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Abstract--- Designing an electric vehicle (EV) using electric motor as its prime mover is very common. 

However, incorporating the electric motor to the overall EV design is relatively complex. The latest layout design of 

an EV requires a complex controller to govern the whole system especially the electric motors. Due to this 

complexity, the authors have developed an alternative electromagnetic prime mover for EV to replace the existing 

electric motor. This new prime mover is designed based on the solenoid concept and the internal combustion engine 

(ICE) working mechanisms. In this paper, the authors are introducing a new electromagnetic prime mover known 

as Solenoid Powered Engine (SPE). The paper describes the SPE underlying concepts, its comparison with electric 

motor in EV design, overall system layout, operations and characteristics. 
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I. INTRODUCTION 
For the past few decades, the use of electric vehicle (EV) is becoming popular in the automotive industry and 

slowly gained some interest from the public community. This is due to the fact that these vehicles are widely known 

for their zero emission and powered by renewable energy sources. In general, EVs are driven and controlled by the 

integration of electrical, electronics and also mechanical components but the main component that actually moves 

these vehicles is the electric motor. Electric motor works on the principles of electromagnetic by converting 

electrical energy to kinetic energy. This energy conversion is the main purpose of an electric motor and it is thus far, 

the only known prime mover for a non-tracked EV that operates solely on electricity [1] [2] [3]. Even hybrid 

vehicles utilise electric motors as one of their prime mover [4]. That is why electric motors are highly popularised in 

most EVs designs. Large amount of research work has been conducted for proper analysis of alternative automotive 

fuel in different parts of the world. A few studies are available on the performance and emission characteristics of 

engines with CNG and LPG as fuels. The theoretical background and the literature related to the present study have 

been reviewed in this chapter. 

Ravi Kumar Reddy C. [3]explained how a CNG is a viable alternative. The keyenergy challenge facing India 

today is preventing bottlenecks in energy supply from constraining economic growth. The transport sector in India 

is a major energy-consuming sector, particularly of oil. The dependence on liquid fuels in road transport sector is so 

deep-routed and is increasing exponentially as the number of vehicles on road is shooting up. This dependence on 

oil, in the coming years would be still more to satisfy the needs of transportation. Besides dependence on oil, 

another problem is environmental pollution that our modern society is facing today. The exhaust from liquid fuels is 

diminishing the air quality day by day.  
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The increasing respiratory diseases, increasing hospitalization, decreasing visibility during peak hours in Indian 

metros and other cities, makes sense to find alternatives to improve the urban quality of life. Hence it is the time to 

reduce dependence on liquid fuels by switching over to alternative fuelled vehicles. The paper briefly describes the 

need for switching over to CNG operated vehicles, the safety aspects, techno-feasibility of CNG conversion, 

performance of CNG vehicles and economics of CNG vehicles. It also explains different kinds of refilling systems 

and installation of kits. It is also shown that how good the CNG is and how promising it is as a vehicular fuel. 

Engine maintenance cost can be reduced by extending time between oil changes because the particulate 

materials that are produced during the combustion cycle of Gasoline engines and cause the engine oil to get dirty are 

not present in the CNG engine. 

The reduction of hazardous pollutants from CNG vehicles is substantial. There are no particulates, either sulphur 

or lead and no visible smoke, as CNG burns very cleanly. The success of CNG operation depends on various factors 

like infrastructure, subsidies on CNG and availability of gas etc. However factors like filling time, isolated filling 

stations, low range of CNG operated vehicles and power loss may impede the progress of switching to CNG 

operation. There is an urgent need to provide interest free loans to the users for getting their vehicles converted to 

operate on CNG. Although CNG is a safer fuel, it requires special attention to avoid gas leaks. Careful maintenance 

and driving practices are, therefore a pre-requisite for the success of the CNG vehicle. 

Y.Satyanarayana[4]describes CNG experience in Delhi. In July 1998 theSupreme Court of India issued 

directions to replace all eight years old buses in Delhi to CNG by 1st April 2000 and to convert all private and Delhi 

Transport Corporation buses to CNG by 31st March 2001. This mandate was extended to January 2002. The use of 

CNG for transport in Delhi led to raging controversy. Based on the experiences in Delhi and elsewhere, there is a 

general feeling that emission norms and time table should have been suggested instead of giving guidelines on ways 

of achieving it. 

