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HITACHI HOLLOW CONDUCTOR

TYPE-7

EREEE T D20 (B

o) O

DIMENSIONS

Length

i Area Weight Packing
HITACHI-NO TT = 1 = = (m?) | {kg/gm} | {Ra;::?ml i
H-750 . 65 27 19 3 3,649 325 2.3 Straight
H-761 60.4 31.75 14.3 3 2,851 25.4 9.3 Straight
H-762 50.8 27 11.9 3 2,005 17.8 3-4 Straight
H-773 40 20 10 3 1,278 11.4 4.5 Straight
H-934 46 22 12 4.5 1,719 15.4 4.5 Straight
H-7018 16 7 4.5 15 215.6 1.93 55 Coil
0-750 7.5 4.5 15 0.8 39.8 0.354 40 Coil
0-890 24 16 4 2 372 3.31 21 Coil
0-932 11 6 2.5 1 91.8 0.82 15 Coil
0-938 9 6 15 0.5 52.5 0.467 65 Coil
0-963 16 10 3 1 176.6 1.57 57 Coil
0-098 20.1 12 4.05 2 287.6 2.56 25 Coil
0-999 10.8 7 1.9 1 773 0.69 103 Coil
0-1013 6 4 1 1 22.6 0.202 30 Coil
0-1050 135 8 2.75 1 131 1.17 30 Coil
0-1059 8.5 4.5 2 15 54.4 0.484 80 Coil
0-1060 8.5 4 2.25 15 57.7 0.513 75 Coil
0-1063 13 7 3 3 122.8 1.093 25 Coil
0-1116 20 14 3 1 245.2 2.19 6-8 Straight
0-1128 38 26 6 2 884.4 7.91 6-8 Straight
0-1141 125 7 2.75 1 116.9 1.045 60 Coil
0-1143 14.9 6 4.45 2 190.3 1.70 21 Coil
0-1148 30 22 4 2 496.5 4.44 6-8 Straight
0-1173 8.5 5 1.75 15 50.7 0.453 80 Coil
0-1199 50 30 10 3 707 14.7 35 Straight
0-1221 15 7.5 3.75 15 178.9 1.60 42 Coil
0-1226 25 13 6 1 491.4 4.39 6-8 Straight
0-1255 6.4 3.2 1.6 0.6 32.6 0.291 95 Coil
0-1257 11.86 6.985 2.44 1.52 100.4 0.897 40 Coil

Tolerance: A, D:
Y

1% of dimension A, D (Max. +0.6 mm, Min. +0.1 mm)
10% of dimension T (Max. +0.6 mm, Min. +0.1 mm)
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HITACHI HOLLOW CONDUCTOR

TYPE-1

DHE (ER .%):fa
-

DIMENSIONS . Length .
HITACHI-NO e ot (Random) P
A D T R 2 (m)
0-963 16 |10 3 | 1 | 1766 | 157 57 | Coil
60mTTHE
01060 | 135 8 275 | 1 | 18 | 147 30 Coil
60mFI&E
0-1141 125 | 7 275 | 1 116.9 |  1.045 60 | Coil

Tolerance: A, D: 1% of dimension A, D (Max. +0.6 mm, Min. +0.1 mm)
T: 10% of dimension T (Max. +0.6 mm, Min. +0.1 mm)
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« O—963 (16mm#A)
92m. 15.2V(1500A). 22.7kW

« O—1050 (13.5mm#A)
52m. 11.5V(1500A). 17.3kW

¢« O—1141 (12.5mm#f)
38m. 9.50V(1500A). 14.4kW
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O fH -dI=N-~- I

NI=(1/y,)/B(r)dr + [Iron Path] +
[Path L to the field]
B(r)=Kr&g 4
NI/#B=K-a2, 2y,
=B, c(Weber/m?) -a(m).” 2y,
a:Bore Radius
B e 1(Weber/m?)=1Tesla, a=0.1m®D &,
NI/fE=1-0.12(4TTx1077)
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'H 42.6 100 1 63 1

°H 6.536 0.016 0.0096 63 1.5x107°
BC 10.7 1.1 0.016 95 | 2.7x10°
F 40.1 100 0.834 0 0
“Na 11.3 100 0.093 0.04 | 6.0x107
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Radiation-Resistant Magnets
||
The Key Technology for JHF

* Development of Long and Large Cross-
Section Mineral Insulation Magnet Cable (MIC)
— Solid Conductor (SC-) MIC
2500A class, 60m @ MT16,
Long enough, How to COOL it?
— Hollow Conductor (HC-) MIC
2500A class, 30m @ MT16,
Cooling is easy, How to DOUBLE it?




SC-MIC and HC-MIC

COPPER SHEATH

COPPER CONDUCTOR

INSULATOR (MgO)

WATER COOLING
PASSAGE

COPPER SHEATH

COPPER CONDUCTOR

INSULATOR (MgO)

Typical cross-section of the HC-MIC (right and left- top)
and SC-MIC (left-bottom).




