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Data was reduced from the voltage-time relations stored in files D7HOO1
to D7HO90 on H?lOOO. The I-B calibration curve is ihc]uded in Fig. 1, The
data base is shown in Tablé 1 and can be used by the 98458. The data
ihclude the quench location, 02 layer 1 top, Q3 layer 1 bottom and the
quench current andvits normalized value with respect to short sampTe, I =

C
4920A at 4.4 K, I_ = 6710 A at 1.8 K. The resistance (§/cm) was

c .
calculated using the propogation time according to the voltage change across
the measured sections; The conductor potenfia] length are L5,9 = 48.6 cm,
L6,10’= 17.9 cm, L7’ 11 = 40.6 cm (Fig. 8); The turn to turn velocity
Vt was calculated diQiding the nominal tufn to turn distance (58 mi1) by
the propagation time (Tfans. Time). _The quench time Tq was measured from
the time ‘the resistive rise starts until the energy extraction system

fires. Figures 2-6 are plots of the data base. The time to energy

extracton can be estimated as:

| » T =_Z£‘?T,— (1)
where: .
Vo = trip vo]tage-
R' = resistanée per qnit length
) ='ve]6city “ |
1 ='cdfrent

For a propagation which;ié axial only. Thebdiscontinity in Tq (Fig. 4) is

- due to a drop in the prdpagation velocity when the temperature was

*This work was supported by the Director, Office of Energy Research, Office

of High Energy and Nuclear Physics, High Energy Physics Div., U.S. Dept. of
Energy, under Contract No; DE-AC03-76SF00098.



lowered from 4.4 K to 1.8 K. Assuming Vo = .25 volt and using I, R', V

values from the data base, equation 1 is plotted in Fig 5.

Res1st1v1tz

The res1stance per un1t 1ength at the norma] state is plotted in F1g
6. The values at the magnet ends vary from 9 to 1. 3pd2/cm between 4000A _ .
and 7000 A and the stra1ght sect1on values are about 15 percent higher. For |
az?23 strand cable at 27 m11 strand d1ameter and 1.8/1 S.C/copper rat1o the

“total copper Ccross sect1on area is 5.46 x 10 -2 m2. Assum1ng all the

current had been sw1tched to the copper the res1st1v1ty is 4.9 x 107 -8 _
7 1 X 10 ( flcm) and the correspond1ng res1st1v1ty ratio is therefore
RRR = 35 to 20. | | |

The alteration ot the quench ]ocation hetween the'halves of the inner
shell is plotted in Fig. 7 and‘the qoench ortgin around the first inner turn

is plotted in Fig. 8. A]] quenches occured around the first turn! (The

only exceptions were very fast ramp rates)

Temperature Rise

Af ter the normal zone propagates through a measored section, its
resistance keeps increasing due to a temperature increase. The resistance
rise with respect to time is observed to be 1inear'(Fig. 9) in the tjme
scale before.the energy extraction.'Conrerting this va]ues to a resistivity
rise the results are given in Table 2. A simplified energy balance result L

1n an approximate temperature-time relation.

dT 2 . | (2)

MG IR

Tdt T
Mf=fa 1A ( pd = density, 1 = length, A = crossection area)

= F%]/A ( Pr= resistivity)



The total mass assumes copper only (e.g. no liquid participation).

Equation (2) reduces to

therefore,

| S
_a (i
f“”'?@(A)
Edhation (3) was solved for 2 nominal cases using A = 5.46 x -10 cm”;

P, = 8.94 (gr/cmd)

1. File = D7HO08 (4.4 K)
I = 4220 A;
a=1.1 x 1070 2-cm/sec

deT - 3.675 x 10°%.t2 (t = msec)

2. File .= D7HO61 (2.0 K)
I = 6340 A;
a = 2'.46 X 10"6 €2-cm/sec

1.855 x 10'3 . t2 (t = msec)

-/de



The result from the two cases using integral values of-specific heat

for copper are shown in Fig. 10.

Magnet Rate Dependance and Losses

The magnet was ramped at various rates and the quench field recorded.
Repeating the test both in the He I and He II result in the relations shown v
in Fig. 11. The normalized field data weré"then-fitted to a parabolic

relation and plotted in Fig. 12.

