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‘ ABSTBACT
A test program was conducted to evaluate
asbestos-free valve stem packing

service. Packing gland bolt loads, stem
frictional loads, and packing compression
were measured. Tests were performed
with room temperature water at
pressures to 6250 psig (431 bar) and
with steam at pressures to 3200 psig
(152 bar). Valve stem diameters from
1.000t04.000 inches (25.4 to 101.6 mm),
and strokes from 1.68 t0 20 inches
(42.7 to 508 mm}) were included in the
testing, Live loading of the packing
was evaluated, In all, approximately
100 packing sets were cycle tested aver
a 13 month period. In addition,
effectiveness of several corrosion
inhibitors was evaluated in corrosion
tests with 24 packing sets. Several
successful packing material combinations
are identified.

N

Rockwel! International

- materials proposed for high temperature -

INTRODUCTION -

Practically everyone is aware of the pubhcxzed
problems that have been associated with asbestos. it is
not necessary to detail all of the regulatory impacts that
have been felt by construction and other industries.
However, by the late 1970's, secondary effects of U.S.
reguiations took the form of “asbestos-free” clauses in
specifications written by a few customers and architect/
engineers for industrial valves.

The growth in demand jor asbestos-free valves was
not as fast as was initially expected. Whife the elimination
of asbestos was not a difficult technical problem in some
moderate tamperature applications, it still required signifi-
cant time to identify and prove the performance of cost--
effective substitutes. In the area of stem packings for
valves for elevated temperature service, asbestos-base:
packings had Been the industty standard for generations, ~
and the technical qualification of substitutes was a major
challenge. User interest in asbestos-free valves showed
a moderate but steady increase through the early 1980's.
In some patts of the world, particularly Australia and
Scandanavia, the determination was particularly strong
{0 avoid asbestos-containing equipment; while some
nations still have no. clear policy to eliminate asbestos,
it is likely that this will come in time.

It was known that some U.S. suppliers of packings
had discontinued sale of asbestos packings earlier, but
early in 1985 JohnCrane®? (John Crane-Houdaille, inc.}
announced that it would discontinue its asbestos packings.
JohnCrane asbestos packings, particularly 1871, had been
usad in many Rockwell high temperature valves for many
vears and were specified in some customer specifications,
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FIGURE1 /

Partial Cross-Sectional View of the Univaive.

Aftar a careful review of the developments over the
past five to ten years, the Flow Control Diviston of Rockwell
International concluded that the best approachwould be
‘o discontinue use of asbestos In the manufacture of vaives,
Test programs already in progress were expanded in 1985
0 assure that use of ashestos could be curtailed, and these
yrograms have been continued to provide qualifications
>f alternate sources and studies of more cost effective
naterials. This program has:been costly, but itwas consid-
rred necessary so that Rockwell could stand behind its
rommitment to assure excetlent ovarall petformance of
ishestos-free valves, e
3ACKGROUND

It is perhiaps fortunate that other problems with
isbestos-base packings had emerged sarlier and had
timulated research and testing. Specifically, the-perfor-
nance of asbestos-base packings had never peen out-
tanding, but requirements for periodic retightening and
apacking had been accepted as routine in many fossi
uel power plants. When the same packings were applied
1 nuclear power plants in the 1960, settous problems
rere encountered due to (1} inaccessibility of many valves
ar packing adjustment for prolonged periods, (2) loss of

i or pracious (e.g. heavy water) fluids, (3) valve
+om packing leakage, and (4) radiation exposure
f maintenance people, These problems were well ,
ocumented in studies in the U.S., Canada, and France.

iohnCraneis a registered trademark of John Crane-Houdaille, Inc.

for compensatlng for’ pack:ng wea _and
of springs. Atomic Energy of Canada Lt¢
forrned major work fnthis area One problermwas gt

agein nuclearpowerplantvalv nvolved ap, .
new materialwhich hadmader time a’ppe anca Mith

perior sealmg propertles in‘a Rockwelt Jrate : 5
programin 1871 [1%, and use ofthis. mate Jalwas. bréadin
U.S. nuclear’ power plants bythe

; P
for nuclear power, fossil power;; and other apphcaﬂons re-
quired more research and deveiopment Hockwell and -
others did considerable testing: resuitrngfln development-
of superior combinations of flexible hité and other, .

foan improvad stem seai in.anewlin
Unlivaives [2], These vaives (illiistrated in- Figure 1)have
rotating/translating stems:with digmeters'up to 1125
(28.6 mm)and are, made in accol dance. with- ANSI B16.34

2Grafoil 1s & registered trademark of Union Carbida Corporaﬂan :
3Numbers in brackete Aasinnata refarancag lietad of and of nanor
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FIGURE 3 B

Hot Functional Test of Size 30 (DN 750} Rockwell Equiwedge Maln Steam
lsolation Valve at CETIM Laboratory (Nantes, France).

Y
Classes 1690, 2680, and 4500. They incorporate smailer

packing chambers than used in earlier valves to provide
maore efficient packing loading. Ant-extrusion rings were
found necessary to prevent extrusion of flaxible graphite
rings at the high pressures these valves could encounter
in fossii plant applications, but excellent sealing perfor-
mance was achieved with two JohnCrane 1871 end rings
combined with two Grafoil sealing rings in Class 1680 and
2680 valves. The new Univalve packing arrangement is
shown in Figure 2. In addition to the excellent test results
achieved in the Rockwell laboratory before these valves
were released, first hand experience has been developed
with 28 such valves I ahigh temperature steam test facil-
ity in the samelaboratory; after four years of frequent pres-
sureftemperature cycling at up to 2500 psi (172 bar) and
1050°F (565°C), none of these valves has required repack-
ing and only two required tightening of gland bolts to stop
minor leakage. While that stem seal still contained
asbestos, it used less asbestos and provided improved
performancs. ]

Through work with the Rockwell Valve 5.A. (RVSA)
plant in France, it was learned that cooperative work be-
tween Latly International and Electricite de France (EdF)
had led to a solution of the stern leakage problem in EdF
Pressurized Water Reactor (PWR) plants. This solution
involved some of the same elements that had been so suc-
sessful in the Rockwell tests, namely ashestos-base anti-
extrusion rings combined with flexible graphite interlor
sealing rings. This combination of Lattytex®4 {17 and

Lattygrai®4 E1 has been applied successfully in Rockwell
valves built in France—in sizes up through size 30 (DN 750)
quick-closing Main Steam Isolation Valves (MS1V's). A
major qualification program [3] on the first French-built
Rockwell MSIV included a hot functional test on steam at
1040 psi (71.7 bar) and 547°F (286°C), this test provided an
excellent demonstration of the live-loaded stem packing.
Through 600 full stroke cycles, 400 partial stroke “exercise”
cycies, and several thermat cycles, there was no observed
stem packing leakage. Considering that this valve had a
stem diameter of 3.000 inches {76.2 mm) and a travel of

18 inches (483 mm), these testresults were considered
very good. The MSIV is shown in the steam test facility

in Figure 3.

When requirements started to develop for high-
temperature asbestos-free valves, most of the demand
was for smaller valves which already incorporated flexible
graphite sealing rings. While some hew proprietary
hraided asbestos-free materials were svaluated in a
Rockwell packing test program [4] in 1980, test results indi-

" cated need for frequent readjustments and marginal pack-

ing life, particularly at high pressures. That test prograrm
therefore concentrated on retention of the flexible graphite

" sealing rings and finding an acceptable replacement for

the asbestos anti-extrusion rings. Others had reported
good results with braided graphite “wiper” rings, such

as JohnCrane 1625 GF. Rockweil tests showed that these
rings prevented extrusion of flexible graphite sealing rings
and provided good performance at low and moderate pres-
sures; however, testing at aver 4000 psi (275 bar) required

- frequent packing adijustments and revealed a moderate

seepage caondition that could not be controlled. Since
Rockwsil Class 1690, 2680 and 4500 Univalves all have
room tamperature working pressure ratings above 4000

" psi, this combination of available braided graphite end

rings with flexible graphite sealing rings was judged inade-
quate, However excellent results were obtained when flex-
ible graphite was combined with braided carbon filament
top and bottom anti-extrusion rings. Specifically,

. Garlock®5s 98 end rings provided good sealing with

minimum readjustment in tests with stems 1.000 inch
(25.4 mm) In diameter in room temperature water tests
at up to 11,000 psi (759 bar). Backup testing at high tem-

" peratures reveaied no degradation with line fluids at tem-

peratures typical of the highest seen in power plants.

The asbestos-free packing research related to high
pressure, hightemperature valves paid off an unexpected
dividend, A new Rockwell high performance butterfly
valve (Classes 150 and 300} was required to meet the fire
test requirements of American Petroleum Institute (AP1},
British Standard Institute (BS!), and other user specifi-
cations. The same combination of packing materlals
selacted for high pressure valves was adoptad for use in
the new Hockwell McCannalok® Bidirectional Fire-Seal®
butterfly vaives. An extensive development and qualifica-
tion test program {5} demonstrated that this packing com-
bination provided excellent sealfing in quarterturn service
at normal pressures and temperatures, and i also met the
fire test requirements of AP| 807 (1980 and 1985), AP
Spec 6FA (1985), Exxon BP3-14-4 (1880}, and British
Standard 5146 (1974} in tests witnessed by a third-party
inspector.

