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Abstract Based on the available energy sources, the electric vehicle (EV) cannot compete with the conventional vehicle in terms of driving range and initial cost. In the near future, the hybrid EV (HEV) is not only an interim solution for implementation of zero emission vehicles but a practical solution for commercialization of super-ultra-low-emission vehicles. This paper ﬁrstly presents an overview of latest HEVs, with emphasis on power management. Based on the power management strategy of the drive train, a new classiﬁcation approach for HEVs is proposed. Hence, the corresponding system conﬁgurations are identiﬁed. The power ﬂow control for various HEVs is also elaborated. Finally, the development trends of HEVs and EVs are delineated.  2002 Elsevier Science Ltd. All rights reserved. Keywords: Power management; Hybrid vehicles; Electric vehicles



1. Introduction In 1834, the ﬁrst battery powered electric vehicle (EV), actually a tricycle, was built by Thomas Davenport. The ﬁrst vehicle running over the 100 km/h barrier was also an EV, namely the ‘Jamais Contente’ (Never Satisﬁed), which was driven by Camille Jenatzy in 1899. With the drastic improvement in the internal combustion engine vehicle (ICEV), the EV almost vanished from the scene by the 1930’s. The rekindling of interests in EVs started at the outbreak of the energy crisis and oil shortage in the 1970’s. The actual revival of EVs was due to the ever increasing concerns on energy conservation and environmental protection throughout the world in the 1990’s. Namely, EVs oﬀer high energy eﬃciency, allow diversiﬁcation of energy resources, enable load equalization of power systems, show zero local and minimal global exhaust emissions and operate quietly. However, there are two major barriers hindering the commercialization of *
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EVs—short driving range and high initial cost. These barriers cannot be easily solved by the available EV energy source technologies (including batteries, fuel cells, capacitors and ﬂywheels) in the near future [1–3]. People may not buy an EV, no matter how clean, if their range between charges is only 100–200 km. The hybrid EV (HEV), incorporating an engine and electric motor, has been introduced as an interim solution before the full implementation of EVs when there is a breakthrough in EV energy sources [4]. The deﬁnite advantages of the HEV are to extend greatly the original EV driving range by two to four times and to oﬀer rapid refuelling of liquid gasoline or Diesel. An important plus is that it requires only little changes in the energy supply infrastructure. The key drawbacks of the HEV are loss of the zero emission concept and increased complexity. Nevertheless, the HEV is vastly less polluting and has less fuel consumption than the ICEV while having the same range. These merits are due to the fact that the engine of the HEV can always operate in its most eﬃcient mode, yielding low emissions and low fuel consumption. Also, the HEV may be purposely operated as an EV in the zero emission zone. It is becoming a consensus that the HEV is not only an interim solution for implementation of zero emission vehicles, but also a practical solution for commercialization of super-ultra-low-emission vehicles. The purpose of this paper is to give an overview of current HEVs, with emphasis on their power management strategies. Firstly, based on the drive train power management, a new classiﬁcation approach for HEVs will be proposed in Section 2. Secondly, Section 3 will be devoted to describing the conﬁgurations of the classiﬁed HEV systems. Thirdly, the power ﬂow control for various HEVs will be discussed in Section 4. Finally, Section 5 will be used to depict the development trends of HEVs and EVs.



2. Classiﬁcation The available deﬁnition of the HEV is so general that it anticipates future technologies of energy sources [5]. As proposed by Technical Committee 69 (Electric Road Vehicles) of the International Electrotechnical Commission, a HEV is a vehicle in which propulsion energy is available from two or more kinds or types of energy stores, sources or converters, and at least one of them can deliver electrical energy. Based on this general deﬁnition, there are many types of HEVs, such as the engine and battery, battery and fuel cell, battery and capacitor, battery and ﬂywheel and battery and battery hybrids. However, the above deﬁnition is not well accepted. Ordinary people have already borne in mind that a HEV is simply a vehicle having both an engine and an electric motor. To avoid confusing readers or customers, specialists also prefer not using the HEV to represent a vehicle adopting energy source combinations other than the engine and battery hybrid. For example, they prefer to call a battery and fuel cell HEV simply a fuel cell EV. As we prefer general perception to loose deﬁnition, the term HEV in this paper refers only to the vehicle adopting both the engine and electric motor for the drive train, while the engine and battery hybrid is the energy source. Traditionally, HEVs were classiﬁed into two basic kinds—series and parallel. Recently, with the introduction of some HEVs oﬀering the features of both the series and parallel hybrids, the classiﬁcation has been extended to three kinds—series, parallel and series–parallel. In the year
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2000, it is interesting to note that some newly introduced HEVs cannot be classiﬁed into these three kinds. Hereby, HEVs are newly classiﬁed into four kinds: • • • •



