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Introduction and Previous Work 
Inverter is one of the most crucial part of an electric vehicle powertrain system. Inverter is a device 

that uses the battery to power the electronic devices in the car. In this particular document an inverter 

motor system is designed and proposed for a typical formula type car. The car is proposed to have 

two in-hub motors with epicyclic gear train driving the rear wheels.  

In the previous document, an energy storage device was designed which had the following 

parameters.  

 

Previous work also highlighted the motor and touched the motor selection criteria. In this section, the 

selection of motor is further highlighted and justified for. A decision matrix is formed, which helped in 

motor selection. The motor is judged on 3 basis, it’s torque, power-to weight ratio and the volume.    

 

The AMK DD5 motor shows the best result and also satisfies the design requirements. The AMK motor 

is compact and can be used for the in-hub assembly planned initially. A synchronous permanent 

magnet motor that provides 35 kW power and 21Nm of torque when supplied with 600V DC. Detailed 

specification of the motor can be found in the figure below. 



Inverter Power Circuit and Power Switches 
To select the inverter power circuit ad power switches, Fuji IGBT simulator was used. Fuji simulator 

helps in selection of the IGBTs, which is an integral part of the inverter.  

IGBTs are currently the largest segment of the market for EV power systems. The IGBT is a high-

voltage, high-current switch connected directly to the traction motor in a hybrid electric or electric 

vehicle. It takes direct current energy from the car’s battery and, through the inverter, converts the 

alternating current control signals into the high-current, high-voltage energy needed to commutate 

or turn the motor. The IGBT is an ideal motor inverter switch for 35 KW to 85 KW EV motors due to 

its high efficiency and fast switching. The more efficient the IGBT, the less power is lost to wasted 

heat, resulting in better mileage or “miles per watt” (MPW) of energy. 

To select the modules from a range, fuji’s IGBT simulator is used. The 6-pack IPM module was 

selected for the input voltage of 600V, Current of 200 Amps. This gave a possibility of four modules 

to choose from. 

 

Several were done on various different settings to analyse the thermal condition of the module 

selected. The table below gives a list of the parameter used for the analysis. Two types of 

simulations were carried out. One with fixed Heatsink Temperature and other with calculated 

Heatsink Temperature. Both types were tested for single mode and cycle mode. 

The switching frequency is calculated using the standard formulas. 



 

In the fixed Heatsink Temperature only two simulations could be done, the results of which are 

shown below. 

 

Figure 1: single mode fixed heatsink temperature                                   Figure 2: cycle mode fixed heatsink temperature 

 For the ‘calculate heatsink temperature’ option, ambient temperatures of 20, 35, 40, 45 & 50 degrees 

was used for the analysis. The details of which are presented below. Rth value is chosen such as to 

keep to the limits of maximum temperature.  

Ambient 
Temp. 

Values of RTH Analysed  

Single Cycle 

20 0.09; 0.1; 0.2 0.2 

35 0.1; 0.2 0.09; 0.2 

40 0.09; 0.1; 0.2 0.09; 0.1; 0.15 

45 0.09; 0.1; 0.2 0.09; 0.1; 0.15 

50 0.09; 0.1; 0.2 0.09; 0.1; 0.2 
 

Fuji simulator results for the above analysis is shown below.  



 

Figure 4: rth=0.01, ambt temp=20deg C 

 

Figure 6:rth=0.1, ambt temp=20degC 

The simulations above were carried out for an ambient temperature of 20 degrees C, while the Rth 

value is varied from 0.01 to 0.2. The temperature at 0.2 reaches the maximum operational 

temperature of the IGBT is at the limits. While the losses encountered in the worst case scenario of 

rth=0.2 is in excess of 200W.  

 

Figure 7: Rth=0.1, ambt temp=35                                                                                   rth=0.2, ambt temp= 35 

For Rth value of 0.1 and 0.2 at an increased ambient temperature of 35deg C, the above results are 

obtained. The losses well in excess of 200W and with the increased Rth value of 0.2 the operating 

temperature is above the limit, resulting in the overheating of the component. Similarly for different 

Rth values with varied ambient temperatures of 40, 45 and 50 degrees in single mode is analysed 

and the analysis graphs are shown below. 

Figure 3: rth=0.09, ambt temp=20degC 

Figure 5: rth=0.2, ambt temp=20degC 



 

Figure 9: rth=0.1, ambt=40 

 

Figure 11: Rth=0.2, ambt temp=45 

The single cycle simulation results are presented above with the analysis image being self-explanatory 

and the fairly consistent with varying ambient temperature.  

The cycle mode analysis helps in better understanding of the thermal situation of the IGBT module. 

The cycle mode analysis results are shown below in image format. 

 

Figure 12:cycle mode Rth=0.2, ambt = 20 

Further results for ambient temperature of 35, 40, 45 and 50 were conducted.  

Figure 8: Rth=0.2 

Figure 10: Rth=0.1, ambt =45 



 

Figure 15: Rth=0.2 ambt= 35 

 

Figure 16: Rth=0.15, ambt=45 

Electric Motor  
The motor selected, as stated in the previous sections is the AMK DD5. It’s a synchronous permanent 

magnet motor, with liquid cooling type operating at a rated voltage of 350 V with a constant stall 

current of 53.1 Amps. The details of the motor can be found by contacting AMK service and the 

datasheet is attached below. 

