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Reactor)
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“THEHEBHHZ(ITER, International  Thermonuclear  Experimental
SEHEME 22 =7 F2 TER 2 XHEZE M (Ot 22 AHEF)
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ZAS 7|E05ld oW, LI 22 YR =82 FH2 = oLt

(1) EZ XHEE FAT HH| 74 S XM=}

(2) 27 XHEE FAT 8 (Hydraulic Pressure Test, Hot He Leak Test)

(3) ME HEHE X%} (Central Bolt ¥ Electrical Strap Insert, Locking Pin) % = 2

x|
=2 9l OIE (Spare)
G) ME HEHE ZE/AIME ST ME H 2=

2. Applicable Documents

(1) ITER Vacuum Hand Book (2EZ9UM)

(2) Low friction/Anti-seize Coating Specification for Blanket Applications (GKEM64)
(3) EN ISO 8752: Spring-type straight pins-Slotted, heavy duty

(4) Steel number 1.4980 (grade 660) bars for the BMCs (PS3ASG)

(5) Grade 660 for Blanket (FUMUHR)

7
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BIAE B AMMO| B7IE 2241 SFERTL MBoH AlEIIES VIR sto] [ 1. 8
AN R WA HAIE NS 7| Y PE SHOH0{0F SHCF 2 N5 AR THHO 7|5 AFYL
2 Aol 43S FEOH0I0F ST UHL 3.2 Hit 20| T

2 qTER 227 XHEZE FAT U MEZHZHE XNEPEY2 FAT Facility HEf, EXAM 2

ANELZHE 2, FAT =, M2 HEZHE (Central Bolt % Electrical Strap Inserts, Locking Pins)
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HMZF Sl MEof 2HE AF LUKH| (Central Bolt Insert 0| CH$H Low Friction Coating =3, ZAF &
o, 2E, 2 A ok), 2|10 7|EF HEH0| 2ett 2E FF7 ZeHECH SSXE FAT, ME
A+ O [e]

—
e, 2& Soil 2act 4F X2 S0 oieh 24 X M= MY S 7HECL =-A

- Quality Plan/Quality System
Description

- Detailed Work Schedule

- Risk Management Plan

- Detailed Design of the FAT
Facility

Haty KHE 2 ABH =H
(1) SSA XN ZS FAT =8 =H| - Detailed Design of the Handling
- EAAE and Support JIG
- FAT Facility M 9 AR - Detailed Design of the
Temporary Structure
- FAT Facility Commissioning Test =3 - Manufacturing Procedure of
- FAT AAAHE Temporary Structure
- Hydraulic Pressure Test
- FAT x|:]-E AI-k" AE-'Z” gcl X-” 7&||- Procedure
- FAT =% HXIA - Hot He Leak Test Procedure
L OME EE Q24 HAA - Inspection Protocols
' - Handling and Packaging
- FAT Temporary Structure Al 24 5! X & Procedure
- FAT Temporary Structure %+ 81 sjj & - Cleaning Procedure
N - Report on the Commissioning
- =8 XS5 FSP FAT Test
- S2EHA KNG EE FSPFAT 3 A1 E10A - Inspection Report

- Installation/Uninstallation
Procedure of Temporary
Structure

- Report on the Hydraulic pressure
test and Hot He leak test for SB

FSP
(2 S¥AXHEF 2HME FAT T _
oy I _ s - Report on Hydraulic pressure
- SEAXHEE 2HE FAT =Y test and Hot He leak test
- BUAKHEE ZHE FAT Y 2T BN - Inspection Report
) E’é," gl o] - Release Note
() ME HEHE X% FH| - Implementation Plan
— = " - General Assembly Drawin
- MEZARUE HE IS Y A B L Y A
- MEHmdE AE e

- Machining Procedure
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HdFUHE o] & Zut=
- MNE HAZUHE HE 9 A "X - Low Friction Coating Procedure
— " - Assembly/Disassembly
- ME AHZHE XEZIBFIHER 231 7|t
'1— o= |=|/°H ﬂ 2 ST H Procedure
- MNME ZHAZHE ZE/SHK EXEA - Confirmation of Materials
- AT AL EOIA Inspection

