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SP109 High Voltage Tests Report

Mateusz Bednarek, Jaromir Ludwin,
Tiago Catalao da Rosa

With important input form Gerard Willering, Salvador Ferradas Troitino, Arjan
Verweij, Jean-Luc Guyon, Jerome Feuvrier, Felix Rodriguez Mateos ...
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Electrca Quality \Assummce

Previous HV test campaign on SP109 in Helium (superfluid and gas, 80 and 200 K) was in
June 2019 (report from 11T Technical Meeting #18)

Summary:

High voltage Test programme for January 2020 (link):
1.

2.

QH 119R presented degradation after breakdown at 1291 V (200 K, 2.1 bar), while the other three
circuits reached 1345V

Test programme stopped afterwards due to test station limitations at 200 K, 1.35 bar
(1.1 to 1.3 kV)

In Superfluid Helium, 1.9 K, 1.1 bar:

©)

©)

©)

HV tests at 1 kV (performed by SM18 team)
Provoked quench tests
HV insulation test at 3 kV

In gaseous Helium, 200 K, 3 bar:

©)

©)

HV 50x Endurance tests at 1 kV
HV insulation test at 1.3 kV and 1.6 kV
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https://indico.cern.ch/event/862202/
https://edms.cern.ch/document/2308260/1
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Aim: to test dielectric strength of QH-coil insulation
during provoked quench.

Test programme description:

Conditions: 1.9 K, 1.1 bar

Current:
o} 3 kA, 6 kA, 11.85 kA

Target heater-coil voltages:
O 1kV, 1.3kV, 1.6 kV

1 QH circuit hi-potted during the test, while the other two
circuits are used for protection.

HV test level defined according to the target voltage heater-
coil: EIQA voltage source defines a voltage heater-to-
ground. A test at lower voltage was performed for each
circuit to measure the voltage distribution in the coil:

> Input voltage heater-to-ground = Target heater-coil
voltage — unbalanced voltage (on the outer layer
Vtap closer to the hi-potted QH)

HV tests up to 1.6 kV were performed without power to
verify insulation status.

Energy Extraction was delayed to 1 second after QH fired.

Electrca Quality \Assummce

Test procedure

Charge of 2 QH power
supplies

Magnet powered up to
target current

HV applied to tested
heater

Stabilized conditions at
HV plateau (~1 min)

QH manually fired

Energy Extraction
delayed by 1s

HV continues being
applied for ~¥2 min

4
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, Voltage to ground [V]
o

n
o

-100 +

-150

-200

-250
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Channel Max Abs Voltages Voltage at 100ms
119 00 -5.91 -4.61
119 O9 -14.58 3.99
119 O1 -242.92 -223.37
123 11 -249.95 -222.58
123 O1 -245.10 -209.52
123 09 -162.02 -137.02
123 Ol -33.10 437
119 00 Measured coil-ground
119 09 voltages at Inom
— 119 01  QH123L:-66V
12311 . QH123R:-75V
123 O1
123 Ol

0.05

025

1
0.3

Time [s]

Measured voltages on inner/outer layers of SP109, after provoked quench
at 11.5 kA and HV on QH119L (courtesy of Salvador Ferradas Troitino)
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— 2x 10n
-

Trigger

B

Scope Scope 100n 100k ‘—|:|—
= = 100n 100k f':

5 diff.
a probe_

QH
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* Breakdown at 1590 V without current, not to magnet circuit. Okay at 1.5 kV.

 This limitation did not influence the provoked quench test programme, as
the unbalance on QH119L is -250 V, therefore the voltage heater-to-ground
applied was 1350 V (to reach 1.6 kV heater-coil).

