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A Study on Microscopic Deformation Behaviors of Nb;Sn
Superconducting Composite Tape using Acoustic
Emission Technique

M.R. Lee* and J.H. Lee**

ABSTRACT

Since the surface diffusion processed Nb:Sn superconducting tape has the advantage of having large
overall critical current density, it is used for the construction of open type MRI superconducting magnets.
However one of the disadvantages of this tape is that NbiSn compound often exhibited multiple cracking
due to its intrinsic brittleness when subjected to mechanical loading such as bending and winding during
the fabrication process for superconducting coil. This will eventually cause the severe degradation of
critical current density. Therefore it is important to understand the microscopic deformation behavior of
this kind of superconducting tape under the mechanical loading.

In this study, acoustic emission(AE) was used to clarify microscopic deformation behavior at room
temperature for Nb;Sn superconducting tape which was strengthened and stabilized with copper. For this
purpose, special attention was paid to AE characteristics including AE event, energy, and amplitude
distribution which were associated with microscopic mechanism of deformation of NbiSn
superconducting tape under tensile load.
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Table t. The dimensions of Nb;Sn superconduct-ing tape

Thickness Cross Volume
Constituents| of each sectional | fraction of
layer area each layer
2
NbsSn 0.02mm | 0.0582mm 02
X2 X2
Nb 0.017mm | 0.0495mm’ 0.09
Cu 0.07Imm | 0.2066mm" 071
x2 x2
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Fig. 4. AE events, Load vs. Elongation, Time



BI12% F6uE.1999. 12

NbSn 2R 2AE eolng vlA|F WYAE S4%7IE A% JYesTd A8 4E A7 25

o gAY o|F gBH o2 A AR F
7t AgE Jehidoh 22ln A Ak
A FHHo] ol2WA AE o[ME: FAsHA S8t
Aot 2999 FHERdME T Al sl
ol27|7A] AE A3/t HEdE ¢+ Utk

g, B8 2ATAE JAE EAL EATIVIR
o= A, A71AE A4S AT Ro] EFolng
durA9l Eilge gursel= e S Y
AcH4-6]. &, durEel gudolE Bage F
GH RN 279N 7|A A9 7L o B
71219k &<l shd(debonding) ¥ v|AIAQ] AWHIE
ut2](delamination)& AX HF I E dodle A
o] tjF-o|t}. kA4t NbsSn B¢ Z2ATA 2 B+
$8 Zrd &I A49 33EE(compound
layer)2 gAdEG 2340 F ol= shtz EAs)
1, Nb:SnZe] 739+ ul$ Ao Zslnz ey
Aol A ofu] mhghe] WAt

Ochiai(1986)[7]%& 17330 D NbiSn B
3= A8 ANFee Sy 22 K A
AFE Holm 982 »udtw Yk WA type ]
Ate 2Ax EFAE/ 52 By Ee) S
Wehe A$2A A4l F3iE olue IAFE
> 2329 sy ge(multiple fracture)E Jebd
Ctype 19 %= soAg o] ¢ @2 (1%0]
5 AF2A GG o] T AAdoe] FEEHA YEl
WA ¥1 AY dHEIY FIoA md] oj2= 7
$oltt. o] gt Aol oM sgEEL BgA
JFeE Jvehliz ¢x dY gz @ A(single frac-
ture)E JehA €k Fig. 4oja] B vhe} o] B
A3} 79, Nb;Sn A& gk A2 2= type |
9] A%9 FAKE AES el w USE ¢+ Utk
Z Nb:Snz 2 Avtzloz eddoa] ojn] WP S
Fatate] giezt dojur] Azksigien gl vt
ghol] welr o]lE AEEL EgHQ 3 (multiple
fracture) W]71Y &S Jep i}

o ¥ 1o 2

s

O

3.1 553710 ME AEAHS

Fig. 4941 R uls} Zo], Nb;Sn 5§ 24% )
o]Zof g AFAFL 4GAR Urol 7I€¥ + Y
o RAA 2AY 99 [ dMe BE Agrt ¥
B8 EQ Afole, = A TAU ] [Me #
AAEQ Nb:Snell o3 ¥d 9 Nbe] 243e)&
R Al WA A 99 T& Nbst Curt =%

