Rad-hard Normal Magnets and
their Semi-Quick Handling

Kazuhiro TANAKA

for Erina Hirose &
Neutrino Beam Construction Team



Ms. Erina Hirose was In the cervical

vertebrae hernia at NBl12005.

Operation was
on July 7t 2005.
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Now she recovered completely.....




With her new family member.




JPARC-neutrino BL

Preparation section

(ctrl’ ed loss by collimator)
0.75kW (0.1%)

Final Focusing section
0.25kW (0.03%)
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Summary of the J-PARC v beam line warm magnets

Optical Voot i [Length Magnet Outward form[mn] 50GeV Operation 40GeV Operation Weight
No. |name type Gap [mm] (new) . lgield Gap [mm] Current|Voltage| Power [Currnt|Voltage| Power
Gap | width [om] | Gap [width| W H L [A] (vl | kWl | [AT [ VI | [kW) |[ton]

1 | PH1 [6c212mic| 48 | 134 [ 1.000 | 600 | 90 [ 300 | 900 | 800 | 650 [ 2,000 [ 38 | 75 [1,600] 30 | 48 | 8
o | pr2 [ecziawrc| 63 | 176 | 1.000 | 600 | 90 | 300 [ 900 | 800 | 650 | 2,000 38 | 75 [1,600] 30 | 48 | 8
3 | par | @aeomrc | TP o910 [3, 000 200 1,280 (1,280 (3,500 | 2,003 | 258 | 539 |1,674| 206 | 345 | 40
4 | P2 [ azeomrc | 2P o840 [3,000( 150 1,280 (1,280 (3,500 1,680 | 204 | 342 |1,344| 163 | 219 | 27
5 |po1| sp3eo | 134 | 150 | 1.898 [3,000| 150 | 400 [1,400] 700 [3,500] 2,372 | 166 | 394 [1,898| 133 | 252 | 27
6 |pp2| sp260 | 101 | 160 | 1.898 [3,000| 100 | 400 [1,400| 700 [3,500] 2,372 | 133 | 315 [1,808| 106 | 202 | 25
7 | pvi |sp320mrc| 128 | 60 | 1.000 [1,000| 150 | 250 |1, 100] 600 [1,400| 1,000 | 57 | 57 [ 80 | 46 | 37 | 9
8 [Pa3| @330 [ 27UP2C |o.910 {2,000 150 1,280 (1,280 (2,350 1,547 | 93 | 143 |1,238| 74 | 92 | 7
9 [pvz| 6p320 | 98 | 113 | 1.000 [1,000| 150 | 300 |1,100] 600 [1,500| 1,471 | 50 | 74 [1,176] 40 | 47 | 10
10 [Paa | a3e0 | 7P [ 0.863 3,000 150 1,280 (1,280 (3,500 1,205 | 153 | 198 [1,036| 122 | 127 | 22
11 [Pu3 | 70220 | 48 [ 134 [ 1.000 [1,000( 100 | 300 |1,200{ 600 [1,400] 850 | 57 | 48 | eso | 46 | 31 | 10
12 [P5 | Q240 | TP {0,780 [2,000 100 1,280 (1,280 2,350 1,560 | 87 | 135 |1,248] 690 | 86 | 18
PP Total 2, 396 1,533

13 [ Fr| azeo | NP9 | 0.430 3,000] 100 1,200 1,200({3,000 860 | 65 | 55 | 688 | 52 | 36 | 43
14 [ru1 | ep220 | 56 [ 80 [ 1.000 {1,000] 100 | 300 [1,000{ 440 [1,400] 850 | 57 | 49 | eso | 46 | 31 [ 6
15 [rn2 | ep220 | 82 [ 74 [ 1.000 [1,000] 100 | 300 |1,200{ 600 [1,400] 850 | 57 | 49 | eso | 46 | 31 | 10
16 [Fv2 | 6p320 | 143 [ 93 [ 1.000 [1,000] 160 | 300 |1,100{ 600 1,500 50 36

