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Electrical insulation test (I/lll)
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MIT515
« \ltage: 5 kV (+4%, -0%, 10 V nominal

test voltage at 1 GQ load (0°C to 30°C)
« Current: 5% +0.2 nA at all voltages (20 °C)
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Electrical insulation test (ll/1l)
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test voltage at 1 GQ load (0°C to 30°C) - Lo
« Current: 5% +0.2 nA at all voltages (20 °C)
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Electrical insulation test (11I/111)

@Cryostat @Cryostat
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CD3 Before test 4.5 K, He
CD3 After test
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« \ltage: 5 kV (+4%, -0%, 10 V nominal — e
test voltage at 1 GQ load (0°C to 30°C)
« Current: £5% 0.2 nA at all voltages (20 °C)
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Detection setup
Magnet

Splices

Leads and insert

Baseline protection

EE: 150 mOhm

Protection scheme

Both circuits have a bipolar IGBT EE switch

Name
Diff_Inner_coil (PotAim)
Diff_Outer_coil (PotAim)

Sum_In_Ind (uQDS,
inductive compensation)
Sum_Out_Ind (uQDS,
inductive compensation)
Splices_inter_coil_ID
Splice_inter_coil_OD
Sc Cable
Cu Cable

QH: - none

Vtaps (+, -, mid)
EE821,EE826,EE823
EE816,EE811,EE814
EE821,EE826 & Idcct

EE816,EE811 & Idcct
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Settings
10 ms @ 100 mV
10 ms @ 100 mV
10 ms @ 200 mV

10 ms @ 200 mV

8 ms@ 10 mV

8 ms@ 10 mV

8ms @ 10 mV
80 ms @ 500 mV
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Cooldown 1

Max allowed AT = 100 K

Warmup 1

Max allowed AT = 100 K
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Cooldown 2 Warmup 2
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Cooldown 3

Warmup 3
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Summary of events, for completeness

| | | MCEXFBPZ pomhriné;?:istéry | |
A | B C  BEiFy yH Ty
2000 | | | | | |
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MCBXFBP2a: - . ﬂ_—. 3 P
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. . | =y
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A. Training Q1 (from event 0)

MCBXFBP2 powering history

MCBXFBP2a: -
" Ultimate Inner
Nominal Inner L
1500 Ultimate Outer ‘_“‘“-_.“-._“._“._“' Q Q @ o ] —o © © ¢
32 quenches to nominal NominalOfter o0 L% m_ mem _==aT=,, TTT%, "
o © @ © o = = - - - =
- Training quenches 1000
IC4 IC5 ocC3
500
20 11 1
_ = Reached Inner Dipole
<
= 0 =Reached Outer Dipole
g a-CD1 ]
ki @ Quench Inner dipole
© Quench Outer dipole
-500
-1000
-1500
-2000
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
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B. Training Q2 right after

MCBXFBP2 powering history
2000
Ultimate Inner
R Nominal Inner
MCBXFsza- 1500 Ultimate Outer o
Nominal Outer = = = = = =2 = =2 4 - = ®
31 quenches 1000 -
- Training quenches B b -
Ic4 IC5  OC3 .
. = Reached Inner Dipole
11 - 2 fc' 0 = Reached QOuter Dipole
g a-CD1
E @ Quench Inner dipole
© Quench Outer dipole
First quench at 23% of 500
nominal torque
() @ (o)
Reached 94% of 1000 e o
nominal torque in event !
o)
#60 * o © ® (¢] ° [5) © C a &=
-1500 1 O--""g TTOTE e 6 T @ Y L 9]
-2000
36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66

Event number
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C. Training Q1 again right after

MCBXFBP2 powering history
2000
Ultimate Inner
MCBXFBP2a: e .
1500 ::m\'n;gu:er ) @ © ° : ’- .- .- .- .- "
) ) ® d ° .- - B
° & = = = =
22 quenches 1000 - =
L o2 =
- Training quenches
IC4 Ics  0C3 o
_ =Reached Inner Dipole
12 10 0 r:‘ 0 = Reached Outer Dipole
g a- (D1 )
3 @ Quench Inner dipole
) © Quench Quter dipole
First quench at 27% of -500
nominal torque
Reached 97% of 1000
nominal torque in event
#87
-1500
-2000
67 69 71 73 75 77 79 81 83 85 87

Event number
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D. Quench free cycle before thermal cycle I/l

