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Summary: The electrification of conventional vehicles, ranging from passenger vehicles and trucks to ground vehicles such as agricultural tractors, construction equipment and military vehicles, can potentially offer improvements in fuel economy and emissions. Nearly all conventional vehicles are powered by a gasoline or diesel fueled internal combustion engine that converts the energy stored in the fuel to rotating power out of the engine. Internal combustion engines are relatively inefficient, typically converting only 25 to 35 percent of the input energy in the fuel to the output shaft to do useful work. With heavily fluctuating fuel prices, the total cost of ownership of loaders, excavators, and other classes of ground vehicles is nowadays strongly influenced by the fuel costs. Moreover, there is growing concern about CO2- emissions caused by the burning of fossil fuels as well as about the long-term availability of these fuels. The military is particularly interested in the electrification of vehicles because the attributes that these vehicles possess offer exceptional potential for the military to achieve its long-term objectives of developing a highly mobile, lethal fighting force. 
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1. INTRODUCTION 

The increasing demand for oil is a global issue, and solutions to this problem are driven by the sudden increase in demand from developing industrial nations, such as China, sustained demand from developed nations, such as the USA, and the knowledge that soon the demand for oil will exceed the production capability (Fig. 1). Hybrid vehicles are just one of a number of solutions suggested by the transport industry to reduce dependency on oil and harmful GHG emissions. “Hybrid” has its origin in the Greek language and means: “Mixture or combination of two things.” Hybrid vehicles use two types of energy to attain optimum propulsion. Combustion engine demand is reduced by hybrid technology, giving the user two big advantages: lower fuel consumption and a significant reduction in emissions. The most common hybrid technologies are electric and hydraulic hybrids [1]. 
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Fig. 1 Actual and projected worldwide discovery, extraction and demand for conventional oil (From 1920 to 2040 in billions of barrels)[1]
Hybrid vehicles are called hybrids because they use both a internal combustion engine (ICE) and an electric motor to obtain maximum power and fuel economy with minimum emissions. What all hybrids have in common is the ability to generate electric current, store it in a large battery, and use that current to help drive the car. Hybrids have regenerative braking systems that generate electric power to help keep the batteries charged. When the driver applies the brakes, the electric motor turns into a generator, and the magnetic drag slows the vehicle down. For safety, however, there is also a normal hydraulic braking system that can stop the car when regenerative braking isn’t sufficient. There’s no difference in maintenance or repair except that the brake pads tend to last much longer because they don’t get used as much. The big difference is that regenerative brakes capture energy and turn it into electricity to charge the battery that provides power to an electric motor. Hybrids can also conserve energy by shutting down the ICE when the vehicle is in Park, idling at a light, or stopped in traffic, or when the electric motor’s energy is sufficient to drive the vehicle without assistance from the ICE [2]. 

With heavily fluctuating fuel prices, the total cost of ownership of loaders, excavators, and other classes of ground vehicles is nowadays strongly influenced by the fuel costs. Moreover, there is growing concern about CO2-emissions caused by the burning of fossil fuels as well as about the long-term availability of these fuels. The fuel economy and efficiencies of the drive train and the hydraulic implements have therefore become extremely important parameters in the design of future ground vehicles. Hybrid transmissions are now considered to be a solution for ground vehicles. Furthermore, hybrid electric vehicles need sophisticated electric transmissions with delicate and expensive inverters, converters, and batteries. Taking the extreme power transients in mobile machinery and the rough operational conditions of off-road drive trains into account, it is questionable whether the delicate hybrid electric drive trains can be considered a viable, inexpensive, and robust option for ground applications. Yet, there is still the alternative of the hydraulic hybrid drive train-a full series hybrid system with an in-wheel motor in each wheel and hydraulic transformers for efficient power control. For military vehicles, the drivers for hybrid electric vehicles are quite different; although the fuel economy remains a desirable feature for both the commercial and military sectors. The military needs for hybrid electric reside in their ability to generate significant level of electric power onboard the vehicles to meet the demand of the warfighter thus expanding his mission capabilities in terms of mobility, survivability and lethality. However, the fielding of hybrid electric military vehicles has been much slower than the commercial vehicles due to the technical challenges that must be overcome before the hybrid technology can be considered viable for military applications [3].
2. FUEL SAVINGS FOR GROUND VEHICLES

