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1. INTRODUCTION 

Electric Rickshaw popularly known as E- Rickshaw has change the means of transportation system in many cities of India 

since 2008 as the best replacement to pulled rickshaws and  auto rickshaws on the well adapted fact i.e. these are less human 

efforts and low fuel cost as compared with pulled rickshaws . The reason behind their wide acceptance to the road society is 

nothing but the alternate solution they provide to control the hot political issue i.e. global warming, which is a great effect by 

the use of petrol and CNG in auto rickshaws. Now-a-days leading Markets of E-Rickshaw are served by the Nations like 

India and China. The power sources to such E-rickshaws are generally DC electric batteries. These vehicles are well suited 

for the low income people which suffer from the shortage of transportation facility.  

Following figure 1 shows the general block diagram of any E-Rickshaw would have, wherein the controller is safe to say the 

heart of E-Rickshaw. It receives input from the throttle and the controller decides the speed to be provided to the motor. The 
existing controller consist mainly either a pulse width modulation technique (PWM) or Variable Frequency Drive technique 

(VFD) based speed decider microcontroller and an inverter system to convert DC supply in 3 phase AC supply to drive the 

BLDC motor.  

For simplicity the controller is split in to two major sections. One, the controller section which consists of a microcontroller 

unit and the second is the section of output buffer unit which performs the inverting operation. The microcontroller unit 

monitors the output buffer section and triggers the gate of the inverting component respectively.   
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Abstract- Increasing demands in the field of motors have led to an increase in products related to controlling of this motors. 

This technical paper examines an immaculate technology of Electric Rickshaw controller in the field of electric vehicle. To give 

prominence to the best possible technique for the controller and output driver section to control and drive the BLDC motor of  
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best possible fit for the development of output buffer circuit to drive the motor in every possible aspect. Paper also includes 

different approach to drive the BLDC motor with the simulation result as a proof to our work. 
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Figure 1 : Generic block diagram of E-Rickshaw 

 

2. PROPOSED MODEL                                             
The E-Rickshaw consists of many electrical and mechanical blocks which are shown in earlier figure 1. The future to the 

microcontroller section to drive the output buffer could be BLDC motor controller application specific IC‟s which are also 

easily available in market. In combination to this few more supplementary IC‟s may be required for decoding sequence of 

hall sensors. As per this pre-requisite information we have come up with the proposed solution of the future E-Rickshaw 

controller as shown in figure 2.   

 
Figure 2: Proposed block diagram of E-Rickshaw controller 

The above block diagram mainly consists of five major units which include BLDC motor, power supply, BLDC controller in 

combination with closed-loop speed control adapter and the output buffer circuit.                                             

 

2.1. BLDC Motor – 

Electronically commutated motors (ECMs) popularly known as Brushless DC electric (BLDC) motor. These are synchronous 

motor operated on DC power supply. In order to control the torque and speed of the motor the controller must capable 

enough to provide current pulses for the windings of motor. The rotor consists of permanent magnets in the traditional 
configuration. The rotor whereas surrounded by the three stator windings. One of the trending applications of BLDC includes 

electric transportation system.  

This paper does consider the existing BLDC motor to propose the controller for the same and the specification for the 

existing motor as follow: 

 Voltages : 48Vdc 

 Rated power : 800W 

 Speed : 2000-5000 rpm 

 Rated torque : 10Nm 

 Peak torque : 25Nm 

 Efficiency : > 90% 

 Cooling options : air or liquid cooling 

 High reliability 

 Low noise , high torque 
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 Excellent performance characteristics  

 

2.2. Power supply  – 

The Operating voltage supply of output buffer is 48 V. This supply can be fulfilled by Li-Ion DC batteries, which by the way 

commercially exist with 12V rating. So to provide 48V and 20A supply to the BLDC motor controller a general series 

configuration of four such batteries is used. The size of these batteries in all together is comparatively large and it is a present 

issue to be considered for the design of smart E-Rickshaws. 
 

2.3. Output Driver circuit – 

The existing E-vehicle manufacturer and dealer companies such as GreenRick and Maxi Company using BLDC motor and to 

drive such motor they are using either 18 or 24 MOSFET configuration based output buffer circuit. The power components 

such as power MOSFET are presently serving the need for controller of E-Rickshaw. But with the upgraded technology we 

found that IGBT can serve as better as power MOSFET. In fact rather going for large number of discrete power MOSFET 

IC‟s it is the better to have comparatively few number of IGBT IC‟s for the equivalent operation. But for both power 

MOSFET and IGBT the external protection circuit and additional pre-emphasizing circuit is required when they are being 

used as a driver part in a controller section of E-Rickshaw. So rather going for individual number of IGBT IC‟s with gigantic 

array of relevant circuitry it is preferable to use IGBT MODULE which is having in-build protection circuit also they are 

available in  compact size.  

