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1 = side cable
2 = centrgl cable
§: = 4.0 mm (insulated, warm)
5§, =8.67 mm ’ ¢ ¢
h =324 mm -
( thickness insulation = 0.2 mm )
Ny =250 tums %P
N; =220 tumns ‘
Ly =(1000 +4 ) mm

" L: =(1467.4 +86.67) mm
Rm=1515 mm  (cold)
Lt = Lz + 2 Ly = 3482.07 mm
(factor=0.996 warm = cold )
(factor = 1,004 cold = warm )
| = 8873 - A
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Inductance L=114 Heny

(zo0=+10gm)

Total Energy: E=270 MI
Axial force on coil: Fz=-17 tons
if coil is centered ( zo =0 ), : =

if { zo = 1.0@m ) and we take into account

the hole in the backward flange (180° model), =

field in the center of the magnet : Bo = 1.504
maximum field on conductor : Be= 22

cmogeneity in the region of inferest:

L2 =
3,4 =

<2.84% , +2.84%
-2.06% , +2.74 %
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BaBar solenoid: quench with prot. sys. failure
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quench with dump resistor (0.068 Ohm)
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Grafico1

BaBar solenoid: quench on dump resistor (0.068 Ohm)
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supp. cylinder current (A)
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2° REVIEW OF BABAR SOLENOID

GENOA, 23-24 April 1996

2) MECHANICAL ANALYSIS OF COLD MASS AND
& SUPPORT AEN

e HOOP, RADIAL, AXIAL AND SHEAR STRESS
e THERMAL AND MAGNETIC STRESS
e DEFORMATION OF THE COLD MASS DUE TO THE SUPPORTS




2° REVIEW OF BABAR SOLENOID

GENOA, 23-24 April 1996

3) QUENCH ANALYSIS AEN

STABILITY INFN
PROTECTION AND ELECTRICAL SCHEME AEN




2° REVIEW OF BABAR SOLENOID

GENOA, 23-24 April 1996

4) CRYOGENIC SCHEME AND WAYS OF OPERATION AEN
@ HEAT LOADS AEN




2° REVIEW OF BABAR SOLENOID

GENOA, 23-24 April 1996

5) MECHANICAL ANALYSIS OF THE CRYOSTAT
INCLUDING THERMAL, MAGNETIC, MISPOSITIONING,
WEIGHT AND HEARTHQUAKE LOADS AEN
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BABAR PROTECTION CONTROL SYSTEM |
T Opening signals
bV
—/ o—o/ o
Analog input BREAKERS WL 1
sensors signal P \
| L |
d | L 13
DAS & s
CONTROL [/L-\ e g:;‘s‘t’or J4 QD1
VME I
(VME) [N/ =
- J5 on?
Interface to @
:> BABAR
Control system J6
Chimney
H.W.
SYSTEM CL¥=J7
200V
Current
lead

Alarm signals for P.S., liquefier, breaker and
BABAR Control System

ANSALDO|
Energia




PRINCIPAL DATA

L=2584H
Rp = 0.068 Q
In=4582 A
Id=4811 A
Vdisch. =+ 164 V
average charge ramp (< 30 min) > 2.68 A/s
Vsol. charge > 7 V
& 1dgisch. < L/Rp=38s

31 <3 min

FINAL TEMPERATURE DURING QUENCH

with Rp = 0.068 Q without Rp

FROM 50 K 160 K
CENTER
FROM 55 K 180 K

END
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heat losses

AlV64 |A1V64 |AISI316LN |AISI316LN
80K [4.2K |80K 4.2K
Heat cond radial 15.34| 1.27 63.85 5.50
Heat cond axial 10.01| 0.83 32.82 2.83
Heat cond total 25.36) 2.10 96.68 8.32
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*Read ind and mag files [if you want to fill these files with data use Ind.eq.0 and Imag.eq.0}
bab_2S_1.ind
bab_2S_1.mag
*Read output files
b2p_2S_1.1
b2p_2S_1.T
b2p 28 _1.R
b2p 28 1.V
b2p_2S_1.th
*Read(titie)
babar 2 STRAT! con cilindro 35 mm e non 6mm (sbagliato) con Rp dal centro
“Read(# of coils and coils grouping)
* NbSn NDTi Nrest ngroup, (nce(i),i=1,ngroup)
0 2 1 3 111
*nr1,nz1 for inductance accuracy calculations.
*s ss nri nzi (icic(i),i=1,ngroup) all coils having Icir=1 are initially connected in series. Others are
intially shorted.
1 1e6 2 400 11 0
*Ti dt ntp ni f Vd Ixlind Imag,lac #t1 #2 Nzones Hurn llink iheater Ipeaks Icool
42 5e-4 1001000 500 00 1t O O 80.080.0 1 1 1 g 0 ¢©

