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SEALS FOR REMOTE INSTALLATTON TN A V-BAND
TYPE CLAMPED FLANGE

A. A, Abbatiello, A. P, Fraas,
and R, L. Scott

ABSTRACT

Various seals for remote Iinstallation in the HFIR HB-1
beam hole flange were tested. The original seal (an an-
nealed aluminum Conoseal gasket) developed a leak owing o
unusual circumstances and needed replacement. The activity
around the beam hole precluded any changes to the flange
halves already installed on the reactor vessel or to the
beam tube, thus limiting modification to the gasket mate-
rials and geometry.

Several gasket forms were tested with demineralized
water at 1000 to 1500 psi (the normal operating pressure
is 650 psi). Various flaws were simulated on the gasket
or flange surfaces and the sealing ability of each gasket
was evaluated, Applicable gasket types for this service
are recommended based on the test results.

INTRODUCTION

The HB~1 beam hole (a horizontal access hole) in HFIR is sealed with
a two-bolt V-band clamp to confine 650 psi reactor water pressure (see
Fig. 1), 1In February 1970 one of the two bolts that holds the V-band to-
gether was found broken in the bottom of the pool. The failure was ini-
tially attributed to the poor location of the 7/32nin.mdiam retaining pin
in the threaded section of the bolt where it contributed to the high
stress concentration and further reduced the area. However, it was later
learned from metallographic examination that stress corrosion of the 416
stainless steel had taken place. The immediate corrective action taken
was the fabrication and instsllation of a special yoke clamp that was
fitted over the existing clamp to maintain the seal pressure., The repair
was made in March 1970 and the Jjoint appeared to be leaktight at that
time, The first evidence of leakage was detected in August 1970, and by

November the leak rate had increased to approximately 1 gom and leveled
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off. Although the lesk rate of 1 gpm (from the primary system into the
pool is tolerable), it is potentially seriocus; thus a solution is needed.

An investigation revealed that the following problems existed with
this joint:

1. Some ercsion or water cutting has taken place, This will be
checked when the flange ig opened by making seal surface impressions.

2. Tolerance buildup and other minor errors have contributed to in=-
adequate seal ring compression. The V~band gage dimensions were reported
to be 0.015 in. vuvndersized, causing the heels of the clamp to dig into the
back of the aluminum flange, thereby reducing the clamp effectiveness,

3. High sliding friction under pool water conditions makes it diffi-

cult to get high clamping forces at the Jjoint face,

TEST PROGRAM

A test program was initiated to obtain additional information and to
provide guidance in the corrective measures to be taken, as follows:

1. The clamp ring was redesigned to use two bolts at each side in-
stead of one, for a total of four. These were located closer to the cen-
troid of the section (to avoid the bending moment that exists in the two-
bolt design) (see Fig. 1).

2. A thin ccating of water resistant silicone lubricant is to be
applied to the clamp surfaces that are required %o slide, (A short-term
test of the lubricants and metals in contact was made that showed adequate
compatibility. )

3, TIncrease the width of the Conoseal gasket seal ring from the
present 0,523 to 0.530 in. This change increases the seal ring outside
diameter only from the present 7.888 to 7.900 in. The inside diameter re-~
mains at its present 6.937 in., This gasket will still =zssemble in the
present flange but will undergo greater strain deformation as clamping
takes place, and thus will have a better chance to sgeal the irregular
areas where water cutting may have destroyed the surface.

4, Alternate gasket forms, such as thin discs deformed by the flanges
into the spaces between the present lips, were tested, Flat type composite

saskets (such as the Flexitallic) were built to fit between the flange



faces outside of the present sealing surfaces., Soft 1100 aluminum wire
O-ring gaskets of 0.064~, 0,081-, and 0.093~in,-diam wire were also built
to fit the present groove diameter (7.930 in. OD).

5. A test facility was constructed from available parts so that
several gasket configurations could be evaluated under demineralized water

conditions at operating pressure and beyond (see Fig. 2).

DISCUSSION OF SEALING PRINCIPLES

To obtain a tight seal between two mating Tlanges it is necessary to
provide a gasket material that "gives" so it can yield and fill the irreg-
ularities between the main faces and also have some resiliency so that it
will keep the voids filled. In the case of the HB-l flange, the mating
faces are stainlegs steel for the reactor side and 6061~T6 alunminum on the
beam tube side. In the normal installation, a Conoseal gasket made of
6061-T0 aluminum is deformed from a 112° included angle truncated cone to
a 160° cone, The initial length of section that forms the seal is about
0.521 in., wide X 0.050 in. thick, which when compressed into the flatter
cone, is reduced to a width of about 0.511 in. (see Fig. 1). Thus, the
sealing takes place because of columnar compression on the 0,050-in. -~

thick ends of the ring outer edges. But the total deformation is only of

the order of 2% (0.52% ;22‘511

with good precision, otherwise inadequate deformation will take place to

), which means that the surfaces must meet

111 the voids and leaks will occur.

It is apparent, therefore, that we must have sufficient deformation
of the soft gasket material to fill the volds, and the total load required
to cause this deformation must be less than the force that can be exerted
by the clamping system. Pocl water conditions and a poor initial it of
the clamps in this case limited the available force for deforming the gas-
ket material. Consequently, the compressive loads were dissipated over
the rather large area of the conical surface of the Conoseal gasket
(12 in,g) alter the initial end compression reached its limit, that is,
the 2% yield. Because of the low unit loading on the large area of the
Conoseal gasket, hardly any compression of the sides could be achieved by

the Tlange faces, giving the net effect of a controlled leak or diffused
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Fig. 2 HB-1 Flange Test Facility Near HFIR Mockup



orifice. In this description we are using the literal meaning of a
diffused orifice as the condition when two plates are pressed together
that are not smooth enough to seal and are not pressed together with
sufficient force to deform them into compliance.

