ACADEMIC TRAINING

Technology and applications of
high field accelerator magnets

Lesson 4:

 Magnet assembly — Il
Shell-based structures

CERN June 2-6, 2008




(@ Outline

 Magnet assembly - |l
— Case studies: LARP TQS magnet assembly
» Technological Quadrupole with Al-shell
preloaded by using bladders-&-keys

— Long magnets with shell-based structures
* Long Racetrack
* Long Quadrupole

— Plan for next lessons
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Magnet Assembly

Case study:

LARP TQS
Technological Quadrupole
with Shell-based structure
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TQ Magnetic Design

~k
Parameter Unit Collars Shell
] N of layers - 2
o r, kN N of turns - 136
é I T E Coil area (Cu + nonCu) cm? 29.33
Lt RSSSSOMSD 4.2 K temperature
" ‘ Quench gradient T/m 221 233
/ | Quench current kA 13.3 13.4
}%;\/k / \ Peak field in the body at quench T 11.5 11.9
— % Peak field in the end at quench T 11.9 11.4
“%a ‘ Inductance at quench mH/m 4.6 4.9
l — —-oes *r Stored energy at quench kd/m 406 439
C . . 1.9 K temperature
OII IayOUt' Quench gradient T/m 238 251
Quench current kA 14.4 14.5
Peak field in the body at quench T 12.4 12.9
Peak field in the end at quench T 12.9 12.4
Stored energy at quench kd/m 472 512

J. = 2400 A/mm? at 12T, 4.2K
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TQ Mechanical Designs

Two mechanical designs have been developed
Same coils & Aperture (= 90 mm) & Gradient (> 200 T/m)

TQC: using collars TQS: using Al-shell
Collar laminations from LHC-IR quads Pre-loaded by bladders and keys
15 time applied to Nb;Sn coils 15t time applied to shell-type coils
Skin ,ﬂ-"‘" :
Oitégzr pole \\ — Inner pole | Aluminum
P A \ 4 pads K shel
Yoke
\ - /‘ Collar-
Yoke / < S Iz’{r%iI(gad evs

Filler
Shim ~

Bladder

”

S/ /o“‘"i\‘\
ﬁi i
iR

4] 3
\\Q < . 2 layers
\ ) ; Collaring
Yoke ¢ Key
Control ‘vl Collar

Spacer
LBNL design

Coil assembly within voke and aluminum shell

Coil Midplane FNAL design

Shim
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(@ TOS Concept

* Low pre-stress during assembly

TQS Cross-section

* High pre-stress during cooldown
« Reusable structural components

Al shell

Iron yoke

Axtial rod
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Bladders-&-Keys Concept

[
 Assembl
’ %
S
« Cooldown: . ) '|
J’..
—

Increase in Lorentz body force = decrease in pole pre-stress
No coil separation = No change in shell stress (zero net change in force)

Colil separation = increase in shell stress

Courtesy: S. Caspi
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(@ Assembly, cool-down and
S excitation

AN PLOT MNO. 1

P2

2D mechanical analysis: excitation

Courtesy: S. Caspi
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f o L 1.

RD3-b - 14.5 Tesla HD1 - 16 Tesla

Concept developed by LBNL .
Small Quadrupoles (SQ), TQS, and Long Racetrack are LARP R&D | R01 3.6 m Iong cc, 11.5T
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Supporting Structures

Lorentz forces applied to support structure
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— 4 B (T)
Courtesy: S. Caspi
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(@ End load

~—

Full axial support
=» prevent pole-coil gaps

Limited axial support

Islana y End-shoe

i = ."" S

N oL 101 L0 =0 A -1.45 -1.346 -1.232 -1. 118 -1.004

1 1 ’ T4 -
-1, 1% -1, 087 - &7k T -. 18k -1.403 -1, 282 -1.175 -1. 01
TLARA & LIDD0D A
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TQS sub-assemblies

Shell and yoke sub-assembly

Yokes held temporarily with gap keys
Assembled using bladders and
dummy coils

Coil and pad sub-assembly
Pads held by bolts
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assembly