MCBXFBP2 powering history

MCBXFBP2a: LB
Up to 90% of nominal torque in the first and third quadrant ) r ) = 7
o The magnet quenched twice before reaching the 90% target in Q1 . ZFesred mer Dol i
. . . . £ |o =Reached Outer Dipole
o Quenched at 45% in Q3 after inversing the torque in Q2. Three more S| 7™ | o quenchimerdpok
. @ Quench Outer dipole -
guenches were performed before moving to Q4. Target was not reached. e
o Alastrampin Q1 (not shown in the plot bottom right) was performed e r L - o=
after the last ramp in Q4 and the magnet quenched at 60% of nominal L ° o
torque.
e Up to 25% of nominal torque in the second and fourth quadrant T w e e v e w  wm w w = om
o Reached without quench in Q2 and Q3.
MCBXFBP2_a Combined Powering: Exploring limits
1800 mmr e e ———————————— Jromonemann S S S e S S ‘.".;.\. ...... :
1600 vf.-'-""h""""""""":@ ------------------------------------ “XN\?\; ----- Nominal Target
1400 2 h,
1200 // ' s 100 % Nominal Torque
1g$ @4 @’/ @ﬂ, E E ----- Ultimate target
g 600; f—t—————= = - E E ----- 90% of nominal torque
é :: “Inversed torque quadrant" "Normal torque quadrant” ; e 25% of nominal torque
2 0 ; ? O Targets
é;i i$ "Normal torque quadrant" "Inversed torque quadrant" . @__E A Results
g ::x @_,/ """"" E E """"" 80% of nominal torque
' Q3 @ |
1200 ... / :'
1400 // Jl,/‘.i
-1600 L "-‘-" -------------------------------------- @-"‘--“'---‘--‘----‘-_'.F":::)"“-' :
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D. Quench free cycle before thermal cycle I/l
MCBXFBP2a: = .
1. The magnet was retrained up to 74% of nominal torque in Q1 (last event . [ ) = "
was at 60%), it took 5 more quenches e oo o [
2.  Reached 25% of nominal torque in quadrant 2 without quench N .QUenm.nne,.ﬁ?f.e
3.  Reached 33% of nominal torque in quadrant 3 without quench o e o ¥
4.  Reached 25% of nominal torque in quadrant 4 without quench oo A — ) - B
5. Ramp to quench in Q1, reaching 60% of nominal torque (not shown in the B © . .
plot bottom right)

Event number

MCBXFBP2_a Combined Powering: Exploring limits 2
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' --,.r.’.-,-; ................... V- SDRIGETEE P ORI GG O I e SA AT
1600 B3 22 P ac : Rt @ Lo Nominal Target

'
1400 -1 / f A S 2
1200 % // | a g ‘ E 100 % Nominal Torque
B3 -
scalll T =’ | jl B} seee Ultimate target
800 ! ' 'y | a ! '
- ol Siple= \ 74% of nominal torque | ¢
£ w0} ] S | == 90% of nominal torque
as P SE— ; :
Pl 1 » o ‘ “Normal torque quadrant” E b 25% of nominal torque
S 200} 3 Inversed torque quadrant ; =
= R e —) ) T
o ' H | ' H argets
S 200 } = . 1
£ w0 : E Normal torque quadrant | "Inversed torque quadrant” -~ __E A ‘Results
{ T e~ oy v
- o | - H .
g E 3 l @ E Z =+ 80%% of nominal torque
X . ¥
E @ | e e B 33% of nominal torque
| 7 a2
s . s 0
3 X :

i . &) 1 @,
i 0
. . [ J
L | C{@ %mse Outer Dipole current (A}
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E. Training verification in Q1 after TC
CD 2

MCBXFBP2a:

MCBXFBP2 powering history

Last quench in Q1 before TC at 61% of Utimate mer
nominal torque I ———— S —————N——  em—
M H ominal Outer ) . T - -- i :
First quench at 75% of nominal torque L < : = - B "
7 quenches until 90% of nominal after TC 1000
(9 in total in this test due to a bit of
detraining in the last two) 0
_ =Reached Inner Dipole
:é 0 =Reached Outer Dipale
1c4 IC5 0c3 @ Quench Outer dipole
-500
6 3 0
. Reached 90% of nominal torque in event e
#120
B 1 e
-2000

Event number
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F. Quench free cycle after th cycle

MCBXFBP2a: CD?2
. Verified the quench free region. 3 MCBXFBP2 - No quench
ramps in quadrant 2, 3 and 4, 2000
coming from training in Q1 J 10
. OK 25% inversed torque /’f/

. OK 33% direct torque & e
N g -.':‘ & Reached no quench
— _4—(."__-- 5 ? 400 — 5% nominal
—— 3_ 313% nominal