 

3. EXPERIMENT AND RESULT 

The recent requirement of BLDC motor controller parameters such as voltage, current and power are satisfied by the power 

MOSFET (HY1808P) that is being used in the existing E-Rickshaw controller so we come up with the proposed IGBT 

(NGTB25N120LWG) which is capable enough to meet the same requirement. In order to justify the resemblance few major 

parameters have been considered such as Junction temperature, power dissipation and drain current of power MOSFET and 

IGBT. 

                    
                                                                        

(a)                                                                                               (b) 

Figure 5. (a) Graph for power dissipation (b) Graph for drain current 

 

The red color dot is the representation for the power MOSFET and green color dot is the representation for the IGBT in 

above figure 5. Above Figure 5.(a) shows graph for power dissipation which is a plot of power (W) versus junction 

Temperature (degree Celsius) and Figure 5.(b) shows graph for drain current which is plot of Drain current (A) versus 

junction Temperature (degree Celsius) for both power MOSFET (HY1808P) and IGBT (NGTB25N120LWG). It shows the 

theoretical comparison of both power MOSFET and IGBT as per the data sheet. The power MOSFET has power dissipation 

of around 150 W at 100 degree Celsius while the power dissipation of IGBT is 77 W at same temperature in figure 5.(a) and 

the power MOSFET has drain current of around 68 A at 100 degree Celsius while the collector or drain current of IGBT is 25 

A at same temperature in figure 5.(b). It is now safe to say that IGBT is preferable over power MOSFET. But as per the 
earlier discussion both power MOSFET and IGBT needs the external protection circuit and additional pre-emphasizing 

circuit which is required when they are being used as a driver part in a controller section of E-Rickshaw. By then we came 

across various IGBT module that can give better optimized solution for our requirement and these modules are, 

CM100DY24T (2 IGBT module) and CM100TX24T, JKCM30F60GAXKMA1, 6MBI50VA06050, FSBB30CH60C (6 

IGBT module).Wherein we selected IC CM100TX24T of MITSUBISHI ELECTRIC SEMICONDUCTORS AND DEVICES 

as per our parameter such as voltage, current rating, availability, temperature and cost.  
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The MELCOSIM software is of MITSUBISHI ELECTRIC SEMICONDUCTORS AND DEVICES COMPANY which is 

open source software for users and it provides the manufactured product module or devices of the same company a platform 

to simulate and get exact practical detail sheet of various parameter. This simulation software is easy to use. All we need to 

do is just fed the required parameters for the selected device module and run the operation.  

 

 
                  

Figure 6: Schematic arrangement of IGBT‟s in CM100TX24T module 

 

 

     
                                         (c)                                                                                                 (d) 
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                                       (e)                                                                                                   (f) 

 

       
                                         (g)                                                                                                   (h) 

 

 
(i)                                                                                                      (j) 

 

Figure 7. Graph of  (c) Tj versus Io, (d) P versus Io, (e) P versus F,  (f) Tj versus F , (g) p versus Rg(ON), (h) Tj versus 

Rg(ON), (i) Tj versus Rg(OFF),  (j) P versus Rg(OFF). 

 

The above figure 6 shows the schematic arrangement which is to drive the three phase of BLDC motor. Figure 7. shows the 

operation of 6 IGBT module i.e. CM100TX(P)-24T IC. Wherein  7.(c) shows junction temperature of IGBT i.e. Tj in degree 

Celsius versus Io in Amperes, 7.(d) power i.e. P in watts versus output current Io in Amperes, 7.(e) shows power i.e. P in 

watts versus F in hertz,  (f) junction temperature  i.e. Tj in degree Celsius versus frequency i.e. F in hertz , (g) power i.e. p in 

watts versus gate resistance i.e. Rg of Tr1 i.e. IGBT 1 in ohms (ON state), (h) junction temperature i.e. Tj in degree Celsius 
versus gate resistance i.e. Rg of Tr1 (ON state), (i) junction temperature i.e. Tj in degree Celsius versus Rg of Tr1 (OFF 

state),  (j) power i.e. P versus Rg (OFF state). The test were done to get the analysis of various parameter such as junction 

