oo

e o
oo
LX)

(Y] X}

{
¥

6507 14

R
3
Lo

J
v\

P/00/001 SPRUSON & FERGUSON

Commonwealth of Australia
Patents Act 1990
PATENT REQUEST: STANDARD PATENT

We, the Applicants/Nominated Persons specified below, request we be granted a

patent for the invention disclosed in the accompanying standard complete

specification.

[70,711  Applicants/Nominated Persons:

Cooper Industries, Inc., of First City Tower, Suite 4000, PO Box

4446, Houston, Texas, 77210, United States of America
[54] Invention Title:

Casing Hanger Seal Assembly
{72] Inventor(s):

Will*am M. Taylor; James A. Burton
[74] Address for Service in Australia:

Spruson & Ferguson, Patent Attorneys

Level 33 St Martins Tower

31 Market Street

Sydney New South Wales Australia [Code SF]

Basic Convention Application Details

[31] Application No (331 Country [32] Date of Application
660638 u.s. 25 February 1991

Basic Applicant(s): William M. Taylor; James A. Burton
DATED this SIXTH day of MAY 1994

Cooper Industries, Inc.

Registered Patent Attorney

IRN: 249366

STA/2032h

INSTR CODE:

54460



AR

AU9210591

(12) PATENT ABRIDGMENT  (11) pocument No. AU-B-10591/92
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 650714

(54) Title
CASING HANGER SEAL ASSEMBLY

International Patent Classification(s)
(51)° E21B 033/047

(21) Application No. : 10591792 (22) Application Date : 31.01.92
(30) Priority Da.-
(31) Number (32) Date (33) Country

660328 25.02.91 US UNITED STATES OF AMERICA

(43) Puw:ication Date ; 27.08.92
(44) Publication Date of Accepted Application : 30.06.94

(71)  Applicant(s)
COOPER INDUSTRIES INC.

(72) Inventor(s)
WILLIAM M, TAYLOR; JAMES A, BURTON

(74) Attorney or Agent
SPRUSON & FERGUSON , GPO Box 3898, SYDNEY NSW 2001

(67) Claim

1. A sealing assembly for sealing between the interior sealing surface of awell
housing ard the exterior sealing surface of a hanger landed within the well housing
comprising

an annular seal body having an outer seal lip, and a plurality of inner ridges,

said outer seal lip having a first sealing surface and a second protecting surface
with the second protecting surface having a larger free diameter than the diameter of the
first sealing surface whereby any engagement with the interior of the well housing
during running is by the second protecting surface and the first sealing surface is
protected from being scratched or otherwise damaged by such contact,

energizing means for engaging the outer seal lip and urging it outwardly to position
said first sealing surface in sealing engagement with the sealing surface of the housing.
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CASING HANGER SEAL ASSEMBLY

Background

The present invention relates to an improved wellhead
structure which is particularly adapted to subsea wells.
Such structure includes a wellhead housing and an improved
hanger and seal assembly which can be landed and set in a
single trip. Prior to the present invention wmany efforts
have been made to provide a satisfactory hanger and seal as-
sembly which allows the landing of the hanger, cementing and
the setting of the seal in the annulus between the exterior
of the hanger and the interior of the housing.

I . . 0.8, Patent No. 5, V10,1 44
A similar structure is dlsclosg’d inyer S e L 13

apolicati £ itlad . ; b ciled
~Auguet—24-—1990 and—assigned—Sserial—No—07/573+63-0. This

application discloses a similar structure including a seal
for the annulus which has two outer diverging 1lips for
sealing against the facing interior surface and the sane
internal structure and setting structure as is disclosed in
the present application. The assignee of the present
application is also the assignee of such prior application

‘thus establishing common ownership. The prior application

did not provide adequate means for the protecticn of the
sealing surrfaces on the sealing lips from scratches or othner
damage during the running of the assembly into the well
housing.

The R. W. Walker U. S. Patent No. 3,273,646 discloses a
hanger and seal assembly in which a snap ring is used to
engage within a groove within the interior of the housing and
the seal is run in the annulus above a port which allows the
circulation of cement to proceed before the seal is set
responsive to rotation of the setting sleeve to force the
seal downward below the port and to land on a shoulder
against which it is éompressed axially to cause it to expand

1A
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radially and seal across the annulus.

