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Fig. 6 Strain measurements based on Fig. 7 Schematic drawing of strain gauges

wireless strain acquisition
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digital image correlation method

M1 B UEST o B A Y Bladder

TS T3 R R 2 Pk A B A6 I3 78 46 3 m m
X . . 28 MPa 7 MPa
4 VB A T L BT T — KR -

SESNE T % (K 10), Mk Bladder T

Ve R M. Bladder J it . E 47 AT 1A m m m
R S L 07 A X S B 2 . A K TR i 2%

S IR T RO L S BN B K P 10 7K % S 4k o %
smaEk . K ERME 2 43MPa 24, L5 Fig. 10 Hydraulic loading proposal

JE I 7 Tt U AR B0 T AT ARG AE 72 40MPa 7647 AR AR BC7E /N BB 3 (£ 2p0) AT DLORFF AR E . 78
Xt Bladder $T Heid 7 v 62 I AR 4SO A 42 figh 20800 121 50AH SC I 28 458 149 52 s e A 00 G g A A2 A 0

LT & 7 A [a] 00 3 5 0 - 8 o A i B 295 2R R LR 22 70 A . |l BRI AT LU H L 72 30MPa 4T JE TR
JUNEBUT o S5 A8 X PR A 2 5 00 e 45 SR R SO [] 17 T 3 17 B9 G 00 A #9552 36 15 25 B /N T e A L Y L X



132 S, (2020 4F) 45 35 4%

JE F T AR T2 IE o e v e R B B B AR L M TR N T AR P S5 BN S L 7E X Bladder
FT M 3k A8 v S AT N7 A W 428 I IR Ak B R 25 4 v DX LIS MBI T i 5 1 7S 9 2 S 0 % 22 . I
12 AT LA HY B DK R B384 O, 48 7 b 3T Pt 10 2-1 3R 1) B AR 2 08 O, H 5 U B 45 R 2 8
FEAT R 2E/NT 3000 o UEHITEFT i B v o 38 o 107 A0 A 00 S 42 1] 245 4 1A 988 097 3 e o 2 mT A 9 RS S

1100 -
1000 -
1000 4 L] a
' . .
. 00 -]
1 L]
800 4 80O
1 4 700
g- 600 - {9{
¥ 3 -
_—;* 400 - E 500 <
=
400 |
200 -
300 -
- " .
]
o1 - ! | ) 200 v T T T T T T T v T
. 3 | . r . . 5 10 15 20 25 30 35
11 12 13 14 241 22 2-3 24 31 3-2 33 34 WK EMPa
Y wie

Bl 12 fRe 0 K R 2-1) 0 A8 503K 7K &

Fig. 12 The relation between strain and pressures
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Tab.1 Strain measurements based on DIC technology for some key tested points on aluminum shell
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Pressurized Bladders and strain measurments technology for
allotype superconducting magnet structure during an assembly

WU Bei-min'?, XIN Can-jie', GUAN Ming-zhi', WU Wei'
(1. Institute of Modern Physics of Chinese Academy of Science, Lanzhou 730000, Gansu, China; 2. Key Laboratory of Mechanics on
Western Disasters and Environment, Ministry of Education of China, College of Civil Engineering and Mechanics, Lanzhou University,

Lanzhou 730000, Gansu, China)

Abstract: In order to study the pressure exertion and the strain measurement and control of allotype
superconducting magnet structure, some key technologies based on pneumatic-hydraulic booster
system and homemade pressurized Bladders are developed. The resistance strain gauges and a high
speed/resolution CCD camera with noncontact digital image correlation method to measure the full-
field strain are employed. To verify the reliability and accuracy of pneumatic-hydraulic booster and
strain measurement system, the iron dipole with shrink-fit aluminum shell is used to simulate the
allotype superconducting magnet structure's assembly. During its assembly and pressure exertion,
strain on shrink-fit aluminum shell is detected synchronously by the strain gauges and the high-speed
CCD camera, respectively. The results show that the pneumatic-hydraulic booster system can work
well between 5MPa and 120MPa with the controllable step of 4MPa and the deviation of ®=1. 5MPa.
The widening pressurized Bladders made by the continuous laser welding technology can be used for 8
times under 30MPa hydraulic conditions. There is a linear relationship existing on strain between
shrink-fit aluminum shell and Bladder's pressure for the iron dipole with shrink-fit aluminum shell.
Strain gauges and the high speed/resolution CCD camera with noncontact digital image correlation
method can both work well during assembly and pressure exertion of the iron dipole with shrink-fit
aluminum shell, and the full-field strain of aluminum shell can be obtained under proper experimental
conditions including lights, speckle and focal length. The present results may provide some basis
measurements on pressure exertion and strain measurements of full Nb;Sn superconducting ion
sourcesmagnet during its assembly at the Institute of Modern Physics, Chinese Academy of Sciences
(IMP, CAS).

Keywords: allotype superconducting magnet structure; iron dipole with shrink-fit aluminum shell;
pressurized Bladder; resistance strain gauges measurements; noncontact digital image correlation

method



