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COVPACT FI VE RI NG STUFFI NG BOX PACKI NG ASSEMBLY Technical Field 5 The
present invention relates generally to stuffing box packing assenblies for
val ve stens, shafts and piston rods, and nore particularly to a high
density conp¥ef735%¥e ring stuffing box packing assenbly. 1YFT“§33Rﬁg'bund Art
In.the past, the five-ring stuffing box packing assenbly shown in cross =«
section in Figure 1 has been used in stuffing boxes for val ves where high
performance results are not required. This five-ring stuffing box 15
packi ng assenbly is a flat conbination set consisting of three graphite
die-formed tape rings 2, 4 and 6 plaepgphegeiRgt R he center of the set
wi th braided end-rings 8 and 10 bei%g déitionedpgﬁtihe top and bottom of

the five-ring set. These fiveSTWRGBNGROXAACEINGASSEMBLY ng box 12 for

sealing a valve stem 14. G aphite die-forned tape rings are |ow density 20

rings formed fromflexible, graphi te tape which are deforned against the
stuffing box or v en a gland (not shown) is tightened. These

graphite die-fggnmed tape rings are typically produced at a density of about

1.1 g/cc. 0.7 g/cc dengjty is the |lowest flexible graphi tgpe density
that a manufacturer ca%%?’éﬁﬁ%‘gemt"ﬁmﬁﬁ’bﬂﬁ‘?}@sfgeéﬁ et"gls%‘ﬁ?& g"’?‘am?kﬁ

rings. A 0.7 g/cc dsseanbliescdfor ivalyei sterfis, ghifts and pistal rotisppnd Amropatthrldly’ 9/ cc
(oDl e 0raph e okl e AR S50 e IS Bk ReBlRE Sk, 7255,
box. If the ring is a spiral wapping only of flexible graphite tape,
cutting throug@ oqgﬁgkgﬁﬁ@yyg ring to enable it to be slipped around a 30
val ve stem causes ual tape wrappings to delam nate and separate.
However, if the spiral wapping of tape is conpressed in a die-
In the past, the five-ring stuffing box packing assembly shown in
cross section in Figure 1 has been used in stuffing boxes for valves where
high performance results are not required. This ﬁve;ring stuffing box
15 packing assembly is a flat combination set consisting of three graphite
die-formed tape rings 2, 4 and 6 placed together in the center of the set
with braided end-rings 8 and 10 being positioned at the top and bottom of
the five-ring set. These five rings are mounted in a stuffing box 12 for
sealing a valve stem 14. Graphite die-formed tape rings are low density
20 rings formed from flexible graphite tape which are deformed against the
stuffing box or valve stem when a gland (pot shown) is tightened. Tflese
graphite die-formed tape rings are typically produced at a density of
about 1.1 g/cc. 0.7 g/ce density is the lowest flexible graphite tape
density that a manufacturer can purchase to produce flexible graphite tape
25 rings. A 0.7 g/cc finished ring is simply a spiral wrapping of the 0.7
g/cc flexible graphite tape with the tape ends adhered in place. In many
cases, these rings must be split to facilitate installation into a valve
stuffing box. If the ring is a spiral wrapping only of flexible graphite
tape, cutting through one side of a ring to enable it to be slipped around a
30 valve stem causes the individual tape wrappings to delaminate and
separate. However, if the spiral wrapping of tape is compressed in a die-
forming operation under a comparatively low amount of pressure, the




form ng operation under a conparatively |ow amount of pressure, the WO
97/ 35129 PCT/ US97/ 04437 t ape
wr appi ngs form an accordi on fol d-type bond between the individual |ayers
that enables the rings to be easily split and handl ed for installation

pur poses. Covpsassgison of the tape in the die form ng oper ggrareissesrcases
the.density of the die formed ring to a |l evel above 0.7 g/cc, nornally 5 «+
about 1.1 g/cc. Flexible graphite has a negative functional attribute in
that it will extrude through fine clearances as a result of heavy
conpressive forces. To control and prevent extrusion, the anti-extrusion
brai ded end rings 8 and 10 are placed outside the flexible graphite rings
2, 4 and 6. Thesetape wrapphigddomend accagiiorafald-afgecborfdoberadei Hwmindivaaii)

arrangerents are Jory ahsRbEThE s b ey’ Bl A anpaRl o SRRRoR, '
the three oraphi t g?"é’;’g:fg?;;ig”%”}“"*"* 'Wﬂmﬁgfggﬁ (ip;?;?ﬁg?m}eﬁse?ﬂgt
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center of the set w e brai el ng posi t'i orre
and bottom ends. #boud lrbglact of the wi despread use of the five-ring flat
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ring cross secti offIRe @1 fee Fﬁeﬂijm%‘ as #lrawitc@frrmawtqompressm@fcgcw fing

box depth is pr eswatdomrbhan@&ae@l@m BRiMisiOR thetantilekBRsioh! Braa nli %é gt,
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damage causedi(y Biaiisdsend eidpsi 4rd often formed from a soft carbon fiber braided
packing material.

The five-ring "flat" combination set arrangements are very simple
to assemble. All components are square in cross-sectional shape, and it
is a well known principle in industry that the three graphite die-formed

15 tape rings are placed together in the center of the set with the braided
end-rings being positioned at the top and bottom ends. As a result of the
widespread use of the five-ring flat combination set, many valve designs
in the industry are adapted for use with a stuffing box depth sufficient to
accommodate only the five packing ring cross sections of the five ring

20 flat combination. This stuffing box depth is presently the predominant
market trend. )

Although the flat, five ring stuffing box packing assembly is
simple to manufacture and install, it has limitations in expansion
efficiency, resistance to abrasive damage caused by stem scale build up,

25  valve stem friction and sealability properties.

The stuffing box packing system of U.S. Patent No. 4,328,974 to
Richard E. White et al. was developed to provide enhanced radial
expansion and sealability characteristics for valves, such as petrochemical
and power industry valves where high performance results are required.

30 This eleven ring set, shown in cross section in Figure 2, incorporates
uniquely designed low density graphite Preform rings 14 and 16 mated to
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25 valve stemfriction and sealability properties. The stuffing box
packi ng systemof U S. Patent No. 4,328,974 to Richard E. Wite et al. was
devel oped to provide enhanced radi al expansion and sealability
characteristics for valves, such as petrochem cal and power industry val ves
where hi gh M $76s128nce results are required. 30 This el ®CEWSFHMPIset
shawn in cross section in Figure 2, incorporates. uniquely designed |ow =
density graphite Preformrings 14 and 16 mated to 2 WO 97/ 35129

PCT/ US97/ 04437 hi gher density graphite Adapter rings 18 and 20 in such a
way that one pair of these rings has its radial expansion properties
oriented toward the outside sealing surface, and the other pair of rings is
| i kewi se orient ed h:g;hnard@mnegra@bneleﬁ@@mrlmgsSI& ank 20 irsachngapae thag mpe

Pref.ormrings are 85 s itd ﬁf&ial?'eﬂpﬁfsﬁﬂfbrbﬁeﬁéﬁ)@nkwrtS\Qaz‘d‘m%' ther

a spiral -w apped | am nated ornmat before di Qrmn e aJacent
mating face surfa@@tssdcgs@émzzsuafaae,zmmq phePper d?frﬁl%gﬁdlsmlé? oficAd are
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differing density naterial g i fferi.n | es |stﬁ enhance the tadial
expansi on 10 ¢hafFepeiedsef fexiple graphite P° PreddR (FiRER SPERITHIaPRSS QR &i on
ability enables almmteﬁ ffinat befofw die-forininger Than@iaceht Mating farciirfitel

desi gns. and the &R r@&p“aﬂ’é%&fgﬁ?ﬁsﬁfﬁe&?ﬁga”&fo%ﬁ%ﬁ%'f“""'egree
of sealing effici éﬁtyesmﬁtwel_y TheheorRbiahtonme ffact éﬂamntmg diffegimgadensitgnposed
Cype. The pref or el £ HEHEFE Sheis"dr ' b sbatRod, B8] shel TERIRRE
rings have a 10 characteristics of the set. This enhanced radial expansion ability enables
a single set to cover a wider range of cross-sectional stuffing box
clearances than would be possible with more conventional designs, and
the enmhanced expansion ability also leads to a higher degree of sealing
efficiency.
15 The Preform and Adapter rings are composed of graphite, usually
and typically of the flexible graphite tape material type. The Preforms
have a density range of 0.5 to 1.4 g/ec. The Adapter rings have a
density range of 1.4 to 1.7 gfcc. The remaining seven rings are present
to provide important supporting functions, The four metal on GYLON®
20  spacer rings 24, 26, 28 and 30 ensure that loading forces are distributed
evenly around the compression surfaces of the paired Preform and
Adapter rings. The three braided rings 32, 34 and 36, positioned at the
top, the center, and in the bottom of the set, are present to perform
collectively as resiliency rings, anti-extrusion rings, and wiper rings.
25 The braided rings are compressible carbon or graphite braided material.
U.S. Patent No. 4,328,974 also discloses an alternate seven ring
set shown in cross section in Figure 3. The principal difference of the
seven ring set from the eleven ring set of Figure 2, is that the Preform
rings .14 and 16 have been combined into a single, reduced height
30 Preform ring 38 which contains both the OD and ID angled face features
40 and 42 respectively of the Preform rings 14 and 16. The
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density range of 1.4 to 1.7 g/cc. The remai ning seven rings are present to
provi de inportant supporting functions. The four netal on GYLONerr] 20
spacer rings 24, 26, 28 and 30 ensure that |oading forces are distributed
evenly around the conpression surfaces of the paired Preform and Adapter
rings. The MNOQ¥E@s5B#ai ded rings 32, 34 and 36, positioned acrikendsen, the
center, and in the bottomof the set, are present to performcollectively «
as resiliency rings, anti-extrusion rings, and wi per rings. 25 The

brai ded rings are conpressible carbon or graphite braided material. U S.
Patent No. 4,328,974 also discloses an alternate seven ring set shown in
cross section in Figure 3. The principal difference of the seven ring set
fromthe el even rtwoliéatia):fOﬂ:hthﬂwe Preform niiWOﬁanuRrﬁﬁmbrlhdf single ridgt38nd 16

have been conbi ne | I t al, r|n whi ch
contai ns both thegl&% %ﬂéé%h%r t?gg(ge@ hs?’ﬁ?%snﬁg‘ aha % Of@ ?@% y of

the Preform ri ngé‘nﬁmoﬁﬁcﬂu@@ Thuﬁexrsaddxtxmt@m@magrm ring 38, the seven

PCT/ US97/ 04437 COpfg!sef!Bhd 8o dfextte fgggﬁxérga@:%fﬁlgamoetndFAéluwo Spaddo the

single ring 38 elinnates the need ngs ant one
the braided rihgsriags £ g’aﬂé% andiwe, comprgsrible hsaided Cﬁﬂ@nmrezmphm mgs 38

the seven ring se) BﬁéSKV\UI‘He' @%:P!rﬁg%ﬁ&ﬁ igﬁrfﬁ%&%ﬁg u@%@%z%e?ﬁvﬁ‘ﬂgs

spacer 5 rings 48 a , tmo conp on or graphlte
rings 52 and 54. h#YE g@\ugﬂ’ef figg boges %W@“@ ba popuiblgswith tedevenating al ves
that have shal | ovgts. stmisffaaaubomse\tehaww@u!aﬂleBW%Sé&hrfroMehmeéeﬁriﬁ‘% ring

sets. This featur however ...was ,obt.al ned w se I n sea
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the seven ring sembsevmmng adt! sveonyearbtiveosealifie effbMBRAES .

