
Mobi le  Trai ler  1T-40 .0 .2  Fai lure  
February 2 ,  2005 

 

 
 
 
BACKROUND: 
 
Uti l i t i es  genera l ly  use  a  f l ee t  o f  mobi le  au to- t ransformer  t ra i le rs  to  subs t i tu te  for  
in  p lace  sub-s ta t ion  t ransformers  tha t  have  fa i led  in  se rv ice .   This  process ,  
par t icu la r ly  in  a  la rge  u t i l i ty ,  demands  tha t ,  when  needed ,  these  mobi le  au to-
t ransformers  be  ab le  to  be  t ranspor ted  to  a  g iven  subs ta t ion  or  r i sk  the  loss  of  
thousands  of  cus tomers  f rom the  u t i l i ty  gr id .    
 
In  many cases ,  d i f fe ren t  s ize  (MVA) mobi le  t ransformers  wi th  vary ing  vol tage  
requi rement  leve ls  (69kV to  500kV)  could  be  needed  depending  on  the  s ize  and  
type  of  fa i led  t ransformer  a t  a  par t icu la r  subs ta t ion .   In  many cases ,  a  mobi le  au to-
t ransformer  may be  s tored  a t  a  g iven  subs ta t ion  loca t ion ,  bu t  may not  be  energ ized  
unt i l  needed .   In  o ther  cases ,  where  a  par t icu la r  subs ta t ion  has  a  mobi le  au to-
t ransformer  on  s i te  bu t  i t  i sn’ t  the  r igh t  s ize ,  another  mobi le  au to- t ransformer  may 
be  needed  to  be  t ranspor ted  to  tha t  subs ta t ion  to  provide  necessary  power  
subs t i tu t ion  for  the  fa i led  on  s i te  t ransformer  un t i l  such  t ime as  a  new t ransformer  
can  be  ordered ,  manufac tured ,  sh ipped  and  ins ta l led  on  s i te ,  which  may be  a  per iod  
of  twelve  to  e igh teen  months .  
 
Because  of  the  impor tance  of  these  un i t s  to  a  u t i l i ty ’s  reserve  power  gr id   
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opera t ions ,  mobi le  au to- t ransformer  main tenance  becomes  very  impor tan t .   This  
paper  descr ibes  a  fa i lu re  tha t  occur red  to  one  of  these  t ra i le rs  as  i t  was  be ing  
t ranspor ted  under  emergency  condi t ions  to  a  subs ta t ion  due  to  the  fa i lu re  of  the  
wheel  bear ings  on  tha t  t ra i le r  p r ior  to  reaching  i t s  p roposed  des t ina t ion .   
 
Mobi le  t ra i le r  1T-40 .0 .2 ,  conta in ing  a  40  MVA mobi le  s ing le  phase  au to-
t ransformer  was  fu l ly  overhauled  be tween  the  months  of  March  22 ,  2001 and  May 
15 ,  2001 by  F lee t  Main tenance  in  Davis ,  CA,  a f te r  which  i t  was  moved a  d i s tance  
of  n ine teen  mi les  to  the  Vaca  Dixon Subs ta t ion  where  i t  was  se t  on  s ta t ion  in  a  de-
energ ized  condi t ion  unt i l  Wednesday ,  February  2 ,  2005 .   The  au to- t ransformer  was  
then  moved a  d i s tance  of  e igh t  mi les  f rom Vaca  Dixon to  a  loca t ion  a long  the  
In te rs ta te  505  Freeway where  the  s t ree t  s ide ,  ou ts ide- rear - f ron t  whee l  bear ing  
se ized  ca tas t rophica l ly ,  a long  wi th  a  second wheel  bear ing  loca ted  d i rec t ly  inboard  
and  a  th i rd  loca ted  d i rec t ly  behind  the  second inboard  bear ing .  
 
The  t ra i le r  weight  as  s ta ted  on  the  or ig ina l  manufac turer ’s  d rawing  #639136,  da ted  
9 /17/57 ,  ind ica ted  a  to ta l  g ross  weight  of  135 ,888  lbs  for  the  t ra i le r ,  inc luding  the  
91 ,000  lb  t ransformer .   Subs ta t ion  records  ind ica ted  the  weight  to  be  133 ,  280  lbs .   
However ,  the  weight  as  measured  on  the  Davis  Serv ice  Center  sca les  was  115 ,000  
lbs .  
 
