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Introduction

DS11 T tests so far at CERN

Summer 2014 MBHSM101 RRP 108/127 100 um glass Reached 96 % of I  at 1.9 K
November 2014 MBHSP101 106 RRP 108/127 none Limitation in coil 107, only 4
107 RRP 108/127 100 pum glass guenches in 106, reached 82
% of I
June 2015 MBHSP102 106 RRP 108/127 None Reached 88 % of I, but coll
108 RRP 132/169 100 um glass 106 detrained down to 81 %.
No hard limitation up to 12 T.
August 2015 MBHSP103 109 RRP 132/169 100 um glass
111 RRP 132/169 200 um glass
October 2015 MBHDP101 106-108 See above See above
109-111
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11T Short Dipole — Outer Layer — Instrumentation
Voltage Tap Locations
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11T Short Dipole — Inner Layer — Instrumentation
Voltage Tap Locations
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Coll instrumentation simplified view

11T Short Dipole — Outer Layer — Instrumentation 11T Short Dipole — Inner Layer — Instrumentation
Voltage Tap Locations Voltage Tap Locations
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Pole turns of the outer layer with {tap names

Conductor blocks . ° > )
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Quench localisation with pickup coils

Inner coil

P
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Training of the 3 models

Name Coils | *
SS

MBHSM101 | 105 | 16.7

MBHSP101 106 | 14.5

107 |14.4

MBHSP102 106 | 14.5

108 | 14.8

I calculated by Susana with Roxy with
extracted strand data from Bernardo.
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Training of the 3 models

1.1

— 09 X o8 Nk
S~ Test target, |/|SS=O.88 (loadline depend:
wv
v
= 0 8 V. N e Y N ? " Nominal, T/Tss = 0.83 {ioadiine dependent)
0.7 -<MBHM101-4.3 K
——MBHSM101 - 1.9 K
—-MBHSP101 - 1.9 K
0.6 —-MBSHP101 - 4.3 K
-o-MBHSP102 - 4.3 K
-e-VIBHSP102 - 1.9 K
0.5

0 10 20 30 40 50
Quench number

Training of MBHSP102 biased since
coil 106 was already trained before.
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Training in the single coil HCMBHSM101- coil 105

Quenches in MCBHSM101 - single coil 105

17000 ,1_ss1.9K

.............................. .:.........................:.... ...:..... * Outerpolehead |n|t|a| tl’alnlng 43 K
16000 : | ! X Outer pole straight mainly around the pole
15000 LssA3K .: _h'{l)@( B Outer block 6
0 . .. .
< : : + Inner pole head Initial training 1.9 K mainly on
g 14000 | : : ¥ Inner pole straight outer block 6
*qc'; ] :¥ xl o ® Interlayer jump
Y 13000 BK! 19K ' -
= ® Inner midplane . -
3 F13 T o imerblock 1 Slight detraining after the thermal
< 12000
(&)
2 O inner block 1 to 2 cycle for 1.9 K, not for 4.3 K.
Csf 11000 g A Inner block 3
(8]
> -
10000 3 B Inner block 2-3 head
e - nodata
9000 2 e Series13
'_
® Seriesl4d
8000 cerice1s
0 10 20 30 40 __TTooenes

Quench number
e Vi
The training is rather random without real ‘weak spots’. ~ ‘ \\ I/ ’ ‘
<y ©
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Training in the single coil MBHSP101- coil 106-107

Initial training in the single aperture at 1.9 kA

4 quenches initiated in coil 106, no
more quenches from 10.6 to 11.9 kA!!

13000 0.92
12500 0.89 $| Initial training looks OK for coil 107
= except for 2 specific spots.
12000  Targetcurrentinthelhc %_. 0.85
m X .
— % X
< 11500 L 082 Target of 11.85 kA is reached.
e x X W 106 - inner - right /
(]
5 11000 L= n 0.78 | A106- !nner- Ie.:ft ‘§§}\\ ,é( ; :
= - W 107 - inner - right ) ‘
S 10500 A 0.75 . pt 2
é:) - A 107 - inner - left £
8 10000 0.71 | X107 - outer - left - 01 R ‘
[ | e Short sample : 3
9500 g 0.68 } \(, A
R \
9000 0.64 /S. IzquierSBermudez
0 5 10 15 Initial ¥aining
Quench number Locay{n # quenches
2 — = = w cof 106 4
@ oter—— —-Coil 107 at 01 7
Coil 107 inner layer | 6
» around key end
( 15 I 7 7 :
10 nner ] Coil 107 around 112 | 1
9
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Detraining or possible degradation in the single aperture at 1.9 K

