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Investigation Report of Loco No. 30549 WAP-7, SRC failed due to wheel set-5
locked on 23/24.04.2019

1) Rly. Board vide letter no 2002/ Elect (TRS)/ 440/18/9Pt dated 24.04.2019
had nominated following officers for investigation of the incidence-
Shri P. K. Saraswat [DSE/TM/RDSO) — Convener
Shri S. P. Patra (Dy.CEE/TMM/CLW) — Member
Shri Jeet Ram (Sr.DEE/TRS/ELS/SRC) - Member
Shri S. C. Chaudhari (Sr.DEE/TRS/ELS/AQ) — Member

2) Brief history of the incidence :- Loco No. 30549 WAP-7 SRC while working
Train No. 12261 Mumbai Howrah Duronto Express failed in Bhusawal-
Badnera section of BSL division. Train departed from BSL at 23:39 on
23.04.2019 and at 00:59 Hrs on 24.04.2019, after passing Jalamb (JM)
station Loco Pilot observed message FO301P2, FO301P1 and Bogie-2
isolated without any MCB tripping. Further between Kurum (KUM) and
Takli (TKL) station, Loco pilot noticed smoke from under truck and he
stopped train at Takli station at 02:12 Hrs. The fire extinguishers were
used. After that wheel set-5 found locked. Assisting engine was given from
rear side & train arrived at Badnera station in pushing mode & loco was
detached there.

The section was blocked from 02:11 Hrs till 07:00 Hrs i.e. for 04°'49",

Loco was attended at Badnera & pinion of TM-5 was cut. Loco
arrived in dead condition with speed restriction of 50 kmph from Badnera
to ELS/AQ. The joint report of SSE/TRS/ELS/AQ & CLI/BD is enclased as
Annexure-l (02 pages).

Gear case of TM-5 was found intact & spy glass was found in the
gear case. As per the SSE/TRS/ELS/AQ, who attended loco at Badnera, spy
glass was not in its position and loco movement from Badnera to ELS/AQ
was done by applying M-seal and RTV. Loco was jointly checked at
Badnera at 10:00 Hrs on 24.04.2019 by CLI/Badnera and SSE/TRS/Ajni

3) Train and Loco particulars

1)  Train Neo. : 12261 Mumbai Howrah Duronto
Express
2) load 1 17 Bogies
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3) Loco No. : 30549 WAP-7 SRC
(Medha propulsion)

4) Loco Comm. Date : 06.08.2017 (Commissioned at
ELS/TATA)

5)  ELS SRC Comm. : 02.12.2017

6)  ICschedule : 28.02.2019

7) Last visit to ELS/SRC : 05.04.2019

g N : 20.04.2019 at Pune (PA)

9)  Name of Loco Pilot . K W Naidu/NGP

10) Name of ALP 4 A K Pandit/NGP

4) Observations made at ELS/AQ :-

4.1) TM-5 which was without pinion, was dismantled. Motor was found
in seized condition. The traces of use of fire extinguisher on TM-5
noticed, power cables & TM temperature sensor cables found
damaged due to burning. Driving side end shield was removed &
thereafter bearing. Bearing was found seized but not to that extent
which is generally noticed in case of bearing seizure. Bearing cage &
rollers were found intact. Driving side overhang portion insulation
damaged & coil conductors came out in broken condition.

4.2) NDE end shield bolts were opened but end shield was not coming
out. NDE side bearing was also found in seized condition & its rollers
were dislocated. Rollers had jammed with inner racer & outer racer
due to which end shield can’t be taken out even after removal of
end shield bolts. Rollers were taken out one by one by gas cutter &
end shield removed thereafter. Inner racer was also removed by gas
cutter. The NDE bearing was in much more damaged condition
compared to DE bearing. NDE side stator overhang portion
insulation found burnt & damaged. The rotor could not be taken out
from the stator & rotor is physically locked & entangled with stator.
The photpgraphs of damaged TM parts are attached at Annexure-Ii
( 05 pages).

4.3) As per record of ELS/SRC TM-5 of CLW make is already identified for
gear case oil ingress & shed has written to CLW on 15.11.2018
regarding the issue. As per ELS/SRC last greasing details are as

below-

Date DE side NDE side
28.02.2019 (IC schedule) 1091 gm 285 gm
05.04.2019 (Unschedule Till grease came out =

for oil ingress) from outlet

= - e B 5 yi
s SR 2 page of 5
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4.4) During IC schedule on 28.02.2019, grease metal content was
checked & no metal content found.
Documents submitted by ELS/SRC are attached as Annexure-1il (10
pages).

4.5) Measurements were carried out jointly by supervisors of CLW,
RDSO, ELS/AQ & ELS/SRC and joint report is attached as
Annexure-IV( 05 pages). From the measurements it is observed that
diameter of NDE side end shield bearing seating area is 214.914/
214.920/ 214.951mm which is less than the prescribed limit of
214.948 to 214.960mm.

4.6) ELS/AQ had given suggestion for issues related to oil ingress &
mating component dimensions of traction motor type 6FRA6068,
attached at Annexure-V (02 pages).

4.7) CLW had confirmed that physical measurement of dimensions of
mating components is being measured from Feb’2018 onwards.
However radial clearance & axial clearances are being measured
from the beginning & for this TM-5 radial clearance & axial
clearances are within the limit, as per records at Annexure Vi (01
page).

4.8) The major events logged in & their meaning are as below :-

I At 00:48:03 Hrs :- Earth fault in BG-2 is logged.

il.  At00:49:50 Hrs :- BG-2 isolated.

iii. Between 00:54:19 till 00:56:29 Hrs :-There are faults logged of
TM-5 temperature more than limit-1 & more than limit-2 &
TM-5 temperature sensor-2 faulty.

iv. At 01:00:10 Hrs :- BG-2 is recovered even though TM-5
temperature logged is 282°C.

v.  At01:00:11 Hrs :- There is earth fault in BG-2 again.

vi. At 01:00:17 Hrs - Over current drawn by TM-5 (more than
800Amp) & hence firing to motor converter-5 stopped. Again
same thing repeated twice at 01:03:11 Hrs & 01:04:51 Hrs &
finally TM-5 isolated at 01:04:51 Hrs.

vii. Loco &Train continued to work in same condition till

approximately 02:12:00 Hrs.
Clata®— e =
7 y v e 3 pageof 5
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4.9) The analysis of fault data logged submitted by M/s Medha is
enclosed herewith as Annexure-Vil (04 pages).

5) Deliberations on the observations for probable causes of incidences :-

i. There is earth fault in the TM-5 as per fault data logged. This earth
fault cannot be considered as cause of bearing seizure rather in our
opinion earth fault is caused by bearing seizure of TM-5 due to
misalignment and rubbing of rotor with stator after bearing seizure.

ii. The heavy electrical damage to windings is most probably due to
TM-5 coming into service in earth fault & heavy transient current in
TM-5 as evident from fault message of “WBOT VSat Fault”.

ili. Seizure of DE bearing :- The driving end bearing is found in seized
condition, however its rollers & cage were intact. The problem of oil
ingress was reported in this traction motor. However the DE bearing
seizure can’t be attributed to starvation of grease as last greasing was
done on 05.04.2019. From the observations, it appears that DE
bearing seizure is after effect of NDE bearing seizure as damage of
NDE bearing is much more than DE bearing.

iv. Seizure of NDE bearing :- NDE bearing also found in seized condition,
its rollers were dislocated & cage had broken. From the observation it
appears that NDE bearing seizure is root cause of the incidence. From
the measurements carried out, it is evident that diameter of NDE
bearing main seating area found 214.914/ 214.920/ 214.951mm at
different locations compared to prescribed diameter of 214.948 to
214.960mm. The less diameter of end shield will result into higher
interference than prescribed. It is suspected that high interference of
NDE bearing is probable cause of seizure of NDE bearing. CLW had
started measurements of mating components from February'2018 &
this traction motor was manufactured in January’2017.

