Determination of the Wire size of a Three phase Squirrel cage Induction Motor with a Missing Nameplate
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ABSTRACT

An empty stator of a squirrel cage induction motor rated at 220/380V, 50Hz with a missing nameplate and without winding has been lying down in a factory for so long and now the factory wants to use it for production purposes. This is a motor whose class protection degree is IP44, IP54 or IP55. This paper presents a method of determining the wire size (diameter) required to rewind the motor to its full rating power capacity. With motor nameplate and using National Electrical Code (NEC) and National Manufacturers Association (NEMA) specifications, the diameter of the wire can be determined. In the absence of the nameplate and the windings, the motor is difficult to rewind in order to obtain its desired characteristics. This can be achieved by the measurement of main dimensions of motor stator, using standard rating specifications, standard performance curves and analytical method.   
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        1.0  INTRODUCTION

The stator of squirrel cage induction motor of class protection degree IP44, IP54 or IP55 is made of stator of laminated core and pressed into a frame made of cast iron. The windings are housed inside the slots (Sen, P. C, 1997) and their arrangement depends on the number of poles of the motor. The type of motor protection degree can easily be identified by physical observation of the cooling means of that motor. Three phase squirrel cage induction motor of class protection degree IP44, IP54 or IP55 has one or two fans attached to its shaft at the sides of rotor to cool the circuit. Motor with IP23 have perforated holes for ventilation on the coupling side of the shaft. For a motor with a missing nameplate and without winding, its rewinding is difficult but as its operational voltage and the frequency from the power source to where the motor was previously installed are known, the size of the wire can be achieved by the following methods. The main dimensions of the motor stator (Deshpande, M.V, 2010) are first taken by measuring the inside and outside diameter of the stator by vernier caliper (Aggarwal, R.K, 2000). The height from the centre of the shaft to the base of the motor, which is known as the rotation height axis, h in mm is measured. Then using the rating standard according to National Electrical Manufacturers Association (NEMA) and National Electric Code (NEC) specifications, data from previous measurements and Standard performance curves and the use of analytical method, the size of the wire can be determined. 
2.0 MATERIALS AND METHODS






          
 The main dimensions of the empty motor stator without coils are compared with the National Electrical Manufacturer Association (NEMA) and National Electrical Code (NEC) specifications. International standardization of physical dimensions and frame sizes means that motors from most manufacturers are physically interchangeable and they have similar performance characteristics.

Dins = Inside diameter of stator bore in meters (m)
Dout = Outside diameter of stator bore in metres (m)
Lg = Stator core length or length of the air gap in metres (m)
 h = Rotation axis height, in mm

 Figure 1 shows the main dimensions of the motor stator.

[image: image1.emf]L

D

D

h(mm)

Rotor

Stator g

Air gap

                                                                 
Fig. 1. Main dimensions of stator core

The outside diameters measured in metres (M) and their corresponding rotation height axes, h in mm, are simulated as shown in Figure 2.

[image: image2.emf]0 50 100 150 200 250 300 350 400

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Height of rotation axis, hmm

Outside diameter of stator core, Dout (M)

Dout (M) versus hmm

                                                                                  Fig. 2. Outside diameter of motor stator versus rotation height axis 
         2.1 CHOICE OF THE NUMBER OF POLES

The ratio of inside diameter of the motor stator to the outside diameter of the motor stator is given by 
[image: image3.wmf]out

ins

D

D

D

K

=

                                





          (1)   

        The value obtained in this relation must correspond to the number of poles in the histogram shown in Figure 3.
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Fig. 3. Dins/Dout versus number of poles
            2.2 POLE PITCH



 



        

          The pole pitch is calculated as 
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     2.3 MOTOR SPEED







                            In (Pooler W.J.R.H, 2011), the synchronous speed of the motor in revolutions per minute, n(s)rpm=
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where P is the number of pair of poles and f is the frequency in hertz.                

2.4 HORSEPOWER RATING
         Having known the rotational height axis, h in mm, the number and the corresponding number of poles, the output power rating (ᵽ) in kilowatts of the motor is taken from a standard Table according to National Electrical Manufacturers Association (NEMA) specifications.
 
