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Abstract— D u r i n g  t h e  co n s t r u ct i o n  o f  t h e  L H C  m a i n  d i p o l e s ,  
1 2  ca s e s  o f  s h o r t  ci r cu i t s  b e t w e e n  t h e  ca b l e s  o f  t h e  
s u p e r co n d u ct i n g  co i l s  h a v e  b e e n  d e t e ct e d . S o m e  o f  t h e m  
a p p e a r e d  o n l y  u n d e r  t h e  p r e s s ,  m a k i n g  i m p o s s i b l e  t h e i r  
l o ca l i z a t i o n  a f t e r  d i s a s s e m b l y . I n  t h i s  p a p e r  w e  d e s cr i b e  a  
m e t h o d  t o  l o ca t e  e l e ct r i ca l  s h o r t s  t h r o u g h  t h e  u s e  o f  r o o m  
t e m p e r a t u r e  m a g n e t i c m e a s u r e m e n t s . A n  e x a m p l e  ca s e  i s  
d i s cu s s e d  i n  d e t a i l  t o  i l l u s t r a t e  t h e  f e a t u r e s  o f  t h e  a p p r o a ch ,  a n d  
a  s t a t i s t i c o f  t h e  ca s e s  m e t  d u r i n g  t h e  p r o d u ct i o n  o f  m o r e  t h a t  
7 0 %  o f  t h e  d i p o l e  t o t a l  q u a n t i t y  i s  p r e s e n t e d . 

I n d e x  T e rm s—S u p e r co n d u ct i n g  M a g n e t s ,  S t a i n l e s s  S t e e l  
C o l l a r s ,  W a r m  M a g n e t i c M e a s u r e m e n t s ,  F i e l d  Q u a l i t y  

I. INTRODUCTION 
H E  ac t iv e p art  o f  t h e main dip o l es [1] o f  t h e Larg e 
H adro n Co l l ider (LH C) is t h e c o l l ared c o il , wh ic h  

c o nsist s o f  su p erc o ndu c t in g  c o i l s c l amp ed in st ainl ess st eel  
c o l l ars. In t h e f inal  st ep  o f  t h e c o l l ared c o il  assemb l y  
(c o l l aring ), c o il s are l o aded u nder a p ress and t h e c o l l ars 
l o c k ed wit h  ro ds. In t h is way , a p re-st ress is ap p l ied t o  t h e 
c o il s t o  p rev ent  c o ndu c t o r mo t io n du ring  mag net  p o wering . 
Du ring  t h e c o l l aring , t h e c o il s are l o aded u p  t o  140 MPa and 
c ab l e insu l at io n t est s are c o n t inu o u sl y  p erf o rmed t o  c h ec k  t h e 
el ec t ric al  int eg rit y . Th ese t est s rev eal ed a f ew c ases o f  
el ec t ric al  sh o rt s du ring  p ro du c t io n; so me o f  t h em disap p eared 
af t er t h e disassemb l y  o f  t h e c o il , mak ing  t h eir l o c al iz at io n 
imp o ssib l e. 
In t h is p ap er we p resent  a met h o d t h at  h as b een dev el o p ed 

t o  l o c al iz e t h e sh o rt  c irc u it  u sing  t h e mag net ic  f iel d 
measu rement  at  ro o m t emp erat u re f o l l o wing  t h e ex p erienc e 
rep o rt ed in [2-3]. E l ec t ric al  sh o rt s p ro du c e a f iel d 
p ert u rb at io n wh ic h  is v ery  l arg e c o mp ared t o  t h e rando m p art  
indu c ed b y  t o l eranc es o f  c o mp o nent s and o f  assemb l y  
p ro c edu res. Mo reo v er, t h e measu ring  dev ic e is ex t remel y  
sensit iv e, al l o wing  t o  ev al u at e f iel d h armo nic s u p  t o  o rder 11 
wit h  a p rec isio n o f  l ess t h an 10 p p m (o r 0.1 u nit s, a u nit  
b eing  def ined as 100p p m o f  t h e main f iel d) [4]. F o r t h is 
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reaso n, t h e det ec t io n and t h e l o c al iz at io n o f  el ec t ric al  sh o rt s 
c an b e v ery  p rec ise. Th e met h o d is ap p l ied in det ail  t o  o ne 
c ase, and an o v erv iew o f  al l  t h e anal y z ed c ases met  u p  t o  n o w 
is rep o rt ed. 