INITIAL OBSERVATIONS:  
 
The sp indle  and  the  assoc ia ted  wheel  bear ing  for  the  ou ts ide- rear - f ron t  whee l  was  
rev iewed,  a t  which  t ime i t  was  no ted  tha t  the  ro l le r  bear ings  had  comple te ly  se ized  
to  the  bear ing  assembly  and  the  sp indle  assoc ia ted  wi th  tha t  bear ings  had  been  
worn  down to  approximate ly  ½ i t s  o r ig ina l  d iameter ,  due  to  some sor t  o f  f r ic t iona l  
force .  
 
At  th i s  po in t ,  i t  was  d i f f icu l t  to  de te rmine  the  “ root  cause”  of  the  fa i lu re ,  s ince  
there  wasn’ t  enough of  the  requi red  ev idence  present ,  a t  tha t  t ime ,  to  make  a  
s tud ied  observa t ion ,  however ,  severa l  thoughts  were  provided  by  personnel  
regard ing  the  cause  of  the  fa i lu re  f rom a  poss ib le  bear ing  misa l ignment  to  a  
bear ing  grease  fa i lu re  or  use  of  improper  grease ,  to  a  poss ib i l i ty  tha t  the  t ra i le r  sa t  
on  s ta t ion  for  an  ex tended  per iod  of  t ime wi thout  be ing  moved and  the  grease  dr ied  
out  on  the  bear ing  sur faces .  
 
Al l  ava i lab le  par t s  f rom a l l  s ix teen  sp indle  assembl ies  ( th i r ty  two ax les  and  
wheels )  were  co l lec ted  and  turned  over  to  TES for  eva lua t ion  by  the  Weld ing  and  
Meta l lurgy  group .  
 
MAINTENANCE HISTORY: 
 
Fol lowing  the  overhaul  of  the  t ra i le r  in  2001,  F lee t  Main tenance  conducted  both   
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long  inspec t ions  on  a  year ly  bas i s  and  90  day  BIT inspec t ions  as  requi red  by  UO 
Standard  D-S0468 (s ince  superseded  by  UO Standard  S3468) .   Those  inspec t ions  
and  assoc ia ted  t ime commitments  by  the  mechanics  a re  no ted  in  the  TEAMS 
da tabase .  
 
I t  i s ,  however ,  d i f f icu l t  to  de te rmine  exac t ly  what  procedures  were  fo l lowed by  
both  F lee t  Main tenance  and  Subs ta t ion  Personnel ,  s ince  there  a re  no  records  to  
ind ica te  i f  the  brake  inspec t ions  were  conducted  as  prescr ibed  in  the  s tandard  or  
the  un i t  was  exerc i sed  dur ing  tha t  per iod  of  t ime  on  s ta t ion ,  which  amounted  to  
approximate ly  th ree  years ,  e igh t  months  and  e igh teen  days .  
 
INITIAL FINDINGS: 
 
The dr iver  of  the  t rac tor  t ra i le r  who p icked  up  the  un i t  fo r  t ranspor t  a t  the  Vaca-
Dixon Subs ta t ion ,  no ted  tha t  the  t i res  were  on  the  ground and  par t ia l ly  bur ied  in  
the  on-s i te  g rave l ,  which  ind ica tes  tha t  there  may have  been  par t ia l  load ing  on  the  
t i res  and  the  wheel  bear ings .   Drawing  #639136 shows a  procedure  for  se t t ing  the  
t ra i le r  on  s ta t ion ,  us ing  jacks  to  ge t  the  t i res  comple te ly  of f  o f  the  ground.   He  d id  
not  know whether  or  no t  the  un i t  had  been  comple te ly  grounded  dur ing  tha t  
t imeframe,  as  s t ipu la ted  by  Ins t ruc t ion  #3  in  the  Opera t ing  Ins t ruc t ions  for  the  
Genera l  E lec t r ic  40 .0  MVA Mobi le  t ransformer ,  Company #1T-40 .0 .2 ,  which  
requi res  tha t  the  “oppos i te  corners  of  the  un i t  be  connec ted  to  the  s ta t ion  ground 
gr id  us ing  a t  l eas t  two 250  MCM copper  cab les ,  a long  wi th  touch  poten t ia l  g rad ing .  
 
