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Densidade de corrente nas cascas ¥ raio ¥ tempo

=3
% 10

Densidade de corente nas cascas em AT

Rext - raio analisado em mm oo Tempo em s
04 Z%F% 0. 0+0@A -0 ,,2 ,-, - +.&2- CJ7 D
& 7 +.&2- 0-*0-01 == J27 “& 27& 74-B02 -51
‘G1\ 771 Z= <K<K [IF<= K1 ,7& , .075@A , FJY , 2025 ,
2-. -, ‘<== CFJD% 2 ,-,07&. 7508502 & F= 4*0Q00-.,0 -

&.0@A 070.0-,-27 *S-20%

Llensidade de fluxo magnetico nas Cascas X rao X tempo

B nas cascasem T

Rext - raio analisado em mm 2 X Tempo em s
0D
04 Z%<% 7& 74B02 - + .&2- CD & 7 +
.&2- 0-*0-01 == J27 & 27& 74-B02 -51 ‘G1\ 771

Z= I<KPK IF<= K1 ,7& , .075@A , FJY , 2025 , 2-. -
‘<== CFJ D%



. 04 Z%F&5., 04 Z%<6, ,-0 y .2 ,-,,2027

7,- 27&74-B0212-*7,,& &5 6 @A I<%<YK%
&,-7.,-. 04 Z%G B 04 Z%> . , .5 . 4N*02.
O075@A , 0.0O&@A ,& S-20 , 7 + .&, 2- 0*0-0 & 72025
y 2 -, , 27 F,,/0- & Q., . 4N*02. , CF>D 1.075 @A
605-, 7& ,, BFR1>7.& 7. -0, ,\= K%

Densidade de corrente nas cascas x raio x tempo
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2 4
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=
(2]
@ z
o 0.015

05 0.o1

0.005
Rext - raio analizado e mm 00 Tempo em s
04 Z%G% 0. 0+0@A -0, ,2 ,-, -+ .&2- CJ7 D

& 7 +.&2- 0-+0-01 Y==J27 & 27& 74-B02 -51
‘G1\771  Z=I<KPK [IF<= K1 ,7& ,.075@A ,F2025 ,2-. -,
‘FJIHY>< CFJD% 2 ,-, 07&. 750&502 & F\Y *0 0-.,0 -

& 0@A 070.0-,-27 *S-20%



Densidade de fluxo magnetico nas cascas x raio x tempo

E
¥ 10

E nas cascasem T

0.015

0s 0.01

| 0.005
Rext - raio analisado em mm 00 Tempo em s
04 Z%Y% 7& 74-B02 - + .&2- Cb& 7 +
&, 2- 0-*0-01 Y==J27 “& 27& 74B02 -51 ‘G1\ 771

Z= I<KPK IF<= K1 ,7& , 075@A , F 2025 , 2-. -,
'F]JAIHY>< CFJ D%

Carnpo eletrico nas cascas ¥ raio ¥ tempo

-4
w10

E nas cascas em % m
[}

0.015

0s . 0.01
0.005
Rext - raio analisado em mm 0o Tempo em s
04 Z%Z% 7& 5B 02 - + .&2- C J/D & 7 +
.&,2- 0-*0-01 Y==J27 & 27& 74-B02 -51 "G1\ 771

Z= 1<K F<= K1 7& , 075@A , F 2025 , 2-. -,
‘F]J1HY>< CFJ D%



Potencia dissipada nas cascas ¥ raio % tempo

-8

¥ 10
44
=
£
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T
n
) | 0.015
0.5 - 0.0
0.005
Rext - raio analisado em mm 0o Tempo em s
04 Z%\% 0.0& @A ,& S-20 - + .&2 - COJ/iD& 7 +
&, 2- 0-*0-01 Y==J27 “& 27& 74B02 -51 ‘G1\ 771

Z= I<KPK (IF<= K1 ,7& , O075@A , F 2025 , 2-. -,
'F]JAIHY>< CFJ D%

Potencia dissipada no tubo x tempo

0.035 T T T T T T T T
—— Potencia dissipada
---- Valor medio
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=
5
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S 0015} .
E A I e e iy Aol Sty o .
0.005 .
UU [J.E:U2 U.E:[J-‘-i 0.006 U.UIUB U.IEH U.[JI12 0.014 E].E:1G 0.015
Tempo em s
04 Z%>% 0.0&8 @A , & S-20 5- + . & 2- CD& 7
+ .&2- 0*0-01 Y==J27 & 27& 74-B02 -51 ‘G1\

