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OUTLINE

= the octupole: cold test review

= updates

= decapole

= MgB, round colil

= dodecapole and quadrupole
= conclusions

M. Statera- CERN 2017/5/24



HO CORRECTOR MAGNETS ZO0O
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8POLE
___________[nominal__[simulation __

length 160 mm 183 mm
én tleosrgergglﬁi?n 46 Tmm 46 Tmm
magnetic length 87 mm 99 mm

energy @I, 1.4 kJ 1.07 kJ
harmonics B12=11.6
B20=-3.0

« DURATRON coils

e electrical
connections
redesigned
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8POLE: assembly 1

= new electrical connections ="

assembly procedure - /q , g
= same as 6pole \ ‘ B g

\f

% Copper 2 mm wide
0.035 mm thick

D R
t ‘ , — & two printed circuit boards
' y d \

N W '

e coils’ connections

* signals
alignment frame

DURATRON

CuBe rods coils
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CONNECTIONS

MO08-01
MO8-08
MO8-07
MO8-06
MO08-09
MO08-10
MO8-11
MO08-12

=]
]
=
> 10
( The two wires farm o twisted paic
# PROTECTION = Temperature sensor (CGR, RTD) shown with its 4 leads 50N 500 Dok / '
@ Volage tap: protection
i FAST AGQ O Vel N TSM  Magnet Temperatume Sensor
Eagn tag: Emst asquinition
5 Gy I " p: " My Protection resistance of magnat voltage taps TBD EE W];W aaaa Sensor INFN Milano ,NFH
L Ot tap: panara purposs (VI VE Cannscion syslam Volage LASA lab
0H  Quench hesler 2(‘:'1“‘030“'5

TSM, VM, and OH signals are on the cold mass
TSE and VE signals &re on the supparting sysism
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SBPOLE: COILS
R SR O N N ©
coils’ assessment 08k & ]
« geometry
* resistance £ o nominal current
* HV insulation 0.4k i
single coil’s cold test:
0.2} 2 training quenches -
reached short sample sample 247 A |
2 3 - 5
QUENCH




HEATERS

two heaters are installed

on coil B5 the duratron thickness was reduced by hand
on coil B6 a ® 2 mm AIN ceramic insert in the hole
guench induced at 4.2 K, =73 A

s L}

AIN
1 mm thick
By INTELLION S.a.r.l.
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13,220

13,200
13,180

13,160

RESISTANCE - INSULATION
Ground insulation @5 kV [TQ]

1 2 3 45 6 7 8 9 101112

coils’ number [M08-]

P (’f'?

Bl MO08-01 | 1.86

6 parts  M08-02 | >5.05
alt. cut | M08-03 | >5.05
spare | M08-04 | >5.05
spare | M08-05 | >5.05
B4 MO08-06 | >5.05
B3 MO08-07 | >5.05
B2 Hr | M08-08 | >5.05
B5 Hc | M08-09 | >5.05
B6 MO08-10 | >5.05
B7 MO08-11 | >5.05
B8 MO08-12 | 2.18
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GEOMETRY

nominal

mould

mean

std

heigth 25.7

A

26.65

0.04

25.79

0.14

25.66

0.09

iInner long 99.2

99.53

0.10

99.70

0.34

99.54

0.21

outer long 119.6

119.20

0.07

119.57

0.06

119.33

0.22

iInner short 35.8

36.35

0.13

36.22

0.21

36.22

0.14

outer short 56.2

55.79

0.02

55.87

0.10

O @ > 0@ >0 @ >0 T >0

55.80

0.16

all dimensions in mm

Good repeatibility

6pole average ¢ 0.09 mm
8pole average ¢ 0.13 mm

Outer Ion,
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SPOLE TEST
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SPOLE TRAINING

= stable at ultimate current (108% Inom) and at 150% Inom
= 26 quenches — | ;=207 A(89.2 % s.s.l.)

250
_|O provoked | |____| _________________________________________ |
A\ training T 1787887l s.s.l.
o | |— Stable | | 33%&13&.&.&&&&,5'
|| 28 °a° L8
| 1 7410745 |
—_ 7.3 aB854
Lo e =150 Inom
= 4 |
A A U N < S S A | o
R — A BT 2 S j=—-1--108% Ino
=5 100 Inom
© I o I I
°o 1| |
s0 | 2] |
| o | I
dayl 4.2 K | = | day3 4.2 K | week2 4.2
o 1 C |
10 15 20 25 30 35

0 5
E-Hi‘LU ’] f N:,? event number
HL-LHC PROJECT L/
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QUENCH SEQUENCE