The B. H. Nelson et al U. S. Patent No. 3,404,736
discloses an annulus seal in which the seal is positioned
within the annulus and held in unset position by a shear pin.
The rotation of the setting sleeve causes the pin to shear
and the seal and wedge ring to move downward to set the
holddown ring and to compress the resilient seal into sealing
engagement with the walls of the annulus.

The J. H. Hynes et al U. S. Patent No. 3,797,864 dis-
closes another annulus seal which is set by rotation to
compress the seal axially. This seal assembly includes end
rings with marginal lips which engage the end of the elasto-
meric seal and when the seal is compressed the lips are
deformed into metal-to-metal sealing engagement with the
walls of the annulus. ' The Slyker et al U. S. Patent No.
4,521,040 discloses a modification of the Hynes et al
structure.

Another hanger seal which is set by threading a nut on
external threads of the hanger includes a seal beody haﬁing
a plurality of outer metal fins extending outwardly and down-
wardly and having elastocmeric material between the fins, a
plurality of inner metal fins extending radially inward and

- having elastomeric material between the fins and a connection

between the seal body and a lower body having an upstanding
rim which when the bodies are forced together sets the outer
seal legs. Another hanger nut thread set seal includes both
inner and outer seal legs which diverge and are loaded by
inner and outer rims on the upper body and lower body to set
all four seal. legs into sealing engagement with the walls of
the housing-hanger annulus.

Other prior patents have utilized metal end caps for an
elastomeric annulus so that on setting of the seal by
coripression, the lips of the end caps engage the walls of the
annulus to both seal and also protect against the extrusion
of the elastomeric material. An example of such structure

8]
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can be seen in the U. S. Patert No. 4,436,162 to McEver et

al (movement of the seal ring onto enlarged diameter portion
of hanger sets the seal ring into sealed position).

The B.F. Baugh U. S. Patent No. 4,615,544 discloses

5 another type of annulus seal which is set by rotation of a

setting sleeve. The seal includes a Z-shaped portion having

a plurality of frustoconical metal rings positively connected

by links and the grooves formed by the rings being filled

with resilient elastomeric members. The seal is set by axial

egenes 10 compression which forces the inner and outer ends of the
ootte rings and the resilient members into sealing engagement with
A the walls of the annulus to be sealed.

L U. S. Patent No. 4,572,515 to A. J. Grazoli discloses a
g-"i seal for sealing between the walls of a seat ring and body

15 in a ball valve. The seal is a ring of polytetrafluoro-
ethylene which includes spaced apart, outwardly diverging
o fe s - sealing lips for sealing against the wall of the body and
ouee outwardly diverging sealing lips for sealing against the wall
of the seat ring.

cseent 20 Another prior structure is shown in U. S. Patent No.
4,823,871 wherein the seal assembly included outer 1lips
flaring outwardly from the seal body and having a resilient
seeess member between such lips and inner lips which flare inwardly
% and towards each other with a resilient member between such
25 inner 1lips. The seal assembly includes structure which
exerts a force on at least one of the outer lips to urge it
outwardly about its base connection of the seal body into
tight sealing engagement with the interior of the housing.
The inner lips have a free diameter which is less than the
30 outer sealing surface of the hanger against which they are
to seal and thus the movement of these inner lip: s¥to the
hanger sealing surface brings them into sealing engagement

with the hanger sealing surface.
U. S. Patent No. 4,911,245 discloses a metal seal for
35 well casing which includes a series of annular ribs with
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recesses between each of the ribs and an inlay material in
the recesses. The ribs are soft to deform when the seal is
pressed into contact with the casing and deform to a point
flush with the inlay material. Subsequent movement between
the seal and the casing cause the inlay material to wipe
across the rib faces to maintain the seal.