Juter Dipdle current [A)
0
2000 <1800 -1600 ;1400 3200 1000 800 GO0 40O 200 Q 200 400 GO0 800 3000 1200 1400 1600 1800

0 o

"2 A 4"/,-/""
't\%'“% B0 *f/f‘l
' 1200 v
/
@ 600 7
.2000
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G. Training Q2 after TC

CD 2

MCBXFBP2 powering history

MCBXFBP2a:
Quench in Q1 right after the el R R T e B e I
guench free cycle o= == ==
First quench at 35% =
19 quenches until 87% of |
L i s | : e
IC4 IC5 ocs3 E cp2 o Quench Inner dipole
8 11 0 . @ Quench Outer dipole
=  Reached 87% of nominal :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.::::::::'::::::::t:::::::::::::3:::::::2:::::::;::::::
torque In event #151
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H. Alternating torque sense
CD 2

MCBXFBP2 powering history

MCBXFBP2a: 2000

o [
8 quenches
Those quenches happened between: 1000
* 33% and 45% of nominal torque, A
average 41% 00 + :
* 58% and 68% of nominal field, g - Reached Outer Dipole
average 64% E o] v .02
= @ Quench Inner dipole -, "
g g L _-
= -‘ T .-..- _'l._.
o L) - = ‘
o L e e e e e e ;’:.' """ "h:;:."‘_""'"""”"""""” """""" == ‘.‘""-""”""‘\’? """""

0 5 10 15 20 25 30 35 40 45 50 S5 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165
Eventnumber
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|. Re-train in Q2, quench free at 33% and circular cycle

(I/11)

CD 2

MCBXFBP2a: e
O —— e
Coming from a quench in Q1 e === =r =T L

Re trained Q2 in 13 quenches from
44% to 85% of nominal torque and - - L

then Verlfled |n Q4 _ =Reached Inner Dipole
=<
g 0 = Reached Outer Dipole
3 Cb2 @ Quench Inner dipole
@ Quench Outer dipole = =
500 =
[ ]
= =
-1000
o
] ° e
)
° @ (<] e ° ° 1 =
B R B Rt e
................. =
-2000
160 162 164 166 168 170 172 174 176 178 180 18
Event numbs
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MCBXFBP2a:

Coming from a quench in Q1

Re trained Q2 in 13 quenches from 44% to 85% of
nominal torque and then verified in Q4

The circular cycle is not shown in the events plot

Quench in Q1 to reset after the training (event 172)
before the quench free cycle

Quench free cycle targeting 33% of nominal torque
(57% of nominal field) in Q4 and 25% of torque
(50% of field) in Q1 and Q3.

A ramp to quench was performed in the diagonal
after the cycle again in Q2 reaching 52% of nominal
torque (72% of nominal field).

i | ’ CERN
HL-!I% PHOJECTI \/_V

NS

Ciemal
Centro de Investigaciones

Energéticas, Medioambientales
y Tecnolégicas

CD 2

|. Re-train in Q2, quench free at 33% and circular cycle

(I1/11)

MCBXFBP2 - No quench
1800
__________________________ E]--------.------------ gy gy g g
1400
s
B -
2 @ oo |

%00
g—
500

\  QOuter Dipole current (A]
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guench free cycles (/1)

J. Verification of the powering sequence and more

Event number

CD3
MCBXFBP2a:
« Rampto quenchin Q2: 60% of nominal torque
A third cooldown was « Ramp Inner in Q1 to nominal current and then outer until quench (3 cycles): 25,25,27 % of nominal torque
requested e Ramptoquenchin Q2: 52% of nominal torque
«  Ramp both magnets in diagonal until quench in Q1(3 cycles): 54,54,57 % of nominal torque
e Rampto quenchin Q2 45% of nominal torque
Th_e magnet_ quenched « Ramp Outer in Q1 until nominal and the inner until quench (3 cycles) 30, 36, 38 % of nominal torque
tVV_ICe n Q2 jU_St b_efore . Ramp to quench in Q2 47 % of nominal torque
this cycle. This might
eXpIaIn the IOW quen-ch MCBXFBP2 powering history
current of the ramps in 2o
Q1 s e ———_——————— ——— =
1 g '_ o -z -Be =5- === = = HE" - E
_ =" = Reathed Inner Dipole
% o =Reacthed Outer Dipole
5 Ccb3 © Quepch Inner dipole
(5] Que[:ch Quter dipole
-1ooo [~ il -=- .I. -:- -:- e : =
oY (@) Cremat
-LHC PROJECT \ Centro de Investigaciones 184 186 188 190 192 194 196 198 200 202 204 206 208 210 212 214 216 218 220 222 224 226 228 230 232 234 236 238




