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1 Purpose

This white paper provides background information to facilitate market response to the ITER Organization
(10) market survey (Ref 10/MSY/19/DCA/PMT) regarding the contract for the Divertor Cassette Assembly
(CA) Integration. This information is not binding or contractual in any way and will evolve based on the
response to the market survey and other information.

This document first introduces the technical objectives and scope of the contract and then focuses on the
strategy for procurement, including potential risks.

2 Background

The ITER Project aims to demonstrate the scientific and technological feasibility of fusion power for
peaceful purposes and to gain the knowledge necessary for the design of the next-stage DEMOnstration
fusion power plant.

ITER is a joint international research and development project for which initial construction activities have
started. The seven Members of the 10 form the seven Domestic Agencies (DA) and include: European
Atomic Energy Community (EUDA), Japan (JADA), People’s Republic of China (CNDA), Republic of India
(INDA), Republic of Korea (KODA), Russian Federation (RFDA) and United States of America (USDA).

ITER is being constructed in Europe, at St Paul Les Durance, in southern France, where the 10 has its
headquarters.

The main components of the ITER Tokamak are the Magnets, Vacuum Vessel, Cryostat, Blanket and
Divertor. As a main component, the Divertor is a Tungsten ring located at the bottom of the vacuum
chamber that faces the thermonuclear plasma. It removes most of the impurities coming from the plasma.
The figure below shows the Divertor relative to the machine.

Figure 1: ITER Machine and Main Components

The Divertor consist of 54 CAs that are made of one Cassette Body (CB) and three Tungsten Plasma Facing
Components (PFCs), namely from inboard to outboard: Inner Vertical Target (IVT), Dome and Outer Vertical
Target (OVT). There are 33 Standard CAs and 21 Non-Standard CAs. As shown in the figure below, the Non-
Standard CA is similar to the Standard CA but also includes other components, essentially parts of

Page 2 of 17



ITER_D_YUJE7S v1.0

Diagnostics and Instrumentation (sensors, looms, connectors, etc). Collectively, the PFCs, Diagnostics and
Instrumentation are referred to as Free-Issued Items (FIl). Each CA is about 3.3m long, 2.2m tall and weighs
around 10tons. The 10 will install the Divertor for Pre Fusion Power Operation-1, at the end of Assembly
Phase Il.

Figure 2: Standard and Non-Standard CAs

The procurement of the FIl and CB is at the charge of the DAs via in-kind Procurement Arrangements or
direct (in-cash) at the charge of |10 (see Table 1 for details).

The 10 is considering establishing a long partnership (~10 years) with a single supplier (so-called Integrator
in the contract), including a facility/platform (so-called Integration Site in the contract) for the integration
activities and executing the activities.

The table below shows the 22 components and stakeholders involved with these activities.
Table 1: Procurement & Maturity of Free-Issued Items

1.  Central Cassette Outer Rail 3 17 EUDA 2018
2.  Divertor Operational Instrumentation 3 Sets 17 10 2021
3. Dome 58 17 RFDA 2013
4, Inner Vertical Target 58 17 EUDA 2013
5.  Outer Vertical Target 58 17 JADA 2013
6. Cassette Body 58 17 EUDA 2013 2019
7. Bolometers 5 Sets 55.D1 EUDA 2022 2025
8.  Diagnostic Electrical Services 17 Sets 55.NE EUDA 2020 2023
9.  Divertor Impurity Monitor 1 Set 55.E4 JADA 2020 2022
10. Divertor Shunts 6 Sets 55.AM EUDA 2020 2023
11. Dust Monitor 2 Sets 55.G9 10 2022 2022
12. Equilibrium Coils 6 Sets 55.AL EUDA 2019
13. Erosion Monitor 1 Set 55.G8 10 2021 2024
14. Langmuir Probes 5 Sets 55.G7 CNDA 2021 2022
15. Lower Vertical Neutron Camera 1 Set 55.B2 RFDA 2021 2024
16. Poloidal Polarimeter 1 Set 55.C6 JADA 2020 2024
17. Pressure Gauges 4 Sets 55.G3 EUDA 2021 2023
18. Rogowski Coils 6 Sets 55.AN 10 2024 2025
19. Thermocouples 3 Sets 55.G2 10 2021 2024
20. Thomson Scattering 2 Sets 55.C4 RFDA 2022 2024
21. Lost Alpha Monitor 2 Sets 55.B9 10 2022 2023
22. Toroidal Coils 6 Sets 55.A0 EUDA 2019

2.1 Technical Scope

The following summarizes the full scope of work required for integrating and preparing the CAs for
installation in the Tokamak machine:

Acceptance Tests of the Fll and CBs

Integration of the FIl and CBs to form the CAs

Factory Acceptance Tests of the CAs

Functional Tests (Knuckle Test for the CB, Instrumentation and Diagnostics)
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- Customization, welding and testing of cooling pipes on CA
- Cleaning, packaging and delivery of the CAs to |10
- Storage of Fll and CAs (as needed)

This scope of work is organized into Stages and may not all be under the responsibility of the Integrator.
Refer to Section 2.4 for more information.

From a technical standpoint, these components are all classified Quality Class 1 and Vacuum Quality Class
1. These components are outside the scope of the ESPN regulation and classified non-Protection Important
Components. Additionally, a number of them are classified Metrology Class 1. Overall, the manufacturing of
these items requires state of the art industrial codes and standards.

2.1.1 Acceptance Tests of Free-Issued Items

The Acceptance Tests of the Fll and CB at the Integration Site consists of the following:

- Visual Inspection and review of accelerometers

- Cold He Leak Test (as applicable)

- 3D Geometrical Survey (as applicable)

- Functional Tests (Knuckle Test for the CB, Instrumentation and Diagnostics)

2.1.2 Integration of CAs

The overall integration for completion of a CA for installation in the Tokamak consists in

- Mounting the PFCs onto the CB using the multilink and swaging procedure

- Welding the PFC cooling pipes to the CB cooling pipes

- Installing (for the non-standard CA) the Diagnostics and Instrumentation (welding sensors, boxes,
connectors, looming cables)

- Customizing and welding cooling pipes on the CA

The figures below show a summary for integration of a Standard CA. Refer to Annex 2 for the full sequence
of Non-Standard CA #41 (based on 2014 baseline). The technical specification for the contract will specify
conceptual assembly sequences for each CA. The Integrator will have the charge to develop the detailed
assembly sequences.

