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Abstract

In this modern world the applications of the electric motors have been very tremendous. The Auto mobile world is now switching from IC engine technology to hybrid electric technology. There has been enormous usage of high capacity electric motors in heavy load vehicles but a very small amount of work has been done in the sector of low load carrying vehicles like Hybrid electric rickshaw. Thus in this discussion we will be concentrating on Permanent Magnet DC Motor. In order to know whether the motor can be used in HEV performance analysis must be conducted, so we are analyzing the motor by applying different loads on it and observing the current absorbed, speeds at different torques and how the predicted values (Simulink) co-relate with the experimental values. These motors give an advantage to the hybrid Electric vehicles because they do not emit any tail pipe emissions and is environmentally friendly. Since safety and efficiency of the motor is also important we have conducted a Cfd analysis in Ansys Fluent to know whether the temperature of the motor is within the limits and thus conclude whether these motors are suitable for usage in HEV.
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INTRODUCTION 
A hybrid electric powered automobile (HEV) consist of an inner combustion(IC) engine collectively with one or greater electric powered machines [1]. The IC engine converts gasoline from the gas tank into mechanical energy whilst the electric powered machines convert electricity from an electric powered strength storage system, such as lithium-ion battery, into mechanical power [2]. In this project, Hev’s motor is being experimented on, at the beginning of the evaluation of hybrid electric powered transport overall performance is evaluated with variable set of loads applied and changes in the current from the battery. Here we have used an electric motor which will be mounted on some experimental setup, the experimental set up will be such that different set of loads can be applied on the motor shaft and subsequently the amount of current and voltage drawn will be noted. Using Matlab software simulations we will be generating the theoretical values and in the later stages we will compare the results with each other. Thus performance of the motor will be obtained and thus we will come to know about the efficiency of the motor and if the motor is suitable for the Hev. Thus we can subsequently use the motor in the future so that emission is reduced to a desirable level and the benefits are reflected on the environment.
OBJECTIVES AND METHODOLOGY

Objectives
· Design and Fabricate an equipment which will help us to conduct an experiment on PMDC motor.

· To conduct Theoretical (MATLAB) and Experimental analysis of PMDC motor and evaluate the performance of the motor.

· To perform CFD and Fatigue analysis of the PMDC motor

Methodology: 
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Fig. 1:Flow chart of Methedology
· Firstly, the design of the experimental set up is done through Autodesk fusion360 Tool

· Fabrication of the Experimental set up is done in the work shop. 

·  With the help of Matlab Software we were able to generate theoretical values after the simulation.

·  With the help of the experimental set up fabricated earlier we got the experimental values.

·  We evaluated the performance of the motor by comparing theoretical values and the Experimental values

·  We conducted an Cfd analysis by making the air to flow over the heated motor at different speed and compared the result to know whether it is safe or not.

THEORETICAL ANALYSIS (MATLAB)

Matrix laboratory is the long form of Matlab. The below simulation model is proposed for analyzing the performance of the PMDC Motor. In this system the different value of loads is connected to the motor with respect to different time period which are connected to the motor through the add block. The output of the motor is connected to the bus selector which collects all the parameters of the motor. The end of the bus selector connected to the display and also 24v dc supply is connected to the armature of the motor.
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Fig. 2: Matlab Simulation

EXPERIMENTAL SETUP

· Motor – A PMDC motor of capacity 350 w, 24v, 3000rpm has been used.
· Battery – 24 voltage Battery was connected (12V + 12V), since the batteries are connected in series the voltage remains same throughout the experiment.

· Accelerator- lets you change the speed of the vehicle according to your requirement.

· Drum – Drum diameter of 9cm is used for weight loading.

· Load cells – Used to measure load acting on drum in terms of kg.

· Chain and Sprocket- Used to transmit power.

· Angles – One-inch angles were used to prepare the skeleton.

· Controller-Decides the amount of current to be passed according to the load.

