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Superconducting
Magnet Division

Review of A Design Study

Performed Soon After

The Port Jetferson Meeting

Only basic concepts will be presented.

Design note contains a little more info.
http://www.bnl.gov/imagnets/magnet_files/Publications/MDN-641-43.pdf
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Superconducting
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Primary goal (or motivation):

Develop a racetrack quadrupole design that can generate a field gradient
comparable to that created by cosine theta designs

Constraints (or liberty):

For a few key IR magnets, the design should be efficient in creating field
gradient; it need not be efficient in minimizing the conductor usages.

Advantages (or prejudices):

During the reaction process in long magnets, simple flat racetrack coils are less
prone to damage or degradation in critical ends and transition regions.

Racetrack coils (and associated tooling) are faster and more economical to build.
It allows a modular design and modular R&D program.

Can make program flexible and versatile. One can use the same coils for varying

quad aperture or even magnet type (quad or dipole) during the R&D phase.

Ramesh Gupta, BNL ~ Modular Program and Modular Design for LARP Quadrupoles =~ LARP Videoconference June 15, 2005. Slide No. 3



BROOKHFAVEN

wronaLLasoratory | Modular Design for LARP Quadrupole
Superconducting
Magnet Division

Full
Model

Cross-section of a Quadrant - made of 2 coils
(ideal eight fold quad symmetry - mirror symmetry at 45°)

280.0
260.0
240.0
220.0
200.0
180.0
160.0

140.0
Quadrupole with all 8 coils

In this design, horizontal (or vertical)
coils must interleave in to other.

120.0
100.0
80.0
60.0

40.0
20.0

.A+

O'B.D 40.0 80.0 120.0 160.0 200.0 240.0 280.
Most field comes from A+ (return A-) and B-( return B+).
B+ and A- make positive but only a small contribution. b 1
. . . I . .
NOTE: The design needs about twice the conductor! A bobbin-less coil
Ramesh Gupta, BNL ~ Modular Program and Modular Design for LARP Quadrupoles =~ LARP Videoconference June 15, 2005. Slide No. 4




oo ik Previous Racetrack Designs
Superconducting (Consider'ed for LHC upgr'ade or VLHC)

Magnet Division
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DRTOKMONEN.  Efficient Design to Create Gradient
Superconducting | (not necessarily to minimize conductor usage)

Magnet Division
* The key is to have conductor at or near the midplane (@ quad radius).

Quadrupole is different from dipole. Gradient implies increasing field on
coil as one moves outward within the aperture. We loose substantially if
conductor at midplane does not determine the field gradient.

OPERA2d model of the octant of
N a 2 layer, 90 mm aperture LARP

| pecsean o | “Modular Quadrupole Design”.
s A | Jg = 1000 A/mm? generates a

e i gradient of ~284 T/m.

100.0
Y [mm] y

80.0 p i An OCtant

B === | Quench gradient ~258 T/m
' for J, = 3000 A/mm? (4.2K, 12T).

Quadratic elements

This is similar to what is
obtained in competing
cosine theta designs.

110.0

Component: BM

0.130674535 13.48280307

%80 ado 800 1200 1800 2000 2400 260
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NATIONAL LABORATORY Z-d Magne*ic Design

Superconducting
Magnet Division
An Octant //
note2lyr32tur
7
: | Field harmonics optimized with
= 7 | I RACE2DOPT at 30 mm reference
= ~__ Return coll | radius (2/3 of coil radius).
S Main coil in
| other octant Harmonic Value
P be 0.005
Main coil bio -0.004
(i) 2io 4lo sio sio 1[I)l) 1;0 1zim b14 0.003
X(mm) big 0.000

Sun Apr 24 10:04:32 2005

90 mm aperture LARP quadrupole design optimized for field
quality with RACE2DOPT
(Thank you Pat Thompson for this program).
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NOTE: The 2-d harmonics
are essentially zero

(within construction errors)
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Superconducting
Magnet Division

Symmetric Design

300.01

Y [mm]
250.0

200.0—

150.0—

100.0—

50.0

0.0

-50.0 R V" VECTOR FIELI

-100.0 [~

 Coils must interleave
(different lengths for vertical
and horizontal coils)

-150.0 [~
-200.0 [~

-250.0 [~

T T N
30000  -300.0 300

» Support structure must
deal with this
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Superconducting
Magnet Division

A Simpler Modular Design

The design does not have mirror symmetry
but 4-fold quadrupole symmetry is still present

300.0~

¥ [mml 250.0
200.0—

150.0—

1000

50.0

0.0

-50.0

-100.0 [~

-150.0 [~

-200.0 —

-250.0

I R
-3000.0 -300.0

N I
300.0 400.0
X [mm]

Thanks to the suggestion of John Escallier
Ramesh Gupta, BNL ~ Modular Program and Modular Design for LARP Quadrupoles

* No interleaving of
coils needed

» All coils have the
same length

» Support structure
may be simpler

But magnetic
design becomes
more complicated.

