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In fusion experimental reactors, the in-vessel components such as blanket are
activated due to D-T operation and they have to be assembled and replaced by
remote operation through port penetration of plasma vacuum vessel. A double seal
door is inevitably required at an interface between vacuum vessel port and mainte-
nance cask in order to avoid the dispersion of tritium and activated dust during in-
vessel component handling.

The double seal door should have two open,/close doors with four seal surfaces
so as to keep leak tightness both of the vacuum vessel and the maintenance cask
when doors closed, and to provide access space for handling in-vessel components
when doors opened. A prototype compact double seal door with an attraclive
kinematics of parabolic trajectory has been proposed so as to minimize dead space
for the door openclose operation, compared with ordinary slide or hinge type door.

Based on this design concept, a sub-scaled model of double seal decor with
trapezoidal cross-section of around 0.2 nf has been fabricated. Through the prelim-
inary experiments such as openclose performance, the double seal door mechanism
with parabolic trajectory has been successfully demonstrated. As for leak tightness,

seal characteristics of a polyimide ring irradiated up to 10 MGy have been measured.

This work is conducted as a ITER Technology R&D and this report corresponds to 1993 [TER
Emergency R&D Task Agreement (JB-DI-3) .
+ Departmeni of ITER Project
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1. Introduction

Fusion experimental reactors require remote handling technology for
assembly and maintenance of reactor components, since they are activated
due to D-T operation and personnel access is prohibited. In particular, the in-
vessel components such as blanket and divertor are categorized into a
schedule maintenance component and thus frequent and reliable remote
handling operation are highly required; the in-vessel components are
transported through port penetrations of vacuum vessel. In this regard,
contamination control is quite imbortant so as to avoid dispersion of tritiated
and activated dust during the in-vessel component handling.

in order to limit such dispersion during activated component handling,
a cask type transporter and a double seal door{1] have been proposed as a
container of activated component and a partition door of both of the
maintenance cask and the vacuum vessel port, respectively. A double seal
door is a key component placed at an interface between the maintenance
cask and the vacuum vessel port so as to accomplish leak tightness.

For this purpose, the Japan Atomic Energy Research Institute (JAERI!)
has been developing a compact double seal door which can be reliably used
under nuclear environment and space constraint. In the meantime,
international collaboration efforts have been made through the framework of
Engineering Design Activity (EDA) of ITER (International Thermonuclear
Experimental Reactor) and a sub-scaled model test of double seal door has
been engaged in close contact with the Joint Gentral Team (JCT).

According to the 1993 ITER Emergency R&D Task Agreement (JB-DI-3),
a sub-scaled model of compact double seal door with attractive kinematics of
parabolic trajectory has been fabricated. The preliminary tests show reliable
open/close operation with relatively small dead space compared with ordinary
stide or hinge type door. This paper gives the design concept and the basic
performance test results of a sub-scaled double seal door as well as leak test
results of polyimide seal ring irradiated up to 10 MGy.

2. Design requirements

2.1 Operating schemes

A double seal door is in principle composed of two open/close doors
with several seal surfaces and should satisfy the following operating schemes.

— 1 —
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(1)  To provide leak tightness of a maintenance cask and a vacuum vessel
port independently when the maintenance cask is removed from the
vacuum vessel port.

(2)  To provide open space for handiing in-vessel components through the
vacuum vessel port penetration when the cask is connected to the port.

2.2 Operating conditions

The double seal door is placed at an interface between the
maintenance cask and the vacuum vessel port, and gives a partition wall for
activated components. Accordingly, it is required to provide a sound bartier in
terms of safety and reliability under the nuclear conditions is required. The
major operating conditions, which is tentatively defined, are summatrized in
Table 1.

Table 1 Tentative design conditions of double seal door

ltems Unit Parameters
Nominal pressure Atmospheric pressure
Environments Inert gas / Air
Operating temperature °C ~ 100
Radiation dose rate R/h ~ 107
Cross-section of port space me 2~10

2.3 Leak tightness and proof pressure

The double seal door is required to satisfy primary leak tightness for
preventing dispersion of activated dust and vacuum leak tightness is not
demanded. In this regard, ieak tightness of the double seal door could be
specified to be no external ieak in soap bubble test under the nominal
pressure; this may correspond to a leak rate of less than 10-3 PamJ/s.

A proof pressure of the double seal door may be defined as the same
as a pressure vessel, which means a proof pressure to be 1.5 times of the

nominal pressure.

2.4 Space requirements

The double seal door has to be enveloped within the maintenance
cask: the overall structure and open/close operation space are specified so as

_2__
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to minimize the cask size and a transportation space of the cask in the reactor
building.