II. COL L A RE D COIL  L A Y OUT 
Th e c o l l ared c o il  (see F ig . 1) is a l aminat ed st ru c t u re, made 

u p  o f  au st enit ic  st eel  c o l l ars (µr ≤ 1.003), wh ic h  c o nf ine and 
p re-st ress t h e c o il s and h el d in p l ac e b y  t h ree l o c k ing  ro ds. 
Two  su p erc o ndu c t ing  dip o l e c o il s 14.3 m l o ng  are c o nnec t ed 
in series so  t h at  t h e mag net ic  f iel ds are in o p p o sit e direc t io ns 
in t h e t wo  ap ert u res. Th e dip o l e c o il  f eat u res t wo  p o l es (u p p er 
and l o wer); eac h  p o l e c o nsist s o f  an inner and o u t er l ay er, 
wh ic h  are el ec t ric al l y  c o nnec t ed in series t h ro u g h  t h e l ay er 
j u mp . In eac h  l ay er t h e c o ndu c t o r t u rns are g ro u p ed in b l o c k s 
ap p ro x imat ing  t h e ideal  cosθ c u rrent  dist rib u t i o n t o  g enerat e 
a h o mo g eneo u s dip o l e f iel d. 

Short collar  Layers

Locking rods ApertureLong collar

 Poles

 
Fig. 1: C o l l a r e d  c o il  c r o s s  s e c t io n  

III. T H E  LOCA L IZ A TION M E T H OD 
Th e mag net ic  f iel d o f  a dip o l e c an b e ex p ressed ac c o rding  

t o  t h e wel l -k no wn mu l t ip o l ar ex p ansio n:  
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wh ere t h e c o ef f ic ient  bn and an are t h e no rmal  and sk ew 
mu l t ip o l es, (x,y) are t h e t ransv erse c o o rdinat es f ro m t h e 
c ent er o f  t h e c o il  ap ert u re, B1 is t h e main c o mp o nent , and Rre f  
is t h e ref erenc e radiu s (17  mm f o r LH C main dip o l es). In a 
“ p erf ec t  g eo met ry ”  al l  t h e c o ef f ic ient s are z ero  ex c ep t  b2n+ 1 
(t h e al l o wed mu l t ip o l es). If  t h e sy mmet ry  is b ro k en su c h  as in 
o u r c ase b y  an asy mmet ric  c u rrent  p at t ern inside t h e c o il , 
no n-al l o wed mu l t ip o l es are g enerat ed. U p -do wn asy mmet ry  

Short Ci rc u i t Loc al i z ati on  i n  the LH C Mai n  
Di p ol e Coi l s  b y  m ean s  of  Room  Tem p eratu re 
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g enerat es ev en sk ew mu l t ip o l e, and l ef t -rig h t  asy mmet ry  
g enerat es ev en no rmal  mu l t ip o l es. 
A mag net ic  f iel d measu rement  c o nsist s o f  t h e ev al u at io n o f  

t h e c o ef f ic ient s o f  t h e f iel d ex p ansio n in sev eral  l o n g it u dinal  
p o sit io ns at  t h e c ent er o f  t h e ap ert u re al o ng  t h e mag net . F o r 
t h e LH C dip o l es, t h e measu rement s are p erf o rmed wit h  a 7 50 
mm l o ng  ro t at ing  c o i l  in 20 p o sit io ns: in t h e 1 s t  and in t h e 
20 t h  p o sit io n t h e ends o f  t h e c o il  are inc l u ded, and t h e mo l e 
ent ers in t h e ap ert u re o n l y  f o r 534 mm. Po sit io ns 2 t o  19 are 
in t h e so -c al l ed st raig h t  p art  o f  t h e mag net  c o i l  [4]. 
Wh en a sh o rt  c irc u it  o c c u rs, it  p ro du c es an ano mal y  in t h e 