Considering the cost-effectiveness and health hazards of ultra-fine particulates that are emitted by CNG engine, 

it is advisable to evaluate different technologies and alternate propulsion systems for urban buses than leaving the 

option to CNG buses alone. It may be necessary to look at alternate fuels and alternate propulsion systems including 

CNG through large scale experimentation while continuing diesel vehicles with Euro II and Euro III standards and 

ultra lowsulphur diesel. The diesel buses manufactured should be to Euro II standards with immediate effect. It is 

also required to examine the feasibility of retrofitting catalytic converters or particle traps on buses already under 

operation to bring their emissions closer to new vehicles. Few electric hybrid and fuel cell buses which are 

considered to be successors to diesel buses should be imported and operated for gaining experience while 

encouraging some of the local manufacturers to produce them in the country M.U. Aslam et al [7] conducted 

experiments for investigation of performance, fuel consumption and exhaust emissions under steady state operating 

conditions for Gasoline and CNG on 1.5 L, 4-cylinder Proton Magma retrofitted SI car engine with dynamometer. 

The engine was converted to computer integrated bi-fuelling system from a Gasoline engine and was operated 

separately either with Gasoline or CNG using an electronically controlled solenoid actuated valve system. A 
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computer based data acquisition and control system was used for controlling all the operation. A comparative 

analysis of the performance and emissions has been made for Gasoline and CNG. 

Based on the experimental results, it is transparent that retrofitted NGV engines produce about 10-15% less 

power than the same engine fuelled by Gasoline. The study has demonstrated that retrofitted CNG fuelled engines 

have a potential for higher fuel conversion efficiency (FCE) and significant reduction of emissions. Retrofitted 

CNG engine produces around 16% less brake mean effective pressure (bmep) and consumes 17-18% less bsfc or 

consumes an average of 1.65 MJ less energy per KWh at wide open throttle (WOT) condition with CNG compared 

to Gasoline. The engine shows an average of 2.90% higher FCE nearly at stoichiometric air-fuel ratio (λ=1) with 

CNG at WOT condition and this higher value decreases with the decrease of λ value. On average retrofitted engine 

reduced CO by around 80%, CO2 by 20% and HC by 50% and increases NOx emissions by around 33% with CNG 

compared to Gasoline. For reducing CNG vehicles efficiency penalty due to heavier CNG storage tank and for 

providing easy refueling it is required to develop lighter CNG storage tank and extensive networks of CNG supply 

stations at convenient locations through out the country. Retrofitted CNG fuelled engines can be used for the 

moment of economic, environment and energy security reasons. 

Rosli Abu Bakar et al [8]carried out experiments to evaluate engine performance and heat transfer 

characteristics of CNG and Gasoline fuelled electronic fuel injection (EFI) engine. Pressure transducer was installed 

with the crank encoder to measure the pressure inside the combustion chamber. A series of temperature 

measurements were obtained to deduce the engine’s heat transfer profile. To vary the coolant temperature, an 

independent cooling system was connected to 1.6 L EFI engine replacing the radiator. All the data were recorded 

using data acquisition system for internal combustion engine. 

It was found that CNG fuelled engine produced lower torque and brake power compared to Gasoline for all 

engine speed. The power loss is partly explained by the low density of natural gas (NG) whereby gaseous fuel 

occupies a larger volume per unit energy than liquid fuel. NG in mixture drawn into the cylinder displaces 

approximately 10% of oxygen available for combustion. The maximum potential power therefore will reduce by up 

to 10% compared to Gasoline engine under similar condition. The other main factor that reduces the power output is 

the low flame speed of NG, which requires a 

more advance spark timing to achieve complete combustion within the correct portion of the engine cycle. The 

experimental results also showed that CNG produce lower cylinder pressure compared to Gasoline 

The analysis of all results shows that CNG fuelled engine produced less torque, power, work and cylinder 

pressure compared to Gasoline engine. The power reduction occurred due to initial condition of the operating 

engine was not optimized for CNG fuel running. CNG heat rejection is higher compared to Gasoline. In the overall, 

the CNG fuelled engines have a great possibility to be comparable to that of Gasoline. 