771 Z= I<KP (IF<= K1 ,7& , .075@A , F 2025 , 2-. -,
‘F]J1HY>< CFJ D%



.6,27 050 @A 7 )5 ,7071 05 0- . .&I[7,
, . 07T5@A &,,- .1 0.0& @A , & S-20 2525 *0Y1>Yc.&0 R

+0 &57 5 ,,%



-0, ,2 ,-,6, 7 .&2- 2- B 0-,.7,-,
& & 20-5R 7&, 1& ,- ., & 807 & 7 5@A 50-, 1C>D,C<>D1
2-*7, &,,- - 6 @A N%FK%
"o . N%FK
-, -0 ,,2 ,-,- 7&, , >N B 050 27 *S-201
6,,. B ,7&, ,'& 0 @A -0 4S-0 5L6 0 %
-0,- 4 6, + .&2- &.0 27&07,- *0-0 ,
6, . *0. ,+ &,7. ,&, .1 &, . 2525 & S-20
0.0& &5 7,7 750&8502- ., .5@A + 0 - 2&L 5 Y &5 |
27&07,- %
-0,- 0- 0.0&8@A ,& S-20 2-. - - &L & ..
, & 075 @A 1&,., ,,70- - 40 0..0& ) &5
.&2- -.,0-,'5 , ] 7&%
& - + . &, 2- 2-0 ,7 7.0.,7 0+N 021 0%,% -A
3'- 2,25 27 7+0,-,1 -4 0 0.0& &5 .&,2-
B 050 - 5'@A , ,7&, .0.,7 -7 -@ ,*., 5L60
04, -, I -0 4S-0 5L60 -., 2.K% ,- .0.,7 B702 7
2&20 ,25 L*02 2-3,20 6 ' 0@A ,7&, 7,7 B &5
6 @A N\%<K C>D%
— \%<K
6 @A N%<K B 'N50 .7,-, & ,7&, . +08 , > "1 &0.

- G 1&, & S-20 0.0& &5 .&,2 - B2-,0 ,7.7,-,

25 5 ,-1&,7-2,- .,& 2-,6TS-20 A& 2--%



A&, 0-0205 .0., 7 ,,70- ., .

071 2-3,2,-
N%FK% 050 ., ,-A ,,'5 ,

-,0-0205 050 - 6 @A

-0 ,,2
-0 ,,2 -,-&..G 5407 &,. - -2&L 5Y154 07
2-*7, -8 KW
*0-5,2 &.. ,7& 5 5407 ,,7 0- ., ,,40 0..0&
&5 .&2- 1,,70-- ., .07 -' , 7&, .0.,7% 050 .,
- &P807 &.. ,7& 5 A&, 2525 - 6 @A N%FK1 , ..07
.2,.0'7,- %
‘NS0 ,..5 6, .0O75@A &5 7 ,5 , & ,., 2-0,
.0*P0 ,7 5@A 7,5 ,7071 6, & .&[7, . Q.
B8 L. ,CFPD 'O0@A -0, ,2 .- , &5 &502 @A 27&
74B02 B, &-.\1HGcl, @A 2 ,-,& '-0,-, 27& 74-B02
0- 0 &5 2 ,-, &02 K1 ,-6 - 7,- 2 -, 50R, @A
v o1&, ,>>N& <="B , ZF>1]\c%
. |
&,,- .,-.04 \%F B 04 \%> . ,. 5 .4N*02. .075@A
*0-0 J& ,, BZ=T7.

