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Abstract – This paper studies the energetic 

performance of a Lunar Roving Vehicle using 

computer simulation with the AVL Cruise software. 

The simulation tasks include an energy consumption 

calculation over the determined extra vehicular 

activity and based on the simulation results, a 

comparative analysis is performed between the AVL 

Cruise simulation results and the NASA recordings of 

the energy balance resulting from computer 

simulations made in 1971, as well as the real results 

recorded by the crew of astronauts during the Apollo 

15 mission. The purpose of this paper is to design a 

virtual Lunar Roving Vehicle and to simulate its 

operation in the lunar environment. The architecture 

of the Lunar Roving Vehicle will be based on the 

original NASA LRV design, but using current 

technology for the battery pack. Finally, the rovers will 

be simulated using the AVL Cruise software by 

implementing the digitized paths of the rovers during 

the Apollo 15 missions. The purpose of this simulation 

is to extract operating data of the old and the new 

rovers and compare their performances. This will 

allow us to highlight the technological advances made 

in the last 40 years and to have an idea of the new 

rover’s capabilities should it be used during a future 

lunar mission. 
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1. Introduction 
 

The Moon is the celestial body which has 

fascinated mankind during millennia. Since ancient 

times, people have tried to uncover the Moon’s 

mysteries, and many dreamt of treading the lunar 

grounds long before the emergence of the modern 

technology that made this journey possible. This 

technology has come to fruition in the years 1950-

1970 with the Russians space exploration missions 

(launch of the first Earth orbiting satellite Sputnik 

and the first manned space capsule Vostok with 

Russian astronaut Yuri Gagarin [1]) and the 

American Apollo program (Apollo 11 Moon landing 

and Neil Armstrong’s first steps on the Moon [2]). 

Being the celestial body located closest to Earth, the 

Moon will logically be the first one to be fully 

exploited by mankind. Due to a change in political 

agendas, high costs and low Earth orbit mission 

priorities (satellite launch and International Space 

Station exploitation), no one has returned to the 

Moon since the Apollo 17 mission in 1972. However, 

in recent years there has been a change in global 

policy coupled with important technological 

advances and a willingness to explore the solar 

system that makes a new journey to the Moon 

relevant once again. The voyage to the Moon and the 

exploration of the lunar environment can be used as a 

training ground for a future mission to Mars [3]. 

There have even been talks about setting a permanent 

outpost on the Moon that could be used as a scientific 

research facility, training center and even a launching 

post for the Mars mission. One of the key parameters 

of operating such an outpost and exploring the Moon, 

is the ability to move around freely. Indeed, it is 

paramount for any mission on the lunar surface to 

have a vehicle that will increase the astronauts’ range 

of action and allow them to transport any payload 

they might require [4]. 

The Lunar Roving Vehicle (LRV) is the first 

modern electric vehicle that was used by American 

astronauts to move on the surface of the Moon during 

the Apollo 15, 16 and 17 missions. The distances 

traveled by the LRV during the Apollo missions were 

very long for that time: 27.9 km during the Apollo 15 

mission, 26.9 km during the Apollo 16 mission and 
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35.7 km during the Apollo 17 mission. The use of the 

LRV for the Apollo missions played a very important 

part by extending the lunar area explored by the 

astronauts near the Lunar Module (LM). Thus, while 

the Apollo 11 crew could only cover a 0.25 km area 

around the LM, the use of the LRV allowed to cover 

an area of more than 90 km during the Apollo 15, 16 

and 17 missions. This allowed to increase the crews’ 

operating radius of 7.60 km from the LM [5]. 

NASA's demands regarding the LRV were that it 

had to be a fully electrically propelled vehicle with a 

minimal weight, which could carry a payload at least 

twice the rover’s own weight. The LRV needed to 

function under extreme temperature conditions, 

ranging from -173°C to +117°C, to be able to drive 

over a surface with variable roughness and soft 

ground along a terrain containing craters, granite 

blocks and slopes with inclinations up to 25° [6]. The 

LRV was designed to have a maximal static and 

dynamic stability with the possibility of transporting 

two astronauts, scientific equipment such as lunar 

probes which exceeds twice the initial weight of the 

LRV while remaining stable on slopes with an 

inclination of up to 45° [6]. 

