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CHAPTER 3 

 

METHODOLOGY 

 

3.1 Introduction 

 In choosing an motor for electric bicycle, which is Brushless DC motor 

(BLDC), there is few method will be used, the method is torque calculation, Losses, 

efficiency, 

 

3.2  Torque Calculation 

 Before using any motor for Electric Bicycle, torque calculation is necessary 

to be considering, this is because each motor have its own torque limit for the motor 

to hold certain load. If a motor were used without calculating its torque or how much 

torque can the motor provide amount of torque to the electric bicycle. If the motor 

have low or insufficient amount of torque, this can lead to Electric Bicycle not even 

move or maybe can move but only without any load or rider. This is why Torque 

Calculation is important when choosing suitable motor for Electric Bicycle [4]. For 

this section, only formula will be stated.   

 

3.2.1 Peak Torque (𝑻𝒑) Requirement 

 The peak torque or also called maximum torque is required for the 

application, it can be calculated by summing the load torque (𝑇𝐿), torque due to 

inertia (𝑇𝐽 ) and the torque need to overcome the friction ( 𝑇𝐹) [4].  

◊ 𝑇𝑃 = ( 𝑇𝐿 + 𝑇𝐽  +  𝑇𝐹)*1.2  [N/m]       (3.1) 

  The torque due to inertia(𝑇𝐽 ) is the torque that required accelerating 

the load from rest or from lower speed to higher speed. This can be calculated by 

using the product of load inertia, with the rotor inertia and load acceleration [4]. 
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 ◊ 𝑇𝐽  = 𝐽𝐿 + M * 𝛼 [N/m]       (3.2) 

Where: 

 𝐽𝐿 + M is the sum of the load and rotor inertia 

 𝛼 Is the required acceleration 

 

3.2.2 RMS torque Requirement  (𝑻𝑹𝑴𝑺) 

 The (𝑇𝑅𝑀𝑆) or Root Mean Square (RMS) torque can be roughly translated to 

the average continuous torque required for the application.  This value depends on 

several factors. The peak torque(𝑇𝑃), load torque(𝑇𝐿), torque due to inertia (𝑇𝐽 ), 

frictional torque (𝑇𝐹) and acceleration, deceleration and run times [4]. 

∴  𝑇𝑅𝑀𝑆  =   [ {𝑇𝑃
2 𝑇𝐴  + (𝑇𝐿  +  𝑇𝐹)2 𝑇𝑅  +  ( 𝑇𝐽 − 𝑇𝐿 −  𝑇𝐹)2 𝑇𝐷}/( 𝑇𝐴 + 𝑇𝑅 +  𝑇𝐷)]

  [N/m]        (3.3) 

 

3.2.3 Speed Range 

 Speed range is the limit or speed that needed to drive or run the application 

and is determined by the type of application. High operating speed can be accounted 

for the components of trapezoidal speed curve, it give an average speed equal to the 

movement speed [4]. The curve is shown in figure 10. 

 

Figure 3.1: Trapezoidal Speed Curve [4] 
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3.3 Efficiency 

 Efficiency is defined as the ratio of output power and input power. 

 Ƞ = 
𝑃𝑂𝑢𝑡

𝑃𝐼𝑛
         (3.4) 

  Where 𝑃𝐼𝑛= mVI and 𝑃𝑂𝑢𝑡=  𝑇𝑙𝑜𝑎𝑑 𝜔𝑟  

 In term of power flow,  

 𝑃𝐼𝑛  = 𝑃𝑐𝑢  + 𝑃𝐹𝑒  + 𝑃𝑚𝑒𝑐  + 𝑃𝑜𝑢𝑡   [watt]     (3.5) 

 Where 𝑃𝑐𝑢  = 𝑚𝑅𝐼2 is the copper loss due to winding resistance, 𝑃𝐹𝑒  the iron 

loss due to hysteresis and eddy current, and 𝑃𝑚𝑒𝑐  the mechanical loss due to windage 

and friction [3]. 

 

3.4 Torque-Speed Characteristic  

The torque-speed characteristic of the motors referred to as permanent 

magnet, it is either brushless or brushed, and it either ac or dc shunt motor. The 

current that flow in the motor armature, and the magnetic flux that the armature is 

exposed to, is the cause for torque and motion. From this method, it can know that 

the behavior of torque is also depends on the current and voltage also.  

The motion of the armature wires within the magnetic flux creates a back 

electromotive force (voltage). At slow speeds the back emf produced by the rotor is 

also low and high current result to high torque. At high speed the back emf produced 

is high and low current only can flow through. Low torque produced when the speed 

is high. In figure 11 is the typical torque-speed characteristic of motor. 

 

 

 


