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Outline

Overview of D1

= Cold test results of the 1st 2 m model of D1 (MBXFSO01)
= Quench performance
= Field quality

= Reassembly of the 1st 2 m model with higher pre-stress
(MBXFSO01Db)

= Further plan
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Overview of D1
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D1 magnet
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Large aperture to obtain smaller 5*
Coil aperture: $70 mm =2 $150 mm

Stronger kick to accommodate shorter distance between D1
and D2 (recombination magnet)

Field integral: 26 Tm - 35 Tm

Normal conducting D1 in the current LHC will be replaced by
Nb-Ti based superconducting magnets.

KEK is in charge of development of D1 since 2011.

"HiLU i ’
HL-LHC PROJECT

_ Michinaka Sugano, 6th HL-LHC Collaboration Meeting, 14 - 16 Nov 2016


http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Japan-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Japan-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Italy-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Italy-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Spain-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Spain-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Spain-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Spain-icon.html

Design parameters

Production 2 m model

Coil aperture 150 mm =:
Field integral 35T-m 9.8 T'm =
Nominal field 557 T =
Peak field 6.44 T (SS), 6.56 T (coil end) =
Operating current 12.0 kA =
Operating temperature 1.9 K =
Field quality <104 w.r.t B; (R,;=50 mm) .
Load line ratio 75.4%(SS), 76.6%(coil end) at 1.9 K
Differential inductance 4.0 mH/m
Conductor Nb-Ti MB outer cable '
Stored energy 340 kd/m @/
Magnetic length 6.33m 1.73 m %
Coil mech. length 6.57 m 2.00 m $
Magnet mech. length 6.72 m 2.15m 4 blocks ™ 4

135 W (Magnet total) 44 turns
Heat load 2 mW/cm3 (Coil peak) \‘
Radiation dose > 25 MGy

Technical challenges

= Large aperture:Large coil-size change during fabrication, cooling and excitation
—> Precise prediction for appropriate pre-stress and good field quality

= |ron saturation: Good field quality from injection to nominal current

'H. Radiation resistance : Radiation resistant material for colil parts, cooling
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Overview of D1
$60 mm HX hole

Field tuning hole

Shell (SUS304L)
4-way split /
stainless
steel collars §
(NSSC130
S)

Cu/NDbTi cable
(LHC MB outer) +
Apical insulation Iron yoke
Radiation resistant (EFE by JFE
GFRP wedge steel )
(S2 glass + BT resin)
A single layer coil to maximize iron volume and better cooling

Nb-Ti/Cu cable with APICAL and PIXEO insulations, same as MB outer cable

Newly developed radiation resistant GFRP for wedges and end spacers

Collared yoke structure to increase amount of iron yoke

Design features for better cooling (Heat load 135 W in total, 2 mW/cm?3 at local peak)

Void spaces and packing factor of collar and yoke less than 100% for passage of
superfluid He

e -

Stack tube (S45C)

Brass shoe
QPH +

Insulations
key

(S45C)

L



Fabrication of the 1st 2 m model in KEK
= Jul 2015 — Mar 2016

Shell welding Splice work

Completion of fabrica
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View from LE
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ANSYS calculation +8
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Required pre-stress to keep the coils in compression even after
excitation to 110% of the nominal current:

Min required pre-stress: 70 MPa at pole, 94 MPa at MP

The target pre-stress at pole :80 MPa
Measured colil pre-stress at pole after yoking in MBXFSO01: 65 MPa
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Cold test results of the 1st 2 m model
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Training quench tests

1st cycle: April 2016
2nd cycle: May — June 2016
In the 9 m deep vertical cryostat in KEK

Training quench

= Temperature: 445 Kand 1.9 K

= Energy extraction with a dump resistor of
73 mg2

= Threshold voltage: 0.1 V
= Detection time: typically 10 msec
= Ramp rate to quench: 10 A/sec
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Training plot
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Quench number
Max. quench current = 105% of I, but lower than the ultimate

Good training memory between the 1st and 2nd test cycles

An erratic behaviour
Decrease of |, after |I;,, max (No cable damage)
Recovery to more than I, at the last two quenches
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Variation of coll stress at pole during excitation
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In the Ac — I curves, flattening of Ac is clearly observed below 8.5 kA.