4 ME HxHE X

ME AEHE M

ME HAZHE ZE/SINE 3+ HZE
Central Bolt Insert = &

ANE ZHEZHE ZH

ol

% Q9T (Electrical Strap Insert,

=

(@]
Locking Pin and Spare) =%+ 5! QI

- Report on the Validation of Low
Friction Coating

- Report on the Assembly of Sub-
components

328972
“TER EZ XNHEE FAT % ME HZHE FNZE" 97|22 AAAMEREH AESHA
88 /& (7 & 4 )X 2 StCt S0 g S5 E 2 of2fet 2ot
T Faug 0S¢
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o
Supplier Process =22 XHH &5 Full Scale Prototype& FAT A 2018.12.31
Qualification Approved ME ZZHE HZ& 9 X2 ¢tz —
Completion of _
Manufacturing, Inspection | 222 XAHEE 22X FAT X ME HZHE K% 2025.02.28
and Factory Acceptance ol x2| otz o
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- ME HEHE XN 20 oot B2 2k
« M2 HAZHE warranty 7|2t
« M2 HZHE Engineering Support 7|2t
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- ITER 22 XHZ=2 & 220 Modules EM, 3%7(} ZETER &

Nk
A7[E T}
* Maximum Length : 1327 mm
*  Maximum Width : 1736 mm
* Maximum Thickness : 689 mm
+  Maximum Weight : oF 5 ton
- 38XH= 2 709 Full-scale Prototype I 220 72| EX|Z0] Cist Al&S 7|stLfjof &= %
2 JAZE X0k 2 7| 0| 42| Hot He Leak Test Facility & T+%510{Of Sl X2t =HS
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= Temporary Structure 2| Z%f 8l S§¥|E ¢lot XM E st

UCH EDH SSAtE
LFAe| 5012 S350 Of SO,

- FAT =¥ H, S5At= X E ME X7 €dsts 2 ITER =AU XHESO Cist
HEUEMEHE, 8 2219 X+ 82 td H4E ZINME /59| &, ZEH/2S53H0{of
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12! 1. Temporary Structure for FAT (Example)
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= ” Manufacturing Requirement for ITER Blanket Shield Block”0fl B A|%|0f

7|2 ArY g 7| =0 w2k 28 2 off LIEHH M E HEHE (Central Bolt Insert, Electrical

Strap Insert ¥ Locking Pin)S M| Z+&} 0 Of S,
1

30 OH
rir oh
Ral

Ir

I
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N

I

ME AZHE HMZEs 2ot =HF ME 7, orefol] 7150 A= M7/
s

1. % 30 LIEFH HEQF ZH0| Central Bolt 3! Electrical Strap Insert 2| Internal Thread 0l =
H*XIE %/t Spiralock Thread 7HH3EIO10F SO 2 A= 7|2 AN R T8t

-

& 35l= Spiralock Thread 7t 7|&& &2 5}0{OF StCt,

2. Central Bolt Insert 2| Internal Thread Ol = Low Friction Coating & <504 OF $tC},
S2AtE 7IEAMFA  “Low friction/Anti-seize Coating Specification for Blanket
Applications (IDM_GKEM64)"2| &= TIESt= Low Friction Coating &
LSt 7| Ao o] 22k Of 20 TS RS SH0 OfF BHC}. Low Friction Coating 2
7MLl HEO| /AS = A2, O|0f TSI SEXAts H=H 22 FXSH0Of oLt

3. SRANHESEL HT 7S 2, S MY 50| ME HEZHES S AL =Z0
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NEotr &FXp 8L 10-CT 2| 25 Sot0{0f otCh = S0 7HEE =8 & i
STE LFAO|A K=&/ 0fof ot

FWES Inserts —
1per FWto SBES

~] lns:n ) (2 per SB)

=l

(a) Central Bolt Insert (b) Locking Pin  (c) Electrical Strap Insert
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™

l—f_’
Wedge ramp Spiralock
female thread

13 3 Sprialock System
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- 3XE MR 7|eNe 23S EC|Z Low Friction Coating 7| £ AMY-2 BHE3St= Coating X

