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The copper rotor induction motor (CURIM) was recently introduced because
it has lower rotor fusion losses than the aluminum rotor (ALRIM).
Furthermore, with CURIM, it is easier to reach IE4 and IE5 efficiency
levels. The CURIM is advantageous for compact motors, escalators, and

Accepted Aug 18, 2022 electric vehicle applications. However, CURIMs present slip, power factor,
temperature increase, and torque decrease problems that must be analyzed.
This study compared the economic feasibility of using CURIM with ALRIM
by applying discount techniques. A case study was carried out in a sugar
company with a cyclical operation, where 5.5 kW motors will be installed in
the intermediate conductors of the mill's feeders. The facility works three
shifts between 3 and 6 months. The cost increase (ACI) of CURIM over
ALRIM was between 1.1 and 1.5 times. With 3,600 h/year and 4,000 h/year
of operation, the ACI greater than 10%, it was found that the payback is
more than four years, and the net present value (NPV) grows linearly.
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1. INTRODUCTION

A significant reduction in rotor losses is achieved using copper rotor induction motors (CURIM)
instead of aluminum rotor induction motors (ALRIM). This is mainly because the electrical conductivity of
copper is approximately 170% that of aluminum; therefore, the total machine losses also decrease. In a
medium power induction motor, from 15% to 25% of the total losses, the efficiency increases from 2% to 5%
[1], [2]. However, problems regarding the copper casting process have had to be solved first due to the high
melting temperature of copper compared to aluminum (1,083 °C for copper compared to 660 °C for
aluminum). The fundamental difficulties that appeared were shortened life of the die, oxidation in the casting
process of pure copper, and porosity distributed in the molten copper [2].

As the electric power cost grew, awareness grew that the motor life cycle cost is essential, and
consumers realized the convenience of paying a higher initial cost for more efficient motors [3].
Additionally, a driving factor has been government regulations and incentives. So, many companies and
associations have worked to eliminate the drawbacks of copper casting and have developed die materials and
casting processes for rotor manufacturing, which have made mass production possible and economical [1],

(2], [4].

Journal homepage: http://ijece.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/

2410 O3 ISSN: 2088-8708

With copper rotors, super-premium (IE4) and ultra-premium (IE5) efficiency induction motors can
be made without increasing the frame. As copper's conductivity is higher than aluminum's, the rotor current
in CURIM is higher. Then, the power developed is higher for the same induced electromotive force. Smaller
materials can also be used for the same power output with efficiency [5]. Thus, the CURIM may have a
lower cost, lower weight, and less volume than an aluminum rotor. At the same time, the excellent copper
anti-corrosion characteristics can make rotors more reliable. These advantages give designers and
manufacturers more excellent maneuverability to obtain greater efficiency, more reliability, lower cost, lower
volume, and weight or seek a balance between these factors. Mature copper die-casting technology has
provided a simple, reliable, economical, and practical way to improve motor efficiency for manufacturing

(6], [7].

Considering the preceding, this paper compares CURIMs with ALRIMs based on construction
characteristics and associated costs, operation, losses, electromechanical, energy, and temperature
characteristics. The characteristics of CURIMSs in applications such as escalators and electric vehicles are
presented, where a higher density in the rotor and a higher degree of compaction than with ALRIMs stand
out. Finally, an economic feasibility study of replacing a 5.5 kW motor in a sugar factory is conducted by
comparing the results of replacing a CURIM with an ALRIM of equal capacity.

2. METHOD

2.1. Structure and principles of CURIM

There were three fundamental obstacles to eliminating or reducing the difficulties in copper rotor
casting [1]. Oxidation in the casting process of pure copper should be avoided when copper is melted. It
reacts with oxygen in the air, forming copper oxide, which reduces conductivity, affecting efficiency. While
it is easy to prevent oxidation in a laboratory, it is more challenging to do it in the factory, in a mass
production process. So, a suitable method is necessary to avoid this problem.

Porosity is distributed in molten copper. Molten copper is a very fluid material, and apart from its
high melting temperature, it is easy to die cast. However, the high speed at which it enters the die cavity and
the shrinking of the metal during solidification generally result in randomly distributed porosity in the molten
copper. This difficulty is not only reduced in the case of copper; porosity in the bars and end rings of
aluminum rotors has long been a problem. The historically known optimization of the die casting process
applied in the case of aluminum rotors has reduced porosity to acceptable levels. Similar optimization is
needed in the case of copper rotor melting processes.