mag net ic  f iel d wh o se sig nat u re c an b e u sed t o  det ec t  t h e sh o rt  
l o c at io n. Th e f iel d ano mal y  is f irst  ev al u at ed and c o mp ared t o  
t h e c o nt ro l  l imit s (i.e. t h e f iel d rang e t h at  is ex p ec t ed as 
“ n o rmal ”  b ased o n p rev io u s ex p erienc e) t o  sing l e o u t  t h e 
af f ec t ed h armo nic s. Th en, b y  c o mp aring  t h e measu rement s 
wit h  a mag net o st at ic  mo del  t h e l o c at io n o f  t h e sh o rt  is 
ident if ied. 
A .  C omp u tati on of th e  fi e l d  anomaly 
Th e measu rement  o f  t h e mag net ic  f iel d o f  t h e ap ert u re 

af f ec t ed b y  a sh o rt  is c o mp ared t o  a ref erenc e measu rement  
(no rmal l y  t h e o t h er ap ert u re o f  t h e c o l l ared c o il ), and 
su b t rac t ing  t h e ref erenc e f ro m t h e measu rement , o ne o b t ains 
t h e f iel d ano mal y . Th is p ro c edu re is nec essary  f o r al l o wed 
mu l t ip o l es, wh ic h  al way s h av e a sy st emat ic  c o mp o nent , and 
f o r measu rement s c arried o u t  u nder t h e c o l l aring  p ress, wh o se 
iro n indu c es a st ro ng  sy st emat ic  mag net ic  p ert u rb at io n o n 
f iel d h armo nic s (ev en mu l t ip o l es in o u r c ase). 
Th e f iel d ano mal y  is t h en c o mp ared t o  t h e c o n t ro l  l imit s o f  

t h e p ro du c t i o n. Th ese h av e b een det ermined f o r eac h  
mu l t ip o l e b y  t ak ing  ±3.5 t imes t h e st andard dev iat io n o f  t h e 
p o p u l at io n o f  t h e c o l l ared c o il s t h at  h ad no  k n o wn ano mal ies 
[5].  
B.  I d e nti fi cati on of th e  ap e r t u r e  and  th e  p ole  
An el ec t ric al  sh o rt  c irc u it  o c c u rs eit h er in t h e u p p er o r in 

t h e l o wer p o l e, and t h eref o re it  g enerat es a st ro n g  u p -do wn 
asy mmet ry . F o r t h is reaso n, t h e mu l t ip o l e a2 is t h e mo st  
af f ec t ed b y  a sh o rt  c irc u it . Simu l at io ns sh o w t h at  f o r t h e LH C 
dip o l e c o il , an el ec t ric al  sh o rt  o f  t wo  neig h b o ring  c ab l es g iv es 
5 t o  60 u nit s o f  a2 wh ic h  is mu c h  l arg er t h an t h e c o n t ro l  l imit  
o f  3.2 u nit s. Th e smal l est  c o n t rib u t i o n (5 u nit s) is g iv en f o r 
sh o rt s c l o se t o  t h e mid p l ane. In t h is c ase t h ere is al so  a 
st ro n g  ef f ec t  o n b3 (45 u nit s) t h at  c an al so  b e u sed t o  do u b l e-
c h ec k  t h e anal y sis o n a2. Th e ap ert u re t h at  is f eat u ring  a f iel d 
ano mal y  in a2 h as t h e el ec t ric al  sh o rt . Th e sig n o f  a2 is 
rel at ed t o  t h e p o l e l o c al iz at io n; if  t h e sh o rt  is in t h e u p p er 
p o l e a2 is p o sit iv e, and if  it  is in t h e l o wer p o l e a2 is neg at iv e. 
C .  L ocali z ati on of th e  long i tu d i nal p osi ti on  
To  anal y z e t h e p ro b l em we u se a simp l e mo del : an ap ert u re 

o f  t wo  p o l es made u p  o f  a sing l e l ay er wit h  t h ree c ab l e t u rns 
(see f o r inst anc e t h e t h ree t u rn c o il s o f  F ig . 2). Let  u s c o nsider 
a sh o rt  c irc u it  in a g iv en l o ng it u dinal  p o sit io n al o ng  t h e 
mag net  ax is, wh ere t h e c u rrent  b y -p asses an ent ire t u rn 

