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Lower layer 3

COIL 003

Lower layer 1
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“15 T” voltage taps

Coil instrumentation (seen from “above”)
D7

Layer 2 over | o Layer 4

Cé

Layer 1 Layer 3

Lower layer 1
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MDPCT1b Training

z
§ | Ramp #58 Ramp #45 61 63 Ramp #75
E 8000 | & MDPCT1 11000 2 T4 |
g Q COMDPCT1b
7000 L .
0 10 20 30 ueﬂgh# 50 60 70 80
Q 10000 -+ o0 A oAl oy me e
2 . A
Ramp #13 ‘g R (it is possible that
£ 5000+ Bg,:p degradation goes on)
Ramp #6 3 958 . .
—s— o coil 4 O coil 5
e A
@ O
=
o800, Ramp #14
Ramp #2
o
Ramp #1 ‘/7000 ! ! I I ! ! ! | ! !
0 10 15 20
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Quench patterns

Signature Ramps (including Ramp Rate, Temperature Dependence)

5; c6_c7)c5_c6)c3_c4 85, 84,83, 82;79?,78?; 76,11, 3

5; cS_cGIcG_c?, c3_c4 81,80)75,74,73,72,71, 70, 69, 68, 66, 65, 64] 63, 61,60, 597, 50, 4746,
5;c4_c5)c5 c6)d7_d6 67) 62,55, 54, 53,52, 45, 42,41, 40, 39, 38,37,34,31, 30, 29, 28, 27,257, 24, 23, 22?, 20, 19,1514, 13]
4; d4_d5,d3_d4 i&él&

4; c6_c4 (c6_c5),d6_d7 57, 17?

5;c5 ¢6,c6 c7,d6_d5 56, 44,

5;¢c5 ¢6,cd4 _c5,¢c6 c7,c7_d7 51

4,5; 4c6_c4,5c5 _¢6,5¢c3_c4 49

5; ¢7_d7,¢c6_c7,d7_d6 43 The green boxes indicate focus points to be
4,5;5c7_d7,c6_c7,4c6_c4(4c6_c5),4c7_cb6 36 followed in the prese ntation.

5;¢c6_c7,c5_c6 35,7,

%; ¢b_¢7,€5_c6, d5_d4 33 Ramp shown are the same pointed on the previousslide.
4; d4_d5,c7_c6,c6_c5 32,12?)6?

5;c6_c7,c¢7_d7,c3 c4 21

4:c7 _c6,d7 c7 18

5;¢c6 c7,c3 c4,cd c5 16

5;c3_c4,c4_c5,c5 _cb 10

4: c7_c6,c6_c4(c6_cb) 9,4

4: d5_d6,d6_d7,c6_c4 (c6_c5) 8

5;c4 _c5,c5_c6,¢c3_ch 5

4; d6_d7,d7_c7,c7_c6,d5_db 1
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it: With additional segment (likely due to longer time available)



Quench locations at a glimpse

2 3

Lower layer 4 Upper layer 4

Those colors indicate

COIL 005 COIL 004 i guenches in different
non-adjacent segments

(often in different layers/coils)

The only _ e -
non-pole O This color indicates fairly

location 3 well known location

. Lcrwerlaverg 220 Upperlayers 2 QO This color indicates not so

" =< > well known location

' y Both colors (and only them) can
have associated numbers which are
— = the numbers of similar quenches

A

ENERGY |scene  7/21/2020 *7 of them are RR and TD quenches




Quenches

Coil 4 only quenches

Ramp #s
62
Ramp #58 61
P Ramp #45 63  Ramp#7/5
11000 i + ]”* ]“
. .. . . 10000 | o L = T S
Looking at beginning-middle-end of training curve _ K e
y
Ramp #13 ‘g' O° (it is possible that
e i
£ 5000 -____Bgdj degradation gpes on)
Ramp #6 ‘_'_“_‘—-—.:-_____ EBE o coil 4 O coil 5

e e

g (m]