4L attytex and Lattygraf are registered trademarks of Latty International
Sarlock is & registered trademark of Garlock, Inc.
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TABLE1
Packing Sets Tested

Braided End Rings/Flexible Graphite Center Rings

AT Material * - Graphite Ring | Stem Size- : Packing Cross | ﬂe;ommende’d‘-
Manu sr | Combination Materlal Description Density, g/ee | Tested ™ | Section, In. Bolt Torque;
sarlock, Inc. Garlock 98/ Braided carbon flbers _
Jpnion Carbide- | Grafoil Corrugated flexible graphite ribbon 1.6
sarlack, Inc. Garlock 98/ Braided carbon fibers -
Graph-Lock Diamond texturized fiexible graphite 1.4
\. W. Chesterton | Style 1-Cif Braided graphite yarn
Sompany GTPI Carrugated flexible graphite ribben 1.2
\. W. Chesteron | Style 1.Cif Braided graphite yarn -
Sompany GPP Compressed graphite powder 1.4 -
Aartin Merkal Carbosteam/ | Braided carbon yarn ‘
imbH & Co. KG | Grafiflex Diamond texturized flexible grapmte 1.3/1.4
atty Lattygraf 6000/ | Braided carbontiber
nternational lattygraf E1 Corrugated flexible graphite 1.7 .
S ribbbon with zing \
atty Lattygraf TSP/ | Bralded carban fiber
nternational Lattygraf E1 Corrugated fiexible graphite 1.7
. ribbon with zine .
Other Packing Materials Tested: .
Farlock, Inc. 1200-PBI Braided polyhenzimidizole fiber N:A. : 3 1
, £,
sarker Seal 2028 %+ Braided construction— . o
Jroup no other description avaltable N.A. =
lohn Crane- 2E7L ** Bralded construction—. . .~ . 2.375:
joudaitle, Inc. ne other description available N.A. o
\. W, Chesterton | Style 1800 inconet reinforced carbon yarn N.A, . 1.000 |
ompany 2 375

* Where applicabie, material combinations list bralded end rings first, followed by flexibie graphite center fings.’
* The material tested In this program is no longer available, A ravised material using the same ldentiﬁcatiomscurnamly vai bla

fRacummendatlon by manufacturer;

While the earlier laberatory tests of the braided car-
n/flexible graphite packing combination had been con-
red to fairly small valve stem sizes, this combination was
plied selectively in valves with larger stems over the
1st few years with no field problems. In some severe
iplications, the combination was applied suiccessfully to
place asbestos packings that had given leakage prob-
ms. While field performance resuits were very gooed; it
as decided earlyin 1985 to establish a laboratory data:
1se through testing of braided carbon and flexible graph-
+with larger valve stems. Shortly after this program-was
iderway, the Rockwell decisfon th curtail use of asbestos
suited in expans:cn of the test rogram to permit evalu-
ion of other promising ashestos-free packings. A survey
as made of packings available in the U.S., Europe and
ipan, and meetings were held with technical represen-
tives from a number of key packing manufacturers.

While there was ageneral concensus (not neces-
wily total agreement) that combinations of flexible graph-
+ sealing rings with either braided graphite or braided’
trbon end rings offered the best in asbestos-free packing
srformance, other asbestos-free high-tamperature pack-
gs were available, Manufacturers reported that these
ickings were either hew developments or had been im-
oved q;ghmficantiy over the past five years. Most of these

ter [

“ngs werse proprietary braided material combi-
Awvhich some iaboratory andfor field performance

iccess was raported. Generally, the data available from’

the manufacthrers

ing were obtained fc:r testmg an the expande
program. L ;

]

iance of fléxible grapmte packmg materialicotid be faken:
advantage of to reduce the size of packing; chambets. Thi:
earlier work centerad on smaller forged-steel valves;with -
little laboratory work on larger valves, Large valves-have- .

historically had very deep packing chambers using.a; Iarg -
number of asbestos packing rings..A malor.goal.of the,pro--

gram was to demonstrate thatthe. volumg of: asbestos-free
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. TABLE2'

Sizes of Packing Tested”
StemDiameter | Packing Cross Saction Number of Rings
d, Inches (mm) A, inches (mm) N
1.000(25.4) 0.25.(6.4) 3 4
2.375(60.3) - 0.38(9.5) 4,5
4.000(101.6) 0.50{12.7) 5

A

packlng required to seal the stem could be substantlallx

reduced by both decreasing the paeking cross section and

. .asbestos-free packing materials can cause galvanic.
_ corrosion of some valve stem materials. This test program. -
included testing to determine the effactiveness of several .

reducing-the required number of rings. The revised pack-
ing chamber designs would then have to be evaluated
through sealability and wear cycle tests.

A test program was devised to evaluate performance
ot asbestos-free packing using the revised packing chamber
design. Tha program was designed to expose the packing
to all of the loading conditions that it would encounter from
the time itis installed in the valve manufacturer’s plant
through end use. This involved expoesing the packing to
valve hydrostatic shell test ahd seat leakage test pressures
{with assoclated leakageitriteria), followed by cycling a
valve stem through the packing under high pressure and
room temperaturs or high femperature operating conditions.

Results of earlier tosts [4] demonstrated that the
packing material combination of Garlack 98 braided car-
bon end rings and Grafoil flexible graphite center rings
would successfully seai valve stems up to Class 4500
opeating_condit:’ons..‘f-’hg.Grafoﬂ rings used in those tests
were formed from Graféii ribbon by Rockwell so that the
density ofthe nngs could be closely controlied. Similarly,
Grafoil rings used in the current test program were also
formed by Rockweil. Flexible Graphite rings from other
manufacturers were obtained preformed (with density per
Ir standard practice), Rockwall specifications for general-
ivice flexible graphite die-formed packing rings call for

& density of 1,410 1.9 grams/cm? (87 to 118 Ib/ftd), although ;
tighter controls are specified for some special applications. k
This range has been found to be successful in new valves :
with good stem and packing chamber finish. Accordingly, = .
Grafoil rings formed by Rockwell for the current program: i
were made to provide a nominal density of 1.6 grams/em?3
(100 b/ft3). Several packing manufacturers normafly sup-
ply lower density fiexible graphite rings on the grounds
that they are mars suitable for repacking worn valves:.
At least one manufacturer {7] offers both “low density”
and “high density” flexible graphite rings. ;

Although the majority of cycle tests performed uti~
lized conventional packing gland bolting to compress the-
packing into the packing chambey, tests using live !‘oading
were also performed. These tests were performed primar-
ily to evaluate live loading in comparison 1o conventional .
packing gland bolting. Gland spring sets were desigred fo
accommodate the wear and compaction characteristics of
braided carbon/flexible graphite packing combmatlons
observed in previous tests.

The presence of carbon or graphite in many:

corrosion inhibitors currently being used or proposed for N
use with carbon or graphitic packing materials, .

Packings Tested :
Packings tested In this program inciude carbon -

and graphite braided packing, die-fermed flexible graphite
packing, and other proprietary braided packings. Individual
packing materials tested are listadin Table:1. Die forméd
flexible graphite packing was always tested in.conjunction
with carbon or graphite bralded end rings which served as
anti-extrusion rings. An exception to this was testing of one
of the proprietary braided packing materiais as ananti-
extrusion ring for flexible graphste packing. Othierwise, -
proprietary braided packing rings were normally tested by .
themselves. Materiais to be tested were normally obtained
from manufacturers in sets to accommodate the-test fixtiire
packing chambers. The only exceptton is Grafoiltings;
which were formed by Rockwell.

Three sizes of packing werte tested, as descrlbed
in Table 2. Manufacturers were advised of the tempsfature
and pressure conditions that the packing would be:exposed:
to before the packing was supplied. They were asked to
supply recommendations for loading the packing into the-
test fixtures, especially the packing gland beltloading to .
he uged to compress the packing into the packing cham-
ber. [t was considered particularly important that manu-
facturers supply this information for the new materlals for. .
which there was no Rockwell experience base.

1
ke

e
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GURE 4A

ve Stem Packing Test Fixture for 1,00 inch (25,4 mm) Diameter Stem.
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Yve Stem Packing Test Fixture for 2,375 Inch (60.3 mmy) Diameter Stem,

NIBCO001319



Test Equipment and Facilities .
© Threetest fixtures were usedin the course of cyci
testing the packing materials, These are:stiowniin Figure
4. Each fixture.consisted of. atubularpressure vesse Wi
packing chamber at each-end. A simulated. valve:stem
) nded.completsiy through oth packmg C hamb rs:an;

FIGUREA4C

Photograph of 1.000 Inch (25.4 mm) Diameter Stem Test Fixturs.

not been found: necessary.
te té

duced the_heilca! mcmon ty
valves. Stemytravel was 1.6
complete cycle was: mpiét
ing chamber was desugned 1c

FIGURE 4D e el 7 mediumsizevalves; corporal g22:37
: - S wnthtrans!atlon stem ]

Photograph of 2.375 inch (60.3 mm) Diamater Stem Tast Fisturs,

pied to the stem. Strain gages on.
stem frictlonal load maasqrements to be made. Stz
gages onthe packmg gland bolting alfowad loadsite b

FIGURE 4E | steel valves, and had.a 4000 Inch (101 & mm) dlam_
aiso with translat;onal, stem. Amg‘tien.only :S,tem tr

FPhotagraph of 4.000 inch {101.6 mm) Diameter Stem Test Fixturs,
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wchkwelf Steam (Generator Test Loop.

Yinck 08 mm). The packing chamber in this fixture

as deligned to hold a junk ring and § packing rings of

50 inch (12.7 mm) square cross section, Packing gland

>lting was 1.25 inch (31.8 mm) diameter, 12 threads/inch
.1 mmfthread). Two bolts were used for each packing gland.

acking gland bolting was not instrumented on this fixture.

3ain, stem actuation was by a hydraulic cylinder coupled
the stem. This permitted one complete cycle to be per-
rrmed within 90 seconds. Hydraulic cylinder pressures
2r6 monitored to determine stem packing frictional loads.
Packing rings of square cross sections were usedin
i cases. In the case of braided rings, this shape is normal
scause the ring is cut from a "rope” that is'square or round
1d die formed to be a square-Eath fing naturaily had cne
1p when installed in the packing éhamber, and rmgs were
acked in the chamber so that the gaps in uppet rings
ere all rotated 90° from the gap in the next fowerring.
exible graphite rings are die formed as short tubes and
g not limited to a square cross section. it is probable that,
ithin {imits, shorter washers or taller tubes of flexible
‘aphite would also function similarly providing they have
& same volume and density as the assemblies of square
©ss section tings tested. Square cross sections were
sed for this program because of successful prior expe-
snce with this form. The die formed rings were cut
agonally at two locations to facilitate installation in
ilves, and the spiit focalions were staggered at 90° at
+7The gap in adjacent braided anti-extrusion
shstalled 90° from the splits in the flexible
-aphite ting.
Rcom temperature tests were performed by filling
e fixture with water and pressurizing it to the test pres-
ire using a pneumatically driven hydraulic pump. High

saturated steam. Braided. carbén (or graph:te)lﬂemb[e
graphite packing combinationswere testéd at' 6250 psig..