MBHSP0001-101 training

The detraining and quenches
around voltage tap O4 are

13000 ' .
; remarkable in quench 19 to 22
12500 g B 106 - inner - right
A 106 - inner - left A strong detraining quench
12000 : o .
x.xg e W 107-inner - right followed in quench 24.
X \ xi A 107 - inner - left
g 11500 X X = + X E X 107 - outer - left - O1
:JC_; 11000 /X" . i X 107 - outer - left - 02
g "u i + 107 - outer - right
é 10500 A. . i ----thermal cycle
e " :
(] |
8 10000 i
s
9500 ;
A i
9000 i
0 10 20 30 40
Quench number
S. Izquierdo Bermudez
7 5 /'6 ejich 19 to 22 Outer layer, close
( g . —Qutor . to Vtap O4
3
"Q/ench 23, 25 At Vtap O1
= - /F!etraining 24 Close to Vtap 112
Cao Inner ] J@/ (50 AVs)
9
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After thermal cycle at 1.9 K

MBHSP0O001-101 training

Quench 26 to 31 at 1.9 K show a

13000 rather limited quench current,
2500 always quenching in the same
! B 106 - inner - right :
E A 106 - inner - left IOcatlon.
12000 .Xx .‘./'hl- [ 107—?nner-right A v th |
X X XE A 107 -inner - left pparently the coll was
T 11500 P Xx X X 107 - outer - left - 01 degraded after thermal cycle for
£ 11000 _.* \ ¥ X 107 - outer - left - 02 6 quenches, but after the tests at
- / e + 107 outer et 4.3 K the quench level increased
|1 ----thermal cycle

g 10500 .{2' . t0 11.76 KA.
S 10000

9500 A,/-

9000 E

0 10 20 30 40 All guenches from quench
auench number 25at 1.9 K in O1
@ Outer ; A ) M\
AN High _ _ _ _ 4 ! _ 3
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4.3 K powering

MBHSP101 training

The lower quench current at 4.3 K

13000 : B 106 inner - right at 0.85* is not expected.
12500 E A 106 - inner - left
i W 107 -inner - right
12000 X by i I A 107 -inner - left
11500 7(;(.}" Vil X 43K x % 107 -outer - left .01 At 10 A/s 3 quenches at 11177 + 4
< X + T /\? Xxxx ' & | &+ 107-outer-rlght A with identical quench location and
$ 11000 l./x ‘ \ “ ;( . : ----thermal cycle pattern.
:t; F/ l/ i i i X 107 - outer - left - 02
o 10500 A 5 e Seriesi The quench at 50 A/s occurred at
% 10000 — 11095 A with similar quench
3 - " pattern.
9000 !
0 10 20 30 40 i i
Quench number Quench location is at
voltage tap O2
3 4
(0 @ Inner 15 i'g))
9
’Ji:);\’ H ig h
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Summary of weak locations in coil 107

1. At voltage tap O1, just out of the layer
jump.
7 quenches during initial training
Limiting point later on at 1.9 K

2. At voltage tap O2, opposite of O1.
Limiting point at 4.3 K

3. Around voltage tap 112, close to the

pole head with 6 training quenches
and detraining_ Images courtesy N.Peray and D. Smekens
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MBHSP0001-102 training

Training
13000 Test target, 7.6 TeV, 12 T
12000 o —____Nominal current, 7 TeV
H
| |
—_ 4.3 K MBHSP101
< 11000 ' .
g | A coil 106 inner
c |
@ ) @ Coil 106 layer jump
§ 10000 o : g B coil 106 outer
S _El é A coil 108 inner
c €1 S :
% 5 EE @ coil 108 outer
iy =
g 9000 = 2 o undefined
: No quench
8000 ! -©-Series15
0 10 20 30 40

Quench number

6 quenches to nominal
10 quenches to initial target of 12.5 kA
Only 3 or 4 re-training quenches for coil 106 after de-collaring and re-collaring

>
>
>
» Coil 108 only showed 4 or 5 (de)-training up to 12.3 KA, it never quenched again up to 12.8 KA.
» Memory after thermal cycle is good, with one quench just below nominal.