J. Verification of the powering sequence and more

guench free cycles (lI/1I)
CD3

MCBXFBP2a:

a. Quench free cycle of 4 points (diagonals) 20, 23, 26, 29, 32, 35, 38% of nominal torque
b. Quench when attempting 41%

MCBXFBP2 powering history

MCBXFEPZ - No quench

2000

Ultimate Inner

_N_Dmi_ji\_IHF.EI
1800 1500 Uitimate Outer

Nominal Quter (=]
Fooo o0?®
£ 1000 B === - = = =@ =
n = = I Bos == = = = = = B
g = =2, === 8
E ) == =
i -] = = =
i 500 ° - =

=== -
o _ = Reached Inner Dipole
: =z .
£ o = Reached Quter Dipole
E Cb3 @ Quench Inper dipole
@ Quench Qyter dipole
_,_?' 500 L o - - = -
! == == ==
= = - . .
B 100 =8% _== _=- = = =
° °
1800 o *
-1500
==

-2000
184 186 188 1% 1% 194 19 1% 200 202 204 206 208 210 212 214 216 218 220 222 224 226 228 230 232 234 236 138

Event number
|L | CE/RW Ciemal
\ Centro de Investigaciones
HL-LHC PROJECT

S P Energéticas, Medioambientales
y Tecnolégicas




J. Verification of the powering sequence and more

guench free cycles (llI/I)
MCBXFBP2a: CDh3

a. Quench free cycle of 4 points (diagonals) 20, 23, 26, 29, 32, 35, 38% of nominal torque
b. Quench when attempting 41%

c. Quench free cycle attempt of 12 points at 38%, quench.

d. Quench free cycle of 12 points at 35% OK

MCBXFBP2 powering history
Quench free cycle of 12 points at 35% of nominal torque 2000
Ultimate Inner
NDEiji‘ IiF.Er
516, 1625 20 516, 1625 1500 (TR - - - T
. 3 m Nominal Quter =
1500 L eo
1000 === - - = =0 =
-872,961 872,961 I Bo. “e= =2 = = | -
- 1000 = - e=_ === =88
. -1474, 569 1474, 569 - R e® =° = = = - =
= - -
= 500 === -
Z B = Reached Inner Dipole
= .
= : = Reached Outer Dipole
@ g a- (D1 )
-2000 -1500 -1000 - 0 00 1000 1500 2000 3 @ Quench Inner dipole
-1474,-569 00 1474,-563 © Quench Outer dipole
- : - -500 = =
-872,-961 872,-961 - ) = -
= 1000 = r- == —in =
- == =Bf _2= _== L |2l F
_ -
J J L o
516,-1625 .o 516,-1625 l . °
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K. Second verification of the powering sequence and

more quench free cycles (l/ll)
MCBXFBP2a: CDh3

Ramp to Q1 to 35% of nominal torque (event 238)
Ramp Inner in Q1 to nominal current and then outer until quench (3 cycles): 55, 61, 66 % of nominal torque

Ramp to quench in Q2: 31% of nominal torque
Ramp both magnets in diagonal until quench in Q1(3 cycles): 56, 58, 70 % of nominal torque
Ramp to quench in Q2 47% of nominal torque
Ramp Outer in Q1 until nominal and the inner until quench (3 cycles) 46, 48, 49 % of nominal torque
Ramp to quench in Q2 28 % of nominal torque

MCBXFBP2 powering history
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K. Second verification of the powering sequence and

more quench free cycles (ll/Il)
MCBXFBP2a: CDh3

1. Attempted the 12 point quench free cycle at 35% of nominal torque (quench, event 254)
2. Successfully performed a 12 point quench free cycle at 32 % of nominal torque
3. Ramped Inner circuit alone to test stability at high current (event 267)
4. Successfully performed a 12 point quench free cycle at 35 % of nominal torque
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Conclusions

MCBXFBP2a:

Good margin in standalone configuration
= No quench inner nor outer

= Reached 1980 A in the inner circuit
33 gquenches from new to nominal

~ 20 quenches from ~ nominal in one torque sense to ~ nominal in the other, when the magnet w
already trained

Perfect memory after thermal cycle
Quench free region:

= Q1/Q3: ~35% of nominal torque Q2/Q4: ~35% of nominal torque

= Ongoing: vibration analysis of the voltage signals
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