Sheath LTS

Mineral

Insulator
12O | | t
_ 0z0) nsulation
Conductor
(OFC) Cable
Hollow
| il
B
J.;.%.
Nomiral Cutrent (A) 2000 2500 3000  1000* 2000%
Dimmensions (mimn)
A Outward Size 20,0 238 280 18.0 14.0
B: Insulator Size 180 21.6 250 16.6 12.6
C: Conductor Size 146 180 200 13.2 0.2
D: Hollow Size 74 10,0 100 -- --
Cross Section (mmz)
Conductor 1509 211.7 2093.1 168.4 788
Insulator 117.7 153.2 227.4 106.6 794
Seath 734 9573 1506 478 366

* indicates Solid Conductor WICs. No hollow 15 in Cu conductor.




Doubling 2500A HC-MIC

3 » Z
4 - - ” ~ \ 1 L\ ' 4
~ - -‘ :Z' |

W

Hydraulic Press
on MgO powder

Preparation of large size MgO block Insert MgO to copper tube



I\/Iagnet coil winding by 60m-
25OOA HC MIC

Coil winding! The first coil of 60m-2500A HC-
MIC



Magnet with 60m 2500A HC-MIC Coils
SRR

Ll ol

B eax ] ————_

L .

Nominal: 3000A/34V

ATwater=37C(35Lit./m)

ATwater=60"C(35Lit./m) Tcoil=74°C(Tair=18°C)
@3600A/41V(Max)



Mock up of the Primary Proton Beam Line

ManifﬁT'CF-:’r == :
S 2

Al shield

loul

R Top View
__ «° Magnet: 8D216MIC
|« Outer Size: 1060 x 850 x 800 mm3
~ + Magnet Gap:400 x 100 x 800mm3
'+ Nominal Current Voltage:
© 3000A, 331V

 Weight: ~10 ton
 Beam Height: 1200 mm

Front View



Concrete shield for the Mock up

Beam line
7 :
Iron|plates s
"}ench i
]
|
. Fpoplates For the Test of
rench /
BT Y - “Quick disconnect”!
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Q440MIC Magnet

20cm bore Diam., 200cm Pole Length
43T/pole, 1.3T@pole

Nominal current/voltage=2200 A/200V
Cooling water=290 L/min.@1MPa
Cooling water Temp. rise=30 °C
Approximate Weight=33ton




Q440MIC Coil Design

o 4+14+25

Total 43 Turns
6 Conductors

4 water path/coll




Unwanted
inward width
expamsion

Bending Tests
at small radius







How much MIC become thicker?

14.0

—— AU B SR

12.0 . i
= /\RJLBRIT

100

\
\
_ N _
N \ \Handllng Tool
Bending Tool \\ \

40
N
2.0

oo
o

Increase width/Original width

0.0

o o5 1 15 2 25 3 35 4 45 5
R/T

i+ 8-13% for R/T=1.5
i« Employ “Bending Tool” and R/T~2
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Leak Current (mA) for AC1kV

=

Leakage Current Check for
2500A-Class MIC bent samples

d

s

v
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/
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0

* No difference
from Straight
Samples

* Proportional to
Long MIC

* Electrically NO
PROBLEM even
for RIT=1.
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MIC Length (m)
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Tools for
fat-free
bending.







Terminal Treatments
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SC-MIC  Copper Tube 2§$§L§§—C KiEh
| 18X18-12x12 / $10xt1.0 TH

s snsesecee Ty
OO J]M;[ | LL—-%—%///
anREemE | D/
s ooooooo-o/% =
OO IO Y
EeEEnmn |
0 OO0000000 D]
163 \
Sn

« SC-MIC is sandwiched by cooling tubes.
* Whole coll is impregnated by tin.



Actual Sized Indirect Cooling Test Call
(2500A SC-MIC)

P e e

Indirect cooling coil before (left) and after (right) metal
Impregnation.
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T1 vacuum chamber and all
iInner modules were installed
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Small Tips for RR Magnets



Completely Mineral
Thermo Switch

BRRBEERSE UL'CULRES VDERNP CCEERRT

2T Ii-"
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AR BFL-Y BN BEBE &
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=+ L
MigTiERE
® W OE B AC125V MAX.15A IEMAS
AC250V MAX.10A IEHAM et
BERERE 50~250CH—ARARE 2
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A & = 1S0CKT BFEETIC/ NRERLTT =1
1STCELE MR +4%, MUWEME 165 — 1
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Full Metal
Pressure Switch

PRESSURE RANGE |

NO. 305

——— =
A FR EHhRA 5
TITLE PRESSURE SWITCH
=t -
Tvee 0PM~$03-SH-KEK
EHREE

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

e LN
Persan in charge




Ceramic Micro Switches

ALOVKETZ SRRAERIXANYF

SIEBRMICESIVY, [T Co??:fﬁﬁik‘“é’é S

LITERICHREEZEAL. SEFRXP TOEME.
B LV EMIEEEZTHER,

Q400 CHERTHLEELI-EMED AIRE,




Full Metal Valve

HF3(M3)-DK3(M2)-TM

" X9Y=bil=bI\IT

70-7429*F7IL(1WAY) EHF3(M3R)+HF3(M3M)*HF3(M3H)
S22V X5 IL(2WAY) BDK3(M2)
PSZFVXFI(2WAY EiER)ETMM « TMH

HISAKA WORKS, LTD.



