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1. Abstract
          In this simulated study, the duty cycle of the off-road buggy (renegade dx 10C) over a dual-purpose racecourse is generated to analyze the fuel consumption and vehicle performance. The course is a combination of 4 different surfaces, designed to utilize optimum performance of torque-oriented power trains that consists of a total climb of 20 meters. To analyze the dynamic behavior of the buggy, the document will explore the resistance forces acting on buggy and fuel consumption for one lap.



       2. Introduction

        The overall purpose of a buggy is to efficiently accelerate in different course irregularities such as bumps, surface conditions, and transfer torque for a hassle-free enduring experience without compromising on the agility of the vehicle. The geometry with a very low center of gravity helps the vehicle to perform in tricky weather conditions. The primary objective of this test is to obtain the fuel consumed under maximum performance, using appropriate calculations regarding the dynamic processes experienced throughout a lap, to output a simulated lap time for Renegade Dx-10C.Secondly, obtaining maximum fuel consumption for a full tank of gasoline gives the maximum fuel efficiency of the buggy. Mapping the track layout is the first step into creating the model and categories the circuit into a series of straights and corners, with which the dynamic processes can be split into steady state cornering, acceleration, and braking.


3. Dual purpose course track

         I consider Kari motor speedway as a course track. We know that the layout in this experiment for Renegade dx 10c consists of three different sections of tracks. I divide this track into nine terrains. 1 to 6 is made out from asphalt and has 6° gradient; 151.1m ling. 6 to 11 is made of gravel and 460m long. 11 to 13 is travel also sand which is 300m long. 11 to 15 is the second which is mud and 160 m long. The whole track is 2.1 km long.
        The course track layout considered by me for experiment is shown in below figure 

[image: ]
Figure 1: Course Track Layout

     











4. Calculations
 
 4.1 Assumption
        
 4.1.1 Gear Ratio
 Renegade Dx-10c consists of a CVT transmission assembly where an infinite number of gear ratio is possible. But for simulation we assume that convention gear transmission is used in this vehicle which has 3 speed gearboxes. The gear ratio we used in this experiment is shown in following table 1.



	
	Gear 
	Input
	Output
	Gear Ratio
	Overall Ratio
	Top Speed(m/s)
	Top Speed (km/h)

	
	1st
	11
	29
	2.636363636
	22.72922078
	7.602753669
	27.36991321

	
	2nd
	15
	29
	1.933333333
	16.66809524
	10.36739137
	37.32260892

	
	3rd
	21
	31
	1.476190476
	12.72687075
	13.57793837
	48.88057813

	
	Final Drive
	15
	51
	3.4
	
	
	

	
	Primary Drive
	28
	71
	2.535714286
	
	
	



            
Table 1: Gear Ratio















4.1.2 Masses
                      
 4.1.2.1 Test Mass
 Kerb weight of renegade was mentioned in the specifications data. The buggy was assumed to be tested with a fuel of 10 liters, pouring 1.5 liters of oil and a passenger for prime dynamics at challenging sectors during corporate event. The values of lubricant and fuel in kg are considered by multiplying the available quantity in liters with the density of respective liquid.
 


	Driver + Passenger Weight (kg)
	144

	
	

	Fuel + Oil Weight (kg)
	16.11

	Kerb Weight (kg)
	345

	Total Weight (kg)
	521.71



Table 2: Test Mass
                       
4.1.2.2 Wheel Assembly 
 The wheel and tire masses are assumed by converting the relevant tire specifications 24*8*12 to 175/60R12. The more mass an object has, the more energy it takes to accelerate. To accelerate a rolling object such as wheel, we must both accelerate its mass plus overcome its rotational inertia. 
	Tires Mass (kg)
	10.2

	Wheels Mass (kg)
	6.4

	Total Assembly Mass (kg)
	16.6


Table 3: Wheel and Tire Mass
                                    (http://the-welters.com/racing/rotational.html)
         