Summary

The improved structure of the present invention relates
to an improved hanger seal assembly for sealing between a
hanger and a well housing. The hanger is landed within the
well housing before the seal assembly is moved into sealing
pesition between the housing and the hanger. The seal assem-
bly is lowered into sealing position between an external
hanger sealing surface which is defined on the interior of
the well housing and is spaced from the internal housing
sealing surface and includes a seal body having external
metal sealing lips diverging outward but having an initial
free diameter less than the diameter of the housing internal
sealing surface and internal metal sealing surfaces on the
inner surface cf the seal body having a free diameter smaller
than the diameter of the hanger external sealing surface, a

.lower energizer .ring movably..connected to the seal body and

having an upstanding rim which stores the force created by
its engaging and moving the lower outer sealing lip to its
set position, an upper energizer ring movably connected to
the seal body and having a depending rim which stores the
force created by its engaging and moving the upper lip to its
set position. The lower outer sealing lip includes a first
lower sealing surface and a second protecting surface spaced
thereabove. The upper sealing lip is the mirror image of the
lower sealing lip and includes a first outer sealing surface
and a2 second protecting surface spaced thereabove. During
running the second protecting surfaces have larger diameters
than the first sealing surfaces 0 that if the sealing lip
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comes into contact with the housing through which it is
passing the first sealing surfaces do not come into contact
with the inner surface of the housing and are thereby
protected against scratches and other damage during running.
When the sealing lips are moved into set position the first
sealing surfaces are moved into sealing engagement with the
inner surface of the surrounding housing. Additionally, the

- surfaces of the lips which may come into contact with the

interior of the housing are provided with a coating of a
soft, scratch healing material, such as silver plating. The
interior projections which provide the interior sealing are
spaded'along the interior of the seal body by recesses which
are either sufficiently deep to avoid problems with liquids
trapped therein during setting or have a liquid exclusion
material therein. Means for securing or locking the seal
assembly and the energizer rings in their set position is
included and such securing means includes means for engaging
within grooves on the exterior of the hanger and on the
interior of the housing. In all forms of the invention there
is provided some means for storing the force of the lip
setting force and this may include the storing of both axial

‘and radial forces generated for setting the sealing lips.

"An object of the present invention is to provide an
improved hanger seal assembly for use within a wellhead
housing with improved metal-to-metal sealing against the
inner and outer surfaces of the hanger-housing annulus and
which protects the seal assembly sealing surfaces from damage
during running.

Another object is to provide an improved hanger seal
assembly of the type described in which slight scratches on
the outer sealing lips does not interfere with their ability
ta seal against the interior of the housing.

Brief Description_of the Drawinas

These and other objects and advantages of the present
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invention are hereinafter set forth and explained with
respect to the drawings wherein:

FIGURE 1 1is a sectional elevation view of a hanger
landed within a well housing and the improved seal assembly
of the present invention being in position for lowering into
sealing position across the annulus between the hanger
external sealing surface and the well housing internal
sealing surface. )

FIGURE 2 is a partial sectional view illustrating the
seal assembly in its landed and set position in the hanger-
housing annulus.

FIGURE 3 1is a detailed partial sectional view of the
seal assembly of the present invention in its unset position.

FIGURE 4 is a partial erilarged sectional view of the

‘lower seal lip and the energizing ring as shown in FIGUKE 3.

FIGURE 5 is a detailed partial sectional view of the
seal assembly shown in FIGURE 3 after it has been moved to
its set position.

FIGURE 6 is a partial enlarged sectional view of the
lower seal lip and its energizing ring as shown in FIGURE 5.

Descrivntion of the Preferred Embodiment

Improved seal assembly 10 of the present invention, as
shown in FIGURE 1, is illustrated while being lowered within
well housing 12 and into annulus 14 between the interior of
well housing 12 and the exterior of hanger 16 which has been
landed within well housing 12. As shown in FIGURE 1, hangers
16A and 16B have previously been landed within housing 12 and
their respective seal assemblies 10A and 10B havs been landed
and energized in the respective annuli 14A and 14B. Seal as-
sembly 10 is supported from setting assembly 18 and setting
assembly 18 is supported on a suitable tool (not shown) which
can move the setting assembly 18 after landing into its set
position as hereinafter described.

Seal assembly 10 includes annular body 20, lower

C A e S I TR S s
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energizer ring 22, and upper energizer ring 24 as shown in
FIGURES 2 and 3. Lower energizer ring 22 is movably attached
to lower rim 26 of body 20 by split ring 28 which is
positioned in groove 30 on the interior of energizer ring 22
and in elongated groove 32 in the exterior of lower body rim
26. This allows relative axial movement of energizer ring
22 with respect to body 20. Upper energizer ring 24 is
movably attached to upper rim 34 of body 20 by split ring 36
which is positioned in groove 38 on the interior of energizer
ring 24 and in elongated groove 40 on “he exterior of upper
body rim 34. This allows relative axial movement of
.nergizer ring 24 with respect to body 20. Windows 42 are
provided in upper energizer ring 24 with exterior latching
ring 44 and interior split locking ring 46 positioned around
ring 24 and biased inwardly and outwardly respectively.
Wedge elements 48 are positioned within windows 42
immediately above exterior latching ring 44 during running
and have a lower outer tapered surface 50 which coacts with
upper inner tapered surface 52 on exterior latching ring 44.
Ring 54 is positioned within enéergizer rim 66 of ring 24 and
is secured by cap screws 56, or other suitable securing
means, to wedge elements 48 as shown. Ring 54 includes lower