A garage  foreman a t  the  Davis  Garage  s ta ted  tha t  he’d  had  occur rences ,  one  in  
par t icu la r ,  where  he  had  been  shocked  when he  walked  up  to  a  Mobi le  Auto-  
Transformer  (MAT) .   He  remembered  an  inc ident  a t  Table  Mounta in  where  they  
checked  the  vo l tage  to  ground and  measured  80  vol t s  dur ing  opera t ion  due  to  
improper  grounding .   He  now uses  a  grounding  bar  when he  approaches  an  MAT.  
 
I t  i s  sugges ted  tha t  a  fur ther  check  of  th i s  i s sue  be  car r ied  out ,  on  both  energ ized  
and  non-energ ized  mobi les ,  to  de te rmine  proper  grounding  on  both  s tored  and   
ac t ive  un i t s  and  to  de te rmine  i f  poss ib le  damage  to  o ther  Mobi le  Auto-
Transformers  due  to  induced  vol tage  could  be  a  problem.  
 
TES FINDINGS: 
 
The three  se t s  o f  fa i led  bear ings  and  wheel  sp indles  were  submi t ted  to  TES for  
fa i lu re  ana lys i s .   In  addi t ion ,  s ix teen  bear ing  se t s  cons is t ing  of  the  inner  and  outer  
ro l le r  bear ings  f rom each  wheel  sp indle  were  removed f rom the  t ra i le r  and  
submi t ted  for  ana lys i s .   ( Inc luded  in  these  s ix teen  bear ing  se t s  were  the  th ree  new 
bear ing  se t s  ins ta l led  to  rep lace  the  fa i led  bear ings . )    
 
Visua l  examina t ion  of  the  par t s  f rom the  three  wheels  where  bear ing  fa i lu re   
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occur red  revea led  ca tas t rophic  and  comple te  fa i lu re  of  the  bear ings  on  those  
wheels .  F igure  1 ,  be low,  i l lus t ra tes  the  ex ten t  o f  damage  found and  i s  
representa t ive  of  the  f ive  bear ings  tha t  fa i led  on  the  th ree  subjec t  whee ls .   Because  
of  the  ex ten t  o f  damage  to  the  fa i led  bear ings ,  l i t t l e  usefu l  in format ion  as  to  the  
cause  of  fa i lu re  was  obta ined  f rom those  bear ings .  
 

 
F igure  1:  Outer  bear ing  f rom sp indle  #10 .   Rol le rs  
a re  welded  to  the  inner  race .  

 
 
The  bear ings  f rom the  wheel  loca t ions  wi thout  fa i lu res  were  v i sua l ly  examined  to  
de te rmine  any  addi t iona l  damage  to  o ther  bear ings .   Two types  of  damage  were  
found on  the  bear ing  sur faces :  fa in t  l inear  f ros t ing  on  the  races  and  ro l le rs  of   
bear ings  on  Spindles  #10 ,  #11 ,  #15 ,  and  #16  (see  F igure  2  be low) ;  and  sca t te red  
p i t t ing  on  the  races  of  the  bear ings  on  Spindle  #7 .    
 
Samples  of  damage  found in  the  v i sua l  examina t ion  were  ana lyzed  in  fur ther  de ta i l  
us ing  scanning  e lec t ron  micrography to  c lass i fy  the  damage  found v isua l ly .    The  
resu l t s  o f  th i s  examina t ion  a re  summar ized ,  as  wel l ,  in  F igure  2  showing  both  the  
damage  type  found and  loca t ion  of  each  bear ing  on  the  t ra i le r .   I t  i s  no tewor thy  
tha t  a l l  o f  the  bear ings  wi th  a rc ing  damage  were  loca ted  on  the  a f t  whee l  car r iage  
of  the  t ra i le r ,  as  were  the  th ree  sp indles  tha t  suf fe red  ca tas t rophic  bear ing  fa i lu res .   
Only  one  sp indle  on  the  f ron t  car r iage  had  bear ing  damage ,  which  was  caused  by  a  
d i f fe ren t  fa i lu re  mechanism than  the  fa i lu res  on  the  a f t  ca r r iage .  
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F ront  of  Transformer  Tra i le r  
Spindle  #1  

