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Tunability for Peak Field and End Harmonics
» Approach is that after the

verification of the mechanical

layout of the Ends from the

single turn winding, tune the end

design for end harmonics and

peak fields without disturbing

the mechanical layout of turns
» This is done by only changing
the SS of various End blocks
EIELER DESTEN which changes harmonics, peak
Preview [/home/gupta/EIC/Q2pF/2024/Q2pF/TOTAL /testb10v8a-sym-print.data] ' fleldS and tO Some extend
distributions of the Lorentz
forces.

» This doesn’t change the internal
distribution of turns within any

I {¢) Frookhaven end block.
Yy
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Earlier Design

Preview [fhome/gupta/EIC/Q2pF/2024/Q2pF/TOTAL/Q2pF3D-Jan2024-ret-total1.data]




Inner and Outer Layers

Change SS of individual block and thickness of the end
spacers to tune end harmonics and peak field without
changing the layout of the individual turns in the end.

Inner Layer Only

Outer Layer Only
I O By
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HARMONIC ANALYSIS NUMBER .....cciiiinniinnnnaasnsnaas 1

MAIN HARMONIC .....ievniinnnsrnnssanssssnssnaasansan 2
I l Xal I l p e REFERENCE RADIUS (MM) .. nnnnnnanssssnsssnsssas 83.0000

X-POSTTION OF THE HARMONIC COTL (MM) +vvoevvnnnnrnn. 0.0000
Y-POSITION OF THE HARMONIC COTL (MM) +vvuevvnnnnnn. 0.0000
NUMBER OF ANALYSES ALONG 7 «oevvesvnnesnnnesnnnnnn. 100
: . LENGTH OF VIRTUAL COTL (M) +rvvuneennnaennnannnns 200.0000
e In p revious deS|g N b 10 gOt REFERENCE POSITION NUMBER «.vvvnvunesnenneunennnn. 10
_ MEASUREMENT TYPE +vevreennnaeannnnnn. ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF BP ..oeevvneevnnnennns 0.6826E-04
Increased because of the ends o o o ceta o sintons;
- 3D REFERENCE MATN FTELD (T) +evvnnevnnenunneennnnnn. 3.4386
 Even th ou g h th ein teg ral Val ue REFERENCE MAGNET STRENGTH (T/(MA(N-1)) +uuvvneenn... 41.42095
MAGNETTC LENGTH (M) e vveesnnaeenneennnaennnennns 200.0006

was less than 1 unit, we don’t

NORMAL 3D INTEGRAL RELATIVE MULTIPOLES (1.D-4):

. b 1: ©.00008 b 2: 1eee0.ee@0 b 3: .
want to eat-up margin or make ba:  -0.00000 b 5: 0.00000 b 6: . Body
. . b 7: -0.00000 b 8: @.0000@ b 9: .
fleld quality unnecessary worse e eaon iz o.00e00 bi: S
b13: -9.00000 bla: -@.4307@ bils:
- bi16: -@.00000 bl7: @.0000@ b1s:
by design, unless there are -
LENGTH OF WIRTUAL COTL emmd 5 oool0000000000000000000 2500,0000
REFERENCE POSITION NUMEER ..o1ieereiiiinnesriiinnnes 10
o ood reasons. MEASLUREFENT TUPE 4 y0rvssssssonsnnssernns AL FIECH CONTRIBUTIONS
ERROR OF HARMONIC ARACTEIE OF Br il il il e, 0.5233E-04
. . SUM (Bripy» - SUM AN cozinp? + Bn sindnp??
 |teration, showed in the last 30 REFERENCE MAIN FIELD (T} \vyvsnsssnsennsnnsnnens 3,4357
_ _ _ REFERENCE MAGHET STRENGTH (1/4n*tnd 3”110 0000000 ;414300
slide reduce this harmonic. [ T and i :

MORMAL 20 INMTEGREAL RELATIVE MULTIPOLES <1,0-43:

b 1: ~5,00000 b 2 10000,00000 b 3 (1, 00000

e 000000 b 5 OI00000 b B ~0 08770

g g bs i g e

= Goo0000  hid: -H.d42979 BiG: & . O0000

Integrated Harmonics (3 d) ~5.00000  Bi17: ~G.00000  Bi1B: 00201
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An Example for B10

Earlier Design

Preview [fhome/guptafEIC/Q2pF/2024/Q2pF/TOTAL/Q2pF3D-Jan2024-ret-total1.data]

IR R R R RN

LEHGTH |:|F II.IIIETLIHL I:I:IIL {mm} L I B I I I I N B N B N N N B N B N B R )
REFEREHCE POSITION MUMEBER ... v s svsssssses
MEASUREMEMT TYPE H
ERROR OF HARMOMIC ANALYSIS OF "Br T N A A N e L 00
SUM {Brip} - SUM {fn cosdinp? + Bn sindtnpi

3]:' EEFEEEHEE HHIH FIEL]:I {T} + Rt
REFEREMCE MAGHET STREMGTH (T/Am™dn=-13) L oviiiirnnsas

