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In fusion experimental reactors such as ITER, the in-vessel components such
as blankat and divertor are actively ccoled and a large number of cocling pipes are
located around the core of reactor, where personnel access 1s prohibited. Mechanical
pipe connectors are highly required as standard components for easy and reliable
connection,” disconnection of cooling pipe by remote handling.

For this purpose, a clamping chain type connecior has been developed with
special mechanisms such as plate springs and quide structures so as to enable
concentiric and axial movement of clamping chain for easy mounting and dismount-
ing. The basic performance test of a prototypical connector for a 80-A pipe shows
sufficient leak tightness and proof pressure capability as well as simple connection,”
disconnection operation. In addition to the clamp chain type connector, design
efforts have been made to develop a quick coupling type connector and a prelimi-
nary model of air-actuated quick connector has been fabricated for further investi-
gations.

This paper gives the design concept of mechanical pipe connectors such as
clamping chain type and guick coupler type, and the basic performance tests results

of clamping chain type connector.

This work is conducted as a ITER Technology R&D and this report corresponds to 1993
ITER Emergency R&D Task Agreement (JB-DI-4) .
- Department of ITER Preject
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1. introduction

Remote handling is an essential technology aiming at realization of
fusion experimental reactors such as International Thermonuclear
Experimental Reactor (ITER)[1] since the core of reactor is activated due to 14-
MeV neutron and assembly/maintenance of reactor components has to be
conducted remotely[2]. In particular, the in-vessel components such as
blanket and divertor are actively cooled and a large number of cooling pipes
located around the core of reactor where personnel access is prohibited.
Accordingly, remote handling equipment to connect/disconnect cooling pipes
are inevitably required for assembling/disassembling the in-vessel
components in case of unexpected failure.

For this purpose, the Japan Atomic Energy Research Institute (JAERI)
has been developing a pipe connector which satisfy vacuum leak tightness
under nuclear and high temperature environments as well as easy connection
and disconnection by remote handling. In addition, international
collaboration efforts have been made through the framework of Engineering
Design Activity (EDA) of ITER and a mechanical pipe connector development
has been engaged in close contact with the ITER Joint Central Team (JCT).

This paper gives the design concept of mechanical pipe connectors
and the basic performance test results of a clamping chain type connector
which has been developed according to the 1993 ITER Emergency R&D Task
Agreement (JB-DI-4}.

2. General approach for pipe connector development

2.1 Design requirements

In the core of reactor, actively cooled in-vessel components such as
blanket and divertor are located inside the plasma vacuum vessel which is to
maintain high vacuum for plasma and to be a sound containmenit of tritium in
terms of safsty. A large number of cooling pipes connected to the in-vessel
components are penetrated through port openings of the vacuum vessel and
lead to the cooling system. Figure 1 shows typical arrangement of blanket
cooling pipes in the upper vertical port region. A number of pipes with
different sizes up to around 200 mm are vertically arranged. In order to
assemble and replace the blanket module for the maintenance purpose, the
pipes have to be connected/disconnected near the blanket module where
pipe connections will be installed.
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Table 1 shows tentative design parameters chosen for pipe connection.
Specifically, the pipe connector has to meet radiation resistance of around
107 R/h, high temperature operation typically over 100 °C, leak tightness of
less than 10-6 Pam3/s under the internal/external pressure of 10 bar/vacuum.
In addition, easy connection and disconnection using remote manipulators in
2 hands is essentially requested.

Table 1 Design parameters of pipe connection

ltems Unit Specifications

Internal operating pressure . bar 10
Proof pressure bar 15
Operating temperature °c 100
External operating pressure Pa 10-4
Leak tightness Pam3/s 10-6
Radiation dose rate R/h ~ 107
Typical diameter of pipes mm 100 ~ 200

2.2 Connection/disconnection mechanism

in general, a number of pipes can be gathered into an assembly unit
which can be connected and disconnected at once like a cassette type
connector. This concept gives advantages on remote operation due to its
quickness but in the reality big concern with reliability of seal mechanism
which has to provide leak tightness of a number of pipes at the same time by
one connection. In addition, adjusting mechanisms for misalignment and
thermal deformation of each pipe have to be feasible. Accordingly, a single
pipe connector in each pipe has been selected as a primary connection
method and the technology development is being conducted. However, in
parallel with the single connector development, design efforts for the cassette
type connection are taken into consideration.

Various types of mechanical connector are commercially available in
industrial use, as shown in Fig. 2.; their features are summarized in Table 2
together with comparison from the standpoint of remote handling for fusion
application.

(1) Flange type connector
A flange type connector is used in many plants and reliability has been

well qualified for various sizes of pipe. However, in terms of remote handling,
it requires complex operation, many tools and end-effectors as well as large

_24.
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working space so as to handle several fastening bolis and washers.
Therefore, it seems to be inadequate for a candidate of pipe connector in this
specific application.

