
HSE 
Health & Safety 

Executive 

Mathematical modelling of the stability of passenger­
carrying tandem seat all terrain vehicle (ATV) 

Prepared by MIRA Ltd for the 
Health and Safety Executive 2004 

RESEARCH REPORT 223




HSE 
Health & Safety 

Executive 

Mathematical modelling of the stability of passenger­
carrying tandem seat all terrain vehicle (ATV) 

Jonathan Webb, MEng CEng MIMechE 
MIRA Ltd 

Watling Street 
Nuneaton 

Warwickshire 
CV10 0TU 

For the first time, passenger carrying tandem all terrain vehicles (ATVs) are being introduced to the UK 
market. The Health and Safety Executive’s (HSE) policy to date has been that passengers must not be 
carried on sit-astride ATVs. This policy was formulated when only single seat sit-astride ATVs were 
available and needs reviewing now the new vehicles are being marketed. To develop the policy it was 
necessary to gain a greater understanding of the stability of these ATVs with passenger carrying 
capability. MIRA has been requested by the HSE to conduct a roll-over study on a tandem seat ATV. 
The stability assessment conducted involved examining the behaviour of the vehicle in a number of 
roll-over scenarios with only a rider on board, and then with both a rider and passenger on board. The 
position of the rider and passenger was also adjusted in order to understand their contribution to 
vehicle stability during the manoeuvres. 

This report and the work it describes were funded by the Health and Safety Executive (HSE). Its 
contents, including any opinions and/or conclusions expressed, are those of the authors alone and do 
not necessarily reflect HSE policy. 

HSE BOOKS 



© Crown copyright 2004 

First published 2004 

ISBN 0 7176 2840 X 

All rights reserved. No part of this publication may be

reproduced, stored in a retrieval system, or transmitted in

any form or by any means (electronic, mechanical,

photocopying, recording or otherwise) without the prior

written permission of the copyright owner.


Applications for reproduction should be made in writing to: 

Licensing Division, Her Majesty's Stationery Office, 

St Clements House, 2-16 Colegate, Norwich NR3 1BQ 

or by e-mail to hmsolicensing@cabinet-office.x.gsi.gov.uk


ii 



CONTENTS


Page 

Copyright Page  ...........................................................................................................................................  ii


Contents......................................................................................................................................................  iii


Executive summary ....................................................................................................................................  iv

1 Introduction..........................................................................................................................................1

2 Experimental procedures....................................................................................................................1


2.1 Model build..................................................................................................................................1

2.2 Rider and passenger configurations............................................................................................2

2.3 Scenario setting ..........................................................................................................................2


3 Results .................................................................................................................................................3

3.1 Static test results.........................................................................................................................3

3.2 Roll-over test results ...................................................................................................................6


4 Discussion ...........................................................................................................................................8

4.1 Static tests ..................................................................................................................................8

4.2 Dynamic roll-over tests................................................................................................................9


5 Conclusions .......................................................................................................................................10

6 Recommendations.............................................................................................................................11


Appendices ............................................................................................................................................... 12


Appendix 1 Figure Presentation .............................................................................................................. 13


iii 



EXECUTIVE SUMMARY


Due to developments in the All Terrain Vehicle (ATV) market, tandem seat ATVs with the capability to carry 

passengers are being introduced. Current Health and Safety Executive (HSE) policy advises that passengers should 

not be carried on sit-astride ATVs, but this policy was based on single seat ATVs only and needs reviewing in light of 
the new vehicles becoming available. With little information available on the roll-over stability of ATVs with 

passenger carrying capabilities, MIRA has been requested by the HSE to conduct a roll-over study on a Tandem Seat 

ATV. 

MIRA previously conducted a roll-over analysis for the HSE on an ATV for the purpose of assessing the effectiveness 

of a Roll-Over Protection System and the roll-over scenarios developed during this exercise have been adopted for this 
study. The programme of work was set with these objectives: 

•	 To create a vehicle model of the new ATV including rider and passenger 

•	 To simulate the performance of the ATV in five roll-over initiating scenarios 

•	 To assess the effect of rider and passenger position on the stability of the vehicle during the manoeuvres 

As a result of the study, the following recommendations are made: 

•	 Riders of the ATV should exercise caution when operating the vehicle with a passenger on board, as the presence 

of the passenger reduces the ATV‘s stability. However, with a maximum recorded reduction in stability of 11 %, 

the increased hazard is not considered to be overtly high 

•	 It should be made clear to both riders and passengers that although their position on the vehicle has only a small 

effect on its stability, at all times they should try and resist the motion of the vehicle as this will act to increase the 

