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Abstract

High gradient quadrupole magnets are required for next generation light sources, but it is also important to consider
the electric power consumption. In the case of a prototype quadrupole magnets for SPring-8-II, the electric power
consumption rapidly increases above the field gradient of 55 T/m due to the magnetic saturation of silicon steel plate. It
can be reduced to adopt permendur instead of silicon steel at magnet poles where the magnetic flux density becomes near
the saturation. In this study, we designed and evaluated a quadrupole magnet where the magnet poles were made of
laminated permendur plates, and the return yoke was made of pure iron. To ensure the accuracy of pole positions, pole
tips were machined by wire erosion after all magnet poles were assembled with the return yoke. The excitation
characteristics of the magnet were measured, and it was confirmed that the linearity was expanded to higher field gradient
region (>70 T/m) than that of pure iron. However, the saturation level was slightly low compared with a simulation result.
To investigate the cause of this degradation, test pieces with different conditions for the lamination were prepared and
measured. As a result, it was found that residual stresses due to the lamination affected.

B, 55 T/m ZHB2 5007 SRR BRI L0 R
DORFEAED AL L CIEE I DS AP H 523, #l
EREOL AT R B E OBV — AP 2 — VAR AT
HZETHEBNEMAHZENTED,
Lo lE], BRI R — A P a— ViR V2 —
=T ay I fiEkE - UM E A 2 B EL ., 3
L7,

1. [EC®HIZ

BAE ., MR OB S FUT R EASEIRIZ M0~ TERD,
MAX-IV =2 ESRF-EBS 228> TAF—KLI=ZDHR
U, FES IR EFEI O B OB G IZLY S5
FxL DU TRy DIT o TETWA, _motﬁit%w
LTI E I B W TCIL, I ETE S
TSR DD —DDAFX Lo TWD—J7, Ik spst
HEE 12 MH 52 &G E L Figures of merits (2 72 2. XA
Do2HD, 2.1 SPring-8-I1 71 h7 A~ DUk B

KIS EhERY SPring-8 T 1997 4E D i Y ik B ;mg 15 S QI D 2 Eh RS
AR 25 4L EASEIBL TV BTk & 7 E LT LD SPring 811 D7 e P
; Wi DR ARD LIRE 55T &35 8 ClEns

%M’@éhfu 77 WHIEHE T SPring-8-11[1.2] ; ~ P .
\ zm:m Fig. 1 Lr¢:7ﬁéﬂ<@7mw4’7&%ﬁ>ﬁz

WA F e IR A 2358 77 B HESDH BTV D, SPring-8- s Y ALY =
I TR £ RO 100 510 LT ok TR —o BTUEFELL S4mm T, S

F o N—LDTHERTDHZO ., H/INXry 71

DA EITnZ, Migx g = ¥ —{bh BIEL T\,
2020 #121E 1 GeV HAINEEFIB L V8 GeV 7 — AKX —
vrrzaburyinbind AN gk IE L . XFEL fii g%
SACLA @ 8 GeV #BUNNE#R A EEY 7 ~D At gL
LCHEAT 5281280, SPring-8-11 THE LA K TIy
B AL — B AR KOG 4557 O 2 5 ) H A 52
HLTWA[3], £72. SPring-8-11 ZfEVU> 7 Tld Multi-
bend achromat 77 1+ ADAR 7 A & K At A b4l S
BIR5EIHIREATY TETHD,
WA ST E8 TlE T 7 4 AR D22 [ 72
packing factor 7% 235728 IUARMEA Tl 100 T/m &
FE D @G AR RFT SN0 HD[5], Bl
SPring-8-11 D7 v A7 MUK ERIA %f@f%f%ﬁfbt

*ihcuinat@spring8.or.jp

15 mm &72>TCND, AU 20 X —2 Tk C ., i
BT 352 A DIFIZ 56 T/m ORBG AR A3 ET D,

TT A AEA DFEIEMEE L TR 2D IEN
Sy AL IS EL LR D RIREE L 5D, £ 2T, SN R
NSRRI T) IV KEVWWR—A T 2—/L (23 T)
ZRWTT a2 A 7L RICR T RO EBR A Akt f
YEL., KBV BESG AR OB A e R T 5L LT,

-319 -



Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi

PASJ2023 TUP17

488 15

: i

488

Unit: mm

Figure 1: Core of prototype quadrupole magnet for
SPring-8-1I.
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Figure 2: Simulated excitation curve for various core
materials.
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Figure 3: BH curves used in CST simulation.
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Figure 4: Simulated Ampere factor for various core
materials.

Figure 5: Distribution of magnetic flux density at 250 A.
(pole: permendur, return yoke: iron)
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Table 1: Design Parameters of Permendur Quadrupole
Magnet

Bore diameter 34 mm
Minimum pole gap 15 mm
Pole length 181 mm
Coil turn / pole 54
Coil current >200 A
Field gradient >75T/m
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Figure 6: Laminated permendur magnet pole before
assembly.
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Figure 7: Permendur quadrupole magnet under magnetic
field measurement.
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Figure 8: Excitation curves for measurement and

simulation.
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Figure 9: Measured BH curves for laminated and non-
laminated permendur sample.
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Figure 10: Simulated excitation curves with BH data for
laminated and non-laminated permendur sample.
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