Shortened life of the die. This is the most crucial obstacle of the three. In the case of copper rotors,
the life of the die is substantially reduced due to the high melting temperature of copper (the copper rotor
must be melted at least 1,200 °C). Due to these high temperatures, the life of a non-optimized copper rotor,
using conventional materials and designs, is only 600 cycles, compared to the 50,000 cycles for a similar
aluminum die. This places a considerable burden on the life of the die, which, if not avoided, will
substantially increase the production cost of the copper rotor.

Currently, copper rotors are mass-produced through the following solutions [1]:

- Use of an antioxidant gaseous protection method. An antioxidant gaseous protection method is employed
throughout the copper melting process to prevent copper oxidation during the die-casting process. With
this method, the oxygen content is kept in an acceptable range between 300 and 600 ppm.

- Use of software to simulate the copper die casting process. The software has been developed to simulate
copper melting to optimize the process and die design. The software simulates the casting process: filling,
temperatures, fluid flow, estimation of the filling time, defect prediction such as porosity or poor fill, and
die design optimization. The solidification process (during which most defects are formed) predicts where
they may appear and suggests how to minimize them. The simulation can also show the effects of
designing different melted copper entrant gate positions for the filling process and helps optimize the die
runner design.

Extension of the useful life of the die [8] and increasing die life to acceptable levels have required
many detailed changes. Among them, the most important have been preheating of the die, optimization of the
material, and construction of the die mold:

- Preheating of the die. Longer die lifetimes have been obtained by preheating it to near the melting
temperature of copper. If the die is not preheated, the thermal shock experienced during filling will lead to
cracks that significantly reduce its life. Careful design of the heating oven is required so that the
temperature range of the die remains uniform. If not, the die is deformed. The resulting thermal field
simulation for a copper rotor die software has been developed to simulate temperature in the preheated
and casting states. The software has also helped optimize the die heating and cooling system design.
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- Optimization of the die material. The conventional critical components of the die were changed for hot
mold steel based on high-temperature tungsten to prevent early failures. Those components include the
injection cylinder and plunger that feeds the molten metal into the die and the mold cavity itself. The
reason for the better performance of this new material is considered. Its resistance to abrasion at high
temperatures. It was also determined that the surface hardening of the plunger case and the shot sleeve
positively improved the performance.

- Optimization of the construction of the mold. Changing the die architecture to include replaceable inserts
leads to a 2 to 4-fold increase in die life optimization of mold construction. Changing the die architecture
to include replaceable inserts leads to a 2-4 fold increase in die life. In this case, the inserts in the middle
of the mold that surround the pack of electromagnetic steel laminations and the end rings of the squirrel
cage are designed to be rotated and interchanged, leaving the main mold structure in place. This process
enables fast insert change during the casting process.

With the improvements achieved by these methods, die thousands of cycles have increased life,
production costs have been reduced, and product quality [8]. Table 1 shows the average loss segregation in
seven CURIMs of 11.2 kW, tested by a manufacturer, using the IEEE specification 112 standards test method

B [5], [7]-[8].

Table 1. Average loss segregation in seven CURIMs of 11.2 kW [5]

Losses Aluminum rotor _ Copper rotor __ Difference (W)  Difference (%)
Stator resistance 507 507 0 0
Iron core 286 286 0 0
Rotor resistance 261 157 -104 -40
Friction and windage 115 72 -43 -37
Stray load losses 137 105 -32 -23
Total 1306 1127 -179 -14

According to Table 1, the rotor resistance losses constitute the critical aspect of using copper instead
of aluminum: the reduction is 40% in the measured losses, and they constitute 58% of the losses, which are
reduced with the use of copper [5]. Although it seems that friction and windage losses have no relevance
concerning the material used, they do. There are no fins for ventilation in copper rotors as in aluminum.
Accordingly, they have a smoother surface in the end rings. The projections that constitute the
counterweights to achieve balance due to inconsistencies in the rotor bars reduce this advantage, although
there is usually no big problem.

Consequently, there are fewer windage losses; less heat must be dissipated so the fans can be of
fewer dimensions and, therefore, more minor losses. As shown in Table 1, compared to rotors with aluminum
fins, these losses are reduced from 115 to 72 W (i.e., by 37%) even with the same bearing friction. Also, less
copper is required since the fins are eliminated. Also, less copper is required as the fins have been removed.