AAAER Afold. 1z i dAld 49 Ns
EgAae AAQA Ay ez g 5 o

AR, 99 [dAe RAZAE o)F Y= "3t
AEE HFEHRA @7l d o] olFd AENIE A
257 geth 49 1AM dvyoz ggideidel
T B7eta v AEN I HEHY] AlFsted,
ol #H4ol S 2E NbSngol 8 Wso] of
715lel B49% WolA AE o[MlEs} wase Ao
2 HolAth 223 o] FedolN PAsks Az o
32o] AQARIN YEe AERZ] 531 2|44
ZHduration)o] & 543 M3 (burst signal)g ef o}
AEA 59 ZF(amplitude)o] vlw# #n A&
o] th& 21 F 7k #ele] AEdE #AshHE NbiSn
Z9] Hd¥(deformation)¥} gio] REAow NbZ
T} NbiSn% Atojelire] Mgoz g B4 Ag

ol Ao HaHch

AAZ Bug wo} of3bH Nb;Sn 25 uj7td
AP Fo] 0.1-0.5%c18td S bt & of, 2 49
oAM= Fig. 49 ZA3o|A & 4 5o] NbiSnel H]
7t WEEol A 0.35% olstzn wdd gy

= 9tk 28l o]# g NbiSnZof digh ¥de A &
Aol ZAA LA stAT

S8 99 oAl NbsSnZeo] HEAQ]
23k 3lFo] A FTUEle AL ol3F g9
Z7)vpdo] AR 9 AAE A WE A ¢
1 BiAae AAAQ &Yt o&sly] 8 A
o2 #ddth F, ANAQA EFAN89] load-bearing
capacity 7427} Cu 2t Nbs}h 22 A4 & 773
3Hwork hardening)ef] lsfr] HAS 7} wjFoc)

A GAQD FEAE BIMEE 2499 At
Fof o]2WA AEZAEC] A A ZUdc ole
Cug] A E ) & 459} tjEo] Bfxdixso]
ZE olZ:= BE A7, & Cuw/Nb/Nb;Sne] #go
olgt B g 71987 W e Reg #
G@Hct o] dAlME 91 HEHUD JaEn
Cuze Hgog FAF= d4% AlF(continuous
signals)g°| A&HAh o] o AGAE<Q Cuol of
3 A5 EN FEo] HwA P AFAZte] 7 AF
o] g7t AEHAen, 99 [ M9 nprtix 2 AE
FZo] Nb;Snge] ¥F| o3t AFzR} thh ¥
A &AL A A3 S0l dASA FH8IAh ole
Nb & Nb;Sn-¢] ABEe] S g A3 FH



26 olulz) -

BREAMEEEE

oJafA LAty Rt

W dAZA A9 i
o| 2717 At AEo|MEZ} 743
et o] GAA o o] &30l ‘%
g &g A FR1E dFe 7.} 3101 Gx}ﬂ
o] dojutsd], ole 7k FAYRES ddo] Hj
A5 Ay F7HE 4HE vF AANEA dEy
7} o}

-z

£
oh‘. ‘1‘1
Ed

L

2

om i
Fi-(:

3.2 AEL}2}0|E{Q} AEHIAMSI

AE melnlele Mgy g7 M2 ARBAE
Zte oz Bausw glon[8], AE7|&¢d FaT¢ &
FHRAZL Hln ek gukAes 3w, oA, vl
ANge A%E xshe HAANRLFE AFo] ¥
o B9y AFE JA0, o AN ELE
Bl 2#& 23 2 %A 7Hduration time)o] 7) I£% 2l
& vehdoh

Fig. 5¢ 3t% 2 Aol B AE 712E9) 4
EE Jepd ZAdo|c). el Jehd vl o], 49
[elXe ofFd Asx HAEHA Z37] W2 71¢
717} A 2ol 4G [AMFE 71&7]7} vjud vt
A F71EgE & 4 gtk ole HAA R Nb:Sng
9] A&AQ Wl v)Q1shy] et kR FH Mol
e AE?]—-\% 9] NE717 F58E 4 F ded o

EgdAgel AdEy oA e

2 73—1-01] AolM s 4y Cue] WY
9 -4‘34 Eﬂi‘ﬂ 2 NbZz} NbiSnZ A}
ojojA] WAEE A% 9 Aoz AlgdHch ¥H
Cuz3} Nngn% /\}°I°ﬂ’~191 wae #AA gk

wa
Z
o
ol

60 T T T T T T T T 0.30
------- count

50 load v 025
g o A~ Jozo
= /
" X =
g {ois €
8 3 -1
w s e
< g o}
g ; e
kKl
3 S
E w0} V4 Joos
] ] X

0 L PO, e T L L 0.00

0 100 200 300 400 500 600 700 80O
Time (sec)

Fig. 5. Load and AE cumulative counts versus time

C} g oM thA] AEFFLES] 7]&7)7t Zota S

9t} o] ddoMe F2 Nb 2 CuZd u3
EFJ} AujAol7]) o] ¢N AFE RE H Y
ZollA tiBE CuZd & A3EF NbF9 sicte
2 Q% A57t AEHA.