17 [ra2 | aze0 | 7P [ 0.923 {3,000 150 1,280 1,280 (2,500 | 1,385 | 164 | 227 |1,108| 131 | 145 | 22
18 [ra3 | ase0 | OUPTC [ 0.923 {3,000 150 1,280 (1,280 (2,500 | 1,385 | 164 | 227 |1,108| 131 | 145 | 22
19 [ru2 | 6pazo | 166 | 98 | 1.000 [1,000] 200 | 300 [1,100] 600 {1,500] 1,250 | 88 | 109 |1,000] 70 | 70 | 10
20 | vp1 | op2s0 | 102 | 181 | 1.896 [2,500] 150 | 300 | 600 [1,200]2,900] 2,370 | 117 [ 276 [1,806| 93 | 177 | 21
21 | FQa | Q330 | 98 0.780 [ 1,500 150 1,280 1,280 (2,350 1,326 [ 79 | 105 [1,061] 63 | 67 | 7
22 [ vp2 | op270 | 102 | 209 | 2.160 [3,500] 150 | 300 | 600 [1,200]4,400] 2,700 | 168 [ 455 [2,160| 135 | 201 | 32
FF Total 1, 602 1,029
Total 3, 998 2, 562




Rad-Hard Magnets

e Polyimide insulation up to 108 Gy
* Mineral Insulation Cable up to 1011 Gy



Tensile strength [MPa]
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Polyimide Insulation

[ Initial value (Zero Gy)

[ Glass / Polyimide
s 12GeV Protons

10" 10* 10® 10° 10*10° 10" 10" 10" 10"

Absorbed dose [Gy]

Tensile strength of a cured BT resin

reinforced by Boron Free Glass Cloth.
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 Typical magnets for
JPARC-nu beam line
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Q460

Insulator Polyimide~108Gy

M Bore diameter 20cm

Current 2500A

Weight 32ton

Voltage ~160V

Length 3m




Mineral

Insulator
12O I I t
_ (Mg0) nsulation
Concductor
(OFC) Cable
Hollow
| |
B
J.;.%
Nomiral Cutrent (A) 2000 2500 3000 1000*% 2000%
Dimmensions (mimn)
A: Outward Size 2000 238 280 18.0 14.0
B: Insulator Size 18.0 21.6 250 16.6 126
C: Conductor Size 146 18.0 200 13.2 0.2
D: Hollow Size 74 100 100 - --
Cross Section (mmz)
Conductor 1509 211.7 2031 1684 788
Insulator 1177 153.2 227.4 106.6 794
Seath 734 9573 1506 478 366

* indicates Solid Conductor MICs. No hollow 1s in Cu conductor.
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Radiation resistant magnet for J—-PARC (Q440MIC)



Semi-Quick Hadling

Quick Handling as a Beam Line System
Maintenance Scenario - First

Actual Technology R&D - Second
— Water disconnection

— Electricity disconnection

— Vacuum disconnection

— Magnet lifting

— Radiation hard magnet

Real Construction - Third



Preparation section

~ «20ton Crane x 2  *Pit for neutrino utility line

~ «Crane Lift: 3.5m Pit for 50GeV utility line

*50cm Concrete Shield

Temporary Storage Area
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Status:
June 2006

s

P

A 55

!
N
-
—~
&
=
=

Preparation Section of the Neutrino Beam Line




Cross sectional view of Hadron-SY & Neutrino
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Slow Extraction Beam Line (Phase |)

NP-HALL
56m(L) X 60m(W)

>0-Gev PS Switch Yard A-Line
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0.5% Loss 750kW



Semi-Quick Hadling

Radiation Dose? How much?
Quick Handling as a Beam Line System
Maintenance Scenario - First

