tank that inhibits a great load from being applied to a bottom portion thereof while in

usc.

[0009]

The present disclosure employs the following structures as means of addressing

the above-described problems.
[0010]

A first aspect of the present disclosure provides a low temperature liquid tank
that includes: a storage tank having a bottom portion obtained by joining a plurality of
bottom plates; and a support portion supporting the bottom portion, in which the
support portion includes: an outer support portion supporting a margin of the storage

tank including a sidewall of the storage tank; and an inner support portion disposed inside

the outer support portion and having a heat insulation in which creep occurs when a load is
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applied to the heat insulation, and an initial height of an upper surface of the inner
support portion is set so that, during a service life of the low temperature liquid tank,
maximum bending stress applied to the bottom plates due to a difterence between a
height of the upper surface of the inner support portion and a height of an upper surface
of the outer support portion remains equal to or smaller than an allowable bending stress
of the bottom plates.

[0011]

A second aspect of the present disclosure is configured such that, in the first
aspect, the initial height of the upper surface of the inner support portion is set to be
higher than that of the upper surtace ot the outer support portion.

[0012]

A third aspect of the present disclosure is configured such that, in the first or
second aspect, the inner support portion has a height setting plate that prescribes the
initial height of the upper surface of the inner support portion.

(0013]
A fourth aspect of the present disclosure i1s configured such that, in the third

aspect, the height setting plate is a heat-resistant board disposed on the heat insulation.
[0014]

A fifth aspect of the present disclosure is configured such that, in any one of the
first to fourth aspects, an edge of the outer support portion which is adjacent to the inner
support portion 1s chamfered.

[00135]
A sixth aspect of the present disclosure 1s configured such that, in any one of the

first to fifth aspects, the heat insulation is a rigid plastic foam.



10

15

20

CA 02903385 2017-01-23

[0016]

[n the present disclosure, the initial height of the upper surface of the inner
support portion is set such that the maximum bending stress applied to the bottom
plates due to the difference between the height of the upper surface of the inner support
portion and the height of the upper surface of the outer support portion during a service
life of the low temperature liquid tank does not exceed the allowable bending stress of
the bottom plates. For this reason, according to the present disclosure, the difference
between the height of the upper surface of the inner support portion and the height of
the upper surtace of the outer support portion may not be great enough to have an
influence on the bottom plates during the service life of the low temperature liquid
tank. Accordingly, according to the present disclosure, the low temperature liquid tank

can inhibit a great load from being applied to the bottom while in use.

Brief Description of Drawings
[0017]

FIG. 1 is a sectional view schematically showing a general constitution of an
LNG tank in an embodiment of the present disclosure.

FIG. 2A is an enlarged view of an area A of FIG. 1.

FIG. 2B is an enlarged view of the area shown in FIG. 2A after a service life
has lapsed.

FIG. 3A is an enlarged view in a modification of the LNG tank.

FIG. 3B is an enlarged view of the area shown in FIG. 3A after a service life

has lapsed.
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Description of Embodiments
[0018]

Hereinafter, an embodiment of a low temperature liquid tank according to the
present disclosure will be described with reterence to the drawings.

Note that in the drawings, a scale of each member is adequately changed such
that each member has a recognizable size. Further, in the present embodiment, as the
low temperature liquid tank, a liquefied natural gas (LNG) tank will be described by way
of example.

[0019]

FIG. 1 is a sectional view schematically showing a general constitution of an
LNG tank 1 of the present embodiment. As shown in FIG. 1, the LNG tank 1 of the
present embodiment is a ground-type metal double shell tank, and is equipped with a
base plate 2, an outer tank 3, a bottom cold insulating mechanism (support portion) 4, an
inner tank (storage tank) 5, a blanket 6, and a lateral cold insulation 7.