>

Target of 12.8 kA (12 T) reached in the second cool down.

g High
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Training coil 108
MBHSP0001-102 training 4 quenches in coil 108;

13000

12000

11000

10000

Quench current (A)

9000

8000

CERN
Z A

Test target, 7.6 TeV, 12T QuenCh 1’ 2’ 7’ 9

Nominal curren t, 7 TeV

—+—MBHSP101
A coil 106 inner
@ Coil 106 layer jump
@ coil 106 outer

A coil 108 inner

@ coil 108 outer 9 ( z Outer ° °

O undefined 2 3 4
No quench

=@=Series15
10 20 30 40
Quench number ( 1
10 Inner 11 7)
A
0o 20 40 o0 3, Pt
0.075 4— Difi_tot V/

Diff_106 H — Difi_tot

Diff_108 014 Diff_106

EE8I11-EE8I10 — Diff_108 -

0.05 — EEBOB-EE805
z
o
<)
£0.025 1
c
>
O -

-0.025

| l J Il il Il
T T T T T T T 1
-0.03 -0.025 -0.02 -0.015 -0.01 -0.005 0 0.005

1 Il
} } :
-0.025 -0.02 -0.015 -0.01 -0.00¢
Time (s) M HaPUN_S0B1152_I156188444 a0

Large precursors in the two low-current quenches (8 and 9.2 kA)
4 different quench locations.
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Training coil 106 — First 3 quenches

MBHSP0001-102 training

13000 1 N Test target, 7.6 TeV, 12T

Test target

12000 N/ N/ N[ X\ Nomasker=ty Y
! ]
— 43K MBHSP101
< 11000 ! oror
= | A coil 106 inner
[}
§ | @ Coil 106 layer jump
3 10000 3! 5 B coil 106 outer
S _3| 15 A coil 108 inner
c g1 5
g 5, E B coil 108 outer
2 £
g 2000 F £ o undefined
: No quench
8000 ' -«@= Series15
0 10 20 30 40

Quench number

7 6
( 1 Outer
( 2 3

(10 1> Inner 11
S

b ]
\_//

g High
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Quenches close to the
head of the inner layer,
high-field turn.

Confirms the quench
location of the training of
coil 106 in MBHSP101.
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Training coil 106 — quench 8

MBHSP0001-102 training

13000

12000

11000

10000

Quench current (A)

9000

8000

(V)

Voltage

1 Test target, 7.6 TeV, 12T

_Testtarget .. .. : AR /‘Sk'r -
7] >

U f v !\ Nominal current, 7 TeV

v SRV, \mx\ /

43K ~ S/ ——MBHSP101
v A coil 106 inner

@ Coil 106 layer jump

B coil 106 outer
A coil 108 inner

B coil 108 outer

thermal cycle SP101

Thermal cycle

O undefined
No quench

-®- Series15

10 20 30 40
Quench number

r""'i ' H i 8 h

g Luminosity
. LHC

Quench 8 was a “massive” quench:
In coil 106 the whole cross-section of
the inner layer quenched within 1 ms
at the coil head.

This was followed by a detraining in
coil 108...

No special signals were seen in
mechanical measurements.
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Training coil 106 — Further training and detraining at 1.9 K

MBHSP0001-102 training
13000 Test target, 7.6 TeV, 12 T
____I‘Eit_tf’fm
'
12000 | ) Nominal current, 7 TeV
' 43K MBHSP101
A coil 106 inner

11000

@ Coil 106 layer jump
10000 B coil 106 outer
A coil 108 inner

B coil 108 outer

Quench current (A)
thermal cycle SP101

Thermal cycle

9000

0 undefined

No quench

-«@= Series15

8000

0 10 20 30 40
Quench number

Quench location overview coil 106

Different training location than the first 3
training quenches and the training in
MBHSP101.

