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SEAL MODIFICATION FOR A V-BAND CLAMPED FLANGE 

A. A. Abbatiello 

ABSTRACT 

An aluminum gasket with a small volume added at one 
point has been developed and is recommended for sealing a 
leak in the HFIR HB-1 beam-tube flange. This type of 
gasket, in a symmetrical form, was originally tested and 
proposed in February, 1972. It has now been revised to 
fit a specific eroded area (found when the HFIR was dis-
assembled for a scheduled major overhaul, after ten years 
of operation). The extent of erosion was evaluated from 
underwater television examinations of the flange faces, 
a test gasket impression, and plaster casts of the eroded 
area. 

The modified gasket consists of a ring made of 
0.093-io.-diam wire with the normal contour increased to 
1/8 in. in the section at the cavity region and oriented 
to place this section over the eroded area. Special tools 
and viewers are available for checking its position. 

Although the basic gasket types recommended in 19721 
still apply, for this installation the 0.093-in.-diam wire 
aluminum ring was the only type tested based on the ease 
of installation and its ability to seal the irregular 
cavity. 

INTRODUCTION 

In February, 1972, a method was described for replacing a leaky seal 
in the HB-1 V-band clamp.1 At that time the addition of a four-bolt 
backup clamp reduced the leak rate to a tolerable level that could be 
diverted directly to a clean-up system; so no further changes were made 
then. In June, 1975, the HFIR was disassembled for a major overhaul 
after ten years of service; and, among other things, the HB-1 flange was 
opened. Plaster cast impressions of the seal area and underwater 
pictures were used to assess the extent of the seal damage. With this 
new information, a much better estimate could be made of the material to 
be added to the seal ring to fill the void. The eroded area is about the 
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size of a grain of rice, but rather irregular in shape, located at about 
5:30 on the flange face. Figure 1 is a photo of the plaster cast of the 
flange face, and Figure 2 shows the eroded liarman gasket after its removal. 

The seal ring originally proposed in 19721 has now been reviewed and 
modified to fill the eroded area. The stainless steel half of the HB-1 
flange is bolted to the reactor vessel and will be reused, since successful 
tests indicate we can fill its damaged area. The aluminum half of the 
flange is part of the new beam tube and will be completely replaced. The 
new gasket with the built-up material is intended to fill the void plus a 
little excess to ensure a good seal. 

PROPOSAL 

To achieve a tight seal in the eroded area of the flange, it is 
proposed to make a seal ring with a rectangular section of extra metal 
which will slightly overfill the existing cavity. Actually there are two 
cavities (one large cavity at 5:30 and one small cavity at 6:30), but only 
the larger of the two will require the extra metal. The 1972 work has 
shown that the displacement of the 0.093-in.-diam aluminum wire gasket 
will provide sufficient flow to fill the smaller cavity. 

tfhen the gasket ring is set into place Initially, it will be done 
with the gasket-positioning fixture, which is available but will require 
a minor change to accept the extra metal added to the new gasket. The 
gasket will be held snugly in the 7.939-in.-rim diameter of the stainless 
steel flange. The circumferential orientation will be handled by setting 
it into the installation fixture with the index notch at 12 o'clock, which 
will put the extra metal at 5:30. Its placement will be checked with 
viewers before the mating flange (beam tube) is installed. 

The seal is produced by applying compressive loads to the seal faces 
through the V-band clamp bolts. These axial forces first trap the seal 
ring; and, as further load is applied, the 0.093—in.—diam round wire 
section yields and extrudes into the clearances between the inner and 
outer mating flange surfaces, as shown in the enlarged view of Figure 3. 
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Eroded Area 
Estimated About Size of a Grain of Rice 

Figure 1. Erosion Impression Taken from HB-1 Flange 



Figure 2. Photo Showing Marman Gasket Erosion of HB-1 
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Figure 3. Section through HB-1 Beam Tube Flange 
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RECOMMENDATIONS 

Based on the results of the impression taken of the eroded void using 
a plain round gasket of 0.093-in.-diam wire, an estimate was made of the 
extra material needed to completely fill the void. Such a volume has been 
added to the standard gasket and appears in Figure 4. The fabrication and 
installation of this gasket is recommended. A procedure has been outlined 
for installing it 

NOTE: During the past month this proposal has been carried out, arid 
practically all items have been completed except leak testing. As of 
July 28 the beam tube has been positioned over the new gasket, and the clamps 
have been applied and tightened. Leak testing will be done after more 
reactor work is completed, when the tank head is replaced and full test 
pressure is applied. 