(dash ed l ine in F ig . 2). A c o il  c ro ss sec t io n t ak en b et ween t h e 
sh o rt  and t h e c o nnec t io n side (c .s.) f eat u res a c u rrent  
dist rib u t i o n wit h  a l ef t -rig h t  asy mmet ry . On t h e o t h er h and, a 
c o il  c ro ss-sec t io n t ak en b et ween t h e sh o rt  and t h e no n-
c o nnec t io n side (n.c .s.) h as a l ef t -rig h t  c u rrent  sy mmet ry . 
Th is g iv es a t o o l  t o  l o n g it u dinal l y  l o c at e t h e sh o rt :  
• If  ano mal ies are measu red in a g iv en l o ng it u dinal  

p o sit io n in al l  t h e f o u r f amil ies o f  mu l t ip o l es, t h e sh o rt  is 
b et ween t h is l o c at io n and t h e no n c o nnec t io n side;  

• If  ano mal ies are measu red in a g iv en l o ng it u dinal  
p o sit io n in o dd no rmal  and ev en sk ew mu l t ip o l es o nl y , 
t h e sh o rt  is b et ween t h is l o c at io n and t h e c o nnec t io n side.  

F o r c ases o f  sh o rt s l o c at ed in o ne o f  t h e c o il  ends: 
• If  t h e b2n and a2n+ 1 sh o w no  ano mal y  al l  al o ng  t h e ax is, 

t h e sh o rt  is l o c at ed in t h e c .s. end; 
• If  t h e b2n and a2n+ 1 f iel d h armo nic s sh o w ano mal ies al l  

al o ng  t h e ax is, t h e sh o rt  is l o c at ed in t h e n.c .s. end. 
Th eref o re, we c an l o c at e t h e sh o rt  in t h e mag net ic  

measu ring  p o sit io n wh ere t h e ano mal y  in ev en no rmal  and 
o dd sk ew h armo nic s f al l s t o  z ero . Th e u n c ert aint y  in t h e 
l o n g it u dinal  l o c al iz at io n is g iv en b y  t h e l eng t h  o f  t h e 
measu ring  p o sit io n: 534 mm in t h e ends and 7 50 mm in t h e 
st raig h t  p art . 

 
Fig. 2: S im p l if ie d  m o d e l  o f  a  c o il  w it h  t w o  l a y e r s o f  t h r e e  c a b l e  t u r n s ;  
d a s h e d  l in e  is t h e  t u r n  b y p a sse d  b y  t h e  c u r r e n t  ( l e f t ) . Cr o ss se c t io n s o f  t h e  
c o il s w it h  r e s p e c t  t o  t h e  sh o r t : t h e  c r o sse s in d ic a t e  t h a t  n o  c u r r e n t  is 
f l o w in g in sid e  t h e  c a b l e  ( r igh t ) .  

D .  L ocali z ati on of th e  r ad i al p osi ti on 
We no w p ro c eed wit h  t h e ident if ic at io n o f  t h e radial  

p o sit io n in t h e c o il  c ro ss sec t io n. A simp l e met h o d c an b e 
u sed t o  det ec t  if  t h e sh o rt  is in t h e inner o r in t h e o u t er l ay er, 
f o l l o wing  t h e ap p ro ac h  g iv en in [6]. Th e p rinc ip l e u sed is 
t h at  t h e f iel d ano mal y  h as a sl o w dec ay  wit h  t h e mu l t ip o l e 
o rder if  t h e sh o rt  is c l o se t o  t h e ap ert u re (inner l ay er), and a 
f ast  o ne if  it  is f ar (o u t er l ay er). Let  (∆bn,∆an) b e t h e f iel d 
ano mal ies measu red in t h e mu l t ip o l es. Ac c o rding  t o  t h e B io t -
Sav art  l aw, t h e f iel d ano mal ies l inearl y  dec ay  wit h  t h e 
mu l t ip o l e o rder n as a p o wer l aw 
                  � + ref22 n

s
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R(A)a∆()b∆(  (2) 
wh ere Rs is t h e u nk no wn dist anc e o f  t h e so u rc e o f  t h e f iel d 
ano mal y  f ro m t h e ap ert u re c ent er. Th eref o re, we h av e 
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and mak ing  a l inear f it  o f  t h e f u n c t io n f(n)  
                              QnP)n(f  � +  (4) 
we c an dedu c e Rs t h ro u g h  t h e f it t ed sl o p e Q (wh ere Q> 0): 
                            )exp( = refs QRR  (5) 
Sinc e t h e inner l ay er is b et ween 28  and 43 mm, if  Rs is in 