REFERENCES 
[1] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2014). Virtual instrumentation based process of 

Received: 04 Apr 2019 | Revised: 03 May 2019 | Accepted: 04 June 2019                                  39 



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 04, 2019 
ISSN: 1475-7192 
 
 
 

agriculture by automation. Middle-East Journal of Scientific Research, 20(12): 2604-2612. 
[2] Udayakumar, R., Kaliyamurthie, K.P., & Khanaa, T.K. (2014). Data mining a boon: Predictive system for 

university topper women in academia. World Applied Sciences Journal, 29(14): 86-90. 
[3] Anbuselvi, S., Rebecca, L.J., Kumar, M.S., & Senthilvelan, T. (2012). GC-MS study of phytochemicals in 

black gram using two different organic manures. J Chem Pharm Res., 4, 1246-1250. 
[4] Subramanian, A.P., Jaganathan, S.K., Manikandan, A., Pandiaraj, K.N., Gomathi, N., & Supriyanto, E. (2016). 

Recent trends in nano-based drug delivery systems for efficient delivery of phytochemicals in 
chemotherapy. RSC Advances, 6(54), 48294-48314. 

[5] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2014). Partial encryption and partial inference control 
based disclosure in effective cost cloud. Middle-East Journal of Scientific Research, 20(12), 2456-2459. 

[6] Lingeswaran, K., Prasad Karamcheti, S.S., Gopikrishnan, M., & Ramu, G. (2014). Preparation and 
characterization of chemical bath deposited cds thin film for solar cell. Middle-East Journal of Scientific 
Research, 20(7), 812-814. 

[7] Maruthamani, D., Vadivel, S., Kumaravel, M., Saravanakumar, B., Paul, B., Dhar, S.S., Manikandan, A., & 
Ramadoss, G. (2017). Fine cutting edge shaped Bi2O3rods/reduced graphene oxide (RGO) composite for 
supercapacitor and visible-light photocatalytic applications. Journal of colloid and interface science, 498, 
449-459. 

[8] Gopalakrishnan, K., Sundeep Aanand, J., & Udayakumar, R. (2014). Electrical properties of doped 
azopolyester. Middle-East Journal of Scientific Research, 20(11). 1402-1412. 

[9] Subhashree, A.R., Parameaswari, P.J., Shanthi, B., Revathy, C., & Parijatham, B.O. (2012). The reference 
intervals for the haematological parameters in healthy adult population of chennai, southern India. Journal 
of Clinical and Diagnostic Research: JCDR, 6(10), 1675-1680. 

[10] Niranjan, U., Subramanyam, R.B.V., & Khanaa, V. (2010, September). Developing a web recommendation 
system based on closed sequential patterns. In International Conference on Advances in Information and 
Communication Technologies, 101, 171-179. Springer, Berlin, Heidelberg. 

[11] Slimani, Y., Baykal, A., & Manikandan, A. (2018). Effect of Cr3+ substitution on AC susceptibility of Ba 
hexaferrite nanoparticles. Journal of Magnetism and Magnetic Materials, 458, 204-212. 

[12] Premkumar, S., Ramu, G., Gunasekaran, S., & Baskar, D. (2014). Solar industrial process heating associated 
with thermal energy storage for feed water heating. Middle East Journal of Scientific Research, 20(11), 
1686-1688. 

[13] Kumar, S.S., Karrunakaran, C.M., Rao, M.R.K., & Balasubramanian, M.P. (2011). Inhibitory effects of 
Indigofera aspalathoides on 20-methylcholanthrene-induced chemical carcinogenesis in rats. Journal of 
carcinogenesis, 10. 

[14] Beula Devamalar, P.M., Thulasi Bai, V., & Srivatsa, S.K. (2009). Design and architecture of real time web-
centric tele health diabetes diagnosis expert system. International Journal of Medical Engineering and 
Informatics, 1(3), 307-317. 

[15] Ravichandran, A.T., Srinivas, J., Karthick, R., Manikandan, A., & Baykal, A. (2018). Facile combustion 
synthesis, structural, morphological, optical and antibacterial studies of Bi1− xAlxFeO3 (0.0≤ x≤ 0.15) 
nanoparticles. Ceramics International, 44(11), 13247-13252. 

[16] Thovhogi, N., Park, E., Manikandan, E., Maaza, M., & Gurib-Fakim, A. (2016). Physical properties of CdO 
nanoparticles synthesized by green chemistry via Hibiscus Sabdariffa flower extract. Journal of Alloys and 
Compounds, 655, 314-320. 

[17] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2014). Wide area wireless networks-IETF. Middle-East 
Journal of Scientific Research, 20(12), 2042-2046. 