Coll Island

Instrumented

to monitor strain-gauges

stresses

B W R o N

L IN EE B W IR e ey @ & b L kS Tnow W i
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Azimuthal pre-stress

June 4, 2008

(bladder operatlon)

| Bladders are inserted than pressurized with water
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(@ FEM analysis

 Azimuthal stress in layer 1 (Bronze pole with friction)

4.2 K 0
9@ Polc i
3 |——p——p | M= Mid-plane [ -
_ 50}
3~}
=™ L .
z
& <75
4 . -
e Short sample 1.9K
— -100 ] ] - -
0 B -
?\.
i o Short sample 4.2K
2! —
— -\_H_\--H_""‘-\-\.A\‘.’\ =1
-150 + range R s oo |
= | ]
— e — 175 | | |
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14kA {Ll,rllj)-'
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.
@ TQS01/02 Strain/Stress at 4.4K

Bronze - with axial
support

Titanium- with axial
support

Island Strain pg, |-1900 -750
Island Strain pg | +760 -520
Island Stress o, -215 -129
Island Stress o, +25 -105
Coil Strain pg, -3300 -3100
Coil Strain pg, +1000 +1000
Coil Stress* o, -150 -134
Coil Stress o +12 +30

z

June 4,

*Outer layer azimuthal stress with Ti pole: 180-190 MPa

2008
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TQSO01c post test inspection

+ Signs of high tensile strain in the pole gaps

+ under high pre-stress (no sliding)
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-
(@ Axial strain in turn 1 (ansvs)

* Possible high longitudinal strain after cooldown

* Al-bronze
 Ti-Al-V

Layer L urn 1 g (pStrain)

TQS02 - Axial strain pole turn, p=0.6, Ti Island

34{:“:} | I I | | 1T 1T 1 | T T T | T T T | T T T | T T 1 I | I I |

3200 o—o assembly -
3000 ¢ a—=o cold i
2800 e—o 10kA
2600 s ] Sk A
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June 4, 2008
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(@ TQS Results

TS0 - TOSO2 Training (20 Ads)

TQSO1 (MJR) jm}:llll iITr1e | I - 1 I | Tf1T 1T “1r|'|||1| L |1-|:'
20 E =
220 oo ]
TQS01b (MJR) 200
m":- [ imit 4.4 K
: 160 F ! TOS02s - 44 K

- Reassembly w 2 new coils ¢ . F e ey B E
TQSO01c (MJR) = :‘::::;:ﬁ:'; 'in | 3
@ F @@ TQS02h - 19K 3
100 @@ TOS02b - 4.4 K thermal cycle [

80
» Reassembly w best used coils «E

TQS02a (RRP 54/61 —Tipole) -

20
, % s 10 15 20 25 30 35 40 45 S0 55 60
* 4 new coils Quench #
— No improvement at 1.9K
TQS02b (RRP 54/61 — Ti pole) Magnet assembly:

o Al-shell w bladders&keys
can provide prestress and
support for these forces

e Very short assembly time

« Reassembly w 2 new coils
— Damaged coil?
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(@ Further development

Next steps to demonstrate possible use of Al-shell with
bladders-&-keys concept for accelerator magnets:

=» Long Racetracks and quadrupoles (LQ) addressing long magnet issues

LRs have two flat racetrack coils, B.,,> 11T, 3.6 m long coils
- NO aperture
LQs have same features of TQs, B_,;>12 T, 3.5 m long coils

- 90m aperture, 200 T/m grad, NO coil alignment

coil

= High gradient quadrupoles (HQ) to explore performance limits

1 mlong, 90-130 mm aperture, G, ,,,>250 T/m, B , > 15T

coil
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LARP Long Racetrack

The goals of the Long Racetrack (LR) are:

- to fabricate and test long Nb,Sn racetrack coils Performed at BNL

- to test an Al-shell-based supporting structure Developed at LBNL
(preloaded using bladders and keys)

Project coordination Fermilab

Results:

- 15t test: |,= 90% ssl; 2nd test with segmented shell: l,~ 96% ssl
- Shell stress variation during 1st test = Shell should be segmented