6) There are cases of bearing seizure and cases of NDE side bearing seizure
are less. However in either case damage to stator & rotor is not to the
extent observed in this case. Locomotive is having Medha propulsion &
two deviations with other propulsion system noticed in this case are-

i.  In case of isolation of traction converter due to earth fault same is put
into service automatically without any positive action manually.

- cF
>y = W A e
b
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il. It appears that, even if TM temperature is more than 230°C, TM is
taken into service.

7) Conclusion :- From all the above observations most probable cause of
incidence is NDE bearing seizure due to less diameter of end shield which
resulted into higher interference than prescribed. The extent of damage to
the traction motor is more due to deviations in logic of Medha propulsion
system.

8) Responsibility :- As admitted by CLW, Traction motor assembly was done
without measuring the dimensions of mating components, which resulted
in failure. Hence CLW is responsible.

9) Preventive measures to avoid recurrence:-

i Proper measurement of mating components must be carried out
during traction motor assembly. CLW informed that they had started
measurements from Feb’2018.

ii. It is suggested to revert back to original dimensions of labyrinths to
eliminate the problem of oil ingress in traction motor.

iii. Review of deviations in logic of Medha propulsion.

—
= —— —
L
—— 2" L,j
P. K. Saraswat
DSE/TM/RDSO
Convener
7
/ ?%,?\ A\ ﬁb\“\ﬁ
Jeet Ram S. C. Chaulthari S. K ra
Sr.DEE/TRS/ELS/SRC Sr.DEE/TRS/ELS/AQ Dy.CEE/TMM/CLW
Member Member Member
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4. Deflector dislocated. Deflector come out, DE side pinion ab
mmwwmwmwm
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Fig No. 2&3 :Molten copper stuck on coils of winding on DE overhang

ANNEXURE - 1T
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Fig. No.

Fig. No. 5 : Molten copper and ash on NDE overhang
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© O i e g
Fig. No. 6 : DE Bearing with inner racer stuck inside

Fig. No. 7 : Broken front ring of NDE bearing brass cage and NDE grease cover
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Fig. No. 8 '-

Badly oirerhea ™ ji.mclinn Box

9: DE end of TM before dismantie
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.11 : NDE bearing after dismantie
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Aga A MRS S e
ELECTRIC LOCO SHED / SANTRAGACHHI / S.E.Riy.
TR IR 50 famnd m wratza, Office of the St DEE/TRSMSantragact™)
uREg-sme faen-mew, PO-Jagacha Dist-Howran - 711717 W3]
Tele-(0371 Z65R-1A95 (BSNL) Fax - ((033) 2628-5240 (BSHLT
45648 5652, 45586 iRiy ) e-mail  sredeelrs@QMaii Lo
H.No. TRS/SRC/713/3-Ph. TM/2% 38
=75 Date- November 15, 2018

Chief Electrical Engineer (TMM)
Chittaranjan Locomotive Works (111 W)
Chittaranjan

Pin- 713331

2wy Sub.: Premature fallure of 2 shase TM in FIS/SRC's locomatives

At present 3-phase loco (WAP?7) “olding of ELS/SRC is 19. Premature failure of Traction Moters for ingress of
P Gear Case oil has occurred in different locomotives.

Detail is mentioned beiow: D
S, TMNo & Loco Zomm. Nature of Remarks
No. Make No. & ~ Date failure
i ™
' position | e S RS e
1 | 7387 (CLW) | 30584/3 15.11.2017 -
517375 (GLW) [ 30584/4 | 15.11.2017 | O moress
3 | 7118 (CLW) | 30564/3 | (£.08.2017 Ol ingress {
4_| 6985 (CLW) | 30564/6 | €>.08.2017 |
21 1 Ollingress. _
l : 2 | 02 188 i on 24.07.2018 as per
7 | 8008 (CLW) | 30633/2 | 0:.01.2018 Mn:ﬂﬁgmn done on 24
8 | 7947 (CLW) | 30633/3 | 02.01.2018| RDSO's rnodificz ot MS/439 Dtd.
9 | 7999 (QLW) | 30633/4 | €2.01.2018 Oil ingress 3 _
» [ : | Again ofl ingress in TMs after modification
T be———— e — —
Hence, 09 Traction Motors have developed off ingress but are still in service due to non availability of
spare TM.
This is for your kind information 2rd necessary action please. }27/ ﬂ S,
- ”.
7 131
Sr.DEE/TRS/SRC

gfaferta Copy to CELE/SER far kin«! information please.
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| racrion woron

Chechk for proper lightness of cable with din rail for cable
! | Chect rutber grommets
ITT Ensure the healthy condition &

880N shunts (SMI248) = o
| 9 | Openspeed sensor unjis and covers for metal content checking
! and clean the grease and provide back Ensure the ligtitness of

L 20N of speed nng and clamp plates -

10 | Sengine grease samples for |
content is within kmits at NDE end i & less than 0.25%(5MI-273)

11 Check for grease nippla on NDE & DE end frame

12 | Note and record the temparature siickar readings(SMI-278)_
13 | Check the ohmic value of AB & CD of !

fault storage CGP. (1) Motor temperature above limit, (i) |
Temperature difference moior be. > limit, |

deow 2y
WAP-7 LOCO Rol: ELSivERP»
SECTION E3(TnY)

Ny Ferveye

RELE

‘Schedule Activ ty” : Standard | Actual

e e - |
{1 1 | Examine all Traction Motors for signs of damags. dents or c*ar f Abnormalityl |
| | defects caused by ballast Chack oil falling on TM and air cut. st | Ho Abnermaliy
. 8re not obsiructag in. any way, replace if any mash is broken
| Open TM terminal box and check the ughtness of connaclions Abnotmalitg/
foo L AJSD check for water NQress in junclion box

1on box : Mo Atnonmahty
j 13 Check the tgniness o! Allen bolt of NDE & DE end trams Demand i
I 4 | Chesk trastian power cables, speed sensor and temperaturo Abnormahty/ !
} SEnsor catles are not chafted or daraged in any way | Mo Abnormaliny L
L 5 | Checkihe coupler lightness of T_a'mnaralmehsnd spead sansors | Looso or flight |
=5 | Check the afferance in resistance between AB and CD torminal f = 03 ohins |
i of the temperature sensor =
= o sern
I | connection and he up with
L

Annonmaling!
cable tie for additional protoction No Atnoimality

nd praper connection of all TM LooserTight

Apnarmaliy/
No Abnarmnlily
|

ablesting and ensura metal | <q 25%,

caonnecled
Record

‘

|
Connectaai Not | ~

s
- e i — !
the temperature sensor Abnormal/

| Doc. ko ELSISRCAUSEMAR. 108 3 Fmyne e,

O L B A

I

S S S | i Action takon

wu

s !

Do greasing of TM after opering grease nipple. Regressing of | ﬁE-dﬁo_g}i;n-;: e
bearing of TM to carry out every alternative inspection (1~ |g,

NDE-150 grams |

grease available

i5
SR s gl o3 )
16

_i{Smi3o7)” |
Visual checking of Folder piate lug and 1a5 testing by DFT | Crack/ No Crack |, ~—~
17 | Checking the gre I8k No ]

Sk the condition of ballow and rop]

ase melal content during schedule, whansver [Checfied  ~—  |——————-

Iﬂtmd‘ 1 frlrmtlghlnl.n:

|| TMJUNCTION BOX & BATTERY BoxX SCHEDULE

£ Any O] Vharens 15 Fe
be-.;.r anl 5

T Signatura©

]
| Elobody vaiue1s <020) il g l.
14 | Indwidual TM inductance vaiues &I W iemmingic with | Sia bl I IR e e 7
disconnaction of TM cabies i difference of inductance betaren 1 2 N 5 5 i
: oy WO phasa is < 0 005mH. aliow the motor for next schedule (V7 SR 5 T
i (For IGBT based iocos) (as per SMI-262) I |
Inductance whenever any thres fault messages — (i) PS || v-w
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ANNEYWRE T

OBSERVATI S OF TRACTIO OTOR-5 sr. No. TMTG 672 F CO NO. 3 9
OF ELS/SRC

Traction Motor Sr. No. TMTG-6728 CLW make Mfg Feb-2017 commissioned on

06.08. 2017 at ELS/ TATA in Loco No. 30549. Loco transferred to ELS/SRC on
02.12.2017.