A non-uniform air gap and an unbalanced rotor negatively affect the stray load losses and increase
the current component required. Uniformity in the conductivity of the rotor bars is critical. Porosity, or the
presence of non-metallic elements in the rotor bars casting, also negatively influences these losses. All of this
reduces the overall efficiency. In the copper rotors analyzed, a consistency in favor of CURIM is evident
since there is a reduction in stray load losses from 137 to 105 W and, therefore, an increase in motor
efficiency. However, the numbers shown in Table 1 cannot usually be wholly achieved in a typical rotor
mass casting [5]. Apart from the loss measurements, other aspects of the motor behavior as shown in Table 2.
These data show differences between copper and aluminum rotor motors, favoring the copper rotor.

Table 2. Other performance characteristics of the 11.2 kW maotor [5]
Aluminum rotor  Copper rotor _ Difference  Difference (%)

Efficiency (%) 89.5 90.7 1.2 1.34
Temperature rise (°C) 64.0 59.5°C -4.5°C -7.03
Full load speed (rpm) 1760 1775 15 0.85

Slip (p.u) 2.22 1.37 -0.85 -38.29
Power factor (%) 81.5 79.0 -2.50 -3.07

- Efficiency: From the total loss reduction seen in Table 1, Table 2 is shown a significant 1.2 percentage
points increase in the efficiency with the copper rotor.

- Temperature rises and life expectancy: The temperature rise above ambient temperature significantly
concerns motor life expectancy. A rough rule states that life can be reduced by half for every 10°C
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increase in temperature. So, with the CURIM operating near design capacity and working almost 5°C
lower, a relative value of a 50% increase in life expectancy can be expected [10].

- Power factor: The power factor is slightly reduced (-2.5%). However, it is only a tiny quantity of the
measures that a company must face to avoid a low power factor in the entire installation. A low power
factor is usually compensated by installing capacitor banks in the electrical system.

Full load speed, slip, and torque: The slip s is expressed as (1):

s = Pa1-M2 (1)

ny

where n; (rpm) is the synchronous speed of the magnetic field, and n; (rpm) is the rotor speed at full load.

Motors with a low slip are known as "stiff" motors, which do not reduce their speed much when the
load increases. This occurs in CURIMSs concerning those with an aluminum rotor, as shown in Table 2. This
is an advantage when working with variable frequency drives. However, when the motor drives centrifugal
loads (pumps and fans), there is a problem: the power varies with this load with the speed cube. Thus, in the
case of Table 2, the CURIM full load speed is 1.00852 times greater than that of the ALRIM, so the CURIM
power will be 1.02579 times greater. This effect increases consumption, even though the CURIM is more
efficient than ALRIM. If this slight increase is significant, it must be analyzed to bring the centrifugal load
speed down to its design value.

Table 3 shows that CURIM, which has a lower slip, develops lower torques [2], [5]. As seen in
Table 3, the CURIM locked rotor torque value, the static measurement of the starting torque, is very near the
ALRIM value. However, the dynamic performance of starting torque, the torque needed to get the load up
and running, is reduced by over one-third. This could imply problems with starting high inertia loads.
Maximum torque is also comparatively reduced [5]. Table 4 shows the data of other motors studied,
comparing the loss reduction and the increase in the CURIM efficiencies concerning the ALRIM. A wide
range from 3 to 200 kW is shown. In all cases, the increase in efficiency is more significant than 1% [5].

Table 3. Measured torque values for the 11.2 kW motor [5]
ALRIM (Nm) CURIM (Nm) Difference (Nm) Difference (%)

Locked rotor torque 69.0 65.0 -4.0 6.0
Maximum torque 152.0 125.9 -26.1 -17.0
Dynamic starting torque 58.2 37.0 -21.2 -36.0

Table 4. Efficiency increase and total loss reduction in various CURIM compared with ALRIM [5]
Nominal Power (kW) Poles  Efficiency (%) ALRIM  Efficiency (%) CURIM  Difference (%) Loss Reduction (%)

3.0 4 83.2 86.4 3.2 19.0
55 4 74.0 79.0 5.0 19.2
75 4 85.0 86.5 15 10.0
11.2 4 89.5 90.7 1.2 11.4
18.8 4 90.9 92.5 1.6 17.6
30.0 4 88.8 90.1 13 11.6
90.0 2 91.4 92.8 1.4 16.3
200 4 92.0 93.0 1.0 12.5

2.2. Applications
2.2.1. Compact copper rotor motors

CURIMs can be designed to obtain a smaller motor for applications in gearboxes, pumps, and
escalators. In these variants, the power density of the motor is improved [4], [5]. In [2], the results of two
compact 75 kW motor prototypes designed to drive two compressors are shown. Table 5 shows that,
compared to ALRIMs, CURIMs are shorter, and efficiency is improved from 93.8% to 94.91%. This means
that the efficiency category is enhanced from IE2 to IE3, and the steel weight in the stator is reduced from
375-300 kg.