[18] Sundar Raj, M., Saravanan, T., & Srinivasan, V. (2014). Design of silicon-carbide based cascaded multilevel 
inverter. Middle-East Journal of Scientific Research, 20(12), 1785- 1791. 

[19] Achudhan, M., Jayakumar M.P. (2014). Mathematical modeling and control of an electrically-heated catalyst. 
International Journal of Applied Engineering Research, 9(23), 23013. 

[20] Thooyamani, K.P., Khanaa, V., & Udayakumar, R. (2013). Application of pattern recognition for farsi license 
plate recognition. Middle-East Journal of Scientific Research, 18(12), 1768-1774. 

[21] Jebaraj, S., Iniyan S. (2006). Renewable energy programmes in India. International Journal of Global Energy 
Issues, 26(43528), 232-257. 

[22] Sharmila, S., & Jeyanthi Rebecca, L. (2013). Md Saduzzaman., Biodegradation of domestic effluent using 
different solvent extracts of Murraya koenigii. J Chem and Pharm Res, 5(2), 279-282. 

[23] Asiri, S., Sertkol, M., Guner, S., Gungunes, H., Batoo, K.M., Saleh, T.A., Manikandan A., & Baykal, A. 

Received: 04 Apr 2019 | Revised: 03 May 2019 | Accepted: 04 June 2019                                  40 



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 04, 2019 
ISSN: 1475-7192 
 
 
 

(2018). Hydrothermal synthesis of CoyZnyMn1-2yFe2O4 nanoferrites: magneto-optical 
investigation. Ceramics International, 44(5), 5751-5759. 

[24] Rani, A.J., & Mythili, S.V. (2014). Study on total antioxidant status in relation to oxidative stress in type 2 
diabetes mellitus. Journal of clinical and diagnostic research: JCDR, 8(3), 108-110. 

[25] Karthik, B. (2014). Arulselvi, Noise removal using mixtures of projected gaussian scale mixtures. Middle-East 
Journal of Scientific Research, 20(12), 2335-2340. 

[26] Karthik, B., Arulselvi, & Selvaraj, A. (2014). Test data compression architecture for low power VLSI testing. 
Middle - East Journal of Scientific Research, 20(12), 2331-2334. 

[27] Vijayaragavan, S.P., Karthik, B., & Kiran Kumar, T.V.U. (2014). Privacy conscious screening framework for 
frequently moving objects. Middle-East Journal of Scientific Research, 20(8), 1000-1005. 

[28] Kaliyamurthie, K.P., Parameswari, D., & Udayakumar, R. (2013). QOS aware privacy preserving location 
monitoring in wireless sensor network. Indian Journal of Science and Technology, 6(5), 4648-4652. 

[29] Silambarasu, A., Manikandan, A., & Balakrishnan, K. (2017). Room-temperature superparamagnetism and 
enhanced photocatalytic activity of magnetically reusable spinel ZnFe 2 O 4 nanocatalysts. Journal of 
Superconductivity and Novel Magnetism, 30(9), 2631-2640. 

[30] Jasmin, M., Vigneshwaran, T., & Beulah Hemalatha, S. (2015). Design of power aware on chip embedded 
memory based FSM encoding in FPGA. International Journal of Applied Engineering Research, 10(2), 
4487-4496. 

[31] Philomina, S., & Karthik, B. (2014). Wi-Fi energy meter implementation using embedded linux in ARM 
9. Middle-East Journal of Scientific Research, 20, 2434-2438. 

[32] Vijayaragavan, S.P., Karthik, B., & Kiran Kumar, T.V.U. (2014). A DFIG based wind generation system with 
unbalanced stator and grid condition. Middle-East Journal of Scientific Research, 20(8), 913-917. 

[33] Rajakumari, S.B., & Nalini, C. (2014). An efficient data mining dataset preparation using aggregation in 
relational database. Indian Journal of Science and Technology, 7, 44-46. 

[34] Karthik, B., Kiran Kumar, T.V.U., Vijayaragavan, P., & Bharath Kumaran, E. (2013). Design of a digital PLL 
using 0.35 Î¼m CMOS technology. Middle-East Journal of Scientific Research, 18(12), 1803-1806. 

