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g " DISCLAIMER

' This report was prepared as an account of work sponsored by an agency of the United States

| Government. Neither the United States Government nor any agency thereof, nor any of their °

. employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or . -
process disclosed, or represents that its use would not infringe privately owned rights. Refer- *
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- -
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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7" GRAPHITIC PACKING REMOVAL TOOL ™"

FIELD OF THE INVENTION e e s S - “ .
. The present invention relates to packing removal tools for removing the packing from
valves and pumps. In particular, the present fin'vention is directed to packing removal tools for the

fast, eﬁicient removal of graphitic packing.

BACKGROUND OF THE INVENTION

: Jllavy
Thls invention was developed pursuant to a United States Department of Emergy Contract.

Packmgs are used in valves and pumps to prevent or minimize the leakage of fluids

through the mechamcal clearances Gaskets are generally mstalled in static clearances normally G{\\}‘l‘
{
existing between parallel flanges.or concentric cylinders.’ Dynamic packings are employed to fill = 3

mechanical clearances for moving surfaces.
Inlvalves, rotary punlps, fans, compressors, and the like, the shat’r prcjects through the -
casing in a zone known as the “stuffing box” or “packing box”. These terms derive from the fact
that in order to separate two environments, namely, that vvithin the equipment and the
atmosphere, and to prevent leakage of one envlro/nment into the other, some material had to be
stuffed or packed' around the shaft where it passed through its casing. For many years soft

packing was the material that was most often employed for this purpose'.

In operation, rotating shafts in the subject equipment can be displaced both radially and

-axially. Small inaccuracies resulting from machining, manufacturing and assembly produce radial
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‘ dlsplacement and dlfferentxal thermal expansion causes axtal dlsplacement 'I‘o operate eﬁ‘ectlvely, Lo

the, sealmg dev1ce must be flexible and compact enough to ﬁt mto the equlpment

| A common type of rotating shaft seal conslsts of paclcmg composed of fibers which are
first woven, twlsted, or braided into strands and then formed into coils, spirals, or rings. To .
ensure ‘initial lubrication and to facilitate _installation, the basic materials are often impregnated
with: various lubricants. Common materials are asbestos fabric, braided and‘ twisted asbestos,
rubber and duck, ﬂak jute; and metallic braids. So-called plastic packinos can be made up with
varying amounts of fiber combmed w1th binder and lubrlcant for hlgh-speed appllcatlons

; Packing may not provide a completely leak—free seal. Wlth shaft surface speeds less than

approximately 2.5 m/s (500 ﬁ/min.), the packing may be adjusted.to seal completely. Howevet',
fot higher speeds some leakage is tequired for lubrication, ﬁ‘lction reduction, and cooling.

Packing is usually in the form of a coil or spiral cut to form a closed or nearly closed ring

5
K8

in the stuffing box with clearance between the ends of the nng sufficient to allow- for ﬁttmg and
possible expansion due to swelhng of the packing while in operatlon

The type of the ring joint used in the packmg depends on materlals and service
requirements. Braided and flexible metallic packings usually have butt or square joints. With

other packing material, service rings cut with bevel or skive joints are more satisfactory, since the

.bevel permits a certain amount of sliding action, absorbing a portion of ring expansion.

In functioning, to retain fluid under pressure, dynantic packings carry the hydraulic load.
When no pressure exists, as in many oil-seal applications, the packing is mechanically loaded as by

a spring or by its own resilienc;lr.‘ 'Dynamic packings therefore operate.as bearings, thus indicating
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the need for lubrication to serve as both'a separating film and a coolant. While the presence of

‘sudh a film is vital for satisfactory service life, it also mieans that leakage will occur. —

' Low—yiscositjr fluids and high preésures add to leakage problems, as both.require thin films

to minimize leakage. This causes higher friction apd results in heat, which is the one most
detrimental factor in packing life. Normzﬂly the fluid being sealed séwes as the lubriéént; Thus,
where oils are involved, maximum efficiency is obtained. Next in order of desirability are clea‘n
water, solvents, and fluids. containing solids which progressively yield rrioré uhsatisfactory results
unless supplemental lubrication is provided.