A Facility & +=35}+0{OF $HCL,

- ME #HmEHEC MAE 10-CT o MYsio| YO0, BIRE WEXTL MBS ME
Z1 9 E 9| 3D CATIA Model & 2D General Assembly Drawing = £ 15}0] X2t d & HES
T 32 XHE 3D CATIA Model & 2D General Assembly Drawing & 245t 23Xt 2 |O-
CT 2| &0l S5d10{0t ottt SaA= 5¢010| dt=E S=XE 2D General Assembly
Drawing & £ 2 50| X 20 2ot &AM MELEHS XdSH0{OF ot Lok X &l A
M Ol CHSHY HFEALS| 5018 St 20| X2 2 2450 0f 2Tt T, Locking Pin &
Spring Type 2| Pin 2 X251 0{0F 5tH, &FXte| HE 20| gi= o 1SO 8752 “Spring-type
straight pins-Slotted, heavy duty”S ECHZ M| &tk|OfOF SHC,

- Seits ®20 7|50 U= HieF 20| 2 80 2= ME HEHE (Central Bolt
% Electrical Strap Insert, Locking Pin) % Spare € M| &6, 23X} 8L 10-CT Of 25 £
S}0]0F BHC}.

H 2. Number of sub-components for ITER blanket shield block
Material Numbers Spares Total
Central Bolt Insert (CBI) Steel 1.4980 220 242
Locking Pins for CBI Grade 660 440 10% 484
Electrical Strap Insert (ESI) Steel 1.4980 440 10% 484
Locking Pins for ESBI Grade 660 880 968

- ME HEZHEQ| MEHE 2|3t Steel 1.4980 3! Grade 660 X7t S2E 0|™HO|H, SFAt=
Mol Z=E LFO| tisto] EFAtet gol 5o HEY = ULt Seits YFAZEE
HSE2 a0 tiet AAMSHME S0 axje ATdE =2 = X d+=eME
ZJ5t0foF St MR Al F7H Al S 27T & AUCL 20 e EFAQ ofE 273
O|LHO|| 2t=3t0jOf StH, A% == O] & LMkl= ZE FHT A2 SSAt2 MY 510
ZX| | OfOF Bt

5814
Suits 2 7l AEM0 7eE 742 =8O 1ITER =2 A NHEE FAT L ME HEHE
Mz 8995 sl OoF ShLt.
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=Y 1. Specification of Factory Acceptance Test for ITER Blanket Shield Block

1. Hydraulic Pressure Test

The hydraulic pressure test shall be carried out on each final SB, including the full-scale
prototype, after the completion of the manufacturing process.

The hydraulic pressure test shall be performed in accordance with the general rules stated in
the EN13445-5, Unfired Pressure Vessels - Part 5: Inspection and testing, chapter 10.2.3.

The test procedure is the following:

* The test pressure shall be 7.15 +0.2 MPa.

» The test pressure shall be kept for not less than 30 minutes.

* The test temperature shall be room temperature.
The fluid used for the test shall be demineralised water. The level of purity shall be such that
to ensure the absence of solid deposits in the component after the water removal.

The acceptance criteria are:
* No visible water leaks
* No appreciable variation of the test pressure within the tolerance range of +0.2 MPa

The demonstration of meeting this acceptance criterion represents a Hold Point.

2. Hot He Leak Test

This hot He leak test shall be performed once only (subject to acceptable results) on each final
component, including the full-scale prototype. The test shall be performed after the hydraulic
pressure test. In order to ensure dryness, after the hydraulic pressure test, the component shall
be drained and subsequently baked at 200-250°C for a minimum of 24 hours until the
component cooling channel is dry. The hot He leak testing shall be performed in accordance
with 10-DA accepted procedures. The outline procedure described hereinafter shall be used as
a basis for the development of the detailed procedures. Detailed guidance on helium leak testing
can be found in the ITER Vacuum Handbook (2EZ9UM v2.3) Appendix 12. The demonstration
of meeting the stated acceptance criteria represents a Hold Point.