(431 bar) dur;ng [raom tempe’ratur tests, d 650°F (343"0.

they are ratg o'
manufacturers show the B16. 3’ ratmgs

withstand the ratéd:conditions . i _
Proprietary praided packings were in general teste
at 2250 psig {155 bar) {Class 900 1J00°F/38°C rating}:during
room temperature tests This lower pressure-testing condi-
tion was decided upon after early tests i indicated thatsuch :
materials might not meet requiremerits: forhlghest'pressureq
valves but might be cost effective for-Class 90¢: and lower.
Hot test conditions were genetally the samedsforthe
braided carbon/flexibie graphlte packlng matena{
combinations.
Test conditions used in thls program wers. chase
based on earlier packing tests performed by Rockwell
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TEST AREA

SIZE 2XXH

FLOOR

recorded enpdzcauy throughout eac te:

HEATERS

tures) were compileted. These wear cyc!e hmlts were -
selected to provide a conservative upper boundary on
expected operation of on-off valves. Normally, Tatger.
valves are:not operated as frequently’ asismalie aives
Packing.gland boit|oads and:stem frictiohal loadswere

FIGURE 6 B

Electrically Héared Test Loop Schermatic Diagram.

*'4]. Results of those tests demonstrated that the braided

\ w_arbon/flexibie graphite packing materiat combinations

are not adversely affected by higher temperatures typical
of normal steam valve applications. Thersfore, 650°F
(343°C) was considered adequate to demonstrate accept-
able performance In applications involving larger stem
sizes than previously tested, and also for proving the per-
formance of ather packing materiafs considered to be
“equivalent” to tha materials previously tested. Because
the high temperature performance of the proprietary
braided materials was unknown, mostof those thatwere
reasonably successfuly at 650°F (343°C) were subse-
quently tested at 800°F (452°C) usmg the electricaily
heated test loop. . A

Atthe beginning oﬁﬂach test, the packing was
assembled Into the test fixture according to the manu-
facturers' instructions (when provided). The amount of
packing compression at instaliation was measured and
recorded. The packing was first exposed to the shell test
pressure and then to the seat leakage test pressure (ANSI
B16.34) for the pressure class conditions being tested.
Packing leakage was allowed at shell test pressure
(1.5 x 100°F rating) but was not allowed at seat leakage
test pressure (1.1 x 100°F rating).

For room temperature tests, the pressure was then
reduced to the appropriate 100°F (38°C) rating (see Table

3), and stem cycling was started. Packing was checked

Aedodically for leakage. When leakage occurred, the

re was depressurized and packing gland bolt torque
sither restored to its original value; or, if that was not eifec-
tive, increassd above its original value until the leakage
was stopped. Tesling was completed when 2500 cycles
{1.000inch [25.4 mm] fixture) or 1000 cycles (larger fix-

the stem furthastoutoftheﬂ Ure was
approximately 100°F(38°C),:andt

- packing. PackmgtemperaturesWer £

to evaluate effects of “thermabtaper’ FaIRY
the cool, extended portlun o_f the st

againstthe: stem to provide. asea! y i
Atthe end of all tests, final pac ngcompres
was measured and recorded . Packin pressit

gland before any bolnng ioads were:
measuring the axial position of the  gland: atthe end. ofth

test (or other point of mterest) The difference hetiveen; -
these two measurements is.the amountof.compression
and when-divided by the nominal packing stack height;
yields the percentage compression of the: packmg se
At the end of the test  the: torque feinaimingonith
packing gland bolts was measured andrecordad:ln’
selacted tests, gland bolt loads and stem, fraction loads
were logged over a range of test pressures: atroomtem-.
peratures. Test fixtures were. then drsassemblad andthe.

packing examined.
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PACKING CHAMBERS

~
TEST ST,

ASTMA216 GRWOB BODY

iWURE7

FIGURES

os}'on Test Fixture,

rrosion Tests

The corrosion tests were performed to determine
effectiveness of the various corroslon inhibiters being
id.or recommended for use with carbon or graphitic
:king materials. It was the intent of this study to examine
h corresion of valve stems and of packing chambers.

: test fixtures used in the corrosion test program are
wn in Figure 7...

These fixtures were constructed to rapresent actual
se packing chambers with a valve stem extendmg
»ugh them. The “stems” were made from, typical valve
T materials, heat treated and finished similarly to actual
ve stems, The fixture.bodies were made from ASTM
16 Grade WCB, a material from which many large cast
al valves are typically made.

Before starting the test, all surfaces were cleaned
emove any machining oll, The packing to be tested was
ded into the fixtures and slightly compressed. Tap water
ipproximately 600 psi (41 bar) was then injected into the
sking through the hotes in the center of the fixture body.
issure was maintained until the packing leaked and the
:king was wet. Then, the fixtures were placed into a
ar plastic container, and the container placed into a
perature controlled oven for the period of the test (see
ure 8’*”‘\oprox1mate!y twa guarts (2 liters) of distilled
aced inthe bottom of the container. Once
:h day;the oven was heated to approximately 100°F
°C) and held there for one hour. This was done to
wire a 100% humidity environment around the test
ures. Each test was completed when the required test
@ had elapsed. Two tests were completed after 650

Photograph Showing Corrasion Test Fixtures in Testven:

the extent of the corrosren,, ifiany

RESULTS

Table 4 presents cycle te
tested to datein this progra i
packings and other proprietary:t bralded packmgs a
cussed individuaily below.

and-Graphite End mngs

2.375 Inch Stem Tests: e G
Earlier tests had-inc! uded extenswe.-raem e
aturs and high temperature verification:of braided ¢ .
flexible graphite packing material combinationsinva 5
with a stem diameter of 1.000 inch{25.4:1r
of the current program emphasized testing; w:th large
Testing of flexible graphite packing:materials: began .
with twa room temperature tests of 4 reference matenal
combination, Garlock 98 end rings.with Grafoil center -
rings, in the 2.375-inch (60.3 mm) stemtest’ fixture: This
testing, as well as most otherroom temperature testing
of flexible graphite packing. materials, wasperformedat
6250 psig (431 bar). Packing giand boit torques:of 175t Ibf
(237 N.m) were used in these tests, correspondingtoa.
pressure loading on the packing.of approxzmateiy 6500 ps:
(448 bar), slightly higher than thetest pressure:. - B
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TABLE 4

Cycle Test:Results
. 1.00 Inch (25.4 mm}) Diameter-Stem Tést Results D
Vﬁ Boit Packlng. CTest, | Stem [ - Packlag. [ . .Packing. [N
Materlal Test ‘Torque | Pressure | i . Torque | Compression; -Ad|iistments- - ‘Cyc
ufacturer Combination Number | Ft-Lbf { Load, psi: Ftsthf ¢ ' 3. - | - Hequired

“taetin Merkal Carbosteamy. 1-K 40
GmbH & Co.KG | Grafiflex
Latty Lattygraf 6000/ 1-H - 40
Internationai Lattygraf E1
Latty Lattygraf TSP/ 1~ Loy
International Lattygraf E1
Garlock, Inc, 1200-PBI 1B 82 ' :

0¥ a2 2200, )
A_W. Chesterton | Style 1-CI/GPP 1-C 41 80CO - | 70 § 2250 [
Ceompany 18 41 8000° | 650 2200
A, W. Chestarton | Style 1800 1-L 46 9000 70 2250
Company | 141 46 9000 300 | 2000
Gariock, inc. -Garlgek 1200-7BY 1F 41 8000 660 2200 |-
Union Carbide  { Grafail 1-G 41 8000 850 | 2200 |

1] [ 40 7800 800 2200

2.375 Inch (6033 mm) Diameter Stem.Test

Bok Packing | Test Test Stem-
Material Tast Toryque | Pressure | Temp. | Press. | Friction-f
Maruitactrer Combination Number | Ft-Lbt | Load, psi F pslg (B
Garlock, Inc. Garlock 98/ 8 129 4600 70 6250 1200
Union Carbide Grafoll . 24 125 4300 | 850 2200 1 2300
1 175 B500 70 82650 _2509‘
2 178 6500 '
3 176 300
4 175 B500
26 — | 3100/4400
19 175 ¥ 6500
20 50 1850
’ 21 50 1860
AW, Chesterton | Siyte 1-CIfGTPI" 14 330 12200
Company . 15 330 12200
. 16 330 12200-
Carbosteam/ 27 200 7400
Graflfiex 28 200 7400
Lattygraf 6000/ 23 200 7400
Lattygrat E1 N 200 7400
Gariock, Ine, 1200-PBI 8 150 5600
7 150 5600
:] 150 5600
9 180 5800
10 150 5600
17 5800
Parker Seal Parker 2028 11 150 5600
Group 12 150 5600
John Grane- Crane 2671 13 178 6500
Houdalile, Inc.
A, W. Chesterton | Style 1800 23 240
Company a0 240
'4 000'Inch (101.6° mm) Diameter StemiTest
el Boit Packing | Test | Tost Stem
Mnteral’ - “fest Torgue | Pressiure | Temp. 'Pmss. Friction-
Manufacturer c:zmbfnaiion Number | Ft-Lbf | Load, pal F psig | ..Lbf
Garicck, inc.- Qarlock 98/ 4-A 476. 6500 70 | 6250 I . 4080
Union Carbide | Grafoil 4B 350 4754 650 | 2200 | -5500.°
' 4-C 31004400 | 650 2200 7100
Garlock, Inc. Garlock 98/ 4B 414 5800 650 | 2200 | 6300
Graph-Lock ' ) ;o

General Notes:
Where two materinls aro listed togethar, the firet is tha anti-extrusion ring material ang the second |s the centar ring materia.l
Packing adjustments requirad shows the number of ad|ustmants required for teatend 1 foliowed by numbar oradjuaunanm mquimd 1o
Stam friction loads listed ara fargest meanursd during each tast. g

Notes/Cammants;

1. Em'abraldsdenddngraqulmd:oprwantpackingglnndfmmhcliumingout. 5. Glandbolmrquaslncmu : 6;

2. Tost stoppeddusto Ive amblent tomp 16, Packlngdldnmlea.kaftsrglandbal!mrquaaaionsendmmmd

3. Could nat pass amblenttamporaturs hydrotest atZEDOpslg aftsr cooldown from hot testing. 17. Three retargues required to seal agains seat (ankage test pressure,:

4. Extra bratded end rings required for sealing. 18. G]andboltmmusswamdacramdhnaaOﬁlb!mocyclmbacauaestam

5. Recommandadboltmrquaatmiamopruwdasanjing Targe enough that the hydraullc ciindar could extand but not retmct,  : SONEES
19, Test 48 was a continuation of Thst 44, with the tast fodure not being rspachea betore the

