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MQXFAP2 SG Gauges Overview

LE MID RE

Shell 2 Shell 4 Shell 6

Shell:HBM Shell:HBM, Vishay Shell:HBM
Coil: HBM Coil: HBM, Vishay Coil: Vishay

* Three axial locations:

» Shell gauges (T & Z): onshell 2,4 & 6
*  HBM gauges: Shell 2,4,6
*  Vishay gauges: Shell 4

* Coil gauges (T & Z): on axial location of 740 mm (LE), 1940 mm (MID) and 3140 mm (RE) from LE.
*  HBM gauges: Coil LE and MID
*  Vishay gauges: Coil MID and RE

* Most of the strain gauges stay alive in the quench tests.

*  HBM shell 6 Top axial, Coil 102 azimuthal LE initially were found wire broken before cool-down.
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HBM Gauge Readings---Shell Azimuthal

Note: “Quench 0” = 12 kA ramp prior to training
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HBM Shell Azimuthal Strain

Right
Quench#0 is the 12 kA ramp. (The name is not easily changed because the legend is made in a LE view
Bottom
loop.)
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HBM Gauge Readings---Coil Azimuthal

Note: “Quench 0” = 12 kA ramp prior to training




HBM Gauge Readings---Coil Azimuthal LE
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0A to nominal current.

Coil 104 LE seems to be the 15t one to show slope change.

LE view

* Ratchet effect is observed: coil azimuthal strain without current creeps

towards less loading over quench tests.




HBM Gauge Readings---Coil Azimuthal MID
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* The slope of the middle coil gauges are close, which is about 1000 pe
from OA to nominal current.

 Unstable signals were observed in C102, C105 and C106. LE view

* Ratchet effect is observed: coil azimuthal strain without current

creeps towards less loading over quench tests.




Some Suspicious Phenomenon-spikes
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A “global” event seen during the 12 kA ramp

“Quench 0" prior to training




Some Suspicious Phenomenon--axial strain drop at 12kA ramp

Shell Axial Strains I =16.47 KA
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Some Suspicious Phenomenon--axial strain drop at 12kA ramp

Coil Azimuthal Strains
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» There seems to be a global event in the 12 kA ramp
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Some Suspicious Phenomenon--axial strain drop at 12kA ramp

Coil Axial Strains
1 =16.47 kA
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There seems to be a global event in the 12 kA ramp
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SCO1LT_R[03]
SCO1RT_R[03]

SCO3TT_R[03]
SCO3BT_R[03]

SCO3LT_R[03]
SCO3RT_R[03]

catmanEasy evaluation license

catmanEasy evaluation license

80+ e
E 19001
601 E
a0k 1850F -
E = Shell azimuthal -- MID
20 - C 1800
0ok Shell azimuthal -- LE -
c 1750+
80T ' t  Azimuthal|changgs ~5-10 pe,
r 17001 - -
60 . compared|to ~50+75 pe in axial
40-L 1650F
2OIIIIIIIIIIII"'I""""I""II I Y I Y [ [ I [ [ Iy |
600 650 700 750 810 850 900 600 650 700 750 Loo 850 90
Time [s] Time [s]
catmanEasy evaluation license catmanEasy evaluation license
|
SC01TZ_R[03] SC01LZ_R[03] SC03TZ_R[03] SC03LZ_R|0D32]
SC01BZ_R[03] SCO1RZ_R[03] SCO03BZ_R[03] SCO3RZ_R[0Z]
= RENESVIEY | E
-50 5 - ) 150 l.\\
L I \ C ] \
L - ! L I 1
100 It 100 e
- 1 } B C I
L L 1
L 1 1 L I
, C 1
150 i : 50 - t
E T | C | 1
L 1 1 C I 1
- I 1 h
200 1 g 0T 1
C | T - 1 |
F Y 1
r \ r \ | 1
250 - T =50 ; T |
Shell axial -- ILE / [Shell axial -- MID v
C1l 1 1 1 [ 1 1 1 [ 1 1 1 | T | [ 1 1 | [ 1 1 | I | | 1 | [ 1 1 | 1 11\ [ 1 1 | | | 1 |
600 650 700 750 800 850 900 600 650 700 750 800 850 900
Time [s] Time [s]

Both LE and MID shells have the signs of “slip”
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Additional Shell Strain during 12 KA ramp

SCOSLT_R[03]
SCOSRT_R[03]

2300

2250

2200

hell azimutha

--RE

2150

2100

2050

2000

600 650

700

750
Time [s]

300

catmanEasy evaluation licens¢

SCOSLZ_R[03]
SCOSRZ_R[03]

SC05BZ_R| 03]

850

90

150

100

1\

-~
=

50

-50

-100

-150

s e S P R e o

-200

I e L
e [ r -

ml TT{TTHT[TTTT[TTTT[TTTT[TTTT[TTTT

hell axial --

-250

-~

RE \

A
TN = B

600 650

700

750
Time [s]

800

850

catmanEasy evaluation license

900




Additional Coil Strain at 12 KA ramp
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HBM Rod Strain

*  Quench #0 represents the 12 kA ramp.
* The absolute strain is much offset from the value it's ought to be.

* The delta strain in ramps is close to the magnitude of FEA predictions.

* The kink is not explainable at this moment.
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Vishay Gauge Readings---Shell Azimuthal

Note: No “Quench 0” shown here
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Vishay Gauge Readings---Shell Azimuthal MID

LE view

Quenchl

2200

—— Quench2
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Azimuthal Strain (um/m)
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Lo = 16.47 KA

MID shell azimuthal gauges behave as expected in trainings.

No obvious slope change or offsets observed.




Vishay Gauge Readings---Shell Axial MID
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»  MID shell azimuthal gauges behave as expected in trainings.

* No obvious slope change observed.
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Vishay Gauge Readings---Coil Azimuthal

Note: No “Quench 0” shown here




Vishay Gauge Readings---Coil Azimuthal
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Lorm = 16.47 KA
* The linear slope of the middle coil gauges are close, which is
about 1000 pe from 0A to nominal current.

* Slope change is observed.




Coil 102 Axial Strain - MID

Vishay Gauge Readings---Coil Axial
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Compare with MOQXFAP1 Coll Strain

* Coil 104 LE seems to be the 15t one to show slope change.

* The pre-stress of MQXFAP2 seems to be slightly higher than MQXFAP1a.
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MQXFAP2 Preload Proposal



Rod Gauge Readings
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Rod Gauge Readings

HBM gauges --- only available on Rod 1

5.1" from the rod end
(lead end)

Vishay gauge --- always
facing radially outward in

the magnet
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* The HBM gauge are 90 degree with respect to the Vishay gauge on the same rod.
» HBM gauge is on the natural position if there is bending or end effect on the rod.
*  The HBM reading is close to the FE prediction.
L]

Slope changes were observed in both type of gauges. However, the slope changes did not

take place at the same moment on the two positions.
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HBM Coil Axial Strain
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» To verify the magnet axial stretch in ramps, the coil axial strain in all stations is close to the calculation.
* The magnet axial stiffness is as predicted.

O The measured rods’ strain is likely to be very local according to the magnet axial stretch in the trainings.

O Detail analysis in underway on the rod behavior.