In addition to by,
b,y byy, ... ONe also
gets ag, a,y, a4 5---
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Superconducting
Magnet Division

Complete Model Need only 1/4 model

(with proper boundary conditions)

yimm 1400
120.0

100.0

80.0

60.0

40.0

20.0
ool
20.0
-40.0
60.0
80.0
-100.0
-120.0

-140.0 1 | | | 1 | 1
0.0 40.0 80.0 120.0 16%

Component: BMOD

Magnetic Midplane need not be at the 6.15541€-08 6.661306707
conventional location (may need a rotation)

Question: Is it possible to develop a good magnetic design?
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Superconducting
Magnet Division

2-d Magnetic Design
(simpler' but asymmetric design)

A Quadrant __ asym/s(
T
2 - 3 ',' 'f,‘ / : /’.-" III]
RS ==
N\ ==
—
\ ==
D
| \ One double- pancake
AN +extra turn(s)
| —\ |
0 50 \100 150
X(mm) \
N\

Asymmetric 2-layer design. Number of turns, transfer function,

etc. are similar to symmetric design.
(Peak field found higher in this particular design)

Ramesh Gupta, BNL

Modular Program and Modular Design for LARP Quadrupoles

Field harmonics optimized with

RACE2DOPT at 30 mm reference

radius (2/3 of coil radius).

A 4

>
n a b,
g
6 -0.0007 | 0.0000
g
10 0.0016 | -0.0010
g
14 -0.0020 | -0.0006
g
18 0.0000 | 0.0000

A 4

NOTE: The 2-d harmonics

are essentially zero
(within construction errors)
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NATIONAL LABORATORY OPERA 2 _d model

Superconducting
Magnet Division

200.0
Y [mm]

150.0
100.0 Y [mm]
50.0
00
-50.0

-100.0

-150.0

L
5080 100

X [mm )
Component: BMOD [mm ggggpggg?(t}.swon

5.38229E-08 7.08142848 14.1628569

1 ‘ Il 1 | Il Il | 1
20080 200 1000 1600

Need to reduce peak field
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wrionatiasoratory |- 3~ qyer Design for Higher Gradient

Superconducting

Magnet Division

Relative increase in transfer
function (in 3 layer design, as
compared to in 2 layer) : ~28%

asym3laisf

50
|

Y(mm)
0
|

~ (A variation in design: upper pole
~ turn may return on upper side)

-50

Make them two double-pancakes

] | i ]
0 50 100 150

X(mm)

Field harmonics optimized with
RACE2DOPT at 30 mm reference
radius (2/3 of coil radius).

>
n a, b,

g
6 -0.0049 | -0.0015

g
10 0.0006 | 0.0075

g
14 0.0018 | 0.0231

g

18 0.0000 | 0.0000

Y \ 4 \ 4

The 2-d harmonics are small
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BROOKHFEAVEN Case Study: Common Coil Dipole
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Superconducting Test Scenario Of Long QUOd Coils

Magnet Division

A pair of double pancake coil of LARP quad makes a 13.1 T long dipole.

Note: A long Nb;Sn R&D dipole program is created out of
quadrupole coils with only a modest additional resources.

UNITS
Length S mm
Flux density T
Field strength : A m"
Potential Wb m*
Conductivity :Sm*
Source density: A mm*

Y [mm]

Power ‘W
Force 'N
Energy J
Mass kg

PROBLEM DATA
E:\opera\lhc\quad-upgra
de\2005\asym\asym5-c
c2.st
Quadratic elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Scale factor = 0.785
24046 elements
48493 nodes
15 regions
4 symmetry pairs

0.0 100 30.0 50.0 70.0 90.0 " 110.0
X [mm]

0.0 6.555i89344 13.11117869 Wm

Component: BMOD

Pre and Post-Processor
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BROOKHEVEN Benefits of Modular Design

