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In ITER, there are various ports at the upper, equatorial, and lower levels, which serve various purposes such
as evacuation, heating, remote handling, and diagnostics. Since several diagnostics will be integrated in Lower
Port #2 (LP#02), its procurement is in the scope of diagnostics. The integration engineering activities of LP#02
are included in the scope of Japan Domestic Agency (JADA) procurement because the dominant component, the
Divertor Impurity Monitor (DIM), is procured by JADA. The components in the LP#02 procurement package
are the diagnostic racks assembly, interspace assembly, port cell assembly and tooling. The integration of these
components must minimize impacts on the divertor exchange procedure, and requires the assemblies to be man-
ufactured as fully integrated components and interfaces. In the current status, which is between the conceptual
design and signature of the procurement arrangement, JADA identified technical issues and implemented thermal

and structural analyses within the specified design conditions.
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1. Introduction

The procurements in the ITER project are mainly in-
kind; therefore each domestic agency (DA) designs, man-
ufactures, and tests the components under the oversight of
the ITER organization (IO) throughout the construction of
ITER. Assembly and commissioning at the ITER site are
within the scope of the I0. For such an unprecedented and
complex international procedure, extraordinary design re-
views, verifications, inspections, and tests are required.

Forty-four ports around the ITER vacuum vessel pro-
vide access for remote handling operations, diagnostic sys-
tems, heating, and vacuum systems: 18 upper ports, 17
equatorial ports, and 9 lower ports. The lower ports are
also called divertor ports because of their close proximity
to the divertor and since they are used to insert and ex-
change divertor cassettes [1]. 10 upper ports, 8 equato-
rial ports, and 3 lower ports are the so-called diagnostics
ports. The diagnostic lower ports are used for the afore-
mentioned installation of divertor cassettes by remote han-
dling and for diagnostics after installation. For ITER, the
procurements for diagnostic lower ports engineering be-
long not to the vacuum vessel, but to the diagnostics be-
cause the components on the port structures are associated
with the diagnostic instruments in these ports. Japan Do-
mestic Agency (JADA) is responsible for divertor impurity
monitor (DIM) procurement [2], therefore JADA is also
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responsible for the integration engineering of the lower
port #02 (LP#02) whose main component is the DIM. The
other two lower ports #08 and #14 will be integrated by
the Russian DA (RFDA) and the IO. The conceptual de-
sign (CD) review meeting for common lower port systems
was held on the 7th and 8th October 2014 at the ITER
site, and the procurement arrangement (PA) documents are
about to be signed. In this paper, an overview of the sys-
tems of LP#02 and prospective scientific and engineering
solutions for the functions and components of the system
are described.

2. Scope

In the ITER project, there are two aspect of scope
breakdown: one for work and the other for plant. There are
two approaches for LP#02, by activities and components.

2.1 LP#02 integration engineering activity
In the scope of the LP#02 system integration engineer-
ing, the main activities are design, manufacturing, and in-
tegration. For the design of the ITER systems, there are
three phases: conceptual design (CD), preliminary design
(PD), and final design (FD). The procurement of the LP#02
system is categorized as a “detailed design”; therefore the
IO has responsibility during the CD phase until the PA is
signed, and JADA has responsibility during the PD and FD
phases. Components are procured in-kind, that is they are
manufactured by the responsible DA. The integration of
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Fig. 1 Schematic drawing of ITER Diagnostic LP#02. The divertor cassettes and divertor associated components are not included in the

scope.

components includes on-site testing, installation. Environ-
ment tests in port plug test facility are planned but the de-
tails have not been decided upon yet.

2.2 LP#02 system components

This section contains a brief overview of LP#02. The
details of the lower port components and the racks are de-
scribed in [1] and [3], respectively.

