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Abstract - This paper provides detailed explanation of the process of finding the efficiency of a solar powered electric 
vehicle BLDC motors, including description of experimental setup and result analysis. The primary target of this paper are 
the young constructors of solar vehicles,; however, engineers with all levels of experience may find useful ideas in the paper. 
  

Keywords - Solar Vehicle, BLDC Motors, Efficiency, BWSC, Experiments 

 

I. INTRODUCTION 

 

Solar-powered electric cars are extremely efficient 

vehicles that combine technology used in the 

aerospace, alternative energy and automotive 

industries. The design of a solar vehicle is severely 
limited by the amount of energy input into the car. 

Consequently, motors used in solar cars typically  

have the total power of about 5 kW. Surprisingly, 

thanks to well-designed aerodynamics and 

application of light, but durable material s like carbon 

fiber, it is enough for the vehicles to  obtain the 

similar speed as a typical road-legal car. Knowing 

that the amount of energy consumed by solar vehicle 

for constant speed is relatively small, it can be easily 

deduced that all factors negatively affecting the total 

efficiency of the system are highly undesirable. One 
of the most crucial elements of the vehicle that can 

generate huge losses is the powertrain. The process of 

measuring the efficiency of BLDC motors of Eagle 2 

solar-powered electric car and analysis of its 

influence on the competitiveness of this vehicle will 

be the topic of this paper. 

 

II. SOLAR VEHICLE RACING 

 

2.1. iLumen European Solar Challenge 

Ilumen European Solar Challenge is the event 

organized at Circuit Zolder in Belgium, which differs 
significantly from the BWSC. During such a race it is 

impossible to keep the constant speed. Instead, there 

are many accelerations and braking. For these reasons 

the circuit forces completely different strategy. 

Further, possible wet conditions and limited visibility 

especially at night make the competition even more 

difficult. The final score of the event consists of many 

factors including fastest lap, chicane time, regularity 

test, safety test and presentation of the team. 

However, the most important part is 24 h race, which 

guarantees 50 % of points. The results are calculated 
separately for Cruiser Class and Challenger Class.  

 
Fig. 1 Lodz Solar Team during European Solar Challenge 2018 

 

2.2 Bridgestone World Solar Challenge  

The competition, for which the studied solar car is 

made, mainly checks the ability of carrying the 

largest number of passengers across the Australian 

continent, from Darwin to Adelaide (over 3000 km, 

or 1800 miles), while using the smallest amount of 

electrical energy. The cruiser class, or passenger solar 

cars have a very low energy consumption, at the level 

of 3-4 kWh/100km, while being able of carrying 
between 2 and 5 people. Since the majority of the 

competition is driven at a constant speed, the power-

train has to be adjusted to the average speed and 

power consumption along the route. The average 

speed is determined by the organisers of the BWSC, 

specifically, by the constraint in the regulations, that 

all cruiser class cars must reach the finish line in a 

specific time window, on a specific day. That 

constraint results in the average speed of 67 km/h. 

The final score is determined according to the number 

of person-kilometers (the sum of the distance in 
kilometers covered by each passenger inside the solar 

vehicle) divided by the number of charge stops 

multiplied by the total energy-capacity of the on-

board power storage system (battery). Hence, the 

main factors, that determine the performance of a 
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solar car are the energy consumption and the proper 

strategy. 

2.3. Eagle Two 

Eagle Two is a second car made by Lodz Solar Team 

and has been built since the end of 2016. The main 

material of the body is a carbon fiber. The whole 

construction weighs approximately 350 kg. Inside 

there is a place for a driver and 4 passengers. The 

battery consists of 616 Li-Ion cells, which deliver a 

total capacity of 7,8 kWh and a maximum voltage of 

117 V. 5m2 of silicon solar panels with efficiency 

reaching 24% cover the roof of the car. Two 

brushless DC electric motors provide a maximum 

power of 5kW each. Nevertheless, the nominal power 
is 2kW with 810 RPM. 

 

 
Fig. 2 Eagle Two solar vehicle 

III. EXPERIMENT 

 

3.1. Test setup 

The Mitsuba M2096-III BLDC motors were tested 

separately. Each motor was connected using an 

adapter, which was mounted to the hub and acted as a 

shaft. The shaft was connected using flexible 

couplings to an (MODEL) electric generator with 

external excitation, which acted as mechanical load 

for the tested motor. Between the tested motor and 

the generator, a (MODEL) torque transducer was 

placed to measure the torque generated by the motor.  

 

The excitation circuit was powered by an AC supply 
through a variable resistor. By varying the resistance, 

the excitation of the generator was varied and in 

result, the loading torque value could be set. 

Additionally, an ifm RN6004-00 encoder was placed 

at the back of the generator in order to measure the 

rotational speed of the motor.  

 

The power generated by the electric generator was 

fed into two large power resistor with air cooling. 