O:  No 
damage  
I :  No 
damage  

Spindle  #2  
O:  No 
damage  
I :  No 
damage  

Spindle  #3  
O:  No 
damage  
I :  No 
damage  

Spindle  #4  
O:  No 
damage  
I :  No 
damage  

Spindle  #5  
O:  No 
damage  
I :  No 
damage  

Spindle  #6  
O:  No 
damage  
I :  No 
damage  

Spindle  #7  
O:  
Corros ion 
pi ts  
I :  
Corros ion 
pi ts  

Spindle  #8  
O:  No 
damage  
I :  No 
damage  

Spindle  #9  
O:  Fai led  
bearing  
I :  Fai led  
bearing 

Spindle  #10  
O:  Fai led  
bearing 
I :  Arcing 
damage   

Sp indle  #11  
O:  No 
damage  
I :  Arcing 
damage 

Spindle  #12  
O:  No 
damage  
I :  No 
damage  

Spindle  #13  
O:  No 
damage  
I :  No 
damage  

Spindle  #14  
O:  Fai led  
bearing 
I :  Fai led  
bearing  

Sp indle  #15  
O:Arcing 
damage  
I :  Arcing 
damage  

Sp indle  #16  
O:Arcing 
damage  
I :  Arcing 
damage  

Rear  of  Transformer  Tra i le r  
 
Figure  2:  Locat ion  and  type  of  damage  found on  t ra i le r  
bear ings .   I  denotes  the  inner  bear ing  on  the  sp indle ;  O  
denotes  the  ou ter  bear ing  on  the  sp indle .  

 
F igures  3  and  4  a re  scanning  e lec t ron  micrographs  tha t  show sur face  damage  on  a  
bear ing  wi th  l inear  f ros t ing  damage  tha t  d id  no t  fa i l ;  th i s  damage  i s  represen ta t ive  
of  the  damage  found on  the  o ther  a f t  ca r r iage  bear ings  examined .      
 

 



  
F igure  3:  Scanning  e lec t ron  
micrograph  of  e lec t r ic  d i scharge  
damage  on  ro l le r  f rom sp indle  #10  
inner  bear ing .  

Figure  4:  Scanning  e lec t ron  
micrograph  of  spa l l ing  on  ro l le r  f rom 
sp indle  #10  inner  bear ing .  

 
The mel t ing ,  p i t t ing ,  and  sur face  ox ida t ion  seen  in  F igure  3  i s  charac te r i s t ic  o f  
a rc ing  damage  produced  by  low vol tage  e lec t r ic  d i scharge  through the  bear ing .   A 
poten t ia l  d i f fe rence  of  as  l i t t l e  as  two vol t s  i s  known to  cause  th i s  type  of  damage .   
Once  damage  to  the  bear ing  ro l le r  and  race  sur face  i s  in i t i a ted  by  e lec t r ic  
d i scharge ,  the  damage  expands  dur ing  opera t ion  by  forming  fa t igue  c racks  in  the  
sur faces  tha t  resu l t  in  spa l l ing  of  smal l  par t ic les  f rom the  bear ing  sur face  tha t  
expands  the  damage  a rea ,  F igure  4 .    The  wear  debr i s  p roduced  by  loca l  spa l l ing  
migra tes  to  o ther  a reas  of  the  bear ing ,  spreading  damage  throughout  the  bear ing .   
Once  th i s  damage  mechanism has  in i t i a ted ,  to ta l  bear ing  fa i lu re  can  occur  in  a  very  
shor t  per iod  of  t ime  in  heavi ly  loaded  bear ings .   I t  i s  l ike ly  tha t  a rc ing  damage  
f rom poten t ia l  d i scharge  across  the  bear ings  on  Spindles  #9 ,  #10  and  #14  a l so  
in i t i a ted  the  fa i lu res  a t  those  loca t ions .  
 
Subs ta t ion  Elec t r ic  and  TES Pr inc ipa l  Grounding  Engineers ,  comple ted  a  fo l low up  
inspec t ion  of  the  newly  repa i red  1T-40 .0 .2  mobi le  au to- t ransformer  upon i t s  re turn  
to  the  Vaca  Dixon Subs ta t ion  on  Apr i l  28 ,  2005,  wi th  the  fo l lowing  observa t ions .  
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The  t ra i le r  had  been  p laced  in  exac t ly  the  same loca t ion  in  the  subs ta t ion  as  before  
the  bear ing  fa i lu res  and  i t  i s  assumed was  grounded  us ing  the  same procedure ,  as  
before .    
 