= not all coils have training 7 171 3
= single coll tested (B1) has training I> 150% Inom | 4 : 3
= no evidence of induced quench effect A : 1

|
8 31| 1
/ 7111
6 3! | 3
5 5.1 1
N 70| 7
3 411 8
i H H 11| 7
; _ 718
Bl B2 B3 B4 B5 B6 B7 BS g : 573

|

\ SN

. * :
H'LUm" NN
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SBPOLE COLD TEST RESULTS - 2

He |l test: 2.17 K |  qualification @ 10% TN
C = 1h@ 108% In
= 1h @ 108% Inom (114 A) 5|
= 1h @ 150% Inom (158 A) ° =

" no quenches occurred 5  t 55 & 5 7

hours

tests @ 4.2 K

= full training: Imax 90% of s.s.l.
= working condition test (w/o energy extraction)
= qualification @4.2 K after a thermal cycle

= preliminary single point field measurement:
agreement with simulations, good repeatibility

= field quality measurement @CERN

; . M
HiLumi INEN
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SPOLE WORKING POINT

300 pr—p—— prp—— ——
8P ~
=—Long and transv prop | /
250 | op | N
~=0Only long prop ; / i '
3 6P |
o 200 | = Sextupole /
S
g 150 " measured
o
E, 100 short sample @ 4.2 K (calculated)
8pole single coil | 247 A (247 A)
‘(\\6
20 8pole 207 A (232 A)
6pole 241 A (248 A)
0 | l
0 105 210 262
current [A by V. Marinozzi
‘HiLu i’ m:r? A L
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PRELIMINARY FIELD MEASUREMENT

preliminary measurement of the field
single point
In front of a pole
radius of 50+1 mm (correction applied)

0.8
s 0.7+ . _
7 reproducible
2061 1 5mT
- DAY14.2K .
0.5 . DAY2 217K [1 Saturation 30 A
0.4 > DAY342K ||
| DAY8 42K ||complete
0.3 O SIMULATION H measurement at
0.2 |{CERN is required
0.1 R
| | | | | |

0
0__20 40y 60 80 100 120 140 160 180 200 220
HiLumi Y INEN ampere
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SPOLE GROUND INSULATION

same values during the assembly and at fully
assembled magnet

= coil vs iron yoke
= circuits and connections vs return yoke

= Improvement compared to the 6pole
* max voltage in working condition 50 V_ drop @1.8 kV

_ =4=8P assembled
%} 1000 @ -—8P after thermal cycles
-;- =C=6P after thermal cycle
ccb - ©-6P assembled
£ 100 -
&
o
2 : B\ 2026V
10 | 40.6 MQ - 50 pA

0 1000 2000
(Y uew voltage [V]
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WORKING CONDITION TEST

= threshold up to 5.0 V (differential voltage)
= guench starts 130 ms before trigger (system dependent)
= total time before relay opening: 145 ms
(opening time in operation 60-180 ms )
= Al=8A @ 145 ms PS dependent
15 ms

120 i — = tuning of the simulation by QLASA
100 1 = Inductance
= current decay
gpL Nodump
o = voltages
8 60f )
£
T 40t Training quench A
20 - —
D | | | | |
-0.2 0 0.2 0.4 0.6 0.8 1

HiLumi INFN
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10POLE

= mechanics procured

= colls updated parts
procurement ongoing

= assembly and test: June
)

R INF
C




FIBER REINFORCED MATERIALS

= COILS
= hybrid BTS2/DURATRON construction tested
= Full BTS2 construction v2 in prepaparation
thermal cycle test before decapole assembly
= Electrical connections
= ARLON 85 printed boards tested

DURATRON and Arlon 85 are approved?

HiLumi INFN
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ROUND COIL MAGNET
demonstrator

$ 380

demonstrator
= mechanics design ongoing
= mould designed

one module

= first batch of insulated MgB, wire
ready for delivery at LASA

G. Volpini et al. Eletromagnetic Study of
a Round Coil Superferric Magnet,IEEE

~) Tr. App. Sup, 26, 4 (2016)

HiLumi ’ INFN preliminary impregnation mould
B— M. Statera- CERN 2017/5/24
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DODECAPOLE AND QUADRUPOLE

= tender approved by INFN
= tender launched

= companies are preparing the quotations
= unofficial (technical) award: June 2017
= end of the procedure: September 2017

HiLumi INFN
HL-LHC PROJECT ‘ M. Statera- CERN 2017/5/24



CONCLUSIONS

Octupole succesfully tested
= decapole’s modified colls production ongoing
= fiber reinforced material: approval pending

= first test MgB,, coll for round coll: preparation Is
ongoing

= dodecapole and quadrupole tender launched
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