Using our standard procedure in He II to determine ehe}gy losses the
average heat f]ux-generated during a cycle is plotted in Fig. 13 for a

¢

number of different field rates.
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Fig. 3: A) Turn to turn velocity; B) Time from initial res1st1ve rise to energy extraction as a
function of normalized current. :
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Fig. 5 Calculated time to extraction based on Equation 1
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FILE NANE LOCATION 3q (M) Tq Cms) T (K> Iqslc HICROMN/CH (end) NICROHN/CH Cavrygighs) VS (m/s> V6 (ars) V? (ns8) VO (ars) VI8 (-n)tu (ars8) Vb (us8) TRANS . Hﬂt_ (os)

L1

p7HeS) [ ] s.0 .00 0.000 .00 ; 0. 90 : .0 - e.8 - 0.0 I .0 9.088 e.0
p7HER2 2] 3444 6.0 4,48 . 700 8.08 .99 8.9 0.0 .0 e.0 .838 38.0
D7HO0I [ x] 3603 44.9 4.48 . 732 6.00 8.00 .0 e.0 9.0 ([ 3 ] . 842 38.8
D?2HeeS 02 3021 “.9 4.49 776 93 ! [ ] [ X ] 9.2 s.0 e.0 077 19.0
D7HO0E 02 939 3.0 4.48 -804 .90 | o.80 8.0 12.3 e.8 .0 «113 13.0
J7HOS? [ 4100 4.0 4.40 .8933 .08 ’ 0.80 e.9 13.4 s.0 8.0 112 13.0
D7HO0S 02 4220 30.8 4.40 85?7 «89 1.47 13.2 12.6 10.6 e.8 122 12.0
D7HE0Y a2 43351 .0 4.48 804 .96 1.13 18.2 19.9 20.2 e.0 1.470 1.0
. D7He1 8 a2 4433 3.3 . 4.40 <983 .92 1.47 21.8 15.2 24.6 e.0 - 103 14.0
D7HOIL a2 4561 3.3 4.48 927 : - 96 1.10 - 25.8 16.7 28.0 0.8 103 14.0
o2 e - 4630 6.3 4.48 - 947 .00 i.16 27.2 . 30.8 e.0 167 -10.8
D7HOLI 02 4742 7.2 4.40 964 .98 .11 30.0 3.3 .. 117 12.3
PrHOL G Q2 4833 6.0 4,48 « 982 « 63 T 1.06 3.2 34.7 e.0 168 10.3
B7HOLS a3 4913 14.6 4.40 998 1.06 1.83 e.0 8.0 435.0 1.130 1.3
DTHOLE e 4986 13.0 4.48 991 .07 1.00 e.0 .0 P 418 3.000 .3
b7HOL? [ }) 4891 15.0 4.40 994 1.03 6.0 0.9 41.4 3.000 .3
D7HO19 (2] 4083 1%.0 4,48 . 992 J 1.96 e.0 8.0 9.7 “e 147 18. 8
D7neLY Q3 493? 10.4 4.40 « 997 1.08 8.0 .6 s.e . 267 s.3
brHO29 [} ] 4638 2.3 4. 48 + 943 1.0% s.0 0.8 8. - 180 .0
D7MO21 Q3 4589 24.93 4.40 <926 1.14 e.0 8.0 6.0 - 154 9.3
D7HO22 QI 4564 21.8 4,48 . 927 1.02 0.0 8.0 0.0 196 7.3
D7He23 [ 1] 4378 2¢4.0 4.40 . 880 1.2% 0.0 0.0 e.0 .173 8.3
D7HO40 [k} 4900 3.3 1.03 743 e.08 0.0 8.0, e.0 <084 17.3
D7nHB42 e ¢ 3102 3.0 1.03 - 761 1.23 16.9 e.8 ..0 898 15.0
D7HE4) (X ] S248 29.3 1.8? 793 .99 0.0 8.0 8.0 189 13.3
D7nB44 a2 3380 29.3 1.99 818 1.26 18.3 ..0 0.8 122 12.0
D7H04S 02 3484 38.7 1.9¢ 628 o.08 .0 e.0 s.0 <140 18.9
D7HE46 02 3507 26.7 1.9¢ .844¢ .00 0.0 .0 .0 <163 %0
D7HO47 a2 36062 3.0 1.99 . 938 e.90 .0 0.0 e.0 219 7.0
D7HO48 02 3769 26.3 1.93 874 s.00 e.0 8.0 [N ] 122 12.8
D?7HO49 a2 8847 21.3 1.83 .072 .08 .0 8.0 e.0 267 3.3
D72HO30 a2 5917 10.7 1.09 992 .08 8.0 8.9 e.0 267 3.3
D7HES2 a2 3973 19.3 1.91 .90 .08 .0 8.0 e.0 <470 3.1
DPHES) 02 6031 23,7 1.03 . 98¢ 1.41 0.0 9.9 .0 <137 10.7
D7HESE 02 6122 20.5 1.09 - 923 1.39 e.0 ar.e 8.0 147 10.9
DTHESS 02 6194 19.1 1.99 . 942 t.41 .0 2%.0 o.0 <163 ’.0
D7HOSS 02 6236 15.0 2.00 » 952 1.37 .0 34.7 s.0 204 r.2
D7HO6O Q2 €279 15.0 1.80 . 950 e.00 8.8 8.8 e.0 .598 2.3
PTHEEL [} 6340 17.0 2.00 . 966 1.40 8.0 32.9 0.0 173 8.3
D7HO62 [-1] 6393 17.2 1.99 . 966 1.30 8.0 2.8 .0 173 8.3
P7H063 92 6432 15.0 2.0¢ 988 1.33 8.0 3.9 e.0 210 7.0
D7HO64 @2 6493 16.0 1.688 974 1.38 .0 36.2 173 .3
D7HOES 02 63558 14,9 1.00 . 964 1.16 s.0 45.0 226 6.3
D7HO66 @3 6597 11.0 2.03 . 998 1.10 .0 .0 7.0 3.000 .3
D7HOE? [x] 6417 10.3 2.14 . 990 1.96 s.0 0.8 2.5 3.000 .3
DTHOGS a3 6652 15.8 1.8?7 .. 990 4 1.19 9.0 e.0 60.0 196 ?.9
D7HOES 03 6564 10.8 2.03 . 990 1.16 8.0 .0 65.0 3.000 .3
D7HO7O . 03 709 15.8 1.01 . 990 0.0 6.8 .. 34.0 <196 7.3
D7HO?L 03 6623 10.3 1.09 <998 9.00 0.0 9.0 2.0 3. 000 .3
D7HO?72 [ X 6679 15.9 9.00 . 998 1.28 8.0 .0 0.8 218 7.0
71873 03 6320 16.3 0.00 . 990 .00 .0 .0 e.8 183 e.0

