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1. INTRODUCTION
Inflatable door seals, designed more than a quarter of
a century ago, have given good service in Canadian
and overseas CANDU reactors. These thin-walled
elastomeric seals have been exposed to many thou-
sands of cycles of inflation and deflation, various
types of aging (temperature, radiation and time),
ozone degradation, abrasion, pinching, stiction,
cracking and installation damage. The fact that they
have operated successfully as part of the reactor
building containment structure - subjected to the
same pressures and temperatures as those for the
thick reinforced concrete walls and steel doors -
highlights the achievement of these thin rubber
seals.

However, in the last decade, the rubber industry has
developed new compounds that are more resistant
to radiation, temperature, and time-dependent aging.
Components manufactured from such compounds
are less prone to hardening, stress cracking and per-
manent set; thereby saving on replacement costs,
inventory and overall maintenance.

This paper discusses development and testing of
recent material and design changes to inflatable
seals, and addresses various practical issues faced
by the operations engineers and maintainers using
these seals.

2. THE PRODUCT
An inflatable seal (Figure 1), usually reinforced with
high strength fabric, is moulded from silicone rubber
(in a retracted, i.e., deflated, position). The seal -
spliced together from segments and fitted with an
inflation tube - is installed into a custom-designed
retainer groove, either on the side or on the face of
an access portal. Sealing, the result of positive con-
tact between the serrated striker and the metal coun-
terface, is generally established by inflating the seal
to 30-40 psi.

Figure 1: A Typical Inflatable Seal.

Seal performance is affected by various factors such
as: groove shape, gap size and uniformity, sealing
counterface texture, corner radius, plane of installa-
tion, inflation pressure, pressure across the seal, seal
geometry, striker characteristics, cycling frequency,
temperature, radiation and elastomer/ fabric material
properties. These effects have been observed in the
field and quantified in laboratory work.

3 . FACTORS AFFECTING PERFORMANCE
Seal performance was assessed by three sets of
experiments:

1) The seals were installed on scaled-down acrylic
doors and frames allowing visual inspection. Seal
extension, contact pressure at the sealing inter-
face and leakage across the seal were measured
for different groove shapes, gap sizes and seal
inflation pressures.

2) Seal segments - inflated, deflated and cycled -
were exposed to radiation, elevated tempera-
tures and ozone. Properties such as set, hard-
ness, spring force and 'retractability' were moni-
tored.

3) Manufacturer-supplied standard (ASTM) silicone
sheets, were tested for tensile, compressive and
product-specific mechanical properties to deter-
mine an improved seal material for CANDU use.
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Some test results are discussed below.

Groove Shape
The existing seals are designed to fit into grooves of
the three different designs used in CANDU stations
(side walls machined to 0,11 and 22° from the verti-
cal). The inflated shape of the same seal is different
in each groove; hence the gap that the seal can
bridge and the sealing footprint contact pressure are
different from each other. Figures 2 and 3 show that
the same seal in an 11 ° groove extends out more and
exerts a larger sealing pressure than in a 22° groove.
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Figure 2: The Effect of Groove Shape on Seal Extension:
The inflated shape of the seal is determined by groove geom-
etry. Seal extension depends on the groove shape.
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Figure 3: The Effect of Groove Shape on Seal Contact
Pressure: Higher sealing pressures are established in an 11°
groove.

Gap Size

For straight segments of the door, the relationship
between gap size and sealing contact pressure is a
reverse linear one, where the slope is defined by seal
inflation pressure (Figure 4). For a 0.600" gap the
sealing contact pressure is sensibly independent of
the inflation pressure; a result suggesting that the
seal has attained its maximum possible extension.
Linearity deteriorates very rapidly for gaps greater
than 0.600" and seal internal pressures below 20 psi.
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Figure 4: The Effect of Gap Size on Sealing Pressure: A
reverse linear relationship exists between gap size and sealing
pressure for an 11 ° groove.

Sealing at the Corners Versus the Sides

Typical airlock doors consist of straight and corner
sections. Circumferential and radial stresses - refer-
enced to the door - show significant variations
between these locations, especially at higher infla-
tion pressures where maximum deformations occur.
In the 30 to 40 psi inflation pressure range (typical for
CANDU airlock seals), corner sealing contact pres-
sure tapers off with increased inflation pressure
above 30 psi (Figure 5). This creates potential sealing
problems at the corners (e.g., for gaps larger than
0.400", the corner contact pressure was measured
to be as low as 50% of the straight segments).

Radiation and Silicone Compounds

Silicone seals may undergo property changes - i.e.,
harden or set - if exposed to excessive radiation.
Traditionally, this is minimized by adding phenol dur-
ing compounding. As suggested by the seal manu-
facturers participating in this program, silicone com-
pounds - with dimethyl-vinyl and temperature-radia-
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Figure 5: The Effect of Location on Seal Contact Pressure:
Corner sealing pressures are 20-30% less than in straight seg-
ments.

tion 'retardation' agents - were also tested to deter-
mine their suitability for a new seal.

Results from a series of tests simulating the magni-
tude of radiation-induced set are shown in Figure 6.
Silicone sheets 4" x 1 " x 0.060" were folded without
being compressed and irradiated while held in this
position. After each radiation dose, the sheets were
unfolded and their lengths were measured. The post-
radiation free-length of dimethyl-vinyl sheets

—- length measured an hour after release from squeeze
— dose rate = 0.294 Mrad/hr
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Figure 6: Radiation Resistance of Selected Silicone
Compounds: Contrary to common expectations, compounds
with Phenol are less resistant to radiation induced setting than
dimethyl-vinyl compounds.

reduced to -88% of their initial length. Phenol
sheets, surprisingly, fared a lot worse and reduced to
77-62% of their initial length.