J 80001,

R #14
Ramp #2 — amp
o
Ramp #1 /’:';:
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Coil Quench #
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4; d6_d7,d7 _c7,c7_c6,d5 _d6

Ramp 1
(7530 A)
COIL 005 COIL 004
Quench
,»”vmtf,a” data/ Quench vmtf_.mdocti
040 M
= S1-‘u’1 \llc:TaerDDB *1-DEI?IJ 1
E------ o SE=WA _WoTapd D07 _4C07M_1
e -+ S3=V1_WeTapdCO7_4COBM_1
a — a 5= WoTapd COG_4COSM_1
030 ka4 5521 VeTap4D0S_4006EM_1
7 5601 VoTapd D04 _4005k_1 .
0.20 & —
Upper layer 3
010 — —
2 op BEILE e ettast L o plab . [Hi1setteiet teesautt st gt
| X JJ“:WF," |¢_¢_ ¢$¢$ﬁ.+¢|é_¢é¢¢ é‘&% |¢ N
Propagation through d7_c7 (27 cm): 57 ms i
Propagation through d6_d7 (27 cm): 9+71 ms
_D_1|:|“ | | | | | | | | |
=010 —0.08 —0.06 —0.04 —0.0z2 0.00
SEC

20100 uench propagation V: 5 m/s and 3 m/s, respectively .



4; ¢7_c6, d4_d5 Ramp 6

(8497 A)

COIL 005 COIL 004

Yuench Scan
- Svmtf/ data Quench amif_{omdpet! b mdpe

Lower laypr 4 il il era —s 51:U1_U0Tap4DD4_LrDDEM_1
| ; ! o——a S2=W1_YoTap4CO7_4COBM_! -
oo B3N _VoTopdDOS_4D04M_!
q3p L& - ¢ S4=V1_VeTap4DOS_4DOBM_!
a4 8521 _VoTapdCOB_4COSM_!
v7 SB=V1_VoTapdDO7_4CO7M_! r

0.20

0.10

0.00 SFmEw:gEegeed

Most of the quenches don’t give

enough information to determine
the propagation velocity but -
one can compare voltage rise
patterns in the same segment(s) ' w0 5

=010 — —

Less knewn




COIL 005

Lower layger 4

~Known

7/21/2020

4; d4_d5, d3_d4 Ramp 58

(8978 A)
COIL 004

Quench Scan L
I' Svmtf date Quench vmtf_omdoot! b mdpot

T T
=—a 51=V1 _UoTapﬂlDDd-_LDDEMJ
m------ - 5R=V Yo Tapd D05_4D06M_1
e----¢ 531 VeTopd DO3_4004M_1
ng e - e =1 Yelapd D0z _4003M_1

erd

No significant differences in
propagation pattern toward the

_Dq_“ ] | 1 | ]

end of the training curve; e 0.090 o010
faster propagation at higher current sec
(factor of ~2).

10



Quenches

Coil 5

Three main patterns identified, points of interest on the training curve investigated
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Quenches

Ramp #s
62
Ramp #58 61
b Ramp #45 63  Ramp#75
07 7 3 11000 T * il I
85 84 83, 82:797 787 76, 11,3[2] ‘ ‘ ‘
10000 F c:om HE o OO By =R -
=z & AR
Ramp #13 = o (it is possible that
‘.——_________e-___-___— .
£ 5000 L____@:p degradation goes on)
C ° Ramp #6 — S EBB \ ocoild  Dcoil 5 ‘
e Iz
c
oll 5 b |
< 8000 n Ramp #14
Ramp #2 — amp
o
Ramp #1 ‘f_’/”/’_’;l;;

Pattern 1

(beginning of training, ramp rate
and temp. dependence quenches)
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Coil Quench #