2.2.2. Copper rotor motors for escalators

Another application of CURIM has been in escalator drives. Torque is essential in the case of
escalators. Usually, the starting torque is around two times the nominal for general-purpose ALRIM.
Nevertheless, the minimum requirements are 2.2 to 2.5 nominal. Table 6 shows technical data of a CURIM
of 11 kW, six poles. It achieves an IE3 efficiency, with a locked rotor torque of 2.95 concerning nominal.
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The CURIM allows reducing, for the same frame, the length of the machine (higher power density) to adapt
it to the space requirements in the stairs (another variant would be to reduce the frame by one level, keeping
the nominal power and efficiency the same). The table also shows vibration and noise data [2].

Table 5. Comparison between Al and Cu compact rotors 75 kW motors [2]

Motor type Efficiency (%) Frame size  Steel in the stator (kg)
Copper rotor motor 94.91 225 300
Aluminum rotor motor 93.80 280 375

Table 6. Parameters for 11 kW, six pole escalator copper rotor motor [2]

Parameter Value
Efficiency (%) 89.86
Power factor (p.u.) 0.78
Locked rotor torque (p.u.) 2.95
Vibration (m/s) 0.61
Noise (dB) 54.4
Temperature rise (°C) 65.1

2.2.3. Copper rotor motors for electric vehicles

The growing market for electric vehicles is a great potential for the use of CURIM. With CURIMs,
motors can be designed with high efficiency, high speed, high-power density, and outstanding behavior under
overload. This machine has an advantage when operating at high speed and has a higher speed range.
Although a permanent magnet motor has better starting behavior, the CURIM surpasses it in general
performance characteristics at high speeds. Table 7 gives the fundamental parameters of a CURIM for an
electric vehicle [2], [11]-[13].

Table 7. Parameters for a 160 kW electric vehicle [2]

Parameters Values
Rated power (kW) 160
Rated speed (rpm) 3,000
Rated voltage (V) 380

Frequency (Hz) 50
Maximum efficiency (%) 96.2
Maximum speed (rpm) 7,000
Nominal torque (Nm) 511@1h
Peak power (kW) 300
Peak torque (Nm) 1,700@0.5 min
Cooling type water
Weight (kg) 280
Temperature rise (°C) 65.1

2.3. Increasing CURIM efficiency
2.3.1. General considerations

The demand for higher efficiency motors increased globally [14]-[17]. The copper rotor technology
is one of the easiest and most economical solutions for satisfying this demand, reaching the efficiency
standard IE4 and even ultra-premium efficiency (IE5) [2]. In [18] there are several types of motors for
improving motor efficiency to meet higher efficiency standards: Permanent magnet synchronous motors [19],
synchronous reluctance motors [19], permanent magnet assisted reluctance synchronous motors [20], and
specific variants such as the direct online start permanent magnet assisted synchronous reluctance motors
with ferrite magnets for driving constant loads [21] and CURIM. Each solution has its advantages and
disadvantages. However, a copper rotor is the most economical and straightforward solution to increasing
motor efficiency. With CURIM, losses can be reduced without increasing the motor frame size as in ALRIM.

They have a significant advantage compared with motors using high-quality electromagnetic steel
[14] or super-conductor materials as rear earth permanent magnets [20]. They also can be manufactured
without changing too much the production lines. On the other hand, as the CURIM has lower resistivity than
ALRIM, the rotor current will be bigger than its peer ALRIM. That means fewer materials can be used to
manufacture motors with the same power and efficiency. This reduction conduces to lower materials cost,
less weight, and smaller volume [22], [23]. The excellent anti-corrosion features of copper make the CURIM
more reliable and have better environmental tolerance [5], [6].