*ial a2 Zmin Zmax Ntorj cur rr rousc fo fpack nr nz ni rs rsi thb thr tins
ii2itib Ti

115 15821 -1.74 1.74 853 4811 100 11 00 09068 1 80 1 1.3 1.e3 0.0 0.0
0.0006 000045

21.521 1.5414 -1.74 1.74 853 4811 100 11 0.0 09068 1 80 1 1.e3 1.3 0.0 0.0
0.001 000045

3 1.54141.5774 -1.74 174 1 00 3 +E5 0010 1 8 t1 00 00 0000 O
00004.55==

*Nb3Sn coils(mat=3)

*i mat df pitch an ap bc2tiet T1i Tormi E1i Pinconi str-jc alstab RRRal ratioa matb matr
*NbTi coils (mat=1)

*i mat df pitch Bc2 TiT TCRT Pincont alstab RRRal ratioa matb matr

1 1 40e-6 .020 106 4.2 9.2 .38460ECS 0.918 1000 .254 12 12

2 1 40e-6 .020 106 4.2 9.2 .38460E08 0.918 1000 .254 12 12

*other windings

*i mat alstab RRRal ratioa matb matr

36 10 3 1.0 12 12

* Read bore tube material and reinforcment material resistivities
* Mat 1(ss} Mat 2(Al}
50e-8 3e-8
*jc iri irf izzi(ic)izzf(ic) Tempi(iz,ic) timei (nzones lines one for each initial normal zone)
1 1 1 40 41 8.5 0.0
* —
* xiength diam, xcus f!’? ts Temps Rh{(1}) 2 3
30000. 150 0.80 %912;0'1 20. 1e10 1e10 1.e10
*Read generator propertie ource is not zero
*igen Rx freqg. or Ramp rate phase Amplitude
0 1e7 g8 0.0 1000
* Initial Currents(Currrii(ig),ig=1,Ngroup)
oo

A



1 0.5477000000E+00 0.5440000000E+00 0.9800000000E-03
2 0.544000C000E+00 0.5570000000E+00 0.1020000000E-02
3 0.2900000000E-03 0.1020000000E-02 0.1800000000E-05
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Main Switch
' Heater Supply
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DATA: 01/03/96

*Read ind and mag files [if you want to fill these files with data use Ind.eq.0 and imag.eq.0j
bab_2S_1.ind
bab_28_1.mag
*Read output file
b_p 2S_1.
b p 28 1.7
b_p 2S_ 1R
 p.2S_1.V
b_p 2S_1.th
*Read(litie)
babar 2 STRAT! quench con mﬁumc&m dai centro
*Read(# of coils and coils grouping)
* NbSn NbDTi Nrest ngroup, (nce(l)i=1,ngroup)
0 2 1 3 111
*nrt,nz1 for inductance accuracy calculations.
*s ss nri nzt (lcic(i),i=1,ngroup) all coils having icir=1 are initially connected in series. Cthers are
intially shorted.
1 1e8 2 400110
*Ti dt ntp nl tf Vd Ixlind Imag,lac tt1 tt2 Nzones iturn llink Iheater Ipeaks icool
42 5e-4 1001000500 00 1 0 O 800800 t 101 0 ¢ ©

*i at a2 Zmin Zmax Ntorj our rr rcusc fo fpack nr nz nl rs rsi ihb thr tins
iti2itib Ti
115 1.821 -1.74 174 853 4811 100 11 0.0 09068 1 80 1 1.e3 1e3 G0 0O

0.00086 000045
21.521 1.5414 -1.74 174 653 4811 100 11 00 09068 1 80 1 1.e3 1e3 0.0 0.0

0.001 000045

315414 1.5474 -1.74 174 1 00 3 1E5 0010 1 8 1060 00 GO0 OCO0 O
000C45

*Nb3Sn coiis(mat=3)

* mat df pitch an ap bc2tiel Tti Termi Eti Pinconi str-jc alstab RRRal ratioa matb mair
*NbTi coils (mat=1)

* mat df pitch Bc2 TiT TCRT Pincont alstab RRRal ratioa matb matr

1 1 40e-6 020 106 4.2 9.2 .38480E09 0.918 1000 254 12 12

2 1 40e-6 .020 106 42 8.2 .38460E09 0.918 1000 .254 12 12

*other windings

*i mat aistab RRRal ratioa matb matr

36 10 3 1.0 12 12

* Read bore tube material and reinforoment material resistivitie
* Mat 1(ss) Mat 2(A}
50e-8 3e-8

*ic iriirf izzi(ic) izzf(ic) Tempi(iz,ic) timei (nzones lines one for each initial normal zone)
11 1 40 ﬁ - 8.5 6.0

