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Summary: A key issue during the overhaul of traction motors ISVK 644-8 is in the processing of the collector. The reason for this is in the problem of getting the axis of symmetry of the rotor total mass and the bearing positions with the axis of symmetry of collectors that need to be processed.
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1. INTRODUCTION
This paper presents one approach to solving the problem that occurs during the processing of the collector traction motors making sure that during the processing that is performed on the collector all the necessary conditions are fulfilled that significantly affect the proper operation of the electric devices whose exploitation is taking place in conditions of substantial and frequent load variations, which is reflected in a variety of trains hauling weight by the roads with very variable slopes. On electric locomotives of BiH, Croatian, Turkish, Bulgarian and Romanian Railways the most common electro motors are electric types ISVK 644-8 following characteristics:
Table 1 Technical characteristics of traction motor ISVK 644-8
	
	Continuous operation
	Hours of operation

	Power
	850 [kW]
	900 [kW]

	Rpm
	1100 [rpm]
	1085 [rpm]

	Voltage
	770 [V]
	770 [V]

	Current
	1180 [A]
	1250 [A]

	Weight
	1070 [kg]

	Maximum Rpm
	1920 [rpm]

	Cooling air
	1.9 [m3/s]

	Regulations
	IEC 48


Traction vehicles are a special group among all electric machines because of the specific requirements that are requested from them and extremely difficult conditions which are subjected to such machines during operation. When it comes particularly to the fore of a basic trend of the development of machines by minimizing the volume of the machine gets you more power, resulting in the production requirements of the machine with as much thermal insulation class, which shall operate under the harsh mechanical, electrical, thermal and dynamic loads.

Keeping in mind that the machine consists of a whole series of parts, each of which has its own characteristics, i.e., its mass, area, specific heat, and coefficient of heat transfer, and that in every part of developing its own thermal power, because the general theory of heating apply is not good to the electric machine as a whole but in every part of it.

So when heating these machines bearing temperatures, collector, and windings reflect the state in which the machine is situated.
2. INFLUENTIAL FACTORS IN BAD COLLECTOR CONDITIONS
During the revision of these machines special attention in the analysis of the situation in which the machine has been founded we're looking for a part of machine, which is called the collector.

The collector is actually part of the machine to which the device is pressed against the brush, and by which it converts AC current to DC current and thus plays an important role in the operation of a DC machine.

Yardstick through which you can see if all the required conditions during revision are satisfied for the proper operation of this part of the machine is the quality of commutation, or method of ignition and the so-called circular fire (Figure 1).
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Fig. 1 The scales of sparking
The causes for the malfunctions can be:

· mechanical

· electrical
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Fig. 2 Creating grooves on the collector by brush abrasion
Creating grooves is mechanical condition caused by abrasive material in the brushes or in the atmosphere.

Table 2 The causes of the bad collector condition
	THE CAUSES OF THE BAD COLLECTOR CONDITION

Frequent visual inspections of the collector surface can give you a warning when you develop any of the conditions listed above, so you can take over an earlier correction procedure. The chart below can show some of the possible causes of these conditions and to suggest the proper maintenance.

	
	Electrical adjustment
	Electrical overload
	Easy electrical load
	Rotor connection
	Unbalanced weakening field
	Brush pressure (small)
	Vibrations
	Brush type
	Defilement

	
	
	
	
	
	
	
	
	Abrasive brush
	Porous brush
	Gas
	Abrasive dust

	Threading
	
	
	x
	
	
	x
	
	x
	x
	x
	x

	Creating the grooves
	
	
	x
	
	
	x
	
	
	x
	x
	

	Raising the copper
	
	
	
	
	
	
	
	x
	
	
	x

	Charring lamellae
	
	
	
	
	
	x
	x
	x
	
	x
	

	Transverse dark strip
	
	
	
	x
	x
	x
	x
	x
	
	
	

	Groove of lamellae tags
	x
	x
	
	
	
	
	
	
	
	x
	


Considering that the collector is in fact a simple geometrical body which consist of separate mutually insulated copper lamellae shaped as shown (Figure 2), so it follows: that the mechanical causes associated with geometric errors occurring during operation or in the production of collectors and carriers of brush holders, such as ellipticity collectors out individual lamellae, insufficiently balanced collector, vibrations of brush holders.

Most of the above-mentioned geometric errors arising in transition from the exploitation geometrically regular cylindrical shape in the elliptical shape i.e. roundness.

Tolerances of shapes are defined in Figure 3.
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Fig. 3 The base surfaces and permitted deviations shapes of rotor traction motor type 644-8 ISVK
These requirements are defined in the Figure 3, considering to the position of the base surfaces of the work piece proven to be difficult to realize at first.
3. PROCEDURE FOR BRINGING CONSTRUCTIVE AND TECHNOLOGICAL BASE IN THE SAME AXIS OF SYMMETRY
Analyzing the situation of base surfaces on the rotor, and operations that are performed to finally obtain proper operating state of the rotor the machine was selected on which processing of collector was going to be performed by removing shavings - universal lathe equipped with a suction device to vacuum insulation dust (mikanita - insulation between lamellae of collector).