8, Torque increaged ta 178 F-Lif after 500 cycles,
7. Torcue astablished at 300 ﬂ—lbﬂo maintaln daslred packing prassure loading after refaxation. start of the tast. Gland boit iorques ware restorad to 850 H{-bf before the start of tha dest.”
20. Compnrassion mpmsamx addiﬂonaicompreaalun nttur ratopquingto 350.ft.{bf in.p

at stopped duets blent tamperature |
Szking gland boit torques Increased to 176 H-bs after 160 tycias, . for this tast! ~
sshnd bott torgues incraased 10 50 f-Ibf a2 248 cycles, . 21, Testwasatopped altar swera ieak.nga davelnpod during firat "thiel
% at tarminsted normaliy et 560 24, Packing adjusted aftar firstthermad equillbrium cycle to stop lealege.
12, Gland bolttorquas increased to 175 ft-Ib! after 6 cycias, 23, Flrst 109 cycles compiated at room tempérasure, 6250 psig: '+ -
13, Gland bolt torques Increased 10 176 ft-bt after heatup but betore first stem c:yr:ln 24, Test stopped atier 841 total cyciaﬁfor maimename onsteam generator,

14, Ratorgue ai 1000 cycles succassiul at stopping minor leskage, Exira 200 ¢ycles completed
asverification.
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Resuits of this testing were very good., Two 1000
_ cycle tests were completed with no adjustments of the
" packing required at all. Compression of the packing atthe
conclusion of testing (but with bolt loads still applied) was
“himately 29%, with most ofthe compression occur-
., result of initial bolt preloading and hydrostatic

testirig. Normally, very littls additional compression of the. . .

" packing was observed during the subsequent cycle test-

ing. Stem frictional loads averaged approximately 3000 lbf:i

(13,300 N) per 5-ring packing set.

Probably the most interesting observation made
durlng these first two tests was that during the cycle test-
ing, while the test fixture was at test pressure, the meas-
ured packing gland bolt load quickly approached a load

aqual (within experimental accuracy) to the hydrostaticend.,

load on the packing dus to test pressure. That the force

measured at one end of the packing set is approximately

equalto the force being applied at the other end suggests
the axial pressure within the packing is, to a reasohable .
‘extent, evenly distributed, and additionally suggestS that
the packingis to a great extent pressure energized. This
result was unexpected.

Rasuits of hot testing of the reference material
-designwere equally as good. The initial test setup was the-

same as forthe room temperature tests described above..

As noted previously, the first two complete cycles of the.

- stem each day were thermal equilibrium cycles, which
involved cycling a relatively cold stem intp a hot' packing
chamber. During this part of the testing, minor visible
steam leakage through the packing was observed; it
started part.way during stemn motion and stopped when
stem motion stopped or within a few seconds thereafter.

'iuch thermal equilibrium cycles, there was no leak-
opposite end of the fixture where the hot stem

‘cam#out of the packing chamber and a hotter section of

stem entered the chamber (simulating opening of avaive

that was already hot).

' Leakage through the packing was not visually ob—
served during normal continuous wear cycling. Stem fric-
tional loads during this test were approximately the same
as had been observed during room temperature testing.

At this point in the testing, it was observed that after

depressurization at the end of 1000 cycles, packing gland
“bolt torques had decrsased to provide a pressure loading

on the packing of approximately 3270 psi (225 bar) ab0%
reduction from the initial preload value of 6500 psi (448 -
bar). This result suggested that it may be possible to lose
“asignificant amount of packing gland bolt preload during
normal operation. Therefore, Test No. 4 was performed fo
find out what would happen during high temperature oper-
ation i practically all packing gland bolt preload was lost.
Results of Test No. 4 were surprising. After initial
test setup, hydrotesting and 570 hot wear cycles, gland
bolt torgues on one packing gland were intentionally re-
moved compiletely, then retightened to reduced levels of
15 ft-lbf (20 N.m), and then to 5 fi-lbf (7 N.m) torque to de-
termine the impact on packing leakage during high tem-
perature operation. Leakage in this test was virtually the
same as in the previous hot test. These rasults indicate
& other phenomenon is occurring which helps the
o seal. This supports previous test results show-
his packing combination tends to be pressure.
energized after itis initially compressed at instaliation. -

12
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Inafurther consideration of the pravious results,
Tast No. 5 was performed, In this test, packing gland bolt
preload torques of 125 fi-Ibf (169 N.m) were used to deter-
mine if reduced initial boitloading would adversely affect
packing performance. This torque produced a gland pres-
sure of just4600 psi (317 bar) or just 74% of the test
pressure. -
Results from Test No 5 indicated that although
retorquing to 125 ft-Ibf was required after hydrotest to seal
at the seatieakage test pressure (6875 psi or474 bar); no
retorquing was required during this 1000 cycle room tem-
perature test. High temperature testing (Test 24) using this
same packing gland bolt torque yielded slightly degraded
{but acceptable) performance, with one packing set retar-
qued twice andihe othrerand oncs to controt packing leak-
age during the 1000 cycle test.

Results of measurements made at the end of Test.
No. 5 to determine the-effect of test pressure on packing
gland bolt load are shown In Figure 9. Test pressure was
gradually reduced from 6250 psig (431 bar) to 0 psig and
then back again: At each datapoint; the stem was cycled
afew times to sliminate residual effects from thejast pres-
sure tested. Bolt loads were summed to determina total
gland load, whichis plotted in the figure. These data are
compared to the hydrostatic force on the packing. The
gland pressure at zero test pressure had declined fromthe
4600 psi (317 bar) pretest value to just 680 psi (47 bar), yet
the packings continued to seal at ali pressures 1o 8250 psig
(431 bar). ltis clear that as the hydrostatic end load on the
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packing increases above that resulting from total giand

bolt prefoad on the packing, total gland boltload and the

hydrostatic load on the packing are very nearly equal.
Figure 10 shows measurements made at the end of

Test No. 5 to determine the impact of test pressure on-stem

packing friction load. These data were taken in the same
manner as the data shown in Figure 9, These results indi-
cate that for the reference material design, stem packmg

friction loads.ara essentially.independent of test pressure E

This was unexpected.

These results have some very interesting tmphca- s

tions-with respect to effect of [dadings on this packingma-
terial combination, it is reasonable to assume, although.
notprovenfiere; that there is.a minimum initial amaunt of--
axial compression (.e., gland boltload) ofthe packing re-
quired to make it seal properly. This Is due primarily to the
radial flow ofthe packing required to take up clearances
between the.packing and the stem and packing chamber
sidewall. Then, If the hydrostatic end load on the packing
Is greaterthar this mirmimum load, packing performance
would be expected to be good, although not necessarily
perfect. Thisis notto say that total loss of packing gland
boit preioad Is acceptable. However, this does mean that,
assuming the packing was Installed properly to begin with,
live loading of the packing (using belteville spring washers,
g Aimple) wouid not be expected to dramatscally improve
, g performance, since the packing is aiready “live-
ed" by fine pressure.

- all requiredio seat:ambi

' deirver1 25to1 .75 tifnes thi

All previous tests of the reference material. d951gn
this test program had'a test duration.of 1000. cycles.In orde
to demonstrate a reasonable amoeunt of perrormanc

meﬁts of 1l'he packfng e
duratmn F’erform‘ 'nce d_

age of steam through the for:
minimal. Three’ adjustmen
quired during the:test; whit
acceptable formost: appl

(1 72 bar)during hydro-tet
ing. These results mdlca
the reference

o P
AECL proposed desrgn _
(172 bar) asthe. deagn 0

packing over a spring travei'of 0. ﬁs inches: (
Spring travel rsqurrement was derived base
previous tests. The spring stacks arg shown
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GLAND ' GLAND BOLT

Live Lnad[q g Amrangement.

{n preparation fur testing, the packing was installed
two rings at a lime and compressed using a gland pressure
load of 6500 psi (448 bar) before the next two rings were
instalied. The fifth ring was instatled individually in the
same mannet. This procedure was used for consistency
with that previously used in assembling Rockwell nuclear
power piant valves with live-loaded packings. The standard
boiting apparatus was then replaced with the live loading
apparatus. lines were previously scribed on the spring:
stack plunger (see Figure 11} to indicate the 125% and
175% load positions and were used to dstablish the con-
figuration of the spring stacka,pnor to thestart of testing.

The first 500 eycles. of this test were performed at
room temperature and 2250 psig (156 bar). Room tem-
perature performance was very good, with no leakage
observed. The stem began '‘groaning” at approximately
19 cycles and stopped at approximately 170 cycles. This
was not observed in previous tests without live loading.
The last 500 cycles of this test were performed at 850°F
(343°C) and 2200 psig (152 bar). Onthe first day of testing,
thermal equilibrium cycles exhibited no leakage (an im-
provement), and no leakage was noted during normal
wear cycies, On the second day of testing, however, the
packing leaked stoam during thermal equilibrium cycling
roximately the same transient degree as packing
andard gland holting. Wear cycling was without
incident. These results indicate that five loading improves
packing performance, but not as significantly as might
have been expected. During testing, giand travel for test

14

ands 1 and 2 was .081 (2.1 mm) and .064 inches (1.6 mm)
respectlve!y {well within the 0 116 inch {2.85 mm) design
spring travel).

Stem frictional loads observed during this test are
compared to loads observed in earlier tesis in Figure 12.
Data in curves 1 and 2 were taken from tests performed at
6250 psig (431 bar} using standard boiting, with the differ-
ence being the initial gland boit torque. Curves 1 and 2
show a definite increase in stem-frictional load with increas-

ing initial gland boit torque. Data from the live loaded pack-

ing test show higher stem packing friction ocourring fora
lower test pressure and lower unit pressure loading on the
packing. The step increase in the magnitude of the stem
frictional foad with the live loaded packing at 500 cycles
occusred after the test fixture had been reconfigured for
the hot portion of the test, and has no specific explanation;
since several days were required for the reconfiguration,

a simple “time set” effect may have been invoived.