DE bearing make: FAG 17 roller design, Sr. No. 2409816-032 NDE bearing make: FAG
DE end shield : KMRI| make Sr. No. 417-01-17

NDE end shield : KMR| make Sr. No. 417-01-17
Type of Rotor : Scheme-l (Sr. no. CLW-RTG 2843, CLW E 289, GIU401)
Common observations for DE and NDE side :-

1) Both DE and NDE bearings found seized.

2) No grease found inside DE as well as NDE bearing since burnt.

3) DE & NDE side winding badly melted at overhang portion and molten copper
deposited on the bottom portion of overhang along with fire extinguisher powder
and ash. Copper coils of winding were visible due to burning of insulation.

4) Molten metal found stick to copper coils on DE as well as NDE overhang.
5) Induction brazing material of rotor bars with end ring found melted on both ends.

Molten metal on NDE overhang
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Observations on DE Side

1)

2)

3)

4)

5)

6)

7

8)

Driving end outer labyrinth shifted out. Overheated signs observed in outer
labyrinth.

DE outer labyrinth found rubbed with DE outer grease cover. All the rollers of DE
bearing were intact in place. No damages noticed on DE brass cage. No crack
on DE Quter racer and found intact.

DE inner racer found loose on shaft due to increased inner diameter of inner
racer. DE Inner racer and inner labyrinth badly rotated on shaft. Hence
dimensions of shaft as well as inner diameter of inner racer could not be
measured.

DE side end shield came out easily along with complete bearing and inner racer
during dismantling of motor. DE Inner racer trapped inside the bearing due to
deep grooves on raceway & hence could not be removed out from bearing

Stator IR found zero MQ.

Tried to remove rotor from stator but could not be removed out due to burnt
material and molten metal trapped between stator and rotor.

RDSO MS 439 Rev. 0 found implemented on outer labyrinth to drain out
ingressed oil.

Dimensions of DE end shield & outer racer were jointly measured by
representative of ELS/AQ, CLW, RDSO, ELS/SRC & M/s Schaffler and are as
below- '

SN

Description Standard Measured dimension on

dimension as per 26.04.2019 (in mm)
MS 0415
(in mm)

DE end shield ID at bearing | 319.950 to 319.990 | 319.851/319.902/319.998
seat

DE bearing outer racer OD 319.960 to 320.00 319.028 & 318.969

Shaft OD for DE inner racer | 180.043 to 180.068 | Could not be measured
seat

Since outer racer of DE bearing found rotated inside DE end shield distorting
dimensions of both OD and ID.

Shaft OD could not be measured due to scoring caused by rotation of inner racer and
inner labyrinth.

M W ‘@‘S/!f;w_ @,ﬁ*"/ @”1&“
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NDE side:

1) NDE end frame has overheating signs on its complete periphery.

2) NDE side 3 Nos. lock plate bolts found intact ( size M16 X 45) with proper
tightness . Same removed for dismantling the rotor. (One no. boit broken during
dismantling)

3) Tried to remove NDE end shield along with rotor from NDE side but could not be
removed out since burnt material and molten metal trapped between stator and
rotor and NDE side bearing stuck up with inner racer on shaft and labyrinth.

4) NDE grease cover removed out. Angle ring (Annular ring) found badly rubbed
with rollers.

5) NDE Brass cage all rivets found broken & front ring came out, rollers de-shaped
and accumulated at one place.
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6) NDE inner racer has groove on race way. Both labyrinths (shaft & end shield)
rubbed and locked with each other hence NDE end shield & bearing could not
removed out from shaft.

7 For removing NDE end shield, bearing cut by gas to remove all rollers. Then
inner labyrinth cut by gas and removed the end shield.

8) NDE inner racer and its labyrinth on shaft were cut by gas into two pieces and
removed out. Hence dimensions could not be measured.

9) Dimensions of NDE end shield & outer racer were jointly measured by ELS/AQ,
ELS/SRC, CLW, RDSO & M/s Schaffler and are as below-

SN Description Standard Measured
dimension as per dimension on
MS 0415 26.04.2019 (in
(in mm) mm)
1 | NDE end shield ID at bearing seat | 214.948 to 214.960 | 214.914 /214.920 /
214.951
2 | NDE bearing outer racer OD 214,970 to 215.000 | 214.185 & 214.047
3 | Shaft OD for NDE inner racer seat | 100.023 fo 100.045 | 99.920 /99.980

NDE end shield bore for outer racer seat found undersize despite rotation of outer
racer. OD of outer racer drastically reduced due to wearing of ceramic coating due to
its rotation. Considering the standard OD of NDE outer racer (214.990 mm), the
interference seems to be in the order of 49 to 76 micron.
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Other observations :-

1) Temperature sensor Florican make, values checked and found AB-109 Q) and CD-
154.4 ohms. Lead insulation of both elements completely melted. Silicon rubber
gasket burnt to ash. Element and fixing bolts badly overheated.

2) Speed sensor badly rubbed with PG ring & damaged. (Speed sensor make
Medha)

3) Terminal box of traction motor found badly overheated & green coloured RTV
found melted & spread inside the junction box.

4) Some portion of speed & temperature sensor cables, which were touching to stator
body found burnt.

5) All the measurements of DE and NDE side will be jointly checked by CLW and
KMRI, HWH representatives afterwards as desired by CEE/TM/CLW.

Conclusion : From the above observations it is suspected that the DE bearing seizure
is the after effect of NDE bearing failure. Whereas the probable cause of failure is
suspected as NDE side bearing seizure due 1o very high interference between NDE
outer racer a\nd end shield bore.

- AN\ Erd 78141

M.R. Ghooi Biswanath Biswas Bimal Adhikary
SSE/ELS/Ajni SSE/TM21/CLWICRJ SSE/E3TM/ELS/SRC
) AS-
Mohd. Azeem Pulkit Sharma
SSE/Elect/RDSO/LKO Dy. Manager M/s Schaffler

, enee We Lo buno o,
o Vdeeninin ﬂfznﬂf m;%y Clo(mne:c.( A‘tlﬂge b s likntr
ﬁﬁat

6‘? <2
(6 c G;HOSH) .
55 E [TMp/cifers Ueccs-mz:lcuafmlf

Prepared by Checkedby Issued by

Mt Sove— | e




| Page 34 of 52

Issued on 10.06.2019

No. RDSO/2019/EL/IR/0186 Rev. ‘0’

ANNEXURE - =X

OBSERVATIONS OF ELS AJNI REGARDING THREE PHASE TM 6FRAG068

During the year 2018 and 2019 (upto April) 05 bearing seizures of new locos Ex. CLW
were occurred at ELS/AjNI.

Sr. | Loco No. | TM Sr. No. | Bearing | Bearing Failure End shield ID DE Bearing
No. Comm. Make Dt. outer Racer
Dt. oD
1 | 32035/5 | TMTG- Dec17 | FAGG 15-Feb- | 319.944/950/960 | 319.416 mm
7679 18 mm to 319.576
mm
2 | 320353 TMTG- Dec-17 | FAGG 01-Mar- 319.920/930/055 | 318.440 mm
7695 18 mm to 31B.700
L =] mm
3 | 30499/8 TMTG- Dec-16 | FAGG 14-Sep- 319.973/875 mm | 319.499/685
6154 18 mm
4 | 32008/5 | TMTG- Mar-18 | FAGG 04-Dec- 319.935/940/955 | Not measure
B3A4 18 mm as racer
crack.
6§ | 32286/4 TMTG- Feb-19 | FAGG 17-Feb- | 319.638/64/715 | Couid not be
9778 19 mm taken

1)

2)

3)

4)

In all the above cases DE bearing was seized and axle locked. Bore dia of DE end
shield for bearing seat in all the above cases found under size which was the
suspected root cause of bearing seizure, due to excessive interference of DE outer
racer with end shield bore.

