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Abstract—This paper presents an analytical model of Induction equation for scalar magnetic potential((r,r)) in the air gap
motor (IM) for performance calculation. The model calculates the in polar coordinate is given by (1).
motor performance using air gap field based on geometric data 52 19 1 02
A 2D analysis based on polar coordinates is used to calculate _¢ __¢ __¢ —
the instantaneous air gap field waveform. The air gap field arz " ror  r2a?

waveform is derived from Laplacian equation in air gap in polar The general solution given by (2) fgr(a,r) can be obtained

coordinates. The effect of slotting is considered by incluidg . . .
relative permeance function in the model. The motor parametrs  BY S0lving (1) with proper boundary conditions [4].

0 1)

such as rotor bar induced emf, rotor bar current, stator winding ¢ (a,r)= Z (AurY+Byr ) (Cycosva + Dysinva)
induced emf and electromagnetic torque are calculated. The v
accuracy of the analytical model is verified by comparing its + (AoInr + Bo) (Coar + Do) 2)

results with finite element method (FEM).
Index Terms—Analytical model, induction motor, magnetic

field, air gap, finite element method.
I. INTRODUCTION A\
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Induction motors (IM) form the major part of all electrical
load globally. The recent advancement in power electron-
ics has led the widespread use of IM in variable speed
applications. The design of IM normally requires a large
number of iterative computations based on the selection of
different configurations. The performance of IM needs to be
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Figure 1. Schematic of a single coil representation.

evaluated, to check if it is as per the desired requirements. Table |

The performance computation using finite element method SYMBOLS AND SPECIFICATION

(FEM) is time consuming and is not suited for iterative dasig

procedure. Therefore, an alternative method is required to Parameter Symbpl Specificatipn
quickly compute the IM performance, which can be in the Inner radius of stator yoke| Rs | 160.2 (mm)
form of analytical mo_del. The creatior_1 of an apalytica] miode Outer radius of rotor yoke| R: | 157.5 (mm)
is one of the most important steps in machine design. The Core Length of motor L 449 (mm)
analytical model can be easily developed using air gap field Air gap length 5 2.7 (mm)

of an IM [1], [2], [3].
Several research works have developed the analytical model

Instantaneous phase current is

of brushless permanent magnet dc (BLDC) motor [4], [5]. Maximum stator phase current im 25 (A)
These works have studied the magnetic field in the air gap Reference speed Nr | 3550 (rpm)

and effect of stator slotting on field distribution. In thiager Frequency f 50 Hz
an analytical model is developed to study the performance Number of poles P 2
characteristics of cage rotor IM. Number of stator slots Qs 24
Il. ANALYTICAL MODEL Number of rotor slots Qr 18

. Coil span of a stator coil SP 10 slots

The general layout of the cage rotor IM for calculating - -

Number of turns in a coll N 30

the air gap field due to a single stator current carrying coil
accommodated in stator slot, which is represented as dot and
cross mark is shown in Fig. 1. The important symbols and theirConsidering stator permeance functidnd) and rotor per-
vales taken for various parameters in this paper are destrilmeance functionX;g), the radial component of the magnetic
in Table I. To facilitate the analysis, the permeability ofield for n number of coils derived from (2) is given by (3).
stator and rotor yoke is assumed to be infinite. The Laplaciéivhere, Ksoy, Kpy and Fy(r) are functions as derived in [4].




The effects of stator and rotor slots has been considered usi
the permeance functiona {s andAg) as derived in [4].
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In case of three-phase IM, carrying three-phase balancec
current, formed by number of interconnected coils, the radial
component of the air gap field is obtained from (3) and is
shown in Fig. 2.
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% 0.5}
E (Uss The induced stator winding emf per phase considering a
%_0_57 flux leakage factor of ¢ is given by (9).
= d(L

Al es— N (dft(Ps) )

15 60 120 180 240 300 360 Then the stator applied voltage per phase can be obtained

Angle (degree) and is given by (10), wher&s = Rs+ jXs is the per phase
Figure 2. Stator magnetic field in the air gap. stator Winding leakage impedance.

Vph = €s+ isZs (10)

The flux produced by stator field causes emf to induce fhe electromagnetic torque for the IM can be calculatedgusin
the rotor bars. For a rotor havir@g rotor bars, the flux linked (11). P 15rL _
by a single rotor bar is gziven by (4). —EFBRBSSWI)\

R WhereA is the space angle between stat®g)(and rotor Br)
PR= L/Bs(a,r,t)ada magnetic fields. Thus, from (1) to (11) complete analytical
0 model for IM has been derived.
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(4)

Then the induced emf in the rotor bar is given by (5).
I11. CONCLUSION

This paper presented an analytical approach to calculate

een‘ormance parameters such as rotor bar induced emf, rotor

ar current, stator winding induced emf and electromagneti

orque. Air gap field due to stator winding with slotting effe

(®)

The induced rotor bar current is determined using t
impedance of rotor barZf) and end ring Zyg) is given by i

(6). __ R was validated with that obtained with FEM. Developed model
2(Zp+ Zig) of the IM provides and easy and efficient alternative usually
Z, and Z contains resistance and leakage reactance of rofhe consuming FEM.

bar and end ring respectively. The rotor air gap field produce
by the induced rotor bar currents is determined using the
expression of field produced by a single conductor as givglll
by (7).

iR= (6)

REFERENCES

M. Ito, N. Fujimoto, H. Okuda, N. Takahashi, and T. MiyatAnalytical
model for magnetic field analysis of induction motor perfarmoe,”|EEE
Transactions on Power Apparatus and Systevos PAS-100, no. 11, pp.
4582-4590, nov. 1981.

S. Salon, S. Bhatia, and D. Burow, “The convergence of fliensity
in the air gap of induction motors|EEE Transactions on Magnetics

Ho iR
o

1 .
Br(a,1t) = Arshir g [ S vKsovFva)smvcx} n ®
R \
The resultant air gap fiel®,es due to the combined effect 3l
of both stator (3) and rotor (7) current is as shown in Fig. 3.
The resultant air gap flux links the stator winding to induced

emf in it. The flux linked by a single stator coil is given b)w
(8). 2nsP

S
(FS: L / Bres(a,r,t)dea

_2nsP
2Qs

(8)

vol. 32, no. 5, pp. 4284-4286, sep 1996.

M. Sawahata, K. Nishihama, H. Mikami, and T. Fujigaki, &gnetic flux
density analysis of wound rotor induction motor by permeanwdel,”
in International Conference on Electrical Machines and Syste2009.
ICEMS 2009 nov. 2009.

Z. Zhu and D. Howe, “Instantaneous magnetic field distitn in
brushless permanent magnet dc motors. ii. armature-ogafiéld,” IEEE
Transactions on Magneticwol. 29, no. 1, pp. 136-142, jan 1993.

[5] —, “Instantaneous magnetic field distribution in brleds permanent

magnet dc motors. iii. effect of stator slottingEEE Transactions on
Magnetics vol. 29, no. 1, pp. 143-151, jan 1993.