* xlength %mﬂ Xocmw //Wm Temps Rh(1) 2 3
30000. 150 0.80 ' C.068 0.1 20, 1e10 1e10 1.e10
*Read generator properiies if source is not zero
*Igen Rx freq. or Ramp rate phase Ampiitude
0 ie7 8 0.0 1000
Initiat Currents(Currrli(ig),ig=1,Ngroup)
coo
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*Read ind and mag files [if you want 1o fill these files with data use Ind.eq.0 and imag.eq.0}
bab 2S_t.ind
bab_2S_1.mag
*Read output files
bAB_2S_7.1
bAB_2S_7.T
bAB 28 _7.R
bAB_2S_7T.V
bAB_28_7.th
*Read{title)
babar 2 STRATI
*Read(# of coils and coils grouping)
* NbSn NbTi Nrest ngroup, {ncc(),i=1,ngroup)
0 2 1 3 111
*nri,nz1 for inductance accuracy calculations.
*s ss nri nzt (lcic(i),i=1,ngroup) all coils having icir=1 are initially connected in series. Others are
intially shorted.
1 1e6 2 400110
*Ti dt ntp nl tf Vd Ixlind imag,iac tt1 t2 Nzones lturn ilink Iheater Ipeaks icool
4.2 5.5\4-3 1004000 50.0 00 1 O 0 80.0800 1 101 c 0 O

*i g1 32 Zmin Zmax Ntorj ocur rr reusc fo fpack nr nz ni rs rsi thb thr tins
i1i2itib Ti

145 1521 -1.74 1.74 653 4811 100 11 0.0 00088 1 80 1 1e3 1.e3 0.0 00
0.0006 000045

21521 1.5414 -1.74 1.74 853 4841 100 1.1 0.0 09088 1 80 1 1.e3 1.3 0.0 0.0
0.001 000045

3 1.5414 1.5474 -1.74 174 1 00 3 4E5 0010 1 8 100 00 0O 00 0
000045 —/ .7

*Nb3Sn colis{mat=3}

* mat df pitch an ap bc2tiet T1i Termi E1i Pinconi str-jc alstab RRRal ratioa matb matr
*NbTi coils (mat=1)}

* mat df pitch Bc2 TiT TCRT Pincont alstab RRRal ratioa matb matr

1 1 40e-6 .020 106 42 9.2 .38480E0S 0918 1000 254 12 12

2 4 40e-6 .020 106 42 9.2 .38460E08 0.918 1000 254 12 12

*other windings

*i mat alstab RRRal ratica matb matr

36 10 3 1.0 12 12

* Read bore tube material and reinforcment material resistivities
* Mat 1(ss) Mat 2(A])
50e-8 3e-8
*jc iriirf izzi(ic) izzf(ic) Tempi(iz,ic) timei (nzones lines one for each initial normal zone}
11140 41> 85 ~ 00
* xiength diam, xcus Rs_ is Temps Rh{ty 2 3
30000. 150 0.80 <0.0001 0.1 20. 1eil 1e10 1.e10
*Read generator properties if source is not zero
*lgen Rx freq. or Ramp rate phase Amplitude
0 te? 8 0.0 1000
* Initial Currents(Currrti(ig),ig=1,Ngroup)
co0




7

1

babar 2 STRATI

AC loss is not considered
Heaters are turned off
Winding sharing boundaries are thermally connected

input data for coils and coil groups
Dimensions are in mm, A, A/mm2, ochms

#igial 82 a3 Zc H J | Nturn RRRrcusc fb fpac thi Ti

4 4 q weeeoweerewees (3480, 42.99 4811.0 653 100. 1.100 0.000 0.807 0.80 4.50
9 9 4 e weee e () 3480 44.254811.0 653 100. 1.100 0.000 0.807 1.00 4.50
3 3 4 weee e e 003480 000 0.0 1 3. 0.00C1.000 0.00 4.50

@ Nb3Sn Coils

i mat df(mm)pitch an ap bc2tiel T1i Termi E1i Pinconi  sir Alstab RRRal ratio matb matr
NbTi Coils

i mat df(um) p(mm) BC2T1T T1T TCRT pPincont  Alstab RRRal ratio math matlr
14 400 20.1060 4.20 820 0.3846E+08 0.848 1000. 0.25 12 12
2 1 40.0 20.10.80 4.20 ©.20 0.3846E+09 0.918 1000. 0.25 12 12