AT AT MRT AT T AT AT A AT
NALTIOUNAL LADURAITURY

Superconducting Simple, FGST, Fle)(ible & COSt‘effeCTive

Magnet Division

* Design is consisted of simple, flat, stackable, racetrack coil modules
* Positive experience with common coil program
* Fast and cost effective to start and to carry out systematic R&D

 Large variations in cable and coil and magnet parameters can be
accommodated

* Unique magnet R&D features
* To increase field gradient add more coil modules

* Depending on the coil geometry, coils modules can be switched in
and out (one may do so based on performance - put better coils in)

 Allows broad-based magnet R&D as proof-of-principle dipoles can
as well be built and tested with these quad coils (small added cost)

« Of course, the support structure needs to be designed properly to
accommodate such provisions. One may not be able to design a super
structure to do all of above; some intermediate structure on coil(s) plus
additional structure enclosing those coils may work better.
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NATIONAL LABORATORY More Unique Featur.es
Superconducting Different Aper"rur'e With the Same Coils

Magnet Division

One can study different aperture using the same coils in R&D magnets.

Final magnet design will be more optimized for a particular aperture, but
this concept offers a cost-effective and fast turn around method to

study most technical issues.

Coils are moved away from the center | ™
in going from

green aperture (90 mm)
to red aperture (140 mm).

A flexible and economical design/method to
study various aperture and field gradient
combinations is useful at this stage, as the
magnet parameters can not be fixed yet.

In fact, this feed back should help machine
physicist to choose a set of parameters that
represents an overall optimum from both
magnet and beam optics point of view.

Ramesh Gupta, BNL ~ Modular Program and Modular Design for LARP Quadrupoles

180.0
160.0
140.0

120.0

nn

60.0

40.0

20.0

080 200 60.0 100.0 140.0 180
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Superconducting
Magnet Division

Support structure and assembly

Concepts need to evolve
(start with a few structures before selecting one)
* One can be creative here.

* Think geometry --- it’s different!
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BROOKHRUEN : : : :
° """ Possible Use in Crab Cavity Optics (1)

Superconducting

Magnet Division

]
200.0— 1600
Y[mm] 140.0—
180.0— 120.0
160.0— 1:2 .
1400 :z L]
120.0— -
080 200 60.0 100.0 140.0 180.0 2200
1000 o
800
i Steve Peggs noticed
60.0 ]
ool that the design
| naturally leaves a
200 .
y ™ field free space that
080 200 60.0 100.0 140.0 180.0 22)?iﬁ~|m] can be used by
gngg?ETJ:QBMOD 6.897444485 13.7948889 another beam in crab
cavity optics.
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BROOKHFAVEN

L ol ™t

Lo it Possible Use in Crab Cavity Optics (2)
Superconducting
Magnet Division

200.01
¥ [rmm)
180.0

160.0[—

A shield can further reduce the
field in the region of interest

140.0
120.0
100.0
80.0—
60.0—

40.0
200~
08,

12.0

/ Without shield
10.0 /

180.0 220.0

X [mm]

9.0
160.0 j /
8.0~ ¥
140.0
| hield 1200 60 / With shield
ron shie o -
o WA
80.0( |
so- / \ \\._ _
60.0 0l A 3 '(‘ \
' VA v
4001 10 | \ L _ v
i e e
g ! - L 1 1 J 1 I | ! |
2T /) 0.0 100 200 300 400 50.0 600 700 800 900 1000 120.0
. '. 00 00 00 00 00 00 00 00 00 00 00 0.0
0,
C 8.10 a:;;ju e 10 Hoe 1900 zg)(ui%m] Values of BMOD
omponent:
[.81132E-08 7.0263836 1405276718 _ _ _Values of BMOD
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., 3-d Magnetic Design
Superconducting (symmetric cross-section)

Magnet Division

Coils of modular design in a short magnet. The simplest
way of interleaving coils creates a magnetic asymmetry
in the ends between the horizontal and vertical planes

and generates a non-zero octupole harmonic. e \

0.18—

25/ Apr/2005 09:07:21

| | e |
Local X coord 30.0 30.0 30.0 30.0 30.0
Local Y coord 0.0 0.0 0.0 0.0 0.0
Local Z coord 0.0 400.0 800.0 1200.0 1600.0
Component: BMOD, Integral = 172.626654301539
_ _ Component: BMOD, Integral = 167.268245929681

The magnitude of the field as a function of axial
position on the horizontal axis (black full line) and
vertical axis mm (dashed red line) at a distance of
30 mm from the origin. The integral value is listed
at the bottom of the picture.