QH123R
g 4 quenches provoked at 11.85 kA, target voltage heater-to-coil:
'§ o) 0.5 kV \’Ni_
: oW Il test d =-
3 Y 13KV all tests passe =
E o 1.6kV vl
S+ Insulation was tested up to 1.6 kV without current before final provoked
g quench. .
z |
= =
& QH119L |
g Q g vl
g . Similar to QH123R: 4 quenches at 11.85 kA, same target voltages, all tests
5 passed.
%
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QH123L
* Multiple breakdowns during quench tests:

1kv 1.3 kv 1.6 kv

1.3 kv 1.6 kv

0 kA
HV test 1st. Ok, wi D
( =S8 1 passed 5 passed 1 breakdown g Wi 7
between 2nd. Breakdown 8.65 s

. . 1st. Breakdown 18.5 s

firings) 3rd. Breakdown 3.3-6.2 s S el 55T
4th. Ok ‘ o
2 d
1 passed passe 2 breakdowns 5t. Breakdown 4.5

3 breakdowns

1st. Breakdown 2.3 s

Breakdown 13.4
reakdown S 2nd. Breakdown 3.1-4.8 s

- 1 breakdown 2 breakdowns

1st. Breakdown 7.2 s
11.85 kA 1 d 2 breakd - 11.85 kA -
S reakdowns 2"d, Breakdown 8 s

Main objective:

* Test the maximum number of combinations of target heater-coil voltage and
current.

* Check performance and pattern of time between heaters firing and breakdown.

No degradation observed

11T Dipole Technical Meeting #23 05/02/2020, M. Bednarek, J. Ludwin, T. Cataldo da Rosa
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* No breakdowns were observed in the expected time range after quench
(order of 100 ms — 300 ms)

e ~2 — 18 s after quench the conditions change sufficiently to reveal an insulation
weakness between magnet circuit and quench heater

Current DAQ @

50 55 60 65 70 75 80 8 90 95 100 105 110 115 120
Time
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S 2020-01-21.12-18_N_Oxlsx - QH123L EE opening Voltage b,
. 400E-9- -1.4E+3
£ Breakdown
g 350E-9- -1.2E+3
s

= 300E-9-

S :

S o 250E-9-

S~

LN +—

E S 200E-9-|

N — . .

= 5 QH firing

b5 ~ 150E-9

9 - 400E+0
2 100E-9-

S

% 50E-9- -200E+0
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* Voltage on magnet current leads shows that breakdown occurred between QH and

t . t 200-
magnet circui N A
-200-
-400-
The breakdown signatures are S s00-
perfectly reproducible £ w0 <>’=>@
iy -1000-
-1200-
164.2
-1400-
1331 -1600-} .
1.750015m 1.750Tm 1.7502m 1.7503m 1.750393r
102.1 Time [s]

HV_source b
QH_terminal_1 IK
QH_terminal_2 IZ
Active_QH_diff [/

71.01

39.96

5,904

-22.15

-33.2

-84.210
-3.533  -0.041 545 1094 e84z 2192 2741 32.9 354 43.89

| 10 JIE
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HV Insulation tests in LHe and GHe
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Electrm Quality \Assummte

HV tests were performed in all quench heater circuits to coil
and ground

o QH119R (not tested up to this moment) was also included

o  Non-tested QH circuits grounded

o  Measurement system unchanged

Tests in Superfluid Helium, 1.9 K, 1.1 bar:
o  HVinsulation test at 3 kV

Tests in gaseous Helium, 200 K, 3 bar:
o 50x endurance tests at 1 kV
O HV insulation test to 1.6 kV

12
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S

* Breakdowns in LHe not to the magnet circuit (see next slide). However some degradation on
the fault location was observed.

HV Tests on QH123R
2500
1
June 2019 |; January 2020 5127

1
2 i : 2000
o ' | Test station/cabling
p 2000 ! , B
3 ' ' limit?

1
o ! i
i — ! 1600/ | 1552 1600
8 2 ! I :
3 8 1500 1345 1345 | 1300 :
— = ! | !
= S 1049 1066 1086 : |
S o ! : . 1000 1000
3 S 1000 ! :
= e Test station i ! E 50x
~ limitation : | !
o i HV tests : : Endurance
@© ! I
£ 500 i duringQH |
= ! firing test HV tests HV tests
2‘ i programme LHe gHe 200K

-~ 1

o |
N 0 1
8 89K 200K 200K 1.9K 190K
8 1.9bar  2.1bar  1.35bar 1.3bar 3bar
g Test conditions (chronological order)
™
I
**
oo
£
=
3
= +
= -
= P et
S * At 200 K, 3 bar, the circuit withstood the endurance test and a HV test up to 1.6 kV. B 119 Sn
Lol ‘
o 123 | O
= .
= 2
= A
= 13
L |
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* Breakdown at 2127 V in LHe. Resulting voltages on magnet leads show a peak negative
voltage — breakdown not to magnet circuit.