temperature, power, gate resistance in both ON and OFF state and pulse frequency. when this module is worked with actual 

rated parameter i.e. for 800w , 20A and 48 V power supply. The results that we  got are up to the mark and as per our 

requirement.  Thus for the given requirement we do suggest the use of CM100TX(P)-24T IC which is 6 IGBT module in 

replace to existing 18 or 24 individual MOSFET based output buffer in a E-Rickshaw controller .The following table 1 shows 

the chart which  is the summary report generated by the MELCOSIM software . In simulation there are many techniques used 

to generate the triggering sequence for the generation of three phase of BLDC motor such as SVPWM (sinusoidal current 

circuit type) , Sinusoidal (sinusoidal current circuit type)  and Motor lock (chopper circuit type). Wherein Motor lock 

topology is the method used in recent practices . 
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Table -1 Simulation Result on MELCOSIM software 

Type Name CM100TX(P)-24T CM100TX(P)-24T 

CM100TX(P)-

24T 

Circuit Type Sinusoidal Current Sinusoidal Current Chopper 

Modulation Type Sinusoidal SVPWM Motor Lock 

CommonCondition    

Vcc(V) 48 48 48 

Io(Arms) 20 20 24 

Fc(kHz) 5 5 20 

Fo(Hz) 60 60 10 

PF 0.8 0.8 5 

M 1 1 0.5 

Ts(degC) 100 100 100 

Tc(degC) 100.6915836 100.6918436 100.4836278 

Tj max(degC) 175 175 175 

TrCondition    

Name Tr1 Tr1 Tr1 

Data@Tj 125 125 125 

Rg(on)(Ohm) 3.9 3.9 3.9 

Rg(off)(Ohm) 3.9 3.9 3.9 

Rth(Tr)(K/W)/Arm 0.264 0.264 0.264 

Rth(Di)(K/W)/Arm 0.391 0.391 0.391 

Rth(c-

s)(K/W)/Arm 0.069 0.069 0.069 

Module Total 60.12 60.12 42.02 

TrResult    

Name Tr1 Tr1 Tr1 Tr4 Tr6 

P_sum(W) 7.971990261 7.990555423 11.32075023 5.33856 5.33856 

SW(W) 0.949030716 0.949030716 2.1224 1.516 1.516 

DC(W) 7.022959545 7.041524707 9.198350234 3.82256 3.82256 

SW(On)(W) 0.350733433 0.350733433 0.7839 0.5448 0.5448 

SW(Off)(W) 0.598297283 0.598297283 1.3385 0.9712 0.9712 

DeltaTj-c_Ave(K) 2.104605429 2.109506632 2.988678062 1.40938 1.40938 

Tj_Ave(degC) 102.796189 102.8013503 103.4723059 101.893 101.893 

DeltaTjc_Max(K) 2.686696801 2.722665142 3.037038524 1.432185 1.432185 

Tj_Max(degC) 103.3782804 103.4145088 103.5206663 101.9158 101.9158 

DiResult      

Name Di1 Di1 Di2 Di3 Di5 

P_sum(W) 2.050960409 2.036163969 10.24874081 4.903991 4.903991 

SW(W) 0.583840027 0.583840027 1.3094 1.0532 1.0532 

DC(W) 1.467120382 1.452323942 8.939340812 3.850791 3.850791 

DeltaTj-c_Ave(K) 0.80192552 0.796140112 4.007257657 1.91746 1.91746 

Tj_Ave(degC) 101.4935091 101.4879837 104.4908855 102.4011 102.4011 

DeltaTj-c_Max(K) 1.0777242 1.052137407 4.071481782 

4.0714817

82 

Tj_Max(degC) 101.7693078 101.743981 104.5551096 
104.55510
96 

 

4. CONCLUSION 

The proposed design is a controller unit to interface a control unit with output buffer circuit for driving BLDC motor on 

variable speed. When the input received by the controller from the throttle, speed of the motor is varied accordingly via 

internal process of generating three different phase sequences respectively.  Since, the output buffer circuitry is basically a 

variable segmented PCB connected together on a single support which of-course is going to be a detachable sub-units it is 

therefore a new provision which would be introduced for variable parameter based motor to use same controller unit so as to 

drive. The IGBT module CM100TX (P)-24T application in motor lock topology can replace the existing MOSFET system 

and the microcontroller can be replaced by the uniquely dedicated controller IC. Once the system is implemented, in case of 
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any technical failure the replacement of entire controller won‟t be necessary as in present one whereas only the dedicated 

sub-unit would have to be replaced. 
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