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Introduction

* Modelling of superconductor properties for persistent current
calculations

» Morgan curves (used in RHIC/SSC designs)
» Bottura curves (used in ROXIE)

» Several email exchanges with Luca Bottura on converting
one to another

* Impact of previous cycles on RHIC dipole (calculations and
measurements)
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Bottura Fitting and Morgan Fitting

Author: G. Morgan
A Practical Fit for the Critical Surface of NbTi
Date: January 6, 1997
L. Bottura
CERN. LHC Division, 1211 Geneva 23, Switzerland
Abstract—Known expressions for the critical temperature, strain. The function chosen here for the fit of ND: 560"—1 (RHICHMD_QGI)

critical field and Pinning force in NbTi are combined into a self-  surface as a function of the reduced parameters
consistent fit formula that provides the critical current density given by:

Task Force: Coil Geometry Analysis
Title: A New Critical Surface for RHIC NbTi

Bottura - From |1 with B,(T) = Bag(l — (T/Twp)" "), FP - Cl 'Bg?(n '(B/Bcz}p'(l - Bchz(D)q

; J.L'.nl' {r[i':f”_l I; .r 1' M\
Je(8,T) (Beo(T)) (l : Hﬂ-"{TI?) (1 : (T"")

F,=J.B.  Bg = Boy(1-(TT))

- p-
(as used in ROXIE) C, m p q . By T, E
106.13 1.73 0.948 1.000 14.45 8.66 1.61
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Bc2(T) Bc2(T) BeT) BeX(T) |[ECHM Bc2(T)  Be2(T) [Be2(m)
13.298 13.085 12495 11.828 JGESE 10.2834 9.94292 [958238

T(K)== | B[T) 2.0 2.5 432 : <=T(K)
02 24985 245998 237106 22654 1 202592 197485 .
RHIC data 04 236693 233606 224391 215142 191827 18E5E.3 181141
i i i 06 228061 225126 2WRESS 206967 B4024 178861 173503
Wire Diameter (in) 0.0255 08 221233 21823 209849 200262 77547 172434 157125
. i 1 2EB2 212201 203881 194361 7798 BETLE  E1439
Wire Diameter (mm) 0.6477 12 209685 20672 193443 138971 BEE1 M5 TEE194
. 14 204572 200618 193373 183935 1544 166497 151254
Wire Area (mm#2) 0.329487 16 199741 196796 19857.3 179159 BESL4  BT77.E 146541
18 195128 192189 193981 174583 B226.7 7233 14200 1
2 190RRE 1877E1 179554 TFOIEE WM7RES 42832 137601
22  18A384 183452 175262 1R5E7.S MIEE2 136547 133314
Wire Ic (4.2K,5T), A 293 24 1\2199 TAZRE 17081 BTD 129397 134359 129121
_ 26 178M3 7EB2 18RI95  T57RL3 135296 130253 125009
Wire Jc (4.2K,5T), A/mmA2 889.3 28 14N TR 62930 153604 1268 E2IE 12097
3 702 16725 1BA057 149663 127302 122245 TRI85
22 BEILE 163ID4 BEIDE ME7RZ 123391 18325 113055
34 G50 159574 B3RS 41955 7953 14454 09173
36 158754 TG5A15  W7TED 138175 16713 TI0R27 105334
38 6044 G202 MAETE 134438 MI3E 0EELE 101532
Cu/SC ratio 2.2 4 E1375 MB423 MOME2 130739 NE193 103024 977656
42 MFF43 M4794 TIEE4E 127076 04484 993623 540304
SC Area 0.102965 44 MAME WIE2 13293 123445 00804 9567.02 903241
4 M0S81 137E22 129347 119844 9716.29 920053 GEE4.45
48 137045 134081 125792 116271 935269 883656 829895
133636 130867 122262 102722 99245 847491 793575
i A 52 130052 127078 TI8FE7 109198 RR3442 B15.43 757468
Wire Jsc (4.2K,5T), A/mm~2 2845.6 B4 126531 123612 116275 105695 827845 775798 721561
BE 12362 2067 TEl4 102213 79244 740242 BE554
B8 119734 TR743 108373 987501 757217 TO4B65 F50295
rec B TRIZS 13338 1495 953056 722164 BEIESE F14315
Number of Wires in cable 30 2 112954 109951 01545 918762 687272 B346.06 579632
B4 10959 WOEEE1 981566 88467 RE2632 599705 544676
BE 106243 103227 947833 EE0711 BI7937 564347 0968
: B8 102911 998886 9M262 A16A.98 B34 78 BA0323 474877
Cable Ic (no degradation), A 8790 7 995928 965644 880825 783222 543149 495028 440201
72 9E2B9 93538 S47524 743679 EMA44 4B14EE 405645
74 929983 299564 AM35  TEZE 480858 427193 371204
76 897203 BEE7.M 7R3 GAZAAT 446884 393055 336474
Measuured Cable 1c(4.2K,5T) 8475 78 964542 BI3904 T4SIEE G4OT7E 413009 353017 3026.43
Degradation (%) 36 8 831997 B013GE 7IES44 BIET.O0 379257 325081 268525
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Morgan Curves
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Morgan Curves as used -
In the design calculations
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These can also be used Iin the
persistent current calculations.

