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Background

* Previous Q2pF Ends were designed for a different cross-section, with
different number of turns & with a slightly different cable. This is the
first go at the Ends for cross-section with perfectly symmetric wedges.

« The attempt will be to satisfy the same goals as in the earlier design:

» Peak field in Ends remain close to the 2-d peak field in the X-section.

» Small integrated harmonics.

» End turn layout should be as vertical as possible at pole (kept 70°In
all cases) and layout looking visually reasonable before printing 3-d
parts to try different variations. We will follow the useful experience

from the single turn winding test of B1pF.
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LHC Style Cable used in Quad & Dipole
(based on full keystone for Q2pF and B1ApF)

[E Cable Geometry

e | s e P Lkl widkh_§ wighh_a 2l L ares, chaprd | Conmenk =
1 EICLHCH 15.1 1.816 1.%94 | =8 115 % LHC IN KEYSTOE FOR EIC DIPOLE
1 EICLHCY 5.1 1.7a 3.01| o8 115 ELHC TN KEYSTOHE FOR EICIR cusnf
stone angle for cable width << coil readius
1 EICLHCOL 15.1 1,786 2.014| 28 115 & LHC CABLE KEYSTOR FOR EIC 420 ' g
2 ElC3042 19,4 1,773 - 11% S EIC 36 STRAND Bd, Q2pF BlApF
3 EIC3618 19 4 1,773 2007 3% 115 I EIC 36 SIRAHD 81,0 Cable height 15.1 15.1
4 EIC35428 19.4 1,768 2.012] 3% 115 SEIC 36 STRAHD B4.2¥ 2 Lawsrs | Cabie mid-thickness 1.9 1.9
LH & CAELED] 15,1 1.7% 2.064] = 118 E ME IMFER LAYER.STROI
& CRELELC 15.1 1,362 1598 3% 100 5 M OUTER LAVER,STROL Insul fone side) — bl
7 SIMAE 0,94 0,94 0,94 1 0 0 SIMALE STRAND Coil ir. 140 185
£ ESIICAE 9,74 1,061 1,27 30 74 0 GSI00L (RHIC) CRELE
9 BIN0L 9,73 1,111 1.32 0 74 0 GSI001 Following Handersr
10 OMECEBLE | i 1 2.17L a7 i) D S mn Cnks L
11 SOMMCENOK 0 13.8 13,8 280 7 0 7x20nm cable, no kegstone fAwg Rad 147.55  192.55
12 20MHCARZ iy B z| 37 0 020 mm cable 2 dt 0.2190 0.1678
E Cabile Def inition Wikddth_i 1.790 1.B16
width_o 2.010 1.984
i | P e Cable Geom., Strsnd Filsment.  In=ul Trans Quench Hat. . T_no| Compent.
1 EICLHCE2Y EICLHCE STREICI MBTII  ALLPOLYIL [TRAMS1  HOME 2 LHC IMMER FOR EIC IR OUAD B2 .
£ EICLHCIRY EICLHLL] STEEIL] HETII HLLPTLYIL [TRANS] HIME 2 LHL IHHER FOE EILC IR OIFLE & NntE. Keystﬂnes arE
T LHCIMGZY EICLHMCOL  STREICT  METII | ALLPOLYIL [TRAMSL  MOME 4.2 LHC IMHER FOR EIC B4,2¢ reduced for EIC
LHC VELLOHWIM CABLEDL STRO1 METII ALLPOLYIL [TRAMSL  MOME 1.9 ¥6-1 DESIGH DIPOLE THHER

VELLOHUL  CHELEDD SRS HETLD FLLFUL TLL, | TRANES L HUIME 1,9 We-1 LESIGH NIPOLE CUITER

Cables considered for EIC: "EICLHCB2K" and “EICLHCQ2K" (EICLHCE and EICLHCQ)
Similar to LHC inner: "“YELLONIN" (CABLEO1)
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Design with Pertectly ||| Looks 500d
Symmetric Wedges MHNM/// T Y/ mechanically
with EIC “Q” cable) o a

2-d Field Harmonics

BRRMENEE (IR ETS DRTEIEL o w0 ter oot o e mim1 s oo og s g s 1
MEIN HBREMONIE <5 svsss socey abdss sseh s s Beaey dehes 2
REFERENCE 'RADIUS (W) oonum o somoninn smnme srsasin wemmum s 83.0000
X-POSITION OF THE HARMONIC COIL (MM) ....cccccccosss 0.0000
Y-POSITION OF THE HARMONIC COIL (MM) ....ccccccesees 0.0000