2.5 POWER FACTOR AND EFFICIENCY

              

         The apparent power is expressed as KVA=
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Full load power factor usually varies between 0.82 and 0.92. High power factor is generally obtained with high speed motors. The full load efficiency, 
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 is usually varies between 0.82 and 0.93. 
  2.6 ANGULAR VELOCITY      

The angular velocity is given as Ω=
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   2.7 COEFFICIENT FORM OF POLE  

       The coefficient form of pole is KB=
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2.8 NUMBER OF SLOTS PER POLE AND NUMBER OF SLOTS PER POLE PER PHASE
          The number of slots per pole is given by 
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          where Z is the number of slots                                                                
   According to (Bakshi,U.A.,2009), the number of slots pole per phase is q=
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  where m is the number of phase







  2.9 PHASE CURRENT                                       





                               The phase current, Iph =
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    3.0 AIR GAP LENGTH (Lg)


    The size of the air gap between the stator and rotor ranges from 1.25 mm, in small motors to 2.5 mm in large motors. 
         First, find the calculated value of power, 
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                                     (9)             where ᵽ is power in kw and KE is the ratio of the stator winding e.m.f to its voltage rating.
         The air gap length is given by:

Lg=
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         The value of specific magnetic loading (Bg) is taken from Figure 4. The specific electric loading (ac) ranges from between 5,000 and 45,000 ampere-conductors per meter depending on the capacity of the motor
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                                                     Fig.4: Bg versus Dout
         3.1 RATIO,  
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 should be within the permissible limit (Aggarwal, R.K, 2000).


3.2 PERIPHERAL VELOCITY 
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                                                                                                           (12)                                                                                                                                                                                                             The value obtained must be less than the permissible limit of 30m/s or else the value of Dins should be measured again.

                      

          3.3 EFFECTIVE CONDUCTORS (Neff) 

The number of effective conductors (Neff’) per slot when the number of parallel connections in a phase winding, ‘a’=1 is given by Neff’ =
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           (13) where ac is the specific electric loading and it varies from 5,000-45000A/M depending upon the capacity of the motor. If ‘a’ is more than one, the number of effective conductors per slot, Neff=Neff’ x a.

        3.4 NUMBER OF TURNS (W)


 There are Z/2 number of coils in single layer winding such that the total number of turns in the stator becomes, WT = Z/2 
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 The number of turns per phase, Wph =
[image: image24.wmf]a

m

N

Z

eff

´

´

´

2

                                                                 (15)                                                                  
There are (2XZ) numbers of coils in double layer winding such that the number of turns per coil, Wpc = Neff/2. The total number of turns in the stator slots, WTS=2Z X Neff/2=Z X Neff  and the number of turns per phase: 
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3.5 VERIFICATION OF SPECIFIC ELECTRIC LOADING,  ‘ac’
The value of ‘ac’ chosen in equation 13 must be equal to specific electric loading given by:

‘ac’=
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 3.6 WINDING FACTOR (Kw)

Short-pitched coils cannot be used in single layer winding and its winding factor is 0.95 while short-pitched coils can be used in double layer winding. In double layer winding, the winding factor is the product of the span factor, the distribution factor and the skew factor (Barasubramanian etal, 2011).    Kw = Kp 
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        3.7 MAGNETIC FLUX  

           The magnetic flux is given by, 
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                     (19)            3.8 VERI FICATION OF SPECIFIC MAGNETIC LOADING


         The value of ‘Bg’ chosen from Figure 4 must be equal to specific magnetic loading given by:
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                    (20)                                                                                                   where P in this equation is the pair of poles.
   3.9 OUTPUT EQUATION OF AN INDUCTION MOTOR

The output coefficient of an induction motor,
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and the output equation is given by
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   4.0 CURRENT DENSITY OF STATOR WINDING                                                                                          
The value of( acxJ) is taken from Figure 5 below while the current density of the coil is given by:
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The value obtained in equation (22) must correspond to that obtained below in equation (23)

The current density, J=
[image: image36.wmf]).
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The cross-sectional area of an effective conductor, S’eff=
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5.0  RESULTS AND DISCUSSIONS
Two squirrel cage induction motor stators were tested through analytical method, using standard specifications of the empty motor stators of squirrel cage induction motors without nameplates and the windings and the results obtained are shown in Table 1. 
Table 1. Results of tested empty stator motors
	KW
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	2P
	Dout (M)
	Standard wire size   in mm
	Wire size obtained  in mm

	11
	88
	0.87
	29
	0.9
	160
	36
	2
	4
	0.254
	1.12
	1.121

	15
	89
	0.88
	33.5
	0.75
	132
	48
	2
	4
	0.225
	1.80
	1.83


6.0  CONCLUSION

The results obtained are close to the desired results and some of the parameters of the nameplate data like the number of poles, synchronous speed, ns in revolutions per minutes (rpm), power rating in kilowatts, phase current in Ampere, power factor, and efficiency of were obtained. 
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