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Critical Current Tests on Cable Samples From Magnet DD-16

M. Garber and W.B. Sampson

Three sets of measurements were made at the request of the autopsy
committee. One set of samples (section 2, following) contained a cold weld
region which was found by visual inspection of the inner turn. The effects
(if any) of bending at the ramp splice (section 1, following) and of
dislocated shims (section 3) were also investigated

1. At and Near the Ramp Splice

Beginning at the ramp splice solder joint, four successive 65" pieces
of the inmer coil winding were cut. They are labelled, in order from the
joint, D16-1, -2, -3, and -4; see Fig. 1. This section of cable, from the
joint to the first turn, is a leader which was inadvertently left as part of
cable SGC376 - the designated inmer coil cable, It is a short piece, ~ 50
feet long, of which no prior short sample test was made. The idea of these
tests was to compare sample -1, which includes the compound bend associated
with the ramp splice, with the other three pieces, -2, -3, and -4. Figure 2
shows results for all 4 pieces, in standard Q.C. report format. There is no
significance in the difference in I, values within the estimated accuracy

‘which is -~ * 150A. The n-values are probably not significantly different
either,

There is a significant difference in the observed quench currents for
samples -1 and -2 compared with -3 and -4. This is due to the following.
The bend in sample -1 is close to the end, In order to locate the bend
region in the uniform field region, it was necessary to solder the return
leg, which is sample -2, near the voltage measurement taps, in a relatively
high field region, Fig. 3. The presence of this joint is most likely the
cause of the reduced quench current. As samples -1 and -2 are measured
simultaneously, the same quench current is reported for both.

It is not unlikely that this effeect occurs in magnets as well, due to
the ramp splice joint, for example. This contributes possibly to observed .
differences in the ratios of magnet quench currents to short sample I,
values.

2. At and Near the Cold Weld Region
This set consisted of the following 65" pieces. (See Fig. 1)
D16-5: end of the leader cable.
-6: region containing all of the strand cold welds.
-7: first straight length after inner turn, cable SC376.

-8: next piece after -7.

Samples -6 and -8 were paired together while -5 and -7 formed the other
pair.



-2-

Figure 4 shows the V-I curve for -6, the cold weld region. For
comparison, the type of curve observed for an undamaged cable is shown (one
of the leader cable samples in this case). The region between voltage taps
contained 18 of the 23 splices. Each half of sample -6 was resistive
(although mot directly proportional to the numbers of splices, as the
resistance per splice is not constant).

Sample -6 was able to carry about 70004 at 5T before quenching. This
is an extreme example of the fact that for good cables I, is a good measure
of cable performance, while for poor cables considerable current may be
carried even though I, and n are low (~ 0 and 1, respectively, in this
case).

Sample -8 was not measured as it was limited by being in series with
-6. Sample -7 could be measured. Figure 5 shows the results for this piece,
and for a sample which was obtained at the time magnet DD1é6 was first
tested. There is practically no difference. The RRR of the magnet sample
is slightly larger, due presumably to some annealing, which occurs during
coil manufacture. A third test of cable having the same designation was
made a year ago. It gives an I, which is about 2% lower. This difference
is due to a combination of variations in I, along a cable and to measurement
accuracy. Sample -5 itself is in agreement with samples -1 to -4.

3, Quter Coil, First Turn

Two samples from the first (inner) turn-of the outer coill were
submitted for test. These are designated as follows (see A. Greene Memo,
March 31, 1989):

Pogition 1: Overlapped Shims.
Positien 4: Missing Shim

The results for these samples and for the original short sample test of
SC378 are presented in Fig. 6. There is no significant difference among
these three samples. Thus, neither electrical nor visual inspection shows
any damage resulting from the shim dislocations. The RRR of the coil
samples is increased over that of the original QC cable, 5G378, due to
annealing during coil fabrication.



a (valy Do ' 3309 __Mw
S3Qvvs 1531 €9 o Ly DO 11
! < mu .
LJ‘ P T
SWIHS Frvissik | dvtygne WHsS

VaL (1S3/3) AFNID ‘NOD YFUNHD

30Js s mw_w%LU
P laia b 4 */r \ . N ,

L

-Q z- €- - 9—

(NIOL (AS¥13) YA T TTI0D YTV



0291 UATY .

091¢ 90901 9

9.E£¢ 99911 9'G

004C IATA S

anr uH g

ZZ'k =1 10} sj[nsal paje[na[E)

o7 L =5/2 " e’ = (0WHY

08 =44d wo/swyon g'GZ  =(G6J)HY

L166 61 5886 5868 £9v ¥ F1°9

Lich) 62 et 80991 GIE'Y 18°'G

0se21 Gl 0slicl geett ISy LE'S

21 u by 31 1 d
SJUIWIINSEI|
H - Q.

79l £L64 !