The outcome was the same when the seals were
exposed to a high temperature environment {160°C
for 120 hours). Dimethyl-vinyl silicones set less and
hardened less.

Seal Retractability

In standard station practice, the seals are replaced at
the first hint of retractability problems. The onset of
this type of failure is strongly affected by the unaged
properties of the seal material. Silicone sheets 4" x
1" x 0.060", all of the same hardness, were folded
into two, and the opening force - indicative of seal
retractability - was measured as a function of dis-
tance (Figure 7). Dimethyl-vinyl compounds had sig-
nificantly higher opening force - thereby greater
resistance to retractability problems - than phenolic
compounds across the test range.
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Figure 7: Opening Force for Various Compounds with the
Same Durometer Hardness: The opening force is a good indi-
cator of seal retractability. Dimethyl-vinyl silicone, has the
greatest opening force.

Reinforcing Fabric

Inflatable seals are manufactured from numerous
fabrics (i.e., Dacron, Terylene, Nomax) with different
layers, weaving patterns, thicknesses and pitches. A
change in fabric properties can affect the inflation
characteristics of the seals.

The change can be as simple as the number of fabric
layers used in seal construction. Two seals (Figure 8),
identical in all aspects other than reinforcement,
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were manufactured with single and double layers of
the same fabric. While both seals were successful in
retaining 60 psi inflation pressures, the single layered
seal was able to bridge a gap -0.100" larger than the
double layered one.

Other tests, on the effect of radiation, temperature,
fabric type and weave pattern on seal fabric perfor-
mance, determined the acceptable design limits.
Results were used to fine-tune the fabric properties
of the new seal.

Single layer fabric
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Figure 8: The Effect of Reinforcing Fabric on Seal
Effectiveness: A seal reinforced with a single layer of fabric
extends out more and bridges a larger gap that a seal rein-
forced with two layers of the same fabric. Both seals passed
pressure retention tests.

4. PROTOTYPE I
In-depth testing, some of which was profiled in
Section 3, helped to identify:

• silicone compounds and reinforcing fabrics with
greater resistance to CANDU conditions, and

• potential design changes enhancing operational
integrity.

Based on these results, a new seal (Prototype I) was
designed by AECL-CRL. Seal segments were mould-
ed from improved materials in the facilities of a
Canadian-based seal producer. Versions of Prototype
I were tested at Chalk River to fine-tune the design
and determine the optimal seal characteristics. Some
of the results, comparing Prototype I with the exist-
ing seals, are given below.

Prototype I bridged and sealed a gap (straight door

segment) at least 0.100" greater than that possible
by an existing seal (Figure 9). The same improve-
ment was also measured in the corner segments.
This is a major improvement in sealing large and non-
uniform gaps, which may exist at some stations.
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Figure 9: Prototype I Versus The Existing Seal: Under typical
CANDU seal internal pressures - 30 to 40 psi - prototype I
bridges a gap -0.100" larger than that possible by the existing
seal.

Prototype I also exerted higher sealing contact pres-
sures on the counterface than the existing seals
(Figure 10). This result, which reduces the potential
for leakage, is repeatable for Prototype I in all CANDU
grooves - side walls 0,11 and 22° from vertical. In the
design of the next prototype (Prototype II), the prop-
erties of the serrated sealing surface were improved
to increase contact pressures even further.

Prototype I, because it is manufactured from
improved compounds and fabrics, resisted radiation
and temperature-induced set and other mechanical
property degradations better than the existing seals.
When exposed to accelerated aging at 160°C for 120
hours (Figure 11), inflated Prototype I seal segments
set by one-third that of existing seals. This is a major
improvement, which extends life-span and enhances
safety.

Similarly, when exposed to radiation, Prototype I set
less than the existing seals, as would be expected
when the material performance data of Figure 6 is
considered. Resistance to high concentrations of
ozone is currently being studied.
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Figure 10: Prototype I Versus The Existing Seal: Prototype I
exerts higher contact pressure on the sealing counterface than
the existing seal. Higher contact pressure reduces the poten-
tial for leakage. -

5. PROTOTYPE II
Prototype I, superior to the existing seals in most
aspects, was used as the basis for the next step -
Prototype II. The material for Prototype II was kept
the same.

Significant geometry changes were introduced to
Prototype II to have a more 'retractable' seal with a
better striker (Figure 12) delivering higher sealing
pressures while bridging larger gaps.

Use of different mandrels and mould components for
the striker region of Prototype II allows seal opti-
mization in a reasonably short time. Some Prototype
II seals are already manufactured, and initial test
results suggest major improvements. The effect of
different striker geometries - rounded, rounded and
serrated, f lat - as well as the effect of wing thickness
on seal characteristics are presently being tested and
analyzed. Full-scale seals will soon be ordered for
field and qualification testing.

i

Figure 12: Prototype II: Prototype II is designed with options
to reduce the product development time. The striker is round-
ed to resist inflation instabilities, and mildly serrated to retain
high contact pressure regions. Different core shapes were
explored to optimize the "retractability" of the seal.

" Counterface

%Set = 100 X (D - 0.625)/(X - Do)

Figure 11: Temperature Resistance of Seals from Different
Silicone Compounds: Prototype I, manufactured from a sili-
cone compound with temperature resistant additives, sets
less than the existing seals (160°C for 120 hours).

6. CONCLUSIONS
A series of inflatable door seals with design changes
enhancing operational characteristics were manufac-
tured from recently-developed materials. New seal
performance is superior to that of the existing ones.
The seals, after design optimization, will be qualified
for reactor use in mid 1996.
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