· Belt- Used to restrict the rotating drum by friction. The below figure shows the setup.
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Fig. 3: Experimental setup

RESULTS OF PERFORMANCE ANALYSIS

Theoretical Values (Matlab Simulation)

Table 1: Theretical values
	Load (kg)
	Torque(NM)
	Voltage (V)
	Current (A)
	Input (W)
	Speed (N)
	Out (W)

	0
	0
	24
	0.6
	14.4
	3000
	0

	0.625
	0.275
	24
	4.3
	103
	2875
	83

	1.25
	0.55
	24
	8
	190
	2750
	158

	1.875
	0.825
	24
	11.45
	275
	2625
	226

	2.5
	1.1
	24
	14.58
	350
	2500
	287


Experimental Values
Table 2: Experimantal values
	Load (kg)
	Torque(NM)
	Voltage (V)
	Current (A)
	Input (W)
	Speed (N)
	Out (W)

	0
	0
	24
	0.58
	13.92
	2950
	0

	0.625
	0.275
	24
	4.25
	102
	2850
	82

	1.25
	0.55
	24
	7.87
	189
	2730
	157

	1.875
	0.825
	24
	11.4
	274
	2605
	225

	2.5
	1.1
	24
	14.5
	348
	2475
	285


The comparison of the theoretical and the experimental values are shown in the below figures

Load-Predicted and experimental Current 
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Fig. 4: Load – Predicted and experimental Current graph

In the above figure Load is plotted along x direction and current is plotted along y direction. we can see that predicted and experimental values are almost same.

Load-Predicted and experimental Speed 
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Fig. 4: Load – Predicted and experimental Speed graph

In the above figure the Load is plotted along x direction and speed is plotted along y direction. we can see that predicted and experimental value of speeds are almost same.

Load-Predicted and experimental Power 
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Fig. 5: Load – Predicted and experimental Power graph
In the above figure Load is plotted along x direction and Power is plotted along y direction. we can see that the predicted and experimental output power values are almost same.
Load – Current
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Fig. 5: Load – Current graph

In the above figure Load is plotted along x direction and Current is plotted along y direction. As the load is increasing the current drawn by the motor is also increasing.
Load – Speed
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Fig. 5: Load – Speed graph
In the above figure Load is plotted along x direction and Speed is plotted along y direction. As the load is increasing the Speed of the shaft decreases proportionately.

Load – Speed
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Fig. 5: Torque – Current graph
In the above figure Torque is plotted along x direction and Current is plotted along y direction. As the Torque Increases Current increases proportionately.
Computation Fluid Dynamics
we have made use of the air as the fluid which will absorb the heat generated by the motor for the simulation. Here a convective type of heat transfer takes place between the air and the motor. The air should also be in a constant motion so that low temperature air comes in and absorbs the heat from the motor and then leaves with a slightly higher temperature.After importing the step file of the motor and adding an elclosure around the motor, we name the different  wall as inlet, outlet, outer fluid domain and heat source.In the later stages after meshing around 40000w/m^3 of heat generation is given to heat source ie motor. After seleting the suitable method for convergence the result is shown below.
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Fig. 5: Temperature Contour X-Y Plane At 15 Kmph

In the above figure we can see that the highest temperature is represented in the red color and lowest temperature with the blue color.The temperature of the air before entering was 300k and while exiting was 330k, which suggest that the heat transfer is taking place with efficiency, and it is safe to use air cooled system only. The temperature difference of the air is 30 degrees which means that the temperature of the motor is now in the safe zone. we have taken  velocity of air as 15 km/hour.
Temperature Contour at 40 Km/Hour
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Fig. 5: Temperature Contour X-Y Plane At 30 kmph

The inlet temperature of the air is 300k and the outlet temperature is 312k, thus we can say that there is high heat transfer when the velocity of the air is low. we have taken  velocity of air as 30 km/hour.
CONCLUSIONS
The automobile industry has shifted its focus from IC engine technology to the hybrid electric technology to reduce tail pipe emission intern to reduce the stress on the environment. Since a very small amount of work has conducted in low load hybrid electric vehicles, keeping this cause in the mind we conducted performance analysis of the Pmdc motor with the help of the experimental setup which we designed and fabricated and comparing it with the theoretical values obtained from the Matlab simulations, we come to the conclusion that the Pmdc motor is highly efficient , high torque can be obtained and the power output with the supplied current is good, also the speed of the motor with respect to the loading is also commendable, Thus we can say that the Pmdc motor has high performance rating. The Pmdc motor can be used in hybrid electric vehicles of low load carrying type like rickshaws without any issues. A slight area of improvement is needed in the battery technology if high rated Pmdc motor is to be used. With the help of Cfd analysis we conclude that the heat transfer rate from motor to the air is high at the lower velocities of the air. The temperature of the motor can be brought down with air as the fluid, but if high rated motor is to be used then there might be a need for different cooling technology. 
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