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SPECIAL MAINTENANCE INSTRUCTIONS NO.RDSO/ELRS/SMI/51.
1.  TITLE : 

Bar to bar conductor resistance and equaliser resistance test on  Traction 
Motors.

2. APPLICATION : 
All classes of Traction Motors in use on Indian Railways. 

3. OBJECT :
3.1 One  of  the  most  important  "Condition  Monitoring"  test  is  the  bar  to  bar 

resistance check on Traction Motors. This is a very important test because 
Traction Motors with defective joints in commutator riser continue to work 
apparently  without  any  immediate  effect.  However  a  number  of  defects 
develop in  an armature  which remains  in  service  with high resistance  on 
joints.  Some of these defects are as follows :

i) Over-heating of coils due to unequal sharing of currents 
between different parallel paths. 

ii) Overheating of the joints possessing high resistance due 
to increase I2B loss in that position.

iii) Gradual  worsening  of  commutation  due  to  further 
worsening of joint resistances and unequal sharing of 
current. 

iv) Flashovers due to bad commutation.

v) Major defects such as earthing and BBCR if armature is 
allowed to remain in service any further. 

3.2 In case of lap wound armatures, equalising is done through equaliser winding. 
Effect  of  keeping  an  armature  in  service  with  high  resistance  joints  in 
equaliser connections or with broken equalisers will be equally bad. 

3.3 This test can detect bad joints and solder run out cases as   also broken out 
equalisers provided that the test is carried out with required  precision  using 

proper  instruments  and  the result carefully interpreted. 

3.4 The conventional  method of measuring  mV drops across bars  by passing 
current in the armature is not sufficiently accurate and can detect only very 
bad  joints  open  circuits  or  complete  short  circuits.  For  more  accurate 
measurement  of  riser  joint  resistance,  a  precision  digital  resistance  meter 
with a least count of a few micro ohms is required. 

3. PREFERENCE DRAWINGS AND SPECIFICATIONS :   
-Nil-



5. INSTRUMENTS AND APPLIANCES REQUIRED :
5.1 Digital micro-ohm-meter with following specifications : 

- 3½ digit (at least) or 4.5 digit.

- Readout limit in the lowest range should be 1.999 milliohms for 3½ 
digit and 1.9999 milliohms for 4½ digit.

- Minimum accuracy = + 0.1%

- Warm-up period and settling time should be as little as possible.

- Suitable higher ranges upto 2 ohms.

NOTE :  Digital meter to this spec is available with the following firms 

1. M/s Arun Electronics, 
2A, Court Chambers, 
35,  New Marine lines, Bomaby.

2. M/s Motwane Pvt. Limited., 
127, Mahatma Gandhi Road, 
P. B. No.1312, Bombay-400023.

5.2 Current leads : C1, C2.

5.3 Potential leads : P1, P2

Desirable spring loaded set of leads each having a potential and a current  
probe,  spaced apart  at  20 mm.  This  will  ensure proper  contact  and 

allow the leads to be held by one person only at the time of test.

5.4 Power supply source as required for the digital micro ohm meter. 



5.5 Electronic thermometer/mercury thermometer.

5.6 Marking device such as brush and paint or chalk. 

6. METHOD OF MEASUREMENT : 
The bar-to-bar resistance as well as the equalizer resistance are of the order 
of a few milli-ohms. Such low resistance can be measured satisfactorily with 
the four Terminal method.  This method basically employs separate current 
terminals  and potential  terminals  for each bar. The location of  potential  

terminals  for  each  bar.  The  location  of  potential  terminals  is  very 
important since any change in the placement of the potential probes round 
the armatures will introduce errors in the result. Following methods should 
be adopted.

6.1 Clean the commutator and riser face by blowing with compressed air. Brush 
off  any  inter  segments  copper  protrusion.  Then  mark  the  commutator  as 
follows ;-

i) Mark any one of the commutator segment as 1 by using suitable 
marker such as chalk or paint on the face of commutator above the 
PTEE tape. 

ii) Counting from segment marked as 1, mark every 10th segment and 
number  it  as  10,20,30  etc.  in  progressive  order.  This  is  done  to 
facilitate  resistance  measurement  without  errors  and is  helpful  in 
identification of faulty bars for subsequent inspection and repairs.