1500 v T T T T T
[ nbsn M No /NbSn
1200 - g

Duration timeysec)

Time (sec)
(a) Stage 1I
1500 T T
] nojsn - Nb/Nb Sn
T Cu
1200 | L
m
2
2 900 F
Q
E
§ ool
B
a
300
0
550 600 650 700 750
Time (sec)
(b) Stage I

Duration time (usec)

Time (sec)

(c) Stage IV

Fig. 6. AE duration time distribution versus time



124 FEOIR, 1999. 12

NoSn BH2AE doj29 w4 95AF 599718 A% $Ue71Y A 2 o7 27

gdd, B d7oA AH8E AETEE FolA
AEAEAZEE A58 FEAAY 88 ¥t ohye}
duixl RS Wt 7] WEd Age A3y
7 Ze AEAE] 2499 42E st +4&
sick. £ Ao e YA wff &2 AEASAIH
A% A71HQ Aoz Aaie sXsiginh

.
) Nbysn

75 - EZE) Nb/NbSn

Amplitude (dB)

250 300 350 400 450 550

. Time (sec)
(a) Stage I
80 T
= Nojsn
75 F [ Nb/NbSn -
BB b breakage
_T0F g
2]
-2
: 65 - l I ‘I -
°
2
5 60 [
g -
< 55 i
50 p . -h- U 1H
, T
45 LRS!
550 600 650 700 750
Time {sec)
(b) Stage I
80 T T
[ Npsn X Nb/Nb,sn B Nb breakage
s J
70 F ]
o
Z et J
o
3
Z s0}f
a
E
< 55
50

750 800 850 900
Time (sec)

(c) Stage IV

Fig. 7. AE amplitude distribution versus time

Fig. 6& A7tel] w}2 AEA]&A]7H(duration time)
2 Jehd AFolt). 2N BE uis} o), 991
dA AZE AEAEZE &A1) 200mec ]3]
EA4E 71 A3 Eo] gREoln, 4502 o|Fde A
A7) BtA 71(200~500msec)N 550 AEH L
& 4 ek 99 [ oA Nb:sSnzel ¢ wdy o
Bo] 9% NbZ# Nb:SnE Ateldrje] Wygo] Auj
Holt}. el FH 9] Futyo] vehte 4% 4l
E2 Nb 2 NbsSnilelolA] &A= = 23S &
AR

$H Jg oA NbiSnol] 2% Azt BEof
Nb/NbiSn% Apel9] ¥ 7]QAste] 2] &Aj7to]
200~500msec?] A5 Eo] FHsA ®ol AE=HA.
28]z 500~800usecs} 800msec 0|4ty Aj=g Al
Eo] AZH =), ol Nbzo st o3 A3
CuZe] Wy o3t 252 Hadct agn J9N
AN A Mo 2 A9z o] AL MPs]o]
AEe AAZQ Fho} oj2 1 ok

Fig. 7& A7t @2 AEREX T E Jehd Aol
th 2Pe)X HeFE vle} Zo] 94 [ ol A2} NbiSn
Z9] Wy 7913 AZEL FEEo| 55~65dB A}
olo] Mz Lo| AuHeln], 450% o]F 2] 45~55dB
Atole} AEEL A& 7HFig. 6)¢] 749 A
2 Nb 9 NbiSng Ale]e} ¥Ee] 7|13 215
¢ & ot agln Y IoAE Nb3el s o3t
o 65dB ]9 #& AEZE 717 AESse] AEHAU
o} a8l 9 N Fig. 794 2 ule} o],
AHzatA o2 wtho]] o]2mA AER Zo] 50~60dB A}
olo] 1 A &A|7HE 800usec o] CuZol & A&
Eo| th AEHAU 3HH NbEF Nb;Snd: A
A BgHog BAse NIET Cudlgd 2P A

=
PN
T

100
25 —a— amplitude

K&3 duration | o

Count
Amplitude (d8)

0
600 800 1000 1200 1400 1600 1800
Duration time ( usec)

200 400

Fig. 8. The results of AE duration time and amplitude during
tensile test of Cu tape



28 ol - ol¢d REESMEHEERS

355 TEI] A NosSnEdAae] ¢4 Cudl wi ofd ¥ IFL ¥ NE54E 23k

‘d%’é < §3ko H]i’, A&t Fig. 8°ﬂ*1 Ho getA o8 AdzRE, A4HAL dojve
€ Hht 2ol £ Cu glo|Zo i AFAPHs,  NbSnFo] ¥MEo] 3 s 542 JHo] i}