4.000 Inch Stem Tests: '

Testing of braided carbon/ﬂexmle graphitic packing
material combinations was also conducted in the 4.000
inch (101.6 mm) diameter steh test fixture. Testing in this -
fixture was performed In the same manner asin tha 2.375
inch (60.33 mm) test fixture. Packing was loaded into the
fixiure and the gland bolts torqued to 475 fi-{bf (844 N.m),
sufficient to provide 6500 psi {448 bar) pressure loading on
the packing. This is the.same value used in most fests in
the 2.375 inch fixture.
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Stem Friction Load ¥S Gyules, Garlock 98/Grafoll Combination
em A |
Normal Belting vs. Lve Loadfngr..

it two tests performed In this fixture were a

‘{'1;'9;'r§:ure test at 6250 psig (431 bar) and a 850°F,
room ter Pa 43°C, 152 bar) test, respectively. After assem-
2200 psig ( ' heginningthe first test, it was dis-

; jor{o
bly of the fixture b7 lic eylinder could extend but not

e hydrau .
f;::;fg;g?,:;?the):‘rictional load caused by the packing.

torques were reduced to 350 fi-Ibf
Tharefqre,tgf:argiggiéhe gtem friction load. While this pro-
gf]?eﬁ ggiahd pressure load of just4800 psi (330 bar); it
was decided to proceed- Tests 5 and 24 (Tabie 4) with the
& o fixture had produgad"suppessful results with a
g:rz;salrn; acking.pressm%lﬁbad . The fixture was then pres-
surized o the seat leakagde test pressure (6875 psigi474 bar)
to verify proper sealing of the packing. When proper seal-
ing hadbeen verified, cycling of the stem was started. Re-
sults of this first test were good, With just 2 adjustments to
R p cking setbeing required during the 1000 cycle test.
Yt Piﬂ r ali measurements had been made at the end
ofthis-firste test (4A), itwas decided notto disassemble and
repack the fixture, but rather to simply rest'ore thg gland
boft torqﬁe of 350 fi-Ibf (475 N.m) and go directly into the
B50°F (343°C) test. This was done primatily to save time,
although the results demonstrate considerable perfor-
o "Cegf a;%gr}uperature tests in the 4,000 inch (101.8 mm)
ure.wegf,e performed in the same manner as those in the
375 inch(60.33 mm) fixture. The only ch_ange was in ther-
n';al‘ equilibrium cyching. Because of the size angi mass of
the stem and the time required to heatand cool it, only one
um cycle was perfarmed at the beginning

| equitibri . ;
E)r;ee;n;?;tfegf day, as opposed to two in previous tests.

Performance during this second test was aiso
good. No leakage was observed during the first thermal .
cyele. During the second through the fourth thermal cycle,
minor ieakage was noted during thermal equilibrium cycles.
Minor leakage during hydrostatic testing at 2500 psig (172

bar) at the end of the second thermal cycle promptedan

“adjustment of both packing sets o stop the leakage. No
additional adjustments to the packing.were required,
Upon disassembiy following Test 48, full-sfroke
scoring of the stem was observed at test end 1, Foreign.
matetial found in the test fixture {resulting from manufac-
ture and heat treatment) was the probable cause. Even
with this scaring, however, test end 1 sealed lealctight
against a hydrostatic test pressure of 2500 psig (172 bar) at
thea end of the test. While certalnly not intentional, this test
demonstrated the ability of this packing combination to
“heal” the effects of a vaive stem damaged in this manner.
The Garlock 98/Graph-lock material combination
was also tested.in the 4.000-ineh (101.6 mm) test fixture.
Only one test of the material was performed. The first 100
cycles of the test were performed at room temperatures
6250 psig (431 bar)..The remaining 541 cycles were per-

- formed at 650°F/2200 psig{343°CH52 bar). Testingwas

stopped at 841 cycles due to maintenance requirements
on the steam generator. Room tempearature performance
was gaod. Additionally, no leakage was observed during
wear cycling at high temperature. Performance during
“thermal equilibrium” cycling was good at the beginning,
but the amount of leakage and time before it stopped
increased with each thermal eycle; higher initial-gland

bolt torques (i.e., gland pressure loading on the packing)
might have soived this problem.

4.000 Inch Stem Test—Live Loaded:

Testing of the live-loaded packing (Test 4-C in Table

4) In the'4.000 inch (101.6 mm) test fixture was conducted

" In a slightly different manner than in previous tests. Test

end 2 (see Figure 4B) was fitted with belleville washer
stacks while test end 1 remainedwith conventional gland
bolting. This arrangement allowed the full 20 inch {508 '
mm) stem stroke 1o be maintained, while at the same time
providing a repeat test with conventional gland bolting.

©Inthistest, as.in the previous live-ioaded packing
test, the first two rings of packing were lcaded into the test
fixture and-compressed to 6500 psi (448 bar) gland pres-
sure. These first two rings were then foliowed by the sec-
ond two, and finaily the last ring:in the same manner. Both
test ends were packed this way. Befleville washerstacks
were then fitted on test end 2, while the gland boit torques
ontest end 1 were adjusted to 350 ft-Ibf (475 N.m)..

. The spring stacks used in this test wers designed
to provide 125 to 175% of the hydrostatic end load on the
packing at 2500 psig (172 bar) over atravel of 0.112inches
{2.84 mm). Results fram the previous two tests in this test
fixture indicated that for tests 4-A and 4-B combined, total
gland motion due to gland readjustments was approxi-
mately 0.102 inches (2.58 mm), so that the design shouid
be adequate.

The first 500 cycles wera performed at raom term-
perature, 2250 psig (155 bar). Significant motion of the
live-loaded gland (0.050 inchf1.27 mm) was obsarved dur-
ing the first 100 cycles of the test. Gland motion continued
at a much reduced rate until at the end of 500 cycles, total
live-loaded gland travel had reached 0.082 inch (2.16 mm).

IR e T e A
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tal gland motion with conventional bolting was approxi-
ate!y 0.004 inch (0.10 mm). Neither endwas exhibiting
1y sign-““~akage during these first 500 cycles.

T. . stiixture was next installed into the steam
aneratortest ioop in preparation for high temperature
50°F, 2200 pslg) {343°C, 162 bar) testing. Atotal of three
ermal cycles was completed during this test. At the begin-
ng of each thermal cycle, one "“thermal equilibrium™ cycle
as conducted. During the first thermal equilibrium cycle,
:6 live-loaded packing did not Isak, while slight leakage
as observed from the conventionally loaded packing.
uring the second thermal cycle, leakage of approximately
e same magnitude was cbsearved from both packing seats.

Atthe end of the second thermal cycte and after the
15t fixture had coolad to room ternperaturs, it was observed
1at the live-loaded gland travel had exceeded that jor =
‘hich the belleville spring stacks were designed. Thers-
sre, the spring stacks were restored to the 175% load con-
ition prior to the heatup for the third thermal cycie. Al this

ame time, the conventional gland bolt torque was restored
> 350 ft-lbf (475 N.m).

No leakage was observed from either packing
hamber during thermai equilibrium cyching at the begin-
iing of the third thermal cycle. Throughout the wéar aycling
wortion of the hat test, no leakage was observed coming
rom either packing set. Also, no leakage was obsetved
hrough either packing set during room temperature
wdrostatic testing of the packing following cooldown after
rach thermal cycle. The maximum stem packing friction
oad of 7100 Ibf (31.5 KN) was cbserved at the beginning
sfthe temperature portion of the test.

t .

i
Alternate Carbon and Graphite Packing Materials:

Material combinations with braided carbon or
graphite end rings and flexible graphite central rings from
osther manufacturers were tasted variously in two of the
cyele test fixtures, In genaral, assuming that proper gland
bolt preloads were specified, performance of these pack-
ings was comparable to that of the teference material com-
bination. Short discussions of each material combination
tested follow,

" Chesterlon®s Style-1-CUGTPI packing material com-
bination was tested in the 2.375 inch (60.3 mm) stem test fix-
ture, The packing gland bolt torque recommendation from
Chesterton for this material conibiriation was the highest
of all materials tested and resuftéd in the highest stem fric-
tion loads measured during testing of the graphitic mate-
rials. In'spite of this, however, the first room temperature
test performed using this material (Test 14) showed poor

results because of minor uncontroliable leakage fronyboth -

packing chambers. It was noted that the Chesterton Style
1-Cland ring is of braided graphite (not carbon) construc-
tion, and a simifar problem was encountered with different
braided graphite end rings at high pressures in sarlier
Rockwell tests [4]. Nevertheless, this problem was soived
in a subsequent amblent temperature test by instafiing an
additional Style 1 end ring next to the packing gland in
cking chamber after hydrostatic test. With this
both room temperature and high temperature
performance was good, but packing triction was

Chesterton is a registered trademark of the A. W. Chesterton Co.

_material combination was tested in both the.2.375 rnch.

quite high. However, this change made the & ring packing
chamber into a 6 ring packing chamber, and it reguires
additional manufacturing assembly steps (adding a

packing ring after initial compression}. ‘ ‘
Martin Merkel Carbosteam@”iGrafrﬂex@? packmg -

{60.3 mm) and 1.000 inch (25.4 mm) stem test nxturee :
Performance in the 2.375 inch fixture during bothrreom: .
temperature and hightemperature testing:was.very; good
Roorn temperature testing.of this materialinthe 1.000Inc
test fixture was troubled by ieakage whictigould, nathbe:
controtled. Martin Merkel has been consulted aboutthi
problem. A high temperature testsn— the 1-‘0@0 inch!ﬂxture
was not performed. . )

tion was tested in both the 1.00!
inch {60.3 mm) test fixtures. Ao
temperature performance in th

received appeared to be too Iow,_.elt_hpu
giand pressure toadi'ng (500 bar“or 720

packing friction caused the actuaterte
mendation was low, and the packmg tor
Rockwell gradually increased the torque
N.mj) and achieved an effective seal. Performanc’

ing friction was still sornewhat high. Perfm'mance n the
high temperature test was also good, with only. one ‘adjust
ment of each packing set required duting the 1000 cy_c]e
test. Stem frictional load was siightly hrgher than inthe:
room temperature test. ‘

Proprietary Bralded Packing Matermls

Proprietary braided packing materials fro r
manufacturers were tested. All'of these, packi :
were rated by the manufacturers for hrgh temperature
high pressure service atthe time they Were submrtted

perature testing, and at 630°F (343"0), 220 ;
during hrgh temperature testrng The: hrgh temperatur

during heatup, usuelly reiated to- veiattzatrp of substance
contained in the paeking. Thatvolume adiction, translates’
directly inteloss of gland preload: -

With one exception, performance.af thase propria
tary materials during ambisnt temperature testing was
very good. One specifically was tested at'up to-6250 psig
(431 bar} and performed very well. However, with two .
exceptions, most proprietary braided packings failed to.
perform satisfactorily during, high temperature testing..
Discussions of the Individual materials tested are

presented below.