A

[a]es, 84, 83, 82; 797,782, 76, 11, 3[ 7, Ramps N

«— Pattern o4
5;c6_c7,¢c5_c6,c3 c4 Ramp 2

(7924 A) os

D5

COIL 005 COIL 004

c7

Quench Scan ¢ c6

n Svmtf/ date/ Quench/vmtf_{.mdocti b mdpe ©

! I ' |
e—a 51=V1_VeTapBCOZ_5C04M_1 =
g-----a 52=V1_VeTapBC04_5C05M_1

-0 53=VT_VeTapbCO05_5COEM_1
e — a 5=V _VeTapBCOB_SC07M_1
4 a 55=V1_VeTapBCO7_5007M_1

02 [r——7 56=V1_YelapdCOz_AC03M_1

0.4

erd

0.0 g

T e T e T T T T e T T T S e

Upper layer 3

Propagation through ¢5_c6 ( 54 cm): 16 ms

—0.08 —0.08 =0.04 -0.02 0.00

Less knewn 13




[a]es, 84, 83, 82; 797,782, 76, 11, 3[ 7,

5;¢6_c7,¢c5 c6,c3_c4 Ramp 86 D4

(8886 A; 4.5 K) D3
COIL 005 COIL 004 D6

Quench Scan |

I' Svmtf/ data/ Quench omif_{.mdpetib mdper O3
) | ca

| |
—s 51:U1_V0T0[L5003jCD4M_1
B-m-a S2=Y1_VoTapSC04_SC05M_1 cs
oo SI=V1_YoTapSCO5_SCOBM_1
e — = S4=V1_VoTapSCOB_SCO7M_1
a a S5=Y1_VeTapSC07_SD07M_1
SH=1_YeTapSC02_SC03M_1 =

Could be
resolved
by

acoustic
measurerygn

No significant differences in

|:|-"-1-l- 1 | 1 | 1 | 1 ug

~Known propagation pattern between early - o —0.015 —0.010 —0.005 0.000
training at 1.9 K and RR/TD quenches; se0

Less knewn faster propagation (factor of ~2); second quench location initiates earlier. 14




Quenches

67]62,|55, 54,53, 52, 45,42, 41, 40, 39, 38, 37, 34,31, 30, 29, 28,27, 257, 24, 23,227, 20,19, 15 14,13 | ™
62
Ramp #-8 Ramp #45 o1 63  Ramp#75

11000 T y T t

10000 + a0y o TR Y - WO
( ! o \
O I | Ramp #13 oo (itis possibl:a that

rrent (A)

‘i—-_________ﬁ________- R
£ 5000 “‘——Bgd:' degradation gpes on)
Ramp #6 '—__—‘_——'—.:-——._____ EBB o coil 4 O coil 5
g B
g o
8000 1n Ramp #14
Ramp #2 — amp
o
Ramp #1 //_,;;: A S S S S SR
P tt n ! 0 5 10 15 20 25 30 35 40 45 50 55 60 65
a e r Coil Quench #

(with the two highest currents)
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67]62,|55, 54, 53, 52, 45,42, 41, 40, 39, 38, 37, 24, 31, 30, 29, 28, 27, 257, 24, 23, 222, 20,19, 1514, 13
5; c4_c5,c5 c6,d7_d6 Ramp 13

(9021 A)

COIL 005 COIL 004

Yuench Scan Da
met 5 du:tmﬁ Quench vmtf_{.mdpct! Er,e’mtipct;f B

, o 5121 VeTapBCO3_BLO4M

era (ML [o-ma SP=1_VoTapSC04_5COSM_1 .