ATV‘s stability 

•	 The stability of the ATV is most sensitive to rider and passenger positioning when it is involved in scenarios that 

induce sidewards roll-over. Riders and passengers should therefore be made aware that their position on the 
vehicle is more important when encountering situations involving traversing slopes, driving sidewards over an 

edge and negotiating bumps 

•	 This study only considers low speed roll-over stability and the results cannot be interpreted to cover high speed 

handling stability or low friction surfaces. It is advised that additional tests and analyses are conducted if these 

situations are to be considered 
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1 INTRODUCTION 

MIRA has been requested by The Health and Safety Executive (HSE) to conduct a roll-over analysis on a new All 

Terrain Vehicle (ATV). MIRA previously performed a roll-over analysis on an ATV for the purpose of assessing the 

effectiveness of a Roll-Over Protection System. The results of this study were issued in MIRA report 98-464736.1 

This project has been designed to assess the stability of the ATV with both rider and passenger on board. It uses the 
same test scenarios as in the previous analysis, but with the intention of assessing the effects of rider and passenger 

position on the point of initiation of vehicle roll-over. 

The objectives for this study were: 

• To create a vehicle model of the new ATV including rider and passenger 

• To simulate the performance of the ATV in five roll-over initiating scenarios 

• To assess the effect of rider and passenger position on the stability of the vehicle during the manoeuvres 

2 EXPERIMENTAL PROCEDURES 

2.1 Model build 

2.1.1 Vehicle Measurements 

The vehicle under investigation was a Bombardier Traxter Max, a two seater quad bike. An example of this vehicle 

was supplied for testing at MIRA by Jets Marivent UK Ltd. Vehicle tests and component measurements were 

conducted in order to characterise the suspension and steering systems, and the overall vehicle mass and inertia in the 

kerb condition was measured. 

The data collected from these tests were used to construct a detailed mathematical model of the vehicle. This was 

done using ADAMS/Car v12.0 APN-120-180; a dedicated vehicle dynamics simulation tool produced by 

MSC.Software. The vehicle model generated can be seen in Figure 1. 

Due to the nature of the project, it was not necessary to obtain accurate tyre characteristic data. Therefore, a generic 

data set from MIRA‘s library was taken and adjusted to suit the size and type of tyre fitted to the ATV. 

2.1.2 Rider measurements 

The rider and passenger were each represented by a 50th percentile human figure. In order to ascertain the geometric 

positions the rider and passenger would assume when seated on the ATV, a 50th percentile Hybrid II crash dummy was 

fitted to the supplied ATV. The geometric position data of the dummy was measured in the normal seated attitude for 
both the rider and passenger positions. 

Using the human body modelling package, ADAMS/Figure, a 50
th 

percentile body model was generated. This has 
equivalent mass and inertial properties of a 50th percentile human and was designed such that its position on the 

vehicle could be adjusted. An example of the body model in a seated position can be seen in Figure 2. 

The body models were adjusted to match the measured rider and passenger seated positions on the ATV and these are 

shown in Figure 3. 

1 
Mathematical Modelling of an ATV and rider in an overturn RSU REF: 3787/R36.072 1998 
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2.2 Rider and passenger configurations 

The aim of the simulation exercise was to determine the sensitivity of the ATV to roll-over. This included comparing 

the vehicle performance with both a rider and passenger on board to that of the vehicle with just a rider, and the effect 

of rider and passenger positioning on the roll-over sensitivity. To understand these effects, the six following rider and 
passenger configurations were simulated. 

• Rider only, seated upright on vehicle throughout manoeuvre 

• Rider only, seated, leaning to resist roll-over 

• Rider and passenger, seated upright on vehicle 

• Rider and passenger, seated, both leaning to resist roll-over 

• Rider and passenger, seated, both leaning to assist roll-over 

• Rider and passenger, seated, rider alone leaning to resist roll-over 

With these configurations defined, it was necessary to determine the envelope of rider and passenger movement 

astride the vehicle, and to what extent they could adjust their positions to either assist or resist roll-over. 

This was accomplished using the 50th percentile dummy. Starting with the dummy in the natural seating position, its 

posture was adjusted to lean as far forward, rearward and sideward as possible. The position of the dummy was then 

recorded. The maximum lean angles were 30 deg sidewards, 30 deg forwards and 21 deg rearwards for both rider and 

passenger seating positions. Figures 4 to 14 show the positions of the rider and passenger for each configuration. 

2.3 Scenario setting 

The previous study identified five scenarios for roll-over and these same scenarios were adopted for this study. For 

each scenario it was necessary to determine the road conditions required to initiate roll-over in each of the rider and 
passenger configurations. The soil friction coefficient was fixed at 1.0 throughout all studies. By having a high value 

of friction coefficient, the point at which sliding occurs rises and therefore roll-over is more likely to occur. The study 

neither considers the effects of soil mechanics nor the effect of available grip. 

In studying the factors influencing roll-over it was necessary to define the condition of roll-over and to understand the 

roll-over mechanism for each scenario. Tables 1 to 5 below provide definitions for each