TCarbosteam and Grafiflex are registered tradamarks of Martin Merke
Gmbh & Ce. }
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Several tests of Garlock 1200-PBi were performed
during the test program. This material performed very well
at room temperature, withno adjustments of the packing
,Mrequrred in 1000 cycles at 2250 psig (155 bar). Room tem-
?'-'"\erature testing was carried to 6250 psig (341 bar) with

R very good results. Three high temperature tests of this

material were performed. The first two tests showed simi-
lar results, those being significant leakage during thermal
equilibirium cycling, followed by a gradual increase in
steam leakage during normal wear cycling. In addition,
the packing could net be made to seal ambient temper-
ature water at 2500 psi (172 bar) following cooldown after
only one thermal cycle, indicating that it had hardened and
lost its resifience. Increases in giand bolt ioading produced

ne measurable packing compressuon and post-test exam-

ination disclosed that packing rings had fused info a smgie
tigid tubular form,

These results were reveiwed w1th Garlock repre-
sentatives who offered specific recommendations to im-
prove packing performance. These changes substantially
improved performance with the final high temperature test
lasting 700 cycles, almost twice as long as previous tests.
Steam leakage through the packing was also substantially
reduced, but the packing could not be made to seal against
* room temperature water at 2500 psf (172 -har) after cooldown
following the second thermal cycie. Testmg was stopped at
-that point.

Although high temperature test resuits for Garlock
1200-PBI by itself were not encouraging, some potential -
was seen for this material as an anti-extrusion ring for use .
with flexible graphite packing material. The hardening of
fhe rings (which prevented successful test resuits with
Jse rings alone) made the material a good candidate
"an anti-extrusion ring.

Three tests (1-F, 1-G, 1-l} of a Garlock 1200-PBI/
Grafoil materiat combination were performed in the 1.000
inch (25.4 mrmy) diameter stem test fixture to determine the
performance of this material combination. Testing con-
sisted of two tests at 650°F (343°C) and one test at 900°F
(483°C), both at 2200 psig (152 bar). No room temperature
testing was perfarmed, as previous results indicated that
room temperature performance of both materials shou!d
besatisfactory. ’

Resuits of the first two tests were good, with perfor-
manceduring the second tes¥ being somewhat better than
thefirst. The presence of.the flexible graphite in the pack-
ing set gave it the resiliente required to provide adjust-
ability to control leakage, and the Garlock 1200-PBI
functioned well as an anti-extrusion devise. The third test
at 900°F (482°C) again showed good performance of this
material combination. Over the 500 cycle duration of the
test, one packing set was adjusted once andthe other set
notat all. The test was terminated at 500 cycles as an
adequate detionstration.

: Farker 2028 material was tested In the 2.375 inch
{603 mm) stem test fixture. After this test was completad,
Parker stopped production of the material tested and later
introduced a new packing material carrying the same
identification numbar. Since the material tested is no
et produced, discussion of the results of the testing
e brief. Compression of this packing was high atthe
toFque requirad to effect a seal, 32 to 38 percant. Room

temperature performance was geod. At the beginning of
high temperature testing, melted packing material was

noted coming out of the packing chambers. However, high

temperature performances started off good but gradually-
degraded until, during the fourth thermal cycle, the testing
was stopped due to excessive steam leakage. Rockweil
has not tested the new 2028 material,

. JohnCrane 2871 was the only packing tested which
could not pass the room tempetature screening i6st. A
high temperaturs test was not attempted, This packing is
no longer available fror JohnCrane. A new JohnCrane
materiaf, EX-363, was received for testing but not in time
forincluslon of results in this papet.

. Two Chesterton packings were tested in this part of -
thetest program, these being the Style 1-CIIGPP {graphite -

powder packing) combination and the Style 1800 packing
material. The Style 1-CIUGPP material combination was
tested only in the 1.000 inch (25.4 mm) stem test fixture.
Bath room temperature and high temperature performance
werg good. Again, however, an extra Style 1 end ring had
to be added 1o the top of each packing chamber, because
packing compression caused the glands to bottorn out,
leaving no further adjustment. This made the original 4 ring
packing chamber a 5 ring packing chamber and involves
use of additional assembly labor to add the fifth ring.

© The Chestérton Style 1800 packing'was tested in
both the 2.375 inch (60,3 mm} and the 1.000 inch (25.4 mim)
stem test fixtures. Testing in the larger fixture was parformed
first. Room temperature performance was good, although
initial cycling caused extrusion of an alarming amount of
wear debris from the gland. During the first cycle of the
high temperature test, however, the packing started leak-
ing steam severely, so the test was stopped. After cool-
down, a room temperature hydrotest at 2500 psi (172 bar)
showed significant leakage. While this leakage could be
controlled through tightening the gland bolting, the test

. was curtailed and Chesterton was consulted.

About this same time, room temperature testing of
this material was being completed in the smaller (1.000
inch/25.4 mm stem) test fixture. It was decided to omit the
650°F (343°C) test and proceed to test the material in the
alectrically heated loop at 900°F (482°C) and 2200 psig
(152bar). Initial results during this test were the same as
in the previous hot test—significant steam leakage during
the first stem cycle. However, at this point the test fixture
was depressurized and the gland bolt torques, which had
dropped to a very low value, were restorad to thelr original
value. This solved the leakage problem, and subsequent
high ternperature performance of this packing was very
good. Chesterton was consulted, and their representative
claimed that because this packing is a "jam” packing, it
should be retorqued after initial heatup and prior to stem
cycling. These resuits indicate that performance of this
packing in the larger fixture woulid probably have been
acceptable if it had been retightened after hiatup, but
an additional high temperature test of the matetial in
the larger fixture has not been performed. The need for
retightening when hot before cyclingis a s:gnmcant

disadvantage.
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Corrosion Test Resuits

The test fixtures were removed from the test oven
and ¢insgsembled after the specified testperiods. Stem
surfi and the surfaces inside the stuffing boxes were
examimed for corrosion. A description of the packings
testedis presented in Table 5.

None of tha 17-4PH (H-1100) stems showed any
avidence of corrosion. Even the control {no corrosion
inhibitor) packing set did not corrode the 17-4PH stem.
This is consistent with previous resuits obtained for
stems made from 17-4PH.

The 410 8S stem material next to the control {no
corrosion inhibitor) packing set exhibited pitting .001 to
003 inches (0.03 to 0.08 mm) deep (see.Figure 13). The
410 58 stems protacted from corrosion by the zinc
washers, the aluminum washers, and the non-metallic
corrosion inhibitor exhibited some discoloration but no
pitting. Results with the zinc washers wereg subsequently
confirmed in & 2000 hour test (see Tabls 5). After 2000
haurs, hawever, 4 stemn protected by aluminum washers
showed significant pitting, and a stem protected by the
non-metallic corrosion inhibitor dispiayed minor pitting.

Hesulits of corrosion tests with zinc and aluminum
“dusted” graphite rings were mixed. In a previous Rock-

well test program [4], flexible graphite rings were "dusted" '

by applying the dust between the layers of the graphite rtb-
bon and then forming the ring, and thus trapping the dust:
inside the ring. However, a survey of several major packmg
manufacturers indicated that dusted rings are usually

made by applying a tackifying agent and then the. metallic .

dus* ~the external surfaces of the packing ring. The tack-
Jentis required becauss the dust wil normally not
to the flexibie graphite rings. When the test stems
ware removed from the fixtures in Tests 1 and 2, it was
observed that every stem surface which had been adja-
cent to dusted Grafoif packing had an adherent buildup of
Grafoil, the metallic dust, and the tackifying agent. Atthe
conclusion of the first test, it was thought that an insuffi-
cient curing time for the tackifying agent was the causse
of this problem. Howaver, similar results were observed
atthe end of the second test, aven with factory-supplied
dusted rings. Effects of this adhesion of materials to the
stem are still under evaluation. o
No gorrosion of the 410 S8 stem surfaces which
had been adjacent to zinc-dusted rings was observed.
However, significant corrosidii under the aluminum-
dusted graphite rings was observed inboth tests 1and 2,

with pits as bad as those observed for the control packing

set {(soe Figure 14).

Corrasion protection using interleaved zinc foll was.

foundto be good in Test 2. Howaver, cotrosion protection
from the interleaved aluminum fol! was found to be poorer,
with pitting observed on the 410 85 stem under the Grafoil
rings, However, pitiing was less severe than that observed
with the aluminum dust.

The Garlock 1200-PBl included in Test 2 exhibited
behavior simitar to the aluminum-dusted graphite rings.
Uggg removal from the test fixture, the stem which had

wiritial adhered to it. Whetn this materlal was removed
from the stem, significant pitting of the stem was observed.
Because 1200-PBl reportedly uses aluminum duston the
outside of the ring as a corrosion inhibitor (some zinc pow-
der isincluded in the core material for corrosion protection

djacent to the 1200-PB! was found to have packing -

FIGURE 13

Close-up Photograph Showing Pitting of 410 85 Stem Caused by
Controf Packing Setin Test 1.

also), this resultis consistent with results obtained with
aluminum dusted graphite rings in both Tests 1 and 2.
Garlock has been consulted regarding these observations.

Results with the Lattygraf 6000/E1 and the Chester-
ton Style 1-CHGTPI malterial combinations were very goad,
with no corrosion obsarved on the 410 SS stems adjacent
to thess materials.

Corrosion was noted an all of the carbon steel
stuffing box inside surfaces and was most severe under
braided end rings. The corrosion under these rings was
characterized as being extensive with deep pitting. Cor-
rosion was most severe under the rings at the bottom of
packing chambers. This was true regardless of whether
the braided rings had corrosion inhibitor in them or not.
Corrosion under the center rings was reasonably uniform
but much lass severe than that observed under the enci
rings..
¢ These results indicate that the observed corrosion
of the stuffing box surfaces was due primarily to the pres-
ence of water next to the surface; that is, there weuild have
seen similar results if the stuffing boxes had simply been
immersed in water by themselves. The fact that the cor-
rosion was observed to be worse under the braided end
rings is probably due to the fact that they are somewhat
porous and retain more water than the flexible graphite

rings.