2.1 Hybrid-electric ground vehicles

The idea of hybrid-electric drive is based on maximizing the energy efficiency of fuel. In the classical drive the energy disappears by transforming into the heat in all drive components from the fuel tank to the drive wheels of vehicles, and most in the internal combustion engine that converts chemical energy of fuel into useful work. The causes of this are numerous, but one of the biggest is that the engine is running in a very wide range of number of revolutions and loads while working with varying degrees of efficiency ration.
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Fig. 2 Diagram of the relative fuel consumption of a typical internal combustion engine and the paths of energy through a typical gas-powered vehicle in city driving  

Figure 2 shows the relative fuel consumption of a typical ICE and the paths of energy through a typical gas-powered vehicle in city driving. If, for example, the engine delivers 100 kWh of energy from areas of least fuel consumption, it will be spent 22 liters of fuel, and if that same energy draws out from the area of the engine works at low load, it will be spent up to two or even three times more fuel. If the engine could keep the regimes of minimum consumption, which means a load of more than 50% and the number of rotation around the maximum torque, then you could save a considerable amount of fuel for the same usable energy. This is not possible in a classical drive chain (motor-transmission-wheels). It is necessary, therefore, to separate the engine physically from the drive wheels and to establish a completely different structure of the propulsion system, in order to achieve full control of engine operating modes according to the number of rotation and load [4].

 There are tree basic types of hybrid-electric drive: serial, parallel and plug-in (Fig. 3). A series hybrid uses a gasoline or diesel ICE, coupled with a generator, to generate electricity but not to drive the car. The engine can send the electric current directly to the electric motor or charge a large battery that stores the electricity and delivers it to an electric motor on-demand. The electric motor propels the vehicle, using its power to rotate a driveshaft or a set of drive axles that turn the wheels. A parallel hybrid uses both an electric motor and an ICE for propulsion. They can run in tandem, or one can be used as the primary power source with the other kicking in to assist when extra power is needed for starting off, climbing hills, and accelerating to pass other vehicles. Because both are connected to the drive train, they’re said to run “in parallel.” Because plug-in hybrids feature larger batteries that can be charged at any ordinary electrical socket, they have the capacity to extend the ability of the electric motor to drive the car farther without the need for starting the ICE and therefore substantially increase the vehicle’s fuel efficiency. Estimates have ranged as high as 100 mpg! 
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Fig. 3 The basic structure of serial, parallel and plug-in hybrid-electric drive
2.2 Hidraulic hybrid ground vehicles

The HRB Hydrostatic Regenerative Braking System helps meet increasingly strict environmental regulations and reduces operating costs by saving fuel. The HRB system will provide superior return on investment.  The HRB stores a vehicle’s kinetic energy, which would otherwise be lost during mechanical braking operation. This energy is then available for powering the vehicle and reducing primary energy use. 
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Fig. 4 Characteristics of a electric hybrid and hydraulic hybrid

Characteristics of electric hybrid: Excess motor power is continuously accumulated in a battery over a longer time period (blue) and accessed as needed (light blue); High energy density and low power density: The battery can absorb a great deal of energy, but the charge time is relatively long, so it is not possible to fully recapture the braking energy; Energy is stored in batteries; Typically found in passenger cars.

Characteristics of hydraulic hybrid: The kinetic energy from braking is fed to a hydraulic accumulator (blue) and immediately reused for starting (light blue). Hydraulic hybrids are ideal for vehicles with frequent, short start-stop cycles, such as public transit buses, refuse trucks, forklifts, pneumatic tire rollers, telehandlers, swap body movers and much more; High power density and low energy density: there are limits to the amount of energy the system can accumulate. However, it takes less time to collect and store this energy, which can be called upon as needed. The full braking energy is then fed to a hydraulic accumulator and stored.