In the case of the aluminum O-ring gaskets, we have achieved the two
desirable characteristics, that is, (1) the ring contact area to be com-
pressed is low, about only 1.2 in.z, so the clamping force can deform the
O-ring well within its load capability, and (2) the change in width be-
tween the installed position (0.093 in. diam) and the compressed position
(0,030 in. ) is sufficiently great (over 60%) to give excellent plastic
flow. This fact, combined with the medium softness of the gasket material,
causes the plastic flow that becomes the effective sealant between the
two faces., A further advantage of this plastic deformation is that the

material is extruded around both edges of the male flange sealing lip (see

Fig. 3a) thus forming two new sealing surfaces.

CLAMP RING DESIGN

A major factor influencing both the magnitude of the axial force
drawing the two halves of the flange together against the gasket and the
uniformity of the load around the perimeter of the flanges is the detail

design of the ring employed to clamp the two flanges together.

Original Clamp Design

The design of the original clamp ring is indicated in Fig. 3a. When
the bolts drawing the two halves of this clamp ring together were tight-
ened, the clamp tended to distort from its free shape as indicated in
Fig. 3b, and this tended to give high loads at the flange parting plane
with little or no load at the 45° points. The situation has been aggra-
vated because the original clamp rings as fabricated were undersized by
0,015 in. on the diameter, thus causing the heels of the clamp ring to
dig into the flange near the parting plane while the rest of the flange
was scarcely contacted by the clamp ring. This effect was evident both
Tfrom severe scuff marks on the flanges after the clamp rings were dis-

assembled and from tests made with bluing compound to investigate the



extent to which the clamp ring surfaces were contacting the flanges in the
manner envisioned in the design. In the original assembly of the HFIR,
the flanges could be made legktight only by beating on the clamp rings
with a sledge hammer while torgueing the bolts, thus forcing the clamp
rings to conform to the flanges. Even if the clamp rings had not been a
bit undersized, however, distortion of the clamp as a consequence of the
bending moment indicated in Fig. 3¢ would have given a tendency for the
heels of the clamp ring to dig into the flanges and thus result in non~
uniform distribution of clamping force around the perimeter.

The situation is aggravated by the high coefficient of friction that

prevails between aluminum and stainless steel in demineralized water,

RBevised Clamp Design

The clamp ring distortion induced by tightening of the clamp bolts as
indicated in Fig. 3b can be avoided if the bolt centerlines are moved
radilally inward so that they are in the plane of the centroid of the clamp
ring as shown in Fig. 3d. To accomplish this 1t was necessary to make use
of two bolts instead of one and place them on ears at either side of the
clamp ring rather than on a single ear projecting radially outward., The
original and revised arrangements are shown in Figs. 1 and 3. With the
revised arrangement there should be no distortion in the clamp ring when
the bolts are tightened provided, of course, that the four bolts required
are tightened uniformly, i1.e., each bolt is tightened only a little Dbit
at a time and a wniform Lorgue is maintained on esch bolt in the course of
the tightening operation. If this is not done, the flange may tend to
twist, and this in turn will lead to flange distortion and nonuniform con-

tact around the perimeter.

Forces in the Clamping Ring and Flanges

The forces acting to compress the gasket are a function of the geome~
try of the clamp ring and the flange. These forces can be estimated
readily if one first assumes that nc frictional forces act to reduce the
effect of the force applied to the torgue wrench used to tighten the bolts

in the clamp,
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a, Outline of half of original flange clamp
showing lines of action of bolt forces.

b. Exaggerated outline of flange clamp having
an oversize bore. The solid outline shows
the free condition and the dotted outline
the deformed condition under load.

c. Exaggerated outline of flange clamp with
an undersize bore, The solid outline
shows the free condition and the dotted
outline the deformed condition under load.

as

Regions of bgo;A Reactions from clamp
contact between heels digging into
flange and clamp flanges

d. Outline of half of new 4~bolt flange
clamp showing lines of action of bolt
forces.

Fig. 3 Outlines of Original 2~Bolt and New 4-Bolt Flange Clamps
Showing the Forces Ianvolved and Their Tendencies to
Distoxt the Clamp



Forces Neglecting Friction

If the four-bolt flange of Fig. 1 is employed and each of the four
bolts is torqued to 125 fi-1b, the tensile force acting circumferentially
in the clamp ring can be estimated readily 1f one ignores friction. Inas-~
much as the bolts have eight threads per iunch, the tension in each bolt

with a 125 ft-1b torgue is:

i
1§

Bolt tensile force, 1b = (Torque) 278 = 16w (Torque, ft-1b)

16 71 X 125

"
i

6280 1b/bolt

The radial force on the clamp ring acting on the wedge-shaped surface
of the Tlange to bring the flanges together axially may be calculated by
treating this force as if 1t were a pressure acting outward on a hoop un-
der tension. Thus the total force acting in tension on the four-bolt

clamp ring can be equated to a pseudo-pressure as follows:

(Clamp ring tensile force, 1b) = (Radial force, 1b/in,) %

64T

(Radial force, 1b/in.) —HM‘(Torque, 1b~-ft)

il

_ GAT % 125

Teme = 3270 1b/in.