PEASUREMENT TYPE o xwom smmmm mmomnom momsmmem smws ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSTS OF BY . :odaisunssoe smaa 0.6776E-04
SUM (Br(p) - SUM (An cos(np) + Bn sin(np))

MOIN TIEED NN o i o i e e e g e S b e 3.147502
MACHET STRENGTE (BTSN3 ) o s m mmemommm e s s 37.9217

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: -0.14254 Db 2: 10000.00000 Db 3: 0.00250
D 4: -0.01577 Db S5: 0.02641 D 6: -0.10295 OUter Iayer bIOCk
b s -0.00201 Db 8: -0.00094 Db 9: 0.00065
bl0: -0.40774 Dbll: -0.00011 Dbl2: 0.00000 Ieans On a Wedge
bl3: -0.00002 Dbl4: -0.46484 Db1l5: 0.00000
blé6: -0.00000 Db17: -0.00000 Dbls: 0.00550
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Peak Field and Margin in Q2pF Cross-section

[B] (T)
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Field and Peak Field in X-section for Mirror Iron (to save

time in 3-d calculations while comparing with 2-d fields)

|B| (T)

6.847
—RE im 1 ] O U R 11
B 10 PEAK FIELD IN CONDUCTOR 69 (T) civecensssnnsannsas 6.8470
= 5.483 CURRENT IN CONDUETOR: 69 (A) .. uauesaaedasiseiie -8500.0000
- 5.142 - .

— I
0.712
=

0.371

ROXIE 102

Peak Field for actual iron: 6.3 T
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MAXIMUM LOADLINE IN BLOCK s Fa ) O R T o 65.3012
MINIMUM TEMPERATURE MARGIN IN BLOCK 12 {T) swmvass 3.1931
HARMONIC ANALYSIS NUMBER ..ccccoccccecsscanceansssnns d
MAIN HARMONIC .....cccccecncacncscncacnssnnsannsanns 2
REFERENCE: BADIUS: ((PM) iiasisioionioiaia e aiansiens esiemaese s 83.0000
X-POSITION OF THE HARMONIC COIL (MM) ....vvvuvennnns 0.0000
Y-POSITION OF THE HARMONIC COIL (MM) ...vvvvvvnnnans 0.0000
MEASUREMENT TYPE ....cccccececncccancccnns ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF Br ....ievvennncennnns 0.6812E-04

~ SUM (Br(p) - SUM (An cos(np) + Bn sin(np))

MATN BREED: U s s i o e e e e e i 3.438369
MAGNET STRENGTH (T/(MA(N-1)) trtrrirnrrnernncnnannnns 41.4261
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End Design #1 (70 degree)

e/qupta/EIC/Q2pF/2023/Nov2023/Q2pF3D-Nov2023-atharmz2.data] - O

Preview [/home/gupta/EIC/Q2pF/2023/Nov2023/Q2pF3D-Nov2023-atharmz2.data]

bZ Section
2+ None
bare

[}
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End Design #1

e/qupta/EIC/Q2pF/2023/Nov2023/Q2pF3D-Nov2023-atharmz2.data] -

Reasonable start:
* Field harmonics: not too large

* Peak field: 6.95 T (Vs 6.85T In 2-d)

* Tilt Angle 70 degree
About ~1.9% higher peak field
than that in x-section
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MARGIN CALC (USING JC-FIT):
BLOCK NUMBER o0 c:0 0000 000 0.0 0i0mi0:0m 000 00 mis 08 0.0 8000 a0 00 u0m8
PEAK FIELD IN CONDUCTOR 69 (T)
CURRENT IN CONDUCTOR 69 (A)
SUPERCONDUCTOR CURRENT DENSITY (A/MM2)
PERCENTAGE ON THE LOAD LINE
QUENCHFIELD (T)
TEMPERATURE MARGIN TO QUENCH (K) .tiivivrrnnnnnnnnnns
PERCENTAGE OF SHORT SAMPLE CURRENT

...................
.......................
.............
........................

------------------------------------

FORCES (N) IN COIL ENDS

CONDUCTOR FX FY FZ FPAR
69 49479.701 -68505.087 1372.501 100.339
SUMM 49479.701 -68505.087 1372.501 100.339

HARMONIC ANALYSIS NUMBER
MAEN HARMONT G 0000000 00mmy o imresmin o m o /mism: e e ol oy e a sxars:exn: ayen
REFERENCE RADIUS (mm)
X-POSITION OF THE HARMONIC COIL (mm)
Y-POSITION OF THE HARMONIC COIL (mm)
NUMBER OF ANALYSES ALONG Z ....citveeeeesnccscnnnnns
LENGTH OF VIRTUAL COIL (mm)
REFERENCE POSITION NUMBER ..c.ccccetecccccnncccsnnnncae

MEASUREMENT TYPE: cioaiaisisieniamaassie siamaasss ALL FIELD CON
ERROR OF HARMONIC ANALYSIS OF Br
SUM (Br(p) - SUM (An cos(np) + Bn sin(np))

...............

