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          Project Necessity: 

Ebikes have found a special place due to appearance of green transportation. So there have been formed 

companies which try to find their market by modern products. 

The most important part of an ebike is its electric motor and drive system that should have good efficiency, 

torque to mass ratio and cost in order to find justification for applications. Recently, brushless DC motors 

(BLDC) because of their good characteristics such as high durability and efficiency, appropriate and simple 

control and high power factor, have found many applications in the industries. BLDC motors also have high 

acceleration because of low inertia and DC motors good characteristics with high static torque at high speeds. 

As regards the experience of BLDC motors construction using imported material such as NeFeB permanent 

magnets and silicon steel sheets there have been in Iran already and in other hand there is no 0 to 100 design 

algorithm for this electric motors in ebike application, there is need for a project definition in order to obtain 

the knowledge of designing and manufacturing these motors for ebike applications using native like 

Ferrite permanent magnets and Carbon electrical sheets that are cheap and easy to provide in Iran. So 

the difficulties of this technology development will be eliminated. Although utilizing low cost material 

may cause in large size and low efficiency of the motor, but in the present situation, this technology 



achievement due to low cost and easy providing situation, will be acceptable and can pave the way for 

improve the design of these electric motors for next researches. 

          Project Goals: 

Concerning the country industries promotion in the field of production and localization, the present project with 

the goal of obtaining knowledge of designing and manufacturing low cost BLDC electromotor for 

electric bikes application which include gathering the primary data, conceptual design, modeling, 

simulation and refining the model, construction and validating that based on the related standards. 

This project will provide various achievements such as: 

1. Obtaining knowledge of designing and manufacturing low cost BLDC electromotor for electric 

bikes application 

2. Independency to expensive and hardly-provided imported material for BLDC motor productin 

3. Persuasion and encourgment to research with the approach of the achieving the state of the art in 

the technology development using native material 

          Abstract: 

In the present project in order to the  obtaining knowledge of designing and manufacturing low cost 

BLDC electromotor for electric bikes application, various technologies of the ebikes were investigated 

first and the best technology according to the limitations was selected. In the BLDC motor construction 

there is the possibility of providing native magnets and electric sheets that using them decreases the 

motor efficiency. But in order to overcome this problem, optimization of the design was included in 

the project. In order to providing the technical knowledge of the Iran native material, the manufacturers 

were determined and their products were evaluated during the meetings and tests and the results were 

included in the designs. Then a design algorithm for BLDC motors provided as well as investigation 

of the design procedure of the BLDC motors. Then the design of a prototype was included and an 

optimized design provided at the end. 

          Steps and Methodologies: 

In the phases 1 and 2, a 500 watt BLDC motor has been designed and analyzed with considering the possibility 

of providing the material from the local resources. In the first season of the report, the different kinds of ebikes 

was investigated based on application, control system and the position of the motor on the bike and a review of 

the present technologies was provided. In the second season, the electric parts of an ebike was presented and 

the general characteristics for the motor design was explained. In addition, the other parameters related to motor 

design such as the highest Scrollable slope, the bike mass and the bike load model and how to find torque-speed 

characteristic, was studied. The third season was allocated to rules, limitations, standards and operational tests 

of BLDC motors and ebikes in the world based on the up to date studies. In the following the studies, the 

feasibility of the providing row material and constructing BLDC motors and their drives was investigated in 

season 4. First, the considerations for choosing the core such as hysteresis curve of the sheets and the total loss 



 

of the core in special frequencies was studied and Epstein test was implemented on the sheets on 50, 90 and 

100 frequencies and the parameters such as the total core loss, hysteresis curve and permeability curve vs the 

various amount of flux density and intensity was extracted. In the next step in this season, the present Ferrite 

magnets in the country was investigated from the perspective of the construction procedure and centers. Also 

the needed parts for drive construction was reviewed the companies who are active in this field was presented 

and finally ebike tests and laboratories based on EN15149 was studied. The final characteristics of the BLDC 

motor for the target ebike, was determined through the seasons 1 to 4. The study of the BLDC motor design 

parameters was provided in season 6. In this season the focus was on the design limitations, structure 

determination from the perspective of the inner or outer rotor, electric and magnetic loading, rotor design 

algorithm, stator design. In the following the explanation of the BLDC motor design algorithm based on the 

initial and considered assumptions, in the seventh season the procedure and calculations of the design was 

provided and verified using the Ansys Maxwell simulations from the perspective of the inducted voltage, flux 

density, cogging torque and full-load simulation. According to the primary assumptions and limitations, there 

were some parameters that were possible to optimize such as the slot size, the pole embrace. Finally an 

optimized plan was provided. Also the thermal analysis of the motor was performed in Motor CAD 

environment. 

In the third phase in order to investigate and verify the design, the model was verified in JMAG Designer 

environment too. Then in the next step in order to design the motor drive, there is a need for mathematical 

modeling of the motor. So in the ninth season, the equivalent circuit model of the motor was extracted. Also 

the inverters and control methods of BLDC motors specially for ebikes, was studied and then the driver was 

designed. In the following some photos of the motor and drive designs and analysis were provided. 

 



  

    

          Main Results (technical outputs, patents, papers, books, reports, etc.):  

- The project report “Obtaining knowledge of designing and manufacturing low cost BLDC 

electromotor for electric bikes usage and making a 500-watt  prototype technical” 



 

 

 