series hybrid, parallel hybrid, series–parallel hybrid, and complex hybrid.



Fig. 1 shows the corresponding functional block diagrams, in which the electrical link is bidirectional, the hydraulic link is unidirectional and the mechanical link (including brakes, clutches and gears) is also bidirectional. It can be found that the key feature of the series hybrid is to couple the engine with the generator to produce electricity for pure electric propulsion, whereas the key feature of the parallel hybrid is to couple both the engine and the electric motor with the



Fig. 1. Classiﬁcation of HEVs.
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transmission via the same drive shaft to propel the wheels. The series-parallel hybrid is a direct combination of both the series and parallel hybrids. On top of the series-parallel hybrid operation, the complex hybrid can oﬀer additional and versatile operating modes.



3. System conﬁgurations 3.1. Series hybrid system The series hybrid is the simplest kind of HEV. Its engine mechanical output is ﬁrst converted into electricity using a generator. The converted electricity either charges the battery or can bypass the battery to propel the wheels via the same electric motor and mechanical transmission. Conceptually, it is an engine-assisted EV which aims to extend the driving range to be comparable with that of the ICEV. Because of the absence of clutches throughout the mechanical link, it has the deﬁnite advantage of ﬂexibility for locating the engine-generator set. Although it has an added advantage of simplicity of its drive train, it needs three propulsion devices—the engine, the generator and the electric motor. Another disadvantage is that all these propulsion devices need to be sized for the maximum sustained power if the series HEV is designed to climb a long grade. On the other hand, when it is only needed to serve such short trips as commuting to work and shopping, the corresponding engine-generator set can adopt a lower rating. 3.2. Parallel hybrid system Diﬀering from the series hybrid, the parallel HEV allows both the engine and electric motor to deliver power in parallel to drive the wheels. Since both the engine and electric motor are generally coupled to the drive shaft of the wheels via two clutches, the propulsion power may be supplied by the engine alone, by the electric motor alone or by both. Conceptually, it is inherently an electric assisted ICEV for achieving lower emissions and fuel consumption. The electric motor can be used as a generator to charge the battery by regenerative braking or absorbing power from the engine when its output is greater than that required to drive the wheels. Better than the series HEV, the parallel hybrid needs only two propulsion devices—the engine and the electric motor. Another advantage over the series case is that a smaller engine and a smaller electric motor can be used to get the same performance until the battery is depleted. Even for long trip operation, only the engine needs to be rated for the maximum sustained power, while the electric motor may still be about half. 3.3. Series-parallel hybrid system In the series-parallel hybrid, the conﬁguration incorporates the features of both the series and parallel HEVs, but involves an additional mechanical link compared with the series hybrid and also an additional generator compared with the parallel hybrid. Although possessing the advantageous features of both the series and parallel HEVs, the series-parallel HEV is relatively more complicated and costly. Nevertheless, with the advances in control and manufacturing technologies, some modern HEVs prefer to adopt this system.
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3.4. Complex hybrid system As reﬂected by its name, this system involves a complex conﬁguration which cannot be classiﬁed into the above three kinds. As shown in Fig. 1, the complex hybrid seems to be similar to the series-parallel hybrid, since the generator and electric motor are both electric machinery. However, the key diﬀerence is due to the bidirectional power ﬂow of the electric motor in the complex hybrid and the unidirectional power ﬂow of the generator in the series-parallel hybrid. This bidirectional power ﬂow can allow for versatile operating modes, especially the three propulsion power (due to the engine and two electric motors) operating mode, which cannot be oﬀered by the series-parallel hybrid. Similar to the series-parallel HEV, the complex hybrid suﬀers from higher complexity and costliness. Nevertheless, some newly introduced HEVs adopt this system for dual axle propulsion.