[0020]
The base plate 2 is a disc-like member formed of concrete, and supports the

outer tank 3, the bottom cold insulating mechanism 4, the inner tank 5, the blanket 6, and

the lateral cold insulation 7. The outer tank 3 is a cylindrical container formed of '

carbon steel, and is erected on the base plate 2 so as to surround the bottom cold

insulating mechanism 4, the inner tank 3, the blanket 6, and the lateral cold insulation 7.
The bottom cold insulating mechanism 4 is disposed under the inner tank 5 inside the
outer tank 3, and is adapted to support the inner tank 5. The bottom cold insulating

mechanism 4 is a member equivalent to the support portion in the present disclosure, and

details thereof will be described below.

(0021]
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The inner tank 5 is a cylindrical container in which LNG is stored, and is erected
on the bottom cold insulating mechanism 4. The inner tank 5 is made up of a bottom
portion 5a and a sidewall 5b formed of nickel steel, an annular plate 5¢ connecting the
bottom portion 5a and the sidewall 5b (see FIGS. 2A and 2B), and a ceiling 5d that is
formed of aluminum steel and is supported in a suspended state. The bottom portion Sa
of the inner tank 5 is formed in such a manner that a plurality of bottom plates 5al (see
FIGS. 2A and 2B) formed of nickel steel are joined. The annular plate 5c¢ is a part of
the inner tank 5 as described above. However, in the present embodiment, the annular
plate 5c serves as a part of the support portion of the present disclosure. The blanket 6
is disposed to cover the sidewall 5b of the inner tank 5 from the outside, has a cold
insulating function, and absorbs thermal deformation of the inner tank 5. The lateral
cold insulation 7 is filled between the blanket 6 and the outer tank 3, and is formed of, for
example, perlite.

[0022]

FIGS. 2A and 2B are enlarged views of an area A of FIG. 1. Note that it is
shown in FIGS. 2A and 2B that each member is changed particularly in height among
actual dimensions in order to emphasize a difference in the height of each member. As
shown in FIGS. 2A and 2B, the bottom cold insulating mechanism 4 is made up of a
peripheral section 4a disposed under the sidewall 5b of the inner tank 5, and a midsection
4b disposed inside the peripheral section 4a.

[0023]

The peripheral section 4a supports the annular plate 5c of the inner tank 3, 1s
formed of concrete, and is provided along the sidewall 5b of the inner tank 5 in an
annular shape. The midsection 4b is formed by a heat insulating layer 4bl installed on

the base plate 2, and a plurality of calcium silicate boards 4b2 provided on the heat
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insulating layer 4bl.
[0024]

The heat insulating layer 4b1 is a member for preventing heat from being input
to the inner tank 5 from the ground. In the present embodiment, the heat insulating
layer 4b1 is formed of a rigid plastic foam, in which, unlike concrete or foam glass, creep
occurs due to a load from above. To be more specific, the heat insulating layer 4bl may
be formed of a rigid urethane foam, a rigid polyisocyanurate foam, or a rigid polyvinyl
chloride foam.

[0025]

The calcium silicate boards 4b2 are heat-resistant boards, and upper surtaces
4b3 thereof serve as supporting surfaces which support the bottom plates 5al that form
the bottom portion 5a of the inner tank 5. These calcium silicate boards 4b2 prevent a
heat effect on the underlaid heat insulating layer 4bl when the bottom plates 5al are
welded to each other while the LNG tank 1 1s under construction.

[0026]
As shown in FIG. 2A, the bottom portion 3a (i.e., the bottom plates Sal) of the

inner tank 5 is in contact with an upper surface 5cl of the annular plate 5c at a margin of

the inner tank 5, and is in contact with the upper surfaces 4b3 ot the calcium stlicate
boards 4b2 at the midsection of the inner tank 5. That is, the bottom portion 5a of the
inner tank 5 is supported by the bottom cold insulating mechanism 4 and the annular

plate 5c. In the LNG tank 1 of the present embodiment, a structure made up of the
bottom cold insulating mechanism 4 and the annular plate Sc 1s referred to as a support
portion 10. Further, a peripheral section of the support portion 10 1s made up of the

peripheral section 4a of the bottom cold insulating mechanism 4 and the annular plate Sc,

and supports the margin of the inner tank 5 including the sidewall 5b of the inner tank 5.
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Hereinafter, the peripheral section of the support portion 10 is referred to as an outer
support portion 11.  In addition, a midsection of the support portion 10 is made up of the
midsection 4b of the bottom cold insulating mechanism 4. Hereinafter, the midsection
of the support portion 10 is referred to as an inner support portion 12. That is, the LNG
tank 1 of the present embodiment includes the outer support portion 11 that supports the
margin of the inner tank 5 including the sidewall 5b of the inner tank 5, and the inner
support portion 12 that is disposed inside the outer support portion 11 and that has the

heat insulating layer 4b1 formed of the heat insulation in which creep occurs when a load
is applied.
[0027]