Other non superconducting windings

imat Alstab ratic matb matr
38 1.000 3. 100 12 12

Initial normal zones in coils

Coil#  ir(Q) irf(i) iz() iz(f) T(k) Time(ms)
1 1 4 40 41 85 GO

inductance Matrix of ali coils

1 0.548E+00 0.544E+00 0.980E-03
2 0.544E+00 0.557E+00 0.102E-02
3 0.990E-03 0.102E-02 0.180E-05

inductance Matrix of coil groups
1 0.548E+00 0.544E+00 0.980E-03

2 0.544E+00 0.557E+00 0.102E-02
3 0.890E-03 0.102E-02 0.180E-05

time= 0.0Bmax= 1.801 1.853 1.481
lc =12537.812546.2 0.0
Tc= 8.465 8.563 C.000
Tes= 6.843 7.005 0.000

fnor= 0.0C0 0.000 1.000
| =4811.04811.0 GO




CA/Mmm2 4298 44.25 0.00
Tmax= 8.50 4.50 4.50
Res= 0.00 0.00 0.00
Total Voltage= 0.0 00 00
inductive Voltage= 0.0 0.0 00
Dicde short{ngroup)=1 1 1

time = 0.0Bmax= 1.801 1.653 1.481
lc=12536.512546.0 0.0
To= 8465 8.563 0.000
Tesz 6.843 7.005 0.000

fnor= 0.013 0.000 1.000
| =4811.34811.2 36
Almm2 42.98 4425 000
Tmax= 872 473 4583
Res= 0.00 0.00 0.00
Total Voltage= 19.2 7.7 0.0
inductive Voltage= 19.0 7.7 0.0
Diode short(ngroup)=1 1 1

L

time = 0.1Bmax= 1.901 1.654 1.481
lc=12532.612545.7 0.0
Tc= 8.465 8.563 0.000
Tes= 6.843 7.005 0.000

fnor= 0.013 0.000 1.000
| =4811.64811.5 41.5
Almm2 42.99 4426 0.00
Tmax= 1088 4.8% 481
Res= 0.00 0.00 0.00
Total Voltage= 155 54 0.0
inductive Voltage= 153 54 00
Diode short(ngroup)=1 1 1

s
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*Read ind and mag files [if you want to fill these files with data use Ind.eq.0 and Imag.eq.0]
bab_2S_1.ind
bab_2S_1.mag
*Read output files
bAB_28_7.
bAB_2S_7.T
bAB_2S_7.R
bAB_2S_7.V
bAB_28_7.th
*Read(titie)
babar 2 STRATI
*Read{# of coils and coils grouping)
* NbSn NDbTi Nrest ngroup, (ncc(i),i=1,ngroup)
0 2 1 3 111
*nri,nz1 for inductance accuracy calculations.
*s ss nri nz1 (lcic(i),i=1,ngroup) all coils having Icir=1 are initially connected in series. Others are
intially shorted.
1 1e6 2 400110
*Ti dt ntp nl tf Vd Ixlind imag,fac 1 12 Nzones lturn llink theater ipeaks lcool
4.2@ 1001000 500 00 1 O 0 80.08.0 1 1 1 0 0 O©

*ial a2 Zmin Zmax Ntorj cur r rcusc fo fpack nr nz nl rs rsi thb thr tins
i1i2itib Ti

115 1521 -1.74 1.74 653 4811 100 11 00 09068 1 80 1 1.e3 1e3 00 0.0
0.0006 000045

21521 1.5414 -1.74 174 653 4811 100 1.1 00 09088 1 80 1 1.e3 1.3 0.0 GO
0.001 CCO00C4.5

31.5414 1.5474 -1.74 174 1 00 3 1ES5 0010 1 8 100 00 0000 O
000045 —7.5%4

*Nb3Sn coils(mat=3)

*i mat df pitch an ap bc2ttet T1i Termi E1i Pinconi str-jc aistab RRRal ratioa matb matr
*NbTi coils (mat=1)

*I mat df pitch Bc2 T1T TCRT Pincont alstab RRRal ratioa matb matr

1 1 40e-6 .020 106 4.2 9.2 .38460E0S 0.918 1000 .254 12 12

2 1 40e-6 020 106 4.2 9.2 .38460ECS 0.918 1000 .254 12 12

*other windings

*i mat alstab RRRal ratica matb matr

386 10 3 1.0 12 12

* Read bore tube material and reinforcment material resistivities
* Mat 1(ss) Mat 2(Al)
50e-8  3e-8

*éc‘ ir irf izzi(ic) izzf(ic) Tempi(iz,ic) timei (nzones lines one for each initial normal zone)
111 740 41> 85 - 00

* xlength diam, xcus Rs_ ts Temps Rh{(f) 2 3
30000. 150 0.80 (0.0001. 0.t 20. 1eil 1et0 1.eilC
*Read generator properties if source is not zero
*igen Rx freq. or Ramprate phase Amplitude
0 1e7 8§ 0.0 1000
* Initial Currents(Currrti(ig),ig=1,Ngroup)
000




*Read ind and mag files [if you want to fill these files with data use ind.eq.0 and Imag.eq.0]

bab_2S_1.ind

bab_2S_1.mag

*Read output files

b s 2S_21

bs 28 27T

b s 28_2.R

b s 28 2V

b s 2S_2.th

*Read(fitle)

babar 2 STRATI quench con Rp=0 dal bordo tempo integr.2e-4

*Read(# of coils and coils grouping)

* NbSn NbTiNrest ngroup, {nccf(i),i=1,ngroup)

o 2 1 3 111

*nrt,nz1 for inductance accuracy caiculations.