A schematic drawing of the ITER diagnostic LP#02
is shown in Fig. 1. The scope of the LP#02 system com-
ponents includes a diagnostic rack installed in vacuum; in-
terspace support structures (ISS) installed outside of the
vacuum; and port cell support structures (PCSS). The
boundary between the diagnostic rack and ISS is a vac-
uum boundary where the port closure plate is installed.
Bioshields will be installed in the intermediate space be-
tween the ISS and PCSS, to protect the PCSS from radia-
tion leakage.

3. Functionality

An investigation of inherent functions is very impor-
tant for developing the ITER system design to reduce the
impact of potential technical risks on the operation of the
machine. There are different functional analyses of LP#02,
such as a risk assessment for procurement, and a RAMI
(reliability, availability, maintainability, and inspectabil-
ity) analysis for technical risk reduction [4]. A functional
breakdown of the LP#02 system is summarized in Table
1. The top function A-0 is derived from the ITER Project
requirements. The 4 main functions, Al, A2, A3 and A4
relate to the rack, interspace, port cell and signal process-
ing, respectively. The second tier and lower level functions
will be revised and defined as the design progresses.

4. Interfaces

The technical interfaces of LP#02 integration engi-
neering are very complicated and spans over a wide range
of fields. The technical interfaces are divided into internal
interfaces within diagnostics and external interfaces within
other project breakdown structures.

For the internal interfaces, the equipment to be inte-
grated in LP#02 is procured by the IO and DAs. The de-
tails are summarized in Table 2. The integration of those
systems into each structure is the most critical issue in en-
gineering LP#02.

For the external interfaces, the components are in-
cluded in the vacuum vessel, divertor, machine assembly
and tooling, remote handling system, cooling water sys-
tem, vacuum, central Instrumentation and Controls (I&C)
system, tokamak building, liquid and gas distribution, rad-
waste treatment and storage.

5. Predesign Analyses

Many analyses of the system as a whole such as ther-
mal, structural, feasibility, and nuclear are necessary to
implement the preliminary design of LP#02 engineering.
These analyses were conducted to ensure that the rack
structure could be manufactured satisfactory with the re-
quirement in JADA.

We performed thermal analyses of LP#02 to evaluate
the space distribution of thermal stress in the fundamen-
tal design. The divertor cassette shields the plasma heat-
ing, and then the thermal load onto LP#02 is only nuclear
heating. The thermal stress in the rack has more effect on
the requirement than that of interspace and port cell struc-
tures. [5] The shield on the rack, which has the highest
thermal load of all the components, was evaluated by a
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Table 1 Functional breakdown of the ITER LP#02 Integration
Engineering.

A0 To integrate the Diagnostic Racks, Interspace, Port Cell
assemblies and the Instrumentation and Controls (I&C)

Al To provide Diagnostic Racks assembly functions

A1l To host in-vessel components of tenant diagnostics
and other components in the Diagnostic Rack Assembly

A12 To maintain structural integrity withstanding all the
loads (electromagnetic, thermal, nuclear, seismic, etc.) in
the Diagnostic Rack Assembly

A13 To contribute to shielding the rest of the machine
from plasma radiation in the Diagnostic Rack

A14 To seal the primary vacuum at the port

A15 To allow water-based regulation of the temperature
of the Diagnostic Rack structures

Al6  To  measure  environmental  parameters
(temperature) in the Diagnostics Rack

Al17 To contribute to maintenance operations for the
Diagnostics Rack

A2 To provide Interspace assembly functions

A21 To host components of tenant diagnostics and other
components in the Interspace Assembly

A22 To withstand thermal, EM, nuclear, seismic and
gravity loads in the Interspace

A23 To manage the allocated nuclear dose in the
Interspace

A24 To contribute to maintenance operations for the
Interspace Assembly

A3 To provide Port Cell assembly functions

A31 To host tenant diagnostics components and other
components in the Port Cell Assembly

A32 To withstand thermal, EM, nuclear, seismic and
gravity loads in the Port Cell

A33 To manage the nuclear dose in the Port Cell

A34 To contribute to maintenance operations for the Port
Cell Assembly

A4 To provide 1&C functions

A41 To provide Temperature measurements of the Port
Structures

A42 To provide Electrical heater with temperature
control during baking of windows

A43 To provide Spare input measurement channel

Table 2 Diagnostic systems of LP#2.

