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During thecollarkeyingoperationofDC0304on 12/12/90the lower innercoil 17M-1008
developedaturn-to-turnshort. Theshortwasdetectedbeforekey insertionandthemagnethas
beendisassembled.Beforeassemblytheconductorof coil 17M-1008wasobservedto be
delaminatedfrom thewedgeover a distanceof about ± 1 inch from thejoints between30 inch
wedgesegments.Thepatternofdelaminationwaswhat would be expectedif thecoil hadbeen
twisted. It is notknownif this is relatedto theinsulationfaultdiscussedhere.

TableI showstheresistanceof theupperandlowerhalf coils asafunctionof increasingpress
load. Abovea hydraulic systempressureH = 5000psi thelowercoil resistancebeganto
decrease,but this wasnot immediatelynoted. At H = 8500psi theresistancemonitoring
equipmentwasremovedanda seriesof hi-pots coil to ground,heatersto ground,upperto lower
coil was successfullyperformed.When theresistancemonitorwasreconnectedtheupper-lower
coil resistancedifferenceexceeded1% andthecomputermonitoringsystemsetan alarm.

Resistancemeasurementswereperformedandtheshortwas isolatedto thelower innercoil.
Its resistancewasmonitoredasthepresswasde-energizedandthedataareshownin TableII.
Theresistancedid not returnto its intital valueuntil thepresswasat almostzeroload.

Thefollowing day the resistancewasmeasuredturn by turn usingthevoltagetapsat PH = 0
andPH = 8000psi. Thedatawere shownin TableIll; Figure 1 showsthelocationsof the taps.
Theresistanceof theuninstrumentedsectionturns 1-9wasmonitoredduring the loadingof the
pressTableIV and wasfoundto be constant.Theresistanceof turns 11 taps lOB- 1 1B and
12 taps liB - 12B arereducedindicating a shortbetweenthem. Becausetheturn 11 resistance
is effectedmoreit is evident that theshort is not too far towardsthenon-leadendfrom taps lOB
and 1 lB. Thesumof theturn 11 and 12 resistancesis largerthanthatof a singleturn indicating
that thereis non-zeroresistancein the short itself.

To determinethepreciselocationof the short thecoil wasmodeledastheresistornetwork
shownin Figure2. The sumof Ra + Rb = Rt = 86.4mQ,theresistanceof one turn. The
resistanceof theshortR5 can be determinedfrom thesum

R +R =R +R +RLIR +R11 12 a b aj s b

=R+Rt ii R5

1 1
R5 R11+R12-R

whereR11= TV11 andR12= TV11. This yields It5 = 211 mQ

Thevaluesof Ra andRb aredeterminedby solvingthefollowing equations:

V12IRa+ I 15Rb1 Ra +U IsRt. Ra

V11 = I Rb + I
-
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Is R5 = I - I Rb + Ra = I - I Rt.



Thesehavethesolution:
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Thatis, theshortis 2.4 % of thedistancefrom tap lOB to 1 lB. Takingtheestimateduncertainty
in eachresistancemeasurementto be 0.1 - O.2mQ andtheerrorsto beuncorrelatedyieldsthe
uncertaintyin Ra and Rb to be 0.5 - 0.8mQ or the uncertaintyin thedistanceof theshortfrom
thetapsto be 0.6-0.9 % of a turn. Oneturn is about1300 inches,so the shortis about30 ± 10
inchesfrom the tapsor50 ± 10 inchesfrom theboundarybetweenthewedgesandtheleadend
spacerson thesidewith themid-planelead.

TableI
Coil Resistanceohms

Coil Resistanceohms
PHpsi Upper Lower

-11 3.241 3.248
355 3.241 3.248
998 3.240 3.248

2001 3.238 3.247
2996 3.238 3.247
3996 3.238 3.246
5018 3.238 3.242
5992 3.238 3.243
6982 3.238 3.244
7993 3.238 3.241
8478 3.238 3.235



TableII

H psi R LI mQ
8500 1334
7000 1335
6000 1337
5000 1348
4000 1355
3000 1362
2000 1369
1000 1374
350 1377

0 1377

Tableifi

ResistancemQ
Turn Taps H=O P11=8500psi

16 16A-15B 85.0 83.3
15 15B-14B 86.4 86.5
14 14B-13B 86.3 86.3
13 13B-12B 86.4 86.4
12 12B-11B 86.3 85.8
11 11B-1OB 86.5 61.9
10 1OB-9B 86.5 86.5

TableIV
Turns 1-9Resistance

H psi R mQ

1000 780.6
2000 780.6
3000 780.6
4000 780.7
5000 780.7
6000 780.7
7000 780.8
8000 780.8
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- From: FNAL::JBS 13-DEC-1990 18:02:47.70
To: CARSON
CC: BOSSERT,DELCHTS,00URLAY,HANFT,KOSKA,KUCFINIR,LAMM,MANTSCH,MAZUR,PEWITT,WAKE,MYSELF
Subj: Location of DC0304 short

