Superconducting Solenoid

Quench Protection R




Agenda/Charge

Introduction - T. O’Connor

BABAR Solenoid -
P. Fabbricatore

Quench Analysis -
P. Valente

Quench Protection -
P. Valente




Quench Protection Review
Thursday October 17, 1996
Orange Room

Agenda
9:00 - 9:30 Introduction T. O'Connor (LLNL)
9:30 - 10:00 BABAR Solenoid P. Fabbricatore (INFN)
10:00 - 11:00 Quench Analysis P. Valente (Ansaldo)
11:00 - 12:00 Quench Protection P. Valente (Ansaldo)
12:00 - 1:00 Working Lunch - Orange Room
1:00 - 2:00 Quench Protection (Cont. if necessary) P. Valente (Ansaldo)

2:00 - 3:00 Discussion All



E LAWRENCE LIVERMORE NATIONAL LABORATORY

7000 East Ave., P.O. Box 808, L-287, Livermore, CA 94550
Email: toconnor@llnl.gov Phone: (510) 423-8781
Fax: (510) 422-6747 (verify, 510-423-7533)

October 11, 1996

Dr. Steve St. Lorant

P.O Box 4349, M/S 20

Stanford Linear Accelerator Center
Stanford, CA 94309

Dear Dr. St. Lorant:

Thank you for agreeing to participate in the Quench Protection Review of the superconducting
solenoid for the BABAR Detector scheduled for October 17, 1996 at Stanford Linear
Accelerator Center. This review is part of our normal preparation before procuring the
solenoid.

The charge to the review group is:

Is the quench analysis complete?

Is the BABAR solenoid adequately protected during a quench?
Is there anything that could be done to improve the protection?
Is adequate testing being planned?

Is there enough redundancy in the quench protection system?
Have we overlooked anything?

ARl ol e

Stewart Shen has agreed to be the lead reviewer, and the full membership is attached.

The review agenda and maps of the area are enclosed. If documentation is available before the
review I will send you a copy of it.

Yours in appreciation,

Thomas G. O’Connor
Magnet Co-System Manager

cc:  B.Bell (SLAC)
D. Hitlin (SLAC)
L. Keller (SLAC)
V. Luth (SLAC)

An Equal Opportunity Employer, University of California. P.O. Box 808, L-641, Livermore, CA 94550. Phone: (510) 423-8781; Telefax: (510) 422-6747, verify 423-7533
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P.O. Box 808, L-287
Livermore, CA 94550
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Dr. Jon Zbasnik

Lawrence Livermore Nat. Lab
P.O. Box 808, L-643
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Quench Analysis

P. Valente
(Ansaldo)

Quench Protection Review OGctober 17, 1996






€

QUENCH ANALYSIS

e PROTECT

e Multi-layer quench code
¢ Inductive coupling

e Thermal coupling

e ANSYS

e To know stress intensity starting from temperature calculated using

“protect”



4 CASES ANALYZED

(ALL WITH QUENCH STARTING FROM INTERNAL LAYER)

1. Central point with protection
2. Central point without protection
3. End point without protection

4. End point with protection




QUENCH starting from INTERNAL RADIUS, CENTRAL POINT,;
WITH PROTECTION (Rdump=0.068 Ohm);
aluminium cylinder on esternal radius

BABAR - runi3
m el
T
50 e
40 et — T2
o - //
10 /
0
0 10 20 30 40 50
t (sec)
L e T1 (coil) T2 (Al cylinder) ]

Fig. 1.1) - plot of maximum temperature (versus time) in coil and cylinder:

final Tmax of coil = §3 Kelvin
final Tmax of Al cylinder = 42 Kelvin
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BABAR runi3
5000
4000 k\"‘~=~_N
T S
i 3000 ~GT
E— 2000 \\
~ 1000 i
o
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tisec)
] e 1 {C0H]) J

Fig. 1.3} - Current decay in the coil (initial current = 4811 A)

BABAR runid
300000
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:.: 200000 _\""\
£ 150000 e .
13 e,
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o
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| 1 (coll) e 12 (A Y lindler) ;

Fig. 1.4) - Current in the Aluminium cylinder (I,) compared with current in the coil
(I): 12.max = 251000 A att= 2 sec.

BABAR -runid

42

e

J (Almm~ 2}

t{sec)

Fig. 1.5) - Current density decay in the coil (the higher) compared with current
density in the Aluminium cylinder (the lower)




BABAR -runi3

Vi
V1

V (Voit)

¢t (sec)

Fig. 1.6) - Voltage plot
Vo= - (4811 A) * (0.068 Ohm) = - 327 Volt

BABAR - run13

.07
0.08
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0.04
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€0
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Fig. 1.7) - Growing resistance in the coll




BABAR - runi3
54 sssssasmoorananas
82 ‘\ A
g @ S
= 48
44
42
o U T
-2 -1.8 -4 £.5 0 5 ] 1.8 2
z (m) ’
| intemal layer extemal layer Al cylinder Al cylinder f

Fig. 1.8) - Axial temperature distribution at the “final” time (=50 sec from the

guench start)




QUENCH starting from INTERNAL RADIUS, CENTRAL POINT,;
WITHOUT PROTECTION (Rdump=0.0001 Ohm for the calculation);
aluminium cylinder on esternal radius

BABAR - runié

140
120 /4/
100

T{K)

\
|

¢ {sec)

T (coi) T2 (Al cylinder) f

Fig. 2.1) - plot of maximum temperature (versus time) in coil and cylinder:

final Tmax of coil = 154 Kelvin
final Tmax of Al cylinder = 67 Kelvin
BABAR - runi4
40
35
30 N
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% 20 \ / e E TG
€ . P e Eth
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0 = B
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Fig. 2.2} - Energy plot:

Enae= Magnetic energy, En=thermal eneragy, E=total energv=E ..+Ew




BABAR runid
5000
=
4000 —
g 3000 \"“\
£ 2000 -
~ 4000
o
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Fig. 2.3) - Current decay in the coil (initial current = 4811 A)

BABAR runié
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0.0 10.0 20.0 30.0 40.0 50.0
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Fig. 2.4) - Current in the Aluminium cylinder (I,) compared with current in the coil

(15): 12.max = 330000 A, att =33 sec.

BABAR -runid

50
40 T

g 30 \ Iz
E 20 . 2!
< <
= 40 S
0 = —
0 20 40 60
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Fig. 2.5) - Current density decay in the coil (the higher) compared with current
density in the Aluminium cylinder (the lower)




BABAR -runid
0.6
0.4
= 0.2 Vi
S 0o —— V1
0.4 el
-0.8
t {sec)
Fig. 2.6) - Voltage plot
Vo= - (4811 A) * (0.0001 Ohm) = - 0.48 Voit
BABAR -runiéd
0.25
0.2 /4/
'g 0.15 4 Rt
s 0.1 R
0.05
0 —
o 20 40 60
t (sec)

Fig. 2.7) - Growing resistance in the coil




BABAR - runid
160
140 VA
190 / Vs k\
€ 100 // A\
- 7 TN\
40 "'—'*-"T/u/ M—_
-2 -1.8 -1 £.5 4] 0.5 % 1.5 2
z {mj
intemal layer —— extemnal layer Al cylinder

Fig. 2.8) - Axial temperature distribution at the “final” time (=50 sec from the

quench start) I




QUENCH starting from INTERNAL RADIUS, END POINT;

WITHOUT PROTECTION (Rdump=0.0001 Ohm for the calcu

aluminium cylinder on esternal radius

lation);

BABAR - runis
200
180
160 el
140
- 120
& 100 /
= 80
w ’-‘-"-F_'_—p‘_-
40 e i
g P —
o E—
0 10 20 30 40 50
¢ {sec)
| T4 (coil) T2 (Al cylinder) !

Fig. 3.1) - plot of maximum temperature (versus time) in coil and cylinder:

final Tmax of coil = 195 Kelvin
final Tmax of Al cylinder = 77 Kelvin
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BABAR runis
5000
4000 -.‘\_\5‘\~
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£ 2000 ‘sﬁ\_\-N
~ 1000
o ;
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t {sec}
{ 11 {coil) ’ l

Fig. 3.3) - Current decay in the coil (initial current = 4811 A)

BABAR runis
350000 g
300000 ,f—\\
- 250000 /. :
§ 200000 /. LN
g 150000 //
= 100000 —7
50000
0 —
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Fig. 3.4) - Current in the Aluminium cylinder (I,) compared with current in the coil
{4): 12, max = 318000 A, at t = 36 sec.
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3.5) - Current density decay in the coil (the higher) compared with current

Fig.
den

sity in the Aluminium cy




BABAR -runis

0.6

0.4
= 0.2 Vi
S o0 V1
> 4,9 10 20 30 4D

0.4 4.-#""/

-0.6

t i{sec)
Fig. 3.6} - Voltage plot
Vo= - (4811 A) * (0.0001 Ohm) = - 0.48 Voit
BABAR - runi$b
0.25
0.2 ‘ s

3 // Rt
g 0.15 / R4
z O /

0.05 7

0 =
0 20 40 60
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Fig. 3.7) - Growing resistance in the coil




BABAR - runis

200

180 +——\
- 40 A\
£ 120
" 100

80

60

40

-2
z {m)
L intemal layer extemal layer Al cyﬂinder!