, 0.O& @A ,& S-20 , 7 + .&,2-

0-*5S 20 "0@A , 7&, %

& 7 .-0,,\=12-0, - .,



Densidade de corrente nas cascas ¥ raio ¥ tempo

7
¥ 10

Densidade de corente contida nas cascas em AT

0.5 '
0.0z

Rext - raio analisado em mrm 0o Tempa em s
04 \%F% 0. 0+0@A ,-0 ,,2 ,-, - +.8&,2- CJ7 ‘D
& 7 + .&2- *0-01 Y== J27 <& ,7&, L >> M
GU\ 771 Z=I<KPK (IF<= K1 7& ,.075@A ,Z=7.12-. -,
“=1=HY<CFJD12-. -, ’]J1=H1 ,7&  0-0205 ,<="12&20 ,
B702 .0.,7 ,ZF= CUMND, + ,27&07,- ,Z77% 2 -,
07&. 7508502 & F\Y *00-,0 - &.0@ A 0 70.0-,-
27 *,S-20%
. &5 04 \%WF6,27 ,7&  0-02 05 .0.,7 ,<=™M
!-'O 1 1 2 !- 1 7!- 2 -'O 1 |1571- 1 |!7 - 1 \ l! - 2 1 1
I>"K% 70.1 2 -,07&. &2 , O -02057,-, & ,70.,8,-
+% 7 6,207- .0.,71 65.,,. +050 - ,7&, ,>> M1

2 T T &1', 70.&*'7,-,- +%



Densidade de fluxo magnetico nas cascas ¥ raio ¥ tempo

3
¥ 10

B nas cascas em T
(]
£

0.5 '
0.0z

Hext - raio analisado em mm 0o

Termpo em s

04 \%<% 7& 74-B02 - + .&2- CD & 7 +
& 2- *0-01 V== J27 & 78, . >> A1 ‘G1\ 771

Z= I<KPK [IF<= K1 ,7& ,.075@A ,Z2=7.12-. -, C=1=HY<
CFJ\D1 2-. -, 11=H1 ,7&,  0-0205 ,<="12&20 , B7 02
0.7 ,ZF= ~CWUMD, + ,27&07,- ,Z77%

L, &5 04 \W< 6, 27& 74-B02 &.. 0 7&50 , 7N807

2-.-1 65B &&20-5R 2 -, 07&. 12-1'0 0o ,

&!-1 @A - + 2 -* 71 &1-! @A i) 2 'I- 1%



Campo eletrico nas cascas ¥ raio ¥ termpo

¥ 10

E nas cascas em %m
[}
£

0.5

0.0z
Fext - rain analisado em mm 00 Tempo em s
04 \%G% 7& 5B 02 - + .&2- Cc J/ib & 7 +
.&2- *0-01 Y== J27 * & 7&, , >> 1 ‘G1\ 771
Z= 1<KV [IF<= K1 7& ,.075@A ,Z=7.12-. -, T =1=HY<
CFID12-. -, ]1=H1 ,7&,  0-0205 ,<=7"12&20 , B7 02

0.,7 ,ZF= ~CWU"D, + ,27&07,- ,Z77%

. &5 04 \%G 6, 27& 5B 02 &.. 0 7&50 , 7N807

'ON'510-,.7,-,& & 20-5R &,-, @A 2 -,- +.&2- %



Potencia dissipada nas cascas ¥ raio x tempo
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Fext - raio analisada em mm 0o Tempo em s
04 \%Y% S-20 0.0& - + .&,2- COJ/ID & 7 +
L&, 2- *0-0 1 Y== J27 = & 1&, , > N ‘G1\ 771

2= I<KPK [IF<= K1 ,7& ,.075@A ,Z=7.12-. -, S =1=HY<

CFID1 2-. -, 11=H1 ,7&, 0-0205 , <=7 2&20 , B7 02

0.,7 ,ZF= ~CWU"D, + ,27&07,- ,Z77%

, &5 6, 0.0&8@A ,& S-20'0 27 0 +1 6,
2, -"0@A 05 7&, -+ .&,2- % - 1,,%
*0-,4504,-20 -,. 075@A1 6,& +..&2- 0& 2
22 <<F<1l, "0O@A 05, 7&, B J - ,=1Z2"C<]D1

&6,-6 - 27& R'0@A , 7&, 0.,71 ,72>"%



Potencia dissipada no tubo % tempo

I:II:I"""E T T T T T T T T T
— Puotencia dissipada
0.04 b ---- “alor medio |
0.035 .
£
= D03t .
=
(k]
= 00251 .
[14]
=3
2 0.02F .
.
[
E 0015 + .
o
IR e B e e E R E ! bk R R EEEED pEEE R SR
0.005 + .
I:I 1 1 1 1 1 1
0 0005 001 0015 002 002% 003 003 004 0045 005
Tempo em =
04 \%Z% S-20 5 0.0& - + .&, 2- COJ/ib& 7 +
L&, 2- *0-0 1 Y== J27 & ,7&, , >> N ‘G1\ 771
2= I<KPK [IF<= K1 ,7& ,.075@A ,Z=7.12-. -, *=1=HY<
CR\D1 2-. -, 11=H1 ,7&, 0-0205 ,<=712&20 , B7 02