t h is rang e t h e sh o rt  is in t h e inner l ay er. Simil arl y , if  Rs is 
b et ween 43 t o  59 mm t h e sh o rt  is in t h e o u t er l ay er. 
E .  I d e nti fi cati on of th e  cable  i nsi d e  th e  coi l 
Th e c o nv ent io n we u se in t h is no t e f o r nu mb ering  c ab l es in 

t h e c o il  c ro ss sec t io n is sh o wn in F ig . 3, wh ere t h e u p p er p o l e 
o f  a LH C ap ert u re is sk et c h ed. Wh en a sh o rt  o c c u rs, an ent ire 
t u rn o f  t h e c o il  is b y -p assed, i.e., t h ere are t wo  c ab l es in t h e 
c o il  c ro ss sec t io n, o ne o n t h e l ef t  and o ne o n t h e rig h t  p art , 
t h at  do  no t  t ransp o rt  any  c u rrent . F ro m h ere o n, we assu me 
t h at  t h e sh o rt  is l o c at ed in t h e u p p er p o l e o f  t h e ap ert u re (al l  
t h e c o nsiderat io ns are al so  v al id f o r a sh o rt  in t h e l o wer p o l e, 
t ak ing  c are t o  ap p l y  t h e rig h t  sy mmet ries: t h e ef f ec t s o n b2n + 1  
and a2n + 1  are t h e same wh il st  t h ey  c h ang e sig n f o r b2n  and 
a2n ). 
 

 
Figure 3: C a b l e n um b erin g f o r h a l f  a p ert ure o f  a  L H C  d ip o l e. 
 
We def ine t h e sh o rt  c irc u it s t h at  c an b e det ec t ed in a p o l e. 

We assu me t h at  sh o rt s b et ween inner and o u t er l ay er do  no t  
h ap p en, and t h at  sh o rt s c an ap p ear o nl y  amo ng  t wo  
c o nt ig u o u s c ab l es. Let  m b e t h e c ab l e o f  t h e rig h t  q u adrant  o f  
t h e p o l e wh ic h  do es no t  t ransp o rt  any  c u rrent : we deno t e b y  
( k , l) t h e c o u p l e o f  c ab l es in t h e l ef t  and in t h e rig h t  p art  o f  t h e 
c o il  resp ec t iv el y  wh ere no  c u rrent  f l o ws. Th eref o re, f o l l o wing  
t h e c o nsiderat io ns do ne f o r t h e simp l if ied p o l e o f  F ig . 2, t h e 
p o ssib l e sh o rt s are t h e f o l l o wing  o nes: 
• F o r t h e inner l ay er, we h av e ( m+1, m) b et ween t h e sh o rt  

and t h e c o nnec t io n side, and (m, m) b et ween t h e sh o rt  and 
t h e no n c o nnec t io n side  

• F o r t h e o u t er l ay er, we h av e ( m, m+1) f o r t h e c ro ss-
sec t io n b et ween t h e sh o rt  and t h e c o nnec t io n side, and 
(m+1, m+1) f o r t h e sh o rt  b et ween t h e sh o rt  and t h e no n 
c o nnec t io n side. 

Th e t wo  c ab l es t h at  do  no t  t ransp o rt  c u rrent  c reat e a 
dif f erent  c u rrent  dist rib u t io n wit h  resp ec t  t o  desig n; t h is 
c au ses a f iel d ano mal y  wh ic h  is st ro n g l y  dep endent  o n t h e 
ang u l ar p o sit io ns (θ) o f  t h e c ab l es t h at  are swit c h ed o f f : t h e 
ef f ec t s o n b2n + 1  and o n a2n + 1  are ro u g h l y  p ro p o rt io nal  t o  
c o s[(2n+ 1)θ] wh il st  t h e o nes o n b2n  and o n a2n  t o   sin[(2n)θ].  
We ev al u at e t h e f iel d ano mal ies g iv en b y  al l  t h e p o ssib l e 