4. Power ﬂow control Because of the variations in HEV conﬁgurations, diﬀerent power control strategies are necessary to regulate the power ﬂow to and from diﬀerent components [6,7]. These control strategies aim to satisfy a number of goals for HEVs. There are four key goals: • • • •



maximum fuel economy, minimum emissions, minimum system costs, and good driving performance.



The design of power control strategies for HEVs involves diﬀerent considerations. Some key considerations are summarized below: • Optimal engine operating point—The optimal operating point on the torque-speed plane of the engine can be based on the maximization of fuel economy, the minimization of emissions, or even a compromise between fuel economy and emissions. • Optimal engine operating line—In case the engine needs to deliver diﬀerent power demands, the corresponding optimal operating points constitute an optimal operating line. Fig. 2 shows a typical optimal operating line of an engine, in which the optimization is based on the minimum fuel consumption, which is equivalent to maximum fuel economy. • Optimal engine operating region—The engine has a preferred operating region on the torquespeed plane, in which the fuel eﬃciency remains optimum. • Minimum engine dynamics—The engine operating speed needs to be regulated in such a way that any fast ﬂuctuations are avoided, hence minimizing the engine dynamics. • Minimum engine speed—When the engine operates at low speeds, the fuel eﬃciency is very low. The engine should be cut oﬀ when its speed is below a threshold value. • Minimum engine turn-on time—The engine should not be turned on and oﬀ frequently; otherwise, it results in additional fuel consumption and emissions. A minimum turn-on time should be set to avoid such draw backs.
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Fig. 2. Optimal operating line on an engine fuel consumption map.



• Proper battery capacity—The battery capacity needs to be kept at a proper level so that it can provide suﬃcient power for acceleration and can accept regenerative power during braking or going downhill. When the battery capacity is too high, the engine should be turned oﬀ or operated idly. When this capacity is too low, the engine should increase its output to charge the battery. • Safety battery voltage—The battery voltage may be signiﬁcantly altered during discharging, generator charging or regenerative charging. This battery voltage should not be over-voltage or under-voltage; otherwise, the battery may be permanently damaged. • Relative distribution—The distribution of power demand between the engine and battery should be proportionally divided during the driving cycle. • Geographical policy—In certain cities or areas, the HEV needs to be operated in the pure electric mode. The changeover should be controlled manually or automatically. 4.1. Series hybrid control In the series hybrid system, the power ﬂow control can be illustrated by four operating modes as shown in Fig. 3. During startup, normal driving or acceleration of the series HEV, both the engine (via the generator) and battery deliver electrical energy to the power converter, which then drives the electric motor and, hence, the wheels via the transmission. At light load, the engine output is greater than that required to drive the wheels, so the generated electrical energy is also



K.T. Chau, Y.S. Wong / Energy Conversion and Management 43 (2002) 1953–1968



1959



Fig. 3. Series hybrid operating modes.



used to charge the battery until the battery capacity reaches a proper level. During braking or deceleration, the electric motor acts as a generator which transforms the kinetic energy of the wheels into electricity, hence charging the battery via the power converter. Also, the battery can be charged by the engine via the generator and power converter, even when the vehicle comes to a complete stop. The Toyota Coaster HEV [8] has adopted this series hybrid control. 4.2. Parallel hybrid control Fig. 4 illustrates the four operating modes of the parallel HEV. During startup or full-throttle acceleration, both the engine and electric motor proportionally share the required power to propel the vehicle. Typically, the relative distribution between the engine and the electric motor is 80– 20%. During normal driving, the engine solely supplies the necessary power to propel the vehicle, while the electric motor remains in the oﬀ mode. During braking or deceleration, the electric
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Fig. 4. Parallel hybrid operating modes.