While various types of ‘dynamic packings exist, sbﬁ or jamb‘i)ackings -are best suited for
rbd or plunger service, since an adjustable élancf is required. Many materia;ls are employed, such

as braided flax saturated with wax or viscous lubricants for water and aqueous solutions; braided

 asbestos similarly treated or inipregnated with polytetrafluoroethylene suspensoid for sui)erior life

under severe service conditions; laminated rpbbeﬁzed cotton fab:ric fot hot water, low-pressure
steam and ammonia; rolled rubbérizeci asbestos fabric for steam; and rolled or twisted metal foil
for high-temperature and hi gh—prcss’ure condl;tions. "Packings containing WOyven or braided
'asl;estos fibers are also made from wire-inserted yarns to gain additional strépgth.\

Rotary silaﬁs generally are packed with adjustable soft packings. The soft packings are of
the same general ty[;e as those }Jsed for reciprocating servi;:e, with the asbestos braid lubricated
with grease and graphite or With polytetrafluoroethylene éuspensoid. The latter is the most
popular for typical applicalioﬁs on centrifugal pumps and valve stems.

In hydrocarbon refineries, petrochemical plants, and in the exploration and production of

oil and gas, there are valves, pumps, and other equipment which utilize soft packing as a sealing
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media. These soft packings, which are typically graphlte or Teﬂon 1mpregnated cord have a
llmited service life and must be replaced oﬁen Replacement of such packing requires that the
equipmerit be taken off line. Further, removal of the packing is oﬁen a time consrumlng process, - -
resulting in high maintenance costs, equipment downtime and lost proﬁtabihty

Graphitic packlng, because of its many desirable features, is alieady very common in
commercial/industrial valws and pumps throughout the world. A reliable, less damaging, packing

removal tool would be very time and cost effective for these applications. -

-
[

The problem has been that althougli from a sealing standpoint, graphitic valve/pump
packing is superior to conventional asbestos ﬁber'packing, its ren_ioval is significantly more
difficult. Packing removal is a time consuming process in which the graphite rings are picked
apart. piece by piece. The severe damage imparted on the rings by conventional corkscrew type
removal tools also causes small pieces of the grapliite to be left in the stuﬂingrbox which require
additional time to remove and tend to interfere with the installation of new packing. ‘

Generally to remove the packing, a tool which may e_itlier resemlile an ice-pick or a cork

screw is used. The standard type of removal tool used for all current packings works much likea -

corkscrew which must be manually screwed into the seal iing and then pulled out. The intention

of this apptoach is that some or all of the packing comes out with the. tool. Most of the time this
is not the case with graphitic packing. Even when more than one tool is u_sed simultaneously, only
small portions or bits and pieces of graphite are removed with each atteinpt. Packing tools of this
type are also very easily broken as they are used at awkward angles to gain access to tlie stuﬂing

box interior. In addition, because of their sharp tips, these tools are known to cause damage to

stem/shafts and stuffing boxes, thus reducing the sealing ability. 4

-4~
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While gaining access to the soft packing cen.sumes, a large portion of the time associated
with packing ;eplecemen?, the removal of the packing from the pzieking box itself is highly time
consuming. Generally, to remove the pecking a tool which may either resemble an ice-pick or a
cork screw is ueed. United States Patent No. 4,944,081 sldows a typical cork screw type of soft

packir;g removal tool. Such a tool is worked into the packing material and the packing picked

i - =

" out. As those skilled in the art recognize, this is a tedious exercise which is made all the more so

by the fact that one cannot gain a firm hold of the packing material after inserting such a tool.

-

Several attempts are often lequ1red because the packmg mater1a1 often ahps off of the tool. Gy
Remova | ’ 24\
Therefore what is needed is a packing remeving tool of improved design which is capable n 24
of reducing the time required to remove soft packing fr,om'valVes, pumps and other such , : zw
equipment. . | : ' : . T ns
SUMMARY OF THE INVENTION

.The present /i’nvention’ is directed to'e fool for removidg graphitic packing froni valves and
pumps that is more effective and efficient then.cu;rent packingremeval tools and allows .rerdoval
of fhe seal rings in one piece. Use of the graphitic packing removal tool of the present inveﬁtion
enables graphitic packing (o be removed more quickly and cost effeetively. The packing is alse

removed more thoroughly from the stuffing box, thereby enhancing proper installation of the next

“packing set and promoting effective sealing.” The tool is easily manufactured and is inexpensive.