According to the report presented by the Apollo 15 

crew, the lunar soil in the Hadley-Apennine region 

has a smooth and rigid texture covered with a very 

fine layer of dust, up to 3 cm thick, which allowed 

the LRV to move without problems with a maximum 

speed of 13 km/h. Due to the layer of dust on the 

lunar surface and to the low gravitational 

acceleration (about 1/6g), the Apollo crew reported 

an increase in the braking distance until the LRV was 

completely halted at double the distance compared to 

similar tests performed on Earth [6,7,8]. 

The LRV is a four wheeled self-propelled vehicle 

with manual commands built to be used to transport 

people and equipment on the surface of the Moon. 

The vehicle is composed of an electrical propulsion 

system, an electric system, a central command and 

display console, a navigation and guidance system 

and a thermic control system (Figure 1.) [9,10]. 

 

 
Figure 1. Lunar Roving Vehicle (LRV) [11] 

 

The LRV is propelled by two directionally 

independent systems (one in the front and one in the 

back), it has two battery systems (each battery has 

sufficient energy to power all the motors) with the 

possibility of cycling the power supplied between 

each of the two propulsion systems and it gives the 

ability to use each of the four motors equipping the 

wheels independently. The LRV’s chassis contains 

the propulsion system, the suspension system, the 

breaking system and the steering system [5]. 

The wheels are constructed as an open envelope 

with a diameter of 32 inches and a width of 9 inches. 

It is made of titanium meshing and presents small 

holes that allow the lunar dust to enter the wheel’s 

structure and increase its weight and therefore the 

adherence coefficient of the wheel. The contact 

surface is composed of V-shaped titanium strips 

riveted to the wheel and which cover 50 % of the 

contact surface, allowing for even more adherence to 

the lunar ground [12,13]. Each wheel has a 

mechanism for disconnecting the traction system, 

allowing it to rotate freely around a bearing 

independent of the drive train. At the same time, each 

wheel is driven by an electric motor, with a power of 

0.20 kW (1/4 HP), supplied with a voltage of 36 

VDC, which is mounted in the wheel hub. It is 

hermetically sealed to maintain an internal pressure 

of 7.5 bar and is equipped with a mechanical brake 

disk system. The rotational speed of the electric 

motors is transmitted to the wheels via a mechanical 

divider with an 80:1 ratio. The electric motors are 

equipped with an operating temperature monitoring 

system that disconnects the power supply of the 

motor at an external temperature of over 200°C. The 

four electric motors are powered by two silver zinc 

electric batteries, each with a rated voltage of 36 

VDC and a capacity of 115 Ah, consisting of 23 

cells, with a total weight of 59 kg. Thermal control 

systems are incorporated into the LRV to maintain 

temperature sensitive components within their 

operating thermal limits [14,15]. 

 
 

2. Methods 
 

To build the LRV virtual model, the AVL Cruise 

application was used in which the LRV model was 

assimilated to an electric vehicle model. Vehicle 

models developed in the AVL Cruise application are 

made up of components that identify with the real 

elements both in terms of constructive features and 

mathematical relationships that govern their 

operation. 
 

The steps taken in defining the algorithm of the 

computer simulation process are: 
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 Creating the virtual LRV model in AVL Cruise; 

 Introducing the component elements in the 

graphical interface; 

 Connecting the component parts through energy 

connections and information data connections; 

 Defining the functional parameters for the 

component elements defined in the model; 

 Defining Task Folders control parameters; 

 Digitization of the virtual route traveled by the 

LRV and implementing it into the software; 

 Defining the simulation series; 

 Running computerized simulations; 

 Analyzing and interpreting the results obtained 

from the simulations. 
 

The constructive elements of the LRV model are 

the following (Figure 2.): Lunar Roving Vehicle (1), 

Final Drive (2 - 5), Vehicle Wheel (6 - 9), Disk 

Brake (10 - 13), E-Motor (14 - 17), Cockpit (18), 

ASC Control (19), Electrical Consumer (20), Battery 

(21), E-Drive Control (22), E-Brake Control (23), 

Online Monitor (24), Constants (25). 