-tapered surface 58 which coacts with upper outer tapered

surface 60 on split locking ring 46 as hereinafter s:xplained.
Ring 54 includes inner flange 62 and upper surface 64 which
during running is at approximately the same level as upper
surface 66 on upper energizer ring 24. z

When seal assembly 10 is landed with the lower end of
lower energizer ring 24 on the exterior shoulder 68 proviced
by hanger 16, setting is accomplished by causing the setting
tool to push downwardly on the upper surface 66 of upper
energizer ring 24. After setting is complete as hereinafter
described, then pushing downwardly on ring 54 causes exterior
latching ring 44 to be wedged outwardly into internal housing
groove 70 and interior latching ring 46 to be wedged inwardly

e imie b b s s we e A S W AL A e e ) Ay aa e
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into hanger groove 72 to lock seal assembly 10 in its landed
and set position.

As shown in FIGURES 3 and 4, seal body 20 includes upper
annular lip 74 and lower annular lip 76. Upper annular lip
74 extends outwardly from the exterior of body 20 and then
extends upwardly to a generally axial upward position. Lower
annular lip 76 extends outwardly from the exterior of body
20 and then extends downwardly to a generally axial downward
position. The outer end of lips 74 and 76 include sealing
lobes or surfaces 74a and 76a respectively at the outer
extremity thereof as shown and protecting lobes or surfaces
74b and 76b respectively on the exterior surface of the lips
74 and 76 which extends generally axially and such surfaces
74b and 76b are spaced from surfaces 74a and 76a respectively
by grooves 74c and 76c respectively. The diameter of
protective surfaces 74b and 76b are larger in their free
position than the outer diameter of sealing surfaces 74a and
76a as shown in FIGURES 3 and 4. In running position the
exterior diameter of surfaces 74b and 76b is smaller than the
inner diameter of housing 12. During running it is hoped
that neither the sealing surfaces nor the protecting surfaces
will be scratched or damaged by contact with the interior of
the well housing 12. In any case even if the protecting
surfaces 74b and 76b are scratched or otherwise damaged, they
will have protected sealing surfaces 74a and 76a from such
damage. Further a coating 77 of a scratch healing soft metal
is provided on the surfaces 74a, b and c and 76a, b and c.
This coating is preferred to be with a metal such a silver
or lead and a silver plating is preferred. With this coating
any scratches on the sealing surfaces 74a or 76a will not
interfere with the sealing engagement of such surfaces with
the interior of the well housing 12 as shown in FIGURES 5
and 6. The coating 77 will be sufficiently soft so that when
sealing surfaces 74a and 76a are forced into engagement with
the housing interior, the metal of the coating will be
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sufficiently soft to flow into the scratch and avoid sealing
problems.

As best seen in Figure 5, upper energizer ring 24 has
its inner surface spaced slightly outward from the exterior
surface of upper rim 34 and a lower tapered surface 78 which
engages the inner surface of upper lip 74 during setting to
move it radially outward to the set position in metal-to-
metal sealing engagement with the interior surface of housing
12. Lower energizer ring 22 has its inner surface spaced
slightly outward from the exterior surface of lower rim 26
and an upper tapered surface 80 which engages the inner
surface of lower lip 76 during setting to move it radially
outward to the set position in metal-to-metal sealing
engagement with the interior surface of housing 12.

The present invention uses a high yield strength steel
for energizer rings 22 and 24 and uses a lower yield strength
steel for upper and lower lips 74 and 76. This allows lips
74 and 76 to have sufficient malleability when forced against
the interior of housing 12 to flow into the flaws and irregu-
larities of such surface and ensure that there is complete
metal-to-metal sealing. With the high yield strength
energizer rings 22 and 24, they are subjected to a slight
inward elastic deflectien at their extremities as shown in
FIGURE 6. This effectively stores the setting forces to
ensure continued sealing of lips 74 and 76 against the
interior of housing 12.