HF'GHETIE LEHGTH {mm} EIE I RN N R R R R NN R R N B N N R N R

HORMAL 2D IMTEGRAL RELATIVE MULTIPOLES ¢1,D-43:

b1 -0,00000 b 2y 10000, 00000 31 =0, 00000
0, QOC00 0, CICACACAC) -0,0587 70
=0, Q0000 =0, Q0000 =0, Q0000
-0, 63054 0, Qo000 0, 00000
0, Q0 -0, 42979 =0, Q0000
=0, Q0000 =0, Q0000 0,00201

++ +F ettt
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]
2500, Q00
10

rvvnerness BLLTFIELD COMTRIBUTIONS
0, 52558 -0d

S.4587
41,4300
1726,1518

Integrated Harmonics

Tunability of Q2pF End Design

b1 0.00000 b 2 10000.00000 b 3:
b 4: -9.00000 b 5 ©.00000 b 6:
b7 -90.00000 b 8 ©.00000 b 9:
bio: -8.48171 b1i11 ©.00000 b12:
b13: —6 00000 bl4 -@.4387@ bils:

Iterated Design

Integrated Harmonics

HUMBEER OF AMNALYSES BLONG Z ..vvienranranranrnnnnnnnns 100
LENGTH OF VIRTUAL COIL (MM} «vsewsansanranrnnnsnnnns 2500,0000
EEFERENCE POSITICH HUMBER ...v:.ovsenrsanranrnnnnnnnns 10
MEASUREMENT TYPE ...vceevrsnnrnnrnnnnnnnnns ALL FIELD CONTRIBUTICHS
ERRCE OF HABMOMNIC ANALYSIS OF B vovrvevranrnnnnnnnns 0,525%2E-04
SUM (Brip) - SUM (An cos(np) + Bn sin(np))

3D REFERENCE MATH FIELD (T) ssseevsansnnrsannnnnnnnnns 3.438%9
REFERENCE MAGNET STERENGTH (T/(m™(n-1}) .cvvunenrnnns 41.4325
MAGHETIC LEHMGTH (MM} .uveevsansnnsanranrsnnsnnnsnnsns 1723.6657

NOEMAT, 3D INTEGEAL ERELATIVE MULTIPOLES (1.D-4):

b 1: 0.00000 b 2 10000.00000 b 3 —0.00000
b 4: —-0.00000 b 5: 0.00000 b 6 0.61375
B 7 —-0.00000 b 8: —-0.00000 b 9 0.00000
bl0: -0.50762 Dbll: 0.00000 blZ2 0.00000
bl3: —-0.00000 bl4g: -0.425948 bls —0.00000
ble: —0.00000 bl1T7: —-0.00000 bls 0.0008

January 30, 2024



Q2pF15mm cable2K,3-d File:Q2pF3D-23aug2022.data

GRAPH NO:  27.

24/01/29 15:37
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Q2pF15mm cable2K,3-d File:Q2pF3D-23aug2022.data

GRAPH NO:  27.

24/01/29 15:37
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B10 along z-axis
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Q2pF15mm cable2K.3-d File:Q2pF3D-23aug2022.data 24/01/29 15:37

B14 along z-axis
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Q2pF15mm cable2K.3-d File:Q2pF3D-23aug2022.data 24/01/29 15:37

GRAPH NO: 17. 18. 19. 20. 21. 22. 23. 24.

Peak fields In

__________________________________________________

various blocks b

along z-axis i3

(compare with
OPERA3d) :

L? Brookhaven

National Laboratory
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Backup Slide
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File Edit Display Run

Xroxie [fhome/quptafEIC/Q2pF+/2024/Q2pF/TOTAL ftestb10v8a-peak-symm.data]
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&/ BRCLS | 0 0 BPERK | 6| 0| 11 Mormal |
| ~¥|aRCLS | 0| 0 |BPERE | 7 0| 12 Mormal |
~|BRCLS | 0 0 BPEREK | 8 | 0| 13 Mormal |
w|BECLS | 0 0 BPELK | 1 0| 14 Hormal |
~|BRCLS | 0 0 BPEREK | 2] 0| 14 Mormal |
~|BRCLS | 0 0 BPERE | 3 0| 14 Mormal |
»|BLECLS | 0 0 BPELK | 4| 0| 14 Hormal |
~|BRCLS | 0 0 BPERE | 5 0| 14 Mormal |
~|BRCLS | 0 0 BPERK | 6| 0| 14 Mormal |
v|BRCLS | 0 0 |BPERK | 7| 0| 14 Hormal |
~|BRCLS | 0 0 BPEREK | 8 | 0| 14 Mormal |
w|LECL | 1 0/IBI | 1 0| 15 Hormal |
~|BRCL, | 2| 0/IB| | 2] 0| 16 Mormal |
>z | 1 0 B3D | 2] 0| 17 Mormal |
|z | 1 0 B3D | 6| 0| 18 Normal |
>z | 1] 0 B3D | 10 0 19 Mormal |
>z | 1 0 B3D | 14 0] 20|Mormal =

11
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