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LHC Magnet Circuits, Powering and Performance Panel - MP3
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In tOtal 281 =/ Circuit Browser

= It needed, open and close non-conformities. = / Topic Template
+ If needed, give recommendations for future operation, or for additional testing (in the machine and/or in SM18).
= Report to TE-TM and LS1 Coordination Committee on electrical performance and all critical magnet circuit issues, in
particular involving inter-group responsibilities.
= Assist to the definition and revision of procedures for the powering of all main ring magnet circuits.
+ Set-up and run the CCC support team during the “hardware commissioning” campaign.
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RB: Unbalanced Apertures (1)

HWC 2008, RB-circuit Powering Test, Fast Power Abort at 7000 A :

» Quench detected in MB.B30R7 during fast discharge at 7000A (dl/dt = -70 A/s);

» But it was not a real quench. There was an inductive voltage difference between two
apertures, which grows with dl/dt and exceeds 100 mV threshold;

» Thanks to iIQPS => special technique, so called QPS Snapshot, has been developed
and first time used to trigger the PM Data collection which allowed to prove the
assumption and to find the solution (see next slide);
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RB: Unbalanced Apertures (2)
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The Message:
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compromising the protection. And that possibility was already
foreseen during the design and development of QPS. Great!




RB: High Resistive Magnets (1)

HWC 2009, RB-circuit Powering Test, Special Pyramids:

» The same technique — triggering the PM Data collection (snapshots) on plateaus;

» The analysis of IQPS:U_QSO0-signals allowed to detect two high resistive, 100 and 50 nQ,
magnets, while expected resistance is about 2.5 nQ (8 x 300 pQ). Magnets were replaced,
opened and repaired later on.
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The Message:
QPS was used as a dedicated measurement system without
compromising the protection. But plus dedicated analysis ...




RB: Symmetric Quench in 2008 (1)
2008

» Very first LHC HWC: QPS IST, Powering Tests, Surprises, ...;
» All sectors was commissioned to injection level;
» In May-June RB.A56 (main dipoles) — 15t training to 7 TeV,
» First beams in LHC in September;
» Incident in RB.A34 during HWC-powering test;
» Repairing of the machine and QPS upgrade:
l. nQPS - Splice protection (cause of incident);
. NnQPS - Symmetric quench protection (next slide);
lIl. NnQPS - Voltage feelers;




RB: Symmetric Quench in 2008 (2)
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RB: Symmetrlc Quench in 2015 (3)
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Massive

RB: Symmetric Quench in 2010 (4)
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“Side effects” of power converter oscillations

Oscillations exceed onset value of adaptive filter
Since power supply is off after oscillation U _DIODE is
slightly negative

Rearm condition is not fulfilled

If switches open some time after the oscillation, abort is not
protected by adaptive filter > SymQ will fire heaters

Oscillations on top of a FPA will cause strong perturbations
and trigger the old QPS as well
(11 magnets fired at 6kA)

Jens Steckert




Simulated Powering
failure at ~3500A
Coasting

FPA
Ramping
with 10A/s
| magne
Oscillation in U_DIODE
triggers adaptive filter
FPA without
Uma
g [ > adaptive
-1V \ filter
~50mV enabled
No rearm condition
-6V

Std Threshold, filter armed

Elevated
threshold

» Power converter switch-off
caused oscillation <-2V on
U _DIODE

« Adaptive filter is activated

* Filter switches back to std
threshold after 1.3s

* During coasting U_DIODE stays
negative (no rearm cond.)

At FPA filter is not available,
threshold stays low

- SymQ triggers

(...in 50 cases)

Jens Steckert




QPS’s way to 6kA

- Delay extraction switch in respect to PC fault
« This decouples FPA transients from oscillations > 100ms
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RB: Voltage Feelers (1)

Voltage distribution during a

ramp and a discharge
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RB: Voltage Feelers (2)

Short to ground event during the training quench
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RB: Secondary Quenches (1)

.4MB.A16R4 - Training Quench at 11552 A

U DIODEs vs time .
N = P A |
G.000V- - 'S 12000.000  +450315
5.000V- =
Ve +4 50514
11000.000
4,000V~ / +4 5051 4
3.000¢- 10000.000 %13
o TG +4 50513
i 9000.0000  +4506812
1.000%- —— +4 50812
0.000% - 60000000 +4 50811
1000V~ +4 50811
Fooon.oonnn el Ens
o -2.000V- Traini : : .
% raining of magnetsin 534 and 545in 2016
-3.0000-
= 12200 = &ll natural training puenches af MH magnets ars listed.
- -A4.000v- Iz citcwit evenls, mwre Mian 1 il braining quench veas recorded.
5. 000Y- 12000 Training target 2016
-6.000V- 7 TeV
-F.000V- 11800
-6.000V- = #-534
-9.000V- S 11600 l 545
3 s .
-10.00v £ P e ba5Tev
_11.00V- 2 11400 = TSR
=3 P P
-12.00v-! . . . o .
14:38:00.000 14:40:00.000 14:42:00.000 14:44:00.000 11200 o g
13712/2016 1311272016 1311212016 131272016 > Training level March 2016
[~ offset? [ +average? abs({A-B)/Current? Time T T T e e e
i S5 || ot 11000 | eeeeesmsenessesnmnnnnnae ORor2ON 2016, 6.5TeV
(HEw | e
.
10800
(4] 10 20 30 40

Quench number




RB: Secondary Quenches (2) -1
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] Current status: |

v' Phenomena not yet fully understood;

v’ Seems, higher the current higher the effect;

v Chain or massive quenches — to be worried about?

v Needs to be solved or mitigated if we continue the training to 7 TeV
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Karl Hubert Mess, “Superconducting Electrical Circuits”
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