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MDP structure design evolution for various goals/constraints

This presentation

750 mm OD 1260 mm OD 1030 mm OD 860 mm OD
 CCT5/MDPCT  CCT6/SMCT/20T  CCT6/SMCT  CCT6/SMCT
 Smaller FNAL e Existing LD1 shell e Current LBNL pit,  Current LBNL
cryostat (?) * Vertical split yoke, new cryostat cryostat
* QOctagonal pad due horizontal split pad e Vertical split * Optimized spar
to limited space due to high (fixed) yoke/pad thanks to thickness and new

cool-down pre-load smaller shell mandrel material
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CCT6 structure for current cryostat

Structure designed around existing LD1 shell
(already presented) shows satisfactory coil
preload.

Smaller structure is designhed take advantage
of existing 36” cryostat.

Office of

Science

Aluminum shell
— 0D 860 mm, TH 60 mm
Iron yoke/pad

— Vertical split, pad ID 357.6 mm, only about 190
mm of iron radially

Protective shell (split)
— Stainless steel

Aluminum bronze mandrel

— Spar thickness 7-5-5-5 mm
— (63000 instead of C95400

Load keys

— Horizontal 700um, Vertical Oum

Bladder pressure
— <40MPa

Features added (keys, slots, holes)
Magnet supported from the yoke
Leads at the top



Impact of reduced yoke OD
* Mechanical analysisat 13.2 T
— Current for 1260 mm OD structure

ANSYS 2021 R2
Build 21.2

BSUM (RVG)

Eg;;%g;il:hics L] 11_8 kA

§ — Current for 860 mm OD structure
=i © 12.58 kA

— About 6.6% increase due to reduced iron OD
* Impact on current margins (1-2 %? TBD)

U.S. MAGNET
DEVELOPMENT
PROGRAM

0.68-0.95T
next to the shell
Leads on the top?
Stray field interaction?

Short-sample current margin of 30+ % at target operating points

* 30+ % current margin at target fields of 20001 +
12T7,42Kand 13T, 1.9K > gty s
o] * only 1-2% rise of field at conductor in 3D 001 -
e LBNL test facility
2000
e — No known limitation on :
< . . SHORT-SAMPLE AND CURRENT MARGIN 51500
. frl n ge fl e I d operating  current  enmergy layer conductor  [ss current g
= point (kA) (MJ) pair field (T) (kA)  margin @ 1000 F
. ope 12T, 2 122 43 30%
auss L4 a2k 101 23 34 102 153 34%
\ Fermilab test facility T o
w ” . 3, . i 34% -
o) A — 2x 1” shells made of AlISI :

T I 1 12 13 14 15 16 17 18 19 20
g S om0 1020 steel to protect SRF L
ducing at 15.3 T. The SRF mark shows the position of the closest SRF test Cav I ty te St fa C I I I ty M D P m e eti ng 202 2

stand. {2)ENERGY | scionce

Fig. 3. Fringe field around shielded HFVMTF with magnet at center, pro-
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Conductor stress after cool-down

Bonded De-bonded

—.900E+0€
—.700E+0€
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Conductor stress with magnetic forces at 13.2T

De-bonded

.900E+0€ | /"
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Mandrel Stress (azimuthal stress) <363MPa
(C63000 Rp0.2 at 4.2K is 578.6 MPa)

Cool-down < 352 MPa Magnetic forces < 384 MPa
SMN =-.352E+09 L1/ C63000 SMN =-.384E+08 “rgy,,
S:M}{ —y 117E+09 7 o at RT as produced S:M}{ - 368E+D 9 ;_\_ %
mm - S22EH0S ,, Uy, Rm/Rp0,2/A: 857/612/12 MPa/MPa/% mE 384E+09 /) .
—-.300E+0% e s 0 7
T : - 2 at RT after a heat treatment at 6702C for ] .300E+0¢ L 1 \/
T ~-248E+08 48h. = -—-217E+09
e 195E+08 Rm/Rp0,2/A: 739/390/23 MPa/MPa/% — 133F+09 ., 4 //’:%g
D é%%ﬁ*'gg / =  at 4.2 K after a heat treatment at 6702C = _ _A96F+08 §=§
O - + S~  for 48h. [ ] S
— " 391E+0¢8 S Rm/Rp0,2/A: 918/578/6 MPa/MPa/%and [ ]  ° E?_QE-l-gg O
_130E+08 - % N an elastic modulus of 133 GPa |:| % E+ \%},
651E+08 .201E+09 N
— 117E+09 \ \ Measurements of C63000 and C95400 mE 285E+09

