I";_i_

'Materials Mag!c

Present statusof FINEMET ® Pulse Power Core

> W

for Accelerator Cavity

Contents

FINEMET® products
Manufacturing process

Example for accelerator application
Conclusion

KATSUHIRO OGURA
FINEMET BUSINESS DEVELOPMENT OFFICE

Hitachi Metals,Ltd.



l",.r_,
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Fig 1. FINEMET® Products
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| Melting I

Fe, Si, B+Cu,Nb

Molten Metal  Stopper

LJ Nozzle \i To form its amorphous status
Cu and Nb

Tape thickness : 18 Xt m

| Winding I

To promeote the nane-crystallization

Cooling Roller

(Cooling rate 10°K/sec)
Winding Roller

Fig 2.Rapid Quenching Process
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For ming with

_ > Annealing |—>{ Coating

Layer Insulation _
About 600 . Ceramic coat
- Nanocrystallization

Drying chamber Tape @

6 FINEMET U

P Assembly |-
_Core / Attachment of supporter

|nsulation solvent Supporting board

Outer Diameter : 2000mm Max.

Core Inher ring(Stainless Steel)

Fig 3. Manufacturing process of FINEMET® pulse power core.
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Table 1. The example of FINEMET® type for accelerator cavities.

Requirements

Customer | Accelerator Type | FINEMET® Type for Magnetic cores

High A B

(JAERI) | Induction Linac FT-1H(18u m) L ow core loss

Highy Of
FFAG synchrotron| FT-3M(1
(KEK sy 3M(18p m) High Bs

(KEK" | Induction synchrotrons|  FT-3M(15u m) | lower core loss

(JAERI) means Japan Atomic Energy Research Institute
(KEK) means High Energy Accelerator Organization
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Application : Induction Linac(LAX )
Customer JAERI

Pulse Pulse MPC MPC
Generator Transformer 1st stage 2nd stage
Pulse 160nsec Pulse Accelerator
Sharpener Transformer Cavity
FT-1H FT-1H FT-1H
¢ 344-¢ 232x 10 @ 374-¢ 200x 25.4 @ 580-¢ 320x 25.4
5pcsx 2unit 8pcsx 2unit 8pcsx 8unit

Requirement: High A B, Low core loss, High Curie Temperature.
Fig 4. Schematic diagram of JAERI’ s Induction Linac
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Table 2. Electrical Characteristics of FINEMET® FT-1H Core

A B (T) Core loss(Jmd) *
FINEMET® FT-1H 1.76 1000
Fe-based Amorphous 2.04 1800
Ni-Zn Ferrite 0.65 160

*Pulse width=0.5p sec
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Fig 5.Temperature dependence of saturation flux density
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Application Accelerator Cavity for FFAG synchrotron
Customer : (KEK)

Appearance
N .
8pcs/unit —|<_ Material :
(Cutting) § FINEMET® FT-3M
(18u m)
Requirement :
f - X 7 Highy Of
] = EI High Bs
o B o
k N : Low coreloss

L

rut 1

Fig 6. Appearance of magnetic core Weight: Y3kg
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Fig 7. Comparision of Complex permeability.
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upQf Value
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Fig 8. Comparision of yQf value.
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at TMHz
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Fig 9. Bm dependence of uQf value.
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Fig 10. Comparison of Core loss characteristics.
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Application : Accelerator cavity for Induction synchrotron
Customer : KEK

Appearance
4.’_;3 Support board(Epoxy glass) (12(())) M ater | al .
f FINEVET I H FINEMET® FT-3M
(stainless | x . (15IJ m)
: steel) P — Requiremet:

,f i lower core loss

K R i i
Y Unit:mm = m

Weight 5kg
Fig 11. Appearance of magnetic core
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_ Test core:
Table 4. u Qf and Core loss comparison FT-3M @ 80-¢ 50x 10
u Qf (x 109 Coreloss (103x kW/m3)*
Thickness
1MHz 5MHz 1MHz SMHz
Thin Tape| 15y m 4.3 7.2 5.4 72.0
Standard
. 4 _
Tape 18y m 3.8 6 6.1 79.9

*Bm=0.1T
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for the acceler ation cavity Materials Maglc
Table 5. Reguirements of Magnetic coresfor the accelerator cavity
FINEMET® |Ni-Zn Ferrite| F&-based
Amorphous
High B (T)* o (1.76) x (0.65) (2.04)
Low Core Loss**
(x 10° KW/m?) (6.1) o (16) x (82)
High Curie
temperature( ) ( 570) | * (250) o (399)
Highp QEF ) (4.3 (347) | x (176
(x 10
Flux density dependence
of y Qf value X

Excellent o Good x Bad

*  Case of Induction cavity,pulse Transformer or MPC.

FINEMET:H(reset)=8A/m Ni-Zn Ferrite : H(reset)=160A/m ,Fe-based Amorphous :H(reset)=40A/m
** at IMHz,Bm=0.1T
*** at IMHz
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e Since FINEMET® hasHigh A B ,Low coreloss and Small
Flux density dependence of y Qf value, it isvery sufficient as
magnetic cores for accelerator cavities

e 12 % p Qf increase and 10% core loss reduction are realized
by applying FINEMET® thin tape

Future approach

e Improvement of FINEMET® tape quality ( Tape thickness
and packing factor)
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About Packing factor 'Materials Maglc

‘ FINEMET®
A I— \/
Coating+Air gap
B -

dx Nx B
Ax B

Packing factor =

N:Number of Layers.

Fig 12. About Packing factor
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Table 6. Magnetic properties of various materials.

Bms |Brms/Bms| HC U r |Curietemp.
(T) (%) (A/m) | (1kHz) ()
FT-1H 1.35 90 0.8 5000 570
FT-3M 1.23 50 2.5 70000 570
Fe based
Amorphous 1.56 66 5.0 4500 395
Ni-Zn Ferrite 0.38 65 60 250 250
Co based
Amorphous 0.6 91 0.32 90000 180
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Fig 13.Dynamic B-H Loops of FT-1H core