* Following breakdowns in LHe on the same circuit presented similar results.

140V |

N

Breakdown not to magnet circuit at 2127 V, in LHe (22/01 at 15h49)

-250V

25 us

14
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)

* Quench heater with the breakdowns during provoked quenches.
* Breakdowns in LHe at 1443 V and 2734 V were to magnet circuit and showed similar

behaviour. .
* At 200K, 3 bar, the circuit failed at ~400 V V/
* There is an insulation weakness between this quench heater and magnet circuit L

mizion

* In addition, during previous breakdowns, the insulation might have degraded

HV Tests on QH123L
3000 . Breakdovyn t9
i 2734 magnet circuit
June 2019 !/ January 2020

5 e
e 2500 :
(¢ 1
i) |
£ | :
© E 2000 ! Breakdown to !
S 7S | magnet circuit ! \

. © ! I !
= 2 ' 1443 1400 | |
< € 1500 134> 1319 1345 | 1300 : |
s - ! ! |
s £ 1062 1062 1073 @) : HV tests \ HV
- P 1000 No reference (2 (1) ! LHe | H t;g(t;(
= o 1 ! e
= to conclude Test station O HV tests E : 2

1 f | 1

© limitation ! during QH ! I 539
= ! firing test ! 416
(] 500 1 1
- ! programme |

. 1 1
= | Breakdowns to
8‘ i magnet circuit, below
o 0 the lambda plate
Q 89K 200K 200K 1.9K 190K
= 1.9bar  2.1bar 1.35bar 1.3bar 3bar
S~
= Test conditions (chronological order)
™
o
I+
00
c
£
L
Q
=
©
=
c
<
(8]
L
[t
2
o
g
(a]
-
L |
L |
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HV Tests on QH123L

230V 1

Voltage on magnet current leads to ground:

January 2020
©
8
o
©
©
o
E
©
©
o
=
£ ov g HV tests
3 urin
-g (:iringgtgs?
—! programme
> 50V Breakdown to magnet circuit 1443 V, in LHe (22/01 at 13h11)
(O]
) : s
g 490 V A ~25 IJ-S Test conditions (chronologica’ order)
=
o
) /
N
S <
3
o .
9 * Breakdowns in LHe
(-T]
£ * The breakdown signatures
m . .
2 are very similar: they are
©
E oV located at the same spot
(]
=
Q
o
b‘-" Breakdown to magnet circuit 2734 V in LHe (22/01 at 15h38)
L |
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Breakdown to

Voltage on magnet current leads to ground:
130 V 2734 magnet circuit

Breakdown to magnet circuit at 539 V, 200 K 3 bar (27/01 at 15h11)

HV tests
LHe

HV tests
gHe 200K

539

‘ Breakdo

magnet circuit, below

the lambda plate
190K

3bar

er)

MMMMM Ko 02 8 A A s

oV

-30V

v

A

~200 ps

* DC cables disconnected
e Test set-up modified

* Breakdown signatures not comparable .
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* In LHe two distinct fault types were detected, both related to the test station
o Second one is between QH119L and QH119R

e (QH119L and QH119R tested together:

1500 V in LHe -> Test OK

1000 V endurance test (50x) -> Test OK

1300 V at 200 K, 3 bar -> Test OK

1400 V at 200 K, 3 bar -> Breakdown to magnet circuit and degradation

: HV Tests on QH119L
June 2019 i January 2020 Q
1800 : .
! 1590 | !
. 1600 1500 | 1330 1500
8 ! I | 1423
1345 1345 i | !
o 1299 1310 [ i :
= 1400 E Test station 'Ites.t stf;\tlon :
o e limitation 2 ! 1193
o) ' limitationi1 |
S < 1200 L ? ?
© = I ! HV tests i
© & Test station i ! LHe i
(@) [} 1 : 1
= = 1000 limitation E : ! 883 g61
S| 3 . : !
= 800 i ' :
z % i ! . Endurance Breakdowns to
3 5 600 ! | magnet circuit
= | : (close to QH119L)
3 | |
I 1
§ 400 i HV tests |
| 1
s ' | during QH !
- 200 ! firing test | Fault between HV tests
I 1
i . } | programme QH 119 Land R gHe 200K
(o]
8 89K 200K 200K 1.9K 190K
B 1.9bar 2.1bar 1.35bar 1.3bar 3bar
o
B Test conditions (chronological order)
o
™
I
**
oo
£
=
L7}
[}
S
©
L2
c
<
(8]
O
=
Q
[}
g
(a]
-
L |
L |
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HV Tests on QH119L
January 2020