sh o rt  c irc u it s u sing  a mag net o -st at ic  mo del  o f  t h e c ro ss 
sec t io n [7 ]. Th e l arg est  ef f ec t s o n f iel d q u al it y  are o b serv ed 
f o r sh o rt  c irc u it s p l ac ed in t h e inner l ay er, t h e mo st  af f ec t ed 
h armo nic s b eing  b3 and a2 ([-40 - 40] and [0 - 90] u nit s 
resp ec t iv el y ). B y  c o mp aring  t h e measu red ano mal y  wit h  t h e 
ex p ec t ed ef f ec t s o f  al l  p o ssib l e sh o rt s we ident if y  t h e sh o rt  
l o c at io n in t h e c o il  c ro ss-sec t io n. Sinc e we are u sing  sev eral  
mu l t ip o l es, t h e so l u t i o n is al way s u niq u e. 

IV . APPLICATION OF THE METHOD  
We c o nsider in det ail  t h e c ase o f  a c o l l ared c o il  t h at  

sh o wed no  ano mal ies du ring  t h e mag net ic  measu rement , 
wh ere t h e sh o rt  ap p eared l at er du ring  an insu l at io n t est . Th e 
sh o rt  h as b een det ec t ed as a dro p  o f  ab o u t  30 mΩ o f  t h e 
resist anc e o f  t h e c o il  in ap ert u re 2, c o rresp o nding  t o  a sh o rt  
c irc u it  o f  o ne t u rn. Th en, a mag net ic  measu rement  o f  
ap ert u re 2 h as b een rep eat ed, t h is t ime sh o wing  st ro ng  f iel d 
ano mal ies. Th e measu rement  o f  ap ert u re 2 b ef o re t h e sh o rt  
h as b een u sed as a ref erenc e. Th e ano mal y  was u nif o rm al o n g  
t h e ax is, t h u s su g g est ing  t h at  t h e l o c at io n is in t h e c o il  end. In 
Tab l e I we p resent  t h e f iel d h armo nic s av erag ed o v er t h e 
measu ring  p o sit io ns o f  t h e st raig h t  p art  wit h  and wit h o u t  t h e 
sh o rt  c irc u it . We ev al u at e t h e f iel d ano mal y  as t h e dif f erenc e 
b et ween t h ese v al u es, and we ex p ress t h em in u nit s o f  t h e 
c o n t ro l  l imit s set  o n t h e p ro du c t i o n. 

T A B L E  I 
F I E L D  H A R M O N I C S M E A SU R E D  I N  T H E  C A SE S W I T H  A N D  W I T H O U T  SH O R T , 
D I FFE R E N C E , C O N T R O L  L I M I T S O F T H E  P R O D U C T I O N , E X P E C T E D  FI E L D  
A N O M A L Y  FO R  SH O R T  I N  P O SI T I O N  3 4 -3 4  A N D  D I FFE R E N C E  W I T H  R E SP E C T  T O  
M E A SU R E M E N T . 

with 
s ho r t

witho u t 
s ho r t ∆ C o n tr o l  

l im its
D / c o n t.  
l im its

s im u l .      
3 4 - 3 4 ∆-s im u l .