3. Design features of double seal door

The double seal door is required for every port penetration where the
maintenance cask is installed for the in-vessel maintenance and inspection.
In the present design, a biggest port penetration is a upper vertical port which
is located at the top of the vacuum vessel and is utilized for blanket module
maintenance. The cross-section of upper vertical port is trapezoidal and the
open space is around 10 m2.

- Design efforts have been made to develop a double seal door
particularly for blanket module maintenance through the upper vertical port
and the design features developed are described in the following sessions.

3.1 Double seal mechanism

(1) Typical configuration

Figure 1 shows typical configuration and open/close operation of the
double seal door in each step of blanket maintenance operation. In this
figure, black circles and white circles show complete sealing and unsealing of
the corresponding door surfaces, respectively. The remaining double circles
indicate transition stage between sealing and unsealing. According to the
sequence of maintenance operation as shown in Fig. 1, key features of the
double seal door are mentioned below.

STEP-1 : Initial setup

The maintenance cask is off from the vacuum vessel port and their
openings are completely sealed with a cask door and a port door. In this
case, the double seal door is separated into two pieces which are cask door

and port door.

STEP-2 : Installation of cask and connection of double doors

The maintenance cask is installed on to the port flange of the vacuum
vessel port and an interface between the cask door and the port door
becomes seal tight; this means that the cask door and the port door are
connected together and formed into an integrated structure as a double seal

door.
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STEP-3 : Connection between cask and vacuum vessel port

The maintenance cask is connected to the vacuum vessel port and an
interface between the cask and the port flange becomes seal tight. In this
step, an interface between the cask door and the maintenance cask becomes

loose connection.

STEP-4 : Preparation of double seal door open

In order to remove the double seal door and to provide open space for
blanket handling, an interface between the port door and the port flange
becomes loose connection. '

STEP-5 : Double seal door removal

The double seal door composed of the cask door and the port deor is
moved from the port opening region to vertical position inside the
maintenance cask so as to allow the blanket module maintenance through the

port opening space.

(2) Connection methods

Figure 2 shows various connection methods of the cask door and the
port door so as to form an integrated double door structure. In case of spring
force type, the connection force can be passively provided by spring and any
special tools for the connection are not required. However, a large number of
spring has to be installed in order to fix the doors with leak tight, resulting in
structural complexity. The bolt and spring combined type and the bolt-nut type
give reliable connection with reasonable number of spring but extra end-
effectors and tools for positioning and screwing the bolts are required.

As a consequence, the air locking type seems to be a primary
candidate for the connection of the double seal door. In this concept, sufficient
connection forces can be provided by pneumatic actuators and simple
connection and disconnection operation can be expected without extra tools.
Figure 3 show typical arrangement of air locking type connection and a
pneumatic actuator is placed in the space between the cask door and the port
door. Based on this concept, a prototype of this air locking type connection
has been fabricated and installed into a sub-scaled model of double seal

door.
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3.2 Open/Close kinematics

External space for open/close operation of the double seal door has to
be minimized in order to reduce the cask size and the transportation space.
For this purpose, various kinematics for open/close operation of the double
seal door have been investigated and possible candidates are shown in Fig.
4. In case of the roll type geometry, the space required for open/close
operation can be minimized but less reliability in terms of seal tightness is
concemed due to rolled seal surface.

Figure 5 shows the maintenance cask geometry depending on
open/close kinematics of the double seal door. The hinge type door and the
sliding type door require relatively large maintenance cask in height and in
width compared with the lifting type door, respectively.

Accordingly, the lifting type door has been chosen as a primary
candidate and the basic feasibility of compact kinematics with parabolic
trajectory has been verified through a sub-scaled model test.

3.3 Seal ring materials

The doubie seal door requires a number of cyclic operation and thus
the seal materials have to meet repeatable use under radiation condition of
around 107 R/h. Table 2 shows various sealing methods investigated for the
double seal door application. In case of the metal ring, repeatable use is not
possible. The spring coil and spiral gasket are also limited in repeatable use
up to several times. Finally, organic ring and inflated seal seems to be
adequate seal methods for the double seal door from standpoint of
repeatability.

Further issues are to improve and gualify radiation resistance of seal
materials. For this purpose, preliminary irradiation test of a polyimide seal ring
has been conducted and leak characteristics of the polyimide ring irradiated
up to 10 MGy at a dose rate of around 106 R/h have been measured.

4. Test results

4.1 Fabrication of a sub-scaled model

Based on the design concept mentioned above, a sub-scaled model of
double seal door has been fabricated. The detailed structure and the external
view of the sub-scaled model are shown in Figs. 6 and 7, respectively. The

_5_



JAERI—Tech 94—012

3.2 Open/Close kinematics

External space for open/close operation of the double seal door has to
be minimized in order to reduce the cask size and the transportation space.
For this purpose, various kinematics for open/close operation of the double
seal door have been investigated and possible candidates are shown in Fig.
4. In case of the roll type geometry, the space required for open/close
operation can be minimized but less reliability in terms of seal tightness is
concerned due io rolled seal surface.