Acceptance criteria
Phase Note: Acceptance Leak Rate in Pam?®/s

air equivalent
Vacuum level in the vacuum chamber:
<1x 101 Pa (1 x 102 mbar)

Sensitivity of the He detector: better than
4 x 10 Pa m¥/s (4 x 10-1° mbar I/s)
Check the leak tightness of the vacuum chamber | Max leak rate:

by He spraying. 1 x 1019 Pa m3/s (1 x 10° mbar I/s)

(1) Installation of the component into the vacuum
chamber. Creating the vacuum in the chamber.




(&> KOREA DOMESTIC AGENCY

Technical Specification
for Factory Acceptance Test of Shield Block
and Procurement of Sub-Components

Doc. No. | IT-PD-401-17/00014
Rev. No. 1.1
Date 30 Aug. 17
Page 19 Of 20

Phase

Acceptance criteria
Note: Acceptance Leak Rate in Pam?3/s
air equivalent

(2) Leak test of the component at
temperature.

room

Pressurisation at Pwest by means of He gas, at
room temperature, of the water cooling circuit of
the component.

Ptest = Pdesign =5 £ 0.2 MPa

Pressure shall be increased at a rate of about 1
MPa/5 min and kept at Pst for 15 min.

Analyse the gas pumped from the vacuum
chamber by He spectrometer during the whole
duration of this phase.

Then, depressurise the component.

Vacuum level in the vacuum chamber:
<1x 101 Pa (1 x 102 mbar)

Sensitivity of the He detector: better than
4 x 101 Pa m¥/s (4 x 101° mbar I/s)

Max leak rate:

1 x 1019 Pa m3/s (1 x 10° mbar I/s)

Vacuum level in the water cooling circuit:
Atmospheric pressure

(3) Heating the component at 250 +20 °C.

Check that the component has reached the
temperature in the prescribed range.

Check the leak tightness of the vacuum chamber
by He spraying.

Proceed with hot outgassing if necessary.

Vacuum level in the vacuum chamber:
<3x 10! Pa (3 x 10 mbar)

Sensitivity of the He detector: better than
1 x 1019 Pa m3/s (1 x 10° mbar I/s)

Max leak rate:

1 x 1019 Pa m3/s (1 x 10° mbar I/s)

(4) Pressurisation at Poperation by means of He gas,
at a temperature of 250 +20 °C, of the water
cooling circuit of the component.

Poperation = 4.2 £ 0.2 MPa

Pressure shall be increased at a rate of about 1
MPa/5 min and kept at Poperation for 15 min.

Analyse the gas pumped from the vacuum
chamber by He spectrometer during the whole
duration of this phase.

Then, depressurise the component.

Vacuum level in the vacuum chamber:
<3 x 101 Pa (3 x 10 mbar), stable.

Sensitivity of the He detector: better than
1 x 1019 Pa m3/s (1 x 10° mbar I/s)

Max leak rate:

1 x 1019 Pa m3/s (1 x 10° mbar I/s)

Vacuum level in the water cooling circuit:

Atmospheric pressure

(5) Decrease of the temperature of the component
down to less than 80 °C.

Vacuum level in the vacuum chamber:
<1x 10?1 Pa (1 x 10" mbar)
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Acceptance criteria
Phase Note: Acceptance Leak Rate in Pam?3/s

air equivalent

Sensitivity of the He detector: better than
Repeat phase (2) without the leak test of the | 4 x 1011 Pa m3/s (4 x 10-1° mbar I/s)
component at room temperature. Max leak rate:

1 x 1019 Pa m3/s (1 x 10° mbar I/s)

(6) Repeat phase (3), then phase (4), then phase
(5).

See above

(7) Final He leak test at room temperature

Pressurisation at Pwst by means of He gas, at | Vacuum level in the vacuum chamber:
room temperature, of the water cooling circuit of | _ 1x 10" Pa (1 x 10 mbar)
the component.