Figure 4: Welding of Customized Cooling Pipes and Complete Standard CA
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2.1.3 Factory Acceptance Tests of the CAs
The Factory Acceptance Test of each CA following integration include:

- Cold Water Flow Test

- Hydraulic Pressure Test

- Cold Helium Leak Test (with local heating of welds)
- 3D Geometrical Survey

- Functional Tests

2.2 Skills and Equipment

As part of the past Divertor R&D, mock ups of the components were used to demonstrate the concept for
integration of a standard CA. Based on this information and lessons learned in the prototyping and handling
of the CB, the following technical skills and equipment are highlighted as key for performing the integration
work, handling such heavy equipment, meeting tight tolerances and performing required testing:

e Special Equipment: 5 axis milling machine, etc
e Manufacturing/Assembly Skills:
o Welding
o Dimensional Inspections to perform reverse engineering
o Vacuum Technique
o Cleanliness
o Milling and customization
e Engineering Skills

Based on current experience in managing interfaces and interactions with 20+ stakeholders and lessons
learned from ITER facilities, the following project management skills are required:

High quality communication

High quality, clear procedures

Flexibility to understand and manage the various maturity of the components and stages
Allow visits of the various TROs and DAs to the Integration Site

O O O O

2.3 Integration Site

A single Integration Site fully equipped and capable of performing the full activities is envisioned. The
allowable distance between the Integration and ITER Sites will be controlled. This is technically necessary in
order to credit the Factory Acceptance Tests as Site Acceptance Tests (SAT). The purpose of the SAT would
be to confirm that there was no damage during the transportation of the CAs to the ITER Site. If the
distance to the ITER Site after the Factor Acceptance Test is controlled, the risk of damaging a CA during
transportation is mitigated and the SAT are technically not needed.

2.4 Stages

The following five stages summarize the integration activities:

1 Prototype — Standard CA (PFC + CB)
a) Reception and Acceptance Tests of PFC + CB
b) Integration of Prototype
c) Factory Acceptance Tests of CA
d) Cleaning and packaging
2 Prototype — Non-Standard CA (Free-Issued Items + CB)
a) Reception and Acceptance Tests of Non-Standard Fll
b) Dismounting of Standard CA Prototype
c) Integration of Non-Standard CA
3 Series — Standard CA (PFCs + CB)
a) Reception and Acceptance Tests of PFC + CB
b) Integration of Series Standard CA
c) Factory Acceptance Tests of CAs
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d) Cleaning, packaging and delivery
4 Series — Non-Standard CA (Free-Issued Items + CB)
a) Reception and Acceptance Tests of PFC + CB + Non-Standard FlI
b) Functional Tests of Diagnostics and Instrumentation
c) Integration of Series Non-Standard CA
d) Factory Acceptance Tests of CAs
e) Cleaning, packaging and delivery
5 Storage (as needed)

The tasks for Stages 2, 3 and 4 are similar and build on the lessons learned from Stage 1. For the purpose of
the Market Survey, the Integrator is only responsible for providing basic services and support (water,
electricity, time and space) for the performance of the functional tests of the Instrumentation and
Diagnostics. 10 is responsible for performing the actual functional tests, which consist of electrical tests,
optical alignments and temperature response tests.

3 Risks

The challenge for this procurement is to develop a collaborative interplay between 10, the DAs, suppliers
and the Integrator, while keeping an intricate schedule and addressing technical requirements deviations or
non-conformities.

Depending on the procurement strategy, three parent risks can classify from high to medium: Schedule,
Non-conformities of Free-Issued Items or CB and Stakeholder Management.

Schedule — As implied in Table 1, the schedule for design, manufacturing and delivery of the Free-Issued
Iltems do not progress at the same rate. Some Items are just finishing the preliminary design and others are
readying for series manufacturing. This represents a challenge for delivering final information at the
beginning of the contract, including delivery dates of the actual Items. A staged and flexible arrangement
with the Integrator will help address this risk.

Non-Conformities of Free-Issued Items — The clearances and tolerance requirements of the CAs are very
tight, motivated by functional requirements. As a result, seemingly acceptable non-conformities of
individual Free-Issued Items can have serious consequences when considering the build-up of the non-
conformities and tolerances. In an extreme case, an Item out of tolerance can prevent proper alignment or
even installation of other PFCs, Diagnostics or Instrumentation. Furthermore, most of the Items are first-of-
a-kind with a long lead-time and high cost for manufacturing another. A technical Integrator with proper
equipment for repairing or addressing non-conformities will help mitigate this risk.

Stakeholder Management — The large number of stakeholders represents a risk because given the different
components, technical requirements, schedules, TROs and teams, there is a high probability for
miscommunication, inefficiencies, delays and technical issues. However, a single Integrator that is
experienced in multi-cultural project management and communication can maintain a big picture
perspective to issue common procedures and strategy, yet be knowledgeable and flexible enough to
provide customized solutions to the stakeholders. Additionally, early involvement of the Integrator during
the prototype phase is important to facilitate the implementation of lessons learned for series production.

4 Procurement Strategy

A single contract that consists of five stages (Section 2.4) with a duration of 10+ years is proposed.

The stages are defined to build on previous stages with some overlap and parallel activities expected. Each
stage will have its own procedures, deliverables, schedule, budget and incentive scheme. Instructions to
Proceed (ITP) will be used to confirm the expectations (scope, schedule, deliverables and budget) of a
Stage. Readiness Reviews will be used to review procedures, facilities and equipment to authorize the start
of actual physical activities (reception, integration, factory acceptance tests, etc). The dates and frequency
of these tools (ITPs and Readiness Reviews) will be agreed at the signing of the contract.

Note that an incentive scheme as part of the procurement strategy is important to incentivize the
Integrator to identify realistic and implementable lessons learned and address schedule related risks.
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Annex 1: Divertor CA Integrator — FAQ

These Frequently Asked Questions provide supporting information for the Divertor Cassette Assembly (CA)
Integrator Market Survey. It provides background and supporting information for understanding and
responding to the questions of the market survey. Note that this information is not contractual in any way
and may evolve and differ significantly at the Call for Tender.

1

Why does the ITER Organization (I0) aim to place a contract with one single integrator for the full
scope of the project? The stages build on each other, primarily, the series production depends heavily
on the qualification and lessons learned from the prototype stages. Could it be envisaged to place two
contracts in parallel for respectively the standard and non-standard CA? In order to be able to
integrate a non-standard CA, a supplier essentially has to qualify a prototype standard CA. This would
limit the application of lessons learned and learning curves. This also adds the complication of
coordinating the delivery of the Plasma Facing Components and Cassette Bodies to supply both
Integration Sites and would probably require some storage at both sites too.

