Notes on X3 Mill motor

Original motor failed about 12/02/08 

Just running normally then a flash and a bang.

Fuse blown Very high fault current failure.

Suspected this fault would have taken out power diodes and SCR's in controller board but they were OK.

Tried motor on 0 -30 v psu but it draws a high current which varies considerably as motor is rotated.

Resistance between brushes varies from about 2.2 ohm to 8.6 ohm

13 slots 
39 segments on armature

Coils span 5 slots

Slot numbers 1 to 13

1 - 6

(Coils 1, 2, 3)

2 - 7

(Coils 4, 5, 6)    and so on 

3 - 8

4 - 9

5 - 10

6 - 11

7 - 12

8 - 13

Each coil goes between adjacent segments on commutator and had a resistance of about 0.3 Ohm 

i.e. coil 1 start seg 1 end seg 2 coil 2 start seg 2 end seg 3 coil 3 start seg 3 end seg 4 and so on

Wound with three coils per slot

See  table at the end for the full details of how I think the motor is wound,

Traced fault on old motor to short between one coil and another coil about 180 degrees away. one of these coils had gone open circuit.

Open circuit was very high resistance. Reading above 50 meg on 500 volt megger. 

I thought that if I applied a very high voltage  to the open circuit end of the winding I might be able to see the spark when it  flashed over to the other end of the coil.

To do this I used an old car ignition coil driven by a high voltage switching transistor (BUY69) connected to a pulse generator running at about 10 Hz. The low voltage end of the coil was connected to the commutator (Which went to all the intact windings and the other end of the open circuit coil.) and also the metalwork of the armature via a 4.7 K resistor with back to back diodes across it. The high voltage end was connected to the open circuit end of the winding. The power to the coil came from a variable power supply. An oscilloscope was connected across the 4.7K resistor and the voltage to the coil turned up until pulses could be seen across the resistor indicating that the open end of the coil was flashing over. I could not see the sparks but could hear them using a length of plastic tube as a stethoscope. The sound of the sparks seemed to be coming from down one of the slots in the armature. I had hoped that the fault would be on the outside of the windings so I could repair them. I did get the motor working by removing both ends of the faulty coil from the commutator and shorting those two segments of the commutator together. But I would not use it in this condition on my mill due to the imbalance in the two paths between the brushes and lack of trust in my repair being mechanically strong enough to survive rotating at 4000 RPM. The motor may be good enough to use for some other application running at a lower speed.

The cord binding behind the commutator was removed by carefully applying paint stripper and scraping them off. Note the paint stripper also removes the enamel from the wire.

After this botched repair.

24 Volts
460 RPM

160 mA (Off load)


40 Volts
782 RPM

180 mA (Off load)


---------------------------------------------------------------------------------------

New motor (Arrived 18/02/08)

Resistance between brushes varies from about 5.1 ohm to 5.8 ohm

Resistance between segments 180 degrees apart about 3.3 ohm

Resistance between adjacent segments about 0.32 ohm and increases uniformly between more segments 

i.e. 1 - 0.33 ohm, 2 - 0.66, 3 - 0.99, 4 - 1.32 etc (Until the parallel path resistance starts to influence the readings.)
With 40 v dc supply draws about 200 mA off load. Gives speed of 676 RPM (24 volts gives 397 RPM)


---------------------------------------------------------------------------------------

This is how I think the motor is wound.
Resistance of single coil about 0.30 Ohm

39 * 0.30 = 11.7 Ohm So resistance between brushes will be about a quarter of this i.e. 2.83 Ohm plus the actual resistance of the brushes.
	Coil No.
	            Slots
	Commutator segments
	

	
	
	
	Start 
	End
	

	1
	1
	6
	1
	2
	

	2
	1
	6
	2
	3
	

	3
	1
	6
	3
	4
	

	4
	2
	7
	4
	5
	

	5
	2
	7
	5
	6
	

	6
	2
	7
	6
	7
	

	7
	3
	8
	7
	8
	

	8
	3
	8
	8
	9
	

	9
	3
	8
	9
	10
	

	10
	4
	9
	10
	11
	

	11
	4
	9
	11
	12
	

	12
	4
	9
	12
	13
	

	13
	5
	10
	13
	14
	

	14
	5
	10
	14
	15
	

	15
	5
	10
	15
	16
	

	16
	6
	11
	16
	17
	

	17
	6
	11
	17
	18
	

	18
	6
	11
	18
	19
	

	19
	7
	12
	19
	20
	

	20
	7
	12
	20
	21
	

	21
	7
	12
	21
	22
	

	22
	8
	13
	22
	23
	

	23
	8
	13
	23
	24
	

	24
	8
	13
	24
	25
	

	25
	9
	1
	25
	26
	

	26
	9
	1
	26
	27
	

	27
	9
	1
	27
	28
	

	28
	10
	2
	28
	29
	

	29
	10
	2
	29
	30
	

	30
	10
	2
	30
	31
	

	31
	11
	3
	31
	32
	

	32
	11
	3
	32
	33
	

	33
	11
	3
	33
	34
	

	34
	12
	4
	34
	35
	

	35
	12
	4
	35
	36
	

	36
	12
	4
	36
	37
	

	37
	13
	5
	37
	38
	

	38
	13
	5
	38
	39
	

	39
	13
	5
	39
	1
	


