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A Study on Quench Characteristics considering Winding Tension in
Superconducting Coil using Acoustic Emission Technique
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Lee Joon Hyun', Lee Min Rae™, Sohn Myong Hwan™, Kwon Young Kil™

Abstract: In this study. acoustic emission(AE) A ol gEHM FrHoT HFF Wzh AlxwE 9
technique has been applied to detecting quench E Al zElo] g tEl AT He 2 g
which is one of the serious problems to assure HA7lo] Algd AAALE BF 4719 ol rEHF
the integrity of superconducting coil at cryogenic E2AE :"°] 2 ool gt ey olgd A
temperature. The characteristics of AE para- L AR AN 2R M g g &
meters have been analyzed by correlating with 3 Edd g A1AHA p.;;i o] yojslA A gslA
the number of quenches, winding tension of A 8ld %t (degradation) 22 ¢ldte] A AR EA o]
superconducting coil and charge rate of transport g8 Adefol v 7-]] 11 shel o},
current. The quench localization was also 53], A Az nxFd, A FAE shof 4]
performed using AE signals and there was also o 2d% Axzmdel 54L& AANY 5& Y o
good correlation between quench current and AE Add Fad JEs vAA d1. o A=
parameters such as AE energy and AE events. WS E&do® HEdy] i Azt o
In this study. it was confirmed that AE B 2AR Azzde =4 grs "4z,
signals were mainly due to the conductor a3, &893 (AE: Acoustic Emission)o] &
motion which caused by premature quenching. Ai WiRe] R gl 01’5}]“1 Mol 1]
It was also found that optimized winding A7 =tH o2 wEE o whdele g d(elastic
tension at superconducting coil was needed to wave)E 3 (2), ol g AE AIZEHS HE
prevent gquench caused by conductor motion. Mo R FE W HiAge Az f3AE
By ofyzt & Hgngrt wyegs HEd
Key Words @ acoustic emission, superconducting AHE SAHL §J7§ stel Ao 7o w &go
generator, quench. winding tension Zlh =l 1 o3
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Fig 1. Cross-section of NbTi superconducting
wire.
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Table.l Characteristics of the critical current of
magnet with respect to winding tension.

Magnet |Type of test| Winding Critical
No. wire Tension(N) 1 Current
A Wire #1 43.3 348A (7TT)
B Wire #2 43.3 HEOA (BT)
C Wire #1 55.6 478A (6T)
D Wire #1 61.9 584A (5T)
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Table 2. Specification of superconducting coil.

Superconductor NbTi

Diameter 1{mm]

Number of filaments 60 N
Number of turns 532(turns)

Total length of wire 405(m)
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Fig. 3. AE sensor positionof the racetrack
magnet.
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Fig. 4. The photograph of the test coil.

ofn] myg who] wEwW UuAe) HaggRA &
mol 24

| AARE THRle Eﬂo]#E@P‘éJﬂr AR 7E B2
o] & sx% oy flste] AHRS v
g oAl ®Wle] S RS BTt
2 ke 7SR JIX]der(lq)a—‘éol e A
o}

=
~
_(?L
C
&2

f |2
i o

L=
ehd e @ 4 slvhal. webd = a7el 30kVA
A g e dolaEdy Adzdel 2udy
= AARE ANG dol~ERY Agnd of&s
o 4 ras

5] £l 3
e ANHAFELS ekl Aot WA A=A
A AT, 3—7] WA FE  240AFEAM  short
gsample AAAF (5T, 584A)2 41%4A AA7t &
A }thq A= 7t HEH wakd 42008 = (P AA
Fol 7T1%)AM HEAeoz zaEAet, aeln A
2Y Bol AS$E A9 A9 viariAR 27 A3
2= 270ARA short sample YAHF(5T, 580)
o 47%9A ?11547} WAt o 397A el A
zatE e, g, Zl'ii%l A, C. De Bd 23=
ANE 01%0}04 ALNAZAH L 247 24 shed A =g
ARzLdeltt, AadAz AARzEL A, Be AR

pod
S
=
H o
‘S_H o

1
BN Fol
X
o
T
2oz T o, 8
ol %,

2 Q0

huj

lo L

=
YehuhA] ek 4
oA A 7F LS o Z nlFo] Kol mlaylEe
AR} BAely] Boke AAzde AzFA A
tia AFggeg % =AML A 5 A
o2 wvgto}l uladlE B4l AAHoz AstE A
oz Algdc adm 919 Axo) viepd upe 2
Atz Lol short sample2l dAHF

2
1o
Ol
m 2 o ofy =
ot 1o du e ob m al Ho it T

Byp e emeld WX wYSE Ae 2AE
Aol dsiagel Jlets mEelrt. UwHez 2
e A 2R Qe Felx7] el
AHQ) glol el mAlel kg QPAAR vhd
9 dAE pAen dE BEE Atelel WRvhE 5
of elg FRA wEw Asfel AAA FUE 5
dol Asteich @Al olele Ashde) A9l He
A9 AR Tag G277 Astel HAF of
ZA fA Gool Y AVINE Ul AN QR

