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Background

With the introduction of the mini-swap in MQXFB magnets, there is a bit
less margin in the protection at low field to tolerate the spread on QH
parameters (circuit resistance, capacitance/voltage of the HFU...).

The stablished requirements for the quench heater resistance are:
Quench heater resistance at 293 K between 5.6 and 7.3 Q
Quench heater resistance at nominal operation conditions between 3.2 and 4.2 Q)

At least 6 quench heater circuits with at least 3.4 Q) resistance at nominal operation
conditions

To assure the fulfill of the requirements with margin, in addition to the usual
criteria to select coil ordering (RRR and Cu/Sc ratio), a check on the
spread of the QH resistance circuit is performed systematically before
the assembly of every magnets, starting from MQXFBO0A4.




Colil sorting according to coil material properties
(RRR and Cu/Sc ratio)

Simulation of a quench at nominal current (16230 A).

Cases included in the parametric analysis:

- Case A: No failures

- Case B: QH1+QH3 circuit failures

- Case C: QH5+QHS6 circuit failures

- Case D: CLIQ+QH2 circuit failures

- Case E: CLIQ+QHS6 circuit failures

- Worst-case: Highest voltage to ground among above-mentioned cases.

Maximum expected coil voltage defined by electrical design criteria (e.d.c.): 670 V at
nominal current (see EDMS 1963398).

Configurations resulting in peak voltage to ground higher than this value are highlighted in
red. Electrical order|Case AlCase B|Case (]Case D|Case E|Worst-case|% wrt lowestl% wrt e.d.c.
154152 153 155 544 | 601 | 633 | 632 | 597 633 +0% 6%
2154153 152 155 544 | 602 | 634 | 631 | 595 634 +0% -5%
3154152 155153| 546 | 602 | 636 | 614 | 616 636 +0% -5%
41154 155153 152| 546 | 602 | 636 | 622 636 +0% -5%
6154 155152 153 546 | 602 | 637 | 605 | 614 637 +1% -5%
71153154152 155| 571 | 634 | 661 | 630 | 592 661 +4% -1%
8153154 155152| 573 | 635 | 663 | 628 | 590 663 +5% -1%
91155154 152 153| 577 | 638 | 664 | 605 | 611 664 +5% -1%
10{155 154153 152] 577 | 638 | 664 | 621 | 590 664 +5% -1%
11153 152154155/ 583 | 641 673 | 627 | 597 673 +6% +0%
12155152 154 153 589 | 646 676 | 601 | 616 676 +7% +1%
13153 155154152 586 | 642 676 | 617 | 593 676 +7% +1%
14155153154 152 588 | 646 676 | 617 | 592 676 +7% +1%
15153 152155154 587 | 643 677 | 586 | 641 677 +7% +1%
16153 155152 154 588 | 643 678 | 578 | 639 678 +7% +1%
17155152153 154 590 | 647 678 | 579 | 641 678 +7% +1%
Telll 18155153152 154 590 | 647 679 | 578 | 639 679 +7% +1%
Generated by E RavaIOII’ 19152 154153 155| 592 | 656 681 | 629 | 592 681 +8% +2%
TE-MPE-PE 20152 154155153 595 | 657 684 | 611 | 611 684 +8% +2%
21152 153154155 604 | 663 693 | 625 | 594 693 +9% +3%
HiLumi ) C\IE/R;W 22152 155154153 607 | 664 696 | 599 | 614 696 +10% +49%
‘ L-LHC PROJECT 7/ 23152 155153 154 608 | 664 697 | 577 | 639 697 +10% +49%
24152 153155154 608 | 665 697 | 584 | 639 697 +10% +49%,




Colil sorting according to QH resistance

Electrical order
CASE ID P1| P2 | P3| P4

1CA4l _1C9l 1C20 1C0C
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154] 152[ 155[ 153 6800
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152| 154] 155/ 153 Case ID

152| 153| 154] 155
22| 152 155 154 153
23| 152 155 153[ 154
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MQXFBO09, B08, BO7, BO6, BO5 and B04
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Conclusion