(2) Quick coupler type connector

in case of Swage lock type connector, large torque to fasten a cap nut is
required a remote handling system . In addition, reliability of seal
characteristics is concerned a large size of pipe connection. In fact, the
maximum size of Swage lock is limited to be 2B for commaercial use.

As for other types of quick coupler, design investigations have been
conducted so as to develop reliable mechanism applicable to a large size of
pipe connection. As a result, two types of quick coupler are proposed; one is
an air-actuated quick connector which has been experienced in cooling water
connection up to 200-mm diameter. For fusion application, design
modifications are necessary so as to improve radiation hardness and vacuum
tightness. A preliminary modei of air-actuated connector with a pipe diameter
of 150 mm has been fabricated for further performance tests, as shown in Fig.
3 and 4. Another concept is a plug type coupler so as to enable connection
and disconnection in a single motion, as shown in Fig. 5. For both of quick
couplers, further investigations are necessary.

(3) Shape memorial alloy type connector

The pipe connection with shape memorial alioy gives simple and
compact connection/disconnection. However, in case of shape memorial
alloy type connector, effect of radiation on the metallurgical transformation is
not well quaiified. At present, characterization of shape memorial alloy under

radiation conditions are being planned.

(4) Clamping chain type connector

A clamping chain type connector provides relatively simple and
compact pipe connection/disconnection and gives advantage for use of a
large size pipe compared with a quick coupler type connector. As a whole, a
clamping chain type connector seems to be a primary candidate for
connection/disconnection of cooling pipe of the in-vessel components. A
prototypical connector with clamping chain has been fabricated and the basic
feasibility has been demonstrated through basic performance tests such as
cyclic connection/disconnection, leak tightness and proof pressure.
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3. Design features of clamping chain type connector

Detailed design of a 80-A pipe connector with clamping chain has been

developed and a prototypical connector has been fabricated. Figures 6 and 7
shows detailed structure and external view of the clamping chain type
connector fabricated, respectively. In the process of the design and
fabrication of this connector, efforts have been made to achieve compactness,
simple remote operation and effective seal performance with small fastening
torque of clamping chain bolt. The major parameters of this clamping chain
type of connector are listed in Table 3 and the key features are as foliows.

(1)

(2)

Plate springs divided into three pieces are inserted to the clamping
chain so as to enable reliable mounting/dismounting of the clamping
chain: in this configuration, the clamping chain can be opened/closed
with concentric motion in the radial direction by simple screwing of the
clamping chain bolt. In addition, uniform compression on seal surface
can be expected due to reinforcement of clamping with plate spring.
The clamping chain is enveloped in a guide casing which is connected
to a halves of pipe and can slide in the axial direction for along the

pipe outer surface for connection/disconnection without any
interference, resulting in simple manipulation by remote handling.
Typical operation for pipe connection is as follows;

a. Set a seal gasket in edge groove of a halves of pipe

b. Align another halves of pipe on the seal edge plane

c. Move the guide casing with clamping chain to a connection position
d. Screw the clamping chain bolt

Figure 7 shows a schematic view of end-effector and tools designed for
handling this clamping chain type connector.

Table 3 Major parameters of 80-A clamping chain type connector

ltems Unit Specifications
‘Inner operating pressure bar 10
Leak tightness Pam3/s 10-6
Pipe diameter (80-A) mm 89.1 outer dia.
Guide casing diameter mm 200
Size of clamping chain boit M8 (8 mm dia.}
Fastening torque of bolt N-m 10
Compression force on seal surface kN 15.5
Seal gasket Al (Type TJ80)
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The size of clamping chain bolt can be defined by design pressure of
coolant flowing inside the pipe. Table 4 shows the relation between the
fastening forces and allowable internal pressure as a function of size of
clamping chain bolt. The design pressure of this connector is specified to be
10 bar, so that M8 bolt gives sufficient strength against the proof pressure
which is normally 1.5 times of the design value.

Table 4 Relation between bolt size and allowable internal pressure

Size of bolt | Compression on | Allowable internal
sealsurface (kN) | pressure (bar)

M6 8.05 9.6
M8 14.7 16.0
M10 23.3 22.7
M12 34.0 29.3

Table 5 shows the relation between fastening torque of clamping chain
bolt and compression force on the seal surface. [n this calculation, a friction
factor of 0.15 is assumed at an interface between clamping chain and flange
surface. Based on this, the design fastening torque is specified to be 10 N-m
which corresponds to the compression force of 15.5 KN; this provides
sufficient mechanical strength to meet the proof pressure requirements as
listed in Table 4.

Table 5 Relation between Tastening torgque and
compression on seal surface

Fastening torgue Compression force
8 N-m 12.4 kN
10 N-m 15.5 kN
12 N-m 18.6 kN

4, Test results of clamping chain type connector

The basic performance tests of a prototype connector have been
conducted and key characteristics such as ccmpression pressure on the seal
surface, plastic deformation of seal gasket as a function of fastening force and
leak tightness are measured. As a result, the basic feasibility of clamping
chain type connector has been demonstrated, including quantitative
assessment comparing with design analysis.