.368E+09

are considered
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Iron yoke and pad

First principal stress Von Mises stress
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Science

SMX =.125E+09
SMX =.282E+09 M SMX =b442E+09
mm O .200E+08 —
m 200E+00 == 400E+08 m== - B0OE+08
— -400E+08 L1 co0E+08 ] -160E+09
.600E+08 —1 - _240F+09
1 .800E+08 I
o -BOOE+08 B - J 0ci ook x .320E+og
: — - B2 "200E+0
— | -120E+09 R L1 7 480E+09
. 140E+09 mm - 140E+09 L 560E+09
mm - L60E+09 mm - 160E+09 i
- 180E+09 . 180E+09 B 550E+09

Magnetic forces




Azimuthal Shell Stress

Gap [m] at 40 MPa
bladder pressure

.351E-023
.329E-03
.351E-0z=
.348E-0:Z
.346E-0:Z
.344E-0:Z
.341E-0:Z
.339E-0:=
.337E-0z=
.334E-0:Z
.332E-0:=
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Bladder operation
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.303E+08
.209E+09
.303E+08
.501E+08
.700E+08
.898E+08
.110E+09
.129E+09
.149E+09 |
.169E+09 ¢
.189E+09 °
.209E+09

Bladder operation
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Cool-down

.495E+08
.145E+09
.495E+08
.602E+08
.708E+08
.815E+08
.921E+08
.103E+09 ,
113E+09 ™\
.124E+09 &
.135E+09
.145E+09
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Magnetic forces

. 680E+08
. 178E+09
. 680E+08
.803E+08
.925E+08
.105E+09
.117E+09
.129E+09
.142E+09 ,
.154E+09 ®
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Work on the 3D mOde I;Ir:;;:jeerl,ssetup, convergence

2. 2D benchmark (rigid shell)

-448.839
-397. 758I
-346.677

-295.596/

Full 3D model setup (coarse mesh)

* ~1M elements
* everything is shared mesh (thus bonded) except shims
* 7-5-5-5spar case

-244.515 ‘

-193. 434’
-142.353

Artificially stiff shell
T to mimic ”inﬁnitEIV"

LA LU AR A ‘
UTTTTTHTTHPET ALCECEECOVEEEEEPCER LD E AT

HCCEEEEUCEERECECEREEECTETEATCCTOCE R TEREEOTirTE [T ((MTiE stiffexternal -91.2718
structure TR — —
10.8904 f%lsjgl _gs0.100 22 506 755 7290032 1gg 5gp TM6-692 45 0606 167272 g3.417

1111 ﬂ\‘\\\\\\H\V\ LLCCCLELELELECREEEERELRLEERELEELL
| LI
T e

UZ:oL.UL
PLOT NO. 1

Next step:
1. Benchmark of the 3D structure model with dummy coils
2. Combining 3D CCT6 and 3D structure models

Assembly
shims are
+/- 85 deg
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Conclusions

e 2D mechanical analysis of 860mm OD structure completed
— Design takes advantage of existing 36” cryostat
— Pre-load target was established. Coil stress in acceptable range.

— Optimized spar thickness and new mandrel material allow to mitigate
mandrel deformation/damage risk (AIBr properties measurements)

— No show-stoppers in terms of support structure stress
* Next steps
— Final setup of 3D model and analysis with CCT6 coil
— Investigation of testing CCT6+BiCCT1/2 (already started, initially 2D)
— Performing analysis with SMCT geometry (860 and 1260 mm OD shells)
— Performing analysis with 20T tesla coils (1260 mm OD shell)
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Backup
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TeSting faCiIity in 358 nOt Current facility
* Crane

compatible with LD1 shell = 10t or 20K I

— Can be used up to 80%
without riggers

— Clearance below the crane
13ft 6in (4.115m)

The pit
— ID53.7” (~1364 mm)
— DEPTH 162.5” (4127.5
mm)
The cryostat
— 0D 42“(1066.8 mm)
— ID36” (914.4 mm)
— DEPTH 138” (3505.2 mm)
— Radial thickness 3”

* Max. magnet dimensions
— OD 34” (860 mm)?
— Radial separation1” ?

Current
cryostat

Office of

EN ERGY Science



ANSYS 2021 R2
Build 21.2

BSUM (RVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
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