The eleven and seven ring sets of U.S. Patent No. 4,328,974, in
side-by-side comparative functional testing with the flat five-ring set of
Figure 1, have proven to be the best functional product for use in critical
process valves where leakage conld lead to significant process unit down-

15  time or environmentally hazardous conditions. However, the complexity,
cost, set height and installation requirements of the eleven and seven ring
sets have proven disadvantageous.

Disclosure of the Invention
20 ‘
It is a primary object of the present invention to provide a novel.
and improved compact five ring stuffing box packing assembly adapted
for a one step installation and compression procedure in a five ring
stuffing box. _
25 Another object of the present invention is to provide a novel and
improved compact five ring stuffing box packing assembly having
enhanced sealability and radial expansion capabilities which adapts the
assembly for use in valves where high performance results are required.
Yet another object of the present invention is to provide a novel
30 and improved compact five ring stuffing box packing assembly having



The el even and seven ring sets of U S Patent No. 4,328,974, in

si de-by-si de conparative functional testing with the flat five-ring set of
Figure 1, have proven to be the best functional product for use in critical
process val ves where | eakage could lead to significant process unit down-
15 time or ¥R ent al |y hazardous conditions. However PAISSERMP exi ty,
cost, set height and installation requirenents of the_eleven and seven riRrg
sets have proven di sadvant ageous. Di sclosure of the Invention 20 It is a
primary object of the present invention to provide a novel and inproved
conpact five ring stuffing box packing assenbly adapted for a one step

I nstall ati on and ﬁgagre55|on rrQcedur,e five ruggistu fing .box.

| 0 25
Anot her obj ect of ey o FE I'ﬁ%ﬁ‘f’flowai‘@%t@drfﬂllﬁi g HoWea THAnETIr oved
conpact five ring extrufibhngpdhbdrasipmcki ng assenbly havi ng enhanced seal ability

Val ves wher o high porf o ks PSP LepESER fiventifn 1B Pehvkia Enoband of
the “present inventimproved ¢aompaco fiveering smifihg 30x paoking rassanislyt lemvimabighf | ve
IrDIC'rI]' /g Uzggj 5212379?1?(8% ‘ggné@é%?seﬁgﬁgﬁsHﬁ?&?%&ﬁé‘yhﬁ%\%’gé{aﬁﬁég|9g(cﬁgs havi ng a
high resistance to ext Ausiilbfuréired objmcaof the prasénirinvesitionhi ex provide haopelesent
packi ng. asserbl y. o byl hpdtd duve R Rk A bacishf abieiiy s, )
greater than 1.8 #ighdensity metal inserted braided end rings of graphite which have each
been die formed to have angled facing surfaces. Three low density
10  graphite perform rings having angled facing surfaces are contained
between the high density braided end rings. The facing surfaces of the
preform rings extend at a different angle relative to the longitudinal axis
of the packing assembly than do the facing surfaces of the braided end
rings. The braided end rings provide a support function for the preform
15 rings as well as a stem wiping function.

B‘ED » []D .

Figure 1 is a cross sectional view through a stuffing i)ox, stem and
20 a flat five ring stuffing box packing assembly of the prior art;

Figure 2 is a cross sectional view of a prior art eleven ring stuffing
box packing assembly of the prior art;

25 Figure 3 is a cross sectional view of a prior art seven ring smffmg
box packing assembly of the prior art; and

Figure 4 is a cross sectional view through a stuffing box, stem and

a five ring stuffing box packing assembly of the present invention.
30

Detailed Description of the Preferred Embodi
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A still further object of the present invention is to provide a novel and

| mproved conpact five ring stuffing box packing assenbly havi ng high
density netal inserted braided end rings of graphite which have each been
die formed to have angl ed facing surfaces. Three |ow density 10 graphite
perform riwgewsaw ng angled facing surfaces are contai negciesoneass t he high
density braided end rings. The facing surfaces of the preformrings extend
at a different angle relative to the |ongitudinal axis of the packing
assenbly than do the facing surfaces of the braided end rings. The braided
end rings provide a support function for the preform15 rings as well as a
stem wi ping functi-on. Brief Description of the Drawings Figure 1 is a cross
sectional view through a stuffing box, stem and 20 a flat five ring

ecti onal view of aprroh reele i pibink o Bt copte e b, lion | of
the prior art; 2%acking asserfiblyub® of the paesent invegtion i showw imountéd in thd or art
seven ring stuffigg Hﬁgsﬂ?ﬂ%ﬁ& ?‘z‘%??f?éﬁ&eqf. 186n Bld Qveftbing ﬁ@é’oﬁ%ﬁ&e 41is
a cross sectional viewthro a stu ng box, stemand a~five ri
stuffing box Packdngeafiveming swfingbogr parking iansearbly o6, irsdudsst tirgecdic
ey 0nady WERESITAAE G TReL 1 gl SR 8 g 3,
box packi ng asseign§itswigin @ﬁ@ngmfsgﬁm @.Aveni-¢ g/cc. sThesefiréfasonriags £an t he
five ring stuffing Rp¥rale rifbs FAOsHRvDL -eafl Haling Gpposedeautty &&fé&ktqooind:i gure
62 that extend at the same acute angle to the longitudinal axis of the
10 stuffing box packing assembly 56 along which the valve stem 14 extends.
Alternatively, the single Preform ring 38 of Figure 3, which is three
rings in height, can be substituted for the three Preform rings 58. When
the three Preform rings 58 are used, the three rings mnest, and the
outermost surfaces 60 and 62 of the two end rings form ID and OD
15 angled face features respectively for the Preform ring assembly. Thus
the outermost surface 60 extends at an acute angle to the longitudinal axis
of the packing in the axially inner direction and the outermost surface 62
extends at an acute angle to the longitudinal axis of the packing in the
axially outer direction, both at an angle of about 45 degrees.
20 With the prior art packing sets of Figures 2 and 3, it was found: to
be desirable to maintain as wide a difference as possible in the densities
of the Preform rings and Adapter rings. The differing densities, along
with the differing angles of these two component parts, is the source of
the enhanced sealability and radial expansion capabilities of the set. As
25 the set is compressed, the Preforms will expand to form a seal, but this
compression also necessarily increases the density of the Preform ring
components themselves. The enhanced radial expansion and sealability
properties will continue to occur as a result of later applied compressions
until such time that the density of the Preform ring has attained and
30 matched the density level of the Adapter ring. At this poini, when the

Preform and Adapter ring densities are the same, the set will continue to
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5 3, the five ring stuffing box packing assenbly 56 includes three die
formed flexible graphite tape, | ow density Preformrings 58 having a
density within a range of fromO0.5 to 1.4 g/cc. These Preformrings can be
separate rin 8 r07/eS shomn each havi ng opposed outer surfaces 60 _and 62 that
extend at t h&O8%4R%Pacute angle to the |ongitudinal axis of PYHESTAM3L: yf i ng
box- packi ng assenbly 56 al ong which the val ve stem 14 extends. 3
Al ternatively, the single Preformring 38 of Figure 3, which is three ri ngs
in height, can be substituted for the three Preformrings 58. Wen the
three Preformrings 58 are used, the three rings nest, and the outernost

surfaces 60 and 6 ki f
features respecti &gﬁétx#r%?ﬂ&henﬁrqgc}b& %?.‘en‘g’ %ﬁstgr%mo%njago ﬁie}’g'(%ﬁ‘g ﬁégt
surface 60 extendsFigureah. atoteshanvgl the tperfolmmahcengpd mhrca;b the issrvide h&eof
acking in the axiglly. i b e 6 t ends
B an scute angi e 06 Rigk HEbarkideilend BP ribtel, S EP ettt bR Sl
outer direction, bmsrlaca'usmua&g?mczlfvm&}AEg/d@gmkém Ad@gpter ring denSitieh t he
rior art acki Sed O ' eto
MBI ntain ac wi %JBS“P@I%@C%L%E%%’;‘%?&@. of 1o Al pUEP g ROl © [
rings and Adapt er Qfl hdsg/cqreprgsants fenmagisnign tireeticab depsitywlimit tlhéﬂéxtbharl ng

angl es of these t € bin BAkd: f
sealability and r\;%;ggf@%ﬁ n boLon rds&dft?l%tﬁ Cafdig fg{gﬁgd ?ﬁggg the set is

si on
conpressed, the Prefork® %‘?"%‘)@55@ Wﬁ&ﬂ@&@éd?“k@ﬂtasﬁwgkiﬁrﬁfé‘%lon

al so necessarily lp&é&%ﬁiﬁﬁeﬂd@ﬁ dengad )ﬁe@éssir@etdar H%h'ﬁ‘ EHe FuAIBRETEN ke
t hensel ves. Th ‘g@nced r adj x&a si on ang'Hl eal ab I ity ropert jes wll
continue to o PLET TANgS 44 T 40, 10F SURRAT BUCHERS,P %saﬁ%erdmgﬂ %%th tinme