In particular, the storage could be perceived as an independent activity not subject to specific
technical expertise which could be contracted from a separate contractor. Would it be acceptable
from a technical point of view to store parts with another contractor than the Integrator? Every time a
component is transferred from one entity (supplier, |0 or Domestic Agencies), some kind of acceptance
check must be done. For the CA components, we are generally talking about a Cold Water Flow Test, a
3D Survey and possible a Knuckle Test. Due to the size of these components, this requires special
equipment that the Integrator will already need to have anyway. Expecting a storage supplier to also
have this equipment is costly and requires additional time. These requirements could be relaxed at the
risk of complicating the transfer of responsibility.

Why do we aim to implement the Prototype for standard CA and non-standard CA sequentially
(instead of in parallel)? The lessons learned and qualification of the prototype standard CA is of high
priority so the series production of the standard CA can start as quickly as possible. The non-standard
CAs prototype require input from the Diagnostics which will not be mature enough at the time of the
contract signature and would cause delays to the prototype standard CA. Furthermore, it is efficient to
focus on the integration of a standard CA before adding the various and differing requirements of a non-
standard CA. A sequential planning also allows the opportunity to practice dismantling a completed
standard CA and rebuilding. This will help address non-conformities of a fully assembled CA.

Why do we aim to alternate the series production of the standard and non-standard CA? This is due to
the schedule. Several simulations were done considering the durations of activities for standard and
non-standard activities (non-standard CAs take longer to integrate), delivery schedule of the
components and in particular, the scheduling for the non-standard CAs. Ideal scenario would be to do all
the standard CAs first and finish with the non-standard CA, but this creates a significant delay in the
delivery of CA-54. Scheduling the non-standard CAs in the middle of the standard CAs optimizes the
schedule, takes advantage of gaps in the delivery of critical components and optimizes the use of the
two integration production lines. This is an example where the exact sequence of activities should be
confirmed at the beginning of a stage once we have better confirmation of the delivery dates of the
components.

Considering the fact that a constant work distribution would be most cost effective, it is
recommended to give the Integrator the possibility to work on several CA in parallel and/or to swap
work packages (i.e. allow modification of installation sequence). Are before mentioned options
possible? The Dome always has to be installed first, followed by the OVT and then the IVT. The
sequence for the customization and welding the cooling pipes can differ. The sequencing for the non-
standard items can be swapped. Note that the current planning assumes two production lines, meaning
that two CAs can be integrated at the same time. To try to work on three or more, additional equipment
to move, manipulate, and store the other CAs would be needed.
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6 Would it be possible to define all installation work packages upfront and order the work packages on
a piece by piece basis? Advanced conceptual documentation is available, but this needs further work for
confirmation. It is only after the prototype of the standard CA that we will have real confirmation of the
works needed. For the non-standard CA, due to the maturity of the free-issued items, final and reliable
information is not available at this time and will not be available for a while. We can provide conceptual
assembly sequences for each CA for the Integrator to complete the detailed sequences.

7 What would the resource load curve look like for this scope of work? A potential curve is shown below
with peak activities between 2025-2027.
Divertor CA Intergation Resources

100%
Stage 4: Series NSTD CA
I Stage 3: Series STD CA
80%
I Stage 2: Proto - NSTD CA
B Stage 1: Proto - STD CA
0,
60% -—Stage 5: Storage
40%
20%

0%
2021 2022 2023 2024 2025 2026 2027 2028 2029

8 Is a general timeline of the Stages available? A potential timeline is shown below.

L Jan 2023 2025 2029

2021

Stage 2

Contract Prototype — Stage 4
Signature Non-Standard CA Series —

& on->tancar Non-Standard CA

Stage 1 Stage 3
I Prototype — Standard CA > | Series — Standard CA >

Stage 5
| Storage >
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Annex 2: Conceptual Assembly Sequence CA #41
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Before starting the assemoly of Divertor Cassette #41, it is necessary to perform some operations on CB,
in order to allow the installation of the Diagnostics systems.

CUT OUTS ON CB

The Divertor Cassette Body #41 needs four types of slots:

STUDS WELDED ONTO CB

A To let room for the set cable loom LA + cable loom RA +
RH side Connector three cut outs are required.

studs along the sideplates and the top of CB for
B To integrate the Langmuir Probes in the GB two cut outs subsequent installation of the cable loom LA and
are required, in order to allow the passage of cables

from the Quter and Inner targets to side grooves.

c To allow the passage of the eguilibrium
and toroidal coils cables to the side groove
of CB, four slots are required. for Orthogonal coils assembly
To mount the Dust Monitors on the CB some
aifferent operations are required on the Cassette.

E Some slots are required in order

see STUD_WELD_DISTRIBUTION; ENOVIA ID: #MUJBNE
to install properly the Rogowski Coils.

The Divertor Cassette #41 requires the positioning of

the
RA.

There will be 171 studs welded to Lhe lefl sideplate of the CB,
171 to the right sideplate and 30 on top of CB (loom studs).

Also, there will be & studs welded on CB under IVT and OVT,

16 studs welded are needed to fix the Dust Monitors to CB.

For further information of the studs, their geometry and position:
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|

Detail A

PFC LINKS

Component: Electrical Services, Side RH Connector

2 Inner Links
3 OQuter Links

For every assembly link use
the procedure described in Detail A

Weight: Approxinately 15 Kg RH connector + 80 Kg

Position of lifting points: Three-point lift: RK
band tied acrass each of the loom ends.

Position of surfaces that should not be touched:
Pins of RH connector should not be touched.

Non Destructive Testing protocols and acceptance

VQC - 1B components.

withstand test for cables.

77 -] 033676 Josl-- W

Cable terninations are fragile and should be protected.

criteria for the welds: Iter Vacuum Handbeok provisions for

Environmental and functional tests: End to end continuity check
once all corpenents have been assembled; Electrical continuity test
of caoles tc pins (before and after attachment to GB8);

+ Cebles tails (bolted loom type LA + tails u
Probes junction boxes) + Cables tails (bolted loom type RA + tails until Langmuir Probes

Cable terminations.