3D REFERENCE MAIN FIELD (T)
REFERENCE MAGNET STRENGTH (T/(m~(n-1))
MAGNETIC LENGTH (mm)

NORMAL 3D INTEGRAL RELATIVE 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: 0.12018
D 72 ©0.00000 b 8: -0.00000 b 9: 0.00000
b1o: -0.64588 bi11: 0.00000 b12: 0.00000
b13: -0.00000 b14: -0.42942 b1s: -0.00000
b16: -0.00000 b17: 0.00000 b18: 0.00205

November 7, 2023
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6.9503
-8500.0000
-886.0233
66.0740
10.5189
3.1389
26.8483

FPER
85229.112
85229.112

1

2

83.0000
0.0000
0.0000

500
2500.0000
10
TRIBUTIONS
0.5231E-04

3.4387
41.4295
1725.4061



End Design #2 (70 degree)

gupta/EIC/Q2pF/2023/Nov2023/Q2pF3D-Nov2023-atharmzi.data] —

a/EIC/Q2pF/2023/Nov2023/Q2pF3D-Nov2023-atharmzi.data] —
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End Design #2

me/gupta/EIC/Q2pF/2023/Nov2023/Q2pF3D-Nov2023-atharmz1.data] —

Reasonable start:

* Field harmonics: not too large

* Peak field: 6.952T (Vs 6.85T in 2-d)

* Tilt Angle 70 degree

About ~1.9% higher peak field
than that in x-section; about the
same as In the previous design.
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MARGIN CALC (USING JC-FIT):

BLOCK NUMBER wiwa aavaatia)ima aaiusa)s oireess a e arseseuauerse 11
PEAK FIELD IN CONDUCTOR 12 B 5 o N oy G DS S 6.9518
CURRENT IN CONDUCTOR 69 (A) ...... l ................ -8500.0000
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) ........cvvn. -886.0233
PERCENTAGE ON THE LOAD LINE ....ccccvciscaccnnnnscns 66.0855
QUENEHETELD. (T s s Gl s e o m a r s a  ms eras aaia aa a wl vt 10.5194
TEMPERATURE MARGIN TO QUENCH (K) +vvivvrenncnnnnnnns 3.1381
PERCENTAGE OF SHORT SAMPLE CURRENT ........cevvvvnnn 26.8566
FORCES (N) IN COIL ENDS
CONDUCTOR FX FY. FZ FPAR FPER

69 49480.650 -68506.113 1374.552 100.122 85231.765
SUMM 49480.650 -68506.113 1374.552 100.122 85231.765
HARMONIC ANALYSIS NUMBER .....c.cciverenncnncncnnens 1
MAIN HARMONIC .....iceineansasianasnionaineanioasinsaai 2
REFERENCE: RADRUS: (0] i s)sivinidisnivwaiiiaie e vasiaiee s sae 83.0000

X-POSITION OF THE HARMONIC COIL (MM) ..vivvnnnnneann 0.0000
Y-POSITION OF THE HARMONIC COIL (MM) ...vvevennnnnns 0.0000
NUMBER OF ANALYSES ALONG Z ...ttt iieeennscnnsannsanns 500
LENGTH OF VIRTUAL (COXIL ‘COIN): vioaiseiviasioieiesiorsiasisisiasosias 2500.0000
REFERENCE POSITION NUMBER .....iiiiiinrrenncnnnnanns 10
MEASUREMENT. TYPE: i woeianiorn e saiomnvins smisieziiv-e ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF Br ...ieeeeenennnnanns 0.5231E-04
SUM (Br(p) - SUM (An cos(np) + Bn sin(np))

3D/ 'REEERENCE MATIN: FIEED: ‘(T oissuisnsioserss-ensemsseinsiesisne 3.4387
REFERENCE MAGNET STRENGTH (T/(mA(N-1)) ...vvvvnnnnnn 41.4295
MAGNETIC LENGTH: COIM) . iiiisiasieeaie s asiee e e s aseidesesas 1725.8457