Vehicle element represents the main component of 

the LRV model and is comprised of the general data 

about the vehicle, such as nominal dimensions and 

weight (Table 1.) [14,16,17]. 
 

 
Figure 2. LRV virtual model in AVL Cruise 

 

Table 1. Vehicle element input data 

Name Value Unit 

Distance from Hitch to Front Axle 3100 mm 

Height of Support Point at Bench 400 mm 

Wheel Base 2300 mm 

Distance of Gravity Center empty 1200 mm 

Distance of Gravity Center half 1190 mm 

Distance of Gravity Center full 1180 mm 

Height of Gravity Center empty 600 mm 

Height of Gravity Center half 590 mm 

Height of Gravity Center full 580 mm 

Curb Weight (Earth/Moon) 209/35 kg 

Gross Weight (Earth/Moon) 726/121.5 kg 

Wheels Circumference 2553.5 mm 

Wheels Rolling Radius 406 mm 

Final Drive is also known as the final drive 

transmission defined as a stage of transmission of the 

kinematic chain in the propulsion system (80:1). 

Electric Motor defines the general data of the electric 

machine operating in the electric motor mode. The 

maximum mechanical (power) torque (Figure 3.) is 

defined as a function of the machines speed (a - 

Speed (1/min), b - Torque (Nm)). Efficiency Map is 

dependent on speed and power (or torque) and is 

shown in Figure 4. Anti-Slip Control (ASC) element 

is the transmission factor of the traction force to the 

wheels connected to the running train. Cockpit 

establishes the link between the driver and the 

vehicle via Data Bus Connection. Electrical 

Consumer represents all the electricity consumers in 

the LRV electricity network. Battery simulates the 

electric battery used in the LRV power supply. E-

Drive is a function which is used to simulate the 

control DoD (Depth of Discharge) and SoC (State of 

Charge) of the battery. E-Brake is a function, which 

is used to control the conversion of the engine torque 

in brake pressure. Monitor has the role of monitoring 

the signals selected on the Data Bus Connection. 

Constants allow the definition of up to 99 constant 

values that can be used by other model elements via 

the Data Bus Connection [18,19]. 

 
Figure 3. Maximum mechanical torque [18] 

 

 
Figure 4. Motor efficiency map [18] 

 

The digitized routes for each of the LRV's extra-

vehicular activities (EVA 1, 2 and 3) during the 

Apollo 15 mission in the Hadley-Apennine region 

are presented in Figure 5. The routes taken by the 
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LRV during the Apollo 15 mission in the Hadley-

Apennine region, respectively the digitized routes for 

each of the LRV's Extra-Vehicular Activities (EVA 

1, 2 and 3) was been downloaded from the Google 

Earth – Moon application (Figure 6.) [20]. 

Radar measurements obtained with the Apollo 

Lunar Sounder Experiment (ALSE) have been 

converted to altimetry data and combined with the 

Apollo 17 trajectory to produce a continuous 

elevation profile for about lunar orbits [21,22]. 

 

 
Figure 5. LRV EVA's lunar tracks (Apollo 15 mission) 

[20] 

 

 
Figure 6. EVA 1, 2, 3 routes of Apollo 15 mission using  

Google Earth – Moon application [20] 
 
 

3. Results 
 

Following the computerized simulations of the 

LRV model developed in the AVL Cruise application, 

the validation of the routes traveled during the Apollo 

15 (EVA's) lunar missions was confirmed and the 

electricity consumption was determined and 

compared to the real energy consumption recorded by 

 

 

 

 

 

 

 

 

astronauts during the mission. At the same time, the 

energy consumption estimated by NASA simulations 

in 1971 was also considered. In Figure 7. is the graph 

of the evolution of energy consumed during the 

operation of the electric motor and in Figure 8. is the 

graph of the electric current variation during the three 

phases of the LRV displacement. 