0.,7 ,ZF= ~CWU"D, + ,27&07,- ,Z77%

&5 04 \WZ6,& .&I[7, ., 075@A 050
y @A '5 2 7& ,SB 02 B. &, O 7,- 1--0 [ 2 (]
& ,7&, .0-*0, >>7107&502- - , @A , 0.0&8 @A , & S-20

| & S-20 0..0& & ',7 750&502 @A ,. .4 - K%



Temperatura do sisterma x tempo

BI:I T T T T T T T T T
70+ .
 BOF -
=
(k]
5
2 80F .
T
5
ot -
a0+ .
2|:| 1 1 1 1 1 1 1 1 1
0 0005 001 0015 002 0025 003 003 004 0045 005
Tempo em =
04 \%\% ,78&, cCD .0.,7 0+NO2 6,2-7 7 +
.& 2- *0-0 1 Y== J27 “ & ,7&, , >> M ‘G1\ 771
Z= I<KPK [IF<= K1 ,7& ,.075@A ,Z2=7.12-. -, C=1=HY<
CFJ\D1 2-. -, 11=H1 ,7&,  0-0205 ,<="12&20 , B7 02
0.,7 ,ZF= ~>CWU"D, + ,27&07,- ,Z77%
2&20 ,B702 .0.,7 050 - .075 @A *0,2530 ,*7
56, .0.,7 0-40..,. ,407, B702 ,. 20-NO &0 7,-,1,7 -
G=7K1& & &020 7 '0. 50 @A ,6 0-*5S-20 ,7&,  -.

2 2,L.02.5, 74B02. .&2- %



Densidade de corrente critica atual dividida pela @ 77 K x Temperatura

? T T T T T
& Simulagdo
W Dados experimentais
B Py, —— Ajuste linear dos dados experimentais |4
5 -
[
=
S Ar
=
S
5 3
i
2 -
1 -
Je(My = Je777%- 0.0942°T +3.09)
I:I 1 1 1 1 1
20 30 40 50 B0 70 a0
Ternperatura em K
04 \%>% OL5@A ,-, -0, ,2 ,- v &,
.&2- | .,84&07,-0.8 L., & . ,CF>DK1 Q.,
50-, ,0° ,.,. .,.2 5@X,.&", -0,-,. O07T5@A%
w5 &, -.,2&L51- . , 07& [-20 .0.,7
, 04, @A, 0.57,- & &502 @X,.,7 .&2- 00 ,1 .0727
2-0, @A 7&, -..075@X,.% .&5 04 \%>6, 7 5

& &. +,),,,5 ..0*P0.%



, 0., .5@A -5L02 27& 7,- 5, 74-B02 , 7 +

&, 2-  0-*0-0 & 75 ,,-1 +Q, 0- .,'50 7 5407
& -N50., -7B02 27& 7,- , 7 + .&,2- 0-*0-0 &
o (5% . .5 . +0. -7,027,-, 2 2 727 .5@A
-5L021'50 - ,. *7 5407 ,, 50 %

7 5407 'S0 1 &,. .075 27& 7,- +
.&,2- 2-0,- ., .0*5S-20. 27 & 74-B02 , ,7& %
‘NS0 ,..5 6,,..-N50.,.-A & ,7 oo ., %7 -5L02%

'50@A 0-*5S-20 27& 74-B02 - 27& 7,-

L&, 2- 050 ., 7,5 ,~07,77 , &, 2-.-%

0.0&8 @A ,& S-20 -, 5070 @A , 7 2 2020 4, 57,-,
2, 7 '0@A , 7&, 0.&£.00'% L071 & '50
27& 7,- .&2- 27 '0@A , , 7&, 12-0, ., 7

