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INTRODUCTION

The MQYY project:

Collaboration CERN-CEA for the HL-LHC

Design of the MQY'Y a double aperture cos(20) Nb-Ti matching section
magnet

Fabrication and test of the MQYYM single aperture magnet short model of
the MQYY magnet

Fabrication of the MQYYM coils at CEA
Assembly, instrumentation and warm magnetic measurements at CERN
Cold magnetic measurements at CEA

The MQYY The MQYYM



C2A STRAIN GAUGES POSITION

Collars instrumentation:
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SCENARII

Collars instrumentation:
« The goal is to measure the azimtal stress on the pole
 The radial stress should be low to measure only the azimutal stress
« 3 possibilities:
e Ocut
e lcut
« 2cuts

st Y B strain gages 4
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The goal is to measure the
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INTRODUCTION TO THE SIMULATION

Collars instrumentation:
« PATH: 1 path
« NOSE2
* Notation: e(x/y)StepYZCuts
« X Radial strain & Y azimuthal strain
Y number of the load step (1 collaring, 2 cooling, 3 enregization)
 Znumber of cuts (0 cut, 1 cut, 2 cuts)




INTRODUCTION TO THE SIMULATION

Collars instrumentation:
e Theideais to canceled the azimuthal stress
 The poisson ratio of the stainless steel is 0,3

« To canceled the azimuthal stress we need a ratio between the radial
strain and the azimuthal strain of -0,3.




DE LA RECHERCHE A LINDUSTRIE

Cea

RESULTS 0 CUT
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Radial and azimuthal strain
in the collar nose for O cut
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DE LA RECHERCHE A LINDUSTRIE

C2A RESULTSOCUT
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RESULTS 0 CUT

Strain along path 0 cut

T -
O,OOBOO'*‘?—:‘::-W“ The radial strain along the « nose
O . O‘Om""f’?:&f'g‘“"”*f’f”i‘* ame 2 » path is huge and not constant
S e T T T e e . 000 especialy at the end of the nose (x
. Treln. T =18 mm)

ex step 20 cut

200802 The radial stress is not canceled
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—®— Poisson ratio
0%

0,02

0,018

0006 0008 001 0012 0014 0,016

-20%

-40%

Path (m)

10




DE LA RECHERCHE A LINDUSTRIE

Cea

RESULTS 1 CUT

] . ANSYS
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DE LA RECHERCHE A LINDUSTRIE

RESULTS 1 CUT

Strain along path 1 cut

N ewrTIET, The radial and azimuthal strain

o0 | T e=e e e e-e e 87T T along the « nose 2 » path is

0 0,002 0004 0006 0,008 0,01 0,012 0014 0016 0,018 0,02

— e tan almost contant.

P e e e oo et o Theradial stress is not canceled
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DE LA RECHERCHE A LINDUSTRIE

RESULTS 2 CUTS

. . ANSYS Release 18
Radial strain Ruild 18.2
NODAL SOLUTION
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TIME=3
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C2A RESULTS 2 CUTS

Strain along path 2 cuts

w0 S e Sy e i2as The radial and azimuthal strain

-
-
- ,._._,_.—‘ “e — ® —exstep 32 cuts

i teeee seseserea g along the « nose 2 » path is

§ ’ w 0,01 0,012 0,014 0,016 0,018 0,02 almost Contant.
s The radial stress is almost
\‘““/ canceled all along the path
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DE LA RECHERCHE A LINDUSTRIE

Path (m)

-61,1

( iLumi Y
HL-LHC PHEEJECT

RESULTS 2 CUTS

-1,0

Stress
Step 2 Step 3
SX sy SX
(MPa) [sx/sy |(MPa) [(MPa) |sx/sy
-0,9 3% -11,1f -0,3 3%
-1,9 5%| -15,7| -0,6 4%
-3,4 8% -17,8] -1,0 6%
-3,9 8%| -18,2| -1,0 5%
-3,2 7%| -18,1 -0,4 2%
-1,9 4%| -18,0 0,3 -2%
-0,6 1%| -18,2 0,9 -5%
0,6 -1%| -18,7 1,2 -6%
1,4 -3% -19,6 1,00 -5%
0,9 -2%| -20,6 0,1 0%
-3,2 5% -30,00 -1,5 5%
-2,7 5%| -28,00 -1,7 6%
-1,4 3%| -27,4 -1,3 5%
-0,1 0%| -27,2| -0,7 3%
0,9 2% -26,8 -0,1 0%
1,7 -3%| -26,3 0,5 -2%
2,0 -4%| -25,4 1,0 -4%
1,9 -4%| -24,2 1,1 -5%
1,2 -3%| -22,9 0,6 -3%
-0,1 0%| -22,71 -04 2%
-46,3 -0,6 1% -21,8 -0,1 0%
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Path (m)