RH connector is delivered with terminated cable tails already connected to pin sockets,

1 Dome Links 50 that no internal electrical work is required, only attachment to the cassette.

Cable tails will be supplied already formed to shape ano with sufficient length

to reach the junction boxes of each Diagnostic system.

B. cable tails
(1

ELECTRICAL SERVICES

oom RA)

hey reach the

Langmuir Probes Junction boxes

cable tails.

connectcr and wide fabric

e NaaRss_[OR TTER Organization
* TR LAPACH e Special conditions for storage: Dry (non-condensing) and clean storage;
Insertion of Sleeves, Insertion of Pins. [Fae T MEROLAM above freezing. Protect MI cable terminations and pins during storage.
Swaging of Pins x 2 Duvertar s e
ging Futtaations GICQUES [ i Special conditions for transportation: Do not drop more than 30mm.
— e | DIVERTOR_FULL_W_CASSETTE_41 D0 Mot drop ceramic cofponents more than Smm. Acceleleration < 150.
FERRANL
78 un 14| CD g S
e ancrauz |ASSEMBLY SEQUENCE
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c.

Central
RH Connector
|

* Ground wires x 4

Cable tails (loom LA}
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Divertor
Estimations
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Cables tails

SERVICES ELECTRICAL

3400 1

they reach the junction boxes

A

A. cable tails, clamp bolted to CB (loom type LA).

Shunts: 8 twisted pair mineral insulated cables of 2 mm OD.
- Cables minimum bending radius: 6 x OD

- Length of cable tails outside the loem: 50-400m7
B. cable tails, clamp bolted to CB (loom type RA).

4 ground wires: mineral insulated cables of 3.8 mm 0D.
{ground wires deliveraed with cover plates pre-attached).
Orthagonal coils: 3 quad MT cables of 3.8 mm 0D.

Dust Monitors: 12 twisted pair MI cables of 4mm 0D.
Cables minimum bending radius: & x OD.

Length of cable tails outside the loom: 300-1900nm

Junction Boxes.

- The cables of the Rogowski, Equilibrium and Toroidal Coils,
and Langmuir Prebes will be connected to the cable loon ta:
junction boxes.

- General information of the In-Vessel Junction Box design:
I0M document #4K4F2Z. (See picture at right). Detail Medel WEGPSGX.

- The junction box should be lifted using face underneath box.

- Mumber and weight of junction boxes: (Rogowski coils 11 + Equilibirum and
Toroidal Coils 10) x 0.25 each + Langmuir Probes 51 x 0.15 Kg each = 12.9 Kg
Iter vacuum Kanobook provisions fer VQC-1B componenis
Wisual inspecticn of TIG welds to cassette body.

Visual inspecticn of Micro TIG welds inside JBs.

1s through single

View A
4 Loom LA
=4 type Side RH Connector
AH Connector Cable tails.
Cables connected together as a loom
Clanp bolted to stucs welded toc CB
S (3 studs per clamp)

- Type and number of cables: Rogowski Coils: 11 twisted pair nineral insulated cables of 2 mm 0D.
Pick up and Toroidal coils: 7 twisted pair mineral insulated cables of 3.8 mm 0D.

- Length of the RH cable tails inside the cable loom LA: Approximataly 4100 mm. Stainless steel 1o

- Type and number of cables: Langnuir Probes: 51 mineral insulated cables of 1.6 mm OD. Diagnostic

Length of the RH cable tails inside the cable loom RA: Appreximately 3500 mn.

1750

View B
Loom typa A
RH Connector Detailed model: ENOVIA #HTW3QG.

Weight: Approximatively 15 Kg.

the water pipe anchors.

Cable teils
They reach the Junction boxes

with captive bolts

cable tail
<
B~  RH connector
cable tail
Stainless steel base
i N44RS8 ITER Organization
TR coAnIEy
LAPACH _esvvomms or
NEROLAM
VGICHJEVS

e DIVERTOR_FULL W _CASSETTE 41
FERRANL

eoeer :mcx‘.:.'z ASSEUBLY SEQUENCE i &
S 17.-- -] 033676 Jos[ - w

C. Side RH Electrical Connector. I
General Information of the RH Connector: IDM document #EFAEZD. i

Position of lifting points: Do net lift the RH connector by

/
RH connector cable tails

- N44RSB P 1IER Ofganiurwn

[ Es v T | ADACH CORDIEY
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Steps:

1- Installation of Side RH Connector

ELECTRICAL SERVICES ASSEMBLY

A - Installation of inserts (with two pins) on the Cassette’s
corresponding holes, insertion of screws and belleville washers x 4
B - Connection of the pipe anchors to the Cassette Pipas Studs

2 - Fixation of cable loom LA on CB sideplates and on top of CB

* Place the two cable looms between the studs.
Put the clamps into position x 69.

RH Connector
** Insertion of nuts and Belleville washers x 207.
3 - Fixation of cable loom RA on C3 right sideplate
* Place the two cable looms between the studs.
Put the clamps into position x 55.

*% Insertion of nuts and Belleville wasners x 165.

Loom of cables LA Detail A
Loom of
cables RA
. :
) e -—— e N#4RSB__ [T ITER Organization
RK connector is delivered with terminated cable tails " R TIIPETR
NA4NGE TTER Organ. n EEEaa CORDIES
already connested to pin sookets, so that no interral I ganizatio LAPACH _fomroere s
electrical work is required, only attachment to the cassette. i T e eyl
Gable tails will be supplied zlready formed to shape and with loavertor MEROLAW, Divertor Ex=rn
sufficient length to reach the thermocouples positions. Jes ¢ marons e f_:;::ms GICOUES [ommre oo
In orcer to position tne two cable loons (LA & RA) simultaneously inside the v DIVERTOR FULL W CASSETTE 41 e - o DIVERTOR_FULL_W _CASSETTE_41
side grooves, it will be necessary to bend and untend one of the looms (TBO). FERAANL == = 18 Jun 14 EE——
The free ends of the loons will need some support/protection so that carczauz | ASSEUBLY SEQUENCE i ronnar Garczauz | ASSEMBLY SEQUENCE
they are not damaged during installation of the Flasma Facing Components B — bl Lo L e e T T E— il B ek
and the rest of Diagnostics devices (TBD). 17, - - ——Imwﬂ 033676 I10 .-l W RoszCTIoN 17 - - ——] swwes) 033676 11]- w

ELECTRICAL SERVICES ASSY SHUNTS

- Compoment: Snunts (8 sensors).
- Weight: Each Set, Shunt + Junction Box = 1 Kg.