FIG. 2A shows a state immediately after construction of the LNG tank 1 of the
present embodiment is completed. As shown in FIG. 2A, in the LNG tank 1 of the
present embodiment, an upper surface 12a (i.e., the calcium silicate boards 4b2) of the
inner support portion 12 has an initial height set to be higher than a height of an upper
surface 11a (the upper surface 5c¢1 of the annular plate 5c) of the outer support portion 11.
In the LNG tank 1 of the present embodiment, since the heat insulating layer 4bl formed

of rigid plastic foam is included in the bottom cold insulating mechanism 4, when the
heat insulating layer 4bl receives a load from above due to weight of LNG stored in the

inner tank 5, creep occurs in the heat insulating layer 4bl. For this reason, in the LNG
tank 1 of the present embodiment, the heat insulating layer 4b1 is gradually compressed

due to long-term use, and the upper surface 12a of the inner support portion 12 sinks.
As a result, after the service life of the LNG tank | has lapsed, the upper surtace 12a ot
the inner support portion 12 is, as shown in FIG. 2B, located below the upper surface 11a

of the outer support portion 11.

(0028]
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Here, in the LNG tank 1 of the present embodiment, an extent value to which
the upper surface 12a of the inner support portion 12 sinks after the service lite of the
LNG tank [ has lapsed is obtained through experimentation or simulation in a design step,
and the initial height of the upper surface 12a of the inner support portion 12 is set based
on the obtained value so as not to affect a great effect on the bottom plates 5al. To be
specific, a difference between the height of the upper surface 12a of the inner support
portion 12 and the height of the upper surface 11a of the outer support portion 11 is
obtatned from an amount of sinkage of the upper surtace 12a ot the inner support portion
12. Maximum bending stress applied to the bottom plates 5al is obtained from this
difference, and is compared with allowable bending stress of the bottom plates Sal
(stress at which the bottom plates 5al can be estimated not to need repair during the
service life of the LNG tank 1). The initial height of the upper surface 12a is set such
that the maximum bending stress does not exceed the allowable bending stress of the
bottom plates Sal. The initial height 1s naturally set such that the maximum bending
stress applied to the bottom plates Sal by the difterence between the height of the upper
surface 12a of the inner support portion 12 and the height of the upper surtace 11a of the

outer support portion 11 at an initial stage does not exceed the allowable bending stress
of the bottom plates 5al.

(0029]

As described above, in the LNG tank 1 of the present embodiment, the initial
height of the upper surface 12a of the inner support portion 12 is set such that the
maximum bending stress applied to the bottom plates 5al due to the difference between
the height of the upper surface 12a of the inner support portion 12 and the height of the
upper surface 11a of the outer support portion 11 during the service lite of the LNG tank

| remains equal to or smaller than the allowable bending stress of the bottom plates Sal.
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For this reason, according to the LNG tank 1 of the present embodiment, the difference
between the height of the upper surface 12a of the inner support portion 12 and the height
of the upper surface 11a of the outer support portion 11 does not become great enough to
have an influence on the bottom plates 5al during the service life of the LNG tank 1.
5  Accordingly, according to the LNG tank 1 of the present embodiment, it 1s possible to
inhibit a great load from being applied to the bottom portion 5a of the inner tank 5 during
the use of the LNG tank 1.
[0030]
Further, the initial height of the upper surface 12a of the inner support portion 12
10 may be adjusted, for instance, by changing thicknesses of the components (i.€., in the
present embodiment, the heat insulating layer 4b1 and the calcium silicate boards 4b2) of
the inner support portion 12 or by raising the base plate 2.  Also, the height of the upper
surface 12a of the inner support portion 12 may be adjusted by newly installing on the
inner support portion 12 a height setting plate for prescribing the height of the upper
15 surface 12a. However, since it is easy to adjust the thicknesses of the calcium silicate
boards 4b2, the calcium silicate boards 4b2 are preferably used as the height setting plate.