-299,6

85,5

-29%

Strain

Step 2 Step 3

ex (ue) [ex/ey ley (ue) lex (ue) |ex/ey
37,2 -27%| -54,4 14,8/ -27%
48,7 -26%| -76,5| 20,3 -26%
49,6 -23%| -86,4 21,4 -25%
50,0 -22%| -884| 22,2| -25%
54,2 -24%| -88,6| 24,6 -28%
60,8 -26%| -89,1| 28,00 -31%
68,2] -29%| -90,8 31,2 -34%
74,9 -31%| -93,7| 33,4 -36%
78,9 -33%| -98,1f 33,9 -35%
68,2 -32%| -101,5 30,9 -30%
73,4 -25%| -145,4 36,9 -25%
67,1 -25%| -135,5| 33,1 -24%
70,3] -27%| -132,9] 34,00 -26%
75,2 -30%| -132,7| 36,4 -27%
78,7 -32%| -132,1f 39,1 -30%
80,1 -33%| -130,3| 41,3] -32%
78,8 -34%| -126,7| 42,5 -34%
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-227,0 65,2 -29% -107,4 31,7 -30%
ox=(E/(1-v?))*(e+ve,)
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0,3
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C2A  STRAIN GAGES

Orientation of the gages: b
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C2A  STRAIN GAGES ORIENTATION

1-XC11-1.5/350 b

Orientation 2



DE LA RECHERCHE A LINDUSTRIE

STRAIN GAGES ORIENTATION
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DE LA RECHERCHE A LINDUSTRIE

STRAIN GAGES ORIENTATION

ANSYS Release 18
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DE LA RECHERCHE A LINDUSTRIE

STRAIN GAGES ORIENTATION

Time 1 (layer 1)

-2,75E-04
78800 79000 79200 79400 79600 79800 80000 80200 80400 N O d eS
L ] ® ™
-2,80E-04 .
. e
L X ]
L J
t H . 2,85E-04 e L] ™~
Strain max: - °
- L]
e
P L J
. . L [ ]
Strain min: - 307 pe oo
L[] L ] L ]
[ - e
[ ]
- L ]
H 2,95E-04 © L] ]
. -2,95E- 4
Strain mean: - 302 pe ce o
P L J
e ® ™ o 3
L ] L J
3,00E-04
L ] @ .
® L J
[ ] [ ]
. ™
L ®
-3,05E-04 ] -
bl e
e ° .
L ]
3,10E-04
7 5. ANSYS
NODAL SOLUT 80144 NODAL SOLUTICN N R18.2
8023: Academic Academic
STEP=1 4 SETE Academic STEP=1 Academic
SUB =1 BTN 7905 SUB =1
TIME=1 78950 78551, , 79044 TIME=1
EPELY 80290 50271 75041 voven T EPELY (AVG)
RSYS=1 18929 80270 ® 04, . RSYS=1
DMX 80269 80141 79088 79180 DMX =.288E-03
7904¢
SMN = 80244y ,,8023¢ LTy O SMN =-.651E-03
SMX 79045 TR 79178 79303 SMX =.212E-03
79042 79044 79086 79177 o
79043 79085 79176 79300
79084 79175 79293
79083
79174 79298 — i
79082 YT 79297 P
e 79296 <
79171 79295 , \\
79294 ~
79293 — \\
\\
79581 ™,
“
\
\
N,
\
A
A
E— - - - = - = - - - -
H H —-342E-03 - 320E-03 —+299E-03 ~+278E-03 OO s e 0 e 0 e 0 aevE-03
H|L m| E/B/—.331E—03 -.310E-03 —.288E-03 -.267E-03 : . : : : 20
Keys I
HL-LHE PROJECT ¥




DE LA RECHERCHE A LINDUSTRIE

STRAIN GAGES ORIENTATION

Time 1 (layer 1)
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C2A  STRAIN GAGES ORIENTATION
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STRAIN GAGES ORIENTATION
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STRAIN GAGES ORIENTATION

Time 3 (layer 2)
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STRAIN GAGES

Time 3 (layer 2)
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STRAIN GAGES ORIENTATION

BEST SOLUTION:
Solution 1
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STRAIN GAGES ORIENTATION
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