By performing resistance measurements on the lower inner coil of DC0304 under
stress in the collaring press 8000 psi hydraulic pressure we have located the
short to be between turns 11 and 12 not adjacent to a wedge! relatively close
to taps lOB and 11B. From the individual turn resistance values the short
appears to be about 30" from taps lob and 11B towards the return end, or about
5Qfl from the lead end of the wedges on side with the mid-plane lead. I would
guess the uncertainty of the determination is on the order of +1-10". While
yesterday the short resistance decreased steadily with increasing press
pressure and the short was clearly present at hydraulic pressure of 1000 psi,
today it required 6500 psi to make the short visible. This is far in excess of
the capacity of the hydraulic C-clamp and I therefore see no purpose in using
it to compress one collar pack at a time. If the press pressure is assumed to
be distributed equally among the two sides of the two coils, 6500 psi in the
hydraulic system corresponds to 14 kpsi in the coil. It therefore may be
difficult to detect the short with the coil sizing gauge unless considerably
higher loads than normal are used. I believe that the next step is to begin
disassembly of the magnet. The crew on the floor is awaiting your command to
begin.

I will place the original data sheets on which the resistance measurements were
recorded into the DC0304 traveller and will attempt to make a more detailed
writeup of the measurements in the next day or two.
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DC0304 Turn-to-turn Short Inspection
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1 With press unloaded, perform voltage tap resistance measurements:

Using Valhalla meter perform 4-wire resistance measurements. Attach the
current leads to the mid-plane - and pole + leads of the lower inner
coil. Power the coU with 1 A from the Valhalla. Place the idjEtv
voltage lead also at the mid-plane lead of the lower inner coil. Attach
the positive voltage lead sequentially on the following voltage taps and
record the resistances to 0.1 milliohin.

R

11:30
Polelead J 13fl.i
16k 1 1
iSA c&P3

14A j i2JL.9 LD.1
LA

13A j

12A I O4O,.i x4
hA

bA : 1.3 I73I

OA I CP4- I
In the column "delta-R" recored the difference between one resistance
and the one below it in the table. This is the resistance of each turn;
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DC0304 Turn-to-turn Short Inspection

Page 2 of 3

2 Leave the Valhalla current and voltage leads connected as above with the
positive voltage lead attached to tap 9A. Record the resistance from 9A
to the mid-plane lead as a function of press hydraulic pressure.

Hydraulic
I Resistance 9At

1000 I 1go.c, I

2000 1

3000 I 7O.c I
4000 780.7

5000 1

6000 I 7O7

7000 1
8000 ‘-go,
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DC0304 Turn-to-turn Short Inspection

Page 2 of 3

3 Repeat step 1 with the press at 8000 psi.

Tap I Resistance I delta-R I

Pole lead I

16A I fljI.7 as I
iSA [rico I %CJ7

14A I [flti
13A I tOl I £.4
12A 015,4 I

I I I
11A/ I -- I

bA I 8Lk2

9A I I I
In the column "delta-R" recored the difference between one resistance
and the one below it in the table. This is the resistance of each turn.

i-k Sl-r
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DC0304 Turn-to-turn Short Inspection
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3 Repeat step 1 with the press at 8000 psi.
ic 40

Tap I Resistance I delta-R I

Pole lead 3O/L I -

I m it
15X5 J I - - J -

I htO I -Ju

13K8 I O’, 7 1 1 /93a

12KE I 1OR1 I I t%

iogg j cflo,t I Dl.

9X8 I 7b3Co I I
In the column delta-R" recored the difference between one resistance
and the one below it in the table. This is the resistance of each turn.

u1.... -1r
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DC0304 Turn-to-turn Short Inspection

12/13/90
J. Strait
Page,t of 3

1 With press unloaded, perform voltage tap resistance measurements:

Using Valhalla meter perform 4-wire resistance measurements: Attach the
current leads to the mid-plane - and pole + leads of the lower inner
coil. Power the coil with 1 A from the Valhalla. Place the
voltage lead also at the mid-plane lead of the lower inner coil. Attach
the positive voltage lead sequentially on the following voltage taps and
record the resistances to 0.1 miJJiohm.

Tap I Resistance I delta-R I I

Pole lead J t3.7 I
16fi$

isf5 I t3OLl I
14/13 1 ILcI3 I ,q

12//?, I 1O4z10 I
e96031

I c3co9,1 I
I I I

In the column "delta-R" recored the difference between one resistance
and the one below it in the table. This is the resistance of each turn.
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