Fig. 3.8) - Axial temperature distribution at the “final” time (=50 sec from the
guench start)




QUENCH starting from INTERNAL RADIUS, END POINT;
WITH PROTECTION (Rdump=0.068 Ohm);
aluminium cylinder on esternal radius

BABAR - runi6

T{K)

8888 83
\

(=]

Y 10 20 30 40 50
t (sec)

T4 (coil) e T2 (Al cylinder) |

Fig. 4.1) - plot of maximum temperature (versus time) in coil and cylinder:

final Tmax of coil = 57 Kelvin
final Tmax of Al cylinder = 43 Kelvin
BABAR - runié
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BABAR runié

5000
4000
Ll \
5 3000 By
R
€ 2000 T~
~ 1000 T —
o
0.0 10.0 20.0 30.0 40.0 50.0
¢ {sec)
f e 14 (G0} }
Fig. 4.3) - Current decay in the coil (initial current = 4811 A)

BABAR runié

300000 i
250000 ‘

200000
150000 “N\‘~"‘-.=...-
100000 i

50000
0

| (Ampere)

0.0 10.0 20.0 30.0 40.0 850.0
tisec)

[ e 14 (GO e 2 {A] cylinder) }

Fig. 4.4) - Current in the Aluminium cylinder (I,) compared with current in the coil
[(D)%

i2.max=229000 A att=1 sec.

BABAR -runté

50

40
& 3 . 32
G ¢ \ X
2 40 ‘~‘~“‘"““~=-.
=

4]

.10 2 2 4 1y

t{zec)

Fig. 4.5) - Current density decay in the coil (the higher) compared with current

density in the Aluminium cylinder (the lower)




BABAR - runié

400
300
200

100

V (Voit)
)

=100
-300 =m0

-400

tisec)

Vi
V1

Fig. 4.6) - Voltage plot
Vo= - (4811 A) * (0.068 Ohm) = - 327 Volt

. o BABAR -run1ié

8.07
0.06
0.05

0.04 /
0.03 Ve

prd
0.02
0.01 r/

R (Ohm)

t {sec)

Rt
R1

Fig. 4.7) - Growing resistance in the coi




BABAR - run16
80
88 A\
N

g 80 . S e
G \“ i M r—

45

40 \-__\—.-:' : —‘,—

-2 -1.8 -1 0.5 g 0.5 1 1.5 2
z {m)
[ internal layer extemal layer Al cylinder I

Fig. 4.8) - Axial temperature distribution at the “final” time (t=50 sec from the
guench start)




| BABAR - quench

200
180 \\ = ;
160 .
140 N :
120 =\
100 AN
80

80
40

T{K}

internal layer w— - ~extemal layer « « « « « Al cylinder

. 1) - TEMPERATURE DISTRIBUTION AT THE END OF QUENCH ANALYSIS ( t= 50 SEC );
QUENCH STARTED FROM INTERNAL RADIUS, END OF COIL.
WITHOUT PROTECTION RESISTANCE:
Z = COIL AXIS, MIDPLANE AT z=0.

material identification number:

1  =cable!(20.4 x5.33 mm?)
2, 4 = insulation

5 = Alcylinder

3 = cable !l (20.4 x 8.89 mm?)

Trmax
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THE STRESS INTENSITY IS SO MUCH

ANOTHER ANALYSIS WAS MADE TRYING TO REDUCE THE MAX

TEMPERATURE DURING QUENCH USING:

LONGITUDINAL ALUMINUM STRIPS

WITH DIFFERENT RRR TYPES




BABAR -run2é
200
E 150
% '_,,,o—" ,,.'-'-""""_'——F
£ 100
E 50 s _,/ el i ———
= e
0 : ; -
0 g 10 15 20 25 30 35 40 45 50
t {sec)
Tt {coil, RRR-Al=1000) T2 (external Al cylinder, RRR=1.87)
- - - - T3 {irternal Al, RRR=32)
BABAR -run24
40
35 —
> \\ /
s 25 L
£ 20 L
b
& 15 Ve
E 10 I
5 \-__“
0 e
0 5 10 15 20 25 30 35 40 45 80
t{sec)
Emag Bot — — = = Bh
BABAR - un24
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@
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E
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@
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BABAR - run2s

160
140
= 100 / e
£ & Zot
g m -Mu" H— I
E 40 T _e--""""-‘dﬂ‘ o
- 20 /" e o
- ’w,;_’_._,——
0o B
0 5 10 1 2 25 33 3B 4 45 50
T1 (coll, RRR AI=1000) T58C) 1o (external Al cylinder, RRR=1.87)
------- T3 (internal Al, RRR=100)
BABAR - run28
160
140 4o
g 120
8 100 4B
L
£ e0{4
g 40 s "': i ,;.;‘-‘1:;1 Ceasariiaiiasase coanss. RO
=20
0
-2 1.5 - 05 0 05 1 15
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F—@—— internal layer —&-— external layer —a— external Al cylinder —3¢— internal Al strips




dt (sec) Tcoil,max finale (K) :
RRR=1.87| RRR=32 | RRR=100|RRR=1000
5.00E-04 152 141.5 126.5
1.00E-03 152 141.5 101
5.00E-03 180 152 113 78
1.00E-02 180 140 82 80

Teoit,max,fin ()

H H
Y C00t 0002 0003 0004 O0O05 0008 0007 0008 0008 001

dt (sec)

[—&— RRR=1.87 ==#—RRR=32 =—~RRR=100 =@==RRR=1000 |

0.011




INFLUENCE OF ALUMINUM STRIPS

PLACED ON INTERNAL RADIUS OF COIL

(1 mm thickness+1 mm insulation)

Tref=4 K

RRR=32 (=Al 1100, 99% pure)

mat.1 (cable)

mat.5 (Al cylinder on external
radius)

Sy=-27,+13 MPa
Sz=-29 +6 MPa

Sy=-19, +35 MPa
Sz=+0.3, +56 MPa
Sintmax =65 MPa

RRR=100

mat.1 (cable)

mat.5 (Al cylinder on external
radius)

Sy =-23, +11 MPa
Sz =-25+6 MPa

Sy=-16, +30 MPa
Sz=+0.3, +47 MPa
Sintmax =54 MPa




USING STRI

RESS INTENSITY IS VERY MUCH

REDUCED

ANSALDO would use:

ALUMINUM 1050 or 1060 (99.5 % purity, easy to find), 1 mm thick

RRR should be between 32 and 100 (we have not found the data till now).

Such stress intensity is, in any case, due to a protection system failure.

Instead of testing the system without protection, is not better to be sure that the

protection system works properly?
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Quench Protection

P. Valente
(Ansaldo)

Quench Protection Review October 17, 1996






QUENCH PROTECTION SYSTEM

e QUENCH DETECTOR

e PREAMPLIFIER

e MAIN MODULE

« BREAKERS
« DUMP RESISTOR

« HARD WIRED SYSTEM



QUENCH DETECTOR

Action time less than 5 msec

PREAMPLIFIER

e Balanced bridge (only signal due to modification of resistance caused by a
quench produce unbalancing)
e Input protected by high voltage through zener diodes

e Signals are converted from single ended to differential

MAIN MODULE

e Modular amplification (gain 25 - 1250). With max. gain unbalancing signal is

~ 1 mVolt

e 2 types of thresholds:

Absolute value

i@

Integrated value ( in case of low quench propagation velocity)




HOW TO IMPROVE QUENCH PROTECTION SYSTEM SECURITY?