motor acts as a generator to charge the battery via the power converter. Also, since both the engine and electric motor are coupled to the same drive shaft, the battery can be charged by the engine via the electric motor when the vehicle is at light load. Recently, the Honda Insight HEV [9] has adopted a similar power ﬂow control. 4.3. Series-parallel hybrid control The series-parallel hybrid system involves the features of series and/or parallel hybrids. Thus, there are many possible operating modes to perform its power ﬂow control. Basically, we can identify them in two groups, namely engine-heavy and electric-heavy. The engine-heavy one denotes that the engine is more active than the electric motor for series-parallel hybrid propulsion, whereas the electric-heavy one indicates that the electric motor is more active.
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Fig. 5 shows an engine-heavy series-parallel hybrid system, in which there are six operating modes. At startup, the battery solely provides the necessary power to propel the vehicle, while the engine is in the oﬀ mode. During full throttle acceleration, both the engine and electric motor proportionally share the required power to propel the vehicle. During normal driving, the engine solely provides the necessary power to propel the vehicle, while the electric motor remains in the oﬀ mode. During braking or deceleration, the electric motor acts as a generator to charge the battery via the power converter. For battery charging during driving, the engine not only drives the vehicle but also the generator to charge the battery via the power converter. When the vehicle is at a standstill, the engine can maintain driving the generator to charge the battery. Recently, a similar power ﬂow control system has been applied to the Nissan Tino HEV [10]. Fig. 6 shows a relatively electric-heavy series-parallel hybrid system, in which there are six operating modes. During startup and driving at light load, the battery solely feeds the electric motor to propel the vehicle, while the engine is in the oﬀ mode. For both full throttle acceleration and normal driving, both the engine and electric motor work together to propel the vehicle. The key diﬀerence is that the electrical energy used for full throttle acceleration comes from both the generator and battery, whereas that for normal driving is solely from the generator driven by the engine. Notice that a planetary gear is usually employed to split the engine output, hence to propel the vehicle and to drive the generator. During braking or deceleration, the electric motor acts as a generator to charge the battery via the power converter. Also, for battery charging during driving, the engine not only drives the vehicle, but also the generator to charge the battery. When the vehicle is at a standstill, the engine can maintain driving the generator to charge the battery. Recently, the Toyota Prius HEV [11] has adopted a similar power ﬂow control system. 4.4. Complex hybrid control The development of complex hybrid control has been focused on the dual axle propulsion system for HEVs. In this system, the front wheel axle and rear wheel axle are separately driven. There is no propeller shaft or transfer to connect the front and rear wheels, so it enables a more lightweight propulsion system and increases the vehicle packaging ﬂexibility. Moreover, regenerative braking on all four wheels can signiﬁcantly improve the vehicle fuel eﬃciency and, hence, the fuel economy. Fig. 7 shows a dual axle complex hybrid system, where the front wheel axle is propelled by a hybrid drive train, and the rear wheel axle is driven by an electric motor. There are six operating modes. During startup, the battery delivers electrical energy to feed both the front and rear electric motors to individually propel the front and rear axles of the vehicle, whereas the engine is in the oﬀ mode. For full throttle acceleration, both the engine and front electric motor work together to propel the front axle, while the rear electric motor also drives the rear axle. Notice that this operating mode involves three propulsion devices (one engine and two electric motors) to propel the vehicle simultaneously. During normal driving and/or battery charging, the engine output is split to propel the front axle and to drive the electric motor (which works as a generator) to charge the battery. The corresponding device to couple the engine mechanically, front electric motor and front axle altogether, is usually based on a planetary gear. When driving at light load, the battery delivers electrical energy to the front electric motor only to drive the front axle, whereas both the engine and rear electric motor are oﬀ. During braking or deceleration, both the
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Fig. 5. Engine-heavy series-parallel hybrid operating modes.



front and rear electric motors act as generators simultaneously to charge the battery. A unique feature of this dual axle system is the capability of axle balancing. In case the front wheels slip, the
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Fig. 6. Electric-heavy series-parallel hybrid operating modes.



front electric motor works as a generator to absorb the change of engine output power. Through the battery, this power diﬀerence is then used to drive the rear wheels to achieve axle balancing.
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Fig. 7. Dual axle (front-hybrid rear-electric) complex hybrid operating modes.