The axial forceg tending to push the flange Taces together are pro-
duced by the radial loads on the wedge=shaped surfaces of the flange outer

rims, If friction effects are neglected this axial force is glven by:

(Axial force on flanges, 1b) = (radial force, 1b/in.) Td

_ 6412 X 125

= e s e ‘,T( =) The-1
T 1ge (Torque, 1b it)

From the above, for the frictionless case, the axial force on the flange

can be estimated for a torque of 125 ft-1b, i.e.,:

642 X 125

Axial force on the flanges = tan 15°

= 295,000 1b
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Forces Allowing for Friction

There are two important regions in which friction resists the move-
ment of the surfaces involved in the clamping action. The first of these
is in the threads belween the clamp bolts and the clamp ring., The second
area 1n which friction reduces the clamping forces is the wedgelike sur-
Tace between the clamp ring and the flanges. The expressions involved
above for the principal forces without friction can he medified to include
frictional effects by taking the coefficients of friction for the bolt

threads as ¢, and that for the wedge surface of the flange as ¢w to give:
V)

Bolt tension force = 167 (Torque, lbmft)(lm¢t)

Axial force on the flange ;Eéﬂ: 3
can 15

(Torque, 1b~ft)(1~¢t)(1—¢w)

The coefficient of friction between stainless steel and stainless
steel and that between stainless steel and 6061-T6 aluminum were measured
and reported in Ref, 1. These values were found to be about 0,50 and
0.66, respectively. These are surprisingly high numbers, but they are
consistent with other measurements of static friction in demineralized
water. Using these values and the expression given immediately above, the
axial force acting on the flanges to bring them together with no lubricant

thus becomes:
Axial force on the flanges = 295,000 (1-0,50)(1-0.66) = 50,000 1b

The large reduction in effective clamping force on the gasket of the
flange as a consequence of the high coefficient of friction in deminer-
alized water implies that some sort of lubricant ought to be employed. It
appears that such a lubricant can be used without seriously alfecting the
pool water if the lubricant is applied sparingly. This should reduce the
coefficient of friction to perhaps 0.1 to 0.2, and this in turn should

yield 60 to 80% of the full force available for the frictionless case.
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Pressure Test Forces

It should be noted that in pressure testing the Tlange joints a large
axial force tending to separate the flanges is built up., The magnitude of
this force is given by the product of the test pressure and the cross-~

sectional area inside the OD of the gasket, i.e.,:

Flange separating force

hl

0.786 (pressure, psi) d?

il

0.786 x 1500 X 7.9372

i

74,300 1b

Note that this force is greater than the 50,000 Ib calculated above
for the force acting to hold the flange ftogether if there is no lubrica-~
tion., Thus the flanges would tend to separate until they had deflected

sufficiently so that the frictional forces were reversed, This could lead

to leakage.
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DISCUSSION OF TESTS AND RESULTS OF HB-1 BEAM
TUBE FLANGE TESTS

The tests previously outlined were made in three separate groups:

1. The first group of 12 tests was made at the HFIR mockup. All
tests made at 1000 psi except for the first test, which was done at 1500
psi to check the mechanical integrity of the system., From these tests
certain gasket types were considered satisfactory at 1000 psi,

2. A second group of tests was made in the EFIR shop in conjunction
with the pressure testing at 1500 psi of a new stainless steel adapter
that had been bullt and was to be prepared for use in the reactor. This
provided an opportunity to retest some of the aluminum O-rings wmore exten-
sively at 1500 psi. It was found that although the leaktightness at 1000
psi was satisfactory, it was not adequate for 1500 psi (the reactor oper-
ates at 650 psi).

3. The third set of tests was made at 1500 psi. These tests were
carried out on the HFIR mockup, which had previously been used for the
first group of tests, The adegquacy cf changes in O-ring material and size
were confirmed during these lLests,

The results are tabulated according to the groups noted above and
arec listed in Tables 1, 2, and 3 as listed above,

In general, the testing in Group 1, Table 1, showed that satisfactory

geals could be made with several type

[

of gasket at 1000 psi, but many of

these were shown to be inadegquate under a 1500 psi test (see tests listed
under Group 2, Table 2), More tests were made at the FFIR mockup at 1500
psi to find combinations of flanges, clamps, and O-rings that would pro-
duce tight seals. These are listed in Group 3, Table 3,

An effort to find a slightly more resilient but still reasonably soft
aluminum wire was successful, althougn we had to go to 0.093-in, ~diam wire.
O-rings made from this material meei the revuirements and are recommended

for this service,



ble 1.

Sunmary of HB-1 Flange Test at 1000 psi

Test Torgue Leak Strain
Yo Description Used Tightness formation Comment
’ (ft-1b) {dropsfsec) %)

1 Standard Conoseal 0.523 125 0 2 Good seal, but smell (2%) strain de-
in,, 6061=-A1 formation may be insufficient to fill

voids.

2 Extre wide Conoseal 125 C A Adequate seal and greater strain may
0,530 irn., 6061l-A1 be enough to fill voids,

3 Aluwminum ring 0,064 in, 100 0 50 Excellent gasket extrusion in face
diam X 7.937 in. 0D plane and around rim.

4 Flgt sluminum 0,025 in, 100 Gross leak 20 Draw~cuptype sheasr failure, Not sat=-
diem X 8 1/4 in. OD isfactory unless further development

is done.

5 Flexitallic with 0,1-in, 150 Teaks at 20 Excessive flange deformation due to
backup ring 850 osi voor clamp fit.

5 Alwninum ring 0.081 in, 150G 6] 63 Fair concentricity, good extrusion
diam X 7.937 in, OD considered gquite satisfactory.

7 0,081 aluminum ring with 150 2 63 Not completely tight, but = practical
0.06 in. deep 90° notch 250 1 63 demonstration of the flaw. This type

ring could seal.