Actual Technology R&D - Second
— Water disconnection

— Electricity disconnection

— Vacuum disconnection

— Magnet lifting

— Radiation hard magnet

Real Construction - Third



ReS|duaI Dose (SY) 30Days Operation/1Day Cooling

1Y ear Operation/Half Y ear Cooling
Phasel phy MARS15
Concrete Wal

330 uSv/h ON HAND MAINTENANCE or

110 uSv/h Semi Remote Maintenance
Concrete Floc

60uSvih

270 uSv/h
Al foil 100um

Beam

\

B
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B 4\%%%W%%%£W%

Concrete
230 uSv/h Collimator Al Duct Collimator 11
84 uSv/h  Concrete 5.4mSv/h 29 msv/h 3.1 mSvih 500 Sv/h Water Pipe (SUS)
40 uSv/h 14mSv/h 240uSvih 800 uSv/h 2epyusy/h 72 uSvih
16 uSvin SUS Duct 26 uSvih
64 mSv/h

Working Limit<500 uSv 22 mSv/h




ReSidual Dose (SY 30Days Operation/1Day Cooling

1Y ear Operation/Half Y ear Cooling

Concrete Wa Phase2 py MARS15

2.4 mSv/h

770 uSv/h SEMI REMOTE MAINTENANCE or
Concrete Floo

Full Remote Maintenance
6.4 mSv/h

2.2 mSvih .

2% loss target

T~

Beam

B
SN

Concrete  — z \J%//Kz/////ﬁ%////////// 7
oncre

7.2 mSv/h

Collimator Al Duct Collimator

gll
2.6 mSv/h  Concrete 140 mSv/h 540 mSv/h 94 mSv/h 13 may/h Water Pipe (SUS)
12mSv/h 36mSv/h  80mSv/h 24mSvih g4 msy/h 2.8 mSv/h
450 uSv/h SUS Duct 970 uSv/h
790 mSv/h

Working Limit<500 uSv

280 mSv/h




Residual Dose (T1) Ve opaontar ver coning
Concrete » DY VAT . Water Pipe (SUS)
68 uSv/h //////// . M 400 uSv/h

27 uSv/h Service Space 140 SV
Soncrete 77 T 7 Vacuum Duct
owom Lok, L J susazam

0 rr:i\)/r/,h /://v o 57 mGuh
o 2TmSvh —hih Al é.gos?/n/glvm
T1 Vessel , ‘ _ v 110 mSv/h
2.2 Sv/h - 49 mSv/h
e WW W/W < Collimator
710 mSv/h

T1 Body Vacuum Seal Collimator Iron Base K1.8D1 K1.8Q1 420 mSv/h
650 Sv/h 30 Sv/h 380 mSv/h 560 mSv/h 530 mSv/h 62 mSv/h
230 Sv/h 11 Sv/h 100 mSv/h 210 mSv/h 270 mSv/h 33 mSv/h



Status:
June 2006




Status: June 2006
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Magnet Setup Started in the SY



Automated magnet
lifting for 20 ton load

Corner fitting



guideboard

& gl‘J‘ideboard.—w 1

- Quick alignment guide
Mechanical support with
pivots and guideboards
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Quick alignment guide
Magnet with hitting boards §



... Status: June 2006

‘ e — iﬁQuick alignment guide

Magnet with hitting boards




June 2006
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Completed QCZI\/IIC Magnet
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Remote Handling 3
Metal sealed lever coupler

Normal operation with 2MPa

Normal operation temperature 15~80 C
Two inch. Diameter F 3
Cu-ring annealing @750°C
Deficit depth > 0.2mm




Remote Handling
Quick connection
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KEK Pillow Seal (Yamanoi, 1990)

Pressure

‘ )
:|E::;Thtn fotl

b i
N
bellows
3 — ( 2

(11

— —
J
|
VY KEK 1 2GeV-PS Jth v Z—ik—b
lefeantIal K6 E\“—Aﬁ/( :/"C:\&i):ll_‘ﬁton“_“‘/“_‘ﬂ/%)
Pumpins DM (199 0 4 4 A ®F)

FUNDAMENTAL OF STRUCTURE First Product in 1990 by Yamanoi.