ELS/AQ has removed several healthy TM's from new locos Ex. CLW to measure
the DE side end shield bore, which was measured in the range of 319.920 to
319.950 mm. This is already informed to CLW.

ELS AQ is repeatedly requesling for removing the remark most preferred
dimension of 319.950 (For DE) and 214.955 (For NDE). We are of the opinion to
modify these dimensions to 319.970 (for DE) and 214 965 (For NDE). These are
the mid points of the respective tolerance limit.

We are also requesting to replace the Table No. C4 of RDSO Ms 415 Amendment-
2 regarding 1D of NDE end shield 214.949 to 214.960 mm by the previous table
B4 of RDSO MS 415 Amendment-1 which was having dimensions similar to OEM
M/s ABB 214.949 to 214.978 mm. With most preferred dimension as 214.965 mm.

As per observations of ELS/AQ the cases of gear case oil ingress are regularly
observed in new locos Ex. CLW. Many times oil ingress is observed at the moment
loco arrives from CLW for commissioning. As per ELS/SRC the same problem is
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Observed within six months of Gommissien
ELS/SRC on 15.11.2018 copy anclosed).

5) ELS AQ also féquested to change the back side inner dia of DE and NDE end
shield. (As shown in the photograph) to OEM's dimensions.

O “ =

OEM'’s Dia
254 5 mm

180.0 mm |

Due to increased existing diameters grease is getting thrown on both DE and
NDE windings irrespective of gear case oil ingress. These dimensions has no
role in the cases of bearing seizures.

approximately 1.5 Kg RR3 grease with 5 litres of gear case oil. This increases
the viscosity of gear case oil. (Approximate 1100 CS at room temperature).

7) As per observations of ELS/AQ the wear rate of K value of pinion is improved
due to increased viscosity of gear case oil.

8) It was agreed by CLW to shift stator junction box away from NDE side by
approximately 30 mm to avoid damages to leather bellow, but it is yet to be
implemented,

9) It was also agreed by CLW to develop NDE end shield with bellow plate as its
integral part like Hitachi TM. Butitis yet to be implemented.

Dated : 26" April 2019. S e
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rInenux- V]

CHITTARANJAN LOCOMOTIVE WORKS  #*

E 3 CHITTARANJAN
i : FORMAT FOR TEST AND INSPECTION OF 3-PHASE MOTOR

g REF. Wi NO. W21.4;)
l’? .
OF TEST: X4.0/-/7

VER. : D1 -
5 _____REGISTER NO. : R3PHASF
AM-5F ; PAGE : 010F01
NO.: BELH or6.no.: 7. Bud MOTOR NO. :

kL PHYSICAL INSPECTION FOR ABNORMALLY IN VARIOUS PARTS | OBSERVATION & REMARKS

5. NC. J Ap4-59
R G. NO. 2 - 8¢3
BOTOR SHAFT NO. QW Len/ E P8O

E BEARING NO.

CLW-X- fAg4
CLW- XX- £A&
Lr7.7- 77 KA
“r7-7- 77 A

D E BEARING NO.
) E FRAME NO.

D E FRAME NO.
MEASUREMENT OF __ BEARING

LL AT DE. 2/ 82 —~ Al

g.?——ﬂ-u- T O e

LL AT N.D.E 123 Yo = ) 4% &= 5 € D3 ra-

C. -RADIAL PLAY OF BEARINGS :
#) 0.130 to 0.220 mm AT 4 PLACES OF RADIAL PLAY AT D.E. O+ 75 wum
) 0.060 TO 0.110mm AT 4 PLACES OF RADIAL PLAY AT NDE. 2. 0
ROTOR ROTATION BEFORE PINIC NT -
D. _STAGE INSPECTION

GAP BETWEEN D.E. FRAME TO STATOR

IJAM

2 x
GAP BETWEEN N.D.E. FRAME TO STATOR |2
LABYRINTH GAP & SETTING CHECKED 2F]

INSULATION RESISTANCE AT U1ViW1 (?(’EGFIED 2.18 M OBTAINED

e
CONTINUITY OK / NOT OK ] I
l_gﬂif

E. PINION FITMENT
PINION NO- 2 bW 1560> |NO. OF TEETH- To TEETH LENGTH | 509 |
COLLAR LENGTH - 7 - v INITIAL READING- 5 3. 0 FINAL READING- _ T 1- 5 |
N orAaw. SPECIFIED VALUE | p— OBSERVED VALUE (1 -p
GAP 4.00 = 1.00mm -0
| F.  RADIAL & AXIAL PLAY AFTER PENION FITMENT X
g RIPLAY __o - SPECIFIED F
G110 7O 0.180 mm
: I AIPLAY

; 0.180 TO 0.30 mm 020 (
| _ROTOR ROTATION AFTER PINION FITMENT - FREE / JAM P o e
L.T. REPORT : X
_DATE :
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User Name

Fooman - N1 .

Medha Electrical Loco - Type MEC628 - Loco Type : WAP7
File Name INPDFMS5S 30549

WAP7?

Data Displz Ascending Order

DATE

24/04/19
24/04/19
24/04/19
2a/0a/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/15
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/15
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19
24/04/19

TIME

FAULT MESSAGE e ﬁ‘ew. do-110. T—au1L

oofu_f‘d“‘[Fosoui] LIC3 :Earth Fault Leve -1 at T/F or TM Side 1) ttrpes jo¥as Zap-13<

00:48:04
00:48:04
0048:06
00:48:07
00:48:14
00:48:14
00:48:41
00:48:43
00:48:48
00:49:15
00:54:19
00:54:26
00:54:51
00:55:14
00:55:15
00:55:15
00:55:40
00:56:03
30:59:24
00:56:25
00:56:25
01:00:10
01:00:11
01:00:17
01:02:02
01:03:11
01:03:33
01:04:51
01:04:51

:06:04
02:06:54
02:07:05
02:07:19
02:07:10
02:07:11
02:09:32
02:09:32
02:09:32
02:10:58
10:08:01
10:08:03
10:08:03
10:08:03

