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@%‘JET Background

Contamination control during maintenance operations is an essential requirement to be fulfilled. A solution involving a
double door with adequate sealing both at reactor port and transfer cask port.

The suitability and adequacy of double door is planned to be verified with test facilities currently being built within the
CRAFT project in China.
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@ A=T Background

An integrated remote handling (RH) test facility is under developing in
CRAFT project. The blanket handling manipulator and the multi-
purpose heavy load robot arm are used to perform in-vessel
components maintenance through the vertical port and equatorial
port.

A vertical port and an equatorial port double door mock-ups are
designed to verify the sealing performance and opening/closing
actions.

Vertical double door mock-up for CRAFT Equatorial double door mock-up for CRAFT Remote handling test facility in CRAFT project 4
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@%‘JET

Vertical double door mock-up

The system is composed of vertical port door system and transfer cask door system.

Designed based on vertical port opening size of CRAFT RH test facility
The port container can simulate negative pressure condition: -2000 Pa
The test bench is used to verify the sealing performance and the reliability of

opening/closing actions.
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@%‘JET Design specifications

Overall dimensions of main components

Components Length*width*height (mm)
100] , Support frame 5500 <3500 X 5400
R Cask door 4500 X 2900 X 150
| Port door 4300X2800X150
| o Port container 5500 <3800 X750
ltem Requirement
TR Negative pressure -2000 Pa
& 1N <2.5x103 /h
Leakage rate (Tightness class 2, according to ISO 10648-2
8 standard)
B 2 Speed of rigid chain 0-30mm /s
T 550 Lift stroke 45m
f Lifting time 200s
e Locking/unlocking time 180s
The power supply 380V/50Hz/ 50kW




Workflow simulation




@%ughr Door opening/closing mechanism

* 4 combined electrical cylinders, 2 rigid chains and 4 guide rails are used for
opening and closing the vertical double door.

 The kinematic of the mechanism is designed to avoid interference with
internal components or delivered packages of the transfer cask.

* Drive force for each cylinder or rigid chain and reaction force for each guide

rollers are calculated.
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@%ﬂé‘v‘ Door locking mechanism

Use worm gear mechanism to drive the latch rods movement, and the cask and port door engagement.

Locking latch rods

Drive unit

Two door engagement mechanism: twist lock

"

Door latch seat

Door lifting guide roller
Door closing guide roller

Rotatory locking disc
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@%Ugmd Door locking mechanism

Four twist lock mechanisms driven by two latch rods are used to realize cask door and port door engagement/disengagement.

Cask Door

Port Door

Rotatory sealing ring

Fixed socket on cask door plate

Rotatory lock head on
port door plate

Two door engagement mechanism: twist lock
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%ﬂg? Double door sealing structure

O-ring sealing structures are used both for the cask door and port door:

* Simple and low cost O-ring sealing.
* Rotatory sealing required for the center rotatory lock discs and the two door engagement mechanism.
* Limited contamination area on front plate of the cask door when transfer cask disconnected.

Cask door locking disc

Cask door sealing ring

Cask and port sealing ring

Cask door and port door
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Port door sealing ring

Port door locking disc
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@ﬂgv

Equatorial double door mock-up

A scaled mock-up is designed for CRAFT RH test facility
equatorial port with rectangular (corner rounded) opening.
Sealing performance can be tested both for port container

and cask container.
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@%UE“LF'

Equatorial double door mock-up

A port container mockup and a cask container mockup are connected with double door mechanism.
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@%UE“U“ Door opening/closing mechanism

Two cylinders pull the engaged cask door and port door synchronously along two curved

rails.




Door locking mechanism

Use an electrical cylinder to drive a
wrench bar,

to lock/unlock the door plates on
the door frames;

to engage/disengage the cask door
and port door

Wrench bar

Rotatory locking disc

Latch rod

Two doors are unlocked from their door frames and coupled together 17



@%ﬂéﬁr‘ Door locking mechanism

Port door and cask door coupling mechanism

Port Door Plate

Cask Door Plate

Wrench bar

Helical surface on port
door plate

hexagon head and
socket

2 door coupling disc
with 3 helical surfaces

Bearing
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E"Tr' Double door sealing structure

* lIrregular cross-section sealing rings are used for minimizing contamination area after cask disconnection.
* The rotatory sealing rings are designed for both locking discs.

Port and cask sealing surface

Port door and door frame sealing surface

Cask door and door frame sealing surface

Port door and cask door sealing surface
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@AET Sealing performance test

* The sealing performance for vertical and equatorial double door mock-up are evaluated according to “ISO 10648-2-

1994 Containment enclosures - Part 2 Classification according to leak tightness and associated checking methods”

* Tightness checking method: pressure change method

Table 1 — Classification of containment enclosures according to their hourly leak rate

Hourly leak rate,

Class Ti Example
h-1
17 <sbx 10 Containment enclosure with controlled atmosphere under inert gas -
conditions Class2: For inner space of

port and cask container

- - : =
[ 27 <25x%103 Containment enclosure with controlled atmosphere under inert gas

conditions or with permanently hazardous atmosphere
3 <1072 Containment enclosure with permanently hazardous atmosphere \

4 < 10! Containment enclosure with atmosphere which could be hazardous

Class 3: For interspace
between port door plate
and cask port door

*) The classification of leak tightness required for a particular application under classes 1 and 2 shall be decided by the
designer and user and licensing authorities. Normally, class 1 will be applied for technical reasons when higher gas purity is

required.




@%ﬂéﬁr‘

Sealing performance test

* The pressure change method usually takes 1 hour to test the leak tightness.

* A dedicated test device has been developed according to press change method principle.

* For the narrow interspace between the cask and port door, a dummy container may be connected to ensure that

the test volume is greater than 0.5m3.

To the extract pump (negative pressure) The hourly leak rate, T, is defined as:

Or air supply (positive pressure)

|
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P,: Precision inclined manometer or electronic
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Schematic diagram of press change method
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the duration of the test, in minutes

is the absolute pressure (ambient
pressure minus under pressure) at
the first reading, in Pascals

is the absolute pressure at the last
reading, in Pascals;

is the temperature at the first reading,
in kelvins

is the temperature at the last reading,
in kelvins

Leak tightness classification device and its control panel
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Summary

Equatorial double door mock-up is under the engineering design, the manufacturing stage will be followed, and the
planned deliver date is June 2024

The trapezoid double door for vertical port has completed the preliminary design, with simple O-ring sealing
structure

The leak tightness classification will be performed according to ISO 10648-2-1994 standard
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