Sa, the whole system 8 Kg.

= Environmental and functional tests to be performed on the system:

Electrical conduction. Calibration with current pulse through the CB.

- Type/number of cables: 2 x Single core mineral insulated cable of 2mm OD per shunt.

[ - N

4. Fixation of ground wires.

4.1 Once out of the cable loom RA, these ground wires will be attached
to CB by single clips. There will be one clip every 30mm.

A. Capacitive Discharge (CD) weld to attach the clip body to CB.

B. Insertion of cable.

|- Component: Junction Boxes 2 to 1 cables
General information of the In-Vessel Junction Box design:

10U document #4H4F2Z. (See picture below). Detail Vodel #L447YG.
- The junction box should e lifted using face underneath bex.
Number and weight of junction boxes: 0.25 Kg each x 8 = 2 Kg.
Non Destructive Protocols and acceptance criteria for welds: Shunt Gables
Iter Vacuun Kandbock orovisions for VOG- 1B components
Visual inspection of TIG welds to cassette body
Visual inspection of Micro TIG welds inside JBs.

C. Spot weld to close the clips fingers.

- Test Points

N

Step Detail ¥ T | .
NI Cabie I
v RH Connector
cable tail
{coming from loom LA) \I
Crimped Spotweld L —- —_— T -—
fingers ./ Stainless steel 1id Junction Box
\ | with captive bolts (sea picture balow)
I\
ey \\ M Cable:
g/ Test Points: The cable terminations are attached to a metallic plates
‘“\ P (cables supplied already attached to the metallic plates).
y, /L\u-mn Ground wires
[ N44RSB [T ITER Organization R N44RSB [0 ITER Organization
R .1 o] erone R V.1 o R
Non Destructive Frotocols and acceptance criteria for Glip welds: S neRoLAY Cabiee === wERGLAW
Iter Vacuun Handbook provisions for VGC-1B components. s st s s _ i . o2vertar =
Vvisual inspection of CD elip welds, J£5 ¢ mat fon: =1 DIVERTC connector e
1f suspect, 2 mm TIG weld of base of clip (side away from the cable) i o i DIVERTOR FULL_W_CASSETTE_41 cable tail | DIVERTOR FULL_W_CASSETTE_41
4.2 Fix the cover plate of the ground wire. Spot welded to €8 [ || sincs | ASSFUBLY SEQUENCE stainless steor base Garcrauz | ASSEUBLY SEQUENCE
e ok o b R (758 7 tovins TREEY [ROTTEITN [
- _ 2] 033676 1ol | w 17 ~==[ 033676 [i3[--[w
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ITER_D_YUJE7S v1.0

to €3 by individuzl clips (ses picture Y}. There will be one clip every 30mm

Y

sep

_—ow

A. Fixation o Tests points cntc CB. Plates spot welded to CB x 2
B. Tne Shunt cables will be comnected to the cable loom
tail through individual junction boxes.
8.1 TI6 welo to fix the junction box base to CB |_
B.2 2 x Micro TIG weld to join copper extensions of the cables.
5.3 Glosure of Junction Box. Insertion of captive bolts x 3. T
e AEROLAM
The Shunts cables and RH Connector cable tails (after loom LA) will be fixed|Divertor L

Nen Destructive Protocols and acceptance criteria for clip welds:

'
Operations to be performed for the assembly of each Shunt are: i
'
! Tter Vacuun Hardnook provisions for VOC-18 components.

1/ER Qrganization

T T

.1 Capacitive Discharge (CD) weld to attach the clip bedy Lo CB. DIVERTOR_FULL_W_GASSETTE_41

©.2 TInsertion of cable.

ASSEMBLY SEQUENCE

C€.3 Spot weld to close the clips fingers.

17 - =] 033676 |14 .| w

Detail B

SHUNTS
ASSEMBLY

Operations to be performed for the asserbly of each Shunt (x8) are:

A. Fixation of Tests points onto GB. Plates spot weldec to C8 x 2

B. The Shunt cables will be conrected to the cable loom
tail through individual junction boxes.

8.1 TI6 weld to fix the junction bax base to C8
B.2 2 x Micro TIG weld to join copper extensions of the cables.
8.3 Closure of Junction Box. Insertion of captive bolts X 3.
C. The shunts cebles and AH Gonnector cable tails (after loom LA) will be fixed
to CB by individual clips (see picture ¥, sheet 14). There will be cre clip every 30m
C.1 Capacitive Bischarge (CD) wald to atfach the clip body to CB.

C.2 Insertion of cable.
.3 Spot weld to close the clips fingers.

T——NraReE T | ITCA Organization
[T APACH |t A
e P

[Civertor | EE=ra

[Est 1mations GICQUES [oamiw v

s imarions ke GIVERTOR FULL_W CASSETTE. 41

10 14| co | e

Gz | ASSEUBLY SEQUENCE i
5 7177 . - L] 033676 [isl. [w

ROGOWSKI COILS

- Component: Rogowski Coils (11 Coils).
Weight: 11 x 1.5 kg sach = 16.5 Kg.

- Type/number of cables: 1 x twisted pair mineral

insulated cable of 2 mm OD per Coil.

Environmental and functional tests to be performed on the system:
Electrical conduction. Simple calibration test once ccil installed
(pulsing a current with a path that is enclosed by the coil),

Rogowski Coil
Attachment Plate

Rogowski Coil

Rogowski Coil
g 8

*2 R

w =
. e MEROLAK
o Civertor —

GICQUES [Tomme i

JTER Organization

e DIVERTOR FULL_W CASSETTE 41

Attachment Plate anciuiz | ASSEMBLY SEQUENCE

17 -~ 22 033676 [16].- | w

ROGOWSKI COILS ASSEMBLY Z

T N4grSB [T ITER Organization
[ [ APACH | mm‘d

= MEROLAN
pivertor

ST T n

= DIVERTOR_FULL_W CASSETTE 41
FERRANL

oargrane | ASSEMBLY SEQUENCE

17 —Jm2] 033676 J17l...w
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ITER_D_YUJE7S v1.0

ROGOWSKI COILS ASSEMBLY ROGOWSKI COILS ASSEMBLY

Detail V Detail Y
Detail X

Detail Z

Rogowski Coil

Connector
R Rogowski Coil
Connector
17ER Organization _ T N44RSB conor E'; 1I1ER Organization -
4 ) * Rogowski Coils attachment plates TIG welded to CB SRR T LAPACH T y

* Rogowski Coils attachment plates TIG welded to CB iter ozvaror s iior)

e *% Connection of Rogowski Coil halves st imations croaves |mmme

DIVERTOR FULL_W_CASSETTE 41 ani Ll —— | DIVERTOR_FULL_W_CASSETTE_41
*% Connection of Rogowski Coil halves 8 1| Ep | oo | CERAM

ASSEMBLY SFQUENCE ey | 11 | | cencin [ ASSEMBLY SEQUENCE

SR TSz
—J:::] 033676 [is[---[w 17... =] 038676 J1al--.