Induction motors with copper rotor: a new opportunity for increasing motor... (Percy R. Viego Felipe)
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2.3.2. Meeting IE4 and IES5 efficiency standards in CURIM
To meet IE4 and IES5 efficiency standards, losses have been reduced as:

— Stator copper losses: To reduce this loss, what is generally done is to enlarge the stator slot and reduce the
air gap. This is easier in the case of motors having a large outer diameter. Furthermore, improving the
stator winding design contributes to this task [4].

— Rotor bar losses: Moving to cast copper grade rotor bars has been the first step toward increasing motor
efficiency to IE4 at a reasonable cost. However, working in the optimum rotor bar shape is also necessary
[31, [24].

— Iron losses: The approaches to reduce the iron loss include reducing the silicon steel sheet thickness (from
the conventional 50 mm thickness to 0.35 mm thickness) and using low loss, cold-rolled silicon steel. An
additional loss reduction measure is anaerobic annealing to reduce the internal stress generated during the
lamination punching process. The annealing process can repair the deformed grain, the distorted lattice,
and the poorly arranged magnetic domains produced by the presence of shearing at the lamination edges.
This results in an essential reduction of the hysteresis loss in the silicon steel sheet. On developing an IE4
motor, a manufacturer reports a decrease of 30% in iron loss using a post-punching annealing process [4].

— Mechanical losses: It has been found that using backward style fans and accompanying conical fan cover
increases the airflow and reduces mechanical losses [18].

3. RESULTS AND DISCUSSION
3.1. Increasing CURIM efficiency

One aspect that must be considered when analyzing the economic feasibility of installing a CURIM
instead of an ALRIM is that the initial cost of the CURIM is higher due to the following reasons [22], [23]:
i) the cost per kg of raw copper is higher than that of aluminum; ii) copper melting requires a significantly
longer cycle time (nearly 2) than that aluminum; and iii) the machining that is necessary to melt copper
requires more sophisticated equipment than in the case of aluminum. The higher initial cost of the CURIM
tends to be compensated by the lower energy cost (because it is more efficient than the ALRIM). However,
this lower cost must be calculated precisely. A simplistic valuation leads to errors, which can even determine
an investment that is not considered feasible. It is crucial to evaluate the electricity tariff [25] applied to the
installation where the motor is located, with all the elements that make it up. In the tariff, it is necessary to
evaluate, among others: tariff type, periods of the day for tariff application, the adjustment factor for
variation in the fuel prices used in the tariffs, motor working hours, maximum demand cost, motor power
factor, and system losses.

Another determining issue in the economic feasibility analysis is the investment payback period. It
is not enough that the investment is recovered before the end of the useful life of the motor. The payback
must be achieved at an attractive time to the investor. Therefore, other aspects should be considered using
discount techniques [26], [27].

3.2. Economic analysis: a case study

The study carried out on the copper casting process at CURIM indicates that the cost of designing,
casting, and installing a copper rotor motor of a specific type (that is, rated power, number of poles, voltage)
built by a manufacturer, may differ from the cost of another manufacturer. Similarly, building other motor
parts for similar reasons may have different costs. Analyzing the economic and operational feasibility of a
specific manufacturer can lead to erroneous conclusions when installing a CURIM from other manufacturers,
even if it is the same type of machine [7], [8], [21]. Thus, the analysis should be done by varying the list
prices in a specific interval. Of course, it must be permanently based on a higher cost of the CURIM
compared with the ALRIM.

The case study was carried out in a Cuban sugar company to install the motors in the intermediate
conductors of the mill feeders. The economic analysis was carried out in a case study using the criterion of
the differential net present value (Differential NPV) [27] so that the equal or almost equal costs are
eliminated (for example, those related to the cost of the stator, those of installation, maintenance). According
to the Ministry of Finance and Prices [25], the electricity rate applied to the company is the MID (medium
voltage for 34.5 kV services, close to 110 and 220 kV substations). Following this resolution, a fuel factor is
considered in the cost of energy consumption, usually identified as the K factor, whose value reflects the
proportion according to which the weighted average value of the prices of all the fuels used in electricity
generation varies. In the Differential NPV, the annual variation of K. The differential list price between the
CURIM and the ALRIM varies between 1.1 and 1.5 times [28].
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The payback period was calculated and was considered adequate for values less than four years. The
useful life was set low for this type of motor (10 years) [29], [30] due to the environmental conditions in
which the motor works. The following were considered: the cost of the maximum demand kW, the load
factor, efficiency factor, the operating time, the discount rate, and the income tax rate. The annual operating
time is determined considering that the motors work three shifts for 3 to 6 months because it is a cyclical
industry whose production depends on the rainy season.