. The graphitic packing seal ring removal tool of the present invention is in the form of a

cylindrical base ring with eloﬁgeted leg shanks mounted axially along the circumferential center.
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To permit easier insertion around shafts, the graphic backing tool:rﬁay be a two piece tool or have - -

an axial slit. The _basé ring is approximately the size of the center of the packi}lg seal.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 shows a perspective view of one embodiment of the graphitic packing removal

' tool of the present invention in which the base ring has a rough surface finish and two placement

slits. .

-

" Figure 2 shows a perspective view of another embodiment of the present invention in

which the base ring contains perforations and one placement slit.

Figure 3 shows a perspéctive view of a third embodiment:of the pre'sént invention in which
the base ring is knurled. | o | |

Figure 4 shows a perspective view of a fourth embodimeﬁf bf. the present invention in

v,vhich' the base ring contains interior and exterior threads.

Figure 5 shows a removal tool follower for use with all embodiments

' DETAILED DESCR[PTION OF THE INVENTION

The grai)hitic packing removal tool of the present invention allows the; quick easy removal -
of grabhic packing in one piec.e, un1i1;e ?he tools pf the prior art. A graphitic packing set usually
consists of three or four;ﬂexible graphite seal rings éncompassed bya graphife yarn end ring on
the top anq ‘bottom of the stack.‘ The end rings serve t;> préyent extrgsion of the seal 'n'ng;s and

wipé the stem surface of any graphite deposited by the seal rings. The removal of the upper yarn

end ring by conventional methods generally is not a problem since it is located at the top of the

\
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packing stack in the stuffing box and is readily accessible. The problem is with the soft graphite
seal rings deeper in the stu tiing box. The graphite rings which are compressed during installation
have a ccnsistency such that they cannot l)e pickedout or grabbed, except in small pieces.

The drawing figures show several different embodiments of the present invention. Figure
1 shows one embodlment nf the present mvention in whlch oraphltlc packing removal tool 100
as a base ring 101 with a rough surface finish. All four leg shanks 301, 302, 303, and 304 are
attached to the base ring lOl and are approxrmately 90- degrees apart. |

The bottom edge of the base ring 101 of the packmg removal tool 100 may be sharpened
to allow easy packing i nng penetratlon. Here-m-aﬂer reference to base ring 101 is understood to
apply also to base ring 102, 103 and 104. To allow installation of the packing removal to‘ol ‘100

around a shaft or a stem, the base ring may have a.slit as shown in base ring 102 Figure 2, or may

have two slits forming two pieces, as shown in Figure 1. The smgle slit is posmoned equidistant

between any two leg shanks The second sht is radially oﬁ‘set approximately 180- degrees from

~

the ﬁrst slit.

The base ring 101 of the graphic packing removal tool 100 is sized so it cuts doivn
thrbligh the circumferential center of the packing ring, thus splitting the ring in two and causing
the graphite to adhere to the-inner and outer diameters of the removal tool. The penetration of
the seal ring by the base ring 101 of the paclcing removal tocl 100 causes a high load to be exerted
upon.' the sides of the base ring, thus causing the graphite lto cling to the b‘ase ring; ‘so that it can be
pnlled out cf the stuffing box in one piece. The rough surface finish of the base ring 101 further
assists in the adhesion of the graphite to the base ring. CL |

For maximum benefit, the base ring 101 of the packing removal tool 100 must be properly

-7-
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sized to the stixfﬁhg box in which it is used. The base ring 101 should be centered in the graphitic
packing ring.
. An alternative embodiment is shown in the graphitic packing removal tool 100 of Figure 2:

in which base ring 102 has perforations 150 punched into the sides/cieating protrusions that grip

- the packing ring during removal. Preferably the vperforations 150 are staggered to maximize the

gripping area and to prevent any .singlé deep groove from developing in the graphite during
insertion of the base ring 102 of the packing removal tool 100. More préferzibly, the perforations
150 alternate so that one rov;/ is bent outward away from the center of fhe ring and the Iiext, Tow is
bent inward toward the center of the ring. |

As the base ring 102 of paqking removal tool 100 is inserted into the packing ring, the
protrusioﬁs 150 easily penetrate the s'oﬁ grap};ite rings. When' the packing tpbl \1 00 is r'emoved,
the protrusions 150 dig into the graphite and hold tﬁe ring so it is removed in one piece along with
the packing removal tool 100.

