L
wiIw

FERFREEIRRRAT shRI S RE TR SRR A
Institute of High Energy Physics, CAS Superconducting Magnet Group, IHEP

Mechanical analysis and pre-load steps of LPF3

Superconducting Magnet Group, Accelerator Division

Institute of High Energy Physics, Chinese Academy of Sciences (IHEP, CAS)

2024.5.10



Development of LPF3 magnet :
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Mechanical analysis of LPF3-LTS

f=0.2; interference=-0.8 mm
STRESS DISTRIBUTION ON SC COILS AND MAGNET (INTERFERENCE_X=0.8 MI\/I)

293K 42K 13T
st .811E+07 -420E407
.5548407 400E+08 .400E+08
.800E+07 ) . 500R+08 . 500E+08
Von-Mises XN X . 600E+08 . 600E+08
Stress .150E+08 .T00E+08 .TO0E+08
.200%+08 B00E+08 .B00E+08
.2502+08 900E+08 .900E+08
Min: 5.54 MPa :namx0e Min: 8.81 MPa G N 4,20 MPa -100E409
Max: 32.6 MPa .3268+08 Max: 81.0 MPa =1100¢0 Max: 111 MPa .110E+09
-.4418+08 -150E+09 =s140Ey09
-.393E408 -130E409 - 130Ee09
- 3498400 110E+09 =, 110E+09%
X- -.297E408 -500x+08 \ -+ 900E+08
Component - 2438008 s e
stress T .500E+08 - .500E+08
-.153E+08 -300E+08 -, 300E+08
Min: 43.1MPa | ~-205808 Min: -94.4 MPa K Min: -140 MPa §
Max: -5.69 MPa - 5632407 Max: 10.6 MPa | 100E+08 Max: 11.5 MPa . 100E+08
3.61908 51.7477 52.2834
.500E+08 .500E+08 .500E+08
.100E+09 L100E+09% .100E+09
" Superconducting coils S 1502409 150E409
. .200E+09 .200E+09 .200E+09
I Stainless steel VO;I;\/IISCS . 300E+09 | 300E409  300E+09
- Aluminum bronze 58 -400E+09 .400E+09 .400E+09
. Imn .500E+09 .500E+09 .500E+09
.600E+09 .600E+09 .600E+09
B Aluminum Peak stress on the rods: 300MPa Peak stress on the rods: 400MPa Peak stress on the rods: #00MPa
B Titanium Peak stress on the shell: 100MPa Peak stress on the shell: 200MPa Peak stress on the shell: 200MPa
1/8 mechanical FEA model Stress variation during the three loading steps

Required maximum pre-stress for pre-load: 80 Mpa. Peak stress in coils during the three loading steps: 140 Mpa.



Preload with hydraulic jack instead of Bladder ‘

simulation Jacks(measurement results)
45 2 Pressure (Mpa) Hoop strain(pe) Pressure (Mpa) Hoop strain(pe)
10x3.14 X(OI > ) 30.44 394.9064 50 402.59
P, = 2_J 4160 = 61.23 MPa : ; ;
0.620x0.067 60.99 790.7798 159 834.67

TIME=1

SEQV (AVG)
DMX =.211E-03
SMN =.915E+07
SMX =.250E+09

/ /' Dummy
shell

.

A

I
L915E+07 .627E+08 .116E+09 .170E+09 .223E+09
.359E+08 .B894E+08 .143E+09 .196E+09 .250E+09

After increasing the pistons area ratio, the hydraulic jack can provide 80Mpa pressure for the pre-stress, which can be used in most

occasions.



