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Abstract

Undulators usually require rigid mechanical components and frames to control the magnet gap precisely against the
large attractive force in between. If the attractive force is canceled out near the point of load, the requirement for the
undulator structure is relaxed, and the cost and lead time of construction and installation are saved largely. For that purpose,
we have proposed to add periodically-magnetized monolithic magnets beside the main magnets, which are expected to
generate a repulsive force having the same gap-dependency as the attractive force in a cost-effective way. To proof the
principle, we performed experiments; the periodically-magnetized monolithic magnets were created and the successful
generation of the sinusoidal fields was confirmed; the repulsive force generated by the magnets showed the same gap-
dependence with the attractive force generated by the main magnets which forms Halbach-array. In addition to these
results, a development plan for the compact and lightweight undulator based on the force cancellation system is introduced.
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Figure' 1: Magnetization
monolithic magnet.
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Table 1: Magnetization Experiment Setup

Period 15 mm
Periodic Number 10
Block Size L150 mm, W30 mm, 4mmt / 8 mmt

NEOMAX NMX-39SH
(B,=12-1287T)

15 kA, 0.3 ms (FWHM)

249 T (4 mm),
1.13 T (8 mm)

Block Material

Pulse Current

Pulse Field
(Gap Center)
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Figure 2: Field distribution of multipole magnet.
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(a) Gap-force measurement system

(b) Repulsive magnets beside main magnets

Figure 3: Gap-force measurement system. The force between the upper and lower magnets is measured by 8 strain-
gauge-type load cells which supports the magnets. The real gap between them is measured by 4 linear gauges.
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(a) Measured force
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(b) Gap dependence of attractive / repulsive forces

Figure 4. Measured forces in preliminary experiment. The force is measured (1) without multipole monolithic magnets
(black square line), (2) with 4 mm (red circle line), (3) with 8 mm (blue upper triangle line), (4) with 4+4 mm (pink

lower triangle line).
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Figure 5: Conceptual drawing of conventional (left)
and lightweight compact & cost-effective (right)
undulators.
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