> e
C( 1 Outer
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10 2 Inner ﬁ[
9
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Training coil 106 — Powering at 4.3 K

MBHSP0001-102 training

13000

Test target, 7.6 TeV, 12T

1
L Testtarget .. . ! ;
\
12000 ﬁ/ ﬁ\ Nominal current, 7 TeV
) ‘:M Q

K

MBHSP101

At 4.3 K two identical quenches at
identical temperatures. Seems to be the

T i ] o o limiting point of the coil, but difficult to
g | @ Coil 106 layer jump
3 10000 2 coil 106 outer conclude on 2 guenches.
S 2 g A coil 108 inner
S £l = ® coil 108 outer
3 9000 E: E O undefine = . - .
: ! “ e Detraining to 11.5 kA in the same region.
8000 ’ Very similar quench pattern as the 1.9 K
0 10 20 30 40 . .
Quench number (de)training quenches.
7 5
( T Outer
2 4
10 ° Inner 4§))
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Resistance and RRR

E_

RRP 108/127 422

106 RRP 108/127 65

107 RRP 108/127 422 75
108 RRP 132/169
109 RRP 132/169 400 7
111  RRP 132/169 401 7

Data from electrical measurements in B927 at T, confirmed by measurements in SM18
Resistance from EESxOI to EESxOO, normalized to 293 K

Resistance at room temperature for 108/127 cables is 5 to 6 % higher.
RRR is much higher for coil 108 then 105, 106 and 107.

Can low RRR be directly related to the training in the coils?
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Holding current tests

MBHSM101
40 minutes at 15 kA: no quench

MBHSP101
30 minutes at 11.3 kA followed by 30 minutes at 11.5 kA: no quench

MBHSP102
10 hours 11.85 kA: no quench
2.5 hour 12.3 kA: no quench

Not a single quench during flattop observed in any of the coils during any test at
any current.

gt High _
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Ramp rate dependence of guench current

MBHSM101
Same quench current at 10 and 50 A/s

MBHSP101
Erratic quench behaviour. No RR studies performed.
No quench at 80 A/s up to 11.25 KA.

MBHSP102

200 A/s: No quench to 11.85 kA
300 A/s: Quench at 10.8 kA

CERN High )
{ Luminosity Click here to add footer
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Quench back - Energy extraction tests — MBHSP102

12

10

Current (kA)
[e)]

-0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5 0.6
Time (s)
R_total

100

Resistance (uUOhm)
%
o

L

-0.1 0 0.1 0.2 0.3 0.4

Time (s)

High
Luminosity
LHC

EE switch opened, no QH firing.
All resistance in the coil due to
guench back.

50 :
—R_108_in Discharge from 11 KA,
—R_108 il
—R_106_in
40 e
—R_106_out

Resisatnce (mOhm)
N w
o o

[
o

0.2 } 0.4

-10
Time (ms)

Coil 106 and 108 have about the
same start time of quench back, but
resistance growth in coil 106 is much
faster.
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Flux jumps MBHSP102

0.2-

Waoltage (W)

-U'z_l [} [} [} [} ] [} [} [} [} [} [} ]
00 10 20 30 40 50 60 70 80 90 100 110 120
Current (kA)

Maximum peak -120 mV.
Measurement frequency 5 kHz

< High
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35
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25

20

15

10

*\"—_—‘\-
0 | |

20 40 60 80 100
Treshold (mV)

Maximum duration above threshold (ms)

A A

o

With a threshold of 50 mV, minimum
validation time is needed of 5 ms if a
single threshold and evaluation is
taken for the full range.

26



Preloading difference of MBHSP102 to
MBHSP101

* Added 50um radial shim collar to coil
* Added 50um radial shim collar to yoke

* Change in the layout of the transition region
* Length of last loading pole increased (85-240mm)
* Top Kapton-shim on loading pole replaced by steel-shim

* No unplanned 0.25mm
midplane shim

* Coil geometry is similar to 101




Mech. Behavior in radial direction of
MBHSP102

Quench #1 8kA traction Collars

Stress [Mpa]

1.0E+3.0E+B.0E+9.0E+7.2E+8.5E+8

-200

current [I1"2]

Quench #23 12.5kA traction Collars

current [I112]
1.0E310E46/0E9/0E+/2EB5E+8

-200

-150

Stress [Mpa]

Change of mechanical behaviour during the test campaign. Continues
powering causes some sort of settling in the system.