that the density @0 drdethPvepar fimctiory dfake admpressiblecbidided carbonh@grapiite
Senst L) 1 eve oot e 2P S ot Bl it S sodli Wi LIRS o
that metal-inserted conformable braided stock (hereafter referred to as
MIC-braid) composed (preferably) of pure flexible graphite tape, into
15  which has been inserted or included strips, wires, filaments, tinsels, etc.,
of metal. While MIC braid with Inconel (TM) metal inserts of the type
sold as packing 1303 by Garlock Industrial Packing Products, Sodus,
N.Y. is the most favored choice, other metallic insert choices (such as
stecl, copper, brass, aluminum, zinc, etc.) can be used as well. Due to
20  the metallic inserts, the MIC-braids are unusually versatile in being able
to be die-formed into various shapes, sizes, angles, etc. The metal
inserts rigidly hold and conform the finished die-formed MIC-braid rings

into virmally any desired shape.
Die-forming trials were conducted to determine the maximum
25 density that MIC-braided rings could be produced to attain. The results
demonstrated that MIC-braid die-formed rings were possible having a
densitj! as high as 2.60+ g/cc, much higher than the maximum 1.7 g/cc
density attainable with graphite tape Adapter rings. The three Preform
rings 58 (having a combined stack height of three cross-sections) are a
30 necessary part of maintaining the high performance levels desired for the
packing assembly 56. The Preforms must have a shaped ring on either
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. WD 97/ 35129 PCT/ US97/ 04437
function only conparably to the conventional conbination flat-ring set of
Figure 1. To enhance the performance and i ncrease the service life of the
prior art packing sets of Figures 2 and 3, the Preformdensity val ue was
adj ust ed twomrsymscal value of 1.1 g/cc and the Adapter rpcnossagnties 5
were adjusted to a maxi mumvalue of 1.7 g/cc. An Adapter ring density of =
1.7 g/cc represents the nmaxi mum practical density limt that flexible
graphite tape can be conpressed to attain in a die-fornmed ring form To
achieve the five ring stuffing box packing assenbly 56 of the present

I nvention, it was necessary to performthe functions of the 10 Adapter
rings 44 and 46,endhe devefupr thef enhahe¢athsadid] ¢xpensigadiow of ﬂgsPAeﬁ’onnd'nEg) and
the wi per functi bl i ngs 52
and 54 of Fi gur derft il SOTRERIEN Folepbi it i€ Alsp it Bbatd BRIl

met al -i nserted aigifl Guppdt efomlm B@&)rm&a(alnd(ﬂmﬁlyammprassbbrbrecﬂedmaabon

M C-brai d) CO”D%?g ;flﬂgceéﬁ ﬁﬁ%{&rg%&s&%‘ﬁ@cééﬁ%ﬁn@oﬂ%ﬂ%‘ kﬁa‘?tﬂ rgf 0 15

whi ch has been in Iarrent
etc., of metél. aphrexsrupion andawiping flhlcﬂﬁ@!bné‘p pravile fue gnd mgeréﬁsandm& he t ype

sol d as packing Aﬁ%ﬁ%ﬁ)’oﬁﬂfeﬁ@ﬁé&xﬁﬂ%’%& el RBE kIO e WineSRdee N Y- 1S
zihne, ofetbe by

t he nost favore l'Tc 1nsert chol ces
copper, brass, dpdapenfamn nefits b AlsIgcRTanpkite i 1ape foam dp Ty, t he

get 3' i ](3 ' nsgrts”hémmeﬁ&oﬁnleaamd r&i‘érﬁs wsnbsth| Mwiiichi dupfdce f@?'l?&x@' eto
Tgi iy hol d and BB orWOERENs A s Heb RO SrBFaRs SO B o
virtual ly ang demeforsh Yigpe. loW defisitynds? suifadé sunder ez dreavi o résswtet ermine
the maxi num 25 .depsity that M G braided ul d _be.p attain.
The resul ts demdERPE BIT nlE FRCHBE GUEREE AORTaY FPRGL 4B FerBuERbi ¢
havi ng a slippery to encourage the outward or inward sliding and slippage of the
soft Preform material. If the end ring surface had the rougher surface
texture that is common with most conventional die-formed braided forms,
15  the resultant friction would eliminate most of the expansion qualities of
the set. The contact between the rough end ring surface and the Preform
material would hold the Preform material at its contact point and bind it
up. . _
Since radial expansion is the primary function of the Preform rings
20 58, the rigidity of the die-formed MIC-braided rings is not a disadvantage
at all, but is, in fact, an advantage. Being very rigid, these end rings will
remain unaffected by compressive loading forces, and will maintain a
smooth 60° contact surface to a better degree than would be possible with
conventional flexible graphite tape Adapters, and will provide support for
25  the Preform rings. Each end ring 64 and 66 is die-formed with an outer
surface 68 which extends at approximately a 90 degree angle to the
longitudinal axis of the packing and 2 60 degree angled inner surface.
The inner surface 70 of the end ring 64 extends at an acute angle of about
60 degrees to the longitudinal axis of the packing and operates with the
30 angled surface 60 of the top Preform ring to form the ID angled face
feature. Similarly, the inner surface 72 of the end ring 66 extends at an
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density as high as 2.60+ g/cc, nuch higher than the maxi rum 1.7 g/cc
density attainable with graphite tape Adapter rings. The three Preform
rings 58 (having a conbined stack height of three cross-sections) are a 30
necessary part of maintaining the high performance |evels desired for the
packi ng asseM%R&8? The Preforms nust have a shaped ring BETERTNE$377 O
97/ 35129 . PCT/ US97/ 04437 end te

devel op the enhanced radi al expansion flow of the Preformring materi al
during conpression. However, it is also necessary to provide rigid support
for’the Prefornms, and finally, conpressible braided carbon or graphite

end-rings are also a_negessary_.conponent .in that they preformb5 .,
anti - extrusion ancﬂﬂﬁlﬁ)i(’%g‘%ﬂh\é{)i&%@sw Bl_eolPP&E“‘%W\g oHe qf! ‘2‘6&%‘?%3“%6 _
_havit ng a:cl of toqhesge@ithé '“Etliﬁi‘égatriglwfﬁﬂﬁkcélﬂzgéf ﬁrﬁq%dkﬂoﬁ Pfﬁbﬁﬁfﬁﬁg Etﬂf&gxﬁp?' te
in tape form e e nefits. of usi raphite in tap I s.that,
when di e-f or ned, i‘ged:rt’}gs ed g?%rfﬁ%ﬂlﬁew f’gF%fFBWPQWdEéﬁ?J\%%*PﬂE_fP
clzgnt agt‘. fV\hen the aﬂdrin'gmg:'aasdw?rﬂwzxg@nﬁig]syt&ﬁ?mr tHeinglizfp&CeJhGﬁ subfiiceslt fo t he
reform rdng s |ow.densi err] ,surface under a_heavy conpressive
| oadi ng force, Slthgcoél?ﬂg?‘?%'r]gy S r?aﬁgg’gmﬂ%ﬁﬁ 'nt%?wn;fndmaelaﬁt p{pé'@xsfy
slippery to encourdigmssdde theitgreatel the demsity darsdel bétwgemnkk dengityagfethef eridhe
soft Preform mat e(r#ﬁ#?. 6“ thﬁge@% g*?ngﬁe?{g%?i&fhgg &l?e ge%g%hﬁ{? surfac
texture that is c nwi‘m%1 st cohv {0 2% &b artfelfB5r s, 15
the resul tant fri cnbemcedonidiale Expansipne amd sealabilibh eproperéiesifon tyeapidkings of

the set. The cont egﬁsl\gggn the rough end ring surface and the Preform
material would hold the Preformmaterial at its contact point and bind it

up. Since radil® expanVbie jthe tMICHhraidafoyming)dh¢ endofingsh&4Prad &6mhas rags

significant flexible graphite content and has the smooth surface finishes

that are characteristic of pure flexible graphite die-formed tape rings, its

metal-inserted braided structure ensures that the ring resists extrusion.

The MIC-braided material is also an unusually effective wiper ring

15 material. Flexible graphite tape material has an affinity to attach itself in

particle form to metal surfaces. If a wiper 1ing is not positioned above

and below the Preform rings, particles of graphite would attach itself to

the stem 14 and be transported out of the smffing box as the stem is

actuated to its opened and closed positions. The resultant volume loss in

20  the flexjble graphite Preform rings would quickly lead to the development

of leakage paths through the set. In testing conducted to date, the MIC-

braided end-rings have shown the capability to keep the stem wiped
entirely clean. :

The metal insert material in the MIC-braided end rings acts a non-

25  abrasive scraper on the valve stem surface. In some field applications,

the media or outside environment creates a scale build-up on the metal

stem surface. These applications are especially difficult to seal

successfully. due to the cutting properties of this scale as the valve stem is

actuated through the packing set. This scale/debris build-up easily slices

30 grooves throngh conventional compressible braided carbon or graphite

end-rings. However, the inherent abrasion resistance and toughness of

9



20 58, the rigidity of the die-formed MC-braided rings is not a

di sadvantage at all, but is, in fact, an advantage. Being very rigid, these
end rings will remain unaffected by conpressive |oading forces, and w ||

mai ntain a snooth 60[err] contact surface to a better degree than would be
possi bl e wi WMesgaseenti onal flexible graphite tape Adapter scrassloeat| A
provi de support for 25 the Preformrings. Each end ring 64 and 66 is -
die-formed with an outer surface 68 which extends at approxinmately a 90
degree angle to the longitudinal axis of the packing and a 60 degree angl ed
i nner surface. The inner surface 70 of the end ring 64 extends at an acute
angl e of about 60 degrees to the |ongitudinal axis of the packing and
operates with t he\‘hsoﬁlﬂcabl’@ld@Q end Fgs b apd ¢ demgpespedierandr resists dhe or m

the 1D angled facfrof)?ﬁ{gqicﬁongfﬁéﬂlé”y’ the inner surface 72 of the end ring
66 extends at an WO™97/ 35129

PCT/ US97/ 04437 angl e ofheaf¥eringostuffingcbex packing asseahly &6 b Figre 4 §as ¢ he

packing and oper ajiaf gaétbd bl AemmnsEr o MdthddicBabsered 1d BRIARL tham: fPréviaesn ri ng
to formthe QD anﬁl e.gﬁf ace feature. The petal cqnponent_jn the M C braided
t

end rings cause fnt adyantages QST ghe; PrIGT art RaGKINg #RspmBles ected to 5
conpressi on by a packi®Ognpdrative S1agdaraEiksion Idtigs previ ously di scussed,

e e e ot O S g i U5 B o s e gl =™
expansi on and seal abi |testywipre ermedia ekposuriés THRCK/S09 pss Seliohy  The steth
fl'ext bl e graphite content® irdESELSOb SantieRl Bedichiad 3k 4 berlf .
characteristil® of pur ghfeealayhl dhebaptest peritideorf thermal dyalseis reixperienced or
metal -inserted brai ded;ShbiGl 4 Each"dHY €5k 4 BGal bf thrb€ thém CYeldds! on-
This test procedure is a very difficult test of a product's functional
performance capabilities. The following are the results from
testing conducted on the conventional seven-ring set (Figure 3),
15 the five-ring packing assembly 56 (Figure 4), and a five-ring flat
combination-type set (Figure 1).