QUENCH DETECTOR preamplifier
e LESS NOISE WITH:

Amagnetic metallic box (shield)
Differential signal
Very close to the magnet

Twisted wires from voltage taps

e POWER SUPPLY under batteries

e SECURITY LOGIC
RELAYS ARE N.O. (in normal operation are excited closed)
. + SAFE IN CASE OF ELECTRICAL LEADS RUPTURE (dead line used)

(both for connection or power supply)

e CONNEY CONNECTORS (screwed) between preamplifier e quench

detector

e N.2 BREAKERS UNDER BATTERY (action time 80 msec)
e FUSE (thin wire) to safe the system against short circuit
o DIFFERENT PROTECTIONS
e QD1 - MAGNET
e QD2 — MAGNET + BUS BARS (more noisy)
e N.2 VOLTAGE COMPARATOR — BUS BARS + and BUS BARS - (less noisy)




« HARD WIRED SYSTEM
It is an electronic system that in case of alarm open the breakers, passing
through the quench detector main module.
It has in input some analogic or digital signal and the output is an AND of

digital signals (for analogic signals they are compared to a threshold).

INPUT SIGNAL:
e Push button

e Helium level
e Vacuum

e QDI

e QD2

e Power supply failure

e Bus bar + voltage

e Bus bar - voltage

e Current leads + voltage drop
e Current leads + voltage drop

e Current leads - voltage drop

These alarms would be activated only in case of bad function of the Process
Control System. In fact all these signal are acquired by that system (VME) and
there are two level of software alarms that would be active before the hardwired

system would work.
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BABAR COIL -QUENCH REVIEW 1
SLAC October 17th 1996
P Fabbricatore

THE SUPERCONDUCTING SOLENOID FOR
BABAR EXPERIMENT AT PEPII

A 1) BRIEF HISTORY

\.' 2) COIL CHARATERISTICS

3) PRESENT STATUS |
!

4) SCHEDULE )



BABAR COIL -QUENCH REVIEW
SLAC October 17th 1996
P.Fabbricatore

Overall coil parameters

| Conductor peak field

2.5T

lUniformity in the tracking region

* 3%

i Winding Length

3470 mm warm
3455 mm cold

IWinding mean radius

1630.2 mm warm
1524.4 mm cold

| Amp turns

4.97 106

|Operating current

4582 A (4800)

inductance

2.584 H

Stored Energy

29 MJoule

The coil is made by twc
conductors forming 3 regiong
with different current density.
‘Layers

Number of turns

2

1085

Total length of conductor

10500 m



BABAR COlL -QUENCH REVIFW é
81 AC October 17th Joun
B Fahbricatnre

CONDUCTOR

M-ltlbml.d

ax 1840 m
2 x 1860 m

oonduobr unl

liengths

Thin eonductor uni{2 x 1620 m
engthes 2 x 1640 m
Dimensions at 300 K: [4.63 and 8.40 x 20
Bare mma2

Conductor Overall
lourrent denaslty

Central region

Rutherford
8.4 x 1.4 mm2
0.6 mm

18

. 1.9
Filament diameter 40 um
o{B=2.5, T=d.B) 11730 A
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BABAR COIL -QUENCH REVIEW
SLAC October 17th 1996

P.Fabbricatore

Main characteristics of some thin solenoids

CDF ZEUS CLEO |AL BaBaR
i

Location FNL DESY cornNeL |CERN SLAC
Manufacturer |Hitachi |Ansaldo |Oxford |sacLay Ansaldo
and 1984 1988 1987 (1986 1997
year of
completion
Central Field|1.5 1.8 1.5 1.5 1.5
(M)
inner Bore|2.86 1.85 2.88 4.96 3.02
(m)
Length (m) 5 2.5 3.48 7 3.48
Stored Energy|30 12.5 25 137 30
(MJ)
Current (A) (5000 5000 3300 (5000 4582
Total weight/11 2.5 7.0 60 7.8
(t)
Radiation 0.85 0.9 . 1.6 1.4 max
Length
Conductor 3.89 x 20 |4.30 x 15|5x 16 3.6 x 35 4.93 x 20
overall §.56 x 15 8.49 x 20
dimensions
(mm)
Overall 64 78 42 40 49
Current 60 28
density

4
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BABAR COIL -QUENCH REVIEW
SLAC October 17th 1996
P Fabbricatore

1) BRIEF HISTORY

OCTOBER 1994 - MARCH 1995
INFN Genova and RAL performed the conceptual

@

Design

e MARCH 1995 |
Design Review in SLAC

e JUNE 1995
Design revised following the reccommendations of

Review Committee

e JUNE 1995
Specifications

e JUNE 1995
Tender

e JULY 1985

Order placed to ANSALDO ENERGIA (Genova)
Choice between ANSALDO and OXFORD proposals
Review Committee



BABAR COIL -QUENCH REVIEW
SLAC October 17th 1996
P Fabbricatore

OCTOBER 1995
First informal meeting SLAC-INFN-ANSALDO

JANUARY 1996
| formal Review (first design)

APRIL 1996
Il formal Review (Engineering Design)

SEPTEMBER 1996
Il Informal meeting SLAC-INFN-ANSALDO

OCTOBER 1996

Il formal Review
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CRITICAL LINES

SUPPORTING CYLINDER October 18th 1996

CONDUCTOR

CRYOSTAT

WINDING

ASSEMBLY

TEST in Ansaldo

COIL AT S.F.

October 2nd / Nov . 11th
Dec. 2nd 1996

February 28th 1997

IMPORTANT DATES

from Oct. 23rd 1996 to Jan. 22 nd 1997

from Mar. 3rd 1997 to May 15th 1997

within June 23rd 1997

Sept. 8th 1997




@ Lawrence Livermore National Laboratory, University of California

Dr. Stewart S. Shen
P.O. Box 808, L.-287, Livermore, CA 94551-9900 USA
‘ Phone: (510) 423-4826
Telefax: (510) 424-3532
E-Mail: shen@maverick.linl.gov

Dec. 13,1996

Hi Steve and Jon:

I have just recived the packet containing the info we requested in the first Quench Protection
Review Meeting on 10/17. Please study them.

After New Year, I will contact you to arrange a meeting at LLNL in the week of 1/13.
Thanks

Sincerely,

!
Stewart S. Shen
ATEG
Applied Research Engineering Division

An Egual Opportunity Employer, University of California, P.O. Box 808, L-287, Livermore, CA 94551-9900.
Phone: (510} 423-4826; Telefax: (510) 424-3532



M LAWRENCE LIVERMORE NATIONAL LABORATORY

: 7000 East Ave., P.O. Box 808, L-287, Livermore, CA 94550
Email: toconnor@linl.gov Phone: (510)423-8781
Fax: (510) 422-6747 (verify, 510-423-7533)

November 5, 1996

Dear Solenoid Group:

The review of the Quench Protection System held on October 17, 1996 went very well.
The reviews felt the we have a good quench protection system and that there is enough
redundancy in the system to adequately protect the superconducting solenoid. Before the
reviewers write up their report they have requested that we send them the information listed
below. After they have had time to review this new information we will have a conference call
to discuss it some time during the week of December 18,1996

The list includes the person or group responsible for obtaining the information and a
brief description of the requested information. The responses to these questions are attached.

1) INFN - Detailed field plots of the maximum field in the conductor O*A—’

2) INFN - MPZ analysis - analysis already complete, P. Fabbricatore will write a summary of W
the results.

3) Ansaldo - Re-run quench analysis with an RRR of 500, what is the effect of the lower 1
RRR.

. 4) Ansaldo - Re-run the stress analysis of the for time = 30 sec. What is the effect of high

temperature gradient at approx. 75% curreé . Use the quench results from Run15 (no
dump resistor and quench from one end)

5) Ansaldo - Has your quench protection code been calibrated? If not the reviewers would
like it to be bench marked against some know quench problem

6) Ansaldo - The values of all mechanical, thermal and electrical properties used in your oV
quench and stress analysis.

7) Ansaldo - what is the heat treatment of the 5083 Aluminum winding cyli der For exam%yz
"T6" -ty

8) O'Connor - The review committee wanted to see the detailed design of he Jomts

9) Ansaldo - Could the joint between the two layers (J4) be eliminated. This joint is in the
high field region where quench is likely to start from. What happens if the quench
propagates equally on both layers. The voltage taps looking at the change in voltage
between the two layers may not detect a quench of this kind for some time.

Yours in appreciation,

v/ e 7

Thomas G. O’Connor
Magnet Co-System Manager

An Equal Opportunity Emplayer, University of California, P.O. Box 808, L-641, Livermore, CA 94550. Phone: (510} 423-8781; Telefux: {510} 422-6747. verify 423-7533






BaBAR MAGNET PEAK FIELD AT THE WINDING

To perform this simulation, the old model (not updated with the new forward door

geometry and the new B-H curves) was used.
The winding is the one given by ANSALDO (see Fig. 1-1) with a current 1=4530 A
(the resultant magnetic field is 1.5017 T).