DISCUSSION 

Load and Gasket Area Requirements 

In order to produce leak tight seals, the experimental work done in 
19721 showed high axial forces were required to compress the gasket. 
Sliding friction under pool water conditions is especially high and 
becomes a controlling factor. Lubricants should be used according to 
approved practices. 

The net axial loads which determine gasket deformation were taken 
from Reference 1 (pages 9-11). The calculated values show the resulting 
available forces for compressing the gasket are reduced by a factor of 
six by the existing friction. The resulting leak susceptibility, as 
affected by high friction, has been substantially confirmed with operating 
experience in the HFIR by E. L. Hutto.2 

Referring to ORNL-TM-3439, a 125 ft-lb torque on each of the four 
bolts that compress the faces together gives a total axial flange 
loading of 295,000 lbs neglecting friction (see Figure. 5). The experi-
mentally determined friction factors measured in 19693 show that 0,50 
should be used for stainless steel and 0,66 for aluminum. When realistic 
friction factors are substituted in the axial force equation, the flange 
loading drops from 295,000 lbs to about 50,000 lbs. We must further 
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A 125 ft-lb torque on each of the 4 bolts applies 295,000 lb axial force to compress the flanges 
( assuming no friction), shown at "A" below. 

But with a friction coefficient of 0.50 for SS , and 0,66 for aluminum, the 295*000 lb axial force 
is reduced to only 50,000 lb. The internal 650 psig internal system pressure further reduces the 
available force by 32,000 lb. Under specified test conditions of 1500 peig the internal force rises 
to 74,300 lb, reducing the available axial thrust to compress the gasket to as little as 18,000 lb 
under operating conditions, and actually result in a negative force under test conditions, resulting 
in leaks. 

The use of lubricant on these surfaces 
can lower the friction coefficient to 
0,1 to 0.2 and thereby increasethe 
available axial force to 200,000 lb. 

Gasket loading required 
to seal at 1500 psi test 
pressure = net force 

gasket area 

Loading - 200.000 - 7A.300 
3.75 to 5. in sq. 

- 25,000 psi. 

.093 in. diam wire X 7.937 O.D. ring 
is compressed as shown to make seal. 
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Figure 5. Loading Conditions on HB-1 Beam Tube Flange 



consider that under normal operating conditions the 650 psig internal 
system pressure exerts a force of 32,000 lbs, tending to open the flange, 
thus reducing the available force to compress the gasket by that amount. 
Furthermore, when this flange is subjected to the 1500 psig test pressure, 
the opening force rises to 74,300 lbs. Accordingly, this 1500 psig test 
pressure should be considered the design load (although present practice 
limits the HFIR test pressure to 1140 psig). Thus, with high friction 
coefficients, leaks can occur because the net available loading can drop 
below the minimum force necessary to keep the gasket clamped. 

The factor that has helped to make tight seals has been the addition 
of lubricant to the bolt threads and the conical outer faces of the flange. 
As shown in Reference 1, lowering the friction coefficient from 0.50 or 
0.66 to 0.1 or 0.2 can raise the flange loading from 50,000 lbs to 
200,000 lbs. Thus, only by using suitable lubricants during installation 
can the net flange compression forces obtained be high enough to prevent 
internal system pressure from negating them and causing leaks. 

A pictorial description of this load analysis is shown in Figure 5. 
It should be noted that calculated values were based on measured friction 
coefficients in the HFIR pool and reported in Reference 3. Operating 
experience on the HFIR flanges has substantially confirmed these 
conclusions. 

Gasket Seal Requirements 

The 0.093-in.-diam aluminum wire has a low yield point and thus 
starts to deform readily. This property gives it the ability to conform; 
but it also must have a small amount of resiliency to maintain the seal 
even when some spreading of the flange faces takes place, as occurs when 
varying internal loads are applied. From experience it was found necessary 
to deform the gasket area at least 50% to achieve tight seals. It is 
estimated that gasket area unit loadings of from 10,000 to 30,000 psi were 
probably reached to cause the 0.093-in.-diam wire gasket to flow out to a 
0.15-in. width. Multiplying the circumferential length (25 in.) by the 

o 
deformed area (0.15 in.) gives 3 to 5 in. of gasket area to be deformed. 
NOTE: When the outer areas of the flange faces come together as shown at 



10 

"B" in Figure 3, the seal is about 0.030-in. thick, m d no compression can 
take place. p 

Assuming a gasket loading of 25,000 psi and 5 in. of area, a flange 
loading of 125,000 lbs will be needed, which will not be fully available 
without a lubricant. Gasket loading required to seal at 1500 psi test 
pressure equals net force divided by gasket area (see Figure 5). 