Ptest = Pdesign =5 £ 0.2 MPa

Pressure shall be increased at a rate of about 1
MPa/5 min and kept at Prest for 15 min.

Two pressure cycles from P= 1 x 10! Pa to P=
Prest Sensitivity of the He detector: better than

4 x 101 Pa m3/s (4 x 10-2° mbar I/s)

Analyse the gas pumped from the vacuum | pax leak rate:

chamber by He spectrometer during the whole
duration of this phase. 1 x 10 Pa m¥s (1 x 10 mbar I/s)

Then, depressurise the component.

3. Packaging of the SBs and Delivery

The SBs shall be properly packed, in accordance with the ITER Vacuum Handbook Section 29,
in order to prevent any kind of damages and to limit the spread of contamination onto vacuum
facing surfaces.

The SBs shall be “double bagged” in sealed transparent envelopes in a dry atmosphere or inert
gas or under vacuum.

The SB shall be properly mounted into the handling and support jig, which is in turn fixed inside
a wooden box. This box shall be rigid enough in order not to deform appreciably under the
component weight and should be possible to re-close it. The supports have to avoid extra
loading on the components due to sudden movements or accidental drop, in this respect a shock
absorbing material shall be used.

The SBs shall be enclosed just after the ultra-vacuum treatments in a sealed envelope in dry
atmosphere or under vacuum. Tube ends shall be closed and tightly sealed with suitable non-
metallic covers or plugs.
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= ¢ 2. Manufacturing Requirement for ITER Blanket Shield Block

1. General Requirements

Before manufacturing can start, the general assembly drawings for manufacturing shall be
accepted in writing by 10-DA (Hold Point).

A detailed description of all the manufacturing processes shall also be accepted by 10-DA in
writing. The acceptance of the specifications for all the manufacturing steps and their
gualification procedures represents a Hold Point.

Acceptance of 10-DA for the manufacturing process is only aimed at checking whether the
supplier’s proposal is ITER relevant and whether it is consistent with the requirements of the
SB. The supplier has the sole responsibility in the success or failure of the proposed
manufacturing process.

Other equivalent national or international standards than those mentioned in this contract may
be acceptable with prior written 10-DA’s approval. This approval is subject to the submission of
evidence that the alternative standard is equivalent to the proposed one.

The SBs shall be compatible with an operation in an ultra-vacuum environment. After the final
cleaning procedure, they shall be handled with care and using appropriate gloves and
procedures.

Elements with high vapour pressure, e.g. zinc or cadmium, are not allowed as brazing/filler
materials, nor those which form the same elements by neutron transmutation, such as silver or
gold.

Unless otherwise specified in the 2D drawings, the finishing of all the external metallic surfaces
should be Ra = 6.3 um (ISO N9) or finer except when non-destructive examinations require
better values.

Unless otherwise specified in the 2D drawings, the finishing of all the internal metallic surfaces
(including the drilled holes) should be approx. Ra = 6.3 um (ISO N9) or finer except when non-
destructive examinations require better values.

Unless otherwise specified in the 2D drawings, all the dimensions shall satisfy the tolerance
Class “c” of ISO 2768-1 and tolerance Class “L” of ISO 2768-2.

Heat treatments, which can lead to sensitization of the stainless steels, are not allowed.
Through-wall welding (i.e. “transparent welding”) is not allowed.

Welded joints with permanent backing or extra non-fused lid are not allowed.
The crossing of weld lines assembling the various parts of the steel structure is not authorised.
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2. Manufacturing of Inserts with Self-Locking Feature

Bolt self-locking technology (e.g. Spiralock®) shall be applied to bolting fasteners for the
electrical straps and FW central bolt. A self-locking system different from Spiralock® could be
proposed but would need to be accepted by I0-DA before implementation. The self-locking
thread configuration shall be applied to the female thread of the Steel 1.4980 insert which shall
in turn be secured into the SB using approved installation instructions and locking features — to
be agreed with IO-DA. The self-locking inserts shall utilise a Low Friction Coating (LFC) on the

internal female thread form so that torque values can be minimized.

The LFC shall be applied only on the internal female thread of the FW central bolt insert.




