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MQXF test history at CERN
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Overview of all MQXFB full length magnets

Natural quench history at 20 A/s of the first 5 MQXFB magnets (standalone test cold mass / cryostat configuration)
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limited at 15.17 kA at 1.9 K limited at 15.95 kA at 1.9 K reached target at 1.9 K reached target at 1.9 K reached target at
limited at 13.85 kA at 4.5K limited at 14.45 kA at 4.5K limited at 15.85 kA at 4.5K limited at 16.40 kA at 4.5K 1.9Kand 4.5K

disassembled for destructive
examinations of limiting coil

(improved cold mass assembly)  (improved magnet assembly)

For details of the differences between the assemblies see
the presentation by Susana Izquierdo Bermudez
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MQXFBO02 — Magnet features

Optimized procedure of bladder and key loading, based on stretching the
outer structure via additional bladders in the cooling hole channels

= Jteliminates the overshoot of coil azimuthal stress during loading
(+30 MPa, as high as +50 MPa), and minimizes peak stress in the coils,
which is now during the insertion of the keys and not during bladder
operations.

= MQXFBO02 has optimized welding and magnet assembly procedures, but
the coils were fabricated before the stop of the production in spring 2021
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MQXFBO2 quench plot

MQXFBO2 natural quench history At nominal temperature 1.9 K
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MQXFBO02 quench localization
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Ramp rate and temperature dependency
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Quench locations (excluding training)

VI 20 Als 50 A/s VI 20 Als 50 Als
BP1 P3.A P3.B P3.A P3.A P3.B
BP2 P1 P1 P1 P1 P1 P1
BP2 trim P3 P2 P3
P3 P4 P4
Pl"gzlApl'B P1.A P2.B

Color indicates where the quench happened in the cross section
Text indicates coil number, and an identifier if several quench locations in the same coill

Inner layer pole turn is an “old friend” across all MQXFB so far

B0O2 has a bit more variety in gquench location
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MQXFBO02 endurance tests
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Conclusion MQXFBO0?2
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MQXFBMT4 quench plot

« All quenches in the new coil, but

MQXFBMT4 natural quench history A e _
in different longitudinal location
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MQXFBMT4 quench localization
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Temperature dependency,
compared to previous magnets
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Ramp rate dependency,
compared to previous magnets
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MQXFBMT4 VI measurements
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Conclusion MQXFBMT4

—©—-MQXFB02 4.5 K
O-MQXFBP2 45K
—— MQXFBP1 4.5 K

0o A~ MQXFBMT4 4.5 K

- The performance of the 3 earlier used coils 18
was not impacted by reassembling them.
No quenches in those coils.
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QXFBO03 has new generation colls

Modifications aimed at reducing the friction between coil and reaction mold
= Pole gap increase
= Partial compensation of the curing cavity
= Removal of the ceramic binder from the outer layer of the coil
. New generation coil measurables point to a coil which is more ‘relaxed’ after RHT
. No coil ‘hump’ after reaction
. No bigger coil azimuthal size towards the middle after impregnation
- More homogeneous torque required to close the impregnation fixture
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MQXFBO3 quench plot

MQXFBO3 natural quench history * Quenches mainly in the head segments
(QA1and 12)
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Longitudinal location
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Temperature dependency
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Ramp rate dependency,
compared to previous magnets

Even when increasing the ramp rate up

L"u'ﬁ'[;‘,i‘ﬁe to 100 A/s (therefore increasing the
17 temperature in the coil to above 4.5 K
&‘: — —  Nominal due to losses) the MQXFBO03 does not
16 A current
= 2 O guench.

—=—B03 (no Q) _ o .
A-MT4 This shows that the margin is higher

than shown in the previous plot.
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Al tests at 4.5 K —#&—BP1 16.53 kA) the magnet shows no signs of

AN . . ..
instability and no performance limit.
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MQXFBO3 Precursors during ramp —first ramp in CD 1

Quench antenna

- =" containing 12 segments of 60

cm long each.

0.004

_n_nnDa}— §= ‘

£ =

= 2| —

0 ””: f E t I ‘\\ . .

} = ~. During first ramp to quench, the most
}_ % ' precursor (motion) activity occurs in the
%— S Y magnet ends (segment 1 and 12).