[0031]

While a preferred embodiment of the present disclosure has been described with
reference to the attached drawings, it goes without saying that the present disclosure 1s
20  not limited to the above embodiment. All the shapes and combinations of the
components shown in the aforementioned embodiment are only examples and can be
variously modified based on design requirements without departing from the spirit and
scope of the present disclosure.

[0032]

25 For example, as shown in FIG. 3A, a constitution in which an edge 11b of the
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outer support portion 11 which is adjacent to the inner support portion 12 is chamfered
may also be employed. As a result of employing this constitution, as shown in FIG. 3B,
even when the upper surface 12a of the inner support portion 12 sinks and is located
below the upper surface 11a of the outer support portion 11, the edge of the outer support
portion 11 can be prevented from colliding with the bottom plates 5al and high stress can
be prevented from being locally applied to the bottom plates Sal.

[0033]

Also, in the above embodiment, the constitution in which the outer support
portion 11 is made up of the peripheral section 4a of the bottom cold insulating
mechanism 4 and the annular plate 5c, the bottom plates 5al are supported by the upper
surface of the annular plate 5c, and the annular plate 5c¢ and each bottom plate Sal
overlap and are welded together is employed. However, the present disclosure 1s not
limited to this constitution. For example, a constitution in which the bottom plates Sal
are directly supported by the upper surface of the peripheral section 4a of the bottom cold
insulating mechanism 4 and each bottom plate 5al and the annular plate Sc are butted
and welded may also be employed.

[n this case, the bottom plates 5al are supported by the upper surface of the
peripheral section 4a of the bottom cold insulating mechanism 4.  For this reason, the

outer support portion is configured of only the peripheral section 4a of the bottom cold

insulating mechanism 4, and the upper surface of the peripheral section 4a becomes the
upper surface of the outer support portion.
10034 ]

Also, in the above embodiment, the constitution in which the inner support
portion 12 is made up of the heat insulating layer 4b1 formed of the rigid urethane foam

and the calcium silicate boards 4b2 is employed. However, the present disclosure is not
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limited to this constitution, and the inner support portion 12 may also have a ditferent
structure. For example, a constitution in which a second heat insulating layer formed of,
for example, foam glass is included in the inner support portion 12 may be employed.
Also, foam glass may be disposed at an upper layer, and the calcium silicate boards 4b2
may be removed. When the structure of the inner support portion 12 is changed, the
component having a surface supporting the bottom plates Sal is also modified.

[0035]

Also, 1n the above embodiment, the constitution in which the heat insulating
layer 4b1 is formed of the rigid urethane foam has been described. However, the heat
insulating layer is not limited to the rigid urethane foam, and any foamed plastic may be
used as the heat insulating layer.

[0036]

Also, in the above embodiment, the example in which the low temperature
liquid tank of the present disclosure is applied to the LNG tank 1 has been described.
However, the low temperature liquid tank of the present disclosure may also be applied

to an LPG tank or other low temperature hquid tanks.

[0037]

In addition, in the present disclosure, the initial height of the upper surface of the
inner support portion is not necessarily higher than that of the upper surface of the outer
support portion. For example, the initial height of the upper surtace of the inner support

portion may be flush with that of the upper surface of the outer support portion.

[ndustrial Applicability

(0038]

The low temperature liquid tank can inhibit a great load from being applied to
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the bottom portion while in use.