10



The M C-braided material is also an unusually effective w per ring 15
material. Flexible graphite tape naterial has an affinity to attach itself
in particle formto netal surfaces. If a wiper ring is not positioned above
and below the Preformrings, particles of graphite would attach itself to
the stem 14 ¥RPTBE2Yransported out of the stuffing box as PAFUSKTOMITS
actuated to its opened and cl osed positions. The.resultant volunme loss in+
20 the flexible graphite Preformrings would quickly lead to the

devel opment of |eakage paths through the set. In testing conducted to date,
the" M C braided end-rings have shown the capability to keep the stem wi ped
entirely clean. The netal insert material in the MCbraided end rings acts
a non- 25 abr aSiQLQ,QP AN _t stemeurface Lo _saonp figld
applications, thelnedia or ¢utAvesagenviyonnent crdates a scal@stdui] Glang
the metal stem syrface. Tritee Brpgionciat i ons ar e |eMestainl ¥ lagionf i cload t

seal successfully.j dustyi® the CBRbiced pr o@idistinessqf LdakagescaSerepss ftipei)valve
stemis actuated tff BHEN TNe pagkgNg Sef . 1gi s scgl ef I SThUbI d-UBgHESH! v

slices 30 gr oovesﬂ: Y h{conventi on conpr essifbl e brai ded car bon or
graphite end-ringd—%& '
of 9 WD 97/3519 ring 56

S-of—-est-stanrse—and
¢ ppm 1
PCT/ US97/ 04437 t he (Figdrédai ded end rings 64 and 66 renoves scal e and
resists the groovi|fgriag Hlain| of Hdle. The five ring 880ypm ng bax pagBoMmg
assenbly 56 of Fi %l{F&lﬁehys been tested by a nunbgr of nethpds that serv
to indicate that |f_1ﬂ1=ﬁﬁe ) D;yll;f;ballt aulvcutagco TVE t:u?"ﬁ f t
packi ng assenblies. 1) Conpar ative Standard Em ssion Testing
All three of the above products were compressed under the same gland

loading forces (3800 psi) so that performance comparisons could be
5 drawn. The prior art seven-ring set and the five-ring flat conventional
combination-type set were installed using two-step installations. A two-
step installation yields the best performance, but consumes a greater
amount of time. The new five-ring set 56 used a one-step procedure for
installation. Both set designs of Figures 3 and 4 had 0 ppm leakage
10 detectable throughout the test procedure, while the five-ring flat
combination-type set of Figure 1 had seven (7) leakage points detected
with a maximum leakage level recorded of 800 ppm. Neither the set of

Figure 3 or the five ring set of Figure 4 required any follow-up

" adjustments during the test, while the five-ring flat combination-type set
15  of Figure 1 required two adjustments to maintain leakage levels below the

500 ppm goal (Clean Air Act legislation limit). A measurement of the

stem frictional forces, which is of critical concern to the control valve

industry, showed that the five-ring set 56 had a 21.2% lower average
friction than the seven-ring set of Figure 3 and 48.8% less friction than
20  the five-ring conventional combination set design of Figure 1.

Summary: The five-ring design 56 of the present invention (with
metal-inserted conformable braided end rings 64 and 66)
matched the seven-ring sets sealability performance, and
significantly outperformed the five-ring conventional set's

11



This test involves subjecting the packing set to a valve functional test
where the nedia exposure is 750[err]F/ 500 psi Helium The stem 14 is cycled
t hrough 500 conpl ete actuations/day for a period of 10 t hree days.
The hot test period or thermal cycle is experienced for six hours of each
day - yiel avoggasipotal of three thermal cycles. This testrouusersigse is a
very difficult test of a product's functional perfornmance capabilities. =
The following are the results fromtesting conducted on the conventi onal

seven-ring set (Figure 3), 15 the five-ring packing assenbly 56
(Figure 4), and a five-ring flat conbination-type set (Figure 1). 10 WO
97/ 35129 PCT/ US97/ 04437 Aver age

Instal - @ and Stem Fri ct iperformance. The fiverringndasign ait @lso sigaificantly| e
Forces Adj ust ment s 'eﬁﬁi&?ﬁ?med %P%f théQﬁI%érr ?%%gxiégm its lower &Rén

0 0 ppm 0 (Fig

0 0 ppm frxcuon@ggl(QS(Fl gure 4) 5 ring Flat 1014

1 * 800 ppm 3808 psi is ROhiving Wntoult ofdiarkd? rdaamgf réqifted 39 ViRt
products were conpressed un er the sane gl and, |"oading forces (380 si) so
that perfor mehcef¥ ;@%m&;@pgﬂgéesgngregmxseqm £ BFiof Rt SEHGRANY | ng set

and the five-ri naewﬁénafmg@ém&na lvﬂﬂathemﬁbem&imp ribyy B chfibingioa fivistiag | ed
usi ng two-step |Hst al | at ons e grtaledoedl ns 1|1|o%t Irgrbe g{)grset _g bsest
per f or mance, but @PBISFQ g g
that are normally used with the prior art sets are relatively soft and
flexible. When compressed in a valve stuffing box, the applied gland
10 loading forces quickly cause these compressible braided end-rings to
expand where they come into firm contact against the stem and box bore
surfaces. As the loading forces increase to 3800 psi, the top braided
compressible end-ring develops a strong frictional grip on the valve stem
surface. This frictional grip prevents some of the loading forces from
15 ©being effectively transmitted down through the end-ring to the sealing
rings located in the center of the set. _

The MIC-braid, die-formed into a high density end ring 64 or 66
does not have the soft resiliency of compressible braided carbons. While
the end rings 64 and 66 will form a contact sufficient to act as an

20 effective wiper/anti-extrusion ring, the MIC-braided ring is much too

rigid to create a hard frictional grip against the stem surface as a result of

- heavy applied loads. The lack of frictional grip means that a greater

percentage of the gland loading forces are efficiently transferred to the

primary sealing rings (Preforms 58) located in the center of the set. To

25 provide this theory, the five-ring set 56 with its MIC-braided end rings

should be able to attain a less than SO0 ppm seal at lower gland loading
pressures.

An emission test was conducted, under the same service conditions
stated previously, but with only 3000 psi gland loading. The results

30  were:

12



amount of time. The new five-ring set 56 used a one-step procedure for
installation. Both set designs of Figures 3 and 4 had 0 ppm | eakage 10

det ect abl e t hroughout the test procedure, while the five-ring flat

conbi nati on-type set of Figure 1 had seven (7) |eakage points detected with
a maxi mum | éﬁ%gﬁg‘?’evel recorded of 800 ppm Neither the FETEPM4Bre 3 .0r
the five ring set of Figure 4 required any follaw up adjustnents during the
test, while the five-ring flat conbination-type set 15 of Figure 1
required two adjustments to maintain | eakage | evels bel ow the 500 ppm goal
(C-ean Air Act legislation limt). A nmeasurenent of the stemfrictional

forces, which is pgferrtreg™—t T CIe CONUT val Ve U T Wed
that the five-ri set 56 Ha §G§é‘g%lower aver fri cticrn‘f‘%lanfgééﬂo
seven-ring set off Figure 3 ag'ﬁmél 1681 &ss fricti n%‘?@@% layon ad | rﬁg
conventional conb§ nattyda sdt d&FOreps of | Fhdjustments sy e | fitepst i @S ng
desi gn 56 of the jpsemgrs6 i vedlilbs (Wi th nbt al - i nse3ieppmonf orlnab| S0BLaijded
end -ri hgs 64 and G@igmtzghéd the seveniring sets [seal abilitly perfprmancd,

and significantl erfo fnthe fTVE-TTRY CONVvE 3ert
97/ 35129 7;%8 TOS0IBS: 1 113D@Bﬁ*ﬁPq:’I’/ S97 7

performance. The ﬁﬂﬁﬂi@_w so.signifilcantly outiperfor h
of the other designs in its lower stemfriction results. 3800 psi is the

LTl ATOUnt of O S0 DRk RS, 9L 5, hauCipiLe resulis I
and with the conventional prior art conbination five-ring flat sets. The
sed wi th the prior ar Fheaps necsd e b G Braic e butdh AlsCatleg™ 1Y
5 more efficiently transfer the gland loading forces through the end ring to
the Preform sealing rings. Its maximum leakage point was 350 ppm -
well under the 500 ppm level dictated by the Clean Air Act. No
adjustments were required, and a one-step installation procedure was
followed. The seven-ring prior art set, installed with the superior two-
10 step installation method and with the same 3000 psi gland loading force,
had an initia] leak of 1300 ppm, and required an adjustment to a gland
load of 4038 psi to reduce its leakage to a value under 500 ppm. The
frictional grip formed by the compressible braided end—rings. in the seven-
ring set prevented a portion of the 3000 psi initial gland loading force
15 from efficiently reaching the center Preform sealing rings. As a result,
the seven-ring set's Preforms did not receive the compression energy
required to radially expand and create a seal comparable to that attained
with the five-ring MIC-braid set 56. Having fewer rings, and having
firm conformable end rings, the five-ring MIC-braided set 56 uses the
20 applied forces more efficiently and effectively.

Stern Friction Comparisons:

The following table provides some basic friction force comparison
25 data on the seven ring set of Figure 3 and the five ring set of Figure 4.