*s ss nr1 nz1 (lcic(i),i=1,ngroup) all coils having cir=1 are initially connected in series. Others are intially shorted.
1 1e6 2 400110 .

*Ti \mﬂ im.mv ni ff Vd ixlind imag,lac tt1 #2 Nzones lturn link iheater ipeaks icool

4.2/2.e-4 7100 1000 50.0 .0 0 1 0 0 80.080.0 1 11 0 0 ¢

# ,.{l!(\\

*i g1 a2 Zmin Zmax Ntorj cur rr rcusc fb fpack nr nz nl rs rsi tho thr fns iMi2iEb Ti

115 1521 -1.74 174 653 4811 100 11 0.0 08068 1 80 1 1.e3 1.3 0.0 0.0 0.0006 000045
21521 15414 -1.74 1.74 653 4811 100 1.1 0.0 0.9068 1 80 1 1.3 1.3 0.0 0.0 0.001 000045
31.5414 1.5474 -1.74 174 1 00 3 41E5 0010 1 8 100 00 0000 0 000045
*Nb3Sn coils(mat=3)

* mat df pitch an ap bc2tlet T1iTermi Efi Pinconi str-jc aistab RRRal ratioa matb matr

*NbTi coils (mat=1)

“ mat df pitch Bc2 T1T TCRT Pincont alstab RRRal ratioa matb matr

1 1 40e-6 .020 106 42 9.2 .384B0E09 0.918 1000 .254 12 12

2 1 40e-6 020 10.6 42 82 .38460E09 0.918 1000 .254 12 12

*other windings

*| mat alstab RRRal ratica matb matr

36 10 3 10 12 12

* Read bore tube material and reinforcment material resistivities
* Mat 1(ss) Mat 2(Al)
50e-8 3e-8

*ic iriiff izzi(ic) izzf(ic) Tempi(iz,ic) imei (nzones lines one for each initial normal zone)
111 1 2 85 0.0

* xlength diam, xcus Rs s Temps Rh(1) 2 3
30000. 150 0.80 0.0001 0.1 20. 1e10 tel0 1.e10
*Read generator properties if source is not zerc

*lgen Rx freq. or Ramprate phase Amplitude

0 1e7 & 0.0 1000

* Initial Currents(Currrti(ig).ig=1,Ngroup)

600
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*Read ind and mag files [if you want to fill these files with data use Ind.eq.0 and imag.eq.0]
bab_2S_1.ind
bab_2S_1.mag
*Read output files
bAB_2S_8.
bAB_2S5 8T
bAB_2S_8.R
bAB_2S 8.V
bAB_2S_8.th
*Read(title)
babar 2 STRATI quench su fine
*Read(# of coils and coils grouping)
* NbSn NbTiNrest ngroup, (nce(i),i=1,ngroup)
0 2 1 3 111
*nri,nz1 for inductance accuracy calculations.
*s ss nri nzi (lcic(i),i=1,ngroup) all coils having lcir=1 are initially connected in series. Others are
intially shorted.
1 1e6 2 400110
*Ti ntp nl tf Vd Ixlind Imag,lac tt1 ti2 Nzones iturn llink lheater Ipeaks Icool
42 (5e-4>1001000 50.0 00 1 0 0 80.080.0 1 t 0 0 O

*1al a2 Zmin Zmax Ntorj cur rr rcusc fb fpack nr nz nl rs rsi thb thr tins
ii2itib Ti

115 1521 -1.74 1.74 653 4811 100 1.1 0.0 09068 1 80 1 1.e3 1.3 0.0 0.0
0.0006 000045

21521 15414 -1.74 1.74 653 4811 100 1.1 0.0 09068 1 80 1 1.e3 1.e3 0.0 0.0
0.001 000045

31541415474 -1.74 174 1 00 3 1E5 0010 1 8 100 00 0000 O
000045

*Nb3Sn coils(mat=3)

i mat df pitch an ap bc2tiet T1iTermi E1i Pinconistr-ic alstab RRRal ratioa matb matr
*NbTi coils (mat=1)

*i mat df pitch Bc2 T1T TCRT Pincont alstab RRRal ratica matb matr

1 1 40e-6 .020 10.6 4.2 9.2 .38460E09 0.918 1000 .254 12 12

2 1 40e-6 .020 10.6 42 9.2 .38460E03 0.918 1000 .254 12 12

*other windings

*i mat alstab RRRal ratioa matb matr

36 10 3 1.0 12 12

* Read bore tube material and reinforcment material resistivities
* Mat 1(ss) Mat 2(Al)
50e-8 3e-8
*ic iriirf izzific) izzf(ic) Tempi(iz,ic) timei (nzones lines one for each initial normal zone)
111 (1 9 8.5 .