The routes traveled by the LRV during the three 

lunar extra-vehicle missions have a different length 

(*) than the routes available in the Google Earth – 

Moon application and seeing that the latter was used 

to digitize the routes implemented in the AVL Cruise 

application, a proportional correction coefficient for 

the simulated routes was applied based on the 

difference in distance reported to the results (**). It 

should be noted from the outset that the results 

obtained from the computer simulations are 

influenced by the large differences between the routes 

traveled by the LRV during the Apollo 15 mission in 

1971 [23] and the digitized routes in AVL Cruise 

based on current data taken from Google Earth – 

Moon application. This is due to the change of the 

lunar soil profile, more precisely its erosion due to the 

action of solar winds, over a span of 46 years (1971-

2017) [24,25,26]. In the following are exposed the 

comparative results of the NASA energy consumption 

balance obtained from the computer simulations made 

in 1971, and the actual results from the astronaut crew 

during the Apollo 15 mission with the results 

obtained by computerized simulations based on the 

development and validated LRV model in the AVL 

Cruise application (Table 2., Table 3., Table 4., were 

1 - Apollo 15 measured, 2 - NASA simulated, 3 - 

AVL Cruise simulated, 4 - AVL Cruise corrected**). 

 

 
Figure 7. Results of simulation for the electrical 

consumption of LRV model 
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Figure 8. Results of simulation for electrical current 

variation of the LRV model 

 

Table 2. Balance of the LRV Energy Consumption during 

Apollo 15 EVA1 mission 

Parameter 1 2 3 4 

Distance (km)* 10.30 8.53 

Time (s) 3887 

Average speed (km/h) 9.50 

Elevation gain/loss (m) - 239/-239 

Maximum slope 

Up/Down (%) 
33.3/-36.2 18.3/-30.2 

Average slope 

Up/Down (%) 
- 4.8/-5.1 

Average slope 

Up/Down (deg) 
1.6/-1.5 - 

Energy (kWh/100km) - - 6.5382 7.6615 

Energy (kWh/EVA) - - 0.5574 0.6532 

Energy (kWh/km) - - 0.0654 0.0766 

Current (Ah/EVA) 17.5 27.8 15.5 18.2 

Current (Ah/km) 1.70 2.70 1.82 2.13 

 
Table 3. Balance of the LRV Energy Consumption during 

Apollo 15 EVA2 mission 

Parameter 1 2 3 4 

Distance (km)* 12.50 10.46 

Time (s) 4932 

Average speed (km/h) 9.15 

Elevation gain/loss (m) - 818/-820 

Maximum slope 

Up/Down (%) 
47.0/-29.9 73.9/-72.3 

Average slope 

Up/Down (%) 
- 12.9/-13.8 

Average slope 

Up/Down (deg) 
2.4/-3.1 - 

Energy (kWh/100km) - - 6.0930 7.0873 

Energy (kWh/EVA) - - 0.6373 0.7413 

Energy (kWh/km) - - 0.0609 0.0708 

Current (Ah/EVA) 20.5 34.5 17.7 20.6 

Current (Ah/km) 1.64 2.76 1.69 1.97 

 

Table 4. Balance of the LRV Energy Consumption during 

Apollo 15 EVA3 mission 

Parameter 1 2 3 4 

Distance (km)* 5.10 4.22 

Time (s) 2087 

Average speed (km/h) 8.75 

Elevation gain/loss (m) - 777/-779 

Maximum slope 

Up/Down (%) 
22.2/-16.6 84.8/-87.9 

Average slope 

Up/Down (%) 
- 28.1/-32.0 

Average slope 

Up/Down (deg) 
2.4/-1.2 - 

Energy (kWh/100km) - - 10.397 12.165 

Energy (kWh/EVA) - - 0.4388 0.5134 

Energy (kWh/km) - - 0.1039 0.1216 

Current (Ah/EVA) 11.4 14.4 11.3 13.2 

Current (Ah/km) 2.24 2.82 2.67 3.12 
 

 

4. Discussion 
 

The energy consumption is influenced by several 

factors, namely the change in the total mass of the 

LRV by loading it with one or two astronauts, as well 

as with the equipment necessary for the lunar 

expedition. At the same time, the consumption 

generated by the auxiliary systems causes a 

significant increase in the amount of energy 

consumed from the batteries and some of these 

factors are not dependent on the distance traveled. 

Meanwhile, the route's altitude, can significantly 

influence the electrical consumption, increasing it 

during ramp acceleration or climb periods and 

decreasing it in slopes or during deceleration, 

reaching negative values (meaning energy is 

transferred from the electric motor to the batteries). 