Tab]e\I. Data base on the 9845B desktop; Iq = quench current; Tq = time from quench detection to energy
extraction; I /IC = normalized quench current; Microhm/cm = resistive rise from S.C. state to
normal state per unit 1ength;:vi-= propagation velocity for section i; V., = turn to turn velocity;
Trans. time = turn to turn propagation time.
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Resistivity rise

File nanme : micro_ohm—cm/s
N end straight
He 1

D7H@B8S 1.60 -
D7HBO6 - : 1.2 -
D7HeO67 8.97 -
D7HBBS 1.86 1.13
D7HBEBS 1.21 6.99
D7Ha1e 1.40 1,13
D7HB11 1.27 1.23
D7HB12 1.46 1.18
D7HOL3 1.31 1.3¢
D7HO14 ) 1.40 1.33
D7HB15S 1.34 , -
D7HB16 1.13 . » -
D7HB17 1.21 1.84
D7HB1S ' 1.18 1.15

He-11

D7HBe40 : 1.43 -
D7HB4% | 1.52 -
D7HB46 2.12 -
D7HB47 2.12 -
.D7HB48 ' 2.65 -
D7HB49 - 2.31 -
D7HBSB 2.13 -
D7HBS2 1,67 o S -
D7HBA53 2.53 _ -
17HB54 ' 2.71 -
D7HBSS 2.56 -
D7HBS5S8 : 2.62 -
DPHBEB -1 . 2.34 -
D7HBEL 2.4¢6 -
D?7HBE2 2.78 -

- D7HBE3 : 3.11 -
D7HOE4 3.85 - ’
D7HBES - : 2.65 - -

—— o tn ——— —— s ———— s - e - = e e e o M - -

Table 2 Resistivity per second prior to energy extraction due
to temperature rise only.
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