— 5 —
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4.1 Compression pressure on seal surface

A pre-scale sheet with a thickness of 3 mm is set on the seal surface
between flange connection and profile of compression pressure along the
seal surface is measured at a 8 N-m fastening torque of clamping chain bolt.
Table 6 show the measured average compression pressure comparing with
the design value and compression distribution on the seal surface,
respectively. It is concluded that the clamping chain provides uniform
compression on the seal surface and the average compression pressure is in
good agreement with the design value.

Table 6 Average compression pressure on seal surface

Fastening torque of Average compression
clamping chain bolt pressure on seal surface
Design value 7.9 N-m ' 2.5 MPa
Measured value 8.0 N-m 3.0 MPa

4.2 Plastic deformation of seal gasket

Plastic deformation characteristics of aluminum seal gasket is
measured using compression testing machine as a function of heat treatment
condition of the gasket and the compression test results are plotted in Fig. 9.
In case of annealed aluminum, plastic deformation is around 0.17 mm at a
design compression force of 15.5 KN-m which corresponds to the fastening
torque of around 10 N-m. The annealing temperature and holding time are
410 °C and 1 hr, respectively on the other hand, non-annealed aluminum
shows less plastic deformation due to high stiffness.

Using the prototype connector, the plastic deformation profile of seal
gasket is also measured for comparison at the rated fastening torque of 10 N-
m. Figure 10 shows the measured profile of plastic deformation along the
perimeter of seal gasket. In case of annealed aluminum, uniform deformation
of seal gasket is observed with a deviation is less than 0.04 mm for all of seal
surface region. The measured average plastic deformation is around 0.15
mm which is in good agreement with the compression test results. As a result,
annealed aluminum gasket shows good seal characteristics. On the contrary,

non-annealed aluminum shows very small deformation of around 0.02 mm,

resulting in less leak tightness.
In order to qualify suitable hardness of gasket material, Vickers

_7_",
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hardness tests have been conducted for both anneaied and non-annealed
aluminum; the average Vickers hardness of both aluminum are 40 and 110,

respectively.
4.3 Cyclic connection/disconnection test

Cyclic operation of repeating connection and disconnection has been
conducted in the following sequence. As a result, smooth concentric
movement of clamping chain is observed and the leak tightness has been
maintained after 10 times of cyclic operation.

a. Set a seal gasket in edge groove of a halves of pipe

b. Align another halves of pipe on the seal edge plane

c. Move the guide casing with clamping chain to a connection position

d. Screw the clamping chain bolt

e. Unscrew the clamping chain bolt

f. Move out the guide casing

g. Remove a halves of pipe and seal gasket

4.4 Proof pressure and leak tests

The proof pressure and leak test of the clamping chain type connector
have been conducted at a rated fastening torque of 10 N-m. The results show
that no damage and no pressure change are observed at an internal pressure
of 15 bar. An external leak at a internal pressure of 10 bar is not observed
with a sensitivity of 3.8 x 10-8 Pam3/s which is less than the design
specification of 10-6 Pam3/s.

5. Conclusion

(1}  The design concept of a clamping chain type pipe connector has been
developed for remote connection/disconnection of cooling pipe for the
in-vessel components. In this concept, plate springs are inserted into a
clamping chain so as to allow concentric movement of clamping chain
for easy mounting and dismounting. In addition, uniform compression
on seal surface can be expected due to reinforcement of clamping with
plate springs.
on seal surface can be expected due to reinforcement of clamping with
plate springs.
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Based on this design concept, a prototypical connector for a 80-A pipe
has been fabricated and the basic feasibility has been demonstrated
through performance tests such as cyclic operation of connection and
disconnection, leak tightness and proof pressure.

Further issues are to demonstrate connecting/disconnecting operation
using manipulator and to qualify scalability for 200-A pipe application.
In addition to the clamp chain type connector, design efforts have been
made to develop a quick coupler type connector. A preliminary model
of air-actuated quick coupter for a 150-A pipe has been fabricated and
the basic performance tests such as seal tightness are being planned.
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Fig. 4 External view of prototype air-actuated quick coupler
for a 150-A pipe
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Connection *  Disconnection

1. Adjustment of pipe alignment ' 1. Initial connection

Female plug

Unlocking plug

Male plug

2. Insertion of male plug 2. Insertion of unlocking plug

3. Completion of connection

M@E‘%_
v to—

Fig. 5 Design concept of plug type quick coupler
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(C) Aluminum gasket (Type: TJ-80) (D) Closed clamp

{(E) F]ange (F) Disconnection

Fig. 7 External view of prototype clamping chain type connector
for a 80-A pipe
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Fig. 9 Relation hetween plastic deformation of gasket and compression load
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Fig. 10 Measured profile of plastic deformation along seal surface