Reference Signs List
[0039]
1: LNG tank (low temperature liquid tank)
2: base plate
3: outer tank
4: bottom cold insulating mechanism
4a: peripheral section
4b: midsection
4bl: heat insulating layer (heat insulation)
4b2: calcium silicate board (height setting plate)
4b3: upper surface
5: inner tank (storage tank)
Sa: bottom portion

5al: bottom plate

5b: sidewall
S¢: annular plate

5cl: upper surface

5d: ceiling

6: blanket

7: lateral cold insulation
10: support portion

11: outer support portion

11a: upper surtface
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11b: edge

[2: inner support portion

12a: upper surface
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A low temperature liquid tank comprising:
a storage tank having a bottom portion obtained by joining a plurality of bottom
plates; and
a support portton supporting the bottom portion,
wherein the support portion includes:
an outer support portion supporting a margin of the storage tank
including a sidewall ofthe storage tank; and
an inner support portion disposed inside the outer support portion and
having a heat insulation in which creep occurs when a load is applied to the
heat insulation, and
an initial height ofan upper surface ofthe inner support portion is set so
that, during a service life ofthe low temperature liquid tank. maximum bending
stress applied to the bottom plates due to a difference between a height ofthe
upper surface of the inner support portion and a height of an upper surface of the
outer support portion remains equal to or smaller than an allowable bending
stress of the bottom plates;
wherein the initial height ofthe upper surface ofthe inner support portion is set

to be higher than that ofthe upper surface ofthe outer support portion.

2. The low temperature liquid tank according to claim 1, wherein the inner
support portion has a height setting plate that prescribes the initial height ofthe upper

surface of the inner support portion.

3. The low temperature liquid tank according to claim 2, wherein the height

setting plate 1s a heat-resistant board disposed on the heat insulation.

4. The low temperature liquid tank according to any one of claims 1 to 3, wherein

an edge ofthe outer support portion which is adjacent to the inner support portion is

chamfered.
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5. The low temperature liquid tank according to any one ofclaims 1 to 3, wherein
the heat insulation is a rigid plastic foam.
6. The low temperature hquid tank according to claim 4, wherein the heat

insulation is a rigid plastic foam.



CA 02903385 2015-09-01

1/3

I
/ - a
N v

. s

O 7771 A A A A A A A2 A

= 7

ob

-
4
.
<
-
v
v
s
<
P
e
K
v

ob

= \ Wt LY d
‘&\
LN A

Ha
43 4b 43

“---qb‘

NN SN S N S N NN N R NN NN AN R NN N NN NN
NS SN R NN S A NN NN SN N 8 N R RS RN NN SR NN NN N\ N
4 b v 9 1 % B P 3 4 ¢V T § F & B R ¢ T Y @ & 4 ¥ P 4 % % ¢4 3 4 4 Y % & 3 o ¥t & * e
:.1'0.'.1.9’1’0'.‘"ltﬁ.:’l‘ﬁ‘,......‘Q'O’Q’O’U‘Q‘D.:‘: :’1.:’:‘0‘0‘A‘l.I‘:‘:.l‘:".“l‘)‘ﬁ




CA 02903385 2015-09-01

2/3

a 4b3 (12a)

c ocl(11a)

IV
- - r » -
-y = r
[ - L »~ - v - - A" s - =~ - LR R -» - & L B +* » - e - - v - vy v w b o0 - r e - eTAa & *r
T — I/I,/ R e e it it W
B NNy : - 3 : N AL AR WY AN
R N N AN A ~ \\"-.‘\'\ WA TERS
A % /7 IR IR N SN
y > % ORI NN N NN AT OO AN A
; 7 LR \ \\ - " N \\,\ % .\ b -.\\\ \\ N S N ‘\\ -
. 7 ' AN AN AN RN R R RN,
- \ - - . N . N -~ \ “* Y - % - ~ Y S
. o . N “ ‘W N - AN LN “ - “ b L
& 2 Y SN WEN LU T “ % LNy
Y AN Y N NN NUURS e T S
RN A G TV o ~ AR
™ oy M N A R ‘\ LR IR N AR R
N \\‘ Ny \\ “ ..\ A \\ . SN N \\\\ -
) N \\\\ N LN .\\‘\ * \\\'. NN - N \\‘\\
ARSI ON N OOy, TN
- N e N N »
AL Y ANy AN NN AR \\\\\\‘.\ \
. PO L SO AN A et
- e v L A » “ ~. \\ N N » ™ k‘\-\ “ N \ \\ .
RN ™ N\, N
- NN o
ONR NN ~ A ~
S £ ~ \'\\ -~ S
\\ \\ ‘\\C \ \.\:‘
AR \ LN . -\ \ . \\ NN