GRAFOIL for

Water Seal

GRAFOIL

Flexible Graphite

TOMOE Engineering Co.Ltd.



Ceramic Insulation Tube

t;:.\b

FR2FEMES D :%erﬁi%ﬁﬁn«r F(TTSLY-X)

AREMERL : XBRPE
[ IR ey B B 25 2 6

CESEVIMALSAXITFLLERAL
HAKEORMEBOTLVET,

- EMRERAMTMRLTLET,

- N M. MRt ESLET.

- MBS RHIKER/ 17,
» HEK. HAEEFOBRE.

“MEtE: 1107 'Pa rmrs

(B AUSLY—STFH8)
- HEBE: T®

(B RSMETF 15
- BB - 100 0NQ

(¢ ®B2- %8 DC1,000VEHM
- MME: 350°C (AEAE15C/HUT)
- WS 1ooMG y BLE

L P S .
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| D (#28325H8)
| @ ek FILEFESEwy

D @ 1847 C1020 (fEE¥RR)
@ ARU—T Fe—Ni (NisdHoa=f)

=X
TTS
CHESTH
) —XE A TE HEE ki iz
TTS = 10 — 02 — Ti
(¢ 10) (Dc2.000V) (F5 2 EEDSH)
[ .- M1 LR fll‘l!'t!tsléltldj a]n | #EMT OR e
Group allurdica ENF compatible
C1020 (MBEEFEE) /4 TESUSHKA T No. category (volt) couples
%%%giigﬂﬁmﬁlli |EO s|lierl Tat 2 2
7 MIL nickel plating
TEMT=o8m CHRELTLET, &5 4 ltitanium —0.16 f S
copper =
- 5 silver solder 020/ & O |
[ yellow brasses -0.25

WEIK, HAXBEMORVLOECHERCESLY,
- BEARTCTOEASAIBES, 53 v/ LOBECEFOBBIERETIRELET.
-fEHMRLLRTFEDYET,

BIFAETEFITE (#) TEL : 0294-23-2600 Email : eigyouBharaden. hitachi. co. jp
EEREWE FAX : 0294-23-1350 F—L~—5 . http://www. haraden. co. jp
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CHI Mineral Insulation Cable (MIC)

OD | T3
. oc - T2 m[e; T2
le OB I1 =T I1
OA I =7
+ # PEEAT PEEHAT
<+ s(mm) MIHC- MIHC- MIHC- | MIHC- MIHC-
= 1000A-S | 2000A-S | 2000A-H | 2500A-H | 3000A-H
@ E A 14.0 18.0 19.8 238 28.0
—2 HME T1 0.7 0.7 1.0 1.4 1.5
HR R1 1.2 1.2 2.0 3.0 4.0
AR R2 0.8 0.8 1.0 1.9 25
2 SE B 12.6 16.6 17.8 21.6 25.0
Arial—5 BME T2 1.7 1.7 b 1.8 2.5
@ E c 9.2 13.2 14.4 18 20.0
Wik ANE D - - 10.0 10 10.0
HNE T3 - — 2.2 4.0 5.0
SR R3 2.6 2.6 2.5 4.0 3.0
AR R4 — — 0.8 1.3 1.0
EEmW D A 36.6 47.8 72.6 95.3 150.6
(mm?) @ {u¥aL-4 79.4 106.6 114.0 153.2 227.4
@ Wk 78.8 168.4 101.4 208.8 293.1
= Bt 194.8 322.8 288.1 457.3 671.1
| chZREFEM (mm®) = - 99.5 98.5 99.1
BE D 2 0.327 0.427 0.649 0.852 1.347
(kgfm) @ {¥al-5 0.187 0.250 0.268 0.360 0.534
@ Wik 0.705 1.506 0.907 1.867 2.621
= Bt 1.218 2.183 1.824 3.078 4.502
BSAHER S () 60 60 60 60 30
St Sl [ s ki [osccas
G- R (Hv1kg) | (%,20°C)
@O —= Cc1220—0 Cu 99.90%ELE | 40~50 -
@ Aial—4 MgO MgO 98.0%ELE - E
i C1020—0 Cu 99.96%klE | 40~50 | 100LLE

3. MARE s@Ee1800BECE TI8E
HIMIC)IZ, XEFEPEE BIR/ILF—INERTREME - o BioxEAMBERTT

HiIiT#RHEX=4

AT BHES TEL:0298-26-7426 FAX:0298-23-2442
TS REEEERE TEL:0294-24-4821 FAX:0294-22-3049
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