[FO301P1] LICA :Earth Fault Level -1 at T/F or TM Side Recovered —— &2 —
[FO301P1] LIC3 :Farth Fault Lewvel -1 at T/F or TM Side Recovered
[FO201P1] UIC3 :Earth Fault Level -1 at T/F or TM Side — i
[NODISP] LICS :Earth fault Level . DCL positive side
[NDDISP] LICA (carth fault Level .. DCL positive side Recovered
[FO301P1] LIC3 :Earth Fault Level -1 at T/F or TM Side Recovered
[NODISP] LIC4 :Earth fault Level 2 DCL positive side
[NODISP] LICA :Earth fault Level ! DCL positive side Recovered
[FO301P1] LIC3 :Earth Fault Level -1 at T/F or TM Side = )
MCC :tsolation Bogie2 - AN C Jop 121,  AITIG oM /101 m.;:_- ,!,?-;
[NODISP] TCS : TMS5 Stator Temperature Sensors Faulty
[FO305P2] MCC :Bogie2 Motor2 Temperature > Limitl —J-S “Sastle . SD TONE erwre
[FO307P1] MCC -Bogle2 Motor2 Temperature > Limit2 — SV
[NODISP] TCS : TM5 Stator temperature sensorl faulty — 7m0 e 1. ‘-‘!2 €L 132" .
[FO307P1] MCC :Bogie2 Motor2 Temperature > Limit2 Recovered + mgr 24 L -
[FO305P2] MCC :Bogie2 Motor2 Temperature > Limitl Recovered
[FO305P2] MCC :Bogie2 Motor2 Temperature > Limitl —= Q 15" .
[FO307P1] MCC :Bogie2 Motor2 Temperature > Limit2 7
[HODISP] TCS : TM5 Stator tem:soraturs seaser2 faulty
[FO307P1] MCC :Bogie2 Motor2 Temperature > Limit2 Recovered
[FO305P2] MCC ‘Bogie2 Motor? Temperature > Limitl Recovered T s 28 © g
MCC :Isolation Bogie2 Recovered —=ine | & 2 259%— WA L e Bap n'i
[FO301P1] LIC3 :Earth Fault Level -1 at T/F or TM Side Recovered e
[NODISP] TCS :WBOT VeeSat Fault " q¥8\S B ~ L= -
[NODISP] TCS :WBOT VceSat Fault Recovered -
[NODISP] TC5 :WBOT VceSat Fault
[NODISP] TC5 :WBOT VceSat Fault Recovered
[NODISPj TC5 :WBOT VceSat Fault
[FO2(:9P2] MCC :Isolation of Processar TC5 »
FO309P2] TCS :TMS Speed sensor connectors apen\/
[FO309P2] TCS :TMS Speed sensor connectors open Recovered
[FO309P2] TCS :TMS5 Speed sencar connectors open
[NODISP] TCS :UV phase Tempe ature sensor fault)
|NCDISP! TCE "W phase Temperature sensor faulty
[FO209P2] TC5 :TM5 Speed sen<or connectors open Recovered
[FO303P2] TC5 : TM5 Two phase current sensors faulty
[NODISP] TC5 :R-Phase Current Sensor Faulty
[NODI5P] TCS B-Phase Current sensor Faulty
[MODISP] MICC : MCE Power Off Fauit
[NCDISP] MCC :Power On fault
[NODISP] TCS :UV phase Temperature sensor faulty
[NODISP] TCS : TMS Stator temperature sensorl faulty
[NODISP] TCS : TMS Stator temperature sensor2 faulty
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24/04/19 10:08:03 [NODISP] TC5 ‘W phase Temperalure sensor faulty
24/04/19 10.08:03 [NODISP] TCS : TMS Stator Temperature Sensors Faulty
24/04/19 10:08:03 [FO309P2] TC5 : TM5 Two phase current sensors faulty
24/04/19 10:08:03 [NODISP] TCS5 :R-Phase Current Sensor Faulty
24/04/19 10:08:02 [NODISP] TCS :B-Phase Current Sensor Faulty
24/04/19 10:08:03 [FLO10P1] MCC :S/R Interlock - Emg Brk Out
2a/04/19 10:08:04 MCC -Bogie 1 Cutout switch active
24/04/19 10:08:04 MCC :Isolation Bogiel
24/04/19 10:08:07 [F1201P2] MCC :Oil cooler blower2 mcb open
24/04/19 10:08:07 [Fi2Z01P2] MCC :Tm2 blower2 mcb open
24/0471S 10:08:07 [F1201P2] MICC :Canverterz pump2 mch open
24/04/19 10:08.07 [F1201P2] MCC Transformer pump2 mcb open.
24/04/19 10:17:31 [FO903P1] MCC :MCE Off - Pan Down 10 Min
24/04/19 10:18:01 [NODISP] MCC : MCE Power Off Fault
24/04/19 10:18:24 [NODISP] MCC :Power On fault
24/04/19 10:18:25 [NODISP] TCS5 UV phase Temperature sensor faulty
24/04/19 10:18:25 [NODISP] TC5 : TMS Stator temperature sensorl faulty
24/04/19 10:18:25 [NODISP] TCS5 : TMS Stator temperature sensor2 faulty
24/04/19 10:18:25 [NODISP] TCS5 ‘W phase Temperature sensor faulty
24/04/19 10:18:25 [NODISP] TC5 : TMS5 Stator Temperature Sensors Faulty
24/04/19 10:18:25 [FO309P2] TCS : TMS5 Two phase current sensors faulty
24/04/19 10:18:25 [NODISP] TCS :R-Phase Current Sensor Faulty
24/04/19 10:18:25 [NODISP] TCS :B-Phase Current Sensor Faulty
24/04/19 10:18:25 [F1010P1] MICC :S/R Interlock - Emg Brk Out
24/04/19 10:18:26 MCC :Bogie 1 Cutout switch active
24/04/19 10:18B:26 MCC :isclation Bogiel
24/04/19 10:18:29 iF1201P2] MICC :0il cooler blower2 mcb open
24/04/19 10:18:29 [F1201P2] MCC :Tm2 blower2 mcb cpen
24/04/19 10:18:29 [F1201P2] MCC :Converter2 pump2 mcb open
24/04/19 10:18:29 [F1201P2] MCC :Transformer pump2 mcb open
24/04/19 10:27:54 [FO903P1] MCC :MCE Off - Pan Down 10 Min
24/04/19 10:28:24 [NODISP] MICC : MCE Power Off Fault
24/04/19 10:29:18 [NODISP] MCC :Power On fauit
24/04/19 10:29:19 [NODISP] TCS5 UV phase Temperature sensor faulty
24/04/19 10:29:19 [NODISP] TCS5 : TMS5 Stator temperature sensorl faulty
24/04/19 10:29:19 [NODISP] TCS : TMS Stator temperature sensor2 faulty
24/04/19 10:29:19 [NODISP] TCS W phase Tempearature sensor faulty
24/04/19 10:29:19 [NODISP] TCS : TMS5 Stator Temperature Sensors Faulity
24/04/19 10:29:19 [FO309P2] TC5: TM5 Two phase current sensors faulty
24/04/19 10:29:19 [NODISP] 75 :R-Phase Current Sensor Faulty
214/04/19 10:29:19 {NODIEP] TCS :B-Phase Current Sensor Faulty
24/04/19 10:29:19 [F1010P1] MCC :S/R Interiock - Emg Brk Out
24/04/19 10:29:20 MCC :Bogie 1 Cutout switch active
24/04/19 10:29:20 MCC :i1sclation Bogiel
24/04/19 10:29:23 [F1201P2] nalC :0il cooler blower2 mcb open
24/04/19 10:29:23 [F1201P2] MCOCC :Trm2 blower2 mocb open
24/04/19 10:29:23 [F1201P2] MCC :Converter2 pump2 mch apen
24/04/19 10:29:23 [FL201P2] MICC Transformer pump2Z mcb open
24/04/19 10:38:48 [FO903P1] MCC :MCE Off - Pan Down 10 Min
24/04/19 10:38:54 [NODISP] MCC : MCE Power Off Fault
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ISR 30549 Data analysis for TMS Fire issue R

\Eﬂ; ) __]i;i_l!l_e IFau_I'_l Message '_ |Explonation ;
24/04/10 100:48:03 [FO301P1]LICA :Earth Fault Lovel -1at [Earth fault detected by LC4. So LC4 pulsing is disabled X
_T/F or TM Side

2403119 100:48.03 [FO301PTILIC3 :Earth Fault Level -1al [Earth faull detected by LC3, So LC3 pulsing is disabled

= TWEO0 PNESE o P o it T e

24/04/18 |00:48:04 [FO301P1]LIC4 ‘Farh Faull Level -1al After disabling of pulsing of Bogie2, Eorth fault voltage

R e e Al RECOVERED ralios are normal, So fault is recovered |

124/D4/18 100.48.04 /[FO301P1JLIC3 ‘Earth Faull_Level -1al |After disabling of puising of Bogie2, Earth fault voltage

fia iy _T/F or TM Side RECOVERED |ratios are normal, So fault is recovered :

124/04719 00:48:06 [FO301P1JLIC3 ‘Earih Fault Level -1at rih fault detected by LC3, So LC3 pulsing is gisabled

;___ _ [T/F or TM Side SR

24/p4712 100:48:07 [NODISPILIC4 ‘Earth fault Level Z DCL [Earth fault detecled by LC4.as earth fault vollage ratio is

= | _ Posilive side less than 0.5

134/04/19 100:48:14 [NODISP]LIC4 :Earth faull Level 2 DCL |As Throltie kept at IDLE position, Bogie2 pulsing is

(== b s Posilve sios RECOVERED disabled, Hence fault got recovered

‘24/04/19 00:48:14 [FO301P1]LIC3 :Earth Fault Level -1at |As Throttle kept at IDLE posilion, Bogie2 pulsing s

o __WFoer ™™ Side RECOVERED disabled, Hence fault got recovered

12400419 -48°41 [NODISPJLICA :Earh faull Level 2 DCL |Earth faull detected by LC4,as earth fault vollage ratio is
~ |Positive side less than 0.5