b 2 0 . 1 5 -0 . 6 9 0 . 8 3 ± 1 . 8 2 0 . 5 - -
b 3 5 . 8 7 -5 . 8 7 1 1 . 7 3 ± 2 . 5 9 4 . 5 1 1 . 8 9 -0 . 1 6
b 4 0 . 4 7 0 . 0 2 0 . 4 5 ± 0 . 4 6 1 . 0 - -
b 5 1 2 . 4 4 0 . 0 4 1 2 . 4 0 ± 0 . 7 0 1 7 . 7 1 2 . 1 1 0 . 2 9
b 6 - 0 . 0 5 0 . 0 5 - 0 . 1 0 ± 0 . 2 1 -0 . 5 - -
b 7 2 . 2 2 0 . 7 9 1 . 4 2 ± 0 . 2 2 6 . 3 1 . 3 5 0 . 0 7
b 8 - 0 . 0 4 -0 . 0 2 - 0 . 0 2 ± 0 . 0 8 -0 . 2 - -
b 9 - 0 . 2 2 0 . 4 5 - 0 . 6 6 ± 0 . 0 5 -1 2 . 6 -0 . 6 9 0 . 0 3
a 2 8 9 . 0 2 0 . 1 7 8 8 . 8 5 ± 2 . 4 5 3 6 . 3 8 8 . 6 9 0 . 1 6
a 3 - 0 . 5 7 -0 . 4 8 - 0 . 0 8 ± 1 . 1 2 -0 . 1 - -
a 4 1 5 . 1 8 0 . 4 3 1 4 . 7 5 ± 0 . 9 8 1 5 . 1 1 5 . 3 7 -0 . 6 2
a 5 - 0 . 4 2 -0 . 1 7 - 0 . 2 5 ± 0 . 4 6 -0 . 5 - -
a 6 - 3 . 1 5 -0 . 1 0 - 3 . 0 5 ± 0 . 2 5 -1 2 . 4 -3 . 2 1 0 . 1 6
a 7 - 0 . 0 8 -0 . 0 4 - 0 . 0 4 ± 0 . 1 7 -0 . 2 - -
a 8 - 1 . 7 0 0 . 0 7 - 1 . 7 7 ± 0 . 0 8 -2 1 . 1 -1 . 7 2 -0 . 0 5
a 9 0 . 0 0 -0 . 0 4 0 . 0 4 ± 0 . 0 7 0 . 6 - -  

A .  L ocali z ati on:   
A p e r t u r e  and  P ole : as al ready  said t h e f au l t  is in t h e 

ap ert u re 2: a2 is mo re t h an 30 t imes o u t  o f  t h e c o nt ro l  l imit s. 
Sinc e t h e a2 is p o sit iv e t h e sh o rt  is l o c at ed in t h e u p p e r  p o l e. 
 
M e asu r i ng  p osi ti on and laye r  i d e nti fi cati on: ref erring  t o  

t h e six t h  c o l u mn o f  Tab l e I, wh ere t h e f iel d ano mal y  is 
div ided b y  t h e c o n t ro l  l imit s set  o n t h e p ro du c t io n, it  is c l ear 
t h at  t h e f iel d ano mal y  is o nl y  o n o dd no rmal  and ev en sk ew 
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mu l t ip o l es: t h eref o re, t h e sh o rt  is in t h e conne cti on si d e  e nd  
c o rresp o nding  t o  t h e f irst  mag net ic  measu rement  p o sit io n. 
Th e l inear f it  o f  t h e f u n c t io n f(n) def ined in E q . (4) g iv es a 
sl o p e o f  -0.7 9 (see F ig . 4), c o rresp o nding  t o  Rc = 37  mm, i.e. 
t h e sh o rt  is in t h e i nne r  laye r . 
 
C able s i d e nti fi cati on:  Th e sh o rt  c irc u it  c o nf ig u rat io n t h at  

minimiz es t h e dif f erenc e b et ween t h e measu rement  and t h e 
mo del  is t h e ( 3 4 , 3 4 ), see F ig s 5-6 and Tab l e I: ex p ec t ed and 
measu red v al u es mat c h  wit h in a f rac t io n o f  u nit .  
Th e sh o rt  is p l ac ed so mewh ere wit h in t h e f irst  mag net ic  

measu ring  p o sit io n (c o nnec t io n side end), amo ng  t h e c ab l e 34 
and t h e c ab l e 33 o f  t h e inner l ay er. 

 

y = -0.79x + 4.19
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Fig. 4: Fun c t io n  f(n)  a s  d ef in ed  in  E q . (3)  v ers us  m ul t ip o l e o rd er n f o r t h e 
f iel d  a n o m a l y , a n d  l in ea r f it . 
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Fig. 5: E x p ec t ed  a n d  m ea s ured  (c a s e 2 1 0 1 )  f iel d  a n o m a l ies  in  a2, b3 v ers us  
s h o rt  c irc uit  p o s it io n . 
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Fig. 6 : E x p ec t ed  a n d  m ea s ured  (c a s e 2 1 0 1 )  f iel d  a n o m a l ies  in  a4, b5 v ers us  
s h o rt  c irc uit  p o s it io n . 