140V ¢t

Breakdown at 1530 V, LHe (22/01 at 15h53)

Test station

1
I
i
7, 1
i limitation 1 !
[
: : HV tests :
oV [ | LHe !
1
! | :
. I i
t | ;
N I
' I
I
! I
| 1
! HV tests .
-120V | during QH .
1 .
> \ fri(;mri:r?rsrfe Fault between 30
70V 4 ' Prog QH119L andR
1.9K 190
1.3bar 3ba

il limitation — to be checked
'H' « Different signature — two
different fault origins

e (QH119R was tested in the
Breakdown at 1400 V, LHe (22/01 at 16h17) mean-time and had a

a4 Test conditions (chronological order)
 Both breakdowns are not to
} ‘ the magnet circuit
N o Most likely test station
OV | wwowyil b v ‘ VM vmwmw .‘

-60V
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500V 4

>

Breakdown at 1423 V (with 119R), 200 K, 3 bar (27/01 at 18h25)

1000 1000

I

I

]

1

1

1

1

1

! 861
|

I Endurance Breakdowns to
[l

magnet circuit
(close to QH119L)

HV tests
gHe 200K

190K
3bar

r

* Breakdown to the magnet circuit

OV peeswmsmsmne e Third fault on this QH

* |n GHe the breakdown voltage is
lower, below the test station

120V limitation level

~130 ps

A

v

11T Dipole Technical Meeting #23 05/02/2020, M. Bednarek, J. Ludwin, T. Cataldo da Rosa
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S

* Based on the June t/est campaign this QH was considered ‘broken’
* In LHe the breakdown occurred at 2800 V, most likely it was the test station

limitation (path towards QH119L)
* In LHe the breakdown voltage of the QH to magnet circuit was not reached

*  QH119L and QH119R tested together W= 13, O
* In GHe this QH withstood 1400 V, and couldn’t be tested higher because of the L\<= 5
limitation in QH119L

21

June 2019 | January2020 =~ HV Tests on QH119R
1
3000 i 2800

1

' Test station

1 . . .
© | limitation
(%] 1
no: 2500 i
g ! HV tests HV tests
o ' LHe gHe 200K
g 1
= < 2000 :
8 2
© ()]
o 8
B S 1500 1345
2 ?
E S 1000 1000
= | 3
) e 1000
& .
% Insulathn 50x Breakdowns to
< degradation Endurance magnet circuit
2 >00 (close to QH119L)
=
=) Fault between
8 0 QH 119 Land R
Q 89K 200K 1.9K 190K
g 1.9bar 2.1bar 1.3bar 3bar
g Test conditions (chronological order)
o0
I
I*
)
£
=]
o
L}
S
©
=
c
£
(8]
O
=
9
o
o
o
-
L |
L |
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Breakdown at 2800 V, LHe (22/01 at 15h57)
Similar to QH119L ! January 2020 HV Tests

200V |

—
vy ' " L ‘V' PSS

';'M'

Jest station

limitation

HV tests
LHe

Fault between

H119LandR
1.9K Q

_150 V 1.3bar
~25 us

A

v

Test conditions (chronol

* In LHe the breakdown occurred at 2800 V, most likely it was the test station
limitation (path towards QH119L)
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o,