At  the  t ime of  the  inspec t ion ,  the  above  noted  personnel  no ted  tha t  ne i ther  the  
f ron t  nor  the  rear  whee l  assembl ies  were  adequate ly  bonded/connec ted  to  the  
t ransformer  f rame suppor t .   This  lack  of  connec t ion  i s  cons is ten t  wi th  the  
observa t ions  of  the  o ther  mobi le  un i t s  (a t  Tes la  Sub)  and  would  eventua l ly  lead  to  
the  fa i lu re  mode  noted  above  in  th i s  repor t .  
 
What  could  not  be  expla ined  by  i s  why the  f ron t  wheel  assembly  bear ings  were  not  
damaged  by  the  leakage  cur ren t .   However ,  the  t ra i le r  has  been  rebui l t  s ince  then  
and  condi t ions  a re  no t  exac t ly  l ike  before  the  fa i lu re .   I t  should  a l so  be  no ted  tha t  
the  f ron t  car r iage  assembly  had  an  improved  grounding  pa th  to  the  subs ta t ion  gr id ,  
then  d id  the  rear  car r iage  assembly .    
 
The  root  cause  for  the  a forement ioned  fa i lu re  remained  as  improper  bonding  of  a l l  
t ra i le r  par t s  to  the  grounding  connec t ion  due  to  these  observa t ions .  
 
CONCLUSIONS AND RECOMMENDATIONS: 
 
A review of  the  Month ly  Mobi le  Inspec t ion  Forms used  by  Subs ta t ion  personnel  
ind ica ted  a  poss ib le  problem regard ing  cor rec t ive  ac t ions  no ted  dur ing  those  
inspec t ions .   Fo l lowing  an  ear l ie r  overhaul ,  comple ted  on  May 15 ,  2001 ,  the  f i r s t  
Month ly  Mobi le  Inspec t ion  Form was  f i l ed  on  4 /2 /02 .   Many i ssues  were  ind ica ted  
f rom month  to  month ,  f rom pumps  not  wi red ,  to  no  wheel  chocks ,  to  ro t ten  cont ro l  
cab les ,  e tc .     
 
As  the  months  progressed ,  new i ssues  were  repor ted  and  o lder  i s sues  weren’ t  l i s ted  
anymore ,  bu t  there  was  no  en t ry  regard ing  any  cor rec t ive  ac t ions  be ing  taken  to  
a l lev ia te  those  i s sues .   Cont inued  rev iew of  those  documents  revea led  i ssues  tha t  
were  cons is ten t  in  the i r  re fe rence ,  bu t  no t  in  the i r  cor rec t ion ,  such  as  no  wheel  
chocks ,  no  l igh tn ing  a r res tor  d i scharge  counters  and  separa te ly ;  boxes ,  DC power  
cab le  on  order ,  hydraul ic  jack  on  repa i r  and  most  recent ly ,  Atmosea l  pump leak ing .  
 
I t  i s  sugges ted  tha t  Subs ta t ion  and  F lee t  personnel  rev iew the  cur ren t  spec i f ica t ion  
govern ing  both  F lee t  and  Sub-Sta t ion  respons ib i l i t i es  to  ver i fy  tha t  a l l  i s sues  a re  
covered ;  up  to  and  inc luding  maximum weights  tha t  can  be  handled  safe ly  by  F lee t  
Personnel  for  t ra i le r  overhaul  and  when/where  those  overhauls  can  be  done .   I t  may 
a l so  be  necessary  to  look  a t  coord ina t ion  of  the  overhaul  ac t iv i t i es  to  be  done  by  
F lee t  Personnel  and  obta in ing  the  necessary  equipment  and  loca t ion  to  a id  in  the  
overhauls .  
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I t  i s  a l so  recommended tha t  there  needs  to  be  a  comple te  grounding  s tudy  of  the    
au to  t ransformer  t ra i le rs  cur ren t ly  in  company Subs ta t ion  yards  to  ver i fy  tha t  
p roper  grounding  of  each  t ra i le r  type  i s  accompl i shed  when the  t ra i le rs  a re  be ing  
s tored  and/or  when  they’ re  in  se rv ice .  These  s tud ies  should  inc lude  a  de te rmina t ion  
of  the  feas ib i l i ty  of  apply ing  grounding  connec t ions  be tween  the  t ransformer ,  
t ransformer  pad  and  t ra i le r  do l l ies  on  each  mobi le  au to- t ransformer  un i t .   These  
requi rements  may a l so  have  to  be  s t ipu la ted  in  fu ture  orders  for  au to- t ransformers  
f rom company suppl ie rs .   
 
MJO 
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