   
4.1.2.3 Reduced Mass    
 provide more load transfer to the road surface. In physics, the reduced mass is the "effective" inertial mass appearing in the two-body problem of Newtonian mechanics. It is a quantity which allows the two-body problem to be solved as if it were a one-body problem. In this experiment the equivalent mass of the buggy in different gear ratio was calculated using equation 1. According to Newton’s second law of motion, F = ma states that the force required to accelerate an object is proportional to its mass. Equivalent mass is a concept introduced here as an alteration of regular mass inclusive of rotational inertia which makes equivalent mass higher in lower gears and decreases when driver up shifts. Meanwhile the lower gear ratios 

  (https://en.wikipedia.org/wiki/Reduced_mass
                               Equation 1 depicts that reduced mass is directly proportional to the gear ratio. So, the different gear ratio has different reduced mass. A reduced mass with respect to all 3-gear ratio is given in table 4.

	Reduced Mass in Gear 1
	593.8083755

	Reduced Mass in Gear 2
	585.3430641

	Reduced Mass in Gear 3
	581.236041


Table 4: Reduced Mass
     
   






    4.1.3 Frontal Area 
                Renegade Dx-10c buggy has drag effects on 2 tires, wide outside the body panel as it is open to longitudinal acceleration. From specifications, the frontal area of the tire can be calculated by considering it as a rectangular area of cross section from front view. Driver and passenger should experience the drag. The frontal area can be calculated as the sum of Frontal area of driver, passenger and panel, tires. 
                                            Frontal area = 1.151 m2



 4.1.4 Coefficient of Aerodynamic Drag 
                    As per the given data, we can measure frontal effective area of vehicle. In this experiment, frontal area is measured as 1.151 m2.  The drag coefficient for renegade had to be assumed as 0.7 which is an average of values of drag coefficient of Open top convertible vehicle and flat plate (face on flow). The assumption is made from https://www.engineersedge.com/fluid_flow/aerodynamic_drag_13632.htm .









4.2 Forces acting on the course
          There are mainly four resistive forces acting on moving vehicles. There are Aerodynamic force, Rolling force or Friction force, Gradient force and Inertia force.


 (
This Photo
 by Unknown Author is licensed under 
CC BY-SA
)
Figure 2: Forces acting upon moving vehicle



4.2.1 Aerodynamic Resistive Force (Fa)
               The force on an object that resists its motion through a fluid is called drag. When the fluid is a gas like air, it is called aerodynamic drag or air resistance.
               Aerodynamic drag force is calculated by equation (2).


Fa= Air Resistance (N)​
ρ= Air Density (kg/m3)​= 1.167 kg/m3    
Af = Car frontal area (m2)​= 1.151 m2
Cd = Coefficient of Aerodynamic Resistance (drag coefficient)​= 0.7
Vcar = Car velocity (m/s)​
Vwind = Wind velocity (m/s)​
                 (+) with head wind, the wind velocity opposite the car velocity direction​
                 (-) with tail wind, the wind velocity in the same direction of car velocity
        

     4.2.2 Rolling Resistance (Fr)
              Vehicle tires transfer the load to the pavements or surface and play a vital role in torque transfer. Resistance developed due to rolling is directly proportional to the coefficient of rolling resistance of surface. Equation 3 determines rolling resistance. In the lap simulated for Renegade there are 5 different surfaces where rolling resistance fluctuates.

Fr = μR W.
Fr = μR  mg​
​
Fr= Rolling resistance (N)​
μR = Coefficient of rolling resistance             
W= Car weight (N)​
M= Car mass (kg)​ 
g= acceleration due to gravity = 9.8 m/s2

Rolling resistance is only dependent on weight of vehicle and rolling resistance coefficient. So, in every condition rolling resistance will be same as shown in table. (At constant tire pressure)
​


4.2.3 Gradient Resistance (Fg)
               When the vehicle is moving up a hill, a component of its weight works in a direction opposite to its motion. If some energy is not supplied to overcome this backward force, then the vehicle would slow down, stall and roll backwards. If the vehicle is trading uphill at a slope of θ, then the weight of the vehicle, W has two components: one perpendicular to the road surface (with a value W·Cos θ) and the other along the road surface (with a value W·Sin θ). The component along the road surface is the one that tries to restrict the motion. Gradient resistance force is given by equation (6).