A further embodiment of the invc%ntion is depicted in Figure 3 whic\li shows a packing .
removal tool 100 with a base ring 103 confaining knurling. The_ knuriing operates in much the -
same manner as the rough surface finish shown in f‘igure‘l and the pérforations shown in Figure
5 E , . - :

The different embodiment of the packing removal tool 100 is‘éhoim in Figure 4. The
packing rer;loval tool 100 has a base ring‘104 with an interrupte‘d\ thread .15‘1 on the in/ner ‘
diameter and an interrupted thread 152 on the outer d:iamete:. ﬁse of thé packing removal tool

100 of F igure 4 requires that the base n'ngl‘,l/04 be threaded down :in'to the material. This can be

done using a spanfger wrench jattache_d to the removal tool follower 400 shown in Figure 5.

-8-
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The removall tool follower.400'sh‘own in Figure 5 is geneltaily shaped in a portion of a
circie with slots 401, 402, and 403 that correspond to the elqnéafed' leg §haﬂs3bl, 302, and 303. ;
The removal tool follower is placed so that each of t;hé leg shafts 3‘01, 302, and 303 are located in-
the respective sldts 401, 402, alnd 403. This stabilizes the upper portion of the legs so that they
can then be;\mscrewed using a spannér w}ench or fhe like. The packing removal tool 100, with
the sealing ring attachéd, is then pulled out vertically in a similar .mannér as the other tools.

Tﬁe removal tool follower 400 can ,be used with all gf the embodiments of the packing
removal tool 100 and serves two pu,rpo’s.es. Firstly, the removal tool follower 400 allows the

A

packing removal tool 100 to be evenly compressed intc; the graphite. Secondly, the removal tool

‘follower 400 centers the packing removal tool 100 so that it cannot touch. and thus damage, the

stem or shaft and stuffing box walls.

In a further embodiment,"tl;e basé ring is split info two pieces as §howﬁ in base ring 101 in
Figure 1, so that it can more readily be placed around a shaft or a stem. |

To use the packing removal tool 100 of the p'resént invention; as exemplified by Figures 1-
4, the stuffing box is.accessed. Be%ore using the packipg removal tool 100,_ the yarn end ring or
rings on top of the packing seal rings shoﬁld| be taken \oﬁt. The packing removal tool 100 is then
centered on the top seal ring. Wheﬂ using the one piécé packiné removal tool 100, it is opéned
and inserted éround the stem. The two-piece packing removal tool is used by ceﬂtering both
halves on}thevuppe’r seal ring.

Thé rembval tobl follower 400 is.then inserted into \the stuffing box above the packing
removal tool 100, The legs 301, 30é, and 303 ofthe packi;1g removal tool 100 are ;chen placed in

the respective slots 401, 402, and 403 of the removal t_ool folfower 400. Use of the removal tool

oy
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follower 400 allows the packing removal tool 100 to be’evenly ¢oinpre§sed'into the graphite and-

it centers the packing removal tool 100, prohibiting it from touching and thus damaging the

 stem/shaft and stuffing box walls. The valve packing gland is then tightened dovyn on the removal .

tool follower 400 much like adjusting the compréssion of the packing durihg installation. The

depth of the packing removal tool 100 penetration into the packing stack is adjusted to remove
one or more rings at a time.” The packing g]andbis lifted out of the way and the packing remox}al
tool legs 301, 302, 303, and 304 are pulled to remove the seal ring or rings along with the .

packing removal tool 100. This process is repeatéd until all of the seal rings are reﬁrioyed. :

7’
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ABSTRACT OF THE DISCLOSURE

Graphitic packing removél toqls fqr removal of the seal ‘rings iﬁ one piece. The packing
rerhoval‘tool has a cylindrical Bése ring the same size as the packing rihg with a surface ﬁnish,l
perforations, knurling ér threads for adhe-si‘on to the seal ring. Elongated leg shanks are mounted
axially along the-circumferential center. A slit or slits permit insertion around shafts. A.removal
tool follower stabilizes the upper portion of the legs to al]’o;:v a spanner wren’cﬁ to be u‘se('i for

-~

insertion and removal.
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