5.13+(5.33*187)=1001.84 mm 5.33+(5.33*187)+ 1/3 of turn=1003.82 mm
Pos.la Pos.1b
8.89+(8.89%166) = 1484.63 mm
Pos.2 ’/
&

. I

L { I ]

v /(Pos.4 N
A%{ 8.89+(8.89%159)=1422.4 mm Pos.3b

5.13+(5.33*%193)=1033.82 mm 5.334+(5.33*193)+ 1/3 of turn=1035.8 mm

Fig. 1-1 Basic design of BABAR winding

At first the winding was modelised in rectangular shape 8 mm width (the width of
the Rutherford cable), with the correct current density shared in all the sections (see
Fig. 1-2); with this model the resultant peak field on the winding is 1.88 T. But in this
way all the obtained results are correct unless the field on the winding; to get this
result it is needed to take into account the self field.

So twenty turns of the backward end coils, the regions where the maximum
magnetic field was found, was modeled separately: with the self field correction the

peak field on the winding becomes 2.06

o ) ;;@%m U] I
tAs ¥y .
3}

BABAR magnet peak field at the winding

S. FARINON page 1
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Fig. 1-3 Field on the winding wih the backward end coils modeled as they are
BABAR magnet peak field at the winding

S. FARINON

page 2
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Fig. 1-4 Particular of the field in one backward end coil

BABAR magnet peak field at the winding

5. FARINON page 3






Minimum Propagation Zone for

BABAR winding

L. Boldi ( Istituto Nazionale di Fisica Nucleare - Genova)
Genova 13 November, 1996

These simulations analyse the Minimum Quench Energy and the Minimun Propagation

Zone for the BaBar two layers 's model.

In fig.1 and in table 1 are showed the dimensions of cable and the main parameters used for

computations.

The whole magnet is represent as the model in fig.2, due to the symmetry only a quarter of

geometry was considered.

The time evolution of transited zone in conductor, after a heat disturbance ('Az =] cm, At

= 10 msec ), allows to say that MPZ is about 0.7 m and its duration time is ~ 250 msec,
while the MQE is about 1.5 J ( case with current dxffusmn effect, fig. 3) (e

AL%@%@

0.2

4.93

Fig. 1 BaBar cable (dimensions in mm).

g

P®! Rutherford cable

20 D Pure Aluminum

. Insulation

Table 1

[ First layer Second layer "
M 1 25T Magpnetic field 14T

’fv«() @/«zfi%

agnetic field }
Sharing temperature 6.6 K Sharing temperature 7.05 K
Ciritical temperature 82K Critical temperature 8.67 K
Current ] 5000 A

Nominal temperature ’ 45K "




Half transited length (m)

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.0

71.8

NN . )
0 24.185 mMm

Fig. 2 Model of Babar two layers.

!Vl[l‘llll'll!l'l!l‘

A!II||!!’I|I

T ¥ H H 1 ! L] T T H i ¥ T ¥ E 1 Ll
Current d%ffusion effect included e
RRR=1000 e

- 1 Joule
----- 2 Joule.

llil'ﬁillgllllllllléllll Lot A b E L

£ i i i % i £ £ L j I ] H ; i 5 i, l i I i

0.0 0.050 0.10  0.15 0.20 0.25

Time (s)
Fig.3 Half transited zone length versus time






| ANSALDO-SLAC MEETING 7-8 Nov. 1996 |

'S IN QUENCH ANALYSIS

WORST CASE OF QUENCH = START FROM ONE END OF COLL,
WITHOUT DUMP RESISTOR

4 A - STRESS VALUES FOR INTERMEDIATE TIME DURING QUENCH
(t=30 sec from quench start), WHEN CURRENT IS STILL 75%

4 B - WHAT HAPPENS IF RRR=500 FOR ALUMINUM OF CABLE
(INSTEAD OF RRR=1000)

{ C - CHECK OF OUR QUENCH COMPUTATION CODE WITH ANOTHER
MAGNET, SIMILAR TO BABAR, WHERE QUENCH
MEASUREMENTS HAD BEEN MADE -



2 [ANSALDO-SLAC MEETING 7-8 Nov. 1996
50 sce Zero usrrin + ) /{/7 A!fm-?-wt 3 f A ————

mat.i |~ mat2 mat.3 mat.4 mat.5
(lateral (interlayer (central insulation on | Al - cylinder
. stress (MPa) cable) insulation) cable) external radius
’ of coil
Sx (radial) | -5, +7 -5,£8) | -0.04,+06 7.+ 13, +5
Sy (axial) | -40,+19 | - 8,@ | -2,408 -4,(*% 28, + 52
/—\ :
Sz (hoop) -44 +3 -12,#3 -2, +1 -4 +15) +0.3, + 77
Sxy (shear) | -3.+8 | - 0.5,@ 03,4004 | -0.8, +19 5, +7
Sint — — S I — 90
(intensity)

- FULL - RANGE STRESS TABLE FOR T,.¢=4 Kelvin STRESS

ANALYSIS ?
(WORST QUENCH TEMPERATURE DISTRIBUTION)
Gy F Sowsat=? 6;1..., fr 503340 N 100 papy
. ‘ ¢ - G; e ! J{ & " >3 XD mbs
RRR=32 (=Al 1100, 98% pure) , S#-ps [anmn Thick @
. 30 ton w.‘Jc’.{
Groa fon A ing ation
[
mat.1 (cable) mat.5 (Al cylinder on external
radius)
fan 07 Sy = 27 +13 MPa Sy=-19, +35 MPa |
Sz=-29,+6 MPa ' Sz=+0.3, +56 MPa
Sint,max =65 MPa
Table 4.2)
RRR=100 STeps
mat.1 (cable) mat.5 (Al cylinder on external
radius)
Sy =-23, +11 MPa Sy=-16, +30 MPa
Sz=-25+6 MPa Sz=+0.3, +47 MPa
Sintmax =54 MPa
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e Quench from one end of coil, no dump resistor

e No aluminum strips

> e =30 sec from quench start (75% current)

THERMAL (Tref=4 K)

i

8, +3

, -0.03, +0.3
222, +11 -7, +1 -2, +0.4 -5, -0.4 -17, +30
-29, +3 -10,-0.9 -2, +0.7 -2, +5 -0.5,644)
-2, +4 -02,+3 | -02,+0.02 | -0.5,+10 -3, +4
CURRENT
minima
% -
maxima

-2,-0.2

-0.8, +0.2

-0.9, +0.05

-12, +0.09 -6, -1 -5, +4 -5, -1 -15, +0.8
+15, +28 +7, +13 +14, +23 +6, +13 +12,330)
-0.5, +1 0.7, +1 -0.8, +2 -0.9, +1 -0.8, +1
16, 38 8, 19 16, 28 8, 18 15, 36
THERMAL+CURRENT
minima |
&
maxima

cylinder

-9, +3
-23, +8 -12, -1 -7,+3 -7, -2 -17,428)
-8, +28 +0.7, +12 -13, 423 +6, +14 +13, €66)
-2, +4 0.7, +3 21,42 -1, +10 -3, +3
— — — — 17, 74

{75% current} +{ temperature distribution from quench at t=30 sec}
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If quench started from an intermediate point of the coil (not the centre, not one
end) corresponding to one of the humps in the deformed model ?

Conservative valuation: the most unfavourable combination of the components is

COLL, Sy
COILL, Sz
CYLINDER, Sy
CYLINDER, Sz

<22 -12
+3 +28
-17 -15
+44, +30

o

-34 MPa
+31 MPa
-32 MPa
+74 MPa

I Yy s30

;"/ ! wy-s/'
Ca s o=~ //IVI"K’J

,dajc
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EFFECT OF RRR=500 FOR ALUMINUM OF CABLES

(PREVIOUS RUNS: RRR=1000)
QUENCH STARTING FROM INTERNAL RADIUS OF COIL, ONE END

containment Al cylinder

2nd laver

1st layer

N starting point

for quench z axis

ﬁi RRR of containment cylinder aluminum: 1.87 (Al 5083 alloy)

RRR of aluminum in cables: now is 500
aluminum strips are absent in this comparison

1) dump resistor is present  (Rdump=0.068 Q)
WORSE

= “final" maximum temperature is higher

A little more energy is dissipated inside the coil, but the part which is dissipated
outside in the dump resistor is still predominant.

RRR=1000: Teoil,max final= 57 K
RRR=500: Tcoil,max final= 60 K

2) dump resistor is absent (Rdump=0.0001 Q
for the computation) BETTER

= "final" maximum temperature is lower

Propagation speed is a little higher for the RRR=500 case, at low temperatures.

