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1.1. #4%
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1.102. E5 &

HHTHEZET S,
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Db, AEROREICHED Z &,

2 RBIEDE~Y=Eab—2BEERT T Azt T —a=y bEY 7T v 72T 5
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CREEARDIFERT SRR E TR R a a0 2 &, AR, IO AiA L Tx
HEENGIEMD Z L,

2.6. RHRIZDERK
(D EETERERTIE, 2.2 H1DL 2.6 HOEEFEMMNH X O/ RHMNEORHTER 2505 X
INCFLET D Z &, BEITR U THEDIENR L S BT LT 5 Z &,

9



(2)

€)

(4)

(5)

fFIEEEFRIIIHHE LCEHA OAR ST IREFH, LERT 7 ar, HEFEKROZD
HIRZ T 52 &,
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T b
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A ot (SthiE CERE 17T EEEE 86 =) 2558 3 SIclET 5 +ait%
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(FRESE 5 &5 1 HOE R OARZZ I T-H 2T, DUTRET LO ([FIESE
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ZHEIZ L, SEHEERICEOZG TR R RO ORRIC L DB TH L F 2R R LR T
AP/ ANN
3 LlE. 1 IR D PEEMPEMESF O MRESUIHFEICE L TRIEDRRE L Z T T HE

13
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ki Jo OV =B ~ D FEHfiaFar ORI A I K0 FICHE LT UTe 670,
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<o) WIE, B2 DHH6KETRUNE 12 FOBEDEMIC I EEL 5 2 720 K 9 MiEEH =F
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FEIHFEAZTADOANAETIZED DHEITIT, ZORY TR,
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15,
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5 L% 1 HOBIREAT o7 & 13 SRRIMPEME OBIR 2 52T 723813, MRRI PEME IZ DU T
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+ 5,
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F2ATOYAITIE, BEEREF LT OAN, MIZEOFFmZEIV@ML, HHCOPOEFMHIZ L
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REMOTE HANDLING TASK DEFINITION FORM

Task

Description

Replacement of Mirror 1-2 (RH class 2)

Task Objective

Replace the Mirror 1-2 unit in case of their failure or significant degradation of
reflectivity

Target Plant

Mirror 1-2 unit (M1/M2) of PBS 55.C2 Edge Thomson Scattering (ETS) on the EP10
Diagnostic Shielding Module (DSM) #1 right side. (DSM#1 is a unit assembled with
both the DSM#1 right and DSM#1 left.). See Figures 1 and 2 for the position and
structure. The total weight of M1/M2 unit is approximately 170 kg.

Due to its direct exposure to the plasma, the M1/M2 unit is designed with water-
cooling channels. The cut-off points of the water cooling pipes are determined by
PBS 55.QA, which employs a clam-shell type DSM. The cut-off points are located
between the rear end of the DSM and the closure plate.

The M1/M2 incorporates a mirror cleaning system designed to restore the optical
reflectance decreased by the accumulation of impurities coming from the plasma
side. In this system, high frequency is applied to the mirror, which functions as a
current-carrying electrode. The mineral insulated (MI) cables used to deliver high
frequency, along with the associated detachable electrical connector, must be handled
at the same time as M1/M2 during the procedures.

JADA-5526DEOQ047
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Figure 2: Structure of M1/M2 unit.
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Start Point

The starting configuration for the remote handling (RH) operation of ETS components in the Hot
Cell assumes that the following operations have been performed already. These operations are out
of the scope of the ETS maintenance:

1. Remove DSM#1 from the EP10 port plug, then remove the DSM#1 right from the
DSM#1.
2. The M1/M2 unit remains mounted on the DSM#1 right.

3. Place the DSM#I right with the inside surface (where the M1/M2 unit is fixed) facing
upward.

4. Cut the water cooling pipes.

End Point

+ The new M1/M2 unit has been installed on the DSM.

+ The female RH connector (M1/M2 unit side) is connected to the male RH connector (DSM
side).

Assumptions

1. DSM#1 is inspected and cleaned to be re-usable.

2. Remote handling tools for refurbishing & servicing of ETS and spare parts are prepared
beside the workstation in Hot Cell facility.

3.  RH maintenance is performed with minimum customized tool.
4. Cleaning in the DSM will be performed with a tool like a vacuum cleaner.

5. The threads on the DSM side have a self-locking function, either by direct machining or
by using inserts (to be confirmed by the PBS 55.QA).