In brief, this indicates some lubrication is one of the essential 
requirements to form an adequate seal. The other factors upon which a 
good seal depends are: (1) the net available axial force, allowing for 
the reduction due to internal pressure; (2) the coefficient of friction; 
and (3) the total gasket area to be compressed. 

Gasket Material Properties 

In order to get consistent results,, the gasket material properties 
must be controlled. The successful gasket seals made in the 1972 test used 
1100 aluminum welding wire. It was found that changing the wire diameter 
or hardness reduced the ability to seal. Accordingly, some form of control 
test would be useful to assure reproducible results. 

Referring to the 1972 tests, a simple load-deflection curve of the 
welding wire can be repeated. It consisted of cutting a length of wire to 
be used, say 1 in, long, and placing it in a compression testing machine 
with a dial indicator set to read the distance between the press faces. 
A plot of the load required to compress the wire from its initial 0.093-in. 
thickness to the final 0.03 in. would give a good indication of the wire 
properties of interest. The width of the resulting flattened wire would 
also give some information about the seal area developed as well as the 
unit load that would be required to get the deformation. Figure 6 shows 
the type of equipment used to get the load-deflection curve discussed above„ 

DEMONSTRATION OF ABILITY TO MAKE AN ADEQUATE SEAL 

Based on information obtained from the underwater camera pictures and 
the plaster cast of the eroded areas, it was believed we could make a 
gasket ring with extra volume to fill the cavity area and position it with 
sufficient accuracy to create the seal. The gasket with the new metal added 
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consider that under normal operating conditions the 650 psig internal 
system pressure exerts a force of 32,000 lbs, tending to open the flange, 
thus reducing the available force to compress the gasket by that amount. 
Furthermore, when this flange is subjected to the 1500 psig test pressure, 
the opening force rises to 74,300 lbs. Accordingly, this 1500 psig test 
pressure should be considered the design load (although present practice 
limits the HFIR test pressure to 1140 psig). Thus, with high friction 
coefficients, leaks can occur because the net available loading can drop 
below the minimum force necessary to keep the gasket clamped. 

The factor that has helped to make tight seals has been the addition 
of lubricant to the bolt threads and the conical outer faces of the flange. 
As shown in Reference 1, lowering the friction coefficient from 0.50 or 
0.66 to 0.1 or 0.2 can raise the flange loading from 50,000 lbs to 
200,000 lbs. Thus, only by using suitable lubricants during installation 
can the net flange compression forces obtained be high enough to prevent 
internal system pressure from negating them and causing leaks. 

A pictorial description of this load analysis is shown in Figure 5. 
It should be noted that calculated values were based on measured friction 
coefficients in the HFIR pool and reported in Reference 3. Operating 
experience on the HFIR flanges has substantially confirmed these 
conclusions. 

Gasket Seal Requirements 

The 0.093-in.-diam aluminum wire has a low yield point and thus 
starts to deform readily. This property gives it the ability to conform; 
but it also must have a small amount of resiliency to maintain the seal 
even when some spreading of the flange faces takes place, as occurs when 
varying internal loads are applied. From experience it was found necessary 
to deform the gasket area at least 50% to achieve tight seals. It is 
estimated that gasket area unit loadings of from 10,000 to 30,000 psi were 
probably reached to cause tue 0.093-in.-diam wire gasket to flow out to a 
0.15-in. width. Multiplying the circumferential length (25 in.) by the 
deformed area (0.15 in.) gives 3 to 5 in. of gasket area to be deformed. 
NOTE; When the outer areas of the flange faces come together as shown at 
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"E" in Figure 3, the seal is about 0.030-in. thick, and no compression can 
take place. 

Assuming a gasket loading of 25,000 psi and 5 in. of area, a flange 
loading of 125,000 lbs will be needed, which will not be fully available 
without a lubricant. Gasket loading required to seal at 1500 psi test 
pressure equals net force divided by gasket area (see Figure 5). 

In brief, this indicates some lubrication is one of the essential 
requirements to form an adequate seal. The other factors upon which a 
good seal depends are: (1) the net available axial force, allowing for 
the reduction due to internal pressure; (2) the coefficient of friction; 
and (3) the total gasket area to be compressed. 

Gasket Material Properties 

In order to get consistent results, the gasket material properties 
must be controlled. The successful gasket seals made in the 1972 test used 
1100 aluminum welding wire. It was found that changing the wire diameter 
or hardness reduced the ability to seal. Accordingly, some form of control 
test would be useful to assure reproducible results. 