V . OV ER V IEW  OF THE DETECTED  SHOR TS  
To  dat e, t h e l o c al iz at io n met h o d h as b een su c c essf u l l y  u sed 

f o r 12 c ases in t wo  dip o l e su p p l iers (9 o f  F irm 1 and 3 o f  
F irm 2). Dat a are su mmariz ed in Tab l e II: al l  def ec t s h av e 
b een l o c al iz ed in t h e mag net  ends, and 10 o u t  o f  12 in t h e 
c o nnec t io n side, wh ic h  is t h e mo st  c rit ic al  o ne du e t o  t h e 
asy mmet ry  o f  t h e assemb l y . In al l  c ases t h e sh o rt  is in t h e 
inner l ay er. Th e sh o rt s are eq u al l y  sh ared amo ng  u p p er and 
l o wer p o l es, and ap ert u re 1 and 2 as ex p ec t ed. F iv e dif f erent  

l o c at io ns in t h e c ro ss-sec t io n h av e b een f o u nd; we h ad sev eral  
c ases o f  sh o rt  in t h e c ab l e 38 -38 . 
 In t h e f irst  t wo  c ases (1103 and 1124), du e t o  t h e 

insu f f ic ient  ex p erienc e o n t h e p ro b l em, it  h as no t  b een 
p o ssib l e t o  v erif y  t h e p resenc e o f  t h e sh o rt  wh ere f o reseen b y  
t h e met h o d. Th ese were dif f ic u l t  c ases were t h e sh o rt  
ap p eared o nl y  du ring  t h e c o l l aring  at  a g iv en p ressu re and 
disap p eared af t er t h e disassemb l y  o f  t h e c o l l ared c o il . Th en, 
dedic at ed p ro c edu res t o  h av e an ex p eriment al  
c h arac t eriz at io n o f  t h e sh o rt  h av e b een dev el o p ed and t h ey  
h av e b een ap p l ied su c c essf u l l y  t o  al l  t h e su c c essiv e c ases. In 
al l  c ases, t h e l o c at io n o f  t h e sh o rt  mat c h ed t h e resu l t  o f  t h e 
met h o d p resent ed h ere. Th e c ase o f  1217  is st il l  o p en sinc e it  
h as no t  b een disassemb l ed y et . 

T A B L E  II 
M A I N  FE A T U R E S O F A L L  T H E  D E T E C T E D  SH O R T S. 

Firm D ip o l e A p . P o l e M e a s .  
P o s . La y e r S h o rt  

c o n f i g .
1 110 3 1 U 1 I 3 8 - 3 8
1 1124 2 U 1 I 3 8 - 3 8
1 1127 1 L 1 I 3 8 - 3 8
1 114 1 1 U 1 I 3 8 - 3 8
1 115 4 2 U 1 I 3 8 - 3 8
1 116 5 1 L 1 I 3 8 - 3 8
1 117 8 1 L 1 I 3 8 - 3 8
1 1217 1 U 20 I 3 8 - 3 7
1 15 26 2 U 20 I 4 0 - 3 9
2 20 8 7 2 U 1 I 3 4 - 3 4
2 210 1 2 U 1 I 3 4 - 3 4
2 220 2 2 L 1 I 3 8 - 3 8

 
V I. CONCLU S IONS  

We h av e sh o wn t h at  f o r t h e main LH C dip o l es t h e 
mag net ic  f iel d ano mal ies g enerat ed b y  el ec t ric al  sh o rt s are 
v ery  st ro ng  and c an t h eref o re b e u sed t o  l o c at e t h em. Th e 
met h o d p resent ed is b ased o n simu l at ing  wit h  an 
el ec t ro mag net ic  c o de al l  t h e p o ssib l e sh o rt s, and b y  
c o mp aring  t h e resu l t s o f  t h e measu rement s t o  t h e simu l at io ns. 
In al l  c ases it  h as al way s b een p o ssib l e t o  f ind a sh o rt  l o c at io n 
t h at  mat c h es measu rement s and simu l at io n wit h in 10 t o  50 
p p m (i.e. a f rac t io n o f  u nit ). Th e sh o rt  l o c at io n ev al u at ed in 
t h is way  h as b een v erif ied ex p eriment al l y  in t h e c o il s t h at  
h av e b een disassemb l ed. Th is ap p ro ac h  h as al l o wed t h e 
resc u e o f  sev eral  su p erc o ndu c t ing  c o il s du ring  t h e p ro du c t io n 
o f  t h e main LH C dip o l es. 
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