Breakaway friction is the force required to start the stem moving on the
13



flexi ble. When conpressed in a valve stuffing box, the applied gland 10

| oadi ng forces quickly cause these conpressible braided end-rings to expand
where they cone into firmcontact against the stemand box bore surfaces.
As the | oading forces increase to 3800 psi, the top braided conpressible
end-ring deW9%3p812% strong frictional grip on the valve sPeEwUsUOReste. This
frietional grip prevents sone of the | oading forces from 15 bei ng x
effectively transmtted down through the end-ring to the sealing rings )
| ocated in the center of the set. The MC-braid, die-forned into a high
density end ring 64 or 66 does not have the soft resiliency of conpressible

br ai ded carbons. V\hrle the e ri ngs, 64, and 6 a cont
sufficient to actinifial stoke. q%?f%& R, COIMR v é‘)&ﬁ[}gﬁn&nst% mfcﬁ’e

M C- brai ded ring fh&ofﬂtﬁbash%a ‘m@r goggm@rimgse a hard frictional grr p agai nst

t he stem surface % % ié'xctz@' Ttj onal
I oa I ng

grip means that § greater percent age
WPYn s (Pr ef JHEoTH) |OCJit ed
7!‘3Iﬁ@'ory_1 th'éSQ“"F\’/@OrIPSmg Spt 56

effrcrentlytranferredtothe primy sed
wWthits MC—bra""e 1 ' ibeguﬁ—t-o—at-‘t—a-r S B9 ppm
seal at |ower gl § Fpadi-hezpl ._A&_egn-és-r-en—x-e. Nas—Conduct ec

in the center of fthe set.gfg 25  provi dBﬂffetFﬂ
under the sanme s¢PVIRESCEINIELEBRSE) st @ 976 sl

gl and | oadi ng. The resuI ts 30 were: 12 WD 97/ 35129
PCT/ US97/ 04437 Aver age Instal- dand Stem
Friction Ashézen i nprévibustest, theoselen-ring set outperforms the five-

5 ring flat-ring combination set of Figure 1 in frictional performance. This
test result shows that the five ring set of Figure 4 outperforms the seven-
ring set in both breakaway (green) and in hot friction.

10
The following is a listing of a number of density values, and the
corresponding compressive loading forces that are required to reach those
values from an initial flexible graphite tape density of 0. 7 glcc (43 7
ibs./f%).
15
B nl ’ -G I - D » _E 1 I I I » l !
Density Value Compressive
Metric (English) .Loading Force
20 0.7 glce (43.7 Ibs/t) 0 psi
1.0 gfce (62.4 1bs/f?) 350 psi
1.1 g/cc (68.6 lbs/ft?) 750 psi
1.4 g/ce (87.3 lbs/ft) 1900 psi
1.5 gfee (93.6 Ibs/ft) 2900 psi
25 1.6 g/ce (99.6 Ibs/it) 3650 psi
1.7 gfee (106.0 Tbs/fe) 5000 psi
1.8 glee (112.3 Tbs/ft®) 5850 psi
1.812 gfce (113.0 Ibs/ft?) 6000 psi

14



Style For ces Adj ust nent s Leakage St eps (psi) 5 ring 56

481 | bs. 0 350 ppm 1 3000 (Figure 4) 7 ring

650 | bs. 1300 ppm 2 3000/ (Figure 3)

4038* * = Inj, g nal (After Adjustment) The five-ring set 56 w th the

M C- brai ded enﬁ%%gs was able to 5 nore efficiently tr ey 7R gl and

| oadi ng forces through the end ring to the Preformsealing rings. Its *
maxi num | eakage point was 350 ppm - well under the 500 ppm | evel dictated
by the Clean Air Act. No adjustnents were required, and a one-step

instal l ati on procedure was fol lowed. The seven-ring prior art set,

|nstalLed i th the SUPSHL ofehld” rh0uSbeh (BB o ERRSE BPUph 1
requi red an adj ustubjetted do sogipgessivieowdding fdb@@ qegisity cthate@np&;leanttmsl exgrage to
a val ue under 500\;&991’3% cd\Gitlh & did- kIR ﬂ{ﬂxk‘ﬁe‘;@éﬁ@ Qge 1§qr@f @1%000

brai ded end-rings in e seven- ring tion o

psi initial gl andlbséffdi nY 4 diectormed tamer mgedemsréy @htllg Ilbéfééﬁﬁ rﬂ’gsﬁ% ®ent er
Preform seal i ng r &Z:g S541 5. 1pke (R gﬁfﬁ?[escﬁé( &S oithid Not
SI on an

receive the conpr y required to ra and create a
seal conparabl e t 8nd {F@MRIESS nmqlewat nrqsngefpf/@ppmxgnm §PRQ Psket Upen

Having fewer ringgemand, hﬁ\ﬂxélgorideﬁf&f@ﬂh Hgﬁs@dgewﬁﬁsk EBIE 313 TRgee. gi ng
M C- brai ded set 56 uses t%o 20 ed forc more efficient|y an

ef fectively. Stenfapgiigwdie §ar¥§ghem§e$%tr¢ SAnRPO0p o ther dpsie Ofsome
basic friction fofgewpenyias I\G@lnaﬂﬁn a Jéded Hphdrh@iahi eV s/ as abnPfasHrgure 3

? gdst ngt f It Xg Q%ﬁmgx@%ﬁéﬂq@% of aeméao\{-ngrréés%cl l%gdfng ftopc% fﬁ%&fgvéreqw red
upon removal from the die, the die-formed tape ring will immediately
relax back to a density of approximately 113 Ibs/f’. 1.81 g/ce (or 113
Ibs/ft®), therefore, becomes a critical limit when designing the densities of
Adapter rings using flexible graphite materials. As long as flexible

15  graphite tape is used as the starting raw material for the Adapter ring, the
maximum density obtainable is 113 Ibs/ft’.

The Preform rings are typically produced at a density of 1.1 g/cc.
As mentioned previously, maximizing the density differences between the
Preform rings and Adapter rings is critical to maximizing'the enhanced

20  radial expansion service life of the packing set. A flexible graphite die-
formed tape ring will not start to deform, expand, or compress until it is
subjected to a compressive load that exceeds its prior experiences.

For example, if a 1.1 g/cc density Preform ring for the prior art
sets of Figures 2 and 3 is die-formed under a compressive load of 750

25 psi, and then combined with the rest of the ring components in a valve
stufﬁn_g box, the Preform ring will not deform and begin its expansion
movement until the gland follower compressive loading forces exceed
750 psi. As soon as 750 psi is exceeded, the ring will being its

-preferential expansion to either the ID or to the OD, depending upon its

30 design focus.

15



WD 97/ 35129 PCT/ US97/ 04437
initial stroke. The second colum value is the sliding stemfriction

factor, neasured under hot conditions. Initial Stem Stem Friction

Br eakaway Factor at Style Friction Factor

750[ err] F/ 590 spss129/-ri ng set (Figure 3) f = 0.08 PC’I‘!US9‘7/0443); = 0.06
5-ring set 56 (Figure 4) f = 0.075 f. = 0.049 As seen a’”~ o«

previous test, the seven-ring set outperfornms the five- 5 ring flat-ring
combi nation set of Figure 1 in frictional performance. This test result
shows that the five ring set of Figure 4 outperfornms the seven- ring set in
both breakaway (green) and in hot friction. Density Range Advantages.of MC
Ver sus Fl exi bl e G aphlftthe Tnijtial séb(D iSTheqfired| a3vd nESultsofa3650spsi plandf loadimgnber of

roqui rod to reachORRAEVE JohEs AP Srefhri i BRbiFey B treoaedlf BEC el *
density of 0.7 glaad) B be at lasiehsll:){ ef )6 g/cd5 IFIaexllbtleed&:alﬂakage develdpsr med

g-gﬁgl :\/gh)e rial Depgd twe é@lx{é@dﬁ_adddnonal £ompression, the 99&8{55 ;ﬁg \%gl\/?é@'gco

| bs/ft[err]) 5 expand and regain a)seplsas soan ay/tbe codpressivh deddingfartgs that it

350 psi 1.1 g/cc &0, 750 psi 1.4 g/cc (87.3
Ibs/]Pt[err])g expeiietic °E&{1§%%d%m| 5 g/cc (93.6 Ibs/fterr])
2900 psi Prior art Adapter rings, dxe— rmed from flexible ‘graphite tape,

are typically produced at a density of 1.7 g/cc (106 lbs/ft}). 1.7 glce is
as close the maximum attainable density level (1.81 g/cc) as possible and

10 practical from a manufacturing stand-point. All flexible graphite rings,
in all sizes, can be die-formed to a 1.7 g/cc density; however, attaining
the maximum density of 1.81 g/cc in every size on every ring on every
production order is not practical. 1.7 gfcc was selected as the maximum
density that is routinely achievable for manufacturing conmsistency. This

15  density level requires a compressive loading force of approximately 5000
psi during the die forming process. The Adapter rings, when combined
with other components in a packing set, will not experience any
significant deformation or expansion until a loading force of 5000 psi is
exceeded.

20 The gap, or the differences in the densities, that exist between the
1.1 glcc flexible graphite tape die-formed Preform rings and the 1.7 g/cc
flexible graphite tape die-formed Adapters is the maximwm that is
practically achievable using these raw materials. When a prior art set of
Figures 2 or 3 is installed in a valve and compressed, the compressive

25 load causes the softer Preform rings to deform and radially expand to
form an.ID and OD sealing contact with the valve stuffing box surfaces.
The differences in densities (1.1 g/cc vs. 1.7 g/ce) and the differences in
angles (45° and 60°) enhance the efficiency of this expansion to a point
that is several orders of magnitude beyond the expansion efficiency of

30 standard flat combination-type ring set of Figure 1. As the set is
compressed under progressively higher loading forces, the Preform ring

16



25 1.6 g/cc (99.6 I bs/ft[err]) 3650 psi 1.7 g/cc

(106.0 |l bs/ft[err]) 5000 psi 1.8 g/cc (1 12.3 lbs/ftf[err])
5850 psi 1.812 g/cc (113.0 I bs/ft[err]) 6000 psi 14 WO
97/ 35129 PCT/ US97/ 04437 The

hi ghest freewatgmgimg (free of tension caused by bei ng subpentefniar .
conpressive | oading force) density that applicant has ever w tnessed vmth.ra

die-formed flexible graphite tape ring is 1.81 g/cc (113 Ibs/ft[err]). If a
die-formed tape ring density of 113 I bs/ft[err] is desired, the 5 spi ral

wr apping of 43.7 Ibs/ft[err] flexible graphite tape is placed in a nold and
conpressed under a pressure of approximtely 6000 psi. Upon renoval, the

di e-formed tape rig ed@ﬂmrywﬂlﬁecbmeabefufmédiiolmmmﬂmrlﬁp" arfgle lof thetpe i s

die-f d d th
o+ o e e 3 L Gt SR AL b
r emai nls ]lcmder Lhet@mk&tumﬂd:e ng;dtlhedmgrcpmpssaswenrwdrm $QQOCESI|1H§%§D%¢ bup(izn

romthe r ac
o ensi 1y of - agkraperatntlidy f?gﬁgg/‘??%éﬁf of ) PHFSEES!rfig® Will Rafth
| bs/ft[err]), Shenkdtook theh declaptes ringsr i t #0p0 vWérPQ!I@sLSgFﬁ&GQGQ hihe
densities of Adapi gf;?rfs c{lﬂéfﬁ@&'nﬂ% ht% r%ta&tf"dst: AR 'b@'r%duc@a #)QH& as