- o----e BI=V1_VoTapSC05_SCOBM_1

03 L& - ¢ S4=¥1_VeTapBCOS_SCOTM_!
a4 S5V _VeTap5C07_SD07M_1

v S6=V1_VoTap5007_SD0GM_1

e S7=V1_VoTapSD06_SD0SM_1

020 - 8.0 V/s |
it 15 V/s e
Upper layer 3 , 010 e
0.00 Lo o

Propagation through c4 _c5(30cm): 6.4+23.0ms -o.10

Quench propagation V: 10 m/s

JEC

16

Less knewn




67]62,J55, 54, 53, 52, 45,42, 41, 40, 39, 38,37, 34, 31, 30, 29, 28, 27, 252, 24, 23, 227, 20, 19, 15 )14, 13
5; c4_c5,c5 c6,d7_d6 Ramp 14

(8940 A)
COIL 005 COIL 004

uench Scan Da
Xv'mt Sid u:ir::,ta:,f’ Ruench/ vmif_f. mdpot! Er,a’mtip ctlh.

—a 51=V1 \Ic-TapEDDE_gDDJrM 1
ta------a ER=WT _YoTapbCo4 _5005M_1 -
#----+ 53=V1_VoTapbCO5_5C0EM_1
n3n ke - 34=V1_VeTapSC06_SC07M_1
a 2 55=V1 _WeTapbCO7_5007M_1
7 56=V1_WoTapbD07 _5006M_1
G Fo 572V e TapbD0G_5005M_1

8 0 V/S i -'.'*""'-"h-
020 — T _
Upper layer 3 15 V/s L o |
pper layer 010 — g . )
Similar to ramp#:
DDD I .r.‘dd""'dﬁ .rq e AT P ] W"t-.-_,-e"bwmuWJ;'---."E'. tite _ o i i

Note that the dV/dt decreases by a

factor of two when the adjacent segment
Known becomes resistive — consistent with

guench propagating in the remaining —0.20

t d t —0.030 ] —D —0.010 i a.00n0
o segmen Iirection
Less known .

=010 —




67 55,54,53,52,45,42,41, 40, 39,38, 37,34, 31, 30, 29, 28,27, 257, 24, 23, 227, 20, 19, 15.I]-'l, 13 :I _o

COIL 005

Known

Less knewn

5; c4_c5,c5 c6,d7_d6

COIL 004

Propagation through c4 c5(30cm): 1.4 +6.9 ms

Quench propagation V: 36 m/s

Much higher initial expansion,
faster propagation later (factor of ~2+).

Ramp 62 03
(10007 A) D6

Cc3
c4
Quench Scan Data

LA vatf;’ date/ Quench vmif_.mdpctth mdpctib.th

!
51—1-’1 \JoTapE.DDE_EDD#lJ. 1 |
52=V1 VeTaphC04_5C05M_1
53=V1 VeTaphCO5_SCOEM_1
S54=1 VeTaphCOG_SC07M_1
55=1 MeTaphCO7_5007M_1
S56=V1_VeTaphD07_S00EM_1

0.30 p

16 V/s

010 —

Pl il

0.00 e T e e R e T R R e B TR E R R RN TR T L e e - el e i e ey o S e s e iy

—0.10
_oon BT

=050 —

0.20 =+ 5721 WeTapSD0B_SD05M_1 o
— EYE-EEW
73 V/S EPE‘EE;&w&

c7

—0.004

JEC

—0.00%

18

|
0.000



Quenches

a1,80[75]74, 73,72, 71, 0, 68, 68, 66, 65, 64[63, 61]60, 597, 50, 47[46] Ramp #s

62
Ramp #58 61
g Ramp #45 63  Ramp#75
11000 ‘ 1 T ‘
10000 + Oﬂm Iy Py B 1 .....
=3 o ¥
1 Ramp #13 %’ ° (it is possible that
— ° :
O I £ 5000 -___Egd: degradation goes on)
Ramp #6 ‘—_'___‘_‘——:-—__.___ Egg o coil 4 O coil 5
g B
g o
d 8000 _t,
R #14
Ramp #2 — amp
o

0 5 0 15 20 25 30 35 40 45 50 55 60 65
Pattern 3

(with limiting quenches)