124/04/19 |00:48:43 1mODlaP]LICA “Earih fault Level 2 DCL |As earth fault voltage ratio is between 0.65 to 0.85,

IHence faull got recovered

\Positive side RECOVERED
Sa/04/19 00.48:48 [FO301P1]LIC3 :Earth Faull Level -1at rin fault detected by LTC2
[T/F or TM Side 2
24/04/18 100:49:15 MCC :isolation Bogie2 Earth fault detected by L TC2 logged 3times with in
£ | 15minutes, hence system isolated Bogie2
24/04/18 |00-54:19 [[FO304P2] TC5 :TM Temperalure Dilference bal the two temperature sensors is more
{ Sensors Faulty than 25degC -
124/04/19 |DO:54:26 [FO305P2] MCC :Bogie2 Motor2 'iM5 Temperature is more than 160degC (Temperaiure
| [Temperature > Limit1 will be considered maximum of healthy sensor readings
TMS)
L o :
'54/04/19 [00:54:51 |[FO307P1] MCC :Bogie2 Motor2 TM5 Temperature is more than 190degC (Temperalure
Temperature > Limit2 will be considered maximum of heaithy sensor readings
of TM5)
54/04/19 |00:55:14 [[NODISP] TC5 :Stator lemperature "TM5 Temperature sansor2 reading is more than
sensor faulty MQC.WMWasmmmm1m
degC, TM pulsing will be disabled and So Temperature
| not increase further. To identify faulty sensor,
mpersture limit is kept at 240degC)
'24/04/19 |D0:56'15 |[FO307P1] MCC :Bogie2 Motor2 5 Temperature sensori is faully and sensor2 is
Temperature > Limit2 RECOVFRED |heaithy which has reading of less than 160dogC. Hence
{fault got recovered £

54i54i18 [00:55.15 [[F0305P2] MCC Bogie2 Motor2 Temperatura sensor1 is faulty and sensor2 is
emperalure > Limit1 RECOVERED ealthy which has reading of less than 160degC. Hence

5 __ aultgotrecoversd
'54/04/19 |00 55:40 |[FO305P2] MCC :Bogie2 Motor2 TM5 Temperalure is more than 160degC (Temperature
emperature > Limit1 w!r::sm maximum of healthy sensor readings
of ) SEHTE g T T |
34/04/19 |00.56:03 |[FO307P 1) MCC :Bogie2 Motor2 TM5 Temperaiure is more than 190degC (Temperalure
Temperature > Limii2 mmmwmmmdwwm
of TMS) = b e S e
24/04/19 |00:56:24 [[NODISP] TCS :Stator lempera TM5 Temperature sensor2 reading is more than
sensor2 faully 240degC, Hance declared as sensor faully (Afler 190
degC, TM pulsing will be disabled and So Temparaluro
shall no! increaso turthar. To identily faully sensor,
tlemperature limit is kept al 240degC)
54704719 [00:56.25 [[FO307P1] MGG ‘Bogiez MOIOrZ ___ |TM3 both lemperature Sensors oro fauily, So recove
Temperature > Limil2 RECOVERED  message is logged
0305P2] MCC -Bogie2 Motor2 ~1f™5 both temperature sensors are faully, So recovered

104/19 [00.5625 [Fi
Temperalure > Limitl RECOVERED  |message islogged SO AP e Y
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te  [Time |Fault Message B T I I U e s
24/04/19 [01:00:10 [MCC :Isolation Bogie2 RECOVERED  [Earth fault recovered in LTC2, hence system recovered
S Isolation fault of Bogie2
24/04/19 101:00:11 |[FO301P1)LIC3 :Earth Faull Level -1at [Earth fault recovered in LTC2 o [T g
TIF or TM Side RECOVERED 1 Sk
24/04/19 [01:00:17 [[NODISP) TC5 :WBOT VceSat Fault le Drive detected Desaturation (IGBT Collector to
mitler voltage is more than 5V apprx_ ) of IGBT when
ng Is enabled to TM5 and immediately shutdown of
|
54/04/19 |01:02:02 [NODISP] TC5 :-WBOT VceSal Faull  JAulo recovery at Throttle IDLE =,
RECOVERED
24/04/19 [01:03:11 [NODISP] TC5 :WBOT VceSal Fault e Drive detecled Desaluration (IGBT Collector to
mitter voltage is more than 5V apprx.) of IGBT when
Ising is enabled to TM5 and immediately shutdown of

TM5

24/04/19 101:03:33 [NODISP] TC5 :WBOT VceSat Fault

jRECOVERED

Auto recovery at Throltle IDLE

24/04/18 101:04:51 [NODISP] TC5 :WBOT VceSat Faull

Gate Drive detected Desaturation (IGBT Collector lo

Emitter voltage is more than SV apprx.) of IGBT when

?_ulsing is enabled to TMS and immediately shutdown of
M5

24/04719 01:04:51 ‘IF0309P2] MCC :lIsolation of Processor
TCS

TMS isolated due to WBOT Vcesal Fault is occurred
3limes

124/04/19 |02:06:04 [FO309P2] TCS :TM5 Speed sensor

Seems lo be speed sensor is open circuiled

open
124/04/18 |02:06:54 |[FO309P2] TC5 :TM5 Speed sensor Seems to be speed sensor conneclions are becoming
connectors open RECOVERED Make&Brake
24/04/19 102:07:05 |[F0309P2] TCS5 :TM5 Speed sensor  [Seems lo be speed sensor is open circuited
open
124/04/18 102:07:10 {[NODISP] TCS :UV phase Temperalure |May be due 1o short of speed sensor +15VE&GND wires at
sensor faulty TMS5, Phase module lemperature sensor supply disturbed
24/04/18 [02:07:10 |[NODISP] TC5 ;W phase Temperature [May be due to short of speed sensor +15V&GND wires at|
nsor faulty TMS, Phase module temperature sensor supply disturbed
24/04/19 [02:07:11 |[FO309P2) TC5 :TM5 Speed sensor  [Seems to be speed sensor connections are becoming
nectors open RECOVERED Make&Brake
124/04/19 |02:09:32 |[FO309P2] TCS :Two phase current May be due 1o short of speed sensor +15V&GND wires at
nsors faulty 'TM5, Current sensor supply disturbed

24/04/19 ]oe:og:az Ewomsp] TC5 ;R-Phase Current
Faulty

May be due lo short of speed sensor +15V&GND wires at
TMS5, Current sensor supply disturbed

NODISP] TC5 :B-Phase Current

124/04/18 r32:09:32
Faulty

May be due to short of speed sensor +15V&GND wires at|
TM5, Current sensor supply disturbed

24/04/19 |02:10:58 [[NODISP] MCC : MCE Power Off

Conclusion:

Staff at 02:12Hrs (even

y caught fire.

From the instant '00:49:15Hrs, Effectively TM5 Is in disabled condition electrically till fire was noticed by IR
though some times puising is enabled momentarily, but due to faults TM5 is getting
lisabled). Even TMS5 is electrically disconnected its temperatures are keep on increasing, so It indicates that
is NO abnormality from electrical point of view but suspecting that there may be a physical rubbing of
tating part to stationary part with in the TM, so local heating Is developed and subsequently TM Insulation
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Investigation Report of Loco No. 30549 WAP-7, SRC failed
due to wheel set-5 locked on 23/24.04.2019

1. Rly. Board vide letter no 2002/ Elect (TRS)/ 440/18/9Pt dated 26.04.2019 had directed
RDSO to thoroughly investigate the failure of axle seizure in locomotive involving CLW
& propulsion equipment manufacturer. For this purpose a meeting was conducted on
02.05.2019 at RDSO. Following members attended the meeting:

Suresh Kumar, DSE/TPS, RDSO
Pankaj Kumar, SEE/D&D, CLW

S.K. Deo, SSE/RDSO

Koteshwara Rao, Manager/Medha
Venu, Engg./Marketing, Medha

poap o

i A Brief history of the incidence

Loco No. 30549 WAP-7 SRC while working Train No. 12261 Mumbai Howrah Duronto
Express failed in Bhusawal-Badnera section of BSL division. Train departed from BSL at
23:39 on 23.04.2019 and at 00:59 Hrs on 24.04.2019, after passing Jalamb (JM) station
Loco Pilot observed message FO301P2, FO301P1 and Bogie-2 isolated without any MCB
tripping. Further between Kurum (KUM) and Takli (TKL) station, Loco pilot noticed
smoke from under truck and he stopped train at Takli station at 02:12 Hrs. The fire
extinguishers were used. After that wheel set-5 found locked. Assisting engine was
given from rear side & train arrived at Badnera station in pushing mode & loco was
detached there.