ROGOWSKI COILS ASSEMBLY PICK UP COILS

Junction Box

Pick up coils x 6

- Component: Pick up coils.

General Information of the Pick up coils: IDM document #4GWCLQ.

Weight: Set Underdome Structure + Pick up ceils + Toroidal Coil = 33 Kg.

Orthogenal coils < 1Kg each.

Type/Number of cables: Pick up Coils x 6 twisted pair MI cables of 3.8 mn OD.

Orthogenal coils x 3 quad ML cables of 3.8 nm. Toroigal Coil x 1 twisted pair MI

cable of 3.8 nm 0D.

Position of 1ifting peints: Set Underdome Structure + Pick up coils + Toreidal

Coil will be lifted by lcop bands around two regicns indicated (A anc B).

The orthogenal coils will be Llifted by hand with clean gloves on.

Non Destructive Testing protocols and acceptance criteria for the welds:

Visual inspection of CD clip welds (cables) . If suspect, repace by 2mm TIG

weld on base of clip.

Visual inspectien of stud welds. If suspect, cut, condition and repeat

- Environmental and functional tests: Bafore connection, coil rasistance,
insulation resistance to ground. Repeat after connection before Junction bax
1id is bolted.

- Intermediate Tests (tests performed during assembly operations):

Repeat electrical tests.

Special cenditions for storage: Dry (non condensing) and clean (no oils);

above freezing.

Special conditions for transportation: de net dop more than 80 mwm;

Acceleration < 15g.

JB Coil 10

Junction Box
Coil 2

View A

| JB Coil 3

JB Coil 4
JB Goil 11

660

JB Coil 5

Detail X

Cable loom

tail Underdome Structure

e JB Coil 7

JB Goil 6 Cooling Pipes x 2,
Operations to be performec in order to connect each coil (x11) to the loom.
The Rogowski Coil cable will be connected to the cable loom
tail through individual junction boxes (see sheet §)

oom LA

Rogowski Coil v N -
A.1 TIG weld to fix the junction box base to ¢B \
A.2 2 x Micro TIG weld (twisted pair cable} to join copper extensions of the cables. tail Junction Box |‘-°"°“ﬂL Coil x 1 |
_ ! I e e L
4.2 Closure of Junction Box. Insertion of captive bolts x 4. LI TTER Organization | | I :J:;Aﬂoz CORDIES ITER Organization
e T I (AFanovEs BT
B. The coils cables and RH Comnector cable tails (after loom LA) — LAPACH _ferwves 50 o e I iter|
will be fixed to CB by individual clips (see picture ¥, sheet 14). o vortor LROLAE [ jter! ! 1 oivartor i {5 A
There will pe one ¢lip every 30um [Est1mations GICOUES [ | | [Estimations GICQUES [ mmre iy
B.1 Capacitive Discharge (CD) weld to attach the clip body to CB. DIVERTOR FULL_W_CASSETTE_41 ' ' DIVERTOR FULL_W CASSETTE_41
B.2 Insertion of cable. ASSEUBLY SEQUENCE | | ASSFIBLY SEQUENCE
B.3 Spot weld to close the clips fingers. : B - e T ST
— 1033676 o[-

— 2] 033676 Jz0]---|w
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betail X PICK UP COILS ASSEMBLY _ PICK UP COILS ASSEMBLY

— Orthogonal Goil
o N orthogonal Coils Detail Y

view A F‘mk up and toroidal,
coils cables

View A

* Insertion of sleeve, insertion of pin, swaging of pin x 4.

Operations to be perforned in order to install each Orthagenal coil (x3): ** Orbital TI6 weld x 2

* Installation of Orthogonal Coil, held on with nuts and Belleville washers onto studs (x 2), Set Undercome Structure + Operations to be performed in order to connect each coil (x 7) te the loom.
** The Orthogonal Coil cable will be connected to the cable loon Pick up coils + Toroidal Coil A. The Coil cable will be connected o the cable 1som
tail through individual junction boxes (see sheet 8). tail through individual junction hoxes (seo shoet 8).
orthogenal ceils will be supplied with their cable tails already attached (not shown in Detail X). N Junction Boxes x 7 Cables coming from
$o, it is only the connection 4nside The junction box which needs to be made. ‘ A.1 TIG weld fo ix the junction box bass to GB . loom LA
 TIG weld to tix the junction box base to 03 A.2 2 x Micro TIG weld (twisted pair cable) to join copper extensions of the cables.
2 4 x Micro TIG weld (quad cable} to join copper extensions of the cables. ‘ [ o TTER Organization A.3 Closure of Junction Box. Insertion of caprive bolts x 4. NI3RGB o TTEA Organization
3 Closure of Junction Box. Insertion of captive bolts X 4. [T LAPACH T n B. The coils cables and RH Connector cable tails (atter loom LA) T LAPACH e A
**%* The orthogonal cables and RH Connector cable tails (after loom RA)  [Divertor gl 1 will be fixed T“Tﬁzrzng‘_ﬂ;é"ﬁ: gii“e(:‘ﬁe pacture Y, sheet 14). o vartor e l
will be fixed to GB by individual clips (see picture Y, sheet 1¢), ot umations GICOUES [T - P every oot inations GICOUES [
There will be one ¢lip every 30mam | DIVERTOR _FULL_W_CASSETTE_41 B.1 Capacitive Discharge (GD) weld to attach the clip bocy to GB. r [ DIVERTOR_FULL_W_CASSETTE_41
1. Capacitive Discharge (CO) weld to attach the clip body to CB. L 0.2 Insertion of cable. i
2 Ingertion of tabls. | einerus | ASSEUBLY SEQUENCE wwnciauz | ASSEUBLY SEQUENCE
{7 3 e ™ B.2 Spot weld to clese the clips fingers. e T e -
2 Spot weld to close the clips fingers. 17.- - ——Im"[ﬂ 033676 L?Zl - rV\ 17 - - --Im:ﬂ 033676 |23|- - -r

Component: Dust Monitors (x 4). 1

Weight: Each Dust Moniter 2-3 Ko x 4 = 8-12 Kg.

