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Program goals
Slam & 27
‘Demonstration of 15 T field level in accelerator D20 HD? FRESCAZ
(LBNL) (LBNL) (CERN)

dipole magnets

O Record Nb;Sn dipole magnets:

. D20 (LBNL, 1997): B__=13.5T @1.9K, 12.8 T @4.4K
+ HD2 (LBNL, 2008): B.__= nottested, 13.8 T @4.5K

max

+ FRESCA2 (CERN, 2018): B,_=14.6 T @1.9K, 13.9 T @4.5K
*Study and optimization of

1. Magnet quench performance and mechanics - o
2. Quench protection, field quality, etc. 49
E ] 2 FResca)

*The development and test of the 15 T dipole * -
demonstrator was a key milestone of the U.S. S ¢ wsun
Magnet Development Program (US-MDP) o o 1ok

0 the work was coordinated with EuroCirCol program e oo e o o

supported by CERN Year
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rrocrav 15 T Dipole Demonstrator (MDPCT1) desigh and parameters

Optimized 60-mm graded coll Nb,Sn strands and cables Innovative mechanical structure

lron Aluminum
clamps

laminations
Iron

—’ .
fillers

Stainless steel
shell

1 mm RRP150/169
28-strand cable with SS core

-
> g

N

Outer coil
(L3-L4)

Inner coil
(L1-L2)

J

A

A Axial support Coil end support

rods plates with bullets

Ceiok . 4K+15T

17.5 — —10% margin o 5 —— | o

: s L i “

17.0 \\ 3 ‘»

S s e—f————— — — —— — — h ?‘f Y M‘ﬂl

§ 16.0 &{ \ S 5
g Ll -.181E-05
15.5 1485109 -coll n I - 967E-05

/ J C(12T,4.5K)~26OO A /m m ’ ““‘ e cEasitaend] -1332409 e — - 1454 0 r 7 A i — ' '  LOBE+D H pOIe CO bou a y RH
15-02500 2750 3000 3250 3500 3750 4000 Squ: 133 MPa Squ: 176 MPa Squ: 168 Pa Pole Gap </ Hm

Jc(12T, 4.2K) (A/mm?2)

Conductor limit: B,,=15.3(16.7)T @ 4.5(1.9)K Mechanical limit: B,,~15T S,,,<180MPa
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Coil fabrication and parameters

N

i

Witness sample test

— Coil size measurements
“ HFM-CL2-005 218mm from RE
== 700 R B
— Inner layer @ 15T i e '
—{ 600 - CO'I 5
X R o Sl e R=RHX O CL2_002 "N
3 583 A 584A cO1A A CL2_004 i
5 500 1 ¢ CL2_005 f  \
< + + CL1_002 ¥ e
& 400 - X CL1 003 T
= X CL1 004
;=_. 300 Quter layer
200 266 A 256 A 258 A -
100 - azﬁiLl-O% 230mm from RE HFM-CL2-0LC2)4O§T§;E‘ERHTRE
0 [ | | | [ [ [ [ [ [ |

0 2 4 6 8 10 12 14 16 18 20 22 24
Sample number

 Withess sample data are close to the

: target |,

ol  Good reproducibility of withess sample
b data for IL and OL coils

RN
. | e -\\'Q;\\\‘t&‘
M

HFM-CL1-002 230mm from RE

Coll interfaces were matched

L2 OD: -96 um

Short sample limit: 15.2(16.8)T at 4.5/1.9 K
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rost Magnet assembly and 15t test (June 2019)

Conservative coll pre-stress, 0,,,,<150 MPa
at all steps, sufficient to achieve 14 T field
VD HER " s ’

1.9K | 4.5K
|

Bore field (T)

8 10 12 14 16 18
Quench number

11 quenches to plateau

IL: 2 In coll 2

OL: 8incoil4and 7 in coil 5
Last quench at 4.5 K:

B ...=14.13t0.02 T

Office of
Science 5
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oot MDPCTA disassembly, inspection and reassembly

Al clamp test with die Iron lamination test with

penetration technique magnetic powder

Coil inspection:

L1/L2:

* no coil/pole separation in
straight section and ends

L3/L4:

* JostSG and VTs

* coil/pole separation in ends

Improvements: Radial === Stainlesssteel e b plraswh ke saddls
* Quter coil VTs repaired g o o |
* The coil azimuthal pre-load
increased by ~20 MPa to achieve the
testgoal of 15T
* The end plates modified to improve
the coil axial support
* Separate 50-mm and 32-mm end idoione N i tilayer
plates for IL and OL coils hms e nsulation  portrods pusher lates

shim =
Inner-coil axial
support rods

Outer-coil
pusher plates
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ROGRAN MDPCT1 training summary in TC1, TC2 and TC3

TC1: May-July 2019
* training stopped after reaching the test
target field of 14 T

» all quenches except two were Iin pole
turns of L3-L4 of coils 4 and 5

TC2: May-July 2020

* long training, erratic behavior at
plateau, small detraining

* all guenches in pole turns of L3, ~78%
In coll 5, area Al and A3

TC3: August 2020
* no training, large performance
degradation

0 10 20 30 40 50 60 70 8o 90 100 - allquenchesin poleturns of L3, in coll
5, area Al

Bore field (T)

Quench number

More details on magnet training in the next talk by S. Stoynev

T OF Office of

&%, U.S. DEPARTMEN

rls;,' Tl \F)

\::"\. ,F:q E N E RG .
’*-,._,, I Science




U.S. MAGNET
DEVELOPMENT

PROGRAM

MDPCT1 quench performance summary

Bore field (T)

L e e Y
ND w H Un (@) ~
I I I I

—
—
I

—
-

Conductor limit
Mechanical limit

1st test — T.Cl

- '\.\.\.
2nd test —TC2

1.5

2.0 2.5 3.0 3.5 4.0 4.5
Temperature (K)

5.0

Office of

TC1:

 Testtargetfield-14T

B ., =14.1T @4.5K, 93% of SSL - world
record field at 4.5 K for accelerator
magnets

TC2:

 Testtargetfield-15T
« B .,=145T @1.9K - world record field
at 1.9 K for accelerator magnets

TC3:

 Testtargetfield-14.5T
 B.,=11.7T @1.9K

l,(T) data show that the magnet has
been trained iIn TC2 and TC3 to its
conductor limit.

Large |, degradation in TC2 and TC3.
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Post testing inspection and analysis

* Magnet disassembly

* |nspection of mechanical structure
O ho visible defects were found

* |Inspection of inner and outer coils
O focus on coils 4 and 5 surface in areas Al (RE), A2 (straight section) and A3 (LE)
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o Inner layer RE view of coil 5 at different stages .

After impregnation

After reaction Before impregnation

After curing

pole turn,
extra insulation

‘Ih‘nlayerwas -
No clear evidence why coil 5 limits _
diondo

wound/cured/rewound
Next step - nondestructive CT scan of coil 5 in Germany. s TLIL
11
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Lessons learned

 Lesson 1: Stress management (SM) structure to be used
in outer layers L3-L4 to improves turn azimuthal and axial

support and transfer radial forces
(Details are in 1. Novitski talk)

Lesson 2: Since MDPCT structure will be used to test 4-
layer magnets with SMCT and regular coils to achieve the
fields up to 17 T, axial support system to be reinforced
* 4 new rods for inner coils and 6 old rods for outer SMCT coils
e SMCT coil rod anchoring
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MDPCT program summary

 The goals of the MDPCT1 program have been
achieved

o graded 4-layer coll, innovative support
structure, magnet technologies were developed

o magnet performance parameters were tested

R o maximum bore field of 14.5-14.6 T @1.9 K is 97%
o A
. N of the program goal
o N ffﬁﬁggi (MDPCT) o the field levels achieved in MDPCT1 @4.5/1.9 K
E ™ (with FRESCAZ2 result at 1.9 K) set new world
2 12 records for Nb,Sn accelerator magnets
= Ut oA FNAL i
a 11 {(msum N ‘{MBHDPUI}
10 - o A -  The lessons learned from the MDPCT1
MBHSPO2 . . . .
; WHFDADS) i program are being implemented in SMCT coils
1995 2000 2005 2010 2015 2020 2025
Year
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