First assemble of LPF3

Vertically assemble the Coil & Pad
and yoke & shell

Hoop strai during the asembly
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Strain measurement results

Pre-loading of LPF3

Hydraulic pre-loading system



Performance of LPF3-LTS (first assemble) i

I I I B strain gauges at 293 K
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20605 -/___\... B strain gauges at 4.2 K
'~.~ ——42K
& |——13T
A
1500 X m _
5}
= E-Y
§ 1225
A7
g— 1000 — -
(=]
fa=) /\/\
500 495 =
®395
‘98
6] T T T T T 30
6] 20 40 60 80 100
Angle (°)
Ramping test results
T T T | T (. I X T T T T
7200 i 11.28T : : -111.42
L 5 .- p g
. : - Al 4 -
7000 Sia A i ° A!QA !‘ A AA 11.13
6800 3 = ! . ! !  10. 84
§ - :1 1 1 1 1 E
! : : .
6600 E g ! ! ! - 10.56 55
= gl 2% 3 F 3 3
= 6400 = é.g I 3 342K q10.27iC
A | g £ g E g ' =
5 6200 - Eg_ 2 2 2 -19.98 qc.a
o I 3! 1 1 1 | (=3}
6000 = : 119,60 ©
i A 2 ; : : A Coil#l| | =
5800 § ; : : ® Coil#2/-9.10
I - & s ; A Coil#3|
5600 Yy : : ; " (2011#4 ‘: 9.11
5400 ; i i ¢ Coil#s| fg o
1 1 i 1 " | IO 1 A 1 | " | BT 1 P | " 1 " 1
2 4 8 10 12 14 16 18 20 22 24

Quench Number

> /

The screw
connecting H-pad
and V-pad

The first assembly of LPF3 failed to attain the desired
pre-stress level during this assembly due to the
underestimation of the gaps among the SC coils. The
screws connecting H-Pad and V-pad stopped the pre-
stress force transferred from the hydraulic devices to

the coils.

A maximum field of 11.28 T (7101 A) has been

reached within two apertures.



Re-assemble of LPF3

Pre-loading system




Re-assemble of LPEF3 8

Assemble steps: D R ey e
1 NN SO0k & N S N SN \\i\ . . /\;\\

« when the pistons reached the limit, pressurizing stopped. The thickness of the original key is 4mm

@ 18&2 =less than 5MPa, 1&2+2mm: 7 1&2=50 Mpa, 1&2+4mm: 1=140MPa, 2=100MPa, 1&2+5mm

« al&a2&a3:+2mm e a1&a2&a3:+0.5mm « al1+0.5, a2+0.2, a3+0.5

@ 384 =less than 5Mpa, 38&4+2mm :® 3=150MPa, 4=90MPa, 384+4mm: @ 38&4=160MPa, 1&2+5.5mm

. . Cannot insert one whole slice,
. b1&b2&b3:+2mm b1+1.2, b2+0.4,b3+1.2
fill the gap as tight as possible

® 5&6 =less than 5Mpa, 5&6+4mm :® 5=15MPa; 6=20 MPa, 5&6+5mm:

e ¢c1&c2&c3:+1Tmm e ¢c1&c2:+1mm
"""""""""""""""""""""""""""""" horizontal
@ 7&8 =less than 5Mpa, 7&8+4mm: ® 7=55MPa; 8=30MPa, 7&8+5mm: Hydraulic jack
. : 1 key
d1&d2&d3+1mm d1&d2:+1mm 3] e o - 4]

Put the SS block into 5,6,7,8 groove.
coil

Put the SS block into 1,2 groove. vertical

[6]en e [5]

[8]= = [L]

® ® ©

Put the SS block into 3,4 groove, use the SS slices to fill the groove [{] &0 =20 & [5]

as tight as possible.



Strain( 1 m/m)

Re-assemble of LPF3 (Strain measurement results, FBG & Strain Gauge)
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FBG sensors
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Test results of LPF3-LTS after reassembly 10

€ The vast majority of quench events occurred in coil 4. Reassembly of the magnet with sufficient

preload effectively reduced quench events in coil 1%

€ Despite experiencing many quenches, the overall performance of the magnet is still on an upward trend.
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training history

Training history of Nb;Sn coils after reassembly
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