D004 x [ R

= = | 4

_n_nnua_:lu—— ' I % n | I | :‘i,

”‘?I*#W = | —— : | m— : 3'[:

u.uu: . _— ' " . | ')v’

.n_nna-ﬁi_r | ﬁﬁﬁl#l“—w

0 —

oo -

7 .

|
200 400

t;___i__-_;_::j

n

17.5
175

"
ot

=
AN
MM

7

| |
200 400

HCLMQXFBTO01-CROO0007_LA__Q202308231147_a001(0)

Uef'jdate I\/I'QXFB ﬁ"ﬁagnet tests

- = First ramp to quench at 14.2 kA in CD 1

- G Willering - 13th HL-LHC collaboration meeting - 2023




MQXFBO3 Precursors during ramp — Fully trained magnet in CD 1
CS

NCS

Quench antenna

ﬂﬂﬂﬂﬂﬂ

| | = Y — \\ When fully trained (in the 8th ramp to
;Ao o, = W: “s quench) the magnet heads don’t show
o, A ——————————— : T E—— activity anymore. This is an additional
B . e e—— e a— : e — L+ confirmation that the magnet is fully

| ! I :
...... 31 . b J¢  trained.
3334 t 1 t I t } t } f V4
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.- AT ———— . w—A activity in the straight part of the magnet,
: ' ' ' ' ' 7 with highest activities in segment 3 and 5.
oo ’ | ’ | ’ :‘""“"‘"“""”}I’*_ Very new data, not particularly worrying,
' — e e but as foreseen monitoring will continue.

—— Ramp to full current, quench at full current.
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MQXFO3 Precursors during ramp — first ramp in CD 2

CS NCS

Quench antenna

cm long each.
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; | : | s : —— 1 ™\ ends, already from around half the target
o JT T ————————————r sy~ current. However, none of the precursors
, , | e et , lead to quench.
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MQXFBO3 Precursors during ramp

Note:
Precursors during ramp are studied since long

‘W | time in magnets.
| bl ; |
, - | Precursor activities shown here are for a
, . | perfectly stable magnet.
. i |
] | | . .
= m I We will monitor them for future magnets too, for
| Ll ] .
: I | comparison.
I I I
| ] ]
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Conclusions MQXFBO3

We can only test at 4.5 K up to ~82 % of short sample

18
current. Ultimate

current

The MQXFBO03 shows no signs of limitation up to this 17
level of 82 % and is the first magnet to reach target g O~ === Nominal
current of 16.53 kA at 4.5 K, even at 100 A/s — 16 é o P4 current
3 A
. - . : = —=—B03
With training only in the magnet ends and no sign of 3 15 N MT4(”° Q)
performance limits, it shows a very different S O s o502
performance signature as all previous MQXFB and é 14 O
even MQXFS magnets that were tested before. O-BP3
13 @ BP2
All testsat 4.5K —A:BPl
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Thank you

Natural quench history at 20 A/s of the first 5 MQXFB magnets (standalone test cold mass / cryostat configuration)

~N
i | | |
n t t , ST ke N T ° =
: eoeo ' ° K | i i i *
lhom = 16.23 KA | T p_ v % =o¢ oog® g = | | | °
[ I | | | 1 1 o
[ endurance test e}
_.. o ®eo0e0 o - [ 1 I 36 quenches 2 |,
| | | | 508 current cycles o
I Dol 0O | 4 cooldowns ® Quench19K
: : | . I | e Quench2.15K
2 O m] meets HL-LHC meets HL-LHC ~ /| | @ Quench4.5K
- - - : requirements v requirements 4 = Noquench 1.9K
| o I X I . | . - I I . = Noquench4.5K
I .. .. L LT o ney L L L - = — —Thermal cycle
10 0 10 20 0 10 O 5 10 15 5 10
MQXFBP1 MQXFBP2 MQXFBP3 MQXFB02 MQXFBO3
May 2020 — Sept. 2020 —Jan. 2021 - Dec. 2021 ~Jul. 2022 - Oct. 2022 — Nov. 2022 — Mar. 2023 ~ Sept. 2023
limited at 15.17 kA at 1.9 K limited at 15.95 kA at 1.9 K reached target at 1.9 K reached target at 1.9 K reached target at
limited at 13.85 kA at 4.5K limited at 14.45 kA at 4.5K limited at 15.85 kA at 4.5K limited at 16.40 kA at 4.5K 1.9Kand 4.5K

i i, CE/RW
-LHC 0JECT \

disassembled for destructive
examinations of limiting coil

Update MQXFB magnet tests - G Willering - 13th HL-LHC collaboration meeting - 2023

(improved cold mass assembly)

(improved magnet assembly)

(improved coils)



