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Abstract

The authors are developing the manufacturing method for superconducting radio frequency (SRF) cavities by using a
hydroforming instead of using conventional electron beam welding (EBW). We expect higher reliability and reduced
cost with hydroforming. For successful hydroforming, high-purity seamless niobium tubes with good formability as
well as advancing the hydroforming technique are necessary. Using a seamless niobium tube from ATI Wah Chang, we
were able to successfully hydroform a 1.3 GHz three-cell TESLA-like cavity and obtained an accelerating gradient of
32 MV/m. A barrel polishing process after the hydroforming was omitted. The vertical test was carried out with very

rough inside surface. We got amazing and interesting result.
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Table 1: Chemical Compositions of Nb Ingot (unit: wt
ppm)

H C (6] N Fe Si Ta

<3 <20 <40 <20 <30 <30 <100
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Figure 1: Process of preforming and hydroforming.

Figure 2: Necking machine.
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Figure 3: Hydroforming machine (Final hydraulic
pressure: 25 MPa).
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Figure 4: Niobium tube just after hydroforming.
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Figure 5: Inside cavity after hydroforming.
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Figure 6: Finished appearance of 3-cell cavity.
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Figure 7: Inside cavity after EP at equator.
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Figure 8: Measured roughness (measured direction:
radial near the equator) .
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Figure 9: Result of vertical test (Q-E curve).
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Figure 10: Thickness distribution along outer surface of
curved cavity (from left-hand cell).
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Figure 11: Estimation of inner shape.

Table 2: Natural Frequency of Cavity in Each Mode (unit:
MHz)

Mode T 23 n 13 =
Calculation 1297.194  1287.921  1279.084
(design shape)
Calculation (measured
and fitted shape) 1281.277 1272.874 1261.984
Measured (room temp.) | 1285.187 1275.001 1265.781
Measured (low temp.) 1287.341 1277.012 1267.731

-390 -



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan
PASJ2016 MOPO026

5. BHYIZ
WRIERRIZIZED 3 BV ZEROBIEICR T LT, 72T
W E DL R, e RO AEE 32 MV/m (LT, KT
BRI CHiAV =N ISR EE 2 i L 7=, FER e
WIHNRRE CEDLNIZAE R TH D, 5% I 9 B/LZEH D
FEBUZ AT T, BFFE ARk T 5, 223 0 #iE L, KEK
FERR T2 o 2 — 70 B O 22 I B 38 5 1 BR 36 i 7%
(CFFE) Tfrboiuiz, ABFFED — 5813 K M M O#F 728
BAZEVIToT2b D THD, ZNHEFLL TR EEZR T,

P

[1] W. Singer et al., “Hydroforming of elliptical cavities”, Phys.
Rev. ST Accel. Beams 18, 022001, 2015.

[2] R, “=A 7§V T v R — Nl ZEBAGE E JE s 2
THOBFFE”, #EBFFERFBE R 0L 3L, 2003.

[3] L% fth, “HBRIEZEMR D — AL ACIZBE § 2 %5 & B
W2, 8 3 MHAMERFERFERT Oy —T (VT A,
TO18, 2006, pp. 138-140.

[4] L% fh, “BBIRRZER O — L A B 3% % & R
(5 2 8~ & 4 W HAIMERFRER T —T 1
J' A, TO04, 2007, pp. 76-78.

[5] i i, “>—ALRA=F T AT HHOEE RS
FOBRENNRZE W ORIE”, 55 12 [ A AMEEF=

STy —7 47 A, THP056, 2015, pp. 1105-1108.

[6] M. Yamanaka et al., “Hydrofoming SRF cavities from
seamless niobium tubes”, in Proc. SRF2015, Whistler,
Canada, THPB041, 2015, pp. 1176-1180.

(7] KH A, “T Ay OEME=AT M2 RO RE
IERZER”, A7 as—F 427 A, MOPO14.

[8] “ILC Technical Design Report”, Volume 3- Accelerator,
Part II: Baseline Design, 2013;
https://www.linearcollider.org/ILC/Publications/Technical-
Design-Report

-391 -