CONCLUSIONS
In a technical field which had seen only slow ¢changes

over severat generations, developments over the past 15
years in valve stem packings seem remarkably accelerated.
The pace has been accelerated even more over the past
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FIGURE 14

Close-up Photograph Showing Fitting of 410 88 Stem Caused by
Aluminum Dusted Grafell Rings in Test 1,

year ortwo. In a period of such acceieration, it is a major
challenge to draw “conclusions”; the conclusions could
change within 3 months if someone irvents a really new
material,

Barring the invention of a new material, such as one
combining the merits of polytetrafluoroethylene (PTFE),
carbon fibers, and flexible graphite, the tests conducted by
Rockwell suggest some Important conclusions that shotild
permit major improvements in stem sealing in valves for
elevated temperature service. it is recognized that others
{e.g. Electric Powsr Research Institute) are conducting
independent research work thatmay produce somewhat
different results, but it is believed that results of the
Rockwell test program are'significant. Elimination of use
of asbestos is the goal addressed most in this paper, but
improvemnent in stem sealing parformancs is also an
important rasult of the program.

While sealing performance resuits are emphasized
in this paper, cost effectiveness was not overlocked. Most,”
itnot all, asbestos-free packing materiais are more costly
today than the asbestos-base products they may have to
replace. Note that asbestos-base packings were not tested
as a "“control” in the experiments; this was deliberate, be-
tause asbestos is not an alternative and because its per-
formarnice was marginal in many past applications. The
.Qv zard's of packing leakage in valves for nuclear power
[ ts stimuiated the first modern research on packings,
Jhe cosis of packing lsakage (energy loss, product
loss) have been recognizad in fossi power plants, refiner-
ies, and other Instaliations. Thus, replacement of ashestos
packings with materials offering equivalent performance
was not a realistic option. A new “state of the art” had 1o
be recognized as a requirement,

TABLE 5

Corrosion Test Description
Test Run No, 1—650 Hour Duration

Stem Packing

Material SetNo. Packing Material Description

41088 1A "Garlock 98 end rings—no corrosion inhibitor

- Grafoil canter rings—no corrosion inhibitor
{contral packing set)

41088. 18 Garlock 98 end rings—no corrosion inhibitor
Girafoil center rings—Union Carbide
phosphorus based corrosion inhibitor (GTiK)

41085 2A Gariock 98 end rings—-no corrosion inhibitor
Grafoil center rings-~-no corrosion inhibitor
Zinc washers between packing layers

41088 28 Garlock 98 end rings—zinc impragnated

Grafoil center rings—zinc dusted  ~

410°85 3A Garlock 98 end rings—no corrosion inhibitar
Grafoil center rings-—no corrasion inhibitor
Aluminum washers belween packing layers

410 88 3B Garlock 98 end rings—aluminum dusted
Grafoil center rings—aluminum dusted

17-4PH 4A Garlock 98 end rings—-no corrosion inhibitor
Grafoil canter rings—no corrosion inhibitor

: {control)
17-4PH 48 Garlock 98 end.rings—no corrosion inhibitor
© Giratoil center rings—LUnion Carbide
phosphorus based sorrosion inhibitor (GTK)
17-4PH BA Garlock 98 end rings—no corrosion inhibitor
. Grafoll center rings—no corroslon irhibitor

. Zincwashers betweon packing layers -

17-4PH 5B Garlock 98 end rings—zinc impregnated
Gratoil center rings~—zinc dusted

17-4PH GA Garlock 98 end rings—no comosion inhibitor
Grafoll center ings—no corrosion inhibitor

: Aluminum washers betwean packing layers
17-48H 6B Garlock 98 end rings—aluminum dusted.
Grafoll center ings—aluminum dusted
Test Run No. 2—650 Hour Dyration
Stem Packing
Material | SetNo. Packing Materiaf Description

410 58 9A Garlock 98 end rings—Aluminum dusted
Grafoil center rings—Aluminum dusted

110858 o8 Garlock 98 end Hings——Zing impragnated
Grafofl center rings—Zinc dusted

41088 TOA Garlock 98 end rings—Zinc impragnated
Grafoll center rings—laysred Zing foil

41088 108 Gartock 98 end rings—Aluminum dusted

o o Grafoil contsr rings—layerad Afuminum foli

410-588 TIA. Garlock 1200-PBI

41088 1B Lattygraf 8000 end rings

‘ Lattygraf E1 center rings

41088 12A Chasterton Style 1-Clend rings
Chesterton GTPI center rings

41088 128 Qarlock 98 end rings—Zinc impregnated
CGraph-lock center rings—Zine dusted
Factory prepased packing set

Test Run Nog, 3--2000 Hour Duration

Stem | Packing v

Material | SetNo. Packing Malertal Description

41088 7A Garlock 88 end rings—no corrosion inhibltar
Grafoil center rings—no corresion inhibitor
{control packing set)

41058 m Garlock 98 end rings—zinc impregnated
Grafoli center rings—\inion Carbide
phosphorus based corrosion inhibitor {GTK)

41088 BA Garlock 98 snd rings-—no corrosion inhibitor
Grafoll center fings--no corrosion inhibitor
Zinc washers between packing fayers

41088 8B Gariock 98 end rings—no corrosion inhibitor

Grafail center rings-—no eorrosion inhibitor

Aluminum washers between packing layers

+0
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Best Packing Material Combinations

sTsuits of the current program show no fundamen-
talchi - in comparison to earlier Bockwell reports. Good
stern seaiing petformance reguires a combination of packing
matetials ir high-pressure, high-temperature.applications.
The best sealing results were achieved with combinations
of fiexible graphite intermal sealing rings and anti-extrusion.
rings of braided carbon or graphiie. Among the various
combinations of these materials tested, the reference
material design ot Garlock 98 end rings with Grafoil seal-
ing rings gave the best results overall. Perhaps this is
related to greater Rockwell sxperience in applying thesse
materials, which have beantested and applied for over five
years. All combinations of these basic materials, supplied
by several manufacturers, exhibited performance that was
significantly better than that produced by proprietary
braided asbestos-free packings.

One constituent of the packing material combi-
nation ofien overlooked is the corrosion inhibitor, While.
these and prior Rockwell tests suggest that this may not
be an Issue with AlS| 316 or 17-4 PH stainless steel stams
as used in some valves in nuclear power and chemical
processing applications, it is difficult to base long-term

_confidence on rasuits of short-term tests. Certainly, history
shows that stems of 400-series stainless steels pequire.
protection when used with packings having high concen-
trations of carbon or graphite. Even heavily graphited
packings of braided ashestos have used zinc powder for
years as asactificial anode. Previous Rockwell tests had
shri i that zinc powder and zinc washers can also offer
pri; " jonwhen properly apphed with braided carbon and
flexible graphite packing rings. This was reaffirmed in this
program, except that a question remains to be answered
relative to an adhesion effect noted when “dusted” flexibie
graphite rings were tested. This program also showed
promising restiits with flexible graphite rings with newer
non-metallic inhibitors (e.g. Grafoil GYK, Chesterton GTP1).
However, use of aluminum as a sacrificial anode gave
mixed resuits. The position of aluminum in the elsctro-
motive series suggests that it shouid be betfsrthan zing,
but fest results-did not support this; one theory is that alu-
minum forms a tenacious oxide on the surface and then
becomes “‘unavailable’ for anodic protection. While evaiu-
ation of corrosion pitting tasts ig'inherently somewhat sub-
jective, a quantitative ranking mathod was devised based
on depth of pits, number of pits per unit area, and time of
testing. Table 6 provides a coarse “grading'”’ of corrosion
protection systorns based on this method, with some bias
from resulis of prior Reckwell tests. Generally, itis consid-
ered thaf a corrosion protection system with an “A” grade
should be at least as effective as prior zinc-impregnated
asbestos packings in protecting 400-series stainless stesl
stems. Lower-rated systems may be satisfactory with more
corrosion-resistant stems, depending on the fluids and
service conditions involved.

As agroup, the proprietary braided asbestos-free
ckings (tested as sets without other materials) were a
ippoiniment. Some earlier examples tested in 1980
iowed marginal performance, but better results were
expected when this program was undertaken i 1985, Two
manufaciurers withdrew packings or changed them after
Rockwell tests (not necessarlly because of these results).

TABLE &
Relative Grading of Corrosion Protection Systems

Grade Materiai-

A Zine washers betwean packing rings
Impregnated zine dust
Extarnal zing dust with tacklrymg agent!
Non-metallic inhibiters )
Interleaved zing foil in flexible graphite. -

8 Alurninum washers between packing rings

c Interiaaved aluminum foil In flexible graphite
Extarnal aluminum dust with tackifying agent!-

o No corrosion inhibitor .

1. Adherent buildup of packing material on stem OD currently being evaiuaiad

Other matenais testad in this program cannot be! graded" oo
because they had such different strengths-and weaknesses.
individual users may find some-of these materials-quite
acceptable in their own specific applications. However
despite the cost advaritages offered by some of these
materials, none can yet be recommended: asa generai
service replacement for asbestos-base packing:f- ‘ ,
rated for the full pressure/temperature ranges showrs m o
currant catalogs. :
Onereservation must be expresse with respectto i
all of the new asbestos-free packings for gh temperature L
service, This relates to the long.term servicelife fo beex -
pected with these materials at very hightemperatures ™
{950 to 1100°F [510 to 583°C] or higher) with various flow.
media. As nated previcusly, Rockwell tesis of braided car-
bon/flexible graphite packing combinations has shawn
no degradation with line fluid temperatures through the
highest normally encounterad in power p jants. Neverthe-
less, laboratory tests are necessarily of limited duration. -
While there are no known problems from fleld applications: -
of these packings, published data on the various packing
rings and materials are less than complete in prayiding - -~
valve manufacturers and end users with the confidencs .
desired forall applications. it is considersed that the pack--
ing and matetial manufacturers shouidlake the leadin. -
developmg such application engineering data, and.jt
is clear that several manufacturers are activeinsuch
research; Qf course, valve manufacturers shoujd: also-.
cooperate, advising the fluid sealing industry welFabout: «
the conditions that packings will encounterinvalves; for.-
example, the relationship betwesn packing temperature ~
and line fluid temperature is more likely to be known by the-
valve manufacturer {the temperature difference. may be.
less than 100°F [56°C] in a high tempaerature gate: vaive
but as much as 500°F [278°C] in a globe valve wnth an -
internal thermali barriet). .
Since the current program is ongomg, some results o
are incompiete. Preliminary results suggest that combi-
nations of available proprietary braided asbestos-free’ -+’
packings and flexible graphite rings-will give. acceptabie,
performance in some vatves, Specifically, Garlock 1200
PB{ anti-extrusion rmgs seam to be effactive combined..
with Grafoil sealing rings. This combination provided good.
sealing performance in tasts simulating a small vaive
(1.000 inch or 25.4 mm stem) at pressures and'tempera~
tures representatnve of typical Class 900 valve service:”
Stem corrosion test results with this material produced
some adverse resuits that require further evaluation.
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Packing Chamber Design

