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Abstract— The paper presents optimization of the single- DX(VO [Vr]DxA)*'[U] (ja)A+ DV) (1)
phase capacitor induction motor by 2D field-circuit model
combined with response surface methodology. Develeg field- ~ whereA is a complex vector of magnetic potential &nd
circuit model was implemented for simulation usingFlux2D  [o] are reluctivity and conductivity of the mediumy, is a
software package. The dimensions of rotor slot andapacitor  reluctivity of vacuumy is electric scalar potential.
capacitance are treated as input variables whereainctions |
describing motor performance are outputs (objective and 4.775
constraints). The optimization goal is to find a matr 4660
configuration with maximal efficiency and starting torque. The :::
model is suitable for study the effect of parameter of the e
motor on starting and running performance under deged
load. For this purpose, the sensitivity analysis ofchosen
parameters had been performed before the optimizabin
problem was formulated. Some results of motor effiency
optimization are presented in the paper.
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l. INTRODUCTION 2.936

2.822 | N
Single-phase capacitor induction motors are comynonl————— S
used as an electric drive for various applianceb & fans, ~ © e
blowers, pumps and compressors. By using the dapaci or=Bm oYV \em
connected in series with the auxiliary stator wngglithe —
auxiliary winding current leads the main windingreut by
somewhat less than 90 electrical degrees. The ianyxil
winding and the capacitor usually are designed bfetter C, B, L Q
operation of the motor (e.g. to obtain high efficg and (|
power factor or low torque pulsations) at somereesioad
(a specific operating point) [1]. For this purpogiee
optimization methods combined with the two-dimenaio
field-circuit model of induction motor has been v
implemented in Flux2D/GOT-it environment. (1)

Il FIELD-CIRCUIT MODEL OFTHE CAPACITOR MOTOR

For steady-state investigation of the single-ptZapeles
capacitor induction motor the 2D field-circuit médeas The active power absorbed by the motor is as falow
been applied (Fig.1). The model takes into account 0
nonlinear material of laminated core and eddy cusre P,=ReU0) (2)
induced in rotor bars. In the stator there are windings:
main (By) and auxiliary (R) which are distributed in 18
slots [2]. Capacitance of run capacitor placedernes with
auxiliary winding is selected to provide a goodfpenance P =R |1 %+R 17 (3)
of the motor in both conditions, starting and rateat!. oM e

FIGURE 1. TWO-DIMENSIONAL MODEL OF TESTED MOTOR

The stator Joule losses are a sum of Joule lodsamin
(Bym) and auxiliary (R) windings:

Then the rotor Joule loses can be expressed with:
A. THE MODEL FORMULATION

For investigation of a capacitor induction motor a P,=s(R-P,) 4)
steady-state AC Magnetic application of Flux2D wasd.
In finite element 2D domain an equation of complextor
model is solved: P,=P-P,-P,-P, (5)

Motor output power can be written:
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Then the output torque is:
_ 60P,
2m

m (6)

Since in calculation of magnetic field in the figttbdel
iron (Fg) and mechanical losses(Pare not included -
these losses are evaluated
calculating output power and efficiency of the moto
Finally motor efficiency can be written as folloya3:

P
EF=——2—, (7
P1 + PFE + Pm
and power factor of the motor is:
P+P.+P
PF = ( 1 FE M ) (8)

JP+P, +P, ) +Q”

I1l.  NUMERICAL OPTMIZATION OF MOTOR EFFICIENCY

After coupling the Flux 2D model with GOT-it
optimization tool, all parameters and functions e(th
objectives and constraints) of

in post-processing whe

motor was compared with the nominal one (Fig. Bgsic
and optimized motor geometrical and performance
parameter are listed in table 2.
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FIGURE 3. EFFICIENCY OF A BASE AND OPTIMIZED MOTOR
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The rated efficiency of the optimized motor desigas
increased by 8.2% due to reducing power consumpifon
stator windings with the capacitance of the runacitpr
reduced to about 2 pF and the height of rotortel@5 mm.

the optimization areArea of the rotor slot was decreased from 30.62

determining. As the variable parameters are choseTihe rated speed of the optimized motor was estelisat

dimensions of rotor slots and capacitor capacitantech
values and limits are listed in table 1.
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FIGURE 2. SHAPE OF ROTOR SLOT
The objective function is determined as follows:

Min (-EF)+1000(Max (0,J_,.)+Max (Q,P,.)) (9)
where EF is the motor efficiency and; is the total stator
winding current density. Since the optimization
performing for one value of slip some constrainsdotput
power were imposed §P 85W).

smax

is

TABLE 1 VARIABLES OF OPTIMIZATION PROBLEM

Variable Value Range Step
C 3 2-6 0.5uF
H: 4.75 3.5-7.5 0.005 mm
Rr1 2.55 1.15-2.7 0.005 mm
Rr2 1.15 0.75-2.7 0.005 mm
Tor 0.8 0.2-2 0.005 mm
Sor 0.5 0.25-1 0.005 mm

For solving the optimization problem, the sequéntia
surrogate optimization (SSO) procedure was appligdch
uses a simplified function to find the minimum ddfjective
function [4-6]. Basic motor geometrical and perfarme
parameters and optimized motor parameters ared liste
table 1. Inside the SSO algorithm the Chaining @jztr,
which is a combination of Genetic algorithm and Sawial
qguadratic programming algorithms was applied. Tdtéet
algorithm is used to find the best solution. Afttre
optimization process, the model was solved foraiige of
the motor slip. Afterwards, the efficiency of opinmed

2823 rpm and at the same time the starting torqas w
reduced by 18%.

TABLE. 2. BASIC AND OPTIMISED PARAMETERS OF THE MOTOR
A) PARAMETERS

C H | Ri | R | To | S
uF Mm
3 4.85 2.55 1.15 0.8 0.5
2.25 3.5 2.45 0.75 0.61 0.28
B) RATED LOAD PERFORMANCE
EF PF I R Py P, X Tm P,
% [ A W W W [Amn? [Nm | W
56 0.83 | 0.81| 153| 45.6 53 3.38 0.303 90
64.2 0.86 | 0,61 140 36.5 59 2,59 0.305 94,5

IV. CONCLUSION

The implemented 2D field-circuit model of the sieg|
phase capacitor induction motor was used to opéimintor
efficiency. The optimization shows that variablebjective
and constraints were properly chosen. Main advantzg
this optimization procedure is utilization of theSG
(sequential surrogate optimization) algorithm expig a
polynomial surrogate factory and genetic algorittenfind
minimum of the objective function. Some drawbacktioé
optimization procedure is that it allows solvingeth
numerical model for only one value of slip and & i
necessary (in post-processing) to check the model
performance in the whole range of motor speed tinlate
the result.
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