Figure 5 shows the maintenance cask geometry depending on
open/close kinematics of the double seal door. The hinge type door and the
sliding type door require relatively large maintenance cask in height and in
width compared with the iifting type door, respectively.

Accordingly, the lifting type door has been chosen as a primary
candidate and the basic feasibility of compact kinematics with parabolic
trajectory has been verified through a sub-scaled model test.

3.3 Seal ring materials

The doubie seal door requires a number of cyclic operation and thus
the seal materials have to meet repeatable use under radiation condition of
around 107 R/h. Table 2 shows various sealing methods investigated for the
double seal door application. In case of the metal ring, repeatable use is not
possible. The spring coil and spiral gasket are also limited in repeatable use
up to several times. Finally, organic ring and inflated seal seems to be
adequate seal methods for the double seal door from standpoint of
repeatability.

Further issues are to improve and qualify radiation resistance of seal
materials. For this purpose, preliminary irradiation test of a polyimide seal ring
has been conducted and leak characteristics of the polyimide ring irradiated
up to 10 MGy at a dose rate of around 106 R/h have been measured.

4. Test results

4.1 Fabrication of a sub-scaled model

Based on the design concept mentioned above, a sub-scaled model of
double seal door has been fabricated. The detailed structure and the external
view of the sub-scaled model are shown in Figs. 6 and 7, respectively. The

_5__



JAERI—Tech 94—-012

‘eoepns ybnos 1o adeys senoiued 1oy usas

yonoy [ees poob sdesy } "episino woly ie pazunssaid
AQ 18qQni Jo uoneu yim paassiyoe si Buireeg.
{UOHA) Jeqgn) pauiBLo9

-aUI0N}H 48qQnl auodI)ig 4eqanl S|UNN . |BLISIBAj

jeag palejuyl

"ssaupiey uoneipel ybiy sey pue

‘uonewsojep oisele Jo asneonaq sbummaes [einid sdeay s
‘leas wnnaea ybiy 10j Jou jnq ‘€~ | ON Se

JUBLLIEA4] NS INOYNIM UOINPUCD |[Bas poob saAslyoe ).
‘0o Yaded owebiou; ‘epydessy ‘SNS: |BUBIBIN.

Jeysen) (esds

‘sbunjes

sew)} maj B sdooy )| "eceuns |eas Je Buipy Jjeneq seneiyoe
siy) pue (Bull-O mo|oy [elaw) adojaaus ay) ulind |
Bunds 100 ay) edojeaus pue Bunds 100 WOI) BPRLW S1 )|

IY/ SNS:  |eUSIBIN.

v 7%

100 Bundg

‘uonewoep onseld jo asnesoaq

sBumas |einid 1o) ssejasn s} “uoneipes wolj sbewep

ou s1eb pue Bupleq D06 |nun sdeay ) ‘|elaw jO epew
S| )| esnedag "|ess wnnoea ybiy se pasn Ajeleusd sy
(J8AlIS yim palejd) SNS:  |eUeeN.

Buli-O mojjoH [ele

He0 L S| Ssdupiey uolelpe.

ey | ‘sbunies (ein|d 10} usAd YoNO) [eaS poob sdasy i«
10¥2 9 SIf-  PlEpuels.

(uouA) Jeqgni paurejuod

-8uloN|4 4eqgnJ suodl|ig deqgnt sjUliN .  |BUSIBN.

Bujoed ouebip

$8J0N

seinjes

sdeyg

adAy

adAj Bupjoed jo uosuedwo)n ¢z sjqel




JAERI—Tech 94—01Z

sub-scaled model has trapezoidal cross-section with a opening space of
around 0.2 m2 . The double seal door is connected through wire to a lifting
winch and can be opened/closed in parabolic trajectory.

Air locking system composed of pneumatic actuators with locking
mechanisms are installed in the space between the cask door and the port
door so as to connect and disconnect the double doors in remote operation. A
organic seal rings are placed at interfaces of the maintenance cask, the cask
door, the port door and the port flange.

4.2 Open/Close performance tests of a sub-scaled model

Using the sub-scaled model of doubile seal door, a cyclic open/close
operation has been conducted in accordance with the operating sequence as
shown in Fig. 1. After several cyclic operation, leak tightness of the double
seal door has been measured in soap bubble method under the nominai
operating pressure of around 0.1 bar.