Office of
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21,80[75]74,73,72,71, 70, 63, 68, 66, 65, 64|63, 61J60, 59, 50, 47[46]

COIL 005

Known

Less knewn

5;¢c5_¢c6,c6_c7,c3_c4

COIL 004

Upper layer 3

In this case the quench starts in

the “green” segment and it propagates in
both directions

(two-directional 62 V/s is consistent also
with the one-directional 28 V/s from the
previous slide)

0.4

0.z

0.0

Ramp 46
(9831 A)

Yuench Scan D

n Svmitf/ data/ Quench/ vmif_{.mdpct b/ mdpctd

—a
g------ a
| #----%
& —
4 4
T T

_I:I-Q T

-0.418

I !
51=01 _UoTu:ulﬁE.DDS_E CO4m_1
52=V1 VeTaphC04_5C05M_1
5321 VeTaphCOR_SC0EM_1
54201 VeTaphCOB_SC07M_1
5521 VeTaphCOy_5007M_1
S6=V1_VeTaphCOZ_SC03M_1

*

o

<
& - 1
ot s e, AR A ol 2 R D e e B B g R R D Bep g BT R

—0.008

|

0.000



21,80[75]74,73,72,71, 70, 63, 68, 66, 65, 64|63, 61J60, 59, 50, 47[46]

COIL 005

Less knewn

5;¢c5_¢c6,c6_c7,c3_c4

COIL 004

erd

Upper layer 3

Ramp 61
(9980 A)

uench Scan Dat.
,a’wmt F/data Quench vmtf_{.mdpot! Er,a’mdpct;f B

0.4 1] I I
e—a 51=V1 \.Jc:-TupECDE_ECD#-Nl 1
g------@  52=V1_VeTaphCO4_SC05M_1
Lo~ 53=V1_VoTapbCO5_SCOGEM_1 I
e — a BV NVeTapBCOB_SC07 M1 9&’6
4 4 55=V1 MeTapbCOy7_5007M_1 #

09 7 SE=V1_VeTaphCOZ_5C03M_1 o

_Dq_“ | | | |
—0.008 —0.006 —0.004

JEC

|
0.00z



21,80[75]74,73,72,71, 70, 63, 68, 66, 65, 64|63, 61J60, 59, 50, 47[46]

COIL 005

Less knewn

5;¢c5_¢c6,c6_c7,c3_c4

COIL 004

Upper layer 3

-
4

/’vm /Aot Quench vmtf_{.mdpct! E}depct 3

Ramp 63 oa
(9900 A) N, ,4

Quench Scan [ >

B—a
| E=----- a
Ll 4
g = -
<1 <
T

0.4 —

0.2 —

51=1 JoTapSCDE_EDDMJ. 1
S52=V1 VeTaphC04_5C05M_1
53=V1 VeTaphCO5_5C0EM_1
S4=1 VeTaphCOG_5C07M_1
5521 VeTaph L0y _5007M_1
S6=V1 _VeTaphCOZ_5C03M_1

&”H
s
&
¢-'¢
&

Ll
@**ﬁv
e

JEC

22



21,80[75]74,73,72,71, 70, 63, 68, 66, 65, 64|63, 61J60, 59, 50, 47[46]

COIL 005

Lower layger 4

Known

Less knewn

5;¢c5_¢c6,c6_c7,c3_c4

COIL 004

erd

Upper layer 3

Faster initial quench propagation
in later ramps? Could indicate
locally damaged conductor.