Coil layout: two flat double-layer racetrack coils
Technology developed at LBNL, modified at FNAL, successfully transferred to BNL
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Full length or segmented shell

3D mechanical analysis

 LRSO1

— High axial strain meas. in LRS01
— Slippage shell-yoke

« LRSO02 (with segmented shell)

— Reduced axial strain

3000

3000

B Meas, right (4.5 K) ® Meas left (4.5 K) B Meas right (4.5 K} # bhipas. left (4.5 K}
2500 | & Meas right after slip. (4.5K) & Meas. left after ship. (4.5 K) aeng -| & Meas. right after sip. (4.5 K} + Meas. left after siip. (4.5 K}
— —Comp. 0.20 friclion — — Comp. 0.20 frictian | segm. )
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( ) LARP Long Quadrupole

~W

The goals of the Long Quadrupole (LQ) are:
using Nb;Sn coils

Al-shell-based structure
Collar structure

LQSO01 is based on TQS magnets
and LRS02

« 20 mm shell
* 4-split iron yoke
— Gap keys and auxiliary bladders
— Holes for tie rods
« lron pads
— Holes for coil end support and tie rods
* Iron masters
— 2 bladders
— 2 interference keys

_+ Stainless steel sheet between coil and pad
laminations



(@ LQS design

3D components

* 4 shell segments, 0.8 m long

 Yoke laminations, 50 mm
thick with 3.3 m long tie rods

* |ron pad laminations, 50 mm
thick with 3.3 m long tie rods

* |ron masters, 2 x 1.6 m long

Master

o Stainless steel axial rods
— 24.5 mm diameter

* Axial pre-load provided by
additional plate and piston

June 4, 2008 G. Ambrosio - Technology anc
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(@ Assembly: Yoke and pads
oy lamination stacking

0.8m sections assembly:

« Alignment of laminations with
bushings

 Insertion of tie rods
* Pre-tension of tie rods with piston '

>. of high field acc. magnets



‘@ Assembly: Single shell-yoke
S sub-assembly

 Insertion of yoke stacks

— A_Iignment by shell-yoke
pins

* Insertion of dummy coil-pad
sub-assembly with masters

« Shell pre-tensioning with
bladders

» Insertion of gap keys

« Removal of coil-pad sub-
assembly and masters
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‘@ Assembly:

Yoke/shell pair - assembly

« System of linear rails for assembly
* Pretension of tie rods with pistons
« Alignment by yoke-shell pins and yoke-yoke bushing
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‘@ LQ Assembly:

Final yoke-shell assembly

« Same operation as yoke-shell pair assembly

* Final status

— Yoke laminations inserted in the shell segments //
and compressed together

— Shell segments partially pre-tension by gap keys

— Yoke-shell sub-assembly ready for insertion of coil-
pad sub-assembly

June 4, 2008 G. Ambrosio - Technology and applic. of high field acc. magnets
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Assembly:lnsertion and pre-load
swe of coil-pad sub-assembly

» Coil-pad sub-assembly placed on raft
 Sliding of coil-pad sub-assembly inside
yoke-shell sub-assembly

* |nsertion of masters and bladder
pressurization
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Shell structure with
coil alighment

« Coil alignment goals:
— Assure straightness of coils inside mechanical structure
— Provide magnetic field alignment with respect to external reference points

Compression at 45 degrees

-during assembly

-during cool-down

- during excitation

Full contact between ring and pole key
-during assembly

-during cool-down

Contact with 2.5 um gap on the outer edge
during excitation

Structure 1

A

Structure 2

o
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Hybrid Design

Bladder locations Aluminum spacers

 Main features:

— Alignment features and
reliability of collar style
assembly

— Avoids possible distortions
due to welding

— Limited coil stresses required
during assembly

* by using the bladders-&-
keys technology

Load pads, kevs

Survey / alignment notches

Full circle stainless steel shell, t = 19mun
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Test of shell-based structure for
long quadrupoles (3.8m)
LQSO01 test: Feb 09

Test of shell-based structure with
alignment features (1m)
2"d test of HQ: TDB
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Outline of the lessons

D1

D2

D3

D4

D5

June 4, 2008
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