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Abstract

In China Spallation Neutron Source, classical Alvarez structure is used for the drift tube linac; the
linac consists of 161 drift tubes, each with an electric quadrupole magnet to achieve high and ad-
justable magnetic gradient for strong focus. Quadrupole magnetic coil adopted SAKAE structure,
which was invented by Japan Proton Accelerator Research Complex with small volume, small beam
aperture, high excitation current and with water cooling. Compared with the pulse working mode
with 35% duty ratio of J-PARC magnet, CSNS magnet works in DC mode with max current 5704; in
addition, the water cooling pipe section of CSNS magnet reduced by 35%. So, it is very important to
analyze the cooling and stable operation of the magnet coil due to the high ohmic heating. In this
paper, the temperature rise of the magnetic coil under the condition of the maximum excitation
current of 570 A and the cooling water flow of 1 L/min is calculated by empirical formula and soft-
ware Workbench, and 9-hour-test was done on the prototype magnet, the magnet operated stably,
the temperature rise is basically consistent with the simulation results.
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Figure 1. Structural of drift tube linac
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Figure 2. Structural exploded view of
drift tube
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Figure 3. Model diagram of SAKAE quadrupole
magnetic coil
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Table 1. Parameters of SAKAE quadrupole magnetic
%< 1. SAKAE MR HEE 3

Wik B 8 Wik B fH
Wi T/m 55 I % 35
K SE/mm 40 LA 570

K Emm 34 S/ mm? 5x5, 25x3
Bt sMzmm 108 AT A /mm? 175

fLAE/mm 19 i B4 FLBH/mQ 24

T 2R 7% L2, TN EKEE O R ZE R PR, T R BR 1 E 2 m/s BAR,
AR KR ESEHILE 1 Lm, #EH FEZE 0.5 MPa. 7EBLZRPE T, FIFHA56 2 50 H A Workbench i £k 8] )
RIHEOLEAT 7 o3 H, I HXSHERFENLIE T 9 /NI B LS 56 o

3. MIRMREBRA T HE RS

DTL VR b Bk AE B = b FELE 570 A, Y3 T N 2% 0.5 MPa, 7Kift&E 1 L/min F, FIFHA(L)

SRATABA T Rk 2 Bl V8 ) K B KR AT, 317 15 2126 el AL 7t

C-m-AT=I1%-R 1)
Hr, CRAKMFEILAZ, m 2R RAHIKE, AT ZLEAH/KET, | RESBIRER, R A
LRPERHAE, THEARILEA AR N 11.1°C, LERFA TN 11.1°C.

FIFEA Workbench (A2 R BT BEEG 26 Bl EAT R AGA EI 0BT [11], A HKIREE N 25°C, iR
SER WA 4 R, SR EIK N TR IRLFE 26.84°C, ¥ H1 7K H 1AL FE 40.14°C, £8P I 1 13.3°C . Workbench
LR S T AR EE R, AR Q)RR A EKA R FEFF I Workbench 5 i) /& 28 Bl A &
FIRTE, Workbench 5 1) 5 InvHE A
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Figure 4. Temperature distribution of magnetic coil by simulating
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Figure 5. Temperature distribution of magnetic coil by
measuring
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Figure 6. Temperature variation of magnetic coil for 9-hour-test
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