[image: ]

Fg = ±W Sin      …………… (6)

  ​
Fg = Gradient resistance (N)​                                                            
W = Car weight (N) = mg (kg m/s2)
θ= Gradient angle < 2.3° for highways​
                                 5.7°: 6.9° for local road​
                                 11.5° max grade
(+) with car going up to hill (ascending) {Resistance effort}​
(-) with car going down to hill (descending) {Tractive effort}​ 
   



                   A total gradient of 60m is assigned in the AB terrain of the track distance which opposes the acceleration of the buggy. On the other hand, in EF terrain (104m) gradient is downhill which decreases the fuel consumption is.
    











4.2.4 Inertia Resistance (Fi)
               In addition to the forces of resistance resulting from wheel, aerodynamic, and possibly climbing resistance, which arise in a stationary driving condition, in transient driving conditions (v≠const), inertia forces arise as a result of occurring accelerations and decelerations. These inertia forces have to be overcome when the drive train of the vehicle is accelerated. The resistances are composed of a:
Translational component, which is produced by the transient motion of the vehicle mass and a
Rotational component, which results from the acceleration or deceleration of the rotating drive train components of the vehicle. Inertia Resistance force is derived by equation (7).

                    IR = ± ma = ± (mcar + meq) a

​
m= Car mass + Equivalent mass of rotating parts (kg)​
a= Acceleration (m/s2)​
                                  From 0 to 100 km/h in 6 seconds a= 4.63 m/s2​
                                                                       10seconds   a= 1.543 m/s2
mcar= car mass (kg)​
meq= equivalent mass of rotating parts (kg)​
     = Iw (1/rw) 2 + Ip ηf (if /rw )2 + Ie ηt (if ig /rw)2                                                  ​
Iw = Polar moment of inertia of wheels and axels   ~ 2.7 kgm2 ​
Ip = Polar moment of inertia of propeller shaft   ~ 0.05 kgm2 ​
Ie = Polar moment of inertia of engine   + Polar moment of inertia of flywheel and clutch      
   ~ 0.2 kgm2 + 0.5 kgm2​
ηf = mechanical efficiency of final drive ​
ηt = mechanical efficiency of transmission system  (ηg + ηf)​
 ig = gearbox reduction ratio [ig1 ig2 ig3 ……]​
if = Final reduction ratio​
rw= tire radius (m)​
(+) with car in acceleration (Tractive resistance)​
(-) with car in deceleration (Tractive effort) ​

  The following graphs indicate the inertia force against RPM. All of the graphs below are for different sectors. The first five graphs are for acceleration during all five sectors corresponding to 3 gears. And the last graph depicts deceleration 



4.4 Brake Specific Fuel Consumption (BSFC)
       BSFC stands for Brake Specific Fuel Consumption. It tells you how much fuel your engine will use per hour for each horsepower it makes. BSFC changes with engine load and rpm.
       A lower BSFC value is MORE efficient. Higher BSFC numbers are LESS efficient
In order to calculate the fuel consumed by the vehicle during its operation BSFC chart has been manipulated and digited using interpolation methods within excel to find the brake specific fuel.  The chart is in axle sheet 



4.5 Drive Torque and Force
               Each rotational component has its own moment of inertia and directly has an influence on torque needed to produce a specific angular acceleration about a rotational axis.
          
  4.5.1 Drive Torque at Shaft
                      
       

 4.5.2 Drive Torque at Wheel
     
 

  




4.5.3 Driving Force
                Maximum driving force is calculated by equation (13).



4.6 Fuel Consumption in liter/hour
               The fuel usage per metre and across the whole lap was calculated using equation (14). From the simulated data buggy consumes around 2.65 litres of fuel in one complete lap, considering performance with torque utilisation in competitive terrains. The fuel usage is strictly dependant on the driver where a professional sportsperson is considered to drive the lap. For calculations density of petrol is taken as 0.755 kg/cm3.
                    If the specific consumption in g/KW·H is known, we can calculate fuel consumption in liter per hour by equation (14).