IS as

flexible 15 grap ape estartl raw material for the
Adapt er ring, theMcmwumuﬂq-rmt@nmm@on get 1 3F1g95e/ fi¢ [ dhis) 506,

Preformrings are e&’ﬂﬁé&? batr rief 0&&&6@9:@53 & reansbf bhe%mﬁatiozﬁlxﬁﬁereﬁ@uﬁﬁi&t I oned

previously, maxim zi rl% enS| ty differences_between the Preformrings

and Adapter ringsUsg rﬂ%’%’&l gﬁaﬁhﬁ%ﬂﬂﬁ Maegial n Bas SRS A% 3 (FOUpiGY; tg the
expansi on servpce getofmarice! BerviRalifenercs eat culli!ive been ohRPRIst enjbyed by

industry if higher density, suitably formed, Adapters were available.
Die-forming trials conducted on the MIC-braided material used in
the end rings 64 and 66 of Figure 4 proved that this braided material
form, when die-formed into the end ring configuration, could
15 significantly extend the enhanced expansion range of opposing Preform
rings 58 well past the 5000 psi barrier. The following table lists some
example density vs. force values for the MIC-braided material that are

far beyond the capabilities of flexible graphite die-formed tape rings:

20
Density Value Compressive
Metric (English) Loading Force
1.44 gfce (90 Ibs/ft) 750 psi
25 1.68 g/ce (105 Ibs/ft®) 1500 psi
1.84 g/ce (115 Ibs/ft) 2500 psi
1.96 g/cc (122 Ibs/t) 3500 psi
- 2.12 g/ce (132 Ibs/ft?) 4500 psi
2.18 g/ec (136 Ibs/ft%) 5500 psi
30 2.22 g/ce (139 Ibs/ft) 6500 psi
. 2.28 g/ce (142 Ibs/ft) 7500 psi
2.32 glce (145 Tbs/ft) 8500 psi
. 2.36 g/cc (145 1bs/ft) 9500 psi
2.40 g/cc (150 Ibs/ft) 10,500 psi
35 2.44 g/ce (152 Ibs/ft) 11,500 psi
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formed tape ring will not start to deform expand, or conpress until it is
subjected to a conpressive |oad that exceeds its prior experiences. For
exanple, if a 1.1 g/cc density Preformring for the prior art sets of
Figures 2 and 3 is die-fornmed under a conpressive | oad of 750 25 psi, and
t hen conbi nedewssity t he rest of the ring conponents in a veEdyeseshidhd i ng box,
the, Preformring will not deform and begin its expansion novenent until” the
gl and foll ower conpressive | oading forces exceed. 750 psi. As soon as 750
psi is exceeded, the ring will being its preferential expansion to either
the ID or to the OD, depending upon its 30 design focus. 15 WO

97/ 35129 PCT/ US97/ 04437 |f

the initial seal is gcifugfrc&flqyalb?/gs)ul t of 3§E@8 pﬁél gl and | oadi ng

conpressive force, the Preformring (subjected to the 3650 psi gland | oad)
will be at a density of 1.6 g/cc. If, at a later date, |eakage devel ops and

the set needs additignalgcop %&%ﬁh?f} tHe ehlRaMih P'ga\ééf’hn%n#grces fhat it

expand *and regain a Seal as s € COmnmpressi ve
experi ences &xcexpamisn capabilitprof she prior atageven and elpyen ging- sety iseduef fom

fl bl hi | /
(106 Tbes Pt o e boRSy RifaddtPof e el Yiksifhethpé m“%??%*.*%%b@emég%%% §C
level (1.81 g/c eéslaptsssmsai e Thatlimiation sa3000cH000msin Ihdathe Rreform

st and- poi nt . g %b%@aereash gt SodtinkSioe bﬂ i eﬁl&zﬁx%éd rada1 laﬁpﬂisfoﬁ or med

toa 1.7 g/cc den wever, attaln]ng e maximum density g/ cc

in every size or?amgwsr?w&“éﬁh‘é\ﬁgp?PB*’G&UC%HOI&%FCQ 1§ Oﬁ’éﬁpﬁsﬁéﬁ ilfcal 1.7
g/ cc was seljgct qmsa@orﬁ;h@sdmmgm densbtiyl thaals depsifiedttbnetorréspbhémalyl e for

manufacturing cqusl SteMCYar U8, As shown in the above-MIC Braid Table, MIC

braided end rings have the capability of being die-formed to densities as

high as 160+ Ibs/ft>. In order to attain this density value, compressive

loading forces of 38,000 psi are required in die-forming. The

15 compressive loading force value shown for 160+ Ibs/ft® was measured as

a result of die-forming 1" 1-1/2" MIC rings. 1" x 1-1/2" rings have a

surface area of 0.982 in®. If this same loading force was applied to a

1/2" x 3/4" ring (surface area of 0.245 in?), the effective die-forming

pressure would be over 150,000 psi and end ring densities of 170 Ibs/ft’

20 would be attaipable. In the case of a 1 x 1-1/2 packing set size, against

MIC-braided end rings, die-formed to 160 Ibs/ft*, the Preform enhanced

radial expansion capabilities will be enhanced to cover a compressive

loading pressure range of 750 psi to 38,000 psi.

The valve packing system is often the weak link in the service

25 range and service life capabilities of a valve, Even a premium

performance valve packing set, like the prior art set of Figure 3, can not

offer enhanced expansion and material flow beyond 6000 psi. With

standard Preform rings 58 mated and matched to MIC braided end rings

64 and 66, the five ring stuffing box packing assembly 56 of Figure 4 can

30 offer ephanced performance features to levels as high as 38,000 psi; well
beyond the capabilities of current prior art packing assemblies. '
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15 density level requires a conpressive |oading force of approximtely
5000 psi during the die form ng process. The Adapter rings, when conbi ned
with other conponents in a packing set, will not experience any significant
def ormati on or expansion until a Ioadlng force of 5000 psi is exceeded. 20
The gap, or YRE"@PY erences in the densities, that exist bREWESATOMIE 1.1
g/ ce flexible graphite tape die-forned Preforn1rings and the 1.7 g/cc *
flexible graphite tape die-forned Adapters is the maxinumthat is '
practically achi evable using these raw materials. Wen a prior art set of
Figures 2 or 3 is installed in a valve and conpressed, the conpressive 25

| oad causes the softer_Preformrings, to defor r. al l.y.expand, to form
an 1D and OD sealing CWEEIQCH TIQh #5§ %{E@,&PV’@T‘?@T@‘? %ﬁ@aﬁ‘i)fngﬂqgéc%‘? leg$ e
differences in dyhswé and ﬁa\a/a:greaser r&sﬂtaﬁéecm)frmdnhgudaﬂ:agé as enessti n

angles (45[err] a 6l err nhan ffIC of thi siogn to a
point that is se ‘["3 ?@@SMW %(‘ﬂ’@pg%? Qﬁ%%‘%ﬁﬁ?fya&’? ency
of 30 ° standard fihg, mombontyambmﬂedolmghsm ﬁrefhlghgcmpeﬁmrc,&xpmdu_ee set is
compressed under LRANES Y BleY olpRREY. | RE MR S8R bHIE, Rk QiBld g 16
angl e of 45[err] wprkurb&@@ﬁ%@fﬂhbéﬂﬂ& or natdetrimé¢nsalogifest,r Whike theecagbon he

Adapters, but theydihl \lionRRs, dobeSfish dckitiothldn SPRbARMIR bdoled BEOC 1Y

of the set unt|I g conpressive pressur
reached. At appr okl e|'§hqslwhp§ iyarn h@l@se:rsuqoysrdmbbenmretupmsmen@gtw. | |

match 5  that Ofwilhﬁlfﬂiaﬁ‘&&ﬁﬂﬁé &ﬂﬁa%e Mﬁﬂ}(rahglaﬁ@em ﬁ%lﬁ%e re(;lucheoI

t he expansion efficiency of these or ar ed to

gns
that of a confent$foff0 PF’at (quhgp Gﬂ%i’%&'lbieohr%@( apsr upaifpeied By fMagtarmgoo psi

damage well in excess of 4000 psi.

The end rings 64 and 66 for the five ring stuffing box packing
assembly 56 are Inconel MIC-Braided end-rings composed of pure
graphite and Inconel. Their temperature resistance properties are equal

15 to the compressible graphite yarn end-rings, but due to the metal inserts,
they have fracture resistance properties in excess of that of the carbon
compressible yarn braids. The result is that the i)acking assembly 56 can
withstand elevated temperature/high pressure exposures beyond that of
any of the conventionally available packing sets of the prior art.

20
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efficiency barrier, necessary as a result of the [imtations inherent in
the use of flexible graphite tape material, has served as a counter to the
10 performance, servigce LifﬁasB%ci( Jdat could have been ot herw se enjoyed
by industry if higher ﬂm wimp Y forned, Adapters were avail abl e.
Di e-form ngvd 9738128 cond &m[ﬂ C-brai ded materi al ' he end
rings 64 and 66 of Figu at this braided nat gﬁg’gﬁ(@?&ﬂ] wheén «
die-formed into the end ring configuration, could 15 significantly extend
t he enhanced expansi on range of opposing P ' | past the

.
5000 psi barrier. The following table Iists BSESHEEAMMS BEERdity vs. force
values for the MG braided material that arje far REpYACED the dapabilities of

fl exi bl e graphiCRigse-formed tape rings: M! d 20 Density
Val ue Conpressive Metric (English) Loadi ng Force
1.44 g/cc (90 lbs/ft[err]) 750 psi 25 1.68 g/cc (105

| bs/ft[err]) 1500 s packingifay/acsuifingdxbeomiprising:| ) 2500 psi 1.96

3500 psi 2. 18 ol oo (LAY gy, FbS reforrh il ifas if ppleieitié Sl
(139 | bs/ ft [Sr rfoymable duringgsegingsinsallatipngiocionniat deasp one of @nrlP or OD 7500

psi 2.32 g/cc (%ﬁpmkgs/ft[err]) 8500 psi 2.36 g/cc (145 I bs/ft[err])
9500 psi 2.40 g/cc 50 I bs/ft[err]) 10, 500 psi 35 2.44 gl cc

(152 I bs/ft[err]) a highidepsity,psubstaptially rigid end ring responsive when axial
compressive force is applied to said packing for forcing the material
adjacent one radial edge of a first end of said preform ring to move

10  axially and radially in a direction away from said preform ring and for
further compressing said material into an impervious and effective seal,
said end ring having a density in excess of 1.8 g/cc and having a first end
surface thereof adjacent said first end of said preform ring, the first end
of said preform ring having a first surface which faces the first end

15 surface of said end ring with said facing surfaces each extending at an
acute angle to the longitudinal axis of said packing and wherein said
angles are different, said end ring having a second end surface extending
substantially perpendicular to the longitudinal axis of said packing.