Position of lifting points: There are three lifting points (see picture). Funnel
Position of surfaces that should not be touched: tne furnel. unne
Type/Nuaber of cables: There will be 6 wires per Dust Monxtur. These wires will be routed
to a Junction box type 2 to 1 cables (see picture below). So only 2 twisted pair cables

per monitor will arrive to the loom RE.

Non Destructive Testing protocols and lcc:ptanue criteria for the welds:

Iter Vacuun Handbock grevision for VOG -

Wisual inspectior of CD clip welds (cabies] - If suspect, repace by 2mm TIG

veld on base of clip.

wisual inspection cof stud welds. If suspect, cut, conditicn and repeat.

Environmental and functional tests: Befora connection, wire resistance and

insulation resistance to ground. Repeat after connection before Junction bex  Sensor Body
1id is bolted.

Internediate Tests (tests performed during assembly operations):

Aepeat electrical tests.

Integration site Acceptance Tests (tests performed prior to shipment to IO site):
Repeat electrical tests

Special conditions for storage: Dry (non condensing) and clean (no oils);

above freszing.

Special conditions for tramsportation: ¢o nat dop more than 100 mm;

Acceleration < 15g.

Detail X

Dust Monitor #

Component: Junction Boxes 2 to 1 cables

General information of the In-Vessel Junction Box design:

1DV document #4HAF2Z. (See picture below). Detail Model WLAAZYG. e~
The junction bex should be lifted using face underneath box. Lifting Points
Number and weight of junction hoxes:

0.25 Kg each X 3 per OUSt MONitor X & DUSt Monitors = 3 Kg.

Non Destructive Protocols and acceptance criteria for “lﬂl

Operations to be performed in order to install each Dust Monitor (x4): Cables coming
* Installation of Dust Monitor, held on with nuts and Belleville washers onto studs (x 4), from loom RE

o i i (3 cables)
Iter Vacuun or for VaC- 1B The Dust Monitor cables (x6) will be connected to the caole loon tails (x3) through
Wisual inspection of T"i welds to cassette body. junction beoxes (type 2 to 1 cables). There will be 3 Junction Boxes per Monitor.
wisual inspection of micrs TIG welds inside JBs. Pust Monitors will be supplied with their cable tails already attached (not shown in Detail X).
i h G ti ingi jun hich -
Stainloss stoel 1id support So, it is only the comnection inside the junction box which meeds to be made
with captive oolts 1. TIG weld to fix the junction box base to CB x 3 JB.
2. 2 x Micro TIG weld (twisted pair caole) to join copper extensions of the cables x 3 JB
5 [i] 3. G re of Junction Bex x ¢ Insertion of captiwe ts X 3. i el
- N44RSB e T7ER Organization losure of Junction Be: 3J8 sertion of captive bolts x 3 e " — N“:c‘gi provenia 1TER Org:
M—— LAPACH _Iameme e n [F** The Dust Moniters cables and RH Conmector cable tails (after loom RA) - LAP e o ﬁ
R gomneeter o: veror REuCcal 1 will be fixed to CB by individual clips (see picture Y, sheet 14). o:vertar Ll L
Dust Nonitiee srowes e There will be cne clip every 20mm Estinations crowes e
wires mm v | DIVERTOR_FULL_W_CASSETTE_ 41 1. Capacitive Discharge (CD) wald to attach the clip body to CB. DIVERTOR_FULL_W GASSETTE_47
ASSEMBLY SFQUENCF 2 Insertion of cable. ASSEMBLY SEQUENCE
Stainless steel base oran1 i 2 spot weld to clese the clips fingers. oz i
o -—1%:2] 033676 Jo4|---[w — 033676 J25]--[w
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DUST MONITORS ASSEMBLY DOME ASSEMBLY

Detail Y Dust Monitor #2

Cables coming
from loem RE
(3 cables) Dust
Detail Z Monitor #4

l 1 - Insertion of sleeves, insertion of Pins,|

‘ Swaging of Pins x 4 |

R R _——

Operations to be performed in order to install each Dust Monitor {x):

nuts and Bellville washers onto stud

* Installztion of Dust Moniter, held on wit (x 4),

Orbital welding of caps to close hydraulic circuit x 4.

[

I

‘ 2 - Bore Walding of Dome pipe stubs

! Procedure described on Standard Cassette Assembly Sequence.

'
to Cassette Body pipe stubs x 4. |

** The Dust Vonitor cables (x6) will be conmected to the cable loom tails (x3) through
junction boxes (type 2 to ' cables). There will be 3 Junction Boxes per Monitor. Cables coming
itors will be supplied with their cable tails already attached (not shown in Details Y and Z) from Loom RE
S0, it is only the connection inside the junction box which needs to be made (3 cables)

1. TIG welc to fix the junction box oase To CB x 3 JB.
2.2 x Micro TIG weld (twisted pair cable) to join copper extensions of the cables x 3 JB

3. Closure of Junction Box x & JB: Insertion of captive bolts x 3. e [Fee T
o Waamss T TIER Organization TTER Organization
**%* The Dust Monitors cables and RH Connector cable tails (after loom AA) — LAPACH _frwssom v —
will be fixed to C8 by incividual clips (soe picture ¥, sheet 14) o vortar [ LeroLsn o vortor
There will be one clip every 30mn i.emascm GICQUES [Trawrw mrvir [Extamations T T
1. Capacitive Discharge (CD) weld to attach the clip sody tc CB. e [F==m| DIVERTOR_FULL_W_CASSETTE_41 fnt o DIVERTOR_FULL_W_CASSETTE_41
co - 18 Jun 14
2 Insertion of cable. S inoans: o W |eancrauz ASSEMBLY SEQUENCE “:;9:‘2';’ ASSEMBLY SEQUENCE
e e - - c - _
3 Spot weld to close the clips fingers, |17, - I——I'ﬁf,‘@!ﬂ 033676 26]---|w v anois "'ﬁ 17.”.'—""‘:2‘“”!;‘1 033676 ETI? - - rW

LANGMUIR PROBES INNER TARGET uner Vertical Target: IVT LANGMUIR PROBES ASSY

Variant for Langmuir Probes

' A Dummy probe TIG welded to the IVT steel support srructurejw

pummy Probe x 1

B * Langmuir Probes bolted to copper Supports
. on the side surface of the monoblocks x 27.
Langmuir Probe

View A

- Component: Langnuir Probes IVT (27 + 1 Dumny Probs) IVT Monablocks
Weight: 0,5 Kg each Probe.