                     Q = maximum theoretical fuel consumption in grams per 1 hour of engine operation at maximum power [in liter/hour].
                   Pe = Engine power [in hp]
                    ρ = Fuel density [in kg/m3]


           
 
5. Graphs
            Data to analyze the performance of renegade dx-10c in different parts of the simulated track conditions are follows. Manufacture can have a wide analysis into each parameter to understand the performance where necessary change can be bought to the test and development.
5.1 vehicle velocity and gear position 
[image: ]
In this graph explains about close pattern followed by the gear which is selected and the range of seed in which they can operate effectively normally vehicle run between 3rd and 2nd gears. 1st gear is used between 0-10mph ,2nd gear is used between 10-20mph and 3rd gear used between 20-30mph. Thus, showing that gear system works properly and provides torque where required







5.2 Acceleration and deceleration 

[image: ]
This graph shows acceleration and deceleration of vehicles. The highest peak of vehicle acceleration is due to the starting movement around 2.5 m/s. This is within the traction limited value therefore is not excessive and the power to do so is available as shown in graph for peak deceleration is around –1.5mph in and of track.
     









5.3 Resistive force to motion 
[image: ]In this graph explains four types of different forces which apply on vehicle. First rolling resistance is always almost constant, however aerodynamic resistance can hardly be noticed. This is due to the vehicle not travelling fast enough to have a great effect. gradient force shows that it was almost constant most of time, but one time went up above 500N and once went down around -700N. The acceleration resistance is a product of vehicle acceleration; therefore, it is positive when the vehicle is accelerating and becomes negative when the vehicle is deceleration  












5.4 Total resistive force on vehicle 
[image: ]
In this graph we can see that the combined resistive force overtime which the vehicle must overcome to motion this graph is constantly fluctuated. 















5.5 power
[image: ]
This is one of the significant graph, with help this graph we can see which stage power is used by car more and less. The highest power was around 10.4kw and the least power used around 1kw. 






5.6 fuel consumption 
[image: ]
With the help of this graph, we can know that at which time vehicle uses particular amount of fuel in this lap over the entire single lap of length 2.1km, the cumulative fuel consumed 94.08g. There is a two-line graph one is line demonstrate about how much total fuel use in lap and 2nd line graph illustrate about which time use more and less the highest fuel between around middle time in lap and it is around 12g/s.  













5.7 Work Done  
[image: ] 
The highlighted areas are where work is negative therefore is not required to propel to vehicle in motion. This indicates that energy can be recovered in these areas as stated in graph due to the way in which work done is calculated using WD = F.D where the tractive force equates to a negative force, this is due to the acceleration resistance becoming negative when the vehicle is decelerating therefore creating negative work done by vehicle.



 










6. Conclusion
          This report has shown the Renegade dx 10c characteristics on a dual-purpose terrain course across a lap. Considering the design of renegade to driver characteristics the test was conducted by a professional sportsperson to obtain maximum fuel consumption for the given engine specifications. Looking from the wide perspective of Renegade users there are long distance tourers and adventure seekers who definitely want to serve the purpose where terrain and weather challenges need to be considered. The test was conducted in dry conditions. The wet conditions would be difficult to obtain the maximum efficiency where the real performance should have been tested to ensure the reliability of Renegade in outdoor conditions.
            Rolling resistive and gradient resistive forces are acting on Renegade dx 10c influence considerably on the buggy performance. Introducing adventure tires which can accumulate a vast volume of terrain surface between the grooves can improve the rolling characteristics in different terrains. Due to the absence of front wheel drive, buggy finds it hard to negotiate with the gradient and drive conditions, introducing an electric motor drive for the front wheel drive can considerably improve the efficiency of the renegade on real world terrain conditions.
           The quantity of fuel used by the renegade is a considerable amount at maximum performance considering the brake specific fuel consumption generated. The CVT transmission of buggy can save a considerable amount of fuel loss due to gear shifting. Meanwhile the introduction of all wheel drives can have a supplementary improvement in fuel efficiency.
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