Recently, the Toyota Post-Prius HEV system [12], termed THS-C, has adopted this power ﬂow control.
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Fig. 8 shows another dual axle complex hybrid system, where the front wheel axle is driven by an electric motor, and the rear wheel axle is propelled by a hybrid drive train. Focusing on vehicle



Fig. 8. Dual axle (front-electric rear-hybrid) complex hybrid operating modes.
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propulsion, there are six operating modes. During startup, the battery delivers electrical energy only to the front electric motor, which, in turn, drives the front axle of the vehicle, whereas both the engine and rear electric motor are oﬀ. Once the vehicle moves forwards, the battery also delivers electrical energy to the rear electric motor, which functions quickly to increase the engine speed, thus starting the engine. For full throttle acceleration, the front electric motor drives the front axle, while both the engine and rear electric motor work together to propel the rear axle. So, there are three propulsion devices (one engine and two electric motors) simultaneously propelling the vehicle. During normal driving, the engine works alone to propel the rear axle of the vehicle. During braking or deceleration, both the front and rear electric motors act as generators simultaneously to charge the battery. For battery charging during driving, the engine output is split to propel the rear axle and to drive the rear electric motor (which works as a generator) to charge the battery. Recently, the GM Precept HEV [13] has adopted this power ﬂow control system.



5. Trends In October 1990, the California Air Resources Board established rules that 2% of all vehicles sold in the state between 1998 and 2002 should be emission-free, and 10% of vehicles put on the market must have zero emissions by 2003. Then, many automobile companies throughout the world accelerated the development of EVs for this huge market. However, the Board decided to scrap the 2% mandate in 1996 and has just drastically revised the 10% mandate. It is due to the reason that the battery powered EV (BEV) cannot commercially compete with the ICEV in terms of driving range and initial cost. In fact, starting from 1999, many automobile companies have diverted their focus from the BEV to the HEV and fuel cell EV (FCEV). Particularly, the number of HEVs in operation has been sharply increasing since 2000, which is mainly caused by their long driving ranges and aﬀordable prices. The latest HEVs of some automobile companies are listed in Table 1. It is anticipated that the HEV will be a practical and sustainable solution for super-ultra-lowemission vehicles (SULEVs), while the BEV and FCEV will share the market of zero emission vehicles (ZEVs). Comparing the latter two classes, the BEV will have the advantages of being Table 1 Latest HEVs of automobile companies Automobile companies



Latest HEVs



Citro€en Fiat Ford GM Hino Honda Nissan Renault Toyota Volvo



Xsara Dynactive Multipla Escape Precept Route Bus, Delivery Truck, Cruising Bus Insight Tino Koleos Coaster, Prius, Post-Prius FL6, B10L
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Table 2 Comparison of HEVs, BEVs and FCEVs Range Cost Emissions Maturity



HEV



BEV



FCEV



Long Medium SULEV Mature



Short High ZEV Mature



Medium Very high ZEV Immature



more mature and less costly, whereas the FCEV will oﬀer the merit of longer driving range. A comparison among them is summarized in Table 2. In the foreseeable future, it is our vision that all these three classes will coexist in the market of environmental vehicles.



6. Conclusion In this paper, an overview of the latest HEVs, with emphasis on power management, has been presented. Based on the power management strategy of the drive train, current HEVs have been newly classiﬁed into four kinds—series, parallel, series-parallel and complex. The corresponding system conﬁgurations have been identiﬁed. Moreover, the power ﬂow control of various HEVs has been elaborated. Finally, the development trends of HEVs, BEVs and FCEVs have been discussed, and it has been envisioned that all of them will coexist in the market of environmental vehicles.