* xlength diam, xcus Rs ts Temps Rh(1) 2 3
30000. 150 0.80 0.0001 0.1 20. 1e10 1e10 1.e10
*Read generator properties if source is not zero
*lgen Rx freq. or Ramp rate phase Amplitude
0 1e7 8 0.0 1000
* Initial Currents(Currrti(ig),ig=1,Ngroup)
000
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aagsigd‘agd files [if you want to £ill thg files with dasuse Ind.eq.0 and Indg.eq.0] . ]
> .in -
3"25“1.mag i 1O
28d BSutput files ?.
3-56-4.7 A ;
3™ G . . N S e [
BT2874.R Q‘L 'Q~(‘/"4 /X»T‘ ﬁqg\*” .
3584 th AL B4 0" \ :
. e I . / Cooqd
pAd(Title i 5400 W‘“ e . q.1
abar 2 STRATI / Ly - ¢,
aadé# of coils and coils grouping) Yease TN I Ao
b NgTL Nregt ngroup, (?ci(i) ,i=1,ngroup) e
ri,nzl for inductance accuracy calculations.
isﬁ ngl nz%o (%cxc(m& 1yngroup) all coils having Icir=1 are initially connected in series. Others are intially shorted.
e
ri dt nl tf vd 1Ix Iind Imag,Iac ttl tt2 Nzones Iturn Ilink Iheater Ipeaks Icool
.2 5.e-3 10 1000 50.0 .0 0 1 0 0 80.0 80.0 1 1 1 0 0 0
i al a2 Zmin Zmax Nt or j cur rrr rcusc fb fpack nr nz nl rs rei thb thr tins 11i2itib Ti
1.5 1.521 =31.74 1.74 653 4811 100 1.1 0.0 0.9068 1 80 1 1.e3 1l.e3 0G.0 0.0 0.0006 0 0 0 0 4.5
1.521 1.5414 ~1.74 1.74 653 4811 100 1.1 0.0 0.9068 fi. 80 1 1l.e3 l.e3 0.0 0.0 0.001 000 4.
1.5414 1.5474 -1.74 1.74 1 0.0 3 1.E5 0.0 1.0 % \ 80 1 0.0 0.0 0.0 0.0 000O0 4.5
b3sSn coxls(mat =3 N
mat df ite an ap bec2tlel T1i Termi Eli  Pinconi str-jc alstab RRRal ratioa matb matr
bTi coils (mat 1
mat df pitc Be2 T1T TCRT . Pincont ,alstab RRRal ratioa matb matr
1 40e-6 " .020 10.6 4.2 9.2 .38460E09« 0.833 1000 .254 12 12

1 40e-6 .020 10.6 4.2 9.2 .38460E09 0.833 1000 .254 12 12
ther wxndlng: .
i mat alstab RRRal ratioca matb matr

6 1.0 3 1.0 12 12

Read bore tube material and reinforcment material resistivities
Mag léss) Mag 2(Al)
@ e

ic iri irf izzi(ic) izzf(ic) Tempi(iz,ic) timei (nzones lines one for each initial normal zone)
1 1 1 40 41 8.5 0.0

xlength diam, xCus Rs ts Temgs Rh(16 3
30000. 150 0.80 0.0001 0.1 1 1910 1.e10
ead generator properties if source is not zero
gen Rx freq. or Ramp rate phale Amplitude
0 le7 0. 1000

Initia% gugrents(Currrtx(Lg),xg—l Ngroup)
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BABAR MAGNET

CURRENT = 78% initial value

only stress by current effects, not thermal effect

From "coarse model", excluding flanges:

minima
&
maxima
-0.8,-0.04 -0.7,-02 | -0.5,+0.06 | -0.6,-0.2 -0.5,+0.5
-9.-0.3 -5, -1 -4 +0.7 -4, -0.8 -7, +3
- Sz a) +11, +24 +5, +11 +12, 420 +5, +11 +9, +28
- Sxy(MPa) | -0.5,+04 -0.4, +0.4 -0.6, +0.6 -0.4,+0.4 -0.5,4+0.7
 Sint (MPa) | 9,30

e x = radial, y=axial, z=hoop, xy = shear
o Sx and Sxy are low
e Sy and Sz are higher but still low
e Sy: negative (compression)

Deformed / undeformed shape of model under current load:
(current density in the central part is about half the lateral part)

1

\

|
)

ANSYS 5.1

Minima of absolute values of stress components are at the ends of model and also
at the centre; maxima are at the greatest swelling points.

page 1/13
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tww

BREAR

STEP =3
p \ 8Z & CRUB>
| +24 MPa i =@ . S48E-B3
SMMN =8.112E+88
=@  236E+88

asaceceenaen
(3
@
-
[
g

BRBAR

Axial stress and hoop stress for mat. 1 (lateral cable) under 75% current.
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BARBAR