With one major exception, standards for design
of valves for elevated tamperature service do not specify
packing chamber design or packing materials, The excep-

tion is the American Petroleum Institute AP Standard 600,

Steel Gate Valves, Flanged and Butiwelding Ends. The .
eighth edition {January 1981) specifies braided asbestos
packing and specifies packing width (cross section) and
numbers of packing rings for valve stem diameters from
0,62 to 3.00 inches (15,7 fo 76.2 mm). While many high tem-

perature vaives, particularly thoseé used in power plant ser-

vice, do not have to comply with API Standard 600, some
valve manufacturers tend*o follow some parts of this stan-
dard but not others. For example, most larger Rockwall
globe and gate vaives designed in the past used the cross-

sectional packing widths from this standard (extrapolating -

upward for stems larger than 3.000 inches [76.2 mm)]
diarneter) but not the requirement for number of rings-—
which was considered unreasonable for normal service.
Aside from partiai guidance from AP| Standard 600,
packing chamber design was largely based on individual
manufacturers' experience, engineering folklore, and
rules-ofthumb (e.g. packing chamber depthof 1.5 fimes
stem diameter). Particularly in small vaives, packing
chambers were often disproportionately large—-sometimes
nause of ageneral tesling that “more packing means
r sealing”. 8¢ long as farge packing chambers could.
e filled with inexpensive asbestos packing, and solong
as users did not complain too much aboutthe need for

occasional retightaning of glands and periodic repacking, 7

it was found that packing chambers of widely different
designs ail gave “acceptable” sealing.

The demand for better sealing parformance, which
developed first in nuclear power applications in the early
1970's, led to some serious questions concerning packing
chamber design. Flexibie graphite packings demonstrated
clearly improved sealing, but such packings were very
expensive at first. Early packing rings of laminated con-
struction required interference fits and very "delicata
assembly wark. The cost of filling a packing chamber
designed for Inexpensive asbestos packing became a
major Issue. Further, it was semetimes found necessary
to compress flexible graphite packing rings one ortwo ata
time-when they were used in deep packing chambers; this
pracedure added even more cost 1o a valve due to increased
assembly labor.

in earlier Rockwell work wrth flexible graphite pack-
ings, it was found that even one continuous ring provided
excellent sealing performance. Furthar research and de-
velopment on valves with smaller stems [2,4] led to the use
of two flexibie graphite sealing.rings to allow repacking
with split rings with the splits offset. When used with ejther
asbestos or braided carbon top and bottom rings, excel-
lent performance was achieved without sequential load-
ing; the four-ring set cauld be loaded simply as one set.
Additionally, in the earlier program, it was shown thata
1.125 inch (28.6 mm) diameter stem could be seaied effec-
tively with a packing cross-sectional width of 0.28-inch (6.4
mm), although AP! Standard 600 called for a step-up to
0.31-inch (7.9 mm) cross section at this diameter. Thiswas
asmal! increment but it gave some confidence that
smaljer cross sections could be applied effectively with
even larger stem diameters.

In early work in 1985 on the current program, plans
were mads to allow for testing of 5-ring packing sets with
{arger stems, strictly for conservatism. Also, it was decided
to use packing eross-sectional widths smailer than shown
in the AP! Standard 600 tables, The dimensions shown In
Table 2 for the two larger stems result in packing widths
0.12 inches {0.3 mm) smaller than fistings or extrapotations

of AP} dimensieons, buttestresults showed excellent per-
formance with the better packing material combinations.
In discussions with representatives of packing manufac-
turers early in the current program, it was found that
several agreed with the Reckwell appreach and some
would have gone aven further In reducing packing widths.
Thus, it is not claimed that this approach was original with
Rockwell, but it is believed that the current program is first

-to provide confirmatory test data.

Figurg 15 provides a plot of packing cross-sectional
width vs. stem diameter, showing (1) APl Standard 600 di-
mensions, (2) the prior experience base with Rockwell globe
and gate valves, and (3) the tentative proposed basis for new
Fockweli vaive designs. The dimensionai combinations
proven by these and prior tests are shown on the graph.
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PROPOSED PACKING
CHAMPER DESIGN
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IGURE 16 ‘ FIGURE 17

1cking Chamber Designs, Size 10 Class 2600 Rockwell Equiwadge
ate Vatve. .

As a further flustration, Figure 16 illustrates a size
) Class 2500 Rockwell Equiwedge gate valve packing
amber as designed for asbestos-base packing and as
‘oposed for modern carbort and graphite packing. The
aw dimensionsal configuration represents one of thoss
sted in this program. The 55% reduction in packing
ramber volume not only makas premium packing |
iaterials more affordable but also assures better sealing
arformance. Note also that tests of a similar packing:
ramber with just four rings (as used with, smaller stems)
ere suceessiul at conditions rep;esantat:ve of Class 600
nd lower valves with a 2.375-nch, 450.3 mm) diameter stem.

Some users of valves in particulariy hazardous ser-
ce have insistad on double packing chambers with a
jantern gland" and a “leak off”"connection between
1em, permitting the leakage from the first packing set to.
e piped off to a “safe” location. This construction has dic-
ted even deepear packing chambers in past designs. Un-
158 these packing chambers were packed carefully, lower
acking rings were lightly loaded and the "‘doubls packing”
fiered no better sealing than a single set. While not re-
uired in most sarvices, the modern packings do permit
double packing with a chamber depth little greater than
aquiired with single packings sized for asbastos rings.
Tgurad< illustrates such a design with a lower packing
n similar to that in Figure 16, precompressed -
dntern gland before instailation of the upper
acking combination.

- Live-Loaded Packmgs
and EdFin appiylng ltve Goadlng

Packing Charmber with Lantern Gland.- Propo
a 1.500 inch (38.1 mmyj stem it C/assgaoqr#g

packmg chamber dtmenssons, the res Its;
will be applied to new designs and to-r_edes
valves as opportunities: develop:i f

ing rings, using metal spacers wher, approp af
steps can be taken.in repacking installed.valve,

There is no reason o dispu

Research Institute (EPFH) {9} docurnints i
nence well and proposes deslg critaria f
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' Aal valves for nuclear plants. For many general service

s

One problem arising from trying to appiy live load-
ing to general service valves is that *System Pressure”
is & necessary input number for design calculations for
_spring assemblies for live-loaded packing glands [9]. This
mput is usuaily available in Design Specifications for spe-

valves, however, users’ orders show only an ANS} B16.34
class or some similar rating; with only this input, a manu-
facturer might haveto design all valve gland springs for
the 100°F (38°C) ratings of such valves; this pressure
could be from two to three times higher thanany service
pressure that the valves would actually encounter in high-
temperature service. A design practice meeting such a
worst-case criterion would obviously not be cost-effective.
At best, two or three different spring sets would have to be
avallabie for each valve to be selected based on individual
users’ operating pressures. However, the present state of
the art involves custom design of live loading assemblies
for specific valve operating pressures. The special design
work, extra parts, larger yoks to allow space for springs,
and additional assembly labor tombine fo make a proper
live loading system a quite expensive accessory; while it is
apparent that this expense has “paid” off well in live-loaded
valves with asbestos packing in nuclear service; it is not

clear that five loading is aftractive or necessary in general

service valves (fossil fuel power, typical refinery valves,

" stc.)that probably represent over 99% of‘all applications.

While Rockwell laboratory tests of live-loaded pack-
ings have been limited, testsof current braided carbon
end rings with flexible graphite sealing rings and live load-
ing show littte improvement over resuits of tests of the
me packings without live loading. Even with conven-
nal gland holting, the best current packing material
mbinations sealed weli in both room temperature water
and saturated steam tests; in many tests, 1000 stem cycles
and several thermal cycles were completed with no re-
quirements for readjustment. Generally, with the best
materials, the worst performance noted was transiént
steam leakage during a pertion of the stem travel with the
larger valve stems during “thermal equilibrium” cycles.
This is aftributable to “thermal taper"’ the difference in
diameter betwsen the hot stem initially in the packing and
the cooler extended stem. This condition is maximized
with large valves, sitnply because the stem diameter is
large and the long extended stem is cooler, The transient
jeakages witnessed during-this program were never
severe or unsafe, but it wis éxpected that live loading
would stop them; while there was some impravement with
live loading, it did not meet expactations even though the
loadings were slightly higher than listed In the recent EPR/
report for simitar materials and pressures [9]. Neverthless,
live joading does offer an additional degree of insurance
for vaives in very critical services.

Summary
Elimination of asbestos in the stem seals in valves

for elevated temperature service was not an easy task, and
several major programs have been required to prove the
adequacy of asbestos-free replacements. However, in all
Rockwell vaives where asbestos stem seals have been
replaced, the test programs have proven that the new
seals provide improved performance. The material which
has made this improvement possible is flexibie graphite,
but mers replacement of asbestos packings with flexible
graphite did not solve ali problems. Combinations of
materials and innovations in stem seal design were
required in a number of cases to achieve the required per-
formance and to apply new materials cost effectively. in
addition to the programs described in thig paper and in
listed Rockwell references, major programs were involvad
in developing siem seals for improved tapered plug valves.
While these piug valves are not normally used at the vary
high temperatures that globe and gate valves sncounter,

these vaives provided excellent faboratory, manufacturing,

and field service experience with carbon and graphite stem
seals. Gounting all valve types, hundreds of thousands of
Rockwell valves have been shipped using stem seals con-
taining modern braided carbon andfor flexibie graphitic
materiais, and overall' parformance has been excellent.
The present program gives confidence that the same suc-
cess can be expected with the material combinations and
packing chamber designs evolved through the present
program for large high-temperature vaives,
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