3 Flexitsllic with O,1-in, 150 Targe lesk 2C Flanges not properly centered. Had
vackup ring and fitted 230 Smalil lesk 2C physical interference, Dlscard this
clamp rings test.

9 Flexitsllic without 60 C 30 to 40 Could be used for sealing on a "ney”
backup ring 100 ¢ 30 to 40 surface outside the present gasket
area, but requires more care to align,
which would be difficult to do re-
motely. Consider this as a second
backup if ncthing else works,
10 0.081 aluminum wire with 50 G 63 Notch was put on back side, Sealing
0,040 in., X 25° notch oceurred at cuter rim. See Fig. 6a,
11 Conoseal sluminum 0,530 150 2 4 Lesked badly st first, gradually re-
in, wide with 0.030 in. ducing tc approximately 2 drops/sec
X 25° notch at high torgue, 150 ft-1b, Limited
by its low strain deformation,
1z Neoteh across male blind 50 0 63 Aluminum ring extrudes intc area oub-

fisnge

side of notch and makes adequate
geal. Held 1000 psi overnight.

€T



Table 2.

Suramary of HB-1 Flange Tests at 1500 psi at HFIR Shop

M

‘izt Description or Purpose Parss Used Ieaktightness Results

21 Helium leak test of new New four-bolt flange (70-2) Helium leax at Conoseal Leaked at Conoseal Joint but when
stainless steel adap- standerd Concseal No. 2 "bagged off"” rest of unit was leak-
ter plug (¥rown to be marred tight.

but usec as a test)
22 A First hydrostatic test Same as for 21 Held at 1000 psi, 10 Unabile to meet 1500 psi requirement.
drops/sec leak at
1500 psi

22 B Second hydrostatic Same as for 22 A except Lezked at 125 ft-1b Torgued to 150 £t-1b and held at 1500
test that a new standard Cono- psi for 6 min and then started leak-

seal was used ing.

23 A To test 0.081 ia. alum- Same ag for 21 except for At 125 ft=1b leaked at Removed — found burr on plug. Also,
inwm O-ring at 1500 a new 0.08%L O-ring {still 700 psi ring was 0.054 to 0,057 in. thick,
psi using Ko. 2 marred piug) indicating ring was not fully com-

pressed, {Discard test)

23 B Repeat 23 A with a new Same as for 23 A except Leaked after 6 min at Ring thickness of 0.032 to 0.045 in,
O-ring using more tor- rew O-ring 1500 psi indicated better compression but
gue for full compres=- still not enough. Remove,
sion

24 Recheck witn two=boit EGCR two-bolt flange, new Iesktight at 125 ft-1ib Held 1500 psi hydrostatic pressure
flange, another plug O-ring and No, 1 piug overnight, Considered a good check
(No. 1, which was used out of the stainless steel adapier
for tests 1 to 12 but with Ko, 1 plug., First indication
was notched) that No, 2 piug may be faulty.

25 To compare flange and New four-bolt fiange, No. 1 Not pressurized Apiezon check showed adequate fit be-
plvg fit for No, 1 {notche¢ plug). No O-ring tween the new four-bolt flange and
plug or Conoseal plug, 0.035 in, squeeze space Ior

O-ring.

25 To compare Tlange and Same as 25 except No, 2 Not pressurized Good Apiezon check out but gasket
olug fit for No. 2 olug space was about C,050 in., and shows
»lug plugs NMos. 1 and 2 are not the same

size,

27 To recheck four~bolt Four~bolt flange, No. 1 At 150 ft-1b torgue Retorqued to maximum {300 £t-1b) but

flange (70-2) with
No. 1 plug

plug ard new 0,081 Zin.
O-ring

wvas leaktight to 1000
psi, started to leak
at 1400 psi

still leaked 1 drop/sec at 1500 psi.
At 1000 psi still leaked 1 drop/

3C sec. This concludes shop tests.
Further tests will be made at the
HFIR mockup (see Table 3).

7T
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e Teets at HFTR Mook

vp ab 1300 pai

o Deseription or Purpose Parts Ueed Leaktlghtnass Results

28 To test Tour-bolt flange (70-2) Four-bolt clamp (70-2), plug Held 10CO psi for 30 min but O-ring diza 0.025 1a. in one di-
with plug Mo, 1 oa anckup hesder No. 1, mockup npeader Jeaked at 1500 psi. ion apd D.CA7 1o, at right

eg ludlcan Meven squesie.

29 A recheck »f two-bolt coupling Two~talt coupling, plug Mo Leaked at 1400 psi bub i Betablished a practical upper
and 0,081 O-ving at 150C psi 1, new 0.08L O-ring for 1 hy at reduced i it fo e blnatim, and

sure (1200 psl), ki 3180 L i g
rgain lesked when pressure due to lead. ‘Toze equ‘tlnuy 1z
wag ralsed to 1400 psi. the gasket mig help.

29 A To Aetermine interchangeability of Sure as Tor 29 Leaked at 750 pei. An indication “he clamps are rot
the two- and four~belt couplings praeisely the same and tho

tout replacing the gasket gasket mwust e used

30 A test of the Tour-bolt clamp Held 1000 psi for & win, in- Indicates the new Ko
(70-2) with a new plug (Wo. 3) cressed pressure to 1500 well and the
and a standard Conoseal pasi and held for 1 hr, can dc the job

31 T; rapeat Lhe four-bolt clamp Held 1500 psi for 30 min. a2l demonskraticn “hat =

st with the No. 3 plug and us-~ solt flange with 2 well
ing 2 new LO8L O-ring ted plug will make a good seal
with either a Conoseal o the
2,041 O-ring.