There is a common consensus that hybrid drive trains can strongly increase the efficiency of a drive train. However, the increased efficiency does not by itself result in a reduction of the fuel consumption or the cost of ownership. The electric drive train components result in an increased vehicle weight, which increases the fuel consumption of the vehicles. Moreover, the added cost for the electric components gives doubt about the cost-benefit-relationship, especially of the full hybrid drive train concepts. Nevertheless, the trend of hybrid electric transmissions has also come to the ground vehicles market. Kobelco and New Holland have presented an excavator, in which the swing movement of the upper carriage is realized by means of a hybrid electric drive. Because of the hybrid system, a smaller internal combustion engine could be applied and the fuel consumption is reduced by 40%. In Europe, Deutz and Atlas Weyhausen have shown a hybrid electric wheel loader, in which the flywheel of the internal combustion engine is replaced by an electric motor/generator. According to the developers, the fuel consumption is reduced by 20%. Finally, also Volvo Construction Equipment (Volvo CE) has announced a concept of a hybrid electric loader called the Gryphin. The mechanical drive train in the Gryphin is completely replaced by an electric drive, having in-wheel electric motors in all four wheels. It has an in-wheel hydrostatic machine in each wheel, hydraulic transformers instead of electric power controllers, and hydraulic accumulators instead of batteries. Added to this, the hydraulic hybrid system also includes recuperation modes for the hydraulic cylinders [3].
2.3 Military Applications of Hybrid Cars and Trucks 
Combat vehicles can also have benefit from the hybrid-electric drives. Some of the most important are the following: Fuel savings-As with civilian vehicles and in combat and other vehicles for military purposes, narrowing the area of ​​combustion engines can contribute to significant fuel savings (in some driving conditions even more than 50%). Fuel savings in military vehicles is important not only because of the fuel but also because there are other repercussions: simplifying and reducing costs of logistics, increasing the autonomy of the vehicles and so on. The issue of environmental protection is also not unimportant-lower fuel consumption means lower emissions and other toxic substances. Low acoustic signature of the vehicle-Hybrid-electric drive reduces the possibility of observing the vehicle through a lot of elements. One of the most important is that within the limits of available energy in batteries, the vehicle can be powered purely electrically powered, which means no noise, heat radiation and no emission gases. This ride can be of crucial importance in military operations. But even when the vehicle is driven in a combined operation, observing of the vehicles has been reduced because:

· IC engine runs at lower numbers of rotation, and there is no sudden changes, which means less noise,
· hydraulics for propulsion of the auxiliary systems to power the vehicle can be completely eliminated, thereby eliminating the noise of hydraulic pumps and motors, which is usually considerable,
· reduced noise from cooling fans and others.
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Fig. 5 Hybrid Electric Combat Systems 

With hybrid-electric drive, vehicle has electricity available in unlimited quantities that can be used to drive auxiliary devices, and other needs of the dome cars, and even for purposes outside the vehicle. New technologies of electric weapons and electromagnetic protection (EM shielding) are useless without a strong source of power supply. There are many other benefits of hybrid-electric drive as: modularity of the system easier to maintain, complete automation and control reduce the human factor and provide a better diagnosis, flexibility in the design of the propulsion system enables better use of space, and others.

3. CONCLUSION 

Alternative drive is the ultimate solution for propulsion of any kind of vehicle. Hybrid-electric drives as bridge towards a more radical future will certainly spread rapidly on vehicles like cars, buses, light utility vehicles and ground vehicles, also. Fuel economy however has become equally important. The proposed hybrid drive and control system enables the design of a new generation of ground vehicles with a strongly reduced fuel consumption, while maintaining the productivity. Military, especially combat vehicles will probably be the last to replace fossil fuels by an alternative, given its energy density. Heavy hybrids have still too much drawbacks and it is hard to believe their mass application on combat, especially tracked vehicles. Light and mild hybrids seem a more realistic model for the near future which may marry conventional with new technologies to get substantial improvements not only in fuel economy and performances but also in many other aspects concerning combat vehicles.  
This paper was realized within the researching project ref. no. 35041, funded by Ministry of Science of the Republic of Serbia.
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