20 2. . The packing of claim 1 wherein said end ring is formed
from braided graphite tape stock including metal inserts which has been
die formed to shape said end ring and impart a density in excess of 1.8
g/ce thereto. '

25 3. The packing of claim 1 wherein said first end of said
preform ring is adapted to form an ID seal wherein said acute angles are
in the axially inner direction,and wherein the acute angles of said preform
and end ring facing surfaces are approximately 45° and 60°, respectively.

30 4, A packing for a stuffing box comprising a low density
graphite preform assembly that is compressible and reformable during

20
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WD 97/ 35129 PCT/ US97/ 04437
2.57 g/cc (160+ Ibs/ft[err]) ..... .38,000 psi As stated previously, the
limtation in the enhanced radial 5 expansi on capability of the prior art

seven and el even ring Jhis&he lacee density limtation of the flexible
the Adapter rings. Paxtushi/oization . is
gs are capabl e of a continuance of =

graphi te tapo 8&129i s u
t heir enhanced radi al expansion capabilities iﬁ U&l Enrn Ljpm limt,
i
ter

5000 - 6000 psi. Wile t
that continuance is only possible if 10 it nst a
material that is densified to a correspondin |y h| val ue.

shown in the above-M C Braid Tabl e ai ded end r| ngs have the
capabil ity of bepacking ansislation t® fQEﬂstﬂle@l dD rngORs SQ%O-SaldbﬂfﬁRh["érr] I'n

order to attain bpétg %?éxﬁylyvﬁiv&&?g aC@BpérﬁSﬁry&dQﬂdi Nubay ERS sg,ffa&B 000

psi are required 1n die-tQormn The 15 co i ve Ioa val ue
shown for 160+ | Bethy pf ahigh %tggq\@&g@rwtedgn%}enggﬁpﬁongm@ %n?ﬁéa@
1-1/2"°MC rings padking, 1 1/2 rlngs have a surface area of 0.982 |n[err]

I f thi | d 1.2

o 0 bas T ob ey "ot HereiuiR oSO 5Pk e el ok R B B85 0
psi and end ring cﬂ@@ﬁtfhwaf eé:d Hefdrﬂ@sés‘sérhbﬂyrdn&&spom drhbxe camppesmbl e. In
thecaseofalgo-IZ @c{( Eﬁ‘ gh?ajn‘b Q eden ings,
dio-formed to 160°FH APPRE fo B2 Jpr i rmE e TG et B RPER

capabilities wl hsdambéynfmma&dmpoemb\mrfaee ¢o rffove sadiwBy | amddaxigllprand sfore r ange
o 7o Bl 10 28 o PelmprE e Sl uB B8, 3 ShBRMGuLeRrbdage Rl |k

in the service 2 range and service |fe ca Even a
prenmi um per f &0 masaid firat end lpsg;hmgg adirst ¢nd<@rfahe agjacent taand faaingthefogur e 3,

can not offer e”@ﬁ‘d‘%ﬁﬁa@é@ﬁ{h‘id} M%%df%@gdgg §<9ﬁ’9a k-oWth

standard Preformrings, nate end ngs
the Iongitudmal axis of sa1d packing which differs from the acute angle of

the top end surface of said preform assembly, and
a second high density substantially rigid end ring adjacent to the
15 Dbottom end surface of said preform assembly and responsive when
compressive force is applied to said packing for forcing the material of
said preform assembly at said second end surface to flow radially and
axially and for further compressing said material into an impervious and
effective seal, said second end ring having a first end surface adjacent to
20 and facing the bottom end surface of said preform assembly and
extending at an acute angle to the longimdinal axis of said packing which
differs from the acute angle of the bottom end surface of said preform
assembly,
said first and second end rings each being formed from braided
25  graphite stock including metal inserts which has been die formed to shape
said end rings.

5. The packing of claim 4 wherein said first and second end
rings engage the top and bottom surfaces of said preform assembly to
30 provide an ID and an OD seal.

21
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64 and 66, the five ring stuffing box packing assenbly 56 of Figure 4 can
30 of fer enhanced performance features to |levels as high as 38,000 psi;
wel | beyond the capabllltles of curr

WD 97/ 35129

Whi | e pri or WRA343% bon

applied gl and

carbon yarn braids do not have the high t|cii®rSHERF
of the graphites. The graphite yarn braids canRﬁPMﬁﬂand exposures to

1200[err] F wi t

e(} prior art packing assenbli es.

18
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and  have a greater remMMﬂHﬂt“H turing damage as a result of heavy’

| oadi ng forces, than conpr gest+bl-e~graphi-t-e-yarn rings,
1 d’r& e 5 resistance

rai ded end-rings arertEESI7ONRENSI VE,

t he

hlittle or defrinegn ETTect,  WhTe the” carbon yarns
will suffer some sne de:“?rl”t‘ﬁigiﬁ gﬁct'eme%mm ag,dhh seal ds papiided by

S

1100[err] F. Theygr gk TeﬁdYﬁfrfacBr 8f Usnealof Msﬁl‘iﬁrﬁms&‘cdﬂér ené*ARRS e, but
wll suffer fractu&?g e re djly at % gnd | oadi.n pressures I n excess
10  of 4000 psfom 8e 195 AT gBotigra ﬂﬁgﬁcge% t saidpprefpEBt ur i ng

damage wel | in essemw Qﬁeéﬁ@@xr@sﬁrst Todacghd } Iféﬁimﬁésséﬂﬁl)@fb &F bbtheinf i ve

ring stuffin
conposed of

box

1| e gou’? 0‘7?@? r&t GFEC FEIR AN

are Ln M C- Br ai (ii end-rings

properties ar e lmpgatxdmﬁl s Df]smd pagking smtﬂieenmil;phmtﬁdiyeatmne and anrms bUt

due to the neta
excess of that

"Nt B ok eq e NGt AL B SieBIR05E oA PPEAR L " o
t he packi ng assmmdigingdaciag top ohbotioml seifecenofosiid prquhsne&lblty,ghe phdssur e
exposures. beyongyd bt alesaRYal plehtirf YRR G05' ettt sBlthE: RAGKLRY S!S

of the prior ar

10

15

20

25

said OD sea] being inclined at an acute angle to the longitudinal axis of
said packing in the axially outer direction.

7. The packing of claim 6 wherein said first and second end
rings have a density in excess of 1.8 g/cc.

8. The packing of claim 7 which includes five rings, said
preform assembly including three of said five rings.

9. The packing of claim 8 wherein each of said three preform
assembly rings includes a top and a bottom surface extending at
substantially the same acute angle from a central opening, said preform
assembly rings being stacked between said end rings.

10.  The packing of claim 9 wherein the top and bottom surfaces
of said preform assembly extend at substantially a 45 degree angle to the
longitudinal axis of the packing and the first end surfaces of the first and
second end rings extend at substantially a 60 degree amgle to the
longitudinal axis of said packing.

22
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20 I claim 1. A packing for a stuffing box conprising: a | ow density
graphite preformring_that is conpressible and re-fornmabl e during packing
installation to forma | east one of anIDor OD seal and a high density
subst anti al I | % en’&uer aced when axi al conpressive force is
applied to t Bgs ﬂ mat eri al adj acent JHEYHAPHPT edge. of
a first end of t he pref e aX|aIIy and radially in a directi®n

away frompreformring and for further c irial into an

i npervious and effective seal the end ri ﬁ%%:&i dnd surface

t héreof adjacent the first end of the pr orm 50 f|r<t end of the

preformring havinga S t face of
;am he g%r{]@ngomia xérleeacﬁ shidd eﬁ’d’ﬁimgufs &k

the end ring with the €s ea h an acutfe angle to

t he -l ongi t udi nal farxied ajfcounmqumloa@ngmhmev@m ara@gamélfma%@ pHiftoer ent ,
the end ring havgngﬁégfcond end surface extending substantially
perpendlcu- | ar ongi tudi nal axis of the packing, wherein the end
ring is fornmed from brai ded graphite tape stock including netal inserts-
whi ch has beeq die fofyred 11 pidkify bRIBRDT MilldgeiaGch TRRY bnd rF@NSI di excess

of about 1.8 g/cc thereto. 2. The packing of claim1l wherein the first end
of the formed at compressive loading values within a range of from 2,500 psi to