32 test a warred plug (No. 1) Steady leak at 980 psi. Shews small yield (4%) of over=
with an oversized Conoseal slzed Conoseal is still insufs

ficieat to £il1l veids.

33 0.093~1in, -dian Clamp (70-2), vlug No. 1 Held 1500 psi for 20 min. isfactory in spite of having

(bedly marred), C.093-dion the
C-ring wita OD hand filed
to fit

<. )

2% To repeat Test 33 except using Same as 33, except nsad an Started to leak at 1400 wpsi. Corsidered unsatisfactory ab 1500
the 0.081 O~ring (similar to C.081~in. ~diam 0- ~ring ¥sl. COonfirm i
hcee used in the Group 1 tests ) that show b

eould ”ltna<¢nd only about 1000
pai

35 To test the spare four-bolt clamp Seme as for 33, except used Held 1500 psi for 30 min. Pactory,  Confir thet
(for interchangeability) usi e other four-holt clamp rer of the wew four-bolt
the 0,093 Q ng (VL-*) ps will szal using even tae

36 To determine the possibllity of Same as 33, exeept used Lhe Held 1000 y
using & plein butt joint C-ring 73-1 Four-bolt clamp, plug then pressurs was ilner
without any welding No. 3 {almost aew) and 0,093 to 1500 i and held for a

wire cut to it and butied min, Leax tight, that require a split Q-ring.
only

37 To test a harder grade of 0.C62- 70-2 elanp, plug No. 3, lud- Torguad to 100 fi-~lb, lesked 10C ft-1b torque brought [langes
1a. aluwninum wire ricant not used at only 500 i. into coubuct Lack of

tricity contributed to early
follure. Demonstrates need for
nore gaskeld deformation,

33 T repeat 0.003-1g, ~diam O- Same en 37, execept 0.0972 . Porgued to 250 £t~1b and Eelt elongation was ratper lov
test, cycle it 10 times and xea- C-ring and < ~4dy Lagbed - lesktisght av 1500 psi, {0,003 in, ) bus doubtful tecause
sure bolt slongution cant of peasurement uncertainby,

39 To test a second 0.062-in, O-ring Same as 37, used Dedsd luboi~ Torqu ed to 200 fh-lb, Repoved O-ring indicates betber
of the harder grade, simllar to cnnt started to leak at 1100 psi. concantricity and more uniformm
Test 37 defonation ol st1ll not satis~

factory for 1500 test pressure.

40 To repeat another 0.093-in. O-ring Same as 37, excepbt 0.093-ia. Torgued to 200 t-1b aud Demonstrates ased for high loads

at 250 rt-1b torgque snd mes-

test
sure bolt elongation

O-ring, used L-44 lubricant

leaked at 1400 pei, Ifo-
creased torgue to 250 Pt
1b and was tight at 1500

psi.

+o ccmpress O-ring adeyuately to
[ bightness.
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DESCRIPTION OF PARTS USED IN TESTS

Tegt Facilities

Mockup

This is a hydrostatic vressure containument set up. It 1s shown in
Fig. 2 near the HFIR mockup in the reactor bay. Tt simulates the stain-

less steel companion flange on the reactor adapter.

Stainless Steel Adapter and Pressure Vessel

This was a pressure containment rig built to test the new stainless
steasl adapter to meet reactor reguirements. It was available, and since
it also had to be pressure tested, it provided a convenient vehicle in
which to perform additional gasket tests at the same time that the stain-
less steel adapter was being tested. It should be noted that initially a
1000 psi test requirement was established as the criteria for all gasket
tests (the reactor operates at 650 psi). After the tests listed in Table 1
had been completed, it was found that all gaskets did not meet the 1500
psi pressure test specification for reactor weldments. It was then agreed
that it would he good practice to increase the test reguirements for gas-
kets to 1500 pesi. Accordingly, the tests in Table 2 and 3 wers then

carried out.

Gaskets

Conoseals ~ Aluminum-6061~T0, available in two sizes, the standard,
0.521 in. wide, and extra wide, 0.530 in. wide (shown in Fig. 1),

O-rings — Made from 1100 goft aluminum wire welded into a ring.
First tests were made with 1/16-in,-diam wire, later 0,081-in.-diam wire
was used, followed by wires similar but harder drawn of 1/16 in, diam
and of 0.93 in, diam in an effort to increase the resiliency. The test
results favor specifying 3/32-in.-diam wire, ASTM B-285, Class ER 1100,
No. 5 Oxweld 1400 or equal, UCNC Stores catalog 07-564-0571, 36 in. long.

Flexitallic — These are composition gaskets intended to seal outside

of the normal gasket area on the flat face of the flange.
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Flat — This was an effort to use a flat sheet of 0.025~in, -thick
aluminum in shear and compression. It was used only in Test 4 and was

not successful,

Flange Clamps (used for clamping the two halves of the connector and com-
hressing the gasket)

Two-bolt — Not suitable for use in the reactor (because of the mate-
rial), but used for testing gaskets before the four-bolt flanges were
available,

Four~bolt (VOml) - A new design of flange to place the bolts closer

to the centroid, intended for reactor use.

Four-bolt (70-2) — A second or spare flange clamp intended for reac-

tor use.

Plugs

No, 1 — A 6061 aluminum blind flange made to the contour of the beam
tube flange and intended to simulate it, This one was badly scarred but
still worked with the O~-rings, although it did not seal with the Conoseal
gasketz, It was used because the poor condition of its sealing surface
at the gasket face represents one of the most severely damaged conditions
likely to be encountered in the beam tube flange. Therefore, to seal this
plug in test implies its ability to seal under very difficult conditions
in the reactor,

No, 2 — This plug was also used for testing purposes, It was inten-
tionally notched for one test (West 12), was somewhat marred, and known
to be overly thick {from as-compressed gasket dimensions), and thus rep-
resents a more severe than normal sealing condition.