LA

3, A=Y €9 B$(5.68kef) 7t HHSl A
= I R = e = B B s P R Eﬂﬂ 1% =
! =71 A

2 g walslr)w g}
5 1

/ﬂ }‘io—: A B7]’ 5:111 o]—ﬂ] _-—_74] L}'E}-L}X] ) i]
AF7E vda v 33 ks AAad o B+
7F b b ER) EH el o 98-S o 4 9lgl
o}
500 T T T : . : I
450 ]
- ---0
400 - » o ° )
¢ 7"“‘/// o B
% sor v : »v' ST g e Y
wof A/ Field Coil A |
./ e Field Coil B
250  / . F?eld Coil C |
" v— Field Coil D
200 L— . . . , . .
1 2 3 4 5 s :

Quench Number (#)

a9 5. 7t AATDe] WE AHAF-AH ERS
Fig. 5. Quench current vs. quench number
for the field coil.

3.1.2 AEA S EA ] AnbatA

2A% v EdA A9 AU FHAsin
A vbeke] o1&pg# o o3t Etde] & WAlsty] #
ol AAA A A erpEn o] A A
o] AAHslE neld dart 9oy, I Ao 2olA
L mladErE 2% &3e] HodA @& HEA
(non-pregnant) Al A 7Y L o] &l HAsS7] W
Toff galo] mlolodE AzAoA e F|MFH A

<]
A7 vAE e OE des Ao



150 T T T T T
Winding Tension CoilC
=} 1200 coiia 4z l
X ‘ ‘
> Coil B 55.6N
g ool '
g CollC 618N Coil A
Q
% 60F 7
P
‘_g Coil D
8 304 b
0 20 40 60 80 100 120

Time (sec)

a9 6. JAAgEA g2 AxFde & ARUW A
Fig. 6. Total AE energy curves with respect
to winding tension.

66l e bk ol

of W& ABUWA AAE

5 A ARAUA = ozrsr

Ak AR Dol A F-A g
FellE e8e AR A7
Adntd o g 8hx (]mplegnd

o A% A Augl o

B pur

o TR
=
)
mwo
AL
1‘,\
¢
ok
L

]01‘11“ S AR
A= o] st 1z
A =7 vEbvbh
al '#ﬂil ML} 5-7). % qge) e 9o
AP
LS

xJ\ﬂ
70,

shol B whsl ol AN g ol

py

“o Lo

-3
+

1)
i)
v
ol
4

22 0]l
IR AR

1
&]C_ 4

sled AR HFEAFel Hateivks AL S
ok olE WAL ok g2l 2 H 1
b ooln] Ae Kol dalrb HAE sbealo]l a7
o 591 Aoz #rhEc),

g, 1wl 78 b AxkEde] wigt AA wEE-R
U AE o/WE #AE Jehd Ao ga 33 A
A M= Fhel ] I (Kaiser effect)ol] €&l4] o]
WE gl ghavh VERRA T B dEle) uighal Alx=
Yol M= AR BRI o ub AR o|#lESr9] fEu)
Ay HEEA fdrhK].

pres

rN o

am T T T T T T T T T
sl | 0 FedaiA
: Fadcal C|
v - Fiekd cail D
4!')» 777777 B
E 3000} )
M : . . v v v M v
% m- -
8]
1000 1
O 1 i 1 i 1 1 1 1 L

0 1 2 3 4 5 6 7 8 9 10
Quench nurber(#)

O 7. AAgH nE ARCME shEE-UX 5
Fig. 7. AE ecvents counts vs. quench numbers
of test magnet with respect to winding
tension.

3 ]X};‘° o AL A HAFUMNEE
(current ramp rate)7} €A% FE, dukzxlog
2
o

AR 5EFR ABIUAE Sokshe A3t o)
AR B AT vFY Axnde A AR

Q757 U4 (3A/9)8 W AXNAFI =245
AR olHA] Fde] 71717 23 A4 AE A%
F7vele A4S Jeddu(9). 1Y 8L SykARF
2wt oz} 7} 3. 30, 40, 50A/s9 7Sl g0l A,
WY E #Fdd wE AR oWl ES WiEE el
Rozg va} L7 MEsS WA AE oW ES
T AATSE G S oUdu =9 O 9olA K ube)
Zeo] AR oﬂLM Hl AA] AEC|HES 499 np

~

AR B A E 1;}»&/} &5 A A AR 7}
raete A% Jehidd
300 T 1 T T
Asec
a»( e &
o0k |
Tg’ﬁm- ’ ]
n o
ol ]
0 o 1 L 1 "
0 100 20 o an 50
Meget Qurent(4)
0 T T T T T
ok
ol

AE Bents Court
g

1001 7
sf 4
) N 1 1 L 1 " 1 N
¢} 100 20 0 a0 0
Maget Qurent(A)
2d 8. ARANEE W F ARCIWE 7LE-
st E W F

Fig. 8. Total AE event counts vs. magnet
current by cutrent ramp rate.