.0.,7 0+NO2 ,6, - 40 50+, &, 5.&2- B2-,0 /7

- 40 B702 .0.,7 -50. %

2. -50. 1 + .&2- *-20-- 27 5070 ,
2 -,,2 20201 0*5S-20 ,7&, -27& 7,- + *0
&0 R 27& 74-B02% 27& 74-B02 & o=y - 075 @A ¥,
2-0.,.7,-,-27& &P&0 4, &5 2 , -,6, 0&.00 -& %
., +53 ,'ON ,+.,& 2-0-0, &,60. ,75070 @A ,
2 2020 - % , *2 *0 - 27&,,-A 27& 7,-
5, 74-B02 1,2-.,6T,-, 0.0& @A , & S-2 OK , 7 4,7, 0 .07&5,.1
7 + .&2- 0-*0-0 % +53. * A .4, 050 @A
7B , . 57-.%0-0.1& -N50, , 4,7, 0.27&58. +Q,0" -

, @A , &, .K1 050 75 ,-,.- N7, 7T2-Q- 27 75



,M0712-0, - ., ,7&, .0.,7 , 270-,%2,27 72020

5B 02 ,8,- C<HD% 6, .4- 4, @A ,2- ,.,5 [7&,
Ih - 2 KB ,-S820 ,7,05 ., 050 ,7.0. .
& S-20 CG=D1 .4,,., ,50 @A , &,.60.. .+,,.,7,05,.075@X,.

050 - ., . &[7, . 6, 22,07 , . 47,0 ;7 0%



CFD LO 13 &(JJUUU% -.% 4%+ 1 ,&% <==Y%

C<D 1 %1FHH>1j 4, & ,20-* &U, 4 o.k1))" - 1 &&% <\ G=1
15% FHH>
CGDO 1 %0% %1 1'% %1j3 020 , L L,*T7-2, % -20' 043
2 &2-204 5 - 070, .kl ) 2
- L H# 1'% Z1 -% <1 &&% F=Y>F=7=1!-% FHHZ
CYD""?" %1! O"1 %1j3:..025 - 7,02 5 5 * &2-204
5 - 070, .kl )) 2 T 1'%
FG1 -% <1 &&% <=\] <=>F1!-% <==
CZD !'1 % %1 1%%1j 52 ,- 5070, U03.&,2-204 +0.kl
V471 1'% F<H1-% Y1 &&% F\\ F>F1 ! 5% FH]<
C\D 1 %1'! 1710 1 %1, 51j-.. 04 0- *3043 2+597 ,05
* 0. . O0- ,00, .&2-204 *5 2 - 5070, .k1 )
2 - 1'% FF1 -% F1 &&% FH\=FH\G1 %
<==F
C>D 71%1 1 %10 1 %1, 51]j F=( ,/,5&7,- - 0,5 ..
* F=9JF= ,.,0.0, ,- 070, . - 59
<<F<kl))) 2 Lo - - H 1'% FZ1 -% <1 &&%
FHZZ FH\=1!-% <==
CD 1 %1 10%1 ~ 1 %1, 51 j\%Y ,.,0.0,*5 2 - 5070,
+., -0<<F<.&,2-2 k1 A+#2 1 &&% F\Z> F\G1 <==<
CHD E 1 %1h”™ ?1h%1 ?1 %1, 51 j,20-* 04 60, *
2020 +,9,,.+:,785:0-4 .,,0,.2--2, * 5 2 ,- 5070, k1 ))
4 18 1 2152 91 1'% FZF1 -% F1 &&% G\ Y<1 ! -% <==
CF=D 1% %1 % %1 Ay - - 1<,%1
8 1 ,47- ,.1FH>]
CFFD 1% %1" 1 % %1 1 % %1 , 11 %1
j 050 @A . 6 @X,. , -- & 54,7 ,
& 2- k1 -%( 7:8 % ; < " =2 2
: 2 7. > "7 ?< 22 2
) 2 188% F]=>F]=H1 A 51 4%<==
CF<D "hl h% %1 j4-,02 7,. ,7,-. * 20025 2 - ,-0:1
&0--0-4 - *58 2,&k1 -( O 1 % %1 hi % %1 I, .K1
9 ( - - : 2 @ - A+ 6
. 2 # 2 123&, <%Y1l --1 71 +50.30-4
1<==G
CFGD 1 % %1j 4-,0 0- * 043 0,5 &, 2-2 ki , 2
A4+#2 21 &&% GF GH1 ! -% FH\Y
CFYD"N 1 % %1j58&0--0-4k1 -( O 1 % %1 hl % %11, K1 9 (
" - : 2@ - A" - , #6 : 2 2