However, ROXIE doesn’t have
that as an option (requested to
Include in the next version).
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Bottura - From [1] with B(T) = Beao(l — (T/To)"),

Bottura Curves et by ((x

J(B.T ’ 2
(B, 1) == m)e B_(T)

Fitting for Bottura curve SSC Eit
RHIC (paper) RHIC (try) LHC

Ic C1 3.00E+09 3.00E+09  3.00E+0S
TcO C2 9.2 8.60 9.2
Cf C3 0.89 0.948 0.57
[ C4 1.1 1 0.9
i CS 2.09 1.73 2.32
Co Cb 37.7 33.25 27.04
Bclo C7 14.4 14.45 14.5

I k:} Brookhaven
National Laboratory

Mag net Division Ramesh Gupta Persistent Currents in RHIC Dipoles — Measurements and Calculations December 20, 2022




rhic d96 0ct2002 run Part 1,2 and 3 2211205 16:18 PerS|Stent Current

e Cycle Used in ROXIE
'@ Time Transient
2000 — _I Manually adaptative step size (LSTEP)
H(A) Excitation function :
No Ts| Te | Function | A B Nia| N/a Nsteps Groups
1 -100 0 Linear Al 0.05 0.05 0 0] 41-2
1500 — 2 0/ 102.938 Linear el 0.05 4.73 0l 0| 20/1-2
3 102.938 900 Linear Al 4.73 4.73 0 0 5/1-2
B 4 900 | 1029. 8 Linear | 4.73 19.52 0 0 40]1-2
5 1029.8 2010 Linear Al 19.52 | 19.52 0 0] 51-2
1000 |— 6 2010 | 2139.8 Linear || 19.52| 4.73 0 o] 401-2
T 2139.8 4500 Linear Al 4.73 4.73 0 0 5[1-2
i E 4500 4602. 94 Linear | 4.73 0.05 0 0 201-2
9 4602.94 | 4800 Linear Al 0.05 0.05 0 0] 41-2
500 |
| @ Cable Eddy Currents
B _I IFCC (magnetization model) (LIFF) _| ISCC (magnetization model) (LICCA)  _ ISCC (network model) (LICC)
1 Mut. inductances (LICCIND) _I Monlinear inner iterations (LITERNL)
0 Pers current (Mag. model) : Scalar model w|
| l | ] | l 1 ] | l | 1 | l | ] | l 1 ] | I|
0 1000 2000 2000 4000 s0 Several options were examined to
TIME (SEC) see the sensitivity on the results
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Impact of previous cycles on RHIC dipole

Qualitative agreement between ROXIE calculations and measurements
on the spread of harmonic errors between up and down ramp (not

decay or snapback yet)
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ROXIE Calculations
(not with the latest i _
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ROXIE Calculations
(not with the latest fit)

GRAPHNO: 7
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ROXIE Calculations
(not with the latest fit) -
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Measurements
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Not a large impact of cycling to a higher current
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