Acknowledgements This work was supported and funded in part by the Hong Kong Research Grants Council, and the Committee on Research and Conference Grants of the University of Hong Kong. References [1] Chan CC. An overview of electric vehicle technology. Proc of IEEE 1993;81(9):1202–13. [2] Chau KT, Wong YS, Chan CC. An overview of energy sources for electric vehicles. Energy Convers Mgmt 1999;40(10):1021–39. [3] Chau KT, Wong YS. Hybridization of energy sources for electric vehicles. Energy Convers Mgmt 2001;42(9): 1059–69. [4] Wakeﬁeld EH. History of the electric automobile: hybrid electric vehicles. Warrendale: Society of Automotive Engineers; 1998. [5] Wouk V. The hybrids are coming! Proceedings of the 17th International Electric Vehicle Symposium, 2000, CDROM. [6] Van Mierlo J. Views on hybrid drivetrain power management. Proceedings of the 17th International Electric Vehicle Symposium, 2000, CD-ROM. [7] Beretta J. New tools for energy eﬃciency evaluation on hybrid system architecture. Proceedings of the 17th International Electric Vehicle Symposium, 2000, CD-ROM. [8] Electric vehicles in Japan, Japan Electric Vehicle Association, 2000.



1968



K.T. Chau, Y.S. Wong / Energy Conversion and Management 43 (2002) 1953–1968



[9] Honda insight, Honda, 2000. [10] Inada E. Development of a high performance hybrid electric vehicle Tino hybrid. Proceedings of the 17th International Electric Vehicle Symposium, 2000, CD-ROM. [11] Toyota Prius product information, Toyota, 2000. [12] Toyota electric & hybrid vehicles, Toyota, 2000. [13] GM Precept, General Motors, 2000.



























[image: Power Management Strategy of Hybrid Electric Vehicles Based ... - MDPI]
Power Management Strategy of Hybrid Electric Vehicles Based ... - MDPI












[image: Application of Dry Cooling in Nuclear Power Plants - Electric Power ...]
Application of Dry Cooling in Nuclear Power Plants - Electric Power ...












[image: OVERVIEW OF MANAGEMENT]
OVERVIEW OF MANAGEMENT












[image: OVERVIEW OF MANAGEMENT]
OVERVIEW OF MANAGEMENT












[image: PDF Electric and Hybrid Vehicles]
PDF Electric and Hybrid Vehicles















Overview of power management in hybrid electric ...






Keywords: Power management; Hybrid vehicles; Electric vehicles. 1. Introduction ..... The latest HEVs of some automobile companies are listed in. Table 1. 






 Download PDF 



















 954KB Sizes
 0 Downloads
 243 Views








 Report























Recommend Documents







[image: alt]





Power Management Strategy of Hybrid Electric Vehicles Based ... - MDPI 

Nov 4, 2015 - energy sustainability and average and smooth the engine power ... through a particle swarm optimization algorithm [12], a genetic ..... applying PMP to solve the minimum fuel consumption problem of HEVs is to search for the ...














[image: alt]





Application of Dry Cooling in Nuclear Power Plants - Electric Power ... 

EPRI will assess the current dry cooling technologies being used in the US and abroad for potential ... Use of the information will reduce the risk associated with building ... 2008 Electric Power Research Institute (EPRI), Inc. All rights reserved.














[image: alt]





OVERVIEW OF MANAGEMENT 

Page 18. PUBLIC SECTOR ORGANIZATIONS include central government departments such as the Ministry of Health, which do not have profit as their goal.














[image: alt]





OVERVIEW OF MANAGEMENT 

calculated as the amount of resources used to produce a product or service. It refers to the ..... Managers scan their environment for information that may affect ...














[image: alt]





PDF Electric and Hybrid Vehicles 

We provide excellent essay writing service 24 7 Enjoy proficient essay writing ... Online , Read Best Book Online Electric and Hybrid Vehicles: Design Fundamentals, ... and hybrid vehicle components, none cover the technical aspects from a.


























×
Report Overview of power management in hybrid electric ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