4 222 123&, YNG1 --1 71 +50.30-4 1<== G



CFZD ~ 1 h% %1 1 % %1 1 % %1]j 0025 &,.0.,- 2 ,-.0-

3 .&2-2 Kl 4+#2 , 2 1'% H1 -% >1 &&% G=\G=H1
2 % FH\<

CF\D "1 h% %1 1 % %1 1 % %1 | 4-,0 0- - 0025
&2 -kl 44+#2 1'% F<H1 -% <1 &&% Z<] ZGZ1 ! -% FH\G

CF>D LO & 2-2 .13 &JIUUU%2 -%2 J5, .%&3&1 % <==
CFID LO 0090&, 01 3 &JJUUU%UO90&, 0%&460. & j 3,-0. Ukl !5%

<==
CFHD 1% %1lj&2-2 . **0-0, 302 9-,..0- & &,-025 74-,02
*0,5( 0&. - 5+Kkl 4+#2 , 1'% ZY1 -%\1 &&% Y<Y\Y<\Y1 4%
FHH\
C<=D hl %1 01 %1 1 %1, 51| 7,025 7 ,50-4. *
.&,2-204U0,* 5..2525 0-kl1 4+#2 1 &&% F\ <H1 FHH]
C<FD 1 %1 1 %l 1 %1j0-0, 57,- ,3 0750-*
5.0- &.U03 ,&-,- !&U, 5UkKL k1)) 2
B - - 1'% FF1-% F1 &&% <\GF <\GY1 % <==F
C<<D 1%1 1 %101h%1, 51j5, 74-2 02 3,753 2,0.02. *
<<F< +, 04 ",-230-4 2,. 0- 5*0 S5kl )
2 : 2 1'% Y<1-% Y1 &&% HGF HGY1 & % <==
C<GDh 11 11 S -+ 2 1
0-4& ,10 5 20,-0*02 +50.30-4 % % %1 FHH<
C<YD 1%l 1 %10 1 %1, 513 2,0 0-* <<F<
59 ,05* ,0.0, , 070,.kl )) 2
- - # 1'% FF1-% F1 &8&% <Z=><ZF=1 %<==
C<zD 1%l )- 2. 2 2 22 - -2B+- C -
D- 13% % 0..,, 0-%1 -0',.0B ,-0 0-2 B1 -2:1 -2,1<==F
C<\DO 1 % %1 "-. - 2 1 ,Uho9o1 8 -0,.0: ,.
-2%1 FH]G
C<>D 1 %h%l 1h% %1 1% %1, 5 1j,020-* - *
-20- 5, - ki )) 2
- - # 1'% >1-% <1 &&% \H\\HH1 ! -% FHH>
C<ID 1 %1 ~1%1 1 %1, 51] 043 -.0-
<<F< 59 ,05k1 1)) 2 : 2 1'% G<1-% Y1 &&% <><Y
<><>115% FHH\
C<HD 1%l "1 %1lj -5.0 * |, - 07004 3 2,0.02. *
&, 2-20-4 30- 057 ,- 0700-4 /02, + 3, - 2
-05 ,3 k1 )) 2 Lot - # 1'% FG1 -%
<] &&% <=<=<=<G1!-% <==G
CG=D " %1 A"o%1! M %1, 51 25..0- h < & > 205Kl
4+#2 2 2 1<==
CGFD "1 1%1j&,2-2 .2-2.KkL O 1 % %1 hl % %1
LKL 9( " - 2@ - A" -, #6
X 2 24 222 123&, Z%F1 - -1 M +50.30-4 1
<==
CG<D h 1h%l W?L %1j 5..0-2-2 . ki -( O 1 % %1

hl % %1 I, K1 9( "~ - 1 2@- A



+ 6 .. 2 # 2 123&, <%\1 --1 71
+50.30-4 1<==G



c0752 +.&2- 0*0-0 &5 7, 5,,-

c

25, 55

25., 55

252

"Yb&ObF=Il>Kd c, 7,+050 , '2

C- ’
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