F M &Rmax [um]

7\ =
mfiXRat  —7 &
B A¥ 755808304, 02t
0.09
0.08 | 2B 774 NEE
BA StMERESLH: -
0.07 | EP @ MRAFEE120sec
006 F MCP A bht i
' Ra=22.1nm
0.05 Ra=13.9nm
0.04 |
0.03 Ra=3.83nm
0.02 |
0.01 | .
]

0.00

2B-#%-3 BA-#-3 2B-EP-2 BA-EP-2 2B-MCP-1BA-MCP-1

N5 D]

BAMMCP: IS
Q/L=4.4x 1097 Pa:
m3/sec/m




Present Status!

- REBMERE (XA v 7 T AFEHMCPULER)
—E\BXAY 7T A () X, £5.0x1079 Pa-md/sec/m
“HEHAAYT7 T A (F) X, £34x107% Pa-m3/sec/m

c XA T T AR ERETZ LT, M7 7 OERO2mmMARINH KD &I &
EERY
—0.3MPaClEiE S £0.35mm. 0.45MPa0.45mm
& 2310mmlL_ERELR 2 D ~— X ) & O EE 130.6mmLL _E
(B3R D DITHI0.14mMmMOD R E L7 )



KEK Radial Seal

(patent requesting, Yamanol)
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Radial Seal
Photos
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® Product of Jan. 1990

® X X )LHhZE - OV 7 (#488.4mm, KEK310) % fif
H

® S EMERE (8x 1019 Pa-m3/sec)

® U7 —F—OlkE BlEELZER L TITA D

® RENIEOBEIE (80mm) 2L

® OV v VHEMENMESI DEAE DG -0k BES S EL



Summary

 We completed the design of the most normal
conducting magnets of PP/FF section, and PP
magnets are now under fabrication!

« Each tool for quick handling has been established.

— 2 Automatic sling
apparatuses for 20ton and
40ton

— A quick alignment guide
with hit plates

— DC Power connectors up
to 3000A

— Metal sealed lever coupler
for water cisconnection

— Some Vacuum Couplings




Small Tips for RR Magnets



Completely Mineral
Thermo Switch
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Full Metal
Pressure Switch

PRESSURE RANGE |

N0. 308 | NS

EHhRA 5
TITLE PRESSURE SWITCH
Bt E
Tvee O PM-$03-SH-KEK
EHREE

Set point
ON 0-40 MPa
OFF0-35"  WPa

e LN
Persan in charge




Ceramic Micro Switches

T T Z SiRAERAAL vTF
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Q400 C O EIR THEE LI-EEN RIHE,




Full Metal Valve

HF3(M3)-DK3(M2)-TM

" X9Y=bil=bI\IT

70-7429*51L(1WAY) WHF3(M3R)+HF3(M3M)-HF3(M3H)
FSZEU AT I(2WAY) BDK3(M2)
FSZAVA5I(2WAY EigR)ETMM « TVH

HISAKA WORKS, LTD.



GRAFOIL for

Water Seal

GRAFOIL

Flexible Graphite

TOMOE Engineering Co.Ltd.



Ceramic Insulation Tube

HEMRSL . XEHEPE
TRl F— 0 SR AR I R

CESEUIMARSAXITFLLERAL
HAKMEDEMEBRDTLET,

cENRERAMTEURLTLET,

- fEhi-EME. HENRtERLET.