CCS1 traction

_____ CCS2 traction
CCS3 traction
CCS4 traction

CM1 traction

----- CM2 traction

CM4 traction

CNCS1

traction
CNCS2

traction



Influence quench vs. no quench in MBHSP102
magnetic measurements to 11.8kA

current [1*2] current [I72]
OF +8 1.0E+4 1.0E+8
30MPa less after -150
ramp down 1130
-110
-90
-70
-50
-30
-10
10
30
50 — CM1 traction 50 | —» CM1 traction ==--% CM2 traction

1.0E+4

Stress [Mpal]
Stress [Mpal]

1%t ramp after a training quench 2"d ramp after the 1%t ramp of the MM



Changes for MBHSP103

Top shim = 50um
2 x reduction every

20-30mm
Top shim

N 25
MBHSP102 \ 5 Top shim

10 MBHSP103
Key shims .
0

0. 1mm FUJI HS TE

\/\/——/ - ‘
0.325mm 0.2mm \/\/_%

0.25mm 0.35mm

Each key leg individually shimmed Only adaption in the transition region
with the top shim



Summary of weak locations in coil 107

1. Atvoltage tap O1, just out of the layer
jump.
7 quenches during initial
training
Limiting point later on at 1.9 K

2. Atvoltage tap 02, opposite of O1.
Limiting point at 4.3 K

3. Around voltage tap 112, close to the pole
head with 6 training quenches and

detraining.
‘i(‘k Quter
2
(10 - Inner 11
3

2014-12-09 - 2" international review HL-LHC 11 T dipole
Gerard Willering — Cold powering tests 11T model coils at CERN

Images courtesy N.Peray and D. Smekens




Summary for MBHSP101

* Most of the quenches are in the
key region

* Shimming of the keys has not
been strong enough

KEY




Discussion topics

- Training quenches
- Mechanical origin? Do we

- What triggers the erratic and detraining quenches ?

- 108/127 coils with low RRR very sensitive to small perturbations??
- Mechanical origin??

- Do we think detraining comes from local or more global movement and

can higher RRR cure this (coil 108 only qguenched 4 times up to 12.8
KA).
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Training program

Training at 1.9 K, 10 A/s
Target current 12.5 kA

4 Quenches per day

Training not interfered with other tests, only splice measurement.

. 14000
Test Day 1-19 May Test Day 2-20 May
14000 12000
. \4 2 ©
12000 R & s &
o & 10000 IS S
10000 N & & - I S S
_ s & $ooo '
< s < €
= 8000 N £
g o 5000
£ 6000 & o
© N & 4000
4000 S
2000
2000
0
6 8 10 12 14 16 18 20 6 8 10 12 14 16 18 20
Time of day (h) Time of day (h)
Test Day 3 - 21 May S geSt Day 4 -22 May ¢ Lo o
Q RZ © N
14000 A 00 o é"\/ 14000 & S A Q‘@é&\ S
& S & ) 12000 o S & FLE S
12000 }Qrz/ o\?q, N S R O [—1 o"”b
10000 10000
— <
% 8000 Esooo
c [
g £ 6000
5 6000 3
4000 4000
2000 2000
J Cryo recovery
0 (]
6 8 10 12 14 16 18 20
6 8 10 12 14 16 18 20 ;
Time of day (h) Time of day (h)
High _
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Stability test/holding current test

2.5 hours at 12.3 kA, no quench.

Test Day 6 - 27 May  12.5 kA training

14000 2.5 hours plateau 12.3 kA
; . . . No quench

12000 trip. trip trip _tA d

10000
<
= 8000
[=
g
S 6000
o

4000

2000

0 [
6 8 10 12 14 16 18 20
Time of day (h)

Current (A)

10 hours at nominal current,
followed by a magnetic
measurement cycle and a ramp to
12.5 kA without quench.

Test Day 11 - 3 June

Note the length of the test days from 8h to 20h

No sign of any instability

High
Luminosity
S LHC

14000
10h inal 12.5kA
12000 ours nominal current
10000
8000
6000
Magnetic v
4000 measurement
2000 J
o |
6 8 10 12 14 16 18 20
Time of day (h)
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Ramp rate dependence

14000 Test Day 7 - 28 May
12000 200 A/S
10000 no quench
z to nominal
— 8000
[
g
£ 6000
o
4000
2000
0 - |
8.0 8.5

Time of day (h)

CERN High
L Luminosity
s LHC

300 A/s
guench
at 10.8 kA

» No quench at 200 A/s up to
nominal current.
» Quench at 300 A/s at 10.8 KA.

9.0

» No further ramp rate dependence tests are
done, considering:

guench back results
High ramp rate without quench
Limited test time
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Magnetic measurements 14000

12000
10000

8000

Current (A)

6000
4000

2000

14000

3 flavours of magnetic measurements, 12000
See presentation of Lucio next week for results

Ramp rate depence
200 A/s no quench
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