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More than 90% of industrial electric motors are three-phase
induction motors. These motors have several advantages over DC
and synchronous motors, including low maintenance
requirements, cost-effectiveness, simple construction, mechanical
robustness, and the ability to generate starting torque. Therefore,
optimizing their design and manufacturing is crucial as they
constitute the majority of electric loads in industry. The
application of modern techniques, particularly reverse
engineering, can significantly enhance the performance and
lifespan of electric motors. This article investigates the
optimization of the manufacturing of a three-phase induction
motor for the Khuzestan Steel Company using reverse
engineering, based on the knowledge and expertise of the project
team. The electric motor in question is 8-pole and 2500 kW for
operating at 6600 volts and 50 Hz. All stages of development, from
initial specification gathering to construction and final testing,
were performed using reverse engineering methods. After
validating the calculations and comparing the design parameters
and limitations with existing models, adjustments were made at
each stage to improve insulation, dimensional tolerances, and
cooling performance. To enhance the bearing cooling system, a
water-circulation cooling unit was designed and integrated,
allowing for adjustable temperature and flow rate. The results
indicated that the newly developed motor outperforms the
original sample in certain aspects, including reduced cost and
operating temperature, making it a competitive alternative.
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EXTENDED ABSTRACT

Introduction

Unlike copying, in the reverse engineering method, it is necessary to have a complete
understanding of the design and performance technology of the system so that if there is
a need to improve the performance of the system components, the necessary measures
can be taken. In this method, all parts and components of a set are carefully examined, and
in addition to the dimensions and size, and material, the application and appearance of all
components are examined. Understanding the cause-and-effect relationship increases the
capabilities of reverse engineering and can improve the entire production process. By
reviewing the available sources, it can be said that the general steps for reverse
engineering a device include seven steps: taking initial specifications, complete
disassembly, measuring parts and modeling, material analysis, identifying mechanisms,
necessary changes and modifications, and preparing technical information for producing
a new and similar product.

Methodology

When designing and manufacturing a three-phase induction electric motor, before
manufacturing a real model, it is necessary to provide a suitable mathematical model for the
motor and use it to calculate the electrical and mechanical parameters of the motor.
Optimization algorithms are often used. In this case, all parameters will be calculated
according to the design goals. For this purpose, the objective function is first determined. If
the goal is to optimize production and operating costs, f(x) is the cost function that must be
minimized.

f(x) = min (Cost function) 1

Figure 1 shows the steps of the genetic algorithm for optimal electric motor design.
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Figure 1. Process of implementing the genetic algorithm.

The main design issues are: frame design, design of the required ventilation type, design
of the shaft dimensions and bearing system, design of the magnetic core, design of the
winding and insulation system. Each of these issues has its own complexity. Due to magnetic
saturation and non-uniformity of air gap length, the magnetic core design is the most
difficult part of the design work. The operating characteristics of electric machines are
highly dependent on magnetic materials. Simultaneously with the increase in flux, magnetic
saturation begins, and as a result, the value of magnetic permeability decreases with
increasing flux. Therefore, magnetic saturation can significantly affect the operating
characteristics of the machine. Magnetic saturation takes the complex magnetic design and
analysis out of the linear and easy state and turns it into a nonlinear and transformative
problem. In a real design, it is necessary to consider the Carter coefficients. The Carter
coefficients depend on the ratio of the slot opening to the air gap length. Due to the presence
of slots, the effective length of the air gap increases according to equation (2).

lge = kg- lg (2)
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After validating the design constraints and parameters, manufacturing steps have been
taken for each stage. Table 1 shows the technical specifications of the requested electric
motor.

Table 1. Technical specifications of the requested electric motor for reverse

engineering.
parameter value/description |parameter value/description
Rated output : 2500 KW Product group . HV IM. with SR.
Rated speed . 744 min-1 Standard . IEC
Power factor : 0.80 Frequency fluctuation : 2%
Rated frequency . 50 Hz starting current / rated 1 1.5

current

Number of poles . 8 Thermal class (stator / rotor) [ F/F
Stator/Rated voltage | 6.6 KV Altitude : <1000m above sea level
Rated current 1285 A Moment of inertia (motor- [ 465 Kg.m2
Connection LY rotor)

Type of construction - IM B3/1M1001
Rotor/Rated voltage | 1315V Degree of protection . IP 54
Rated current 1 1155 A Cooling method . IC 37TW
Connection LA Total weight . 14100Kg
Voltage fluctuation . +5 % Bearing design : Sleeve bearing
Ambient temperature | 55 oC Direction of rotation . CW

Results and discussion

The results of static and no-load tests show that the manufactured electromotor has
similar values to the original sample and is in a better condition in a number of cases. Figure
2 shows the motor produced.

Figure 2. Electric motor produced.

The results of the full load test at constant voltage and output power for the fabricated
electromotor compared to the existing sample electromotor are presented in Table 3.

Table 3. Full load test results of the fabricated electric motor compared to the available electric motor.

Current Power | Speed Input Efficiency
(A Factor | (rpm) | (kW)Power (%) Parameter .
284.7 0.806 745 2617.5 955 Full load test of nnqwgpourfactured electric

285.2 0.804 744 2620.4 95.4 Full load test of available electric motor
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The results in Table 4 show that the constructed electric motor is in a better condition
compared to the original sample and shows a 0.1% increase in efficiency, a 0.1% decrease
in power received at a constant output load, and a 0.25% increase in power factor.

Conclusion

In this paper, the optimization and construction of a three-phase induction electromotor
related to Khuzestan Steel Company was investigated by the reverse engineering method.
The electromotor had the following specifications: 8 poles, 2500 kW, 6600 V, and 50 Hz.
Controlling the design limitations, confirming the design parameters related to the stator
and rotor windings simultaneously with the reverse engineering method, and improving the
bearing cooling performance are important innovations of this paper. Adding the designed
water-cooled system reduced the bearing oil temperature by approximately 14%. The
practical results demonstrated that the produced electric motor had better values in some
parameters compared to the original model including increased insulation resistance,
reduced no-load losses, improved noise and vibration, reduced total cost by 35%, and
reduced operating temperature of the electric motor by approximately 4%, and is therefore
competitive with the original model.
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parameter value/description parameter value/description
Rated : 2500 KW Product group with SR. : HV IM.
output

Rated speed : 744 min-1 Standard IEC

Power :0.80 Frequency 1 2%
factor fluctuation

Rated :50 Hz starting 15
frequency current / rated
current

Number of :8 Thermal class ‘FIF
poles (stator / rotor)

Stator/Rated 6.6 KV Altitude : <1000m above

voltage :285A sea level
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Rated 'Y Moment  of : 465 Kg.m2
current inertia  (motor-
Connection rotor)

Type of : IM B3/1M1001
construction

Rotor/Rated 11315V Degree of 1P 54
voltage t1155 A protection

Rated TA Cooling (1C 37w
current method

Connection Total weight : 14100Kg

Voltage 1¥5% Bearing : Sleeve bearing
fluctuation design

Ambient :550C Direction of :CW
temperature rotation
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PO JIS mm Cor Flux Core Flux
SCO e Loss Density Loss | Density
W15/5 | (B50) W15/50 | (B50)
0
50P 50 0.5 4.00 1.63 2.95 1.69
N400 | A400
Mechanical Properties
Grade Thi Ten Yield Elon Hardn
ckness sile Point gation ess
PO JIS mm Strengt | (N/mm (%) ,Hv1
SCO h ?)
(N/
mm?)
50P 50 0.5 475 345 28 170
N400 | A400
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‘Electromagnetic Core Imperfection Detection
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