12 S=ENE - H2I3Es=2x, 13# 22, 19994 10¥
100 T T T T T
-
J B
80 d -
n ‘)J
— 3A/sec
L y ]
o 60 J
= i
|§ 40 7 30A/sec
2| g |
J 1 1 1
00 708 1416 2124 283.2 354.0 4248
Magnet Cumrent(A)
25 T T 7 T T
20 1
2 vr 40A/sec ;7 ]
z L
S
2 10 s g
& i 50A /sec
Ly i
< »
5 P |
o
/, f n i L 2
0.00 50.83 101.66 15249 20332 25415  304.98

Magnet Current(A)

a8 9. AFArtErd wE ARAYA-vlaWE HH
Fig. 9. Total AE energy vs.
by current ramp

magnet current
rate.

3.3 Ax|W Mol chst AXEH

AABALGel e AEY S 2T 3 AME
Argstd om, AAA] mAle] wE-AQl e uhe
T4 exidsol 7Ilstel  AECUAZE HEA
(peak) 7} ¥l AMl& mefste] A3A] vtavE A
WEAS ADUSSYE clggond Bt e
< ojul ®elub k(9]

500 T T T T T 40
Top
cumulative AE energy
400
<
5 300
@ 200
g
=
100
[
0 20 40 60 80 100 120

Time (sec)

AE energy (x 10 %)

500 T T T T T 40
Middle
cumulative AE energy
< =)
$ X
3 5
— )
] c
< <
g W
= <
Time (Sec)
500 T T T T T 40
Bottom cumulative AE energy/-
400 -
<
bt =]
€ 300 =
o x
S 2
B 200} o}
5 ]
£ W
<
100 -
0
o]

£

a9 10. AE oA E o] &3 AX9 A
Fig. 10. Location of quench source using AE

cnergy (field coil A. run 2).

1 10 veERd uvbep go], Ax ]AIZM] 2 AL
| © FAREILE Ll (AARY A run2), A7
2 Al o] o 2] & Bl aal !i‘?i, 3709 AlA
% golxEd AR ARANUA 7 H A
peak)Z WERH Slvh
ol AMAA maAle] A n
‘%}] 71Q1ste] Gl A] W&o
1 01]*1 A&y = (2
nzshH 01
‘%OUILO) k=l
& = oolr). WIS o
”‘.F]E.Uq(—l‘%
il??l’ A ZHE F4
A7 Q] AlZEA o] Rt 9l
EL/\]Z_}RI‘% ] ) 0}'04 AEA & —ri*JEH
120 epd vRel Zo] Aol AE
AxEde o & ok, weA] ¢
. 01*1“ i 2] BEAY 9] A 7 A
7bexdel 7ba A e

e JAg

O)-

ex
rd

)rE‘

-
o

A3

0
$ ”‘IO
L’

e
erU

2] ¢k

R ﬂ%%.AEﬂia%
uj
1), @A

Y s

A
2t A

A B
e

o
2,
,
‘TL
T~

10 f
it

1
2 o
- -

O rx i e

RIS QSO o

o2
£
E_

7t AR AL Oﬂ RIS
3ol JEeER)SL il
AR LR R RO AR R




E A ot 2A3afe] dxzagor aalmdlol
A &L OIEM 2dllazde 7t 2Hwd E
R o g 2p&Eky] Wi fto o] AEY Hof 4Ay
off A1 Ay Z} vl Agrell g whabo] s sleb Al
Aeh, o] 2 glste] Mz} A& speAdol v Z
Aoz Aayc)

2:; @%{%{J MZL -
i

4t V’
s tw I

8 I it i I
0 50 100 150 200

Time {microsecond)

2 11 A% oWEd Oig o e amE oy,
Fig. 11. Osilloscope trace of a gquench event.

15) T T T T T T T T T T T T

Top Bottom

SZHDO J HHMHHHHHHHHHH

a0 -0 0 D
ATuuseo

TR 12, AT EGARR JEhd AR Y S ARy
Fig. 12. AE distribution hlst()g,lam expressed
in term of signal arriving time difference.

i
t
e

flel At ifE, Azzmd A B F$E o8
g AR @& AR A Eo] ] oz A skt
A oE el s en], Y (o A9 g
Aol FEuAA delgd @ At A
Be] Avte AR KA Ao
ol AHdHH] A vre He
Al mAlel viaEyd 2e dae

A oA el V1AA GE Gl oja wRE
ol tha %Tf?l Hom yehh] witel Ao dek

Ay,

Iz

ti

S D3e THE ARDAL MXEM Y AE AZEMof

I

bhet? 13

3E 3.7 Akl gk AXAEY A
Table 3. Summary of quench locations and
numbers for test coils

Magnet Number of quenches |Uncertain
No. Bottom | Middle | Top | location
A 2 1 4 2
B 4 3 0 4
C 1 6 3
D 3 3 6 0
A 10 13 11 9
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