FIG. 2B

c 9cl(11a)

’ /'
- Iy 4
a a
[ 3 * " '3
A ® a p »
s . - " - ‘ . ' - ‘ - |/
¢ / » ¢ » . - . . " ‘ ’II/II"
NN AN N % LLLLLL,
i h N\ ‘ ,,' . / £ )
R E any Ay - vy o WOSSSSI SIVIIV AR NN NN\
. / 4/ %/ h
O...J.b.‘.#’O.O‘D - 0.0'0.-'~.4.4.-‘0'-‘-.0 v‘-’o.t‘p.cov.o.-.o.o.r'u.c‘occ’o‘ ..~b-loo‘.’.’0‘&‘.‘0‘.‘0’."‘ﬁ...p.-"‘Q.d o.a"--.a.p..‘-’.. -
/A 'R s "R SN R I X R RS S M O N S SO A M ST SN ST AR FR R S 0 ST I g S Pt 127"
4 1lmw an s
awv s . nyr 3 ’
Al S L N N
* n.vd:::-
L I N
‘ L B N
= TEa
, aaw ,/ “ A Y
o N S NN PN TR R
WOATORN Y A N S SO AN A
S\ \\‘ N N h N\ b "N » “ .
-~ - » . “ LN \ e
\\ \\\ \‘.\ '\\ \\ \\ \ \\ \\ ?\\ \\‘ \\\ \\ \\\\\:\ » N S
~ ~ \ \ ~
Y St R s\\ \ NN ;\ N .
‘\‘\\ A . Y . \\“\ S A N \'}\‘
e \\. ' \\- ‘:‘\ \\‘ N \:\‘\\ . ~‘\ ;\\\\

4h2
4b1

>

4b (12)

~4b (12)




CA 02903385 2015-09-01

3/3

é oct (11a) bal 4b3 (122
s S LIIY.

HAASSSTS LI TSIV 2l \NNNNNNN NN\,

3 " - e /l — W/I//) e T e P T
. ) mmw - N TN . : LN :

-

ob

5¢c1 (11a)
2C 11b  5al 4b3 (12a)

(L

. 22,
<%, 777777,
N I dsrtrr i SN

v - - » > - -
LA A RANEEEREREEREEAEREIZAEREEREARA AL EA AR RE IR ENE ERE EJEE R EIENEJIE NN EE X I IR N N IR I R NN I RN
L A A RN ERRE AN A A RENANRAEAEAEREEEA AR EE AR EEREE AN EEE AN AN A I A A I N 2 N
R RN E XN N AR RN A E R N EE N A Y R E R N N A A R RN O X TN

. \ R ~
7 VR SR TR “ W \ Noant A \\ * . AR
Y “ \ AR h e N\ AR TR » N,

Iyl

>4b (12)

~4b (12)

4b1,



c 9cl(11a)

‘nivawsifv-obin--ﬁ‘---...---.ob.-o t...p..p.--.....-...-.q.-*..p

v * irv-tvvrr-vlrhl;l'alia-.q'-tuw.c-pg AU
v - - B & E B O AP et et DA umn e ap LA ayg arp - F )
*"'-&-ll‘.".J."l.-'l“Jl.'.“r-'l."‘.‘L""b‘—’-‘vabvllr-#cso-c'-v.rca--a-.ioopu

d

AL, 117//

Fa s s s agimpaay by tef=afensrs
‘l"ﬁ""'”.. > 4 %0 -

4b3 (12a)

7 LLLLLL
Ll \NNNNNNNVNNNNNNNN

AR L a—_——_
By S
A N N
\\\\ Ny \\5 A
R LR N

4h2

4b1

>4b (12)




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - abstract drawing