6. Cutting, aligning and re-welding of the water cooling pipes will be performed by PBS
55.QA.

Main Issues

1. Assembly work should be feasible in the RH sequence without causing any damage to
the M1/M2 unit or the DSM#1 due to contact.

2. In the RH sequence, the positioning repeatability after repeated assemblies must satisfy
the tolerance requirements of the collection optics (positional repeatability: 1 mm,
angular repeatability: 0.1°).

3. In the RH sequence, electrical connectors can be attached and detached within a tight
space without dropping out, while not threatening the structural integrity of the DSM#1.
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Remote Handling Sequence
I. MI1/M2 unit disassemble method (outlined in Fig. 3).

ot A

\

Figure 3: Definition of part names related to M1/M2 unit disassembly.

(1). Clean inside of the DSM#1 right side.

(2). The Gripper is grasped by a manipulator, and lowered onto the cable clamp, with
alignment provided by the rough guide positioning pin. The captive bolt includes a
protrusion to assist in rough positioning. The tapped holes are designed with counterbore
entrances to enable rough centering and to prevent damage to the tap. Using the torque
multiplier (5:1) in combination with the bolting tool, the M8 captive bolts are tightened
to a torque of 25N'm (outlined in Fig.4).

Figure 4: Outlines of attach the gripper (detachable).

(3). Using the manipulator and the torque multiplier (5:1) with the bolting tool, loosen the
two M8 captive bolts on the cable clamp. The removal torque should be gradually
increased from the installation torque of 25N-m. Lift the gripper, along with cable
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clamp, grasping the gripper using the manipulator. Apply this procedure to all three
cable clamps (outlined in Fig.5).

Figure 5: Outlines of the cable clamp disassembling.

(4). Using the two manipulators and the torque multiplier (5:1) with the bolting tool, loosen
the six M12 captive bolts that will be obstructed by the lifting jig. The removal torque
should be gradually increased from the installation torque of 60N-m (outlined in Fig.6).

Figure 6: Outlines of pre-loosening process.
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(5). Ensure that the lifting pintle of the lifting jig is connected to a crane and the grippers are
supported by a manipulator. Then, lower it onto the M1/M2 unit, with rough alignment
provided by one of the captive bolt heads (base plate side) into the Jig hole (Clearance
Imm), and opposite side a protrusion on the tip of the M12 captive bolt for rough
alignment. The tapped holes are designed with counterbore to facilitate rough centering
and to prevent damage to the tap. Using the torque multiplier (5:1) in combination with
the bolting tool, four M 12 captive bolts are tightened to a torque of 60N -m (outlined in
Fig.7).

Bolts into the counterbored f
bolt hole (base plate side)

Figure 7: Outlines of jig transport to M1/M2 unit.

(6). Rotate the jig slider handle to move the jig slider to the height of the RH connector
unit(outlined in Fig.8). The motion stroke is 97mm.
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Figure 8: Outlines of positioning the jig slider to the RH connector unit hight.

(7). Grab the gripper and swing the lifting jig to insert the slot of the jig slider into the lift
pin. Tighten the M10 captive bolt on the lift pin stopper (torque : 37N-m). Finally,
loosen the M 12 captive bolt on the RH connector. The removal torque should be
gradually increased from the installation torque of60N-m (outlined in Fig.9).

Figure 9: Outlines of the lift pin insertion to slot.
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Next change the crane hook position to the lifting pintle for all components (outlined
in Fig.10).

Lifting Pintle(for all component lift-up) Lifting Pintle(for JIG lift-up)

(8). Detach the RH connector by rotate the jig slider handle with support the gripper by
manipulator (outlined in Fig.11).

Figure 11: Outlines of detach the RH connector.

(9). Hook the lifting pintle to the crane hook with light tension before loosening the captive
bolts on the base plate and wedge block. Using the manipulator and the torque multiplier
(5:1) with the bolting tool, loosen five of the M12 captive bolts on the base plate. The
removal torque should be gradually increased from the installation torque of 60N-m
(outlined in Fig.12).
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Figure 12: Outlines of loosen captive bolt on base plate.

(10). Loosen four of the M12 captive bolts on the wedge block. The removal torque
should be gradually increased from the installation torque of 60N-m. Next, tighten two
of the M10 jack bolt at centre of the wedge block (torque : 37N-m) to release the
pressure on the wedge block. Then, lift the M1/M2 unit using the crane while gripping
the gripper, and store it in the radwaste storage (outlined in Fig.13).