S9lé 1£901 9

182 #6911 9°'S

90¢.L¢ 88cel S

o a1 d
22'y =1 lo}j sjInsal paje|no[e)
ok'1 =S5/2 cE’ = (0L)HY
08 =H4d so\me;cs 9°'GSZ =(S62)Y

otool Se 08k 6 1268 gy’ v P19
ShOLt 5¢ 10201 13€01 ¢BE'b 08'S
16521 0eg 0E/L LY IS/l FAIL A BE'S

31 u b 11 ) |
S1UaW3ITISEE|)

-2

S1i NS 3A

8291 9664 4
1L1e 19901 9
88tl 8211t 9'S
LA Y2 LCEE] S
or 21 4

ZZ't =1 10§ s}|nsas peje[na[e)

o't =5/0
08 =Yyy
6E001 0c 5886
59211 8¢ 9Ll
asyet B Y4 0slcl
o | u by
¢t =1
o'l =5/0
08 =39y
8s66 12 086
¢iB0l SC 1001
gErCl ac 0ez1l
21 u bi

(3a suva ) = NA
1AV U3AVIT

" AN = (0L
wo/swyon 9'GZ  =(S62) Y
L7 06 €9’y kL°9
16501  SLEY 18°S
oEVLL IS’y LE’S
11 ! g

21UaWA INSEAY|

NA

G091 2884 L
ovie 01501 9
¥GEL 195t 9'S
5492 LEIEL S
or =] | q
1o} sj[nsal paje[nafe)
" ¢er = by

wa/swyon g°Gz  =(S62)H
5488 98F'y  ¥I'9
(€201 ¢8E'%Y  6L°S
G09tL /0¥’y BE'S

11 1 ]

SIUIWAINMSEI||

C v



(as2€1°3)
X L3944 < >IIOAW

SdYL FoNVILTITON

OISy
. anN3a

-

=N

| =NAq /
seyeapdds 0] dw \1 ﬂl

-na? 5o

A a Wael\wo

Avver Y3IAIOE §T

7 GW | STWkwS 230931 3o HrupOok t g TFINdid



]
L4

4-3-89 | CABLE JEST Geour

DD -/e DATA
LEFT

V-l curve for 28" section containing

most of the cold woelds in DD —16.
Qu €@nch Cwrrent = 7200 ﬁ?o /ﬂSu/&f?'on)

Ri&GHT t |
V-1 curve 74:# normal inner f_//ve cable

16 4
'1+ 1.BA SC: 16-6ML BP= 49kG Tav= 4.,421K
x »
[alx]
l_l:_lqp
X %
x
x
x x
sy +
x *x
x 4)
+ x X
s | ,
40 4 x :
.3
>
x x
A+ e
x —-12
% =0 s €M
x x - p"
y . .
8 I
oI —— - — - "
9_*7 ) § u . T ~ E -4 bl | B . 1 . T
9 2 x 4 6 * 8 19 12

Fiaure 4,




|

| 1 ey A3t 9@ do poubIARvd ALY
| .r2<2:m~_ vayd vl uﬁt&. X

197t G271 £0v° 4D

QNA UM. .-‘.U gy 19ubew woiy A[qe) !SjusMwL]

6091 1161 i
gylz 15501 Y
09EC  <Ci9kl  9°S
2892 9BIEL S :
of 3] g
Z2'y =| 10} S}|NsSai pajpnafe)
on L -S/9 ger = WLy
Bl -N¥Y  ®wo/suyon 97z =($62)d
SO0t Iz 85101 0S66  wEE'v  91°9 _
6E01 | yZ €601 69503 gEE'W  18'S |
elEct 1€ Si6ll LI19LL  BIE'W  BE'S |
o1 uo bl 8| L m I
81U8WA INSE| %
6Sf /4 L-na  L6zzd

ouyORavd oD A3V 7 FIoID

6E°1 =S5/2 “
99 =4yy Wl /suyon

R 96 £¢06

£e ¢v96 6006

2c S9/01 £S101

0e G901 qoio01

P4 SEDC) LA R

\Z seoct gZell

u by 11
wn\t\u 9.¢ DG

HE O 9 3RO

1851
glie
Sk9¢

ar

1971 GZ2' ) E0V° )

1€84 !
aidl 9
2s0g! S
31 g

ZZ'y -] 10} sS}IMsSal pajye{mdyE)

6ET = (DLHY
1's2 -(SB)Y
gsu'y b9
g5y’ yL'9
wv't  BL°S
¥e¥'v  6L°S
Siv'h  IE°G
Sik'y  [E'S
1 q
muBmEU.—ﬂWMUz
7tz o



Fiaure lb. OUTER Coll SAMPLES BEFoRE

AND AFTER il FARRICATIN

R 658
{ ¢ Heasurements

B T It

' 5.24  4.343 3479
5.24 4,343 8462

S.68 A.348 7524

5.68 4,348 7537

6.05 4,342 6753

6.05 4.342 6753
R(295)= 28.7 uochms/cm

RC10) = .39 "

SC :3-753 C=”50 l2§2)

Iq n
9070 27
9070 26
8135 26
8135 25
7485 21
7485 21

RRR= 74
C/S= 1.65

Calculated results-for T= 4,22

B

S
6
7

Ic

19164
733t
5499

Comments: S/C 378

Je

2453
1963
1472

e .5’7572_,_10(; /

Uotw-.d 7 /76’

R 2360 Die—9 (rosimon L — Suim ovERLAP)
‘ Measurements
B T It Ig n Ic
5.24  4.376 8404 8793 20 anae
5.67 4,354 7455 7913 19 7838
6.05 4,348 6306 7187 20 7172
R(295)= 28.5 uohms/cm RRR= 92
R(10) = .3 /5= 1,73
Calculated results for T= 4,22
B Ic Je
5 9175 2534
5.6 8074 2230
6 7340 2027
7 5505 1520
R22% Die—10 (PoSiTionN U ~ MISSING SHIMS)
Measurements
B 3 It 1q n le
5.25% 4,334 8715 9121 27 9074
5.68 4,334 7713 3148 24 8055
.06 4,317 7035 7467 26 7317
R(295)= 28.5 uwohms/cm RRR= 95
RO10DY = .30 " c/5= 1.73

Caiculated results fo} T= 4,22

Je

B le

5 3409
5.6 3280
6 527
7 5645

2597
2285

2077 ‘

1558 .
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