- MEE RHHARR/ 1 7,
aEk, HABESORR.

cHMEE: 110 '°Pa rmrs

(B AUDSLY—STFH48)
-HEE: TE

(% KEMET 1 9MEmn)
- #REHR - 1000NQ

(Ft ®B-%E DC1,000VEHM
WML : 350°C (AENE1 5°C/FETF)
- HHEHEE: 100MGy ELE

OF -3 FILEFESESwy
‘i @ R4 F C1020 (MERE
@ ARY—T Fe—Ni (Nisho=f)

) —X% 184 TE HEE kL3
TTS = 10 = 02 = Ti
(¢ 10) (Dc2,000V) (FH L EESSH
o mE MI L MEMTE3LR) 8 | #ME OR on
Group tallurdical [ ENF compatible
cC1020 (MBEEFEE) /4 TESUSHA T No. category (volt) couples
%ﬁiﬁﬁiimmm HED o L=t
-7 « MI L nickel plating
MEMT=5eR| THRELTLET, &F 4 |titanium 0.16 f’ %
5 [copper ©020|e e o
silver solder *
- [ vel low brasses —0.725 * * * |

s WEK, HRAIZREMOENLOESHERCEEL,
- EEABTCOEASAIBES. 53 v/ LOBECEFORBIERETHIRELET.
- EHmLLRTEDYET.

BIFRBETEF T2 (#) TEL : 0294-23-2600 Email : eigyouBharaden. hitachi. co. jp
BB AR FAX : 0294-23-1350 R—AaA—3> : http://www. haraden. co. jp

2001. 4 CTLG




MIC

[OD T3
. Ooc Z T2 m[e] T2
e OB 9 | 5 T I1
oA . OA
H+ # CETEF PEEAT
c MIHC- | MIHC- | MIHC- | MIHC- | MIHC-
Taom) 1000AS | 2000A-S | 2000A-H | 2500A-H | 3000A-H
@ E A 14.0 18.0 19.8 238 28.0
—= BME T1 0.7 0.7 1.0 1.1 1.5
R R1 1.2 1.2 2.0 3.0 4.0
mR  R2| 08 0.8 1.0 1.9 25
2 S B 12.6 16.6 17.8 21.6 25.0
{ral—4 HNE T2 1.7 1.7 b 1.8 2.5
@ 5 E c 9.2 13.2 14.4 18 20.0
Wik HE D - - 10.0 10 10.0
BNE T3 - — 99 4.0 5.0
R R3] 26 2.6 2.5 4.0 3.0
MR R4 — — 0.8 1.3 1.0
BRI ) -2 36.6 47.8 72.6 95.3 150.6
(mm?) @ {¥vaL-4 79.4 106.6 114.0 153.2 227.4
@ Wik 78.8 168.4 101.4 208.8 293.1
& B 194.8 322.8 288.1 457.3 671.1
| hEESREFmEM (mm®) = - 99.5 98.5 99.1
BE @O 2 0.327 0.427 0.649 0.852 1.347
(kg/m) @ {¥ial—4 0.187 0.250 0.268 0.360 0.534
@ Wk 0.705 1.506 0.907 1.867 2.621
= 1.218 2.183 1.824 3.078 4.502
HETHERSE (m) 60 60 60 60 30
2 & #® T ' 5 x PR BE | #ABE
ah i - B R (Hvikg) | (%,20°C)
@ == Cc1220—0 Cu 99.90%ELE | 40~50 -
@ A>ial—4% MgO MgO 98.0%kl Lt - -
Wk Cc1020—0 Cu_ 99.96%Llt | 40~50 | 100LL E
3. MAEE sEe1800REOE T
HIMIC)(E, XEHEE BIALF—IEEH RSN - F—F U BLOXFMAERTT

HiiE@kas4t

THTIR BRiEs

TEL:0298-26-7426 FAX:0298-23-2442
FAX:0294-22-3049

FIFEE HEEREIR  TEL:0294-24-4821



Swagelok ~1 inch can be a RR quick Water connector

Swagelok

Nut

TUTTTTLLL AT ur
i
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The First Magnet Transfer to
Switch Yard on March 20t
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