Following these results, it can be noticed that 

independently of the distance traveled by the LRV, 

energy consumption is strongly influenced by the 

altitude profile of the route. Thus, the highest 

consumption was recorded for EVA3 (2.24 Ah 

recorded by Apollo 15 mission, and 2.67 Ah 

simulated in AVL Cruise). The EVA3 route presents 

the highest altitude difference as it passes through the 

Hadley Rille rift, where the lunar grounds present a 

series of cracks, crevices and bumps, which has also 

been certified in the NASA recordings [27]. 

For the EVA2 route, which is the longest route, the 

energy consumption recorded has the lowest value 

due to the uniformity of the lunar relief (1.64 Ah 

recorded by the Apollo 15 mission and 1.69 Ah 

simulated in AVL Cruise). The EVA1 route, which 

similarly to EVA3 passes near the Hadley Rille rift, 

shows an increase in energy consumption (1.70 Ah 

recorded by Apollo 15 mission and 1.82 Ah simulated 

in AVL Cruise). 

Following the altitude profile for the digitized 

routes that were used to perform computer 
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simulations, it can be noticed that as the altitude 

difference increases, the value of the discharge 

current of the electric battery with which the LRV is 

equipped also increases. 

The LRV has a limited autonomy for battery 

storage and energy supplied during vehicle’s 

operation. When the batteries are discharged at half 

capacity, it is necessary to return the LRV to the base 

to recharge them. 

During LRV operation, the energy flow is 

transmitted from the battery to the command and 

control elements, then to the four electric motors 

which convert electrical energy into mechanical 

energy with a yield of over 90 %. The electric motors 

that fit the LRV achieve a maximum engine torque 

from the start, which leads to the on-site immediate 

departure characteristics and high maneuverability. 
 

 

5. Conclusions 
 

The LRV is a lightweight vehicle designed for short 

distance journeys of up to two people, perfect for 

lunar missions. Using current technologies, this 

vehicle can be redesigned and developed at minimal 

cost for a maximum efficiency. Just as on Earth the 

current trend is to develop light electric vehicles to 

make short-distance trips, during lunar missions, it is 

not always necessary to use large vehicles with closed 

cabins to ensure the mobility of astronaut crews over 

distances of several tens of kilometers around the 

lunar module or lunar base. A small open cockpit 

vehicle will allow astronauts to cover quite a 

considerable distance and perform maintenance 

operations or scientific experiments without the need 

of suiting up before exiting the vehicle and at a lower 

energetical cost. 

The virtual model developed and studied in the 

AVL Cruise application retains the characteristics of 

the vehicle built by Boeing in the 1970s, with the 

exception that it uses as a power source a current 

Lithium-Ion battery that retains the characteristics of 

the original battery, but that can also be recharged 

from the lunar module using a plug-in connection or 

anywhere on the traveled route using solar panels. 

The computer simulations performed with the 

LRV's virtual model on the three EVA profiles 

traveled during Apollo 15 mission have provided 

values for energy consumption like the ones from the 

NASA records and with a much higher accuracy than 

the one from the values obtained by computerized 

simulations performed with the technology of the 

70’s. 

The use of the AVL Cruise application to simulate 

the operation of a lunar vehicle is an absolute novelty 

in this scientific field, and it derives from the assumed 

fact that the LRV has the same constructive 

architecture as an electric vehicle used on Earth, the 

only main differences being that the rolling system 

uses a special wheel model and that the movement 

dynamic is influenced by higher inertia forces and a 

reduced weight of the vehicle due to the lunar 

conditions and the gravitational acceleration at the 

surface of the Moon which is 1/6 of the gravitational 

acceleration on the Earth's surface. 

The veracity of the results obtained from the 

computerized simulations is due largely, in addition 

to the accuracy with which the virtual model was 

developed, to the possibility of implementing an 

EVA-specific altitude profile based on NASA’s data 

in Google Earth – Moon application with great 

accuracy. 

The computerized simulation process in the AVL 

Cruise application through which the LRV has been 

evaluated offers several advantages: cost savings for 

building a vehicle model, the ability to modify the 

structure of the model at any stage of the project and 

the ability to adapt model's powertrain topology for 

different design cases in a short time span. 
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