The difference between the two integrals is the

V VECTORFIELL Mmeasure of integral asymmetry.

Ramesh Gupta, BNL ~ Modular Program and Modular Design for LARP Quadrupoles =~ LARP Videoconference June 15, 2005. Slide No. 20



BROOKHRUEN | Conceptual 3-d Optimization in Magnetic
Superconducting Design (symmetric cross-section)

Magnet Division

25¢Aprf2005 09:08:05

V_ VECTOR FIELDS V¥ VECTOR FIELD:!
Try to match average coil lengths for horizontal and vertical coils.

(Other option: additional small coils in the end).

Final choice to depend on the mechanical design and assembly considerations.
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BROOKHAUEN | Conceptual 3-d Optimization in Magnetic

Superconducting Design (symmetric cross-section)

Magnet Division

RO (R ED The magnitude of the field as a function of axial
position on the horizontal axis (black full line)
I and vertical axis mm (dashed red line) at a
2ok , distance of 30 mm from the origin. The integral
V' value is listed at the bottom of picture.
01l : The difference between the two integrals is the
measure of integral asymmetry. One can see
0.8~ that the integral asymmetry is practically
eliminated by adjusting the length of the coils.
e Integral harmonics will be optimized by 3-d coil
ool optimization codes.
0.02(~ :
| | | | m
Local X coord 30.0 30.0 30.0 30.0 30.
LocalZ coord 0.0 4000 800.0 12000 1661

Component: BMOD, Integral = 172.000156640525
_ _ Component: BMOD, Integral = 172.001337593178

VF VECTOR FIELDS|
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Superconducting
Magnet Division

As in common coil design, splices can take place in a low field
region since there is naturally one inside the coil. We can make

“perpendicular splice”, as successfully developed in common
coil design.

Double pancake coils reduces number of splices significantly,
but then we have to always make two coils at a time and be
slightly careful in transition region between the two coils.
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BROOKHEVEN First Model: A Magnetic Mirror

AT L FTVT AT 4T T AT AT AMATYLLY
NATIUNAL LADURKATURKY

Superconducting (WlTh two 15 turn double pancake COiIS)

Magnet Division

Magnetic mirror plane

|
= / . ) UNITS
4 / Length smm
Y[mm] 140, | / Flux density T
_ / Field strength : A m"
Potential Wb m
e Conductivity :Sm
120.0 Source density: A mm?
Power ‘W
Force N
| / Energy J
100.0 = Mass ‘kg

\ PROBLEM DATA
| || E:\opera\lhc\quad-upgra
de\2005\testxy2fe1q.st
Quadratic elements

XY symmetry

Vector potential
Magnetic fields

Static solution

Scale factor =1.0
55352 elements

111165 nodes

7 regions

Magnetic mirror plane

100.0 1200 1400 160.0 180.0
X[mm]

Field lines in the first quadrant of modular design.
Mirror iron can be placed on the X-axis and the Y-axis
as the field lines are perpendicular there.
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Lorentz Forces

Superconducting

Magnet Division

120.0 UNITS
Length smm
Y [mm] 110.0 Flux density T
’ Field strength : A m
. Potential Wh me
100.0 (-1.3,0.8) Conductivity :Sm"
Source density: A mm®
Power W
90.0 Force N
Energy W
0.0 Mass kg
70.0

60.0 PROBLEM DATA

E:\operallhc\quad-upgra

50.0 de\2005\testxy2fe1ql.s
’ t
S Quadratic elements

40.0 (0.8,-1.3) XY symmetry

Vector potential
30.0 Magnetic fields

Static solution

Scale factor = 1.0
20.0 55118 elements

110697 nodes
10.0 (1.5-1.7) 7 regions

080 200 400 600 800 1000 1200  140.0
X [mm]
VF OPERA-2d

Pre and Post-Processor

Discuss Lorentz forces and support structure before the summary slide.
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Superconducting
Magnet Division

* The proposed modular design seems to offer an alternate
design for generating a high (required) gradient LARP quad.

* The design offers a way to use the racetrack coils, now
under development, to be tested in a quadrupole structure
under right field and forces

(if one gets serious, then coil parameters need to be defined
properly so that they are consistent with a reasonable design).

* There are several benefits of a modular design and a
modular R&D program based on racetrack coils.

* But, is there any interest?
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