’ = (120 MPa OCT 28 ises
PLOT MO [

STEP

82 CRUB
REY8S=8

DMX =@ .447E-83

sessssassnd bl
3
8

BREAR

Axial stress and hoop stress for mat.2 (central cable) under 75% current.
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jsx

)

BRBAR

- )

&

Axial stress and hoo

current,

ANSYS 5.4
OCY 28 1988
88:28:52
PLOT MNO. &
MODAL SOLUTION
BTEP=8888
s¥ CRUG >
REYS=8
DX =8 .544E-83
SHN =-8.714E+87
8MX =8.316E+87
JPLIEB7
.SS7E+87
.4E3E+87
.SESE+87
.255E+87
. 148E+87
284243

Vhddddd

876478
B . 282E+87
B.3418E+87

CRUB >

DMX =8.544E-83
SMN =8 .838E+87
2545 +88
.S38E+87
.$42E+88

i38E-88
447E+88
. LGSE+88

sssssasssnd

stress for mat.5 (Al containment cvlinder) under 75%
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[TEMPERATURE DISTRIBUTION IN THE MODEL AT TIME t=30 sec|

o OCT 28 1886
1 B7:59: 84
PLOT NO ]
NODAL SOLUTION
STEP=1
c G tnmﬂ:
=
0.8 BFETEMP <AUB)>
DMX =8 .8S3E
SMN =82 .42
SMX =138.28
A =B85.578
B =51.888
BB T =S88.297
EE I =i84.538
1 E =$48.855
i ¥ =i47.474
1 i 2 =323.493
e E 2 H =428 812
H i I =136.13%
i
i ”%
ES. I
i i
| i
! _n_lé
=N
H i
i i
i
i i
53 N
i EE

g"“ | Al CYLINDER,
EPTT warm end

BRBAR
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BABAR MODEL WITHOUT FLANGES

Stress by thermal effect (temperature distribution after 30 secs from quench start

from one end. without dump resistor):

THERMAL (Tref=4 K)

0.03,+03

-2,+0.4

-2, +0.7 -2, +5 -0.5, +44
-0.2, +0.02 -0.5, +10 -3, +4
e
cab

08,402

-2,-0.2 -0.9, +0.05 ,
-12, +0.09 -6, -1 -5, +4 -3, -1 -15, +0.8
Sz (MPa) | +15,+28 +7, +13 +14, 423 +6, +13 +12, +30
Sxy (MPa -0.5, +1 0.7, +1 -0.8, +2 -0.9, +1 -0.8, +1
Sint (MPa) | 16,38 8, 19 16, 28 8, 18 15, 36
THERMAL+CURRENT
minima
&
maxima

lind

13

-3, +1 -4, +2 -0.6, +0.2 -6, +0.5 -9,

-23, +8 -12, -1 -7, +3 -7, -2 -17, +28

-8, +28 +0.7, +12 -13, +23 +6, +14 +13, +66

-2, +4 -0.7, +3 -1, +2 -1, +10 -3, +3
o o o e 17,74

{75% current} +{ temperature distribution from quench at t=30 sec}
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BABAR

ANSYS 5.1

OCT 28 1988

8888 44

PLOT NO. 2

NODRL SOLUTION

STEP=%

BUB =1

TIME=%

i3 4 CAVE >

REYS=8

X =8.953E-83

== Z23E+88

SMX =8 .188E+88
== . 285E+88
==-@ . 1E8E+88
=—-@ . 132E+88

=EOHMEEOED
g
i 9"
&
8
g

WARM END

/" AXIAL STRESS ON COIL
S ONLY THERMAL EFFECT

ANSYS 5.4

OCT 28 1996
88:88: 45

PLOT MNO. 3
NODRL SOLUTION
STEP=1

=-@ . 188E+88
=-@.1341E+88
=-0 . 858E+87
==0 . BB1E+87
== 247E4+87
=@ . 187E+87

=HIREMEEOED

HOOP STRESS ON COIL
WARM END
- ONLY THERMAL EFFECT
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4 ANSYES 5.4
OCT 28 1996
1 88:82:87
PLOT NO. 4
NODRI SOLUTION
STEP=1

=mINHEEO0ED

AXIAL STRESS ON
ALUMINUM CYLINDER
WARM END
- ONLY THERMAL EFFECT

BABAR

=@ . 375SE+88
=8 . 418E+@8

=IQEESOED
444348844
i
]
&
]