[35] Sudhakara, P., Jagadeesh, D., Wang, Y., Prasad, C.V., Devi, A.K., Balakrishnan, G., Kim B.S., & Song, J.I. 
(2013). Fabrication of Borassus fruit lignocellulose fiber/PP composites and comparison with jute, sisal 
and coir fibers. Carbohydrate polymers, 98(1), 1002-1010. 

[36] Kanniga, E., & Sundararajan, M. (2011). Modelling and characterization of DCO using pass transistors. 
In Future Intelligent Information Systems, 86(1), 451-457. Springer, Berlin, Heidelberg. 

[37] Sachithanandam, P., Meikandaan, T.P., & Srividya, T. Steel framed multi storey residential building analysis 
and design. International Journal of Applied Engineering Research, 9(22), 5527-5529. 

[38] Kaliyamurthie, K.P., Udayakumar, R., Parameswari, D., & Mugunthan, S.N. (2013). Highly secured online 
voting system over network. Indian Journal of Science and Technology, 6(S6), 4831-4836. 

[39] Sathyaseelan, B., Manikandan, E., Lakshmanan, V., Baskaran, I., Sivakumar, K., Ladchumananandasivam, R., 
Kennedy, J., & Maaza, M. (2016). Structural, optical and morphological properties of post-growth calcined 
TiO2 nanopowder for opto-electronic device application: Ex-situ studies. Journal of Alloys and 
Compounds, 671, 486-492. 

[40] Saravanan, T., Sundar Raj M., & Gopalakrishnan K. (2014). SMES technology, SMES and facts system, 
applications, advantages and technical limitations. Middle - East Journal of Scientific Research, 20(11), 
1353-1358. 

[41] Dr.KusumaKumari, E. (2019). Prototype of slotted microstrip patch antenna for multiband application. Journal 
of Computational Information Systems, 15(3), 167-171. 

[42] Kalyan, G.P. (2019). E-Health Care Monitoring System in Internet of Things (Iot) By Using Radio-Frequency 
Identification (RFID). Journal of Computational Information Systems, 15(3), 172-181. 

[43] Brindha Devi, V., & Ponsekar, P. (2015). Map Reduce Typicality (MRT) based Collaborative Filtering 
Recommendation System for Movie Review Application. International Journal of Advances in 
Engineering and Emerging Technology, 7(10), 651-663. 

[44] Sachi, S., & Dr. Uma, S. (2016). A Survey in Hierarchical and Dynamic Elliptic Curve Cryptosystem based 
Self-Certified Public Key Scheme for Medical Data Protection. International Journal of Advances in 
Engineering and Emerging Technology, 8(1), 1-5. 

[45] Sachi, S., & Dr. Uma, S. (2016). Medical Data Protection in Wireless Sensor Networks Using Two Fish 
Algorithm. International Journal of Advances in Engineering and Emerging Technology, 8(1), 6-14. 

[46] Geetha, K., & Uma Nandhini, D. (2016). Selfish Attacks and Detection in Cognitive Radio Ad-hoc Networks. 

Received: 04 Apr 2019 | Revised: 03 May 2019 | Accepted: 04 June 2019                                  41 



International Journal of Psychosocial Rehabilitation, Vol. 23, Issue 04, 2019 
ISSN: 1475-7192 
 
 
 

International Journal of Advances in Engineering and Emerging Technology, 8(2), 26-34. 
[47] Patel, T., Gupta, S., and Dr.Udayakumar, P. (2015). Experimental Study of Huffman Algorithm of Data 

Compression with LZW Technique. Excel International Journal of Technology, Engineering and 
Management, 2(2), 30-33. 

[48] Praneesh, M. (2015). An Analysis of Gaussian Kernel Density Estimation for Feature Selection of Gene 
Expression. Excel International Journal of Technology, Engineering and Management, 2(2), 34-40. 

[49] Sakthi Raj, R., and Raghul, S. (2015). RSA Based CPDP with Enhanced Cluster for Distributed Cloud Storage 
Services. Excel International Journal of Technology, Engineering and Management, 2(3), 65-68. 

[50] Keerthana, A.V., and Ashwin, M. (2015). Texture Classification by Graphics Processing Unit and Soft 
Histogram Local Binary Pattern. Excel International Journal of Technology, Engineering and 
Management, 2(3), 69-72. 

Received: 04 Apr 2019 | Revised: 03 May 2019 | Accepted: 04 June 2019                                  42 


	Introduction
	References