The section was blocked from 02:11 Hrs till 07:00 Hrs, i.e., for 04’49,

3. Mode of analysis
Following data have been considered:

a. DDS of the loco
b. Background data of the loco
c. Event recorded in loco (recorded @ 1 event/second)

In a 3-ph locomotive, whenever any event occurs (alarm situation is generated) the
associated diagnostic data set (DDS) is generated and is stored in locomotive. In
MEDHA Propulsion system ten samples of the background data of DDS got registered
which contains environment data of the locomotive at the instance of registration.
These samples of DDS are taken @ 1 sample/sec. Six samples of DDS are before the
occurrence of event and three samples of DDS are after occurrence of event. In
addition to the above, continuous recording of operating parameters are @ 1
event/second which are also stored in loco memory. Using these data, analysis of the
events persisting at the time of failure has been done.

4. Investigation

4.1 Earth fault detection
In the traction converter the discrimination between the earth fault at AC side
(transformer and motor) and DC link side is done by measuring the voltage across the
balancing resistors provided across the DC link. As per M/s Medha Engineers, the

\Jm"i‘n/
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control electronics of the traction converter monitors the voltage ratio across the
balancing resistor. Whenever the voltage ratio varies from its nominal value the
location of the earth fault is decided from the drift of voltage ratio on either side
based on the measurement across the balancing resistor.

As per M/s Medha the protection logic of the locomotive is programmed to trigger the
protective action of isolation of the bogie in the event of detection of earth fault three
time in 15 minutes.

4.2 The DDS have been analysed in four parts, namely
a. From time 00:48:03 to 00:49:15.
b. From time 00:54:19 to 00:56:25.
c. From time 01:00:10 to 01:04:51.
d. From time 02:06:04 to 02:10:58.
a. From time 00:48:03 to 00:49:15.
Date Time | Fault Message [ Explanation by firm
24/04/19 |00:48:03 ([FO301P1]LIC4 :Earth Fault |Earth fault detected by LC4, So LC4 pulsing
Level -1at T/F or TM Side is disabled
24/04/19 |00:48:03 ([FO301P1]LIC3 :Earth Fault |[Earth fault detected by LC3, So LC3 pulsing
Level -1at T/F or TM Side is disabled
24/04/19 |00:48:04 |[FO301P1]LIC4 :Earth Fault |After disabling of pulsing of Bogie2, Earth
Level -1at T/F or TM Side It voitage ratios are normal, So fault is
RECOVERED recovered
24/04/19 |00:48:04 |[FO301P1]LIC3 :Earth Fault |After disabling of pulsing of Bogie2, Earth
Level -1at T/F or TM Side fauuvoutg.mﬁotmnorm. So fault is
RECOVERED
24/04/19 |00:48:06 [[FO301P1JLIC3 :Earth Fault Elrlh fault detected by LC3, So LC3 puising
Level -1at T/F or i is disabled
24/04/19 |D0:48:07 | )\ |[Earth fault detected by LC4.as earth fault
) e voitage ratio is less than 0.5
24/04/19 [00:48:14 4
24/04/19 |00:48:14 [[FO301P1]LIC3 :Earth Fault
Level -1at T/F or TM Side
RECOVERED
24/04/19 |00:48:41 [[NODISPILIC4 :Earth fault Earth fault detected by LC4, as earth fault
Level 2 DCL Positive side voltage ratio is less than 0.5
24/04/19 |00:48:43 [[NODISP]LIC4 :Earth fault |As earth fault voltage ratio is between
Level 2 DCL Positive side 0.65 to 0.85, Hence fault got
RECOVERED recovered
24/04/19 |00:48:48 [[FO301P1]LIC3 :Earth Fault|Earth fault detected by LTC2
Level -1at T/F or TM Side
24/04/19 |00:49:15 MCC :isolation Bogie2 Earth fault detected by LTC2 logged 3times
in 15minutes, hence system isolated
Bogie2
From the above, it is observed that the bogie isolated only after a particular type of
earth fault (FO301P1] LIC3: Earth Fault Level -1at T/F or TM Side) occurred 3 times. As
the logic of identification of location of earth fault is built on the measurement of
voltage across the balancing resistance which also depends on the earth resistance
therefore, the exact location of earth fault may not be correctly predicted. Therefore,
the bogie should have been isolated after occurrence of any type of earth fault three
times in 15 minutes.
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In locos with the MICAS logic when the any subsystem like bogie get isolated with
priority one fault and due to any reason, the VCB got opened, message is displayed to
the driver, LSFI blink and BPFA illuminated push button glows. When the LP presses
the BPFA it gets extinguished and LSFI permanently glows. Thus, the reclosing of the
VCB is possible only when the LP presses the BPFA push button. In this way it duly
ensures LP’s intervention in the process of isolation of a subsystem and he get aware
that some issue is there in the subsystem. This proven and tested logic of MICAS has
been implemented by all the propulsion manufacturers except Medha.

The graph Tractive Effort vs Time is shown in Annexure — 1.

From time 00:54:19 to 00:56:25.

Date = Time

Fault Message

|[Explanation by firm

24/04/19 |00:54:19 |[FO304P2] TC5:TM
Temperature Sensors

Difference between the two temperature
sensors is more than 25degC

Temperature > Limit1

Faulty
24/04/19 |00:54:26 |[FO305P2] MCC M5 Temperature is more than 180degC
:Bogie2 Motor2 (Temperature will be

of healthy sensor readings of TMS)

24/04/19 |00:54:51 [F0307P1] MCC

TMS Temperature is more than 190d-gc
(Temperature will be considered maximum
of healthy sensor readings of TMS5)

24/04/19 |00:55:14 |[[NODISP] TCS :Stator
sensori

24/04/19 |00:55:15 |[FO307P1] MCC :Bogie2
Motor2 Temperature >
Limit2 RECOVERED

24/04/19 |00:55:15 ([FO305P2] MCC :Bogie2
Motor2 Temperature >
Limit1 RECOVERED

24/04/19 |00:55:40 [F0305P2] MCC

considered
of healthy sensor readings of TMS)

124/04/19 |00:56:03 ([FO307P1] MCC
‘Bogie2 Motor2
| Temperature > Limit2

ITM5 Temperature is more than 190degC

24/04/19 |00:56:24 [[NODISP] TCS :Stator
uity

24/04/19 |00:56:25 |[FO307P1] MCC :Bogie2
Motor2 Temperature >
Limit2 RECOVERED

24/04/19 |00:56:25 [FOSO&PZ] MCC :Bogie2
Temperature >

\/\/\"43/
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= [ |Limit1 RECOVERED |

After the isolation of the bogie the electronics of the traction converter keeps on
monitoring the temperature and speed and the fault messages continue to get logged.

From the above it is observed that even when the bogie is electrically isolated the
temperature of the TM increases beyond 160°C (Limit-1) and prioiry2 fault is
generated at 00:54:26. The temperature further keeps on increasing leading to logging
of the temperature beyond 190°C (Limit-2) at 00:54:51. The temperature of the TM
further kept on increasing and at 00:55:14 the ‘Stator temperature sensorl faulty’ is
recorded which, as per Medha, indicates the temperature sensed by sensorl is
beyond 240°C (in the temperature sensor assembly there are two elements namely
sensorl and sensor2). Thus, at this point onwards the readings of sensorl are
discarded and readings of sensor2 which are less than 160C are taken into
consideration.