LHe, 1.9 K, 1.1 bar GHe, 200 K, 3 bar
2 HVto1kV | Provoked i ' s0x1kv |
O 1 1 1 1
,3; (by SM18) i s i HV to 3 kV HV to 1 kV i e i HV to 1.6 kV
o i i f i
E 1 1 1
% ! Breakd.owns l.flI.<V i Breakdown at 2.7kV to Breakdown to I :
S . and during QH firing | L L | |
— | QH123L Ok | (at3,6and11.85 | magnet circuit. magnet circuitat - ! -
= | ’ ' | Ok at 2 kV 337-539V : |
E : kA) : | :
° : : | :
Ei ! i | :
- e e | ; e
s | i Test station limitations. [ |
@© ] 1 ! 1
£ QH123R Ok : Ok : Ok at 1.4 kV Ok i Ok : Ok
3 | | | |
= : : ' |
=) | | : ! i
) | | | . |
N | Ok | | | i
o 1 . ! Fault to | ! I
% QH119L Ok i (HV test station i QH119R ! : i Breakdown to
o + limitation at 1.6 kV) : i | magnet circuit
& ! ! | Okat | ' at 1.4 kV, then
o0 i i : 1.5 kv Ok ; Ok | "
£ : | Test station | : ' degradation
9 : ' limitation at : | : (close to
2 | aH119R ; | ; 28k | 5 | QH1191)
2 i ' Faultto | : |
5 | | QH119L. | i |
2 .
(]
Tg_ Summary of all HV tests performed (in chronological order), per circuit configuration.
2
5 23
L |
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Tests in LHe, 1.9 K, 1.1 bar

* First of a kind HV tests of quench heaters during quench heater
provoked quench at high current.

 Immediately after quench, when the voltage QH-coil reaches
the highest level, no breakdown was observed.

e 2 QH were not susceptible to the changes in cryogenic
conditions following quench, one QH was:

©)

A weakness between magnet circuit and QH exists in liquid helium
bath, ~2-18 s after quench the conditions change sufficiently to lead
to a breakdown.

No degradation observed during these tests.

24
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Tests in gaseous He 200 K, 3 bar

* In some cases there is a visible test station limitation, likely at
the level of warm side connectors:

o  The level of insulation on the test station was significantly improved
since the last series of tests (in June).

o  Short between QH119L and R was localised in the fisher connector
after the magnet was removed from the cryostat.

* After breakdowns, insulation degradation was often observed,
especially in cases where the breakdown is suspected to occur
between the quench heater and coil.

* Endurance test did not induce any trace of degradation:

o If there are faults, HV tests can make them more visible.

25
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i

“ = Type

09h51

10h01
10h18
17h23
17h30
17h47
18h21

10h05

10h19

11h18

11h35

11h44

12h02

12h18

13h11

13h21

13h28
13h45
14h05

14h31

14h46

15h05

QH firing (2a)
QH firing (2)
HV
QH firing (5a)
QH firing (5)
HV
HV
QH firing (5a-rep)
HV

HV + firing

QH firing (5a-rep 2)

QH firing (5a-rep 3)
QH firing (5-rep)
HV (8aa)

HV (8ab)

QH firing (8a)
QH firing (8b)
QH firing (8c)

QH firing (8d)

QH firing (8e)

QH firing (8f)

SO

Qualty™ YAssurance

urrent | Voltage QH- Target Measured V_QH- .
[kA] ground V_QH-coil coil

3

11.85

3

11.85

3

11.85

1000V

1000V

925V

1300V

1234V

1234V

1300V

1300V

1234V

1300V

1300V

1234V

1234V

1234V

1600V

1400V

1400V
1400V
1234V

1234V

1400V

1400V

1000V

1300V

991V

1311V

Ok. Check of insulation

Ok.

Ok.

Ok. Check of insulation

Ok. Very strange signal in all channels. Increase of current for 30's.
Breakdown, 7.2 s after the quench.

Ok, with small partial discharge.

Ok.

(Change of triggering to falling voltage on tested QH instead of differential on active QH).
Breakdown after 8.65s.

Ok.
Ok. Special test.

Repeated: Breakdown. One spike at 3.28 s and a second spike at 6.2 s (Much narrower than
the other breakdowns).

Ok. Repetition of last test.

Breakdown after 8s.

Breakdown at 1443V, to magnet circuit.

Ok. (Test to check insulation at lower voltage and define test level).

Breakdown after 18.5s.
Breakdown after 2.3 s.

Breakdown after 13.4s.

Breakdown. Two narrow spikes. One at 4.44 and second at 4.485s.

Breakdown. Discharge after 4.5 s and then again at 6.7 s.

Breakdown. Discharge after 3.05 s (narrow and 10 V peak) , 3.35s (narrow and 20 V peak) and
again at 4.75s. Repetition of test 8b to check time to breakdown.