 

Figure 13: Rth=0.15, ambt= 40 

Figure 14: Rth=0.2, ambt= 50 



The inverter efficiency is estimated at around 98% and the motor efficiency sheet is attached below. 

 

Figure 17: AMK efficiency data 

 

Control Systems 

Modulation Techniques 
One of the easiest ways to control the DC motor is by the use of PWM controller. Digital signals are 

usually represented with the term Pulse Width Modulation (PWM). Pulse width describes the width 

or duration of a signal for transmission. The amplitude of a signal is encoded right into the duration of 

the other signal.  

The main purpose of the PWM controller here is to control the inertial power load supplied to the 

AC/DC motors. It controls the power in relation to voltage and by changing the cycle of on-off phase 

quickly and changing the pulse width of ON- phase. It would appear to have steady power output with 

an average voltage value. 



 

The biggest advantage of using PWM is the amount of power loss in modulating is minimum. PWM 

technique does not limit the power output when not needed, but rather turns it off for a short 

duration and turns it ON again when required. This also results in better speed stability. As the 

amplitude of the motor is always at full strength, the motor can be spun ever more slowly without 

stall.  

 

Figure 18: PWM inverter Circuit 

Pulse Width Modulation is the best way to control the amount of power without wasting the 

dissipated power. The above shown circuit is used as the PWM circuit for controlling the Inverter 

designed in this project. The above shown circuit can also be used for controlling other DC devices 

like fan, LEDs, etc.  

Feedback Circuits 
Feedback circuits are used for a number of reasons that influences the Circuit characteristics, such as 

gain, can be precisely controlled, and made relatively independent of wide variations in active device 

parameters also the characteristics of the circuits can be made relatively independent of operating 

conditions such as supply voltages or temperature.   Apart from these the frequency response of the 

circuit can also be controlled by properly designing the feedback circuit. 

There are primarily two types of feedback circuits that can be used based on the requirement, they 

are positive and negative feedback.  



 

Figure 19: Current Feedback Circuit 

The Current feedback circuit for the inverter is shown above. The circuit also represents the use of 

PWM controller for the modulation of signals. Working of the current feedback circuit is shown using 

the circuit diagram shown below.  

 

Figure 20: current Feedback Working 

Input stage and error amplifier is represented using red line at the left of the image. It can be noted 

that there is a I to V converter loop included in the circuit and the buffer is at the right end of image 

highlighted with pink box. 

 

Figure 21:Voltage Feedback Block Diagram 

A block diagram is used to understand the processes of voltage feedback circuit. Voltage input is 

shown as Uref and the amplified voltage is represented as Uo. G represents Gain, K is amplitude factor 



and the Upwm is the modulated signal voltage. Block diagram represents the circuit in an easier way. 

The closed loop voltage feedback circuit is represented below.  

 

Figure 22: Voltage feedback control circuit 

The voltage feedback circuit is shown in tandem with all the components discussed upon in this 

research so far. The load is representative of the AMK motor, while the output filter is representative 

of the control by PWM. S1, S2…, S6 represents Fuji’ IGBT module that was selected earlier. Figure b 

represents only the voltage feedback circuit with respect to the motor. 

Modelling and Simulation of Energy-Storage- Inverter-Motor 

 

Energy storage-inverter-motor system is modelled and simulated in NI-Multisim. Accumulator is 

540V and the IGBT data is obtained using Fuji IGBT.  



 

 



Using the above data, the multisim model is run for the simulations to obtain the following results 

shown below. 

 

Packaging and Assembling 
Designed inverter needs to be packaged. In a formula type car it is desired to have the components 

packed as tightly as possible. The packaging is represented in the figure below using the CAD software 

Solidworks. In the cad shown here only one inverter and heatsink is represented, however, since the 

vehicle has four individual motors for all the four wheels, therefore four inverter packs would be 

required, one for each motor. 

Ideally, it is required to have water cooling, but for the scope of this project and also because of budget 

cap, an air cooled, heatsink is demonstrated. Water cooling gives advantage with the weight, and also 

provides more control over the module temperature. However, it is more complex to design and 

would cost more as well.  

With the heatsink, it is important that there is direct air interaction with the heatsink itself in order to 

cool down the module. This has been verified by conducting thermal analysis of the heatsink. This is 

also represented below with the appropriate results and input parameters.  



 

 

Thermal analysis of the heatsink is shown in the above image. The analysis is conducted in Solidworks 

and is believed to be 98 percent accurate. Air speed of 10 m/s, ambient temperature of 50 deg C is 



used as boundary conditions. The channels and number of rows are modified accordingly with 

accordance to the first few simulations.  

Conclusion 
Energy storage-inverter-motor system design is completed. While the Energy storage design was 

touched upon in previous document, this document primarily deals with the investigation of IGBT and 

inverter design, along with modulation techniques, feedback circuits and thermal analysis. The 

project, more importantly deals with the type of motor used and the switches and power circuits used 

in three phase full bridge Inverter.  

The document is well compiled and is in tandem with previous work. Energy Storage System has not 

been changed, neither is anything else. The structure of the vehicle was planned well in advance and 

the work done in this project justifies that. 

Future work would include, designing of the shutdown circuit, required for these types of formula 

cars, and implementing the current work in test bench using the necessary tools.   
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