As a result, reliable open/close operation in parabolic trajectory has
been verified, as schematically shown in Fig. 8. In addition, it is found that the
air locking system based on pneumatic actuators provides simple connection
and disconnection of the double doors and sufficient seal tightness of less
than 10-3 Pam3/s (no external leak in soap bubble testing) under the nominal
operating pressure.

As a whole, the basic feasibility of the compact double seal door
developed has been successfully demonstrated. Further issues are to qualify
the radiation resistance of seal materials.

4.3 Leak characteristics of polyimide seal ring

In order to develop radiation hard seal materials for the double seal
door application, a polyimide seal ring for a 25-A pipe flange has been
irradiated up to 10 MGy at a dose rate of around 106 R/h. After the irradiation
test, the irradiated polyimide has been set on seal surface between flanges
and the leak t|ghtness has been measured[2]. As a result, no leak is observed
at a sensitivity of 1 x 10-8 Pam3/s but further investigations including high
temperature application are necessary.

Figure 9 shows typical leak test results as a function of tightening torgue
of bolts. In this figure, compressibility is defined as a ration of initial clearance
between two flanges to the clearance change due to tightening of bolts, which

_74.
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is to evaluate uniformity of compression pressure on the seal surface and to
assess hardening due to irradiation. In case of non-irradiated polyimide,
relatively uniform compression on the seal surface is observed. On the
contrary, irradiated polyimide up to 10 MGy shows large deviation of
compressibility along the seal surface even in farge tightening torque
compared with non-irradiated case; this is caused by hardening of polyimide
due to irradiation.

5. Conclusion

A double seal door is a key component to provide a sound barrier to
tritiated and activated dust during the in-vessel component handling. Critical
issues relating to the double seal door are to develop reliable seal
mechanism operating within limited space constraint under radiation
conditions. A sub-scaled model of compact double seal door with an
attractive kinematics of parabolic trajectory and trapezoidal cross-section of
around 0.2 m2 has been fabricated together with air locking system for
connection and disconnection of the double doors. Through the preliminary
experiments such as cyclic open/close performance, the double seal door
mechanism with parabolic trajectory and tight connection due 1o pneumatic
actuators have been successfully demonstrated. As for radiation resistance,
seal characteristics of a polyimide ring irradiated up to 10 MGy have been
measured and the technological assessment for further investigations has

been made .
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been made .
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is to evaluate uniformity of compression pressure on the seal surface and to
assess hardening due to irradiation. In case of non-irradiated polyimide,
relatively uniform compression on the seal surface is observed. On the
contrary, irradiated polyimide up to 10 MGy shows farge deviation of
compressibility along the seal surface even in large tightening torque
compared with non-irradiated case; this is caused by hardening of polyimide
due to irradiation.

5. Conclusion

A double seal door is a key component to provide a sound barrier to
tritiated and activated dust during the in-vessel component handling. Critical
issues relating to the double seal door are to develop reliable seal
mechanism operating within limited space constraint under radiation
conditions. A sub-scaled model of compact double seal door with an
attractive kinematics of paraboilic trajectory and trapezoidal cross-section of
around 0.2 m2 has been fabricated together with air locking system for
connection and disconnection of the double doors. Through the preliminary
experiments such as cyclic open/close performance, the double seal door
mechanism with parabolic trajectory and tight connection due to pneumatic
actuators have been successfully demonstrated. As for radiation resistance,
seal characteristics of a polyimide ring irradiated up to 10 MGy have been
measured and the technological assessment for further investigations has

been made .
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Fig. 1 Typical configuration of double seal door
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Fig. 5 Maintenance cask configuration for various open/close kinematics of
double seal door
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(a) Side view of double seal door (b} Front view of double seal door

(c) Details of air locking system
for double seal door connection

+ig. 7 External view of a sub-scaled
model of double seai door
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Fig. 8 Measured open/close kinematice with parabolic trajectory



COMPRESSIBILITY § (%)

COMPRESSIBILITY § (%)

70

60

50

40

30

20

10

70

60

50

40

30

20

10

JAERI—Tech #1—012

—-3a

-G b

JDASURED POINT (a,b.c,d)

(LEAK RATE ; < 1x10%Torr I/s,
at ROOM TEMPERATURE)

]

ABSCRBED DOSE : 0 MGy

O—FHNGE MATERIAL : POLYIMIDE (JIS 25A-V40) i

50 100 150 200
TIGHTENING TORQE of BOLT T (kg-cm)
B
E_ -
E"W
/___’_r» - "
="
(LEAK RATE ; < 1x10° Torr s , at ROOM TEMPERATURE)
O-RING MAETEHIAL : POLYIM]DE! {JIS 25A-V40) i
ABSORBED DOSE : 10 MGy
50 100 150 200

TIGHTENING TORQE of BOLT T (kgcm)

Fig. 9 Leak test results of polyimide seal ring