RRR=1000: Tceoil,max final= 185 K
RRR=500: Teoil,max final= 178 K

I-£ du«p fﬂf.’j'ﬂgw’ 73 o\.';‘ IOfeuq*f e‘?{ 735 LC;"‘L’ ,'-{C'
ﬂu RRK ‘(5 /.gwlr '
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at =50 sec from quench start (for this magnet)

"FINAL“ —

e WE SAY "THE END OF QUENCH" TO MEAN A TIME WHEN:

1)- ALMOST ALL MAGNETIC ENERGY -~
HAS BEEN TRANSFORMED INTO THERMAL ENERGY

2) - MAXIMUM TEMPERATURE IN THE COIL
HAS REACHED A SATURATION VALUE

3) - THE HIGHEST TEMPERATURE GRADIENT IS PRESENT

(BEFORE TEMPERATURE IN THE COIL GOES TOWARDS
UNIFORMITY, THAT IS BEFORE MAXIMUM TEMPERATURE

SATURATION VALUE SPREADS THROUGHOUT THE COIL).

@
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page 3|

plot of maximum temperature (versus time) in coil and cylinder:

Rdump = 0.068 Q
RRR=1000
BABAR - runié
m - s P T
50 W e s
“© ,/M___
© P
T (Ko 1
10
0
0 10 20 30 4 50
t {sec)
e T1 {coil) T2 (Al cylinder) }
final Tmax of coil = 57 Kelvin
final Tmax of Al cylinder = 43 Kelvin
RRR=500 .
BABAR - rund7
70
60
- 50 e e
3 e
T 40 o e e
g 30
= 20 //
10
LR
0 10 20 30 40 50
t{sec)
s T4 {GOF) e T2 {Cylinder)
final Tmax of coil = 60 Kelvin
final Tmax of Al cylinder = 45 Kelvin
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plot of maximum temperature (versus time) in coil and cylinder:

Rdump = 0.0001 Q|

withot d ,M)p pesitor

RRR=1000
BABAR - runi$
200 ;
180 :
160 el
140 2
. 120
£ :oo L
o8
20 /.-—""""dl
o B
0 10 20 30 40 50
t {sec} 4\
e T4 (€0} e T2 (Al Cylinder)
final Tmax of coil =195 Kelvin
final Tmax of Al cylinder = 77 Kelvin
RRR=500
BABAR - run36 *
180
e
160
140 4"/
£ 120 e
% 100 e
¥ 4
> 80 Wt
E 80 // .-'*"'A/f
0 [
0 10 20 30 40 50
¢t {sec}
5-——000.- RRR-ARS00 momm cylnder - RRR-Als1,87 ]
final Tmax of coil = 478 Kelvin
final Tmax of Al cylinder = 76 Kelvin
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Propagation velocity according to Wilson:

["Superconducting magnets”, Martin N. Wilson, Clarendon Press
Oxford 1983, equation (9-17) restricted to adiabatic process]

J pK 0.5
yV=—| ———
C \Is-To

J = current density

C = specific heat (indipendent from RRR)
p = electrical resistivity

K = thermal conductivity

Ts = mean temperature

To=42K

Maximum ratio for speed (see last graph page 7):

v(RRR=500) / v(RRR=1000) =1.10 (peak) for T=20K

propagation velocity +0% + +10% for RRR=500 compared with RRR=1000
maximum temperature of coil = -8% for RRR=500 compared with RRR=1000

-~

p—

F
N
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Thermal conductivity of Aluminum

%0

80 4

70 4
g 87 B=0, RRR=1000
5 453“ o B=1.5T, RRR=1000
i— 0 « = = = B=0,RRR=500

20 - x  B=1.5T, RRR=500

10 1

0 '

0 50 100 150 200
T{K
Electrical Resistivity of Aluminum

1E401
E 18400
E —— B=0, RRR=1000
‘§ 1E01 —&—B=1.5 T, RRR=1000
8 - = = =B=0,RRR=500
% 1802 x  B=15T RRR=500
£

1E03

1 10 100 1000
T{K
higher RRR = higher thermal conductivity,

lower electrical resistivity

(max. effect at low temperatures)

®)

/
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rhoK for Aluminum
10
&
1
£
£
Q
e
k2]
3
=
4
& O
£
0.01
1 10 K 100 1000
—— B=0, RRR=1000 —8— B=1.5 T, RRR=1000 ~—d— B=0,RRR=500 ~3¢— B=1.5 T, RRR=500

Propagation speed for aluminum
as function of RRR

1.1200
(B=0)
1.1000 1

1.0800 +

1.0800 +

v(500)fv(1000)

1.0400 +

1.0200 +

1.0000

/l/‘ J:ﬂwqc é;,-;&,u,\ M/(ﬂ% /000 +~ Soo

=

P
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CHECK OF QUENCH COMPUTATION CODE :
THIN SOLENOID MODEL FOR ZEUS PROJECT

("Quench behaviour of a thin solenoid", Bonito Oiivaw\}':, p.285) é

INPUT PARAMETERS:

2 layers NbTi + aluminum cylinder

coil internal diameter =760 mm
coil external diameter =824 mm
coil length =677 mm
cylinder thickness =18 mm
number of turns for layer =140
coil-cylinder insulation thickness =1 mm
turn-to-turn insulation thickness =0.5mm

no interlayer

bare conductor =43 mmx15 mm
Rutherford cable (10 strands) =1.8 mmx5mm
Cu/ NbTi ratio =1.1:1

filament diameter =40 um
aluminum for cylinder: alloy 5083 (RRR=1.87)
aluminum for cables: pure 99.996% (RRR = 1000)
design current: 5000°A

maximum reached current: 3200 A

dump resistor: 4 3.6 mOhm

RESULTS TO BE COMPARED:

REFERENCE |OUR CODE RESULT
coil inductance 43 mH - 458 mH
cylinder inductance 0.610° H 0.65.10° H
mutual inductance 16.10° H 1.61.10° H
final temperature of coil 12t0 19K coil: 20K

and cylinder cylinder: 19K
final resistance of coil 0.4 mOhm " 0.3t0 0.5 mOhm
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@Ub\gé\ j}a,#ll ik

model coll forZeus g 1ol

£ 15 e B s
Y] / /-
210//.‘.'
e p
4
5 4

0 1 2 3 4 5 6 7 8 9 10

t{sec}

T1(col) = = = =T2(cyinder)

model coil for Zeus
2058 :
20 : .
85
g 1
@
S 19
e
&
® 185 - .
3
e i8
17.8 e
17 - +
-0.4 -0.3 -0.2 -0.1 o 0.1 G2 03 0.4
z {m}
L-vo— coll internal layer —&— coll external ayer —h— aluminum cylinder

TEMPERATURE K

FIGURE 10 - Temperature evolution after
. breaker opening

{2) cylinder temperature (calculation A)
{b) experimental cylinder temperature

4 {c) cylinder and cocil temperature
{calculation B)

7 {d) coil temperature calculated from
experimental data




1 ANSYS 5.4
SEP 17 1986

BS2E: 46~ -
PLOT MO. 1

NODRI SOLUTION
STEP=3
SUB =1
TIME=3
|Y
REY¥S=8
DX =8.81726
SHN =8 .EB4E+88
SMX =8 .338E+86
== S52E+88
=@ 447E+88
=g  B42E+88
=@ 237E+88
= _ 4132E+88
=B  27SE4B7
=0 . 773E+87
=8 . 182E+88
=@ . 287E+868

CAUGE)D

e DG RS OO D

A

[méx =+ 34 MPa]

full range:

thilil (min=-60MPa ) min = - 60 MPa
’ | _ max = + 34 MPa

i

BRBAR

Fig. 3.1.1) - axial stress in the coil (warm end) for T,.~450 K

Notes:
Coil in compression on external side, tension on internal side.
Compare with Fig.3.1.4).



g aNsSys 5.4
SEP 17 18886

g BR28:58 . .
A PLOT HO. 2
& HNODRI. SOLUTION
STEP=3

SUB =1
TINE=3

: sz CRUE>
B RSYS=8

=@ B1i726
=8 . S7BE+88
=g . 1 43E+88
=@ 531 E+88
== . 4S2E+88
=8 I72E+88
=-3 Z2G3E+88
=8 244E+88
=8 . 13SE+88
=8 . 5S54E+87
=8  23SE+87
=@  {83E+88

[minz-fﬂMPa ]

wIQWNdOUSggS

full range:
min = - 57 MPa

max = + 14 MPa

(max =+ 14 MPa ]

BRABAR

Fig. 3.1.2) - hoop stress in the coil {(warm end) for T,.~450 K

Notes:
Coil is almost all in compression, especially on external side (near containment cylinder)

"t




: ANSYS 5.1

. SEP 17 4986
85:28:53
PLOT NO. 3
NODAL SOLUTION
STEP=3
SUB =1
TIME=3 :
sXy <CAUG)
—- - .| RSYS=8
DMX =8.81725
SHN =-8.633E+87
SHMX =8.S8SE+87
=8 . SAIE+87

v e s e g e

=8 3IEIE+B7
=@  183E+B7
=-35373

=@ 476E+@7

tif

=8 BSEE+87
=8 . 5S36E+87
= . 715E+87
=@ .BO9SE+87

D@ EE WD

. ' full range:
}[min=-6MPa ) min = - 6 MPa

max= + 10 MPa max =+ 1_0 MPa

X

BABAR

P

Fig. 3.1.3) - shear stress in the coil (warm end) for T,er = 450 K -

Notes:
Min. and Max. are just localised peaks.
Throughout the rest of the model shear stress is about zero (lines D-E).