No, 3 — This plug was new until it was used for Tests 30 and 31,
was built to correct flange dimensions, and thus represents the best con-

ditions likely to be encountered,



18

DISCUSSTION OF TESTS AND RESULTS PERFORMED ON HIFIR
HB-1 BEAM TUBE FLANGE

Group _ Tests

The following group of twelve tests were carried out in the facility

next to the HEFTR mockup. The resulits are summarized in Table 1 and below.

1. Standard Conocseal Gasket (0.523 in, wide) ~— 6061-T0-Aluminum

A standard blind flange with a 0.523-in. -wide Conoseal gasket
(see Fig. 1 ) was installed in the test rig; the rig was filled with de-
mineralized water, and was pressurized to 1500 psig for a few minutes to
check out the system. The pressure was then reduced to about 1000 psi
and held for 30 min. No leaks were detected, and the slight drop in pres-
sure that occurred waz attributed to the temperature equalization of an
unavoidable volume of air trapped in the system. A torque of 125 ft-1b
had been applied to the clamping bolits. The clamp was of the standard
two~bolt constructicn rather than the redesignsd four-bolt type (which

was still being fabricated at the time). However, the two-bolt clamp had
been modified to obtain the correct gage dimension at the clamping sur-
face, The edgez of the clamp had been lightly lubricated with D-44, a
silicone base lubricant. The fit of the clamp and flanges had been
checked with Dykem (a bluing solution to show contact). Before starting
to assemble this flange, the clearance in the gasket region where the
flange faces come together was checked and fcund to be about 0.030 in.
when the outer diameters were in contact, thus assuring that the gasket
would be well clamped. This gasket urdergoes about 2% deformation in

columnar compression lecading.

2. Extra Wide Conoseal Gasket (0.530 in., wide) - 6061-10-A)uminum

A similar test was carried out with the 0.530-in.-wide Conoseal
gasket (see Fig., 1 ), which was also subjected te the full test pressure,
1000 psi. 'The torgue required was essentially the same. TImpressions on
the gasket Tace showed a little more columnar deformation, which was in
the desired direction to obtain gasket material deformation into the

possibly eroded areas of the reactor flange. This gasket also may be
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considered satisfactory. The gasket deformation was about 4%, and, al-
though this is twice that of the preceding test, even more deformation

was later found desirable,

3, Alumlinum O-Ring 1/16~in.-Diam Wire

An 1100-T0 aluminum ring prepared from a 0,064-in. ~diam wire,
rolled into a circle 7.930 in. 0D, and welded was placed between the stan-
dard flanges and clamped with a bolt torque of about 100 ft-1b (see
Figs. 4 and 5a). The pressure was raised to 1000 psi and held over the
weekend., The system was considered tight after allowing for the slight
pressure drop stemming from temperature egualization. Observation of the
gasket when removed showed that it had deformed into an "L" shaped sec-
tion and had wrapped around the flange edge in a manner that would provide
excellent sealing 1f it had to fill eroded spots in the outer perimeter
of the present gasket area (see Fig. 5a). The torque required was sur-
prisgingly low = gbout 60 to 100 ft-1b was used. This gasket form is con-
sidered quite attractive because of the high strain deformation, about

504,

4. Flat Aluminum Gasket

A Tlat aluminum gasket of 6061-T0 alloy 0.025 in. thick X & 1/4
0D X 6,945 in. ID was placed on the Tlange and clamped so that when com-
pressed the gasket would be deformed into a "2" section. The iuntent was
to deform the 0.025-~in. gasket thickness into a radial space of aboulb
0.020 in, thus procducing a seal (see Fig. 5b). When torquing this seal
an audible "snap” was heard., When pressure was applied to the syztem the
gasket started to leak at about 850 psi. Upon diassembly the leak was
found to have been caused by a shear failure through one side of the gas-
ket for a length of abcubt 3 in, This type of failure might be described
as similar to a failure in a draw die with insufficient clearance. To
make this type of gasket work it will be necesgary to increase the radius

and smoothness of each flange around which the gasket must deform. Since

1]

part of this work would have to be done to the reactor flange, the design

\

is not considered practical for this case.
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5, Flexitallic Gasket (0.100 in. thick)

To investigate a means for sealing i1f the present sealing sur-
faces are beyond recovery, a Flexitallic gasket that had been trimmed to
fit in the flat space between the flanges outside the present Conoseal
area (as shown in Fig. 6a) was installed and pressurized to lCOO psi. It
also started to leak at about 850 psi, but after the pressure had dropped
to 800 psi it held without any further loss in pressure. This action is
attributed to the thickness of the gasket (1/8 in. ) that held the flanges
apart to the extent that the flanges were acting like an ordinary two-
bolt face flange — the excessive span caused flange deformation and leak-
age at high pressure, which, when released to a lower level, could then
maintain the sesl. If necessary, this type of gasket would work if the
gage dimension between the angled faces of the clamp were increased to
compensate for the thicker gasket., Although this design might provide an
alternate method, it does not appear as attractive as the aluminum ring.

Based on the ease of placement and the excellent seal produced
by the 0.064-in. 1100 annealed aluminum wire gasket, a further test of
this type was warranted using a wire of larger diameter. A gasket was
made from 0,08l-in.-dlam wire because it would have more cross section
to provide added material for plastic flow to fill surface irregularities.
The added force required to compress this gasket thickness into the asvail-
able space (0.030 in.) would be higher, but the ease with which this load
can be applied with well fitted and lubricated clamps makes 1t appear at-

tractive.