38,000 psi.
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preformring forns an | D seal wherein the acute angles are in the axially:
I nner direction, and wherein the acute angles of the preformand end ring
facing surfaces are approxi- mately 45 and 60[err]. respectively. 3. The
packing of claim1 wherein the end ring has a high resistance to extrusion
and abr asi on.WQ¥735R& packing of claim 1l wherein the end ri mgrhistimdgarppor t_s
the-preformring and wi pes a valve stem 5. The packing of claim1l further,
conprising: three | ow density graphite performrings having angled facing °
surfaces operatively positioned between t¥ hi gh density braided end rings.
6. A packing for a stuffing box conprising: a |ow density graphite preform
assenbly that is conpre ' and reformabl e duy‘ﬁg:p-ae*i-n I nstall ation
to formboth an ID andE s¢d=-tBe graphite prefdm addembl aving a top
end surface and a bott oRRIQRARTace, both of whi FARRA an acute
angle to the longitudinal axis of the packing. REPLACEMENT SHEET 21 a

first high density substantia Jri#d end ring BEsAcCeEn D p-cBP
surface of the preform asge find responsive conpreds¥E force is
applied to the pa d 3 § material for e prgror 2¢n bly
at the top end surf &d aé'éa Ty 14
24 22
2 18
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6 N, Y/~< 34
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and for further conpressing the material into an inper- v trrg EE-l
seal ,the first end ring having a end surface adjacent to g.l
end ‘surface of the preform assenbly and extendl ng at an acute tﬂ* Yt8 the

| ongi tudi nal axis of the packing which differs fromthe acute Emgl eopj t he

top end surface.of the preformassenbly, -and a second hig
substantially rigid end ring adjacent to the bottomend:'s
pr ef orm assenbl Y 174 espon5| ve when conpressive force is ja
packing for forC| al pref or ssem bl
end surface to fllg%lpﬁ 6’ ﬁm%’i"al further )
material®into anammmamp pmmgahatxsr@mm g
a first end.surfaceanddieaformabledaridgpacking inseallationoto formjatr f ace of the
preform assenbl y anghsednrnef QQMO{SI(DB%E&?MQ]' e to the | ongrtoudrnmat—axis

of the packing V\:hl tomend surface
of the preforma g‘f‘@‘fg * {“?%%l %@nm bei ng fornmed
from brai ded . gr aphi% COMPLTAT Yo  WET Lt 2P s been die

formed to shape t h§onfording she mea adiacentcone radiab gdge «fohd end rings
have a density in duseendobf ghg prefoim nagktmgnofrecﬁ:aaﬂy&nﬁerer n the first

and second end ri nggdﬁn @ tmecﬁ@,pa fémem indhe preform
assenbly to provi d %ﬁé‘hm a.l ?o cI aim?7 wherein
‘an_ I D seal is prow qe é e first or
second end ri ngs II‘? ? om surface of

the . . acc cent t en

: nng. the ﬁrst cnd of_mc_prefonn ring havmg a ﬁrst
surface which faces the first end surface of_ the end ring
with _the facing surfaces each extending at an acute
angle to the longitudinal axis of_the packing and
wherein the angles are different, the end ring having a
second end surface extcndmg substantially perpendicu-
lar to the longxtudmal axis of_the packing. wherein the
end ring is formed from braided graphite tape stock
including metal inserts which has been die formed to
shape the end ring and impart a density in excess of
about 1.8 g/cc thereto.

2. The packing of claim 1 wherein the first end of_the
preform ring forms an ID seal wherein _the acute angles are
in the axially inner direction, and wherein the acute angles
of the preform and end ring facing surfaces are approxi-
mately 45° and 60°, respectively.

3. The packing of claim 1 wherein the end ring has a high
resistance to extrusion and abrasion,

4. The packing of claim 1 wherein the end ring baoth
supports the preform ring and wipes a valve stem,

- 5. The packing of claim 1 further comprising:

_three low density graphite perform rings having angled
facing surfaces operatively positioned between two
high density braided end rings.

6. A packing for a stuffing box comprising:

a low density graphite preform assembly that is compress-
ible and reformable during packing installation to form
both an ID and OD seal. the graphite preform assembly
having a top end surface and a bottom end surface, both
of which extend at an acute angle to the longitudinal
axis of the packing.
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orefo lllllliwlllllllllllllmﬂl end ring first surface and preformﬁﬁamﬁl@ﬁl\ﬂgmthEEI

bottom suf f dce "f ofni hg the I D seal beingj ncI I ned at an acute angle

| ongi tudi nal axi s Hfirst sthtbﬁta gndﬁngradjhdemto on, and an QD
seal is provided by gbetdh kalt gﬁq cféi?n rm <
remalnlngfacmgtog_g t ?

ring first surface i %(%

s d rlng and t he
CD seal being incli A '.‘," ‘5(‘| s oT the
packing.in the axi albly aéah@(comenécwme Q‘N ﬂ@déﬂl i {?gw%
dmpeir+ t He" 1 ve
rings: 10.” The packwaewmwems&mrwﬁmemmtmga_ B
assenmbly rings. inclyggs n"l‘ft S Bare:

substantlallythes h9 %E% §p n

-assenbl'y rings bei naﬁﬁé" ,qfeﬁéﬁ%f : 5

11. The packi ng of nt FtHd% BRckRSsWhiCRes of the
_preform assenbl'y ext@ﬁgrs;rom;bgmmemgkydﬁmop@gd@rfangpm t he

| ongi tudi nal axis ofpmfmrmasﬂenﬂgyamﬂthe first-end surfaces of the first

and second end ring e to the
1 ongi tudi nal axis o%’é;éﬁ q%%(lkng Ftﬂgy %dﬁ&(ﬂﬁﬂé V\/nerel n each
the end ring is cnd surface o asse
. ' ... responsive when compressive force is applied 'to thc
.packing for forcing the material of the preform assem-
bly at_the second end surface to flow radially and
axially and for further compressing the material into an
impervious and effective scal._the second end ring
having a first end surface adjacent to and facing the
bottom end surface of the preforrn assembly and
extending at an acute angle to the longitudinal axis of
the packing which differs from the acute angle of the
bottom end surface of_the preform assembly, the first
and second end rings each being formed from braided
graphite stock including metal inserts which has been
die formed to shape the end rings and wherein the first
and second end rings have a density in excess of 1.8
g/cc.
_71.The packing of claim 6 wherein the first and second end
rings engage the top and bottom surfaces of the preform
~ assembly to provide an ID and an OD seal.
8. The packing of claim 7 wherein an ID seal is provided
by the first end surface of one of the first or second end rings
in combination with the facing top or bottom surface of the
preform assembly._the end ring first surface and preform
assembly top or bottom surface forming the ID seal being
inclined at an acute angle to the longitudinal axis of the
packing int he axially inner direction. and an OD seal is
provided by the first end surface of the remaining end ring
and the remaining facing top or bottom surface of_the
preform assembly._the end ring first surface and preform
assembly top or bottom surface forming the OD seal being
inclined at an acute angle to the longitudinal axis of_the
~ packing in the axially outer direction.
—9. The packing of claim 8 which includes five rings, the_
preform assembly including three of the five rings.

_10. The packmg of claim 9 wherein each of the three
preform assembly rings includes.a top and a bottom surface
extending at substantially the same acute angle from a
central opening __t_l_1_preform assembly rings being stacked
between.the end rings.
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die formed at ‘conpressive | oading values within a range & PMC&E)MENHSSHEET

psi to about 38,000 psi. 13. The packing, of claim8 wherein each the e
“ring is die fornmed at conpressive | oading values within a range of from
about 2,500 psi to about 38,000 psi. 14. A packing f(r)]r a stuffing bo>t<)I |
conprising a | ow y hi re asse t ha S, _conpressi ble an
re;rgrm agl e dugﬁ%g qc'%"? é&!ﬁ&i@nw ﬁ?éﬂ? é pd oD seal ,

the graphite pr fm#wl@lﬁ’@ét%a%w&ﬁlﬂﬂ ey QWT
surface, ‘bot h ofdema:angietterthedongmudmal axisnoff thetpackiimg hnd g V*

thé-packi hg. a firstsénd) swifaceyof the fisstiaadaetond lendrisgsexegd afNg adj acent t
- the top end Surfﬁﬁﬁaﬁﬁaﬂ 3 32‘5@ APRONY 18 guﬁ&ﬁa%qsvo?e”zgcsa?wsl v
e orci ng

force is applle for rraterd ” epreform
_assenmt. bly at t end urfa e,to tlo I’aldl al and .axi al, |y artd=Tor

further compr ess¢-§§u Wé'j%ﬁ’gﬁ’% 8 ‘ﬁl tB €4 TGS oct i ve seal
the first end.ri m%tﬁomg&ﬂ%l%mm&wmamgmﬁ—f acing the

" top end ‘surf ace fromtdhoup AS0opsh tasabotit) 38.600 psit endi ng at an acute angle. to
the Iongitudinal 33i Thefpddkéng M@ﬁmm&ahfefaeh&hére@@ﬁﬁgxﬁcute angle of

h d h density
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ace of the
preformassenbl e force is applied to the

“'packi ng for for &f‘?raﬁ WW@BWEEW@ t he second

end surface to Fmemmaammblyamys compiressibleratdseformepr essi ng t he
material into cuable during packing installation to form both an ID and OD

.Scal. the graphite preform assembly having a top end surface

and a bottom end surface, both of which extend at an acute

. |angle to the longitudinal axis of the packing.

| afirst high density. substantially rigid end ring adjacent to
the top end surface of the preform assembly and
responsive when compressive force is applied to the
packing for forcing the material of the preform assem-
bly at the top end surface to flow radially and axially
and for further compréssing the material into an imper-
vious and effective seal. the first end ring having a first
end surface adjacent to and facing the top end surface
of the preform assembly and extending at an acute
angle to the longitudinal axis of the packing which
differs from the acute angle of the top end surface of the
preform assembly. and '

a second high density substantially rigid end nng adjacent
to the bottom end surface of the preform assembly and
responsive when compressive force is applied to the
packing for forcing the material of the preform assem-
bly at the second end surface to flow radially and
axially and for further compressing the material into an
impervious and effective seal, the second end ring.
having a first end surface adjacent to and facing the
bottom end surface of the preform assembly and
extending at an acute angle to the longitudinal axis of
the packing which differs from the acute angle of the
bottom end surface of the preform assembly. the first
and second end rings each being formed from braided
graphite stock including metal inserts which has been
die formed to shape the end nngs.wherem each end ring
is die formed at compressive Joading values within a

i range of from about 2.500 psi to about 38.000 psi.
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| npervi ous and effective seal, the second end ring having a first %Q’(@N
surface adjacent to and facing the bottomend surface of the preform
assenbly and extending at an acute angle to the |ongitudinal axis of the
packing which differs fromthe acute angle of the bottom end g®ace of the
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(34) Tile: COMPACT FIVE RING STUFFIN}B&( PACKING ASSEMBLY
(57} Abstract

‘The compact five ring stuffing box packing assecmbly (56)
intludes high density metal inserted braided end rings (64, 66) of
graphite which bave each been dic formed to have angled facing
surfaces. Three low density graphite preform rings (58) having
angled facing swrfaces are contained between the high density
braided end rings (64, 66). The facing surfaces of the preform
Tings extend at a different angle relative 10 the longitudinal axis
of the packing assembly than do the Facing surfaces of the braided
ead rings. The braided end rings provide a support function for the
preform rings as well as a stem wiping fanction,