System Procured by
Divertor equilibrium sensors
Divertor shunts
Divertor Rogowski coils Europe DA
Divertor toroidal coils
Inner divertor thermocouples
Divertor neutron flux monitors Russia DA
Langmuir probes China DA
DlverFor 1mpurity monitor Japan DA
Outer divertor thermocouples
Pressure gauges 10

Back Plate
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Fig. 2 Constraints of the rack structure for the estimation.

steady-state thermal analysis and a static structural anal-
ysis. The finite element method (FEM) was adopted for
the numerical analysis.

The conditions are summarized in brief. The ther-
mal load was estimated from lida’s works [5] with some
margins and declines; 0.8 MW/m? from the tip to 1m,
0.08 MW/m? from 1 to 1.5 m, and 0.01 MW/m? over 1.5 m.
The cooling water flow rate is 20 //min at a temperature of
70° with a hydraulic pressure of 4 MPa. The axes are on
the ITER coordinate system: X for toroidal, Y for verti-
cal, and Z for the radial direction. However the calculation
was performed in Cartesian, because the he rack structure
shapes rectangular. The constraints of the static structural
analysis are that one point is fixed on the surface, four sides
are fixed in X direction and seven points are fixed in Y di-
rection. Figure 2 shows a schematic drawing of the con-
straints.

A thermal analysis of the rack structure of SUS316 is
shown in Fig. 3. The effect on thermal stress was compared
in the inherent model without cooling (a) and a model with
water cooling pipes in the back plate (b). The highest
stress 628 MPa was lowered to 198 MPa by water cool-
ing. The highest stress, appeared at the fixture of the rack
and vacuum vessel, was produced from their displacements
against the binding force. This analysis shows that some
kind of cooling system is required at the back plate of the
rack, even though the thermal load at the back plate is
lower than the proof stress of SUS316, 205 MPa. There-
fore, it was shown that cooling is required.

A valuable instance of an analysis by applying mag-
netic force for the cooling structure on the rack is shown
in Fig.4. Four sides are fixed downwards vertically with
a 50 mm wide cylindrical surface as shown in Fig.2. The
other conditions are the same as the analysis for thermal
load. The magnetic field was assumed to be a disrup-
tion [6].

The analyses and evaluation, in the electromagnetic
force loading conditions, showed that excessive stress may

3402044-3



Plasma and Fusion Research: Regular Articles

Volume 10, 3402044 (2015)

Y

ZAX

Fig. 3 FEM analysis of thermal stress on rack support structure.
Without (a) and with (b) a water cooling line in the back
plate.

(b)

Max 198MPa

be generated at the tip of the inner rack. This has been
attributed to the given local load conditions. The exact dis-
tributions of electromagnetic force loading conditions are
required in order to evaluate the design of the rack structure
properly. In addition, evaluation of conditions such as su-
perposition of its own weight and nuclear heat generation
load are also necessary in the future.

6. Summary

In the ITER project, JADA will procure the LP#02
integration engineering that must satisfy all ITER require-
ments. The present status of the design is between CD and
PA signature. The scope and the various interfaces have
been prepared for the PA to be signed. Detailed specifi-
cations must be prepared to proceed with the design. The

Fig. 4 FEM analysis of stress by magnetic force on rack support
structure. Two points with peak values of the stress are
indicated.

LP#02 system functional breakdown and system overview
was investigated for the CD, however further unique prop-
erties must be investigated. There are also still many anal-
yses that need to be performed to define the specifications
so the design can proceed to the next step in the design pro-
cess. The procurement for a suitable LP#02 system under
these complex conditions while keeping within schedule
has proven to be challenging.
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