Referring to the 1972 tests, a simple load-deflection curve of the 
welding wire ccn be repeated. It consisted of cutting a length of wire to 
be used, say 1 in. long, and placing it in a compression testing machine 
with a dial indicator set to read the distance betweer the press faces. 
A plot of the load required to compress the wire from its initial 0.093-in. 
thickness to the final 0.03 in. would give a good indication of the wire 
properties of interest. The width of the resulting flattened wire would 
also give some inform,ttion about the seal area developed as well as the 
unit load that would be required Co get the deformation. Figure 6 shows 
the typa of equipment used to get the load-deflection curve discussed above. 

DEMONSTRATION OF ABILITY TO MAKE AN ADEQUATE SEAL 

Based on information obtained from the underwater camera pictures and 
the planter cast of the eroded areas, it was believed we could make a 
gasket ring with extra volume to fill the cavity area and position it with 
sufficient accuracy to create the seal. The gasket with the new metal added 
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would "npear as shown in Figure 4; but, before making this added-volume 
gaske! t was agreed we should try a plain 0.093-in.-diam wire gasket 
with ac index reference point mark on it. This gasket, used to make a 
test impression, would tell two things? (1) a more precise measure 
of the extra volume of metal needed to assure a complete fill; and (2) a 
true circumferential position with reference to the index point showing 
where the volume should be placed. 

Accordingly, a typical gasket without the extra volume was marked 
with the index notch, placed in the flange using the positioning fixture 
(Figure 7), and compressed using the bolt tensioner (3700 psi on the 
hydraulic gage is equivalent to about 200 ft-lb torque). The conditions 
were set up to duplicate those that would be used when the actual beam 
tube would be installed., including lubrication. 

The gasket was removed and examined. Although it was slightly bent in 
pulling it from the flange face, it gave an excellent impression. As 
shown in Figure 8, the normal gasket volume is not quite sufficient to fill 
the eroded cavity when no extra material is provided; but even in this 
situation there would have been enough seal area on the flange faces to make 
a leak tight joint at normal operating pressure, 650 p&ig. However, based 
on previous test experience,1 such a seal could be expected to leak 
slightly at 1500 psig test pressure. Accordingly, the gasket to be used 
will ^ave a small volume of material added, as shown on Figure 4. From 
measurements taken on this test gasket, the extra metal should be located 
about 161° clockwise (or 10.81 in. circumferentially) from the index 
point, looking into the flange. 

Checkout of General Procedure 

There is an advantage in going through a complete practice procedure 
to check the gasket installation method while the HFIR is open and the 
flange is accessible. It offers the opportunity to modify the gasket 
installation fixture and check xt in use. It also gives an opportunity 
to check the void size by pressing a normal (0.093 in.) diameter gasket 
into place (which has been done). 
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A specific value of this checkout procedure is the contribution, and 
feedback from those who participate. Desirable changes can then be made 
before the real job is done. 

PRELIMINARY PROCEDURE FOR INSTALLING T1IE HB-1 SEAL 

In order to install the modified seal in the HB-1 flange, the 
following steps are recommended. 

1. Make several gaskets with the added volume required to fill the 
void. Based on information from plaster casts, pictures, and the 
test gasket impression, the modified gasket will be as shown on 
Figure 4. 

2. Check the outside diameter to see that it does not exceed the 
overall dimensions (it must fit into plaea). 

3. Use the new HB-1 beam tube, with its mating clamps, etc., and 
confirm that all parts fit. 

4. Modify the gasket installation fixture so it will carry the 
new gasket and position the extra volume at the correct point 
(160° clockwise from the index mark). 

5. Add Molykote 505 paste lubricant lightly to the inside wall of 
the clamp which seats on the aluminum beam tube, and spray on 
Electrofilm Molybond "A" to the threads, nuts, collars, and the 
internal clamp face which seats on the stainless steel flange. 

6. Install the gasket following these steps. 
a. Using the fixture install the gasket in the HB-1 flange so the 

extra volume is placed over the cavity (at about 5:30), 
Remove the fixture leaving the gasket in place. 

b. Examine the gasket with the periscope to see that it fits well 
and that the extra volume is over the cavity. 

c. Install the V-band clamps. Use the available tools to see 
that the flanges are coming together parallel, and tighten to 
200 ft-lb (3700 psi on the hydraulic gage of the bolt 
tensioner), 

d„ Perform leak tests. 
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