Svmif/ data,s) Quemh;’vmtf_i mdpctt E}depcﬁb fuenc

0,40 B

Ramp 75
(9961 A)

Quench Scan Data

0.20

0.00

=0.20

! | |
51=v1 UbTapECDS_ECDJrM 1

S52=41_YoTapdC04 _SC05M_1
53=41_YeTapbCO5_5C0EM_1
S54=V1 _YoTapdCOG_5C07M_1
55=41_YoTapdCO7_5007M_1
S6=v1_YeTapbCO0Z_5C03M_1

0408
—0.008

! | | | | | ! ]
—0.008 —0.004 0.000

JeC 23

Segment boundary not so cleanly visible anymore in dV/dt.



a1, 80[75]74, 73, 72, 71, 70, 69, 68, 66, 65, 6463, 61)60, 557, 50, 47

Ramp 63
(9900 A)

Juench Scan Data
- bl Ao Quench vt omdpet? b mdpet! b Quench. 2006261 04835.811 n
. : -

5;¢c5 ¢c6,c6_c7,c3 _c4

Ramp 66
(9913 A)

Quench Scan Data

/vmtf/data/@uemh/vmtf_! mdpct!d mdpot!b. Quench. 2006261 40335, 484

[ ' | ' |
e—eo 1=V _WeTapSC05_SC06M_1

- C5_c6

fuench Scan Data
Somtf/ date,/ Quench vmitf_{.mdpct! b mdpet i b, Quench. 2006261 14460.115
T T T

— —e SW:VLVoTugSCDBjCDEMJ ‘ ' T
—0.1
—0.0080 010 1= N
o Ramp 64
(9883 A)
~010 . | . | . I
7/21/2020

—u
—oonap —OM0E

[ I ' I
—e S1—\:"1 VoTapSCD5_5I306M 1

- C5_c6

1 0.00

0.0080 —0.0070 —0.0060

Fec

Those are all same scales.

From Ramp 66 on the profile changed,
a non-linear initial expansion is visible.
It suggests much higher quench propagation than in other quenches in the

u
—0.0050 —0.004¢ —01008

{juench Scan Data

Ramp 68
(9969 A)

/wmf/ a!m/ Q‘uench/vmt_f_! mdpctdd mdpct! b, Guench 2006261 645385, 566‘

| | '
—s S1-‘u"1 VOT0p5005_5006h'| 1

C5_c6

-]

—0.0080 —0.0070 —0.0060

Fec

—0.0050

—0.0040

same segment (but different location, see ramp 62 which is also similat‘to 67).



Time between first two segments quenching

10000
< 9000
-
[
g
5
(@]
=
S 3000
Q
=2
o
7000

L ” m‘ﬂu‘“‘n “u‘ A “A
M‘A
X .A“ %
“x‘ X
.'“"m
i A‘A‘ e MDPCT1b-C4 » MDPCT1b-C5 ]
-
¢ x dt(C4) dt(C5-rest)
- - dt(C5-a) dt(C5-b) |
% -
% - - = X
e _X__—_— |
X x m——rv.
M —X—15¢ L X Lk L |_ -
20 40 60
Quench #

15

10

dt (segment 1, segment 2) (ms)

Coil 5 times (on the right vertical axis)
are grouped in the main two “patterns”
(denoted C5-a and C5-b) with remaining
ones under another group (C5-rest).

Time ~0 usually indicates quenches in two
non-adjacent segments (often in different layers or coils)

The time difference relates to “patterns” discussed. It is seen however that for one of the main pattern At
changes significantly (after ~ quench #30). The other main pattern (where the limiting quenches are)
shows consistent nearly constant times despite the short non-linear quench/voltage expansion discussed.
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Summary

1 Quench velocities can only be determined in small part of the quenches
and they increase at higher currents (as expected)

1 Voltage rising (dV/dt) patterns are useful to monitor change in behavior

[ While the propagation speed clearly increases toward high currents,
non-linear/large initial expansions are seen in multiple quenches
toward the end of the training curve (coil 5)
v' may indicate degradation “initiation”
v beyond the first milli-second dV/dt are consistent for large part of the
training curve in the segment we can monitor (5C5_C6)

(1 Ramp rate and temperate dependence quenches
are similar to some early training quenches at 1.9 K
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