6.2 Select suitable range on the digital micro-ohm meter and start measuring the 
bar-bar resistance starting from segment pair 1-2.

6.3 Current probes should be kept towards the bearing and of the commutator 
surface.

6.4 Potential  probes should be kept towards the riser end of the commutator  
surface.

6.5 The distance between current and potential probe on a bar should be at least 
20 mm.

6.6 The potential probes should be kept at a constant distance from the riser face 
for all measurements. This is very important and to achieve uniformly, it is 
suggested  that  a  thread/twins  may  be  tightened  round  the  commutator 
keeping the distance all round same from the riser face. Potential probes may 
now be kept in the immediate vicinity of the twine.

6.7 While using the digital meter, care should be taken to a low instrument to 
warm up fully as per the instructions of the manufacturer. Typical warm up 
period for a valve set is 15 minutes.

6.8 The last digit of the meter may fluctuate. In that case, the last digit should be 
averaged.

6.9 The temperature of the armature windings is important when carrying out 
such accurate measurements. Therefore the test should not be carried out on 
a hot armature. In all cases allow the armature to cool down for 24 hrs.  So 
that its temperature when measured with a pyrometer/mercury thermometer 



is at the ambient temperature. Keep a record of ambient temperature and the 
average  armature  temperature  (as  measured  on  4  points  round  the 
commutator) at start and finish of the test.

6.10 Complete the test at one stretch not exceeding 2 to 3 hrs. This is necessary to 
eliminate  errors  that  may creep in  due to  variation  in  temperature  of  the 
armature due to changes in ambient temperature.

6.11 After  completing  the  adjacent  bar  resistance  measurement  carry  cut  the 
equalizer resistance measurements round the commutator with equalizer bar 
itch (only for IAF wound armature). the bar pitch for equalizer connections 

for some of the important armatures is given below :

S. 
No.

Type of 
Armature

Equalizer bar-pitch 
No. of segments

Percentage of 
Equalisation

Placement of Equalizer 
leads

1. MG710 156 50% Alternate segments

2. MG1420 148 50% Alternate segments

3. MG1580 148 50% Alternate segments

4. TAO-659 92 50% Alternate segments

5. TM165 93 100% All segments

6. TM 4939 Az 93 100% -do-

7. 253 PX 115 40% See annexure

8. HS 1091 150 50% Alternate segments

9. HS 1098 115 50% -do-

10. TOK 5442 114 100% All segments

6.12 Record  the  resistance  values  at  the time of measurement itself in a 
tabular   from illustrated below. Keep ready before-hand tables for quick 
filling up  of entries.   All readings, good or bad must be recorded. After 
going round the armature once, repeat first 10 readings to check that there are 
not different from those previously recorded.

Table 
1 :

Armature 
with 100% 
Equalisation

Table 
2 :

Armature with 50% Equalisation

Bar Pair 
No.

Resistance 
Value (m)

Bar Pair 
No.

Resistance 
Column 1

Bar Pair 
No.    

Resistance 
(m) Column 
(2



Table 
1 :

Armature 
with 100% 
Equalisation

Table 
2 :

Armature with 50% Equalisation

1  -  2 1  -  2 2  -  3

2  -  3 3  -  4 4  -  5

3  -  4 5  -  6 6  -  7

NOTE : For 253 RX armature with 40% equalisation please see annexure.

For armature with 100% equalisation,  there is only one column shown in 
table 1 above meaning thereby that all values fall in the same pattern. For  

50% equalized  armatures,  two columns  are  shown in table  2 above 
since the readings fall in two patterns: one for equalized to non equalized 
bars and the other for non-equalized to equalised bars. For 253 BX armature, 
there are 5 such patterns. Details for this armature are given in the annexure.

6.13 Exactly similar patterns exist for equalizer-pitch measurements and may be 
recorded Accordingly.

6.14 Compare  the  readings  under  the  same  column.  The  overall  permissible 
variations  will  vary  from  armature  to  armature  and  will  depend  on  the 
accuracy of the instrument used. No standard values can be prescribed. In 
order  to  lay  down the  limits,  it  is  suggested  that  the  satisfaction  method 
explained in Draft No.SMIRDSO/ELRS/SMI/25 of July'78 may be adopted. 
A  special  test  may  be  conducted  on  a  perfectly  healthy(Preferably  new) 
armature and the average (x) and standard deviation(S.D.) worked out for 
each column separately. The expression       +  3 x S.D.   X 100 gives for 
healthy.