Here is presented the colls ordering for MQXFBO09

—

— Radial shim T~}
— Ground insulation R = 114. DIJU mm
— Mid-plane shim r=113.376 mm
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Minimum energy density

{ Nominal U= 3.5 J/cm?
S -=-MQXFSL1 HF

MO HE 35 it ~—MQXFS4 LF

3 -+ MQXFS5 HF 3 ~+-MQXFS5 LF
25 -e-MQXFS6 HF -e-MQXFS6 LF
——MQXFS7 HF 2.5 —+—MQXFS7 LF

-&-MQXFM2 LF (swap)
--MQXFS7 LF (external)
--MQXFS8 (mini-swap)

-&-MQXFM2 HF (swap)
--MQXFS7 HF (external)
—-MQXFS8 (mini-swap)
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Minimum QH Energy Density (J/cm?)
N
Minimum QH Energy Density (J/cm?)
N

1
0.5 1
0 0.5
0 5000 10000 15000
Magnet current (A) 0
0 5000 10000 15000
Magnet current (A)

Minimum Energy Density = 2.5 — 2.7 J/cm? (to initiate a quench at 2 kA)

Final QH configuration:

MQXFB mini swap (more protection tests planned in S8, to have more statistics)
MQXFA impregnated heaters in direct contact with the coil (S1-56)




T14.1350153
179.045653

3035.176874
3110955652
3106, 567556
3131.417387
1538333056
1259430125

31110239525
146 6363646

Grand Total
Grand Total

131417357
3131417387
173.045653
173.045653

QH 214-224
QH 214-224

|
QH 213-223
110.955652
3110.955652
QH 213-223
153.8398056
153.8398056

3035.17657d
11413507153
3404422254 |

QH 212-227
OH 212-222
“114.1350159
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PZT-YIT HO EETO00YWI-80294XDINIH
€ZT-ETZ HO EETO00YI-80J8XDINIH
€TTTIT HO EETO00YWI-80J8IXVINIH
TZZ-TTZ HO EETO00YI-80284XDINDH
¥ZZ-1Z HD ZET000YD-80JEXDINIH
ETTETT HO ZETODOYWI-80I9IXDINIH
TZT-TTT HO ZETO00YD-80J84XDINIH
TZZ-T1Z HD ZET000YD-8008X0DINIH
¥ZZ-¥1Z HO TETO00YI-80294XDINIH
€ZT-ETZ HD TETO00YD-80J9XDINIH
TCTTIT HO TETO00YWI-80I9IXDINIH
TZZ-TTZ HO TETO00YD-80D84XDINIH
¥ZE-¥1Z HD OET000YD-80D84XDINIH
£TT-ETZ HO 0OETO00YI-80294XDINIH
TZT-ZTT HO DETO00YD-80I8XDINDH
TCTTTZ HO 0ET000YWI-80J83X0INIOH
¥ZZ-¥TZ HO 6ZT000Y¥I-80284XDINDH
£2Z-£TZ HD 6ZT000YD-80284X0DNIH
TLTTIT HO 6ZT000YI-80294XDINIH
TZZ-TTZ HO 6ZT000¥D-80284XDINDH
¥ZT-F1Z HO £ZT000YD-B0J84XOWIH
€22-E1T HD LZT000¥D-80084XDNOH
ZLT-TITHO £LTTO00YI-80294XDINIH
TZZ-TTZ HD £ZT000YD-80284XDINIH
PTT¥IT HO 9ZT000¥I-80J83X0INIH
£ZZ-ETZ HO 9ZT000YI-80284XDINDH
ZZT-ZTZ HD 9ZT000YD-80J84XDINIH
TZT-TIZ HO 9ZT000YI-80294XDINIH
PZT-¥TZ HO SZT000YD-80J84XDINDH
€7T-ETZ HO STTO00YD-80384X0ONDH
ZTT-ZTT HO STTO00YI-80284XDINDH

I () ) 122112 HO SZT000)-80I84X0NOH

F106.567556
3106.567586 3095176874
12589430125
128.3430125
2817.636736
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Low field quench heater - Right

Grand Toral
Low field quench heater - Right

Average of R[20] m:

High field quench heater - Left
High field guench heater - Right
Low field quench heater - Left
High field quench keater - Lkt
High field quench heater - Right
Low field quench heater - Left
Grand Total
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SwdDevp of R[20] mQ
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With few exceptions, we are
the tolerance in the individual
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(2.84-3.36 ohms

3200
3100
3000
2900
2800
2700

general several configurations are

The driving parameter is the peak
voltage to ground based on
conductor properties, but in

able to fulfill requirements

compensate for deviations

PTTYIT HO PZT000Y¥I-80J93XDINIH
EZT-ETZ HO PZT000YD-80J84X0DINIH
ZTE-TTT HO ¢ZT000¥D-80084X0NIH
TZZ-TTZ HO $ZT0004¥I-80294XDINIH
¥ZT-TZ HO EZT000YD-80J8XDINIH
ECTETT HO ETTO00YWI-80J9IXVINIH
ZTT-ZTT HO EZTO00YI-80284XDINDH
TZZ-T1Z HD £2T000YD-80084X0DNIH
PZT-¥1T HO ZZT000Y¥I-80294XDINIH
ETTETT HO TTTOO0YWI-B0JAIXDINIOH
TTTTTT HO TZTO00YWD-80D84XDWIH
TZE-11Z HD ZZT000¥D-80084XDINIH
¥ZT-¥1Z HO TZT000Y¥I-80294XDINIH
€ZT-ETT HO TZTO00YD-80J8XDINIH
TTTTIT HO TZT000YWI-80J93XVINIH
TZZ-TTZ HO TZT000YI-80284XDINDH
¥2ZZ-1Z HD 0ZT000YD-80J84X0DINIH
ELTETT HO 0ZTO00YI-80294XDINIH
TZT-TTT HO 0ZT000YD-80284XDINDH
TZZ-T1Z HO 0ZT000¥D-80J8X0OWIH
¥ZZ-¥TZ HO 61T000¥I-80284XDINIDH
€ZZ-ETZ HD 61T000YD-80284X0DINIH
TLTTITHO 6TTO00YWI-80I9IXDINIH
TZZ-TTZ HO 61T000YD-80J84X0DINDH
¥ZE-¥1Z HD B1T000¥D-80284XDNIH
£ZT-ETZ HO 8TTO00YI-80294XDINIH
TZT-ZTT HO 8TT000YD-80JEXDINIH
TCTTTT HO 8TT000YWI-80J93X0INIH

So far, this optimization was not

average-2w  — average+2w

ER[20]mO - average



Quench heater circuit resistance, tolerance
range at warm, SM18

SM18 ranges follow 180 tolerances for electrical QA, i.e., 5.6 — 7.3 ohms (i.e, +-
13 %)

Previous target 6-6.8 ohms (i.e, +- 6 %)
For reference, LHC dipoles was 22 ohms +- 4.5 ohms (i.e, +- 20 %)

The maximum difference between warm before test and warm after test shall
be < 0.05 ohms (as LHC dipoles)

Remark: all data

7.5 corresponds to magnets
B 73 e e assembled in temporary
= cold mass configuration
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https://edms.cern.ch/document/2909934

x
—
——
==
=l
-
-
[=]
[
‘m
L]
N —_—

Quench heater circuit resistance, tolerance

range at cold, SM18

At cold, we keep the same spread that at warm, i.e., 13 %

Target is 3.7 +- 0.5 ohms (i.e., 3.2 to 4.2 ohms, before it was 3.5-3.9 ohms)

The resistance of at least 4 circuits shall be larger than 3.4 ohms to assure sufficient margin

to initiate a quench at low current

For reference, LHC dipoles was 12.5 ohms +- 3 ohms (i.e, +- 24 %)
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Remark: all data
corresponds to magnets
assembled in temporary
cold mass configuration
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https://edms.cern.ch/document/2909934

https://edms.cern.ch/document/2909934

Cold vs warm

Remark: after MQXFBMT4 test, enough information to decouple the RRR from
guench heaters and wiring, to maybe find a better correlation in terms of RRR
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