/~ HOOP STRESS ON
ALUMINUM CYLINDER
* WARM END
- ONLY THERMAL EFFECT

-

BRBAR
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BRBAR

ANSYE 5.4

OCT 29 1986
ae:85: a8

PLOT NO. e
NODAL SOLUTION
STEP=2

=e@ . 41 1E4B7
=-B58633

=@ . 27BE+87

=@ | G24E+87

HEOEEESOED
]
i
-]
g
N

AXIAL STRESS ON COIL

WARM END
THERMAL+CURRENT
EFFECT
ANSYS 5.1
OCT 28 18986
88:85: 24
PLOT NO. 7
NODRL_SOLUTION
STEP=2
SUB =1
TIME=2
sz cAua >
RSYS=8

=EQEEHEOBD
888
N
o
&
N

=@ . 176E+88
=@ .214E+88

HOOP STRESS ON COIL
WARM END,
THERMAL+CURRENT
EFFECT
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S¥ <RVE >

=T RN EEOED
<]
8

AXIAL STRESS ON
ALUMINUM CYLINDER
WARM END,
THERMAL+CURRENT
EFFECT

ANSY¥S 5.1

OCT 28 1986

B88:85: 48

PLOT NO. 9

NODAL SOLUTION

STEP=2

SUB =4

TIME=2

sZ CAVE 3

RSY¥S=8

MY =8 .88i374

SMN =@ .347E+88

SMX =@ .6G58E+88
=8 . 364E+88

4

.399E+B88
=@ . 433E+88
=@ . 488E+88
=@ SB3E+88
=@ .SI7E+28
=§ S72E+88
=@ . BBEE+88
= B41E+88

=IGREEHE0BED

HOOP STRESS ON
ALUMINUM CYLINDER
WARM END,
THERMAL+CURRENT
EFFECT

BABAR
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4 ANSYS 5.1
QCT 28 419386
BB .45
PLOT NO.
MODREL SOLUTION
STEP=8838
&Y CRUB >
RSYS=8
DMX =8 _ GS4E-83
SMN =-8 .723E+@7
SHMYX =-576887
;] == BYLE+B7
B wm-@ BI7E4B7
[+ ==l S42E+@7
)] =~ 4E8EE7
E == ISBEE7
F == 319E+87
[+ =@  244E+E7
4] ==  18SE+B7
I e GERED T
AXIAL STRESS OF COIL
WARM END,
ONLY CURRENT EFFECT
,B’/?
K
BABAR
4 ANSYS 5.4
> ceiorisae
L8y, (+25MPa ) P NG urion
j STEP=8888
¥4 CRUB>
RESY¥E=G
DHMX =8 .651E-83
»'LH\% SHN =@ .286E+88
e e 2 oaies
B =0 . 218E+88
[ =8 . 247E+88
2de, P oEme
G o aaee
;] =g , 253E +88
u\r\r I =g . 26BE +68
%
AXIAL STRESS OF COIL
WARM END,
2 ONLY CURRENT EFFECT
i
» | | (+20MPa )
i |
Rt -
ERBAR
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[
‘ t ANSYS 5.1
N OCT 28 1996
P PRFPE 3
R

STEP=93989

sSY CRUB 3
RSYS=8

DMXY =@ .842E-83
SMH =-8.511E+87
SMX =3246878

== 481E+87
=@ 428E+87
== . 36BE+87
=-0 . 308E+87
== . 238E+87
==  L7SE+B7
=@ .1 18E+@7
=-583484

={ 8884

=EOEEEOED

AXIAL STRESS ON
ALUMINUM CYLINDER
WARM END,

ONLY CURRENT EFFECT

BABAR

ANSYS 5.4

: MX OCT 29 1986
B6:88:28
+28 MPa PLOT NO. 4
y NODAL SOLUTION
STEP=9933
sz CAUG >

.B42E-83
.214E+88
.284E+88
.218E+@8

FEE
3
43443

!

EFELL

HOOP STRESS ON
ALUMINUM CYLINDER
WARM END,

ONLY CURRENT EFFECT

(+21 MPa

1

BABAR
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CONCLUSIONS

CASE: QUENCH STARTED FROM ONE END, WITHOUT DUMP RESISTOR;
£=30 sec FROM BEGINNING OF QUENCH

(CURRENT IS STILL 0.75 TIMES THE INITIAL VALUE)

STRESS ANALYSIS:
C  :="only-current" stress
T  ="only-thermal" stress

C+T = "current + thermal" stress

Sy = axial stress
Sz = hoop stress

e (+T=T asto Sy (Syislow for C case);
T case (t=30sec) is lower than the (t=50 sec) case.

oC+T asto Sz: compensation for coil (opposite values),
addition for aluminum cylinder.
So coil material is less stressed than the (t=50 sec) case, while
aluminum alloy cylinder has a higher but acceptable level of stress.

Note: quench analysis was performed without the thermal aid of aluminum strips on
internal radius of coil.

In aluminum strips are added, thermal gradient is lower and stress is lower (how much
lower depends on the RRR of aluminum strips).
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