Cutting tools for rough processing is cutters knife with a plate welded of hard metal, for fine treatment used with the diamond knife.

· Cutting speed
 
V=550 [m/min].
· A shift 


0,04 [mm/o]
· Depth
 

0,02 – 0,04 [mm]
Way of accepting the rotor to the machine is made through a special shaft (Figure 4), which is pushed into the holes D1 and D2.
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Fig. 4 Shaft
Gaps D1 and D2 on the rotor are predicted to pass through them torsional motor shaft i.e. shaft for transmission of torque from the gear on the clutch.

Damaging the bearings or towing assembly enabled radially move shaft, and with it comes to damaging of the gap, and further complicates the possibility of proper sizing and positioning of seat gap and shaft the rotor acceptance. It is also one of the reasons that influenced on the choice of machines for processing collectors.

This rotor axis dodge and axis shaft that is ferrule in the gaps D1 and D2 of the rotor seeking performance of additional procedures during the processing of collector, or procedure in which the constructive and technological bases must align. Acceptance of one shaft end in the chuck with individually rotatable auxiliary jaws, and the other end in the fixed guides (Linet).

Setting indicators on the bearing sleeve with both ends of the rotor and the manual setting - i.e. centering of the bearing positions are brought to the center of rotation (Figure 5). This has created the possibility that the nest for the spike on the stub shaft of the rotor which is in fixed slide way repaired and that the acceptance of this branch relocate from Linet in a rotating spike repaired and that the acceptance of this sleeve relocate from Linet in a rotating spike.
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Fig. 5 Input of the bearing positions in the center of rotation
In this way we ensure that processed collector engross the given form, as shown in Figure 3.

Alongside with the collector processing the output ends of a press fit shaft are processed so that they were in the center of rotation. This is necessary because it will be processed so as to serve as a shaft fitted sites around which the rotor will rotate on the machine for balancing weights (balancing machine) and on a machine for testing the thermodynamic stability of the collector.

4. TEST SHAFT ON AFFORDING FORCES
Considering that constructive measures of the shaft conditioned, i.e. defined by gaps D1 and D2 on the rotor, there is no need to dimension the shaft, but only to check the strength of the shaft to bending due to the collectors processing by cutting and because of the rotor balancing.
Calculated main cutting force
Fz = a s ks [kg]

where:

· a = 0,04 [mm/o] 
- a shift 

· s = 0,04 [mm] 
- depth 

· ks = 250 [kg/mm2]
- specific cutting pressure 

produces negligible bending moment compared to allowable values i.e. calculated bending stress less than limitation.
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Which loads occurring during the rotor balancing and the purpose and the concept of the balancing will be seen from the following analysis.

The rotor imbalance is movement of the central axes of inertia relative to the axis of rotation. Center of gravity of the impeller (T) is shifted in relation to the axis of rotation (O) for a quantity (
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). Due to the rotation of angular velocity (ω2) in the center of gravity operates centrifugal force.
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Fig. 6 Dislocation axis of inertia in relation to the axis rotation
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where:

· M – rotor mass [kg]
· e – distance to the center of gravity [m]
· ω - angle speed [1/s]

This force is transmitted to the bolster A and B (Figure 6), which have a certain rigidity ultimate, so it comes to deformation of the bolster and vibration.
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Fig. 7 Displaying the forces acting on the rotor dynamic unbalance of traction motor
Analytically, unbalance is defined as:


[image: image12.wmf]eM

m

=×

rr

 [gr mm]
Considering that by rotors of the traction motor ratio of dimensions (with dimensions b/d > 0.5, where b – width [m] and d – diameter [m]) imbalance has a form of dynamic imbalance (Figure 6).

Such rotors can be observed as a bundle of a certain number of disc-like rotor widths (bi).

System of n centrifugal forces Fi each of which is orthogonal to the axis of rotation (x-x) in the bolster A and B and passing through the axis of rotation, can be approximated with one major power 
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 and equalization 
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, which lies in the plane containing the axis of rotation (x-x).

Based on the foregoing considerations that 
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 can be approximated with two forces FI and FII which lies in the planes orthogonal to the axis of rotation and passing through them.

So dynamic balance can be represented with two centrifugal forces mutually spaced in the direction of the rotation axis and orthogonal to it.

Adding the mass (m), the mass system (M+m) has center of gravity in the axis of rotation 0 and resulting centrifugal force is equal to zero.
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In the case of dynamic balancing problem is reduced to the determination of the four parameters: (mIαI) and (mIIαII) i.e. correction mass and its position by either correction plane (taking into consideration the fact that the focus is fictitious point and that its physical position on the rotor is impossible to determine.

5. CONCLUSION
From this analysis it is evident that during the balancing is the shaft, loaded by centrifugal forces FI and FII and the weight of the rotor itself.

Calculated tension of bending on the individual sections is
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and critical rounds per minute is
nk = 300
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as well as prescribed system of shaft seating and rotor H7/m5 fully comply with this type of construction of the shaft and its role.
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