Table 8 shows the parameters for the economic analysis with the differential net present value
(NPV) method [27]. The motor to be evaluated is 5.5 kW. The CURIM and ALRIM variants are 440 V, four
poles, and service factor 1. The data in Table 8 are for the first year, 4,000 h/year, and a 10% cost increase
rate of CURIM concerning the ALRIM. With the data of Table 8, differential NPV: 114 USD, Payback
period: 4 years.

In Figure 1, the difference in cost can be observed on the investment's profitability indicators. It is
inferred that increases in the initial cost above 10% do not purchase a CURIM attractive, while, if there were
an increase of only 5%, it would be recovered in 2 years. If this sugar company operates continuously
(8,000 h/year), the purchase of CURIM can be considered, even with a higher initial price. The results are
shown in Figure 2, which shows that it is possible, under identical other conditions, to pay up to 20% more to
recover the difference in 4 years.

Table 8. Parameters for economic analysis using the differential NPV method for a 5.5 kW motor [27]

Parameters Value Parameters Value
Maximum Demand (MD) cost/kW 5.33 USD CURIM cost increase rate 11
Load factor (LF) 0.85 CURIM initial cost 711.15 USD
CURIM rated efficiency 92.7% Differential cost 64.65 USD
ALRIM rated efficiency 91.7% Discount rate 15%
CURIM efficiency at LF 92.5% Income tax 35%
ALRIM efficiency at LF 91.3% Lifespan Ten years
CURIM annual operational time 4,000 h Annual depreciation 6.47 USD
ALRIM annual operational time 4,000 h Cash flow 22.52 USD
Differential energy saving 26.92 USD Real discount rate 0.15
MD energy saving 4.25USD Discount factor 0.87
Total differential saving 31.17 USD K factor initial value 1.041
Income 31.17USD  Annual K factor increase 18.96%
Expenses 0.0 USD Energy average cost 0.10 USD/kWh
ALRIM initial cost 646.50 USD  Differential input power 0.07 kw
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Figure 1. NPV and Payback period function as the initial incremental cost for 4,000 h of operation

As the Cuban sugar industry is cyclical, the harvest goes on only part of the year then the factory
operating time can vary from three to six months. For this reason, a sensitivity analysis is made, considering
the variable operation time in that range. For example, Figure 3 shows the results for an incremental cost of
10%. The payback period is around four years from five months (3,600 h/year), and the NPV grows linearly
with working time.
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Figure 2. Payback period and NPV as a function of Figure. 3. NPV and payback period as a function of
initial differential cost and 8,000 hours of operation initial incremental cost and variable operating time

4. CONCLUSION

The study evaluated the advantages and disadvantages of CURIMSs, as one of the new technological
improvements of induction motors to increase energy efficiency. As a result, it was possible to show that the
copper losses of the rotor, friction, and beating, and the additional losses are lower in the CURIM than in the
ALRIM, and therefore the efficiency is higher. This is due to the characteristics of the molten copper and the
design and manufacturing factors of the rotor. It is also shown that increasing the efficiency level of CURIM
up to IE4 and IE5 is possible with cheap and relatively simple solutions, without the need to increase the size
of the frame as in ALRIM or increase costs through superconducting materials. On the other hand, the
CURIM has disadvantages to the ALRIM in terms of the greater complexity and costs associated with the
copper smelting process, the increase in temperature, the slip, and the decrease in the power factor. Locked
rotor torque, starting dynamics, and peak torque also decrease according to load characteristics.

In a case study in a Cuban sugar company with a cyclical operation, an economic analysis was
carried out using the differential NPV to determine the economic feasibility of using CURIMSs. The study
evaluated the replacement of motors of 5.5 kW, 440 V, four poles, service factor 1, and helpful life of
10 years. An increase in the cost of CURIM over ALRIM between 1.1 and 1.5 times. With 4,000 h/year of
operation and increases in the initial cost more significant than 10%, the payback is greater than four years,
and the investment is not attractive. A sensitivity analysis found that, from 3,600 h/year, the payback is
maintained at four years and that the NPV grows linearly with time. The study demonstrated the multiple
variables that must be considered in evaluating the feasibility of using CURIMs to ALRIMs. Therefore, it is
imperative to continue delving into these factors.
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