Figure 13: Outlines of loosen captive bolt on wedge block.
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II. New M1/M2 unit assemble method (outlined in Fig. 14 and Fig.15).

Figure 15: Access view for the guide pin to the hole by camera.

(1). Lift the new M1/M2 unit from the storage and transport it to the DSM#1 location.
Ensure that the new M 1/M2 unit is clean when unpacked before being brought into the
Hot Cell, and handle it carefully to avoid touching the mirror surfaces during the
operation.

(2). Visually inspect with a camera that the guide pins are pre-inserted into the DSM#1
before assembling the M1/M2 unit (see Figure 16). As noted in the previous section "L
M1/M2 Unit Disassembly Method", these parts are not subject to remote handling.
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Figure 16: Outlines of the guide pin pre-insertion.

(3). Lower the new M1/M2 unit onto the DSM surface, supporting it with the gripper and
using the cameras for guidance. Ensure the guide pins align with the holes, maintaining
a Imm clearance between the guide pins and the holes. The wedge block provides self-
alignment functionality (outlined in Fig. 17).
(outlined in Fig. 17).

Figure 17: Outlines of the new M1/M2 unit lifting process.

(4). Using the torque multiplier (5:1) with the bolting tool, tighten four of the M12 captive
bolts to half torque (60 N+-m /2=30 N*m, see Table “Remote Handling Tools™), while
maintaining light tension on the eye bolts to prevent the M1/M2 unit from tipping. If
fastening is difficult in certain areas, it can be done after removing the unit from the
crane. Next, release the lifting pintle from the crane (outlined in Fig. 18).

(1).Using the torque multiplier (5:1) with the bolting tool, tighten 4 of the M12 captive bolts
to half torque (60 N-m /2=30 N-m, see table “Remote Handling Tools” ) while
maintaining light tension on the eye bolts to prevent the M1/M2 unit from tipping. In
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places where fastening is difficult, it can be done after removing the unit from the crane.
Next, release the lifting Pintle from the crane. (outlined in Fig. 18).

(5). In this process, using the torque multiplier (5:1) with the bolting tool, first tighten 4 of
the M 12 captive bolts on the wedge block (torque: 60 N-m), then tighten 5 of the M12
captive bolts on the base plate (torque: 60 N-m).

(2).In this process using the torque multiplier (5:1) with the bolting tool, first tighten 4 of the
M12 captive bolts (torque : 60N-m) on the wedge block, next tighten 5 of the M12
captive bolts (torque : 60N-m) on the base plate. (outlined in Fig. 19).

Captive Bolt(on base plate)

Captive Bolt(on wedge block)

Figure 19: Outlines of the screw tightening for specified torque.

(6). Connect the RH connector by rotating the jig slider handle while supporting the gripper
with the manipulator. Next, using the torque multiplier (5:1) with the bolting tool,
tighten the M 10 captive bolt on the RH connector (torque: 37 N-m) to lock the RH
connector (outlined Fig. 20).
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(3).Connect the RH connector by rotate the jig slider handle with support the gripper by
manipulator. Next using the torque multiplier (5:1) with the bolting tool, screw the M10
captive bolt (torque : 37N- m) on the RH connector for locking the RH connector.
(outlined in Fig. 20).

Figure 20: Outlines of the RH connector assembling.

(7). Change the crane hook position to the lifting pintle for lifting the jig (outlined in Fig.
21).
(4).Change the crane hook position to the lifting Pintle for jig lift-up. (outlined in Fig. 21).

Lifting Pintle(for all compenent lift-up) Lifting Pintle(for JIG lift-up)
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Figure 21: Outlines of the Lifting jig disassembling.

(8). Using the torque multiplier (5:1) with the bolting tool, loosen the M10 captive bolt on
the slider stopper. The removal torque should be gradually increased from the
installation torque of 37 N-m. Next, grab the gripper with the manipulator and swing it
to remove the end of the jig slider from the lift pin (outlined Fig. 22).

(5).Using the torque multiplier (5:1) with the bolting tool, loosen the M10 captive bolt
(removal torque is gradually increased from the installation torque (37N-m)) on the
slider for stopper. Next, grab the gripper with the manipulator and swing it to remove the
end of jig slider from the lift pin. (outlined in Fig. 22).

igure 22: Outlines of the L'i‘t:ting jig disassemblg. |

(9). Using the torque multiplier (5:1) with the bolting tool, lift and remove the lifting jig by
loosening 4 of the M 12 captive bolts on the lifting jig. The removal torque should be
gradually increased from the installation torque of 60 N-m (outlined in Fig. 23).