 

 
Fig. 3 The experimental setup block schematic diagram. Black lines indicate mechanical connection and red lines indicate electrical 

connection 

 

 
Fig. 4 The experimental setup with the Mitsuba motor, flexible 

couplings, torque transducer and the electric generator 

3.2 Measurement setup 

The motors were controlled by the Mitsuba inverters, 

which were powered by a 3kW 96V stabilized DC 

power supply. 

The inverters were controlled by the custom control 

system designed by the team. The current supplied to 

the inverter was measured by a Fluke 325 clamp 

meter. The signal from the encoder was analyzed 

using a GW Instek GDS-2204A oscilloscope and the 
built-in measurement options. Finally, the output 

signal from the torque transducer was measured by a 

Fluke 179 multimeter. 
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The tests were conducted in the following way: 

 

 The entire system was powered up 

 The motor was started by supplying an external 

analog acceleration signal to the inverter in 

several steps between the minimum and 

maximum positions 

 The generator excitation was increased in order 

to reduce the rotational speed to the desired value 

(each series of measurements  

 was conducted for the same rotational speed and 

increasing loading torque) 

 Every measured value was noted 

 All of the desired results were calculated using a 

spreadsheet software 

 

3.2. Results 

The results for the research include the left and the 

right motor. The tested motors were around 3 years 

old and have driven over 10,000 km each, which is a 

big value for experimental equipment. In 2016, the 

left motor endured a critical failure, when the stator 

got severly hot and burned. Several electric motors 

experts, that the team consulted, predicted, that at 

such high temperatures the motor’s permanent 

magnets are very likely to become demagnetized, 

which would cause the maximum torque to reduce 
drastically. The rotor of the damaged motor got 

replaced and it was still in use for the BWSC 2017 

and iESC 2018.  

Since the inverters powering each motor inside the 

solar car were controlled using the same signal, it 

would seem probable, that the motors were operating 

at different values of torque, meaning the repaired 

motor would act as an additional load for the right-

hand side motor. One of the objectives of the test 

would be to find out the maximum torque value for 

each motor at a specific rotational speed. It is worth 

noting, that the efficiency characteristics are not 
complete - the research was conducted using a 3 kW 

power supply, whereas each motor has a maximum 

power of 5 kW.  

Nevertheless, the research did provide an answer to 

the most important problems - what is the actual 

nominal efficiency of each motor and what is the 

maximum torque of each motor. 

The results of the efficiency also include the 

efficiency of the motor inverters, so strictly speaking 

it is the powertrain efficiency, which actually is the 

most important parameter for the team. 

 

 
Fig. 5 The efficiency curve for the left-hand side motor at rotational speed equal to 750 RPM 

 

 
Fig. 6 The efficiency curve for the right-hand side motor at rotational speed equal to 750 RPM 

http://iraj.in/


International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 

Volume-7, Issue-5, May-2019, http://iraj.in 

Influence of the Efficiency of a Brushless DC Motor on the Competitiveness of a Solar-Powered Electric Car 

 

59 

 
Fig. 7 The efficiency curve for the left-hand side motor at rotational speed equal to 350 RPM 

 

 
Fig. 8 The efficiency curve for the right-hand side motor at rotational speed equal to 350 RPM 

 

Tested 

motor 

Specified 

nominal 

efficiency 

Obtained 

nominal 

efficiency 

Maximum torque obtained 

Left >95% 92% 43,4 Nm 

Right >95% 91% >50Nm 

Tab. 1 The test results of obtained nominal efficiency and the maximum obtained torque 

 

The test results show, that although, the measured 

efficiency is slightly lower, than specified, it is close 

to the desired value and fairly consistent across the 

two motors. However, the maximum torque value is 
much lower in the repaired motor, it oscillates around 

43 Nm.  

 

The maximum torque of the second motor actually 

exceeded the maximum value of the torque 

transducer, even without using the full power of the 

inverter. The motors were also cross-checked with the 

second inverter and showed very similar results. 

From the results we can deduce, that the 

characteristics of the motors are mismatched, which 
is a big issue in a car driven by two separate motors. 

Because of the way, that both motors are controlled 

by the inverters and the way, that the inverters are 

controlled by the solar car’s on-board control system 

it is safe to say, that at almost any given moment, the 

torque of one motor is different, than the other.  
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IV. CONCLUSIONS 
 
The efficiency of BLDC motors of Eagle 2 was 

studied and the conclusions are as follows: 

 

1. The efficiency of Mitsuba M2096-III motors is 

on the high level - reaching 92% for nominal 

speed and power for one motor and 91% for the 

second.  

2. Both of the motors have similar efficiency 

characteristics. 

3. Due to critical error mentioned in chapter 3.2, the 

difference between maximum  power of both 

motors is noticeable - it affects the total 
efficiency of the system. 

4. To make Eagle 2 competitive in solar car races, 

Lodz Solar Team should invest and buy new 

motors, that would have not only the same 

efficiency curve, but also the same maximum 

power and torque. It can significantly affect the 

total efficiency of the car and decrease total 

power consumption.  
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