]
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ANSYS 5.4 ...
t ' SEP 17 1886
ﬁ B2:36:28
PLOT NO. 4
MODRL SOLUTION

E STEP=3
SUB =1
TIHE=3
o kb sy CRUS>
REYS=0 T
DHX =@.817748
=-8 . 389E+88
=8 . G28E +88
=-8.321E+88
=-@ . 186E+88
=8 . 584K 87
=@ . BASE+87
=8 | 228X +&3
=8 . 3SEE +88
=@ _4S1E+88
=@ . E26L+08
=8 .762E+88

1]
]
MIQMmanwmgg

kY

. ((max=+83MPa )

[ min = - 39 MPa ] fullrange: )
min = - 39 MPz
max = + 83 MPa

BABAR

Fig. 3.1.4) - axial stress in the Aluminum cvlinder (warm end) for
Trer=450 K

Notes:
Containment cylinder is in tension at the internal side (near the coil, which in turn is in

compression: see Figure 3.1.7).




(max =+ 129 Mpa)

BABAR

PN

(

min = + 24 MPa |

J

ANSYS 5.4
SEPS17 1886
BE:38:38

PLOT KNO. =
NODARL SCLUTION
STEP=3

SUB =4

TIME=3

sZ CRUG >
REYS=8

DMX =8 .817749
SHN =8 . 238E+88
SMX =8, i28E+8S
=8 . 294E+88
=8 A412E+88
=@ SIBE+B8
=@ B47E+88
=0 7ESE+88
=8 SE8IE+E8
=@  {BRE+839
=@ 4 12E+89
=g  124E+@9S

mLOMEE WD

full range:
min = + 6 MPa
max = + 129 MPa

&

Fig. 3.1.5)- hoop stress in the aluminum cylinder (warm end) for T,.=450 K

Notes:

Containment cylinder is in tension, with a maximum at the warmest point.
Compare with Fig. 3.1.2 (coil in compression).



P
P !
AN .....(é.:‘

4 BNSY¥S B .4
BEP 47 488&

28:38:83
PLOT NO .. B .
NODAL SOLUTION
STEP=3
SUB =4
TIME=3
sSX¥ CRUG >
RSYS=8

: DHX =8 B1{7748
e SHN =8 BB7E+87
SHY =8  145E+88
- SEIE+87
=@ IBLES+B7
=-8 43862
=il  {4TE+87
= IEBE+@7
=8 BI{7E+B7
=8 BS4E+87
=3 . 1{8IE+88
=g , {3IE+88

=}
R OMHMEOED

min=-7 MPa

[max=+‘§4MPaJ max = + 14 MPa

( min=-7 MPaJ

[Muam

BRABAR

Fig. 3.1.6) - shear stress in the Aluminum cvlinder (warm end) for
Tref=450 K

Notes:
Min. and Max. are just localised peaks.
Throughout the rest of the model shear stress is about zero (lines C-D).




(max =145 MPa]

BREAR

Lal

( min =+ 25 MPa J

L

ANSYS 5.1
_47_4396

89:38:37

PLOT NO. 7

NODAL SOLUTION

STEP=3

SINT {RUG )Y
BHX =8 .81i7749

SHM =8  246E+@8
SHX =8 .{4SE+89
.313E+88
.446E+88
.588E+88
.713E+88
.B4ACE+88
.S8BE+88
L111iE+8S
LI25E+88
.138E+@8

HIOMHEYOWD
8648444848

full range:
max = 145 MPa

5

Fig. 3.1.7) - stress_intensity in the Aluminum cylinder (warm end) for T,=

450 K

Notes:

Stress intensity map is simiiar to hoop stress map (Fig. 3.1.5).
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Appendix I

® MATERIAL PROPERTIES

The Jo critical current density in A/mm? at 2.2 and 4.2 K and the critical temperature Tc for NbTi and
Nb3Sn conductors are listed below in tables III-1, III-2.

Table II-1 J¢ and Tc of NbTi

Bc2=10.6 T1=4.2 TCR=9.2 Pincon=326.923E6

B TC J(2.2K)  J(4.2K) B Tc J(2.2K)  J{4.2K)
.00 9.20 4293 3465 6.00 6.70 2331. 1504
.20 9.12 4228 3400 6.20 6.61 2266. 1438
.40 9.05 4162 3335 6.40 6.51 2201. 1373
.60 8.97 4097 3269 6.60 6.41 2135 1308
.80 8.90 4031 3204 6.80 6.32 ,2070. 1242
00 8.82 3966 3138 7.00 6.22 2005. 1177
120 8.74 3901 3073 7.20 6.12 1939, 1112
1.40 8.66 3835 3008 7.40 6.02 1874. 1046
1.60 8.58 3770 2942 7.60 5.92 1808. 981
1.80 8.50 3705 2877 7.80 5.81 1743 915
2.00 8.43 3639 2812 8.00 5.71 1678 850
2.20 8.34 3574 2746 8.20 5.60 1612 785
2.40 8.26 3508 2681 8.40 5.50 1547. 719
2.60 8.18 3443 2615 8.60 5.39 1481. 654
2.80 8.10 3378 2550 8.80 5.28 1416 588
3.00 8.02 3312 2485 9.00 5.17 1351. 523
D 3.20 7.94 3247, 2419 9.20 5.05 1285. 458
3.40 7.85 3181 2354 9.40 4.94 1220 392
3.60 7.77 3116 2288 9.60 4.82 1155. 327
3.80 7.68 3051 2223 9.80 4.70 1089 262
4.00 7.60 2985 2158 10.00 4.58 1024 196
4.20 7.51 2920 2092 10.20 4.45 958 131
4.40 7.42 2855 2027 10.40 4.33 893 65..
4.60 7.34 2789 1962 10.60 4.20 " 828
4.80 7.25 2724 1896 10.80 4.07 762
5.00 7.16 2658 1831 11.00 3.93 697
5.20 7.07 2593 1765 11.20 3.80 631
5.40 6.98 2528 1700 11.40 3.65 566
5.60 6.89 2462. 1635 11.60 3.51 501
5.80 6.79 2397 1569 11.80 3.36 435.
v

@ .
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Table TI-2 Jc and Tc of NbsSn

©)

o e - A PR G we B A O SES W GO PR M TR @R W S u-----_-u-w——«----whun-—-c-wn-----—w—-uu-u-w.--.--u-.a.

‘H LAPLBC2T1E1LTILTCRMLEILPINCONL, Strain/1400,1800,25.00,4.20,18.0,-.002,1.13e11,-.002/

20 16.27 43807 40227
.60 15.16 24547 22482
1.00 14.40 18446 16848
1.40 13.77 15116 13769
80 13.24  -12921 1173%
2.20 12.76 11321 10252
2.60 12.32 10083 9102
3.00 11.92 9084, 8174
3.40 11.54 8252. 7401.
3.80 11.18 7545, 6744.
4.20 10.84 6933, 6175.
4.60 10.52 6396. 5676.
5.00 10.21 5919, 5232.
. 5.40 9.91 5492, 4836.
7 5.80 9.63 5106. 4477,
6.20 9.35 4756. 4152.
6§.60 9.08 4435, 3855.
7.00 8.82 4141, 3582.
7.40 8.57 13869. 3331.
7.80 8.33 3617. 3098,
8.20 8.09 3384. 2883.
.60 7.85 3166. 2683.
‘.oo 7.62 2963, 2496.
.40 7.40 2773. 2322.
9.80 7,18 2595, 2159.
10.20 6.97 2428, 2006.
10.60 6.76 2270. 1863,
11.00 6.55 2122, 1729.
11.40 6.35 1983. 1602.
11.80 6.15 1851, 1484.
12.00 6.05 1788. 1427.