                      X

Permissible percentage variation over the average resistance value for each 
column pattern. This value is generally of the order of + to 2% for a healthy 
armature.

6.15 On bars  having equalizer  leads  soldered to the riser,  high resistance  may 
appear across adjacent bars due to a break in equalizer connection also. A 
quick examination of the corresponding equalizer pitch resistance values will 
be helpful in deciding whether equalizer conductor is faulty. To confirm the 
continuity of a doubtful equi-potential connection, clean the riser face with 
an  emery  paper  to  expose  the  leads  of  the  leads  of  the  equi-potential 
connection  and  measure  the  resistance  right  across  the  leads.  a  high 
resistance value will confirm the doubt. In case of TIG welded armature, the 
weld over equalizer leads has to be chinned off to expose the lead. 

7.0 MODIFICATION

7.1 Armatures having broken equi-potential connections have to be fully 
rewound.



7.2 There  only  a  few high  resistance  soldered  joints  are  indicated,  hand  re-
soldering may be done.

7.3 If a large number of joints are bad, dip soldering should be done.

7.4 For TIG welded armatures, re-welding has to be attempted provided that the 
fault appears not more than 3 to 4 locations. If a large number joints are bad, 
the riser face has to be machined on a lathe and re-welding done for the 
entire armature. 

8. PERIODICITY OF IMPLEMENTATION OF THE SMI:

8.1 Production Units, rewinding shops, POH shops, Heavy Repair  Shop - All 
armatures must be tested before and after overhaul/repairs.

8.2 Loco sheds :

- During AOH 

- Before and after unscheduled repairs. 

- After severe flashover, warranting lifting and dismantling of motor.

9. Distribution : 
As per sheet attached.

   Sd/-

       ( D.K.Gupta )

   for Director 
General/Elec.

DA:/One annexure.

Annexure to SMI
No. RDSO/ELRS/SMI./

Details of 253 BX armature
1. Technical Data :

No. of  slots             - 46

No. of  commutator segments  - 230

No. of  conductors per coil side (power coils) - 5

No. of  equalizer coils  - (46(23x2).

No. of  conductors per equalizer coil  - 1

Percentage of equalization - 40%

Out of every five conductors of a coil, 
first and fifth conductors are equalized 



No. of  poles - 4

Rating - Continuous

Current - 340 Amp.

Voltage - 535 volts.

RPM - 1260

Approximate resistance at 20 degree C
Power conductor(Mean turn)  - 1.193 milli-ohms

Equalizer conductor(Average) - 2.554 milli-ohms

*The length of power conductors of a coil is different for each conductor due 
to bending at evaluate and this contributes to a variation in resistance to the 
extent of + 0.015 milliohms over mean turn resistance value.



 
253 BX: METHOD OF RECORDING



(A) Adjacent bar test :

Bar Pair Bar Pair
Bar Pair Resistance Bar Pair Resistance milliohms

Milliohms milliohms
1-2 2-3 3-4 4-5 5-6

6-7 7-8 8-9 9-10 10-11

. .

. .

. .

. .

26-227 227-228 228-229 229-230 230-1

1-2 2-3 3-4 4-5 5-6

6-7 7-5 8-9 9-10 10-11

* Repeat first 10 readings to ascertain corrections

(B) Equalizer pitch bar test :

Bar
Pair

Resist
ance
Milli-
ohms 

Bar
Pair

Resist
ance
Milli-
ohms 

Bar
Pair

Resista
nce

Milli-
ohms 

Bar
Pair

Resista
nce

Milli-
ohms 

Bar
Pair

Resist
ance
Milli-
ohms 

230-
115

1-
116

2-
117

3-118 4-119

5-120 6-
121

7-
122

8-123 9-124

. . . . .

. . . . .

. . . . .

. . . . .

110-
225

111-
226

112-
227

113-
229

114--
229

Note : Only those locations to be tested where adjacent bar resistance value is 
high.