As best seen in Figure 5, the interior of bhody 20
includes a series of annular ridges 82 separated by grooves
84. The inner diameters of ridges 82 are smaller than the
diameter of the exterior portion of hanger 16 against which
seal body 20 is to engage and seal.. Care should be taken
with the depth of grooves 84 to avoid problems with the
build-up of pressure in liquids trapped therein during
setting so that the sealing loads of the ridges 82 are not
reduced thereby. It is preferred that if the grooves 84 have
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a radial dimension of approximately 0.005" a water exclusion
material or a volume compensating material should be provided
in grooves 84 so that the water pressure developed therein
does not interfere or lessen the sealing lcad of the ridges
82 against the exterior surface of hanger 16, If there is
some objection to the use of such materials, then it is
suggested that the depth of grooves 84 be at least 0.040'".
This depth of grooves 84 1is selected so that the
compressibility of the volume of trapped fluid due to its
bulk modulus is sufficient to prevent excessive pressure
build-up due to flexing of the metal seal. Upper resilient
sealing ring 86 is positioned in upper groove 88 and lower
resilient sealing ring 90 is positioned in lower groove S2.
Sealing rings 86 and 90 provide supplemental sealing between
the interior of seal body 20 and the exterior of hanger 16.

It should be noted that in srder to ensure engagement of
the ridges 82 with the exterior portion of hanger 16 the
interior portions of energizer rings 22 and 24 are provided
with inwardly extending projections 94 and 96, respectively,
which are positioned immediately outside of lower and upper
ridges 82 when seal assembly 10 is set as shown in Figure 5.
Projections 94 and 96 have a radial dimension which ensures

~that upper and lower ridges 82 are in s¢aling engagement with

the exterior portion of hanger 16.

With the confiquratinn of the wedging ends of energizer
rings 22 and 24 the forces exerted on sealiny lips 74 and 76
are exerted by the axially extending surfaces 98 and 109.
This causes only radial forces to be exerted on lips 74 and
76 sSo that there is no axial force tending to urge the
energizer rings axially away from the sealing lips.

10
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The claisns defining the invention are as follows:

1. A sealing assembly for sealing between the intericr sealing surface o awell
housing and the exterior sealing surface of a hanger landed within the well housing
comprising y

an annular seal body having an outer seal lip, and a plurality of inner ridges,

said outer seal lip having a first sealing surface and a second protecting surface
with the second protecting surface having a larger free diameter than the diameter of the
first sealing surface whereby any engagement with the interior of the well housing

during running is by the second pretecting surface ard the first sealing surface is

protected from being scratched or otherwise damaged by such contact,

energizing means for engagiiig the outer seal lip and urging it outwardly to position
said first sealing surface in sealing engagement with the sealing surface of the housing.

2. A sealing assembly according to claim 1 wherein said outer seal lip having an
outer surface, a point of connection to said annular seal body and an outer end,

said first sealing surface is a rounded surface on the outer end of said outer seal lip
and said second protecting surface is a rounded surface on the outer surface spaced from
the first sealing sviface toward the point of connection of said outer seal lip to said
annular seal body,

3, A sealiug assembly according to claim 1 including a coating of a soft scratch
healing metal material on said first sealing surface and said second protecting surface
and the surface of said outer seal lip between said surfaces.

4. A sealing assembly according to claim 3 wherein said coating is silver.

5. A sealing assembly according to claim 1 wherein said inner ridges having
grooves therebetween and an inner diameter which is smaller than the outer diameter of
the hanger sealing surface.

6. A sealing assembly according to claim 5 including means for preventing
excessive pressures being generated

7 11

[N:\LIBHH]00004:STA



4-232 OTD-023138

in liquids trapped in the grooves between the ridges.

7. A sealing assembly according to claim 6 wherein

said excess pressure prevention means includes a water
exclusion material in said grooves.

8. A sealing assembly according to claim 6 wherein

said excess nressure prevention means includes having
the depth of the grooves being at least 0.040 inches.

9. A sealing assembly according to claim 6 wherein said
energizing means includes means for preventing its retraction
from its setting engagement with said seal lip.

10. A sealing assembly according to claim 1 wherein
said energizing mears includes an annular kody, and a wedge
engaging said seal 1ip.