6. Aluminum Ring (0.081 in. diam)

An 1100 alloy aluminum ring made from 0.08l-in.-diam wire X
7.930 in. OD was placed between the flanges, tightened toc 100 ft-1b and
pressurized to about 1000 psi. It leaked about two drops per second, so
it was torqued some more to 150 ft-1b at which point the lesk stopped.
The pressure was held adequately at about 1000 psi except for the usual
drop-off due to temperature equalization., When removed, this gasket had
deformed into an "L" shaped section so that it effectively made a seal
both at the face side and around the outer periphery of the sealing edge

(see Fig. 5a). Although the gasket had not deformed uniformly all around,
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indicating that the flange had not been concentrically positioned, good
extrusion élong the entire circumference was apparent. This gasket under-
goes approximately 60% strain deformation and can be classed with the sat-

isfactory and workable types.

7. Aluminum Ring (0.081 in. diam with 0.060-in.~deep 90° notch)

Another test was made with one of the 0.081-in.-diam wire alum-
inum gaskets to determine the amount of initial damage such a gasket could
accommodate, as for example, to fill gutters in the flange likely to have
been produced by water erosion, A simulated defect was produced by usiag
the corner of a piece of 7/l6win,msquare hardened steel. A nick in the
side of the ring was made, which was about two-thirds through its thick-
ness — the remaining material was intentionally left thinner than the
final compressed thickness of the gasket (see Fig., 6b) so that a measure
of the plastic flow properties could be obtained,

The flange was torgqued to 150 fi-1b and pressurized to the usual
1000 psig. A leak of about two drops per second was observed, so the
flange was further torqued to the maximum with the available wrench, 250
ft-1b, and the leak dropped off to one drop per seccond, but it did not
stop completely. Although this amount of leakage would be fairly small,
it would not be acceptable for our test criteria. Tt is probable that we
made this initial notch too severe. It is not likely that a notch of that
size would be encountered in the HB-1 flange, and a slightly lesser depth
would appear to have a good possibility of sealing. Tt should be made
clear that on these aluminum rings the seal actually takes place where the
gasket is extruded into the region between the sealing lips, both at the
contact Tfaces and at the circumferential annulus perpendicular to the

face,

8. Flexitallic Gasket with 0.100-in, ~Thick Backup Ring

In the event that none of the described gaskets are considered
adequate for the HB-1 flange, a flat deformable gasket was considered
that would occupy the area outside of that subjected to water erosion,
thus starting with new surfaces. As mentioned in case 5, one such gasket

tested was not leaktight, but this was attributed to the poor fit of the
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clamps because of the extra thickness of the Flexitallie, Accordingly,
another pair of flange clamps was machined on the inner surface to produce
the correct fit-up. Using this gasket (see Fig, 6a) the system was tor-
gued to 150 ft-1b. It leakesd, so a 210 ft-1b torque was applied but the
leak continued. The system was opened and the gasket removed for examina-
tion. 1t was found that it had not been aligned concentrically., This
happened because there was insufficient depth of recess to make the flanges
self-aligning. Also, since this gasket used the 0.100-in.~thick backup
ring, we felt this might ve limiting the deformation and thus contributing
to the lack of gasket flow, therefore a gasket without a backup ring was

obtained for the next test,

9, Flexitallic Gasket Without Backup Ring

This test i1s essentially a repeat of the previous test except
that no backup ring was used (see Fig., 6a) and more care was taken to
align the flanges concentrically before the clamp pressure was applied,

The system was torqued to only 60 ft-1b and checked, It seemed to be
tight so we set the pressure at 1000 psi and allowed it to stand overnight,
The pressure had dropped somewhat but this was attributed to the usual
temperature egualization. Measurements of the remaining space between

the flange faces showed (.075 to 0.080 in. thickness would be adequate

for a backup riug.

10. Aluminum Ring (0.080 in, diam with simulated defect, a notch 25° X
0.040 in, deep)

This ring was installed with the notch toward the blind flange
(see Fig. 7a). The bolts were torqued to 60 ft=1b and pressurized to
1000 psi. The system held pressure except for the usual temperature
equalization drop. When the seal was remocved it showed that, although the
notch had not been completely filled, the aluminum wire had extruded out
into the cylindrical space outside the ring area and thus created a seal.
Accordingly, a high percentage (60%) of extrusion or deformation is a de-

sirable condition for getting adegquate sealing around irregular surfaces.



11. Conoseal Aluminum Ring, 0.530 in, Wide, With a 25° Notch X 0,030 in.
Deep Cut Into the Outside Edge to Simulate a Flaw

This type of seal with the simulated defect (see Fig. 7b) leaked
badly at first (estimated at 10 drops per second ) but the leakage rate
was reduced gradually as the torgue was increased to 150 ft-1b., It con~
tinued to leak at two drops per second, until after one hr the pressure
had dropped from the initial 1080 to 180 psgi. It was apparent that this
type of gasket is limited in its ability to fill a gross defect because

of its low (4%) strain deformation.

12. Notch Across the Male Blind Flange

In order to test the ability of the 0.081l-in.~diam aluminum ring
to seal a defect in the flange we cut a notch 25° X 0.020 in. deep across
the outer corner of the blind test flange as shown in Fig. 7c. A new
0.081l-in, -diam ring was used and torqued to 60 ft-1b (the usual conserva-
tive value). The system was pressurized to 1000 psi and appeared to be
leaktight so it was allowsd 4o stand overnight and then disassembled for
examingtion. The soft aluminum of the gasket material filled the notch
and flowed around both ends to give a tight seal. In general, the aluminum

ring type of gasket seems to £ill all of the reguirements.