(6).Using the Torque multiplier (5:1) with the bolting tool, lift and remove the Lifting jig by
loosen 4 of the M 12 captive bolts (bolt removal torque is gradually increased from the
installation torque (60N-m)) on the Lifting jig. (outlined in Fig. 23).
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Figure 23: Outlines of the Lifting jig removal.

(10). Using the torque multiplier (5:1) with the bolting tool, tighten six of the M12
captive bolts on the base plate to a torque of 60N -m (outlined in Fig. 24).

(7).Using the Torque multiplier (5:1) with the bolting tool, tighten 6 of the M12 captive bolts
(torque : 60N- m) on the base plate. (outlined in Fig. 24).

Figure 24: Outlines of screw tight the captive bolt on the base plate.

(11). Using the manipulators and the torque multiplier (5:1) with the bolting tool, insert
the gripper with the cable clamp into the DSM rough clearance slot and tighten two of
the M8 captive bolts to a torque of 25 N-m. The removal of the gripper is the reverse of
step (2) in section 1.

(8).Using the manipulators and the Torque multiplier (5:1) with the bolting tool, three of the
gripper with the cable clamp into the DSM rough clearance slot and tightening two of
the M8 captive bolt (torque : 25N-m). Gripper removal is the reverse of 1.(2). (outlined
in Fig. 25).
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Figure 25: Outlines of the cable clamp assembling.
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Remote Handling Tools

Tooling Function

Characteristics

[Generic tool] Overhead crane
with the lifting grab 250kg

Standard crane. The lifting grab 250kg were in the
[HANDLING LIFTING PINTLE 250KG ASSEMBLY#C
6BLXL] reference from ITER D 9PQS86C.

[Generic tool] Dexterous
manipulator

It is desirable to have a reaction force sensor.

Torque multiplier (5:1)

This tool can be used to achieve an output torque within the
range of 25 — 70 N-m. Fastened to the handle is a
Manipulator Gripper Block that incorporates an array of 3
Off — LED’s, these illuminating when the set torque is
achieved (No need the torque reaction features).

Set to 60 N-m, with hex tools for M12 install. Set to 37 N'm,
M10 install. Set to 25 N-m, M8 install.

The removal torque for all bolts is gradually increased from
the installation torque.

Use with the torque multiplier and alone.
Needs the generic tool stroke has 150 mm or more.

[Generic tool] Lights and
cameras

HCF to provide

[Generic tool] Cleaning tooling

Vacuum cleaner

Lifting JIG (detachable)

Specialised detachable the Lifting JIG for lifting the M1/M2
unit (outlined in figure 3).

Gripper assembly (detachable)

Specialised detachable components for handling the M1/M2
unit etc. (outlined in figure 3).

Outstanding Issues

Date issue Date issue
Issue of concern Name .
raised resolved
Disconnection and reconnection of the electrical E. Yatsuka | 17/12/2015 | 24/02/2025
cables in tight space
Alignment of pipes during re-welding E. Yatsuka | 17/12/2015 | Not valid
anymore

Consistency of welding tool and component E. Yatsuka | 17/12/2015 | Not valid
configuration in the DSM anymore
A method to avoid looseness of locking bolts is E. Yatsuka | 17/12/2015 | 18/06/2025
needed.
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ITER D SEQXLW, DA Design Description Document (DDD) 55.C2-Edge Thomson
Scattering.

ITER D SCAYX®6, Plant Definition Form — EPP 55.C2 in-port components.
ITER D CY2WS3, 55.C2_Remote Handling Mockup Test Report (Replacement of M1/M2).
ENOVIA #BUUJRA.

& AM A

ITER D 9PQ86C, PBS 23.06.CM - Generic Tooling Specification Sheet.
ITER D U2UY9P v3.0 - ITR-55.QA-EQ port 10 55.C2 ETS (Drawing).

Since the DDD contains many design descriptions up to the time of the PDR in 2016, major
revisions are expected by the time of the FDR.

The PDF is in revision required status. Minor corrections are expected.
The procedures outlined in this document is being documented in a mock-up test report.

The models described in this document are newer than those sent in DET-07815-H. The
models in ENOVIA need minor update.

Generic Tooling Specification Sheet v3.1 is approved.
The latest interface between ETS and EP 10 as of June 2025 is accommodated.
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