Compressive pre-stress of the coils are completely released.

Remained pre-stress at cold: 17 MPa << 65 MPa after yoking
—> Large stress release by cooling

-

Coll stress at cold should be increased by around 35 MPa.




Possible reasons of lower pre-stress

Straight section
Large stress release during cooling-down
Measured values: 44 MPa >> ANSYS calculation: 13 MPa
Lower Young’s modulus in ANSYS calculation

- Underestimate of stress release by cooling Coil size measurement._

| I G eaaee sl il
Coil end s
Q
Very low azimuthal pre-stress at coil end was % —— Top oo (Non rampide)
. . . . r— —— Top coil (Ramp-side)
confirmed in coll size measurement. E ] " Bottom cail (Non ramp-sidg)
> Insufficient cable support £
1y
Axial preload S N/ | |
R e T EEECTED

Coils were longitudinally supported by the bullets,

Axial position (mm)
but longitudinal stress to the coils were not monitored. e,

PN

Ly =
(©g
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Enhancement of pre-stress will be a key
< (0 Improve quench performance.
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Magnetic field measurement

= DC loop: I=0-10 kA } Maximum current < |,
=z scan: 1=688(injection) , 3, 5, 7, 10 kA | to avoid quench during MFM

Rotating coils 4

I~ .
ICoH-gf
15mm 15n‘{8m

hmm 18%@0”% oil

o8l Coil A: dipole
s Coil A— Coil B: dipole bucking
~ Coll C: spare

= 7m Ion GFRP shaft
= Anti- cryostat $141.3 mm ?OD)

= “Warm®” bore: $108.3 mm (ID) . SizeLof coigSSBnade ofg%CB

e = Long: mm X 30 mm

HL S = Short: 80 mm x 30 mm
Y= Number of turns: 20



Field integral at 10 kA

n o BN (RO c)
1937.51 2.53 6031 67 -046 203082 -2855  10000.00 —26.47
(1965.25)  (0.00) (6080.50) (0.27)  (1954.25) (-17.11) (10000.00) (-16.80) f Bn(l)dz 4
0.25 ~2.50 -0.36 -0.23 0.25 -0.93 -0.17 -3.67 bn(l ) = X 10
0000 (0000 _ (0000 ~ (0.00) _ (0.00) ~ (0.00) __ (0.00) _ (0.00) f B,(I)dz
-9.26 -0.24 18.76 0.29 -5.19 6.74 all
(=7.70) (0.00) (21.41) 0.13) (=5.50) (5.74) Return End Straight Section (SS) Lead End
0.21 -0.26 0.00 0.19 0.07 0.23 0.28 0.17 -1925 ~ - 525 525 ~4525 +525~+1925
(0.00)  (0.00) (0.00) (0.00) (0.00) _ (0.00) (0.00)  (0.00) Tl —
-1.12 -0.07 ~1.14 0.05 1.42 ~0.52 ‘-J
(-1.73) | (0.00) | (-0.66) | (-0.02) | (-0.08) | (-0.52) 000 525 netcenter T2 Y1000 [mml
0.14 -0.13 -0.04 0.03 ~0.04 -0.02 0.06 -0.12
(0.00)  (0.00) (0.00) (0.00) (0.00)  (0.00) (0.00)  (0.00)
7 -1.34 -0.01 0.18 0.08 ~0.62 0.36
(-1.49)  (0.00) (0.20) 0.03)  (-0.70)  (0.39)
8 0.12 -0.12 -0.10 -0.08 -0.19 0.07 -0.18 -0.12
(0.00)  (0.00) (0.00) (0.00) (0.00)  (0.00) (0.00)  (0.00)
9  -1.16 -0.06 -0.02 -0.09 -0.92 0.00 --
(-1.32)  (0.00) 0.09)  (-0.01) (-1.01)  (-0.15)
10 006 -0.05 -0.08 -0.03 -0.08 0.02 -0.10 -0.06
(0.00)  (0.00) (0.00) (0.00) (0.00)  (0.00)  (-0.81)  (0.00)