Cu4 o 1°1§} AENZES 72 A&A7t]  65dB7AA|o]H, o]w] A£AITLE 200us ©]3te] BX

o.10 y v v . 0.004 T v T
0.05 |- 4 0.003 -
E) 8
3
& o000 £ ooz} ]
b : .
s <
0.05 - 4 0.001 p
\ R A X 0.000 ) " I\ N
010 7 100 200 300 200 500 0.0 0.2 0.4 oe 08 1.0
Time (usec) Frequency (MHz)
(a). AE waveforms and FFT by NbsSn compound layer deformation
0.10 T Y T T 0.004
005 0003 F |
. 1
% 0.00 i ﬁ 0.002 [ i\
3 :% !
S L 4 |
008 0.001} r
[ ) M ?l{ g
i
-0.10 N N . X 0.000 ‘“l \‘\ g; :4 ) ) )
o 100 200 300 400 500 o0 Y 0.6 0.8 1.0
Time (usec) Frequency (MHz)
(b). AE waveforms and FFT by Nb layer deformation
0.10 r r r T 0.004 T T T T
0.05 - 0.003 | 1
z }
© = 0.002 1
§ o i +
S t
oosf - 0.001 | 1
0.10 i i 1 1 0.000 I A ) A
100 200 300 400 500 0.0 0.2 0.4 08 0.8 1.0
Time (usec) Frequency (MHz)
(c¢). AE waveforms and FFT by Cu layer deformation

Fig. 9. AE waveforms and FFT analysis obtained in tensile test



FE12% FO6HE 1999 12

NbiSn 2% Hol29) olA)3 99745 5471 A8 29437 44 ad 9 29

yehfidct 2Els Nbsh NbsSnd Atole] ¥gel ot
2 354 E 45~55dB Aolg] AZRE} ofd v}
E AEAITE 200~500usitole] XS Vel
Cuo] ¥goj] o8 NEEHE X &A|To] 800us o| 4
o] EX2 Jepiiglon. AFL 50~60dB Ato]e] ¥
& Yehi At

Fig. 95 4= B85 74 259 ¥ dig
38 & BAE Adfo|ct. Fig. 9olA EiE ups} go]
(2)9] 7 Nb;Sn&el Wi g AENEZ2A o]
T AAg0]7] Bl A&ARte] ¥l FHE 1A
Zo Ngrt 2R e, (b)o 4+ Nbej ¥
ok Az 2H, NbsSngol HlaiA] dgddie] 73l
2 AFo] HmA A3 AFATE tda ] A5EA
& YERR LT

2383 (09 ZA$E Cudl ddtale) 93t Azg
# R Zo] Az zﬂ?i (@9 55 FG 1AM epst
d 9% A5dE "Fol & o NbiSnie shedo]

< g T3
x

s;dt

qNeM= A% b
Nb:SnZe| ¥igo] g4 [AAMFe & dol 24 &

22w 2499 FRRNIE el Jd [olAe
2o As ez vind w& N3sh DS
ol 3tFol F7Htel wel Aauie RBAH =7t AA
22 AgRez 2 A3/l $y"dy wgdd. g
A, F9%¢ BAAAZRE Nb:Sn¥ge A$e
150kHzet 250kHze] Fa4 EA4E JehfgioH,
Nbel 7A$E 150kHz, 283 Cuf ZA$e 100-
300kHz 9o} Fo}E44E 242t vehisdt
Fig. 10& 23%x EB3A8e 7 3gdq we
oA g ARRlE Jeld Aoz, G elA Nbej
FE2Q shdo] #AE® NbiSndi} Nb3E Abeje
ABEedidol Uepdg 4 ¢ Aok 22ln g
o2& G Noxe CuZe] 533 ¥o| s
Aes FgAsA & £/ ok 3, APAYZHE
B 24 wladEe) ¥y o AENEENS
T8 AFE Table 20} YERfZITH

rlr

4.7

2 A7 e Nb:SnEE2 AL vl1y Ee) ujA)F
WAAS 2 i3] EAL #@rlely) sl LamEs)
We Agsl o ge L AT

(d) Stage IV

Fig. 10. SEM micrographs of cross sections of NbsSn tape at
each stage

2 43% Sk, AE SenEe szSn-«l ny
AFel we 28dE Frisked oA W w8



30 ol -

olFd BEESHEEER

Table 2. Classification of AE signals due to the microscopic
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