NORMAL 3D INTEGRAL RELATIVE 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: 0.13001
b 7: -0.00000 b 8: -0.00000 b 9: -0.00000
b1o: -0.64371 b1i1: 0.00000 b12: 0.00000

Q2pF3D-Nov2023-ailharmzi.output 99% L11068 (Fundamental)
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End Design #3 (70 degree)

e/qupta/EIC/Q2pF/2023/Nov2023/Q2pF3D-Nov2023-atharmz.data]

e/guptafEIC/Q2pF/2023/Nov2023/Q2pF3D-Nov2023-atharmz.data] -
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End Design #3

e/qupta/EIC/Q2pF/2023/Nov2023/Q2pF3D-Nov2023-atharmz.data] -

Reasonable start:
* Field harmonics: not too large

* Peak field: 6.977 T (Vs 6.85T In 2-d)

* Tilt Angle 70 degree

About ~1.9% higher peak field than
that in x-section; 0.2% higher peak

field than in the other design.

L? Brookhaven

National Laboratory

Magnet Division Ramesh Gupta

O

Progress in Q2pF End Design

MARGIN CALC (USING JC-FIT):

BLEOEK NUMBER: oo s e om0 ae e s e mme cawne 11
PEAK FIELD IN CONDUCTOR 69 [TF). wosarvmassbamaveiaamume 6.9771
CURRENT IN. CONDUCTOR: 69 ((A) < uiciaisosiasisiessosssaessos -8500.0000
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) ....civvvnnn. -886.0233
PERCENTAGE 'ON THE:LOAD EINE: o.oo:amsioivnuecanainommezauisims 66.2747
QUERCHERELD: U una o e areve it ar et e e i sy st e aete:ams 10.5275
TEMPERATURE MARGIN TO QUENCH (K) +evivecrnecnnnnnnns 3.1248
PERCENTAGE OF SHORT SAMPLE CURRENT ... iiiiernennnnn 26.9936
FORCES (N) IN COIL ENDS
CONDUCTOR FX FY FZ FPAR FPER

69 49498.493 -68518.152 1400.887 102.559 85268.624
SUMM 49498.493 -68518.152 1400.887 102.559 85268.624
HARMONIC ANALYSIS NUMBER ....cietteeeeccencnnannnnes 1
MALNDHARMONTEE oo iomn:io:mine 00me oo s e em a5 e s o mmie e e e 2
REFERENCE .RADTUS. (MM, ovuioinaiaruverasiale e avelsre e ar svalaerailuars 83.0000
X-POSITION OF THE HARMONIC COIL (MM) .. vvevenenenas 0.0000
Y-POSITION OF THE HARMONIC COIL (MM) ..vvvvenennnnnn 0.0000
NUMBER OF -ANALYSES: - ALONG Z: o050 auioin ee e e e e eas sine 500
CLENGTH OF VIRTUAL: €OLL (MM) owusiesraaiesmsies seiasaes 2500.0000
REEERENCE: POSTTION NUMBER: % o asiaiaasa slaisiaieals e slars eieasas 10
MEASUREMENT " EYPE: ....s.0i0c.0:00:00 5800:08:0nm8 s a8 ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF Br ..ceeveceeceencancns 0.5237E-04
SUM (Br(p) - SUM (An cos(np) + Bn sin(np))
3D REFERENCE MAIN FIELD (T) tveverevenennnennnnnnnas 3.4387
REFERENCE MAGNET STRENGTH (T/(mA(n-1)) ....cvvvvunnn. 41.4295
MAGNETIC EENGTH ((MPE); svoiovcusroveisrotasrsversivie sl s svelu e ualas 1721.7836
NORMAL 3D INTEGRAL RELATIVE MULTIPOLES (1.D-4):
b 13 0.00000 b 2: 10000.00000 b 3: -0.00000
b 4: -0.00000 b 5: 0.00000 b 6: -0.03053
b 7: -0.00000 b 8: -0.00000 b 9: 0.00000
bio: -0.66259 b1i1: 0.00000 bi2: 0.00000
b13: -0.00000 b14: -0.43020 bi1s: -0.00000

Q2pF3D-Nov2023-alharmz.output 99% L11102 (Fundamental)
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Summary

* There Is no large increase In the peak fields in the ends over
the body (an important part of this exercise). It is only 2% above
the 2-d peak. Overall peak enhancement (2-d or 3-d Is ~21%).

 Field harmonics looks ok as a good starting point (<1 unit).

» Peak field and harmonics will be further optimized together with
the turn layout based on the initial single turn winding trials.

* A 70-degree vertical tilt angle should be possible.
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