= ROXIE3D calculations generally agree with the measurements.
= Need improvement of ROXIE models for b; and b,
= Skew and un-allowed multipoles are sufficiently small.
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Reassembly of the 1st model
with higher pre-stress
(MBXFSO01b)
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Mechanical short model with higher pre-stress

140 1 1 1 1 1 1 1 1 1 1

= Short model !

%120 - w 0.77mmt shim 1

P 100 :- :

8. 80 ]

‘.C-U. I ]

0 60 | .

Q® ,f Short model :

0 [ w/o shim :

= We decided to reassemble the 2 m O oL

model with enhanced pre-stress 1A
(MBXFSO01b) by inserting additional > % 8o %8 %8 535
shims to the MP. S 235338 58233
= Mechanical short model assembly to 3 2s zx 23 g 8 &
estimate thickness of shim at MP to = 5 =z 8 32 = 23 2
increase pre-stress at cold by 35 MPa > @ @ =23 p &
= Shim thickness for MBXFS01b < = 3 2 35
- 0.8 mm per quadrant 3 2= 5;;
(Target pre-stress at RT: 140 MPa) =

We should allow compromised field
quality in MBXFSO01b.
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Current status of MBXFSO01b

MBXFSO01 was disassembled and 0.8 mm-thick G10 shims were
bonded to the MP of each coil to increase pre-stress.

Implementation of strain gauges to monitor axial pre-stress
Increase of the number of voltage taps on the coils (29 - 42 per coil)

Strain gauges to monitor
axial preload

Disassembly of MBXFSO01

|—||U|, A coil for BXFSOlb
with additional MP shims
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Further plan
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Plan for the 2nd 2 m model (MBXFS02)
Change of iron yoke cross-section

HX hole position will be changed so as to be in line with

that for the inner triplets

Modification of design of wedges and end spacers to
realize sufficient pre-stress and good field quality

simultaneously
Now iterative electro-magnetic analysis is underway.

L— Tentative magnet cross-section
mi y MBXFSO01
‘ LT!!%LPJHW' Michinaka Sugano for MBXFS02 1016




Schedule

= MBXFSO01b (w/ higher pre-stress)
= Reassembly: Nov 2016 - Jan 2017
= Cold test: End of Jan - Mar 2017

= MBXFSO02 (w/ new cross section)
= Design: Sep. 2016 - Jan. 2017
= Construction: Jan. 2017 — Sep. 2017
= Cold test: Oct. 2017 — Nov. 2017

= MBXFSO03 (w/ new cross section) >> TBD
= Nov. 2017 - July 2018
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Summary

The first 2 m model of D1 (MBXFS01) was fabricated
and tested at cold in KEK.

Quench current reached the nominal current, but the
ultimate current was not achieved.

Unsatisfactory quench performance will be attributed to
iInsufficient coll pre-stress.

Generally, good agreement was confirmed between
measured and calculated magnetic field quality. But to
fully understand the measured results, further analysis
IS needed.

Reassembly with higher pre-stress has been already
started and cold test of MBXFSO01b is scheduled in early
2017.




Backups
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Quench start location
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How much pre-stress should we add ?
MBXFS01.QA043
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35 MPa

Ac (1=13 KA)
= 63 MPa

Max Ac at present
= 26 MPa 1=13 kA
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Stress variation, Ac (MPa)
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As rough estimation, pre-stress should be increased to be more

than 65 MPa.
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Z scan: | =7 KA b,(zD = Bulz.1) x 10*

Bl(Z = O,I)

2005 |
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section
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B,, b; and b:;: Good agreement between measurements and calculations
:"Hi u® 84, 8z and az: Large difference at coil ends - Additional tilt ?