Group 2 Tests (Nos. 21 through 28)

The tests performed in Group 2 and listed in Table 2 were required
when the test pressure specification was raised from 1000 to 1500 psig.
These tests will not be described in detail here because they are similar
to those in Group 1 (except that a different facility was employed) and
are adequately documented in Table 2, One comment at this point is that
this group of tests pointed out the importance of slight variations in
the individual compcnents, and also the small margin of leaktightness that
existed above the original 1000 psig test requirement. In most of these

tests leaks began to appear at 1200 to 1400 psig.
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Group 3 Tests (Nos. 29 through 40)

The third group of tests listed in Table 3, are, in part, reruns of
the tests made initially =t 1000 psig at the HFIR mockup, except that the
higher test pressure reguirement (1500 psig) was used, and further refine-
ments were made to get acceptable results.

This set of tests demonstrated that a slight increase in the O~ring
cross section (from 0.081 in. diam to 0.093 in. diam) and a slightly
harder material was adequate to provide a seal that would be capable of
meeting the leaktightness reguirement at 1500 psig., This leaktightness
wags maintained in a number of cases even when the flange mating surfaces
were severely scarred,

A successful test was also made for a bench test demonstration that
an O-ring need not be welded at all if the Jjoint is cut squarely and
butted together. Although this may not be of immediate value it opens the
possibility of installing a new O~-ring without the need to remove the beam

tube completely.

Comments on Vibration, Fretting, Etc,

A1l the tests performed would be considered short term and none were
made Lo investigate the effects of vibration and yielding although one
test, No. 37, was cycled ten times. However, we can refer to work that
was done in connection with the HSST Program (Heavy Section Steel Technol-
ogy) that would have a bearing on these factors. In the HSST work it was
required that a machined notch in a large tensile specimen be sharpened
using hydraulic pressure cycling to produce a fatigue crack. A seal at
the flat surface of the tensile specimen was required to maintain pressure
in the machined notch for thousands of cycles. Although the gasket event-
ually used for this work turned out to be an elastomer O-ring because it
was more convenient to use, a soft aluminum wire type was tested., The
aluminum wire gasket was made from 0.125-in.-diam soft wire, formed into
a 9-in.~-long ellipse with a 3/4 in, minor diameter. This was placed
within the retaining plate, wnich had the same contour so that it would
confine the gasket, but was only 0,093 in. thick. In this manner the

aluminum O-ring was limited in the amount of deformation 1t would undergo,



about 24%. (Note that this is appreciably less than the 60% deformation
used in the HB-l O~-ring.) Pressures of 16,000 to 19,000 psig were applied
to the system and cycled from zero 1o maximum pressure at four to eight
cycles per minute. After 10,000 cycles the aluminum gasket began to leak,
h resulted from
the pressure cycling, caused the gasket to "fret" or slide in a crosswise
manner about 0.0001 in., and this movement was evidently the direct cause
of leakage.

Using this indirect but applicable information, it is expected that

the lower pressures and much less severe sliding or "fretting” action that

s L.

take place in the HB-1 flange would permit the O-ring to serve a long use-
ful life. It will be recalied that the HB~1 O-pring deforms arcund the

. .

e flange sealir 1] gee Flg. 5a) and therefore is not exposed to ex~
male flange sealing lip (see Fig., 5 nd therefore ot exposed e

cessive sliding forces., Temperature differences are also mild for the

HB~1 Tlange.

RECOMMENDATIONS

Based on the results obtained in these tests the following flange
gaskets are recommended for use in the HB-1 V-band clamp application, A
consideration of the probable condition of the sealing surfaces indicates
that it may be wise to provide a large degree of gasket flow deformation
and alsco gilve the gasket material the opportunity to flow into seal areas
where nevw, undisburbed surfaces are available, For these reasons, and
considering the gasket placement cperation for underwater conditicns, the
gaskets are recommended and arranged in the preferrad order as follows:

1. TUse the 0.093~in.~diam soft aluwinum wire ring gasket becauvse of
its high strain deformation, excellent flow properties, ease of installa-
tion, and the fact that it can sesl undamaged surfsces either on its ouber
periphery or on the inside face,

2. Use the 0,075~in, -thick Flexitallic gasket as a backup, to be

if inspection shows bthat the mating surfaces are beyond sealing with
the standard Conoseal aluminum ring. Although this gasket should be avail-

sble for use, it probably will not be reqguired, It should not be used
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unless absolutely necessary, and if used, provision is needed for ade-
quate concentric alignment, and a set of clamp rings of the proper width
must be obtained.

3. The standard Conoseal aluminum ring but built to an extra wide
width of 0.530 in. should be on hand., On the assumption that this gasket
could be uged, 1t should be noted that it has a low percentage yield (4%)
and it may not seal rough surfaces. Accordingly, 1 and 2 above are pre-
ferred gaskets.

Although the new four-bolt clamp provides the added feature of re-
ducing the bending moment that exists in the two-bolt design, the two-~
bolt clamp will meet the service requirements when built to the correct
gage dimensions, This had been done for the two-~bolt clamp used in test-
ing only (but that material being 304 stainless does not meet the reactor
material requirement, which must be 17-4 PH). The four-bolt flange is
preferred becanse of the extra bolts and the reduced tendency of clamp
heels to "dig in" to the flanges.

A water resistant lubricant (Silicone D-44) should be applied lightly
to the inner surfaces of the clamps and to the bolt threads bhefore assem-
bly.

Torqueing all the bolts to 200 ft-1b is adequate to bring the clamps
together, but up to 250 ft-1b may be used without overstressing them.
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