.............._..—.....—._—-—-—-.——a---—w——_..-.----————_u--n——.——--—-—-—..—.-‘a-—_..———a--...-————-.

T 8ol YT DROTE o MHAMKNSD

B TC J(2.2) J(4.2)
12.20 5.96 1727 1372
12.60 5.76 1610. 1267
13.00 5.57 1499 1168.
13.40 5.39 1394 1075.
13.80 5.20 1295 988.
14.20 5.02 1201. 90s.
14.60 4.84 1113 828
15.00 4.67 1029 755.
15.40 4,49 950. 687.
15.80 4.32 875. 623.
16.20 4.15 804. 563
16.60 3.99 738. 507
17.00 3.82 675. 454,
17.40 3.66 616. 405
17.80 3.50 560. 358
18.20 3.34 507. 317.
18.60 3.18 458, 278
19.00 3.02 412. 242
19.40 2.87 3689. 208.
19.80 72 328. 178,
20.20 2.56 291. 150.
20.60 2.41 256. 125.
21.00 2.27 223. 102.
21.40 2.12 193. 82.
21.80 1.97 166. 64.
22.20 1.83 141. 49.
22.60 1.69 118. 35.
23.00 1.54 97. 24.
23.40 1.40 79. 15.
23.80 1.26 62 9.
24.00 1.19 58 6.

FHWAY HISRENT OQTUSNY sc:87 S6-/81/82
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Specific heat vs Temperature

~—— Copper — — NbTi(8T,Tcs=2.5K)
(8920 kg/m°) (6160 kg/m®)
----- -~ Stainless Steel ——- Nb,Sn(15T,Tcs=2.5K)

(8000 kg/m°) (7850 kg/m®)
——= Aluminum ———= Resin

(2720 kg/md) (1220 kg/m®)
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Fig III-1 Specific heat for all materials used in the code Protect.
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Material properties are the same which were reported in (Ref. 1), except for thermal
expansion coefficients which have been recalculated (the uncorrected coefficients give similar

stress values, a little lower for aluminum).

Fs
properties at T = 4K, 77K, 295 K;
x=radial component, y=axial component, z=hoop component

mat.1 mat.2, mat4 mat.3 aluminum-alloy

{cable I) (insulation) {cable ID) cylinder
E [{GPa] Ex=72.9,71.8,643 |Ex=29.1,27.0,22.4 Ex=74.1,73.0,65.5 |Ex=Ey=Ez=
(clasticity Ey=68.9,67.4,59.8 Ey=35.9,33.7,28.0 Ey=72.1,70.8,63.3 777,772, 70.1
modulus) Ez=74.4,73.5,66.2 | E2=35.9,33.7,28.0 Ez=75.7,74.8,67.4
Y
{Poisson's 0.34,0.34,0.33 0.21,0.19,0.13 0.34,0.34, 0.35 0.327,0.328, 0.338
ratio)
o K] =29.9¢-6,
{thermal 17.8e-6, 34.0¢-6, 38.0e6 17.8e-6, 17.9¢-6,
expansion, 20.8e-6, oy = o= 9.026-6, 20.8e-6, 20,9¢-6,
mean 24.2¢6 10.0¢-6, 10.0e-6 24.2e-6 24.2¢-6
coeflicient) -

& o (T Trefym — L TN~ L)
(Tref -T)  L(Tref)

i

L(T) = L(Tref)- (1= @ oy (Tref = 7))

Taking into account a reference temperature Tref = 450 K, stress by thermal expansion is
dominated by a contribution due to the {T =4 K} operatwe situation, to which the temperature

distribution due to the quench is added.

For this reason we think the {Tref=4 K} analysis (next chapter) is more significant,
showing the stress distribution to be superimposed when the quench happens, no matter what
the base stress-state is.

However, the stress values in this computational case (Tref=450 K) are reported in the
following Table 3.1 and Figures 3.1.1 t0 3.1.7,

IRIAPPHRTIC « HAONTE  (Uid) UISENZ O0TIShNY 6C:87 868182
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3.2) - Reference temperature =4 K

Material propertié are the same of chapter 3.1), except for thermal expansion coefficients
which have been recalculated for reference temperature Tref = 4 K, basing on Ref. 3 and 4.

properties at T = 4K, 77K, 295 K|
x=radial component, y=axial component, z=hoop component

mat. 1 mat.2, mat.4 imat3 aluminum-alloy

(cable I) (insulation) (cable IT) ¢ylinder
E [GPa] Ex=72.9,71.8,64.3 | Ex=29.1,27.0,22.4 Ex=74.1,73.0,65.5 | Ex=Ey=Ez=
(elasticity Ey=68.9,67.4,59.8 | Ey=35.9,33.7,28.0 Ey=72.1,70.8,63.3 {77.7,77.2,70.1
modulys) |E2=74.4,73.5662 |Ez=359,33.7,28.0  |Ez=75.7,74.8,67.4
v
(Poisson's 0.34, 0.34, 0.35 0.21,0.19,0.15 034,034,035 0.327,0.328, 0.338
ratio)
o (K]
(thermal C 1o =0, 12,1e-6, 19 4e-6
expansion, 0, 3.16e-6, 14.4¢-6 0oy = o, =0,4.9¢-6,9.2¢-6 0, 3.16e-6, 14.4¢-6 | 0, 3.55¢-6, 14.5¢-6
mean N

. coefficient)
o (T,Tref ):= 1 L(Trefy- L(T)
(Tref ~T) L(Tref)

i

LT)= L(Tref ) (1 = @ pyy - (Tref —T)

In the following pages, Table 3.2) shows maxima and minima for the whole model;
. Figures 3.2.1 to 3.2.7 show stress components in the coil and the containment cylinder.
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. Technical Review Report
of
Quench Protection of BABAR Magnet System

1. Introduction

On October 17, 1996, a technical review meeting on the Quench
Protection of BABAR Magnet System was conducted at SLAC. The review
group consisted of:

Jon Zbasnik of LLNL
Steve St. Lorant of SLAC
Stewart Shen of LLNL

with Stewart Shen identified as the lead reviewer. In addition to the
BABAR-SLAC personnel, the group met with Ansaldo and INFN staff who
gave the technical presentation and answered the questions by the review
group. The group was charged specifically with addressing the following

. questions:

1. Is the quench analysis complete?

2. Is the Babar solenoid adequately protected during a quench?

3. Is there anything that could be done to improve the protection?
4. Is adequate testing being planned?

5. Is there enough redundancy in the quench protection system?
6. Have we overlooked anything?

In the end of this review, the group requested additional information on
several technical issues for further review.

On 1/14, 1997, a second review meeting was convened at LILNL.
This meeting was emphasized on the examination of new information
recently provided by Ansaldo and INFN staff, and the preparation of the
report.

This report briefly describes the discussions and comments in both
review meetings, and summarized the conclusion and recommendation.

. 2. Review of October 17



The Review Committee has discovered no obvious omissions in the
Quench analysis or design of the BaBar magnet system.

REFERECES:
1. BABAR Superconducting Solenoid Review @ Ansaldo, Nov. 7-8, 1996

Review Committee

Stewart Shen (LLNL) Date:

Steve St. Lorant (SLAC) Date:

Jon Zbasnik (LLNL) Date:




In general, the group is much satisfied with the response and feels
that the Quench Protection System for BABAR Magnet is well designed
with complete analysis. The conclusion and recommendation for each
charged question are:

1. Is the quench analysis complete?

Yes. The group specially appreciated the results of calibration run of
the Code  “PROTECT against the ZEUS magnet.

2. Is the Babar solenoid adequately protected during a quench?

It is well demonstrated that the magnet is conservatively designed
with sufficient operating margins. The analysis has also clearly shown
that the BABAR Magnet System is Self-Protected, since the hot spot
temperature for the case of quench without fast  discharge results in peak
temperatures that will not cause a catastrophic magnet failure.

3. Is there anything that could be done to improve the protection?

The group feels that the “action time” of 5 ms designed for the
quench detector may be too short. To avoid inadvertent discharge of the
magnet system, this”action time” should  be increased.

4. Is adequate testing being planned?

Yes, however, the group strongly recommends the proposed “Tests
Without Quench Protection” tests to be deleted.

5. Is there enough redundancy in the quench protection system?

The group feels that there are other design options available for the
power supply system  which may offer more redundancy for circuit
breakers and ground fault protection. The group recommends the project
to reevaluate the design.