11. A sealinyg assembly for sealing between the interior
sealing surface of a well housing and the exterior sealing
surface of a hanger landed within the well housing comprising

an annular seal body having an outer upper seal lip, an
outer lower seal lip and a plurality of inner ridges,

said outer upper seal lip and said outer lower seal lip
each having a first sealing surface and a second protecting
surface with the second protecting surface having a larger
free diameter than the diameter of the first sealing surface
whereby any engagement with the interior of the well housing
during running is by the second protecting surface and the
first sealing surface is protected from being scratched or
otherwise damaged by such contact, an upper energizing means
for engaging the upper seal lip and urging it outwardly to
move said first sealing surface on said upper seal lip inte
sealing engagement with the sealing surface of the housing,
and

a lower energizing means for engaging the lower seal lip
and urging it outwardly to move said first sealing surface
on said lower seal 1lip into sealing engagement with the
sealing surface of the housing.

12. A sealing assembly according to claim 11 wherein

12
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said first sealing surface on each of said lips is a
rounded surface on the outer end of said lips and said second
protecting surface on each of said lips is a rounded surface
on the outer surface spaced from the first sealing surface
toward the point of connection of said lips to said annular
seal kody.

13. A sealing assembly according to claim 11 including

a coating of a soft scratch healing metal on each of
said first sealing surfaces and said second protecting
surfaces and the surface of said legs between said surfaces.

14. A sealing assembly according to claim 13 wherein

said coating is silver.

DATED THIS 31ST DAY OF JANUARY 1992
COOPER INDUSTRIES, INC.

By its Patent Attorneys:
GRIFFITH HACK & CO.

Fellows Institnte of Pateat
Attorneys of Australia
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Abstract of the Disclosure

The ' present invention relates to an improved seal

assembly for sealing between fhe interior sealing surface of

a well housing and the exterior sealing surface of a hanger

5 landed within the well housing and includes a seal body

having a pair of outer lips diverging outwardly for sealing

against the housing interior sealing surface and an interior

series of annular ridges which have a diameter smaller than

the outer diameter of the hanger exterior sealing surface,

10 an upper energizer and a lower energizer for coacting with

said lips to move the lips into sealing position and to store

the energy of setting to ensure sealing engagement of the

lips. The shape of the sealing lips is such that they each

provide a sealing surface and a ridge having a greater outer

15 diameter than the sealing surface so that when“the seal

assembly is being run into the housing any scratches

resulting from the engagement of the seal with the interior

of the housing is on the ridges and not on the sealing

surfaces. 4 Additionally, the exterior of the outwardly

20 diverging 1lips is provided with a coating of a scratch

healing material, such as silver plate, so that scratches on

the sealing surface can be healed when the sealing surface

.- oz..inr zis wedged into sealing engagement .with the interior wall of

the housing.

25 The upper and lower sealing lips are of an annealed or

soft metal while the upper and lower energizer bodies are of

a high yield strength metal so that the loading force on the

lips can be stored and maintained after they are set into

sealing positlon. In some forms of the invention the energy

30 is stored by virtue of the lips being of a relatively low

vield strength material as compared to the energizexrs which

have a higher yield strength. Also, structure is provided

in some of the forms of the invention to store both radial
and axial lip loading forces.



/0\5"?//C?l

18

10

12

—— 16

10A
/

//' 14A

14B
~~10B
168

e

JARAANNY

\

: / _\ .
A\ /\///V////jj/// TTLTS

[ [/

\\\\ I 7 T T

AN ununww

N

KRN

FIG. 1



26

/1059 //?.2

177 &6

;\

60—
58 —
46 —

18

72—

00000

34—

A

4

00000

FIG. 2



3/6

/05?//9.2

88
74a
80

S~—

0 0
0 x88.8e8

) w\\\\\\,\\m

S

el

e
s
—
>

16
82
32
28
82
84
30
84
82
26
22

lllll

0

FI6S



46

i &S\x\\\\\

5L \

AV

Z \\&\\\ﬁ il

FIG. 4



nnnnnn

\

VAN
N/

22\\___,/

FIG. 5

04
40

36

98
74
78
80
76

100

32

12

94



t/6

| 76b

,.’-—-7
77

e

/7
L\

I
NN

e

//////)V/

28 — 7]

FIG. 6