- Type/Mumber of cables: 1 x single core MI cadle of 1.6 mm CD.
per Langnuir Probe.

- Environmental and functional tests to be performed on the system:
Electrical Conduction.

Probe

Copper supports

Bolt '
IVT steel
Dummy Probe
v support structure|
Probe cable i
Laanmuir
Probes IVT — R e e e e e e ]
o NidRss T TTER Organization TR N44RSE |7 T IiER Organization
.Y Yoy g e e T [ APACH eeror
e NEROLAM = MEROLA
e R ES‘::NB{‘W'I'
. estaazione Grcaves [T The I Vertical Target variant f s inc fon DIVERTOR FULL W CASSETTE_ 41
Langnuir Probes x 27 Anesions wemere | DIVERTOR FULL_W CASSETTE_41 e Inner Vertical Target variant for et 1 W =
FERRANL langmuir probes includes 27 copper supports —
carciavz | ASSEMBLY SEQUENCE brazed to the bottom surface of the target Monoblocks. oorcin ASSEMBLY SEQUENCE
T T - T i foramn
17.-- — =] 033676 [z8]-- | w 17.-- —J##] 033676 [z]--- | w
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LANGMUIR PROBES

Dummy Probe x 1

Langmuir Probe

Probe Cable

Langmnuir Probes x 22

OUTER TARGET

- Component: Langmuir Probes OVT (22 + 1 Dummy Probe)
Weight: 0,5 Kg each Probe.

- Type/Mumber of cables: 1 X single core NI cable of 1.6 nn 0.
per Langmuir Probe.

- Environmental and functional tests to be performed on the system:
Electrical Conductien

View B [

T P —
i N44RSB WWE‘: ITER Organization
T LAPACH  mmeer
MEROLAW

[£s ¢ 1sar fon.

o
| DIVERTOR_FULL_W_CASSETTE_41

ASSEMBLY SEQUENCE

7. -] 033676 [sol - | w.

IVT ASSEMBLY

Inner Vertical Target with
Langmuir Probes already mounted

* Insertion of Sleeves, Insertion of Pins, Swaging of Pins x 4.

** gors Welding of IVT pipe stubs to Cassette Body pipe stubs x 4.
Orbital welding of caps to close hydraulic circuit x 4.
Procedure described on Standard Casseite Assembly Sequence.

View A

Cassette Body pipe stubs

Quter Vertical Target:
Variant for Langmuir Probes

OVT LANGMUIR PROBES ASSY

i A

Dummy probe TIG welded to the OVI steel support structure

| B * Langmuir Probes bolted to copper SUpports |
i on the side surface of the monoblocks x 22. i

Prabe

Dummy Probe

Copper supports

Bolt ovT steel
T support
structure
B N:z? pr TIEA Organization
Langmuir LAPACH
Probes OVT

The Outer Vertical Target variant for
langmuir probes includes 22 copper supporis

DIVERTOR_FULL_W _GASSETTE_41

brazed to the bottom surface of the target Monoblocks.

ASSEMBLY SEQUENCE

[ 033676 [37[ [ W]

T NIIRSE T TTER Organization

bbby it

e MEROLAM

o:verear e v

st 1matsans orcaues |

Estimation o= DIVERTOR_FULL_W_CASSETTE_41
FERANL
rrctaiz | ASSEMBLY SEQUENCE

17 ~Je] 033676 Jaa]

Page 16 of 17

Junction of RH connector cable tails with the Langmuir Probes tails. Attachment of cable tails to IVT steel support structure.

Fixation of ground wire to IVT.

1. Connect the RH connector cable tails to Langmuir Probes cable tails through Junction Boxes.
A. TIG weld to attach the Junction boxes to the IVT steel support structure x 28.
B. Micro TIG weld to join copper extensions of both cablos x 28.
C. Closure of Junction Box. Insertion of captive bolts.

IVT with Langmuir Probes
already mounted
| Junction Box

Detail X

2. Attach the cable tails to the IVT steel support structure.
* Type of attachment to be defined by Diagnostics Section.

cover 3. Install the grouna wire onto tne IVT

A. Once out of the cable leom RA, the ground wire will ba
attached to CB by single clips (see sheet 14}

Stainless steel lid
with captive bolts

AH connector
cable tail

Langmuir Prooe
cable tail

B. Then the cable will be fixed to IVT
by single clips.

€. Fix the cover. (Spot welded to IVT steel support)
Ground e G .
wire - 44) rganization
T T APACH | commiey
2vertar
£5t1matsans

e

DIVERTOR_FULL_W_CASSETTE_41

ASSEMBLY SEQUENCE

— ][ 033676 [3a]--- v
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A

]
|
|

Junction of RH connector cable tails with the Langmuir Probes tails. Attachment of cable tails to OVT steel support structure.
Fixation of ground wire to OVT.

OVT ASSEMBLY

1. Connect the RH connector cable tails to Langmuir Probes cable tails through Junction Boxes.

View B A. TIG weld to attach the Junction boxes to the OVT steel supoort structure x 23,

OVT with Langmuir Probes
already mounted
| €. Closure of Juncticn Box. Insertion cf captive bolts.

B. Micro TIG weld to join copper extensions of both caples x 23.

verzical Target with
Probes already mounted

. Stainless steel lid
Detail X vungtion Box with captive bolts

AH connector
cable tail

=07 Langnuir Frooe

cable tail

2. Attach the cable tails to the OVI steel support structure.
* Type of attachment to be defined by Diagnostics Section.

3. Install the ground wire onto the OVT

Cover

A. Once out of the cable lcom RA, the ground wire will be
attached to CB by single clips (see sheet 14)

B. Then the cable will be fixed to OV
by single clips.

C. Fix the cover. (Spot welded to OVT steel support)

casscttnlaody pipe stubs

7T R TTER Organization T TILR Organization

T LAPACH s it Rl

s MEROLAN e RO

* Insertion of Sleeves, Insertion of Pins, Swaging of Pins x 4 |fiiiriii,. rcaves o:voreor Eer

A INE TITAE 4 tions GICQUES [Toamiw rivie
wroen e | DIVERTOR _FULL_W _CASSETTE_41 Est iwat fon. T ]
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