6. Have we overlooked anything?

el & %
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This review of the Quench Protection System went very well. The
review group deeply appreciated the effort made by the
Ansaldo/INFN/SLAC staff in the technical presentation. The reviewers
generally felt that BABAR Magnet system has a good quench protection
system. However, the group requested additional technical information for
further review before they could prepare the review report. Technical
information requested include:

1) Detailed field plots of the maximum field in the conductor.

2) MPZ analysis.
3) Calibration or bench marking of the code-"PROTECT".

4) A document contains all material properties that are used in the

magnet analysis.
5) Description of the heat treatment of the 5083 Aluminum winding
cylinder.
6) Effect of lower RRR in the AL stabilizer on the case without the
protection.
7) Transient structural analysis (ANSYS) that includes the
beginning of the discharge.
Rerun the stress analysis of the for time = 30 sec. What is the
effect of high
temperature gradient at approximate 75% current. Use the
quench results from Runl5 (no dump resistor and quench

from one end).
8) Detailed design of the joints.

9) Sensitivity and threshold of the QD. Could the joint
between the two layers (J4) be eliminated. This joint is in the
high field region where quench is likely to start from. What
happens if the quench propagates equally on both layers.

The voltage taps looking at the change in voltage between the two layers
may not detect a quench of this kind for some time.

3. Review of January 14

After receiving the response to above issuesl, the group conducted
the second review meeting to further review these issues and draft this
review report. Participants included all review group members and Tom
O’Connor representing the BABAR project team.



@ LAWRENCE LIVERMORE NATIONAL LABORATORY

‘ 7000 East Ave., P.O. Box 808, L-287, Livermore, CA 94550
Email: toconnor@linl.gov Phone: (510} 423-8781
Fax: (510) 422-6747 (verify, 510-423-7533)

October 11, 1996

Dr. Steve St. Lorant

P.O Box 4349, M/S 20

Stanford Linear Accelerator Center
Stanford, CA 94309

Dear Dr. St. Lorant:

Thank you for agreeing to participate in the Quench Protection Review of the superconducting
solenoid for the BABAR Detector scheduled for October 17, 1996 at Stanford Linear
Accelerator Center. This review is part of our normal preparation before procuring the
solenoid.

The charge to the review group is:

Is the quench analysis complete?

Is the BABAR solenoid adequately protected during a quench?
Is there anything that could be done to improve the protection?
Is adequate testing being planned?

Is there enough redundancy in the quench protection system?
Have we overlooked anything?

OV LR

Stewart Shen has agreed to be the lead reviewer, and the full membership is attached.

The review agenda and maps of the area are enclosed. If documentation is available before the
review I will send you a copy of it.

Yours in appreciation,
o

Thomas G. O’Connor
Magnet Co-System Manager

cc: B. Bell (SLAC)
D. Hitlin (SLAC)
L. Keller (SLAC)
V. Luth (SLAC)

An Equal Opporwnity Employer, University of California, P.O. Box 808, L-641, Livermore, CA 94550. Phone: (510) 423-8781; Telefax: (510} 422-6747, verify 423-7533



Stewart Shen,10/28/96 6:55 PM,BABAR Protection Review 1

Date: Mon, 28 Oct 1996 10:55:52 -0800 (PST)
From: Stewart Shen <shen@maverick.linl.gov>
‘ Subject: BABAR Protection Review
To: saint@SLAC.Stanford EDU, zbasnik@maverick.linl.gov
MIME-version: 1.0

Hi Steve and Jon,

Following is a status report of the Review. As soon as I receive the requested materials, I'll forward them to you.
Then we'll schedule a review video conference at LLNL.

Stewart

Solenoid Group,

The review of the Quench Protection System held on
Oct 17, 1996 went very well. The reviews felt the we
have a good quench protection system and that there is
enough redundancy in the system to adequately protect the
superconducting solenoid. Before the reviewers write up
their report they have requested that we send them the
information listed below. After they have had time to review
this new information we will have a conference call to discuss
it some time during the week of November 11, 1996.

The list includes the person or group responsible for obtaining
the information, a brief description of the requested information,
. and the date when this information is needed.

Please let me know if you have any questions

Regards,
Tom

1) INFN - Detailed field plots of the maximum field in the conductor
Send to T. O'Connor by Friday Oct 25, 1996
2) INFN - MPZ analysis - analysis already complete, P. Fabbricatore
will write a summary of the results.
Send to T. O'Connor by Friday Oct 25, 1996
3) Ansaldo - Has your quench protection code been calibrated? If
not the reviewers would like it to be bench marked against some
know quench problem
4) Ansaldo - The values of all mechanical, thermal and electrical
properties used in your quench and stress analysis.
Send to T. O'Connor by Friday Oct 25, 1996
5) Ansaldo - what is the heat treatment of the 5083 Aluminum
winding cylinder. For example "T6"
Send to T. O'Connor by Friday Oct 25, 1996
6) Ansaldo - Re run quench with an RRR of 500, what is the effect
of the lower RRR.
Present results at the Nov 7-8 review at Ansaldo
7) Ansaldo - Re run the stress analysis of the for time = 30 sec.
What is the effect of high temperature gradient at approx 75%
current. Use the quench results from Run15 (no dump resistor

Printed for saint@slac.stanford.edu (Steve St.Lorant) 1




Stewart Shen,10/28/96 6:55 PM,BABAR Protection Review

and quench from one end)
Present results at the Nov 7-8 review at Ansaldo
8) O'Connor - The review committee wanted to see the detailed
design of the joints.
T. O'Connor already has this drawing describing the joints.
9) Ansaldo - Could the joint between the two layers (J4) be
eliminated. This joint is in the high field region where
quench is likely to start from. What happens if the quench
propagates equally on both layers. The voltage taps looking
at the change in voltage between the two layers may not
detect a quench of this kind for some time.
Discuss this issue at the Nov 7-8 review at Ansaldo

Printed for saint@slac.stanford.edu (Steve St.Lorant)
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INFN-GE

JOINT RESISTANCE MEASUREMENT REPORT

P.Fabbricatore, R.Musenich and C. Priano
Genova, 8 February, 1997

- A sample of the BABAR thin cable length #1 coextruded at Cortaillod on
30" October 1996 was jointed by Ansaldo on 31° January 1997. The sample
provided to INFN-GE on 6" February 1997.

- The conductor joint resistance was determined via measurements of the
current decay time on 6" February 1997. Using the direct wransformer
method a current higher then 5000 A is induced in the sample and, using

a hall probe, we detect the exponential decay of the current. The joint

L
resistance is obtained using t= __&kﬂM

J
- The sample was arranged in a loop of external radius 203.3 mm and

inductance L, =1.2 10° H.

‘ !I l
! - The sample was bent on lower inertia so that the solenoid external field is

applied parallel to the wide face.

- The sample was TIG welded on both side on a length of 130 mm. _/
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- 5 measurements were carried out in the field range 0-2.7 T (applied
external field).

The perfornied measurements are summarizs=. i ihe folioo 12 Tadle

SR e i itk

_ | '1‘41 Rosinraro R
T Extersa Field T | joint Rasisiance {42 ;
| i

e L

P Lo i trset g T

0255 b 1260100 LGy

e U L

i '

R s N O . Y2 3 LA SR O LY

fE_ 2 6% L 163610 L SR I
S S R T L

Ihe resulis aze also shown ou R-B graph im the ioliov ey ao. -

BABAR-LMI. Lenght 81
116G welded Joint nusistance




MAR-B6-1997 23:11 LLNL ATEG vlvd24s082 F.¥4

INFN-GE

-

: CRITIC AL CURRENT MEAS vy vy w0

SR EY O MEASUREMENT ¢ 0t - 0 - I N

CANDUCTOR GLENGTH 5 COEXTRUG L 27 50 L 7 far,

P.Fara, cabere RNuseruch ane @ ¢ -

Cetenta (S Pobruary ) el

v, s -+ - PR ceem " .. .. .
U e NEYTT L ale® LA o vns DN

et Rt B

. . L.
) e tw PR WL PR SR SN C— - 4 -
PR S N R A £ AL A S SIS & SO S § TRNAA I BN
. i 1 e
H . 2 S L - - 1
N \
& LAY ot it
. ey Feldaared a0l [PTIN H
[ - B T N FC W S -
3 i E...;.'\ (o) [ S Y PR -t
= +
R R T R A 2 Y N ST P PR - .
Lo e T St L Tt LN AL S 5 ol R PP AT S .
3 " Y -
P S E P




MAR-B6-1997 23:11 LLNL ATEG 5184243532 P.@5

. : - 3 measurements were carried out in the field range 20-27 T (applied
external field:
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