At 00:56:24 the sensor2 was also declared faulty, i.e., the temperature measured by
sensor2 increases beyond 240°C. In Medha SR logic, whenever the temperature of any
element of temperature sensor increases beyond 240°C, SR considers the sensor
element to be faulty. it is further observed that even when temperature recorded by
both the temperature sensor element is more than 240°C there are signals of recovery
of sensors limits - limit-2 & limit-1. While discussing with M/s Medha, it has been
intimated that in their software logic whenever both the sensor elements sensorl and
sensor2 of a traction motor are declared faulty, i.e., read values more than 240°C,
their values are ignored and the values of other traction motors Temperature are
considered which again is not logical. If the traction motor temperature increases
even when it is electrically isolated, it clearly indicates a mechanical failure which
should have been implemented tl}m&wam logic.

The graph Tractive Effort vs ‘!"Ime‘ggf 2_5‘? Annexure — 2.
e T

From time 01:00:10 to 01:04:51.

Date Time Fault Message Explanation by firm
24/04/19 |01:00:10 [MCC :isolation Bogie2 Earth fauit recovered in LTC2, hence
RECOVERED ystem recovered Isolation fault of
Bogie2

24/04/19 |01:00:11 [[FO301P1]JLIC3 :Earth Fault Earth fault recovered in LTC2
Level -1at T/F or TM Side

RECOVERED
24/04/19 |01:00:17 |[NODISP] TC5 :WBOT VceSat |Gate Drive detected Desaturation (IGBT
Fault Collector to Emitter voltage is more than

5V apprx.) of IGBT when pulsing is
enabled to TMS and immediately
shutdown of TMS

24/04/19 |01:02:02 |[NODISP] TC5 :WBOT VceSat |Auto recovery at Throttle IDLE
Fauit RECOVERED
24/04/19 [01:03:11 [[NODISP] TC5 :WBOT VceSat |Gate Drive detected Desaturation (IGBT
Fauit Collector to Emitter voltage is more than
5V apprx.) of IGBT when pulsing is
enabled to TMS5 and immediately

shutdown of TMS
24/04/19 |01:03:33 [[NODISP] TC5 :WBOT VceSat |[Auto recovery at Throttle IDLE
Fault RECOVERED

\A/\ o el
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24/04/19 |01:04:51 |[NCDISP] TCS :WBOT VceSat |Gate Drive detected Desaturation (IGBT
Fault

24/04/19 (01:04:51 [[FO309P2] MCC :isclation of |TMS isolated due to WBOT Vcesat Fau
Processor TCS is occurred 3times

There is a provision in the Medha software logic that if the system has experienced
the isolation due to earth fault then after every hour the earth fault message is
artificially eliminated and system is operated as normal. Again, there is no logic of this

provision. There is no message to LP about the recovery of the bogie and there was no
intervention by LP.

GTO TOT doc No. 3EHP541682 clearly indicates that “A system which is isolated will
remain isolated as long as the MCE is supplied.” In the MICAS logic once the
subsystem is isolated it cannot be recovered automatically unless the loco is restarted.
Idea is that in case of isolation of any electrical system it is not recommended to
charge it again without manual inspection and due analysis of the isolation. The
repetitive attempt of charging the faulty system may increase the severity of fault and
can lead to unsafe condition such as fire etc.

It is observed that bogie came into service at 01:00:10 as the earth fault was artificially
eliminated. At this time the TE demand was already persisting. At 01:00:17 there is
message of TC5: WBOT VceSat Fault. As per Medha, this message is generated when
the current through IGBT is abnormally high typically 800 Amp) MEDHA explained that
the sampling time of this current is high and this high current shall be detected and
control action of turning off the IGBT shall be done within 10 microseconds.
Therefore, current flows through the TM5 only for time up to 10 microseconds and
the control system goes in to protection mode and stops pulsing. Consequently, only
TM4 & TM6 generated TE and the total TE generated by bogie is only 2/3™ of the TE
generated by bogiel. Again, when the throttle brought to ‘0’ this message disappears
at 01:02:02 and when the throttle was again moved at 01:03:11 the same message
appears and IGBT goes into protection mode once again. As per Medha protection
logic, this condition is allowed upto 3 times within 15 minutes and consequently the
pulsing of TM5 permanently stopped at 01:04:51 with logging of message MCC:
Isolation of Processor TC5.

From the logs above, it is observed that the traction motor — 5 remained isolated from
01:04:51 onwards except three attempts to charge it as mentioned in the above
paragraph

The graph Tractive Effort vs Time is shown in Annexure — 3.

d. From time 02:06:04 to 02:10:58

24/04/19 |02:06:04 |[[FO309P2] TC5: TM5 S;_)eed Seems to be speed sensor is open
seﬂgigo_nnaﬁm open |circuited

24/04/19 02:06:54 |[FO309P2] TC5: TM5 Speed |Seems to be speed sensor connections
sensor connectors open jare becoming Make & Break
RECOVERED |

24/04/19 |02:07:05 |[FO309PZ] TC5: TM5 Speed |{Seems to be speed sensor is open
sensor connectors open |dﬂ:4dbd

\
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24/04/19

02:07:10 |[NODISP] TCS :UV phase
emperature sensor faulty

May be due to short of speed sensor
+15VE&GND wires at TM5, Phase moduie
temperalure sensor supply disturbed

24/04/19

02:07:10 [[NODISP] TCS :W phase
Temperature sensor faulty

May be due to short of speed sensor
+15V&GND wires at TM5, Phase module
Mlﬂ@rw,m

24/04/19

02:07:11 |[FO309P2] TC5 -TM5 Speed.
sensor connectors open
RECOVERED

Seems to be speed sensor connections
re becoming Make&Brake

24/04/19

102:09:32 |[FO309P2] TC5 :Two phase
current sensors fauity

|May ba due to short of speed sensor

5.

+15VAGND wires at TMS, Current
disturbed

May be due to short of speed sensor

[24/04/19 |02:09:32 [[NODISP] TC5 :R-Phase
C +15VAGND wires at TMS5, Current
disturbed

urrent Sensor Faulty

24/04/19 |02:09:32 |[[NODISP] TCS :B-Phase
Current Sensor Faulty

24/04/19 [02:10:58 [[NODISP] MCC : MCE Power Off

May be due to short of speed sensor
+15VA&GND wires at TM5, Current
disturbed

It appears from 02:06:04 onwards there was fire in the TM5 and the electrical
connection of speed sensor and temperature sensor started burning. The power to
temperature sensors and speed sensors is supplied by power supply unit installed in
traction converter. As per Medha, due to burning and shorting of these control wires
the power supply unit got overloaded and generated consequent DDS.

It is observed that from 01:04:51 to 02:06:04, no fault was generated. For entire
duration from 00:48:03 when the first message of earth fault is logged to 02:10:58
when the MCE was switched OFF the current through TM-5 has passed only for 24
seconds.

The graph Tractive Effort vs Time is

e
oW

Annexure — 4,

The graph Speed vs Time is show i ire — 5 for the entire duration.

Conclusion

Different propulsion system manufacturers have developed their control software in
line with the MICAS software logic. This is important as the LP needs to have a
common operating experience while operating locomotives with different makes of
propulsion system. The logging and popping of messages and registration of DDS
should also be in line with the MICAS system to have common troubleshooting and
fault identification practice at sheds. From the foregoing, it is observed that there are
several deviations in the Medha propulsion system logic vis-a-vis MICAS software
logic. These deviations need to be addressed so that a uniform software logic can be
ensured across different makes of propulsion systems for uniform operational
behavior of the locomotive.

Action Plan

a. M/s Medha has been asked to implement the software control logic in line with
MICAS. The procedure of message popup on DDU screen for loco pilot for the
events and subsequent steps of acknowledgement by loco pilot to be made as per
MICAS logic. The software shall be made ready by 20.06.19 and shall be put in

locomotives on trial basis.
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b. A new protection logic may be introduced in the loco control software such that in
case of isolation of any traction motor if the temperature of that particular TM
keeps on increasing it shall be detected as mechanical failure in the motor. The
control logic shall trigger a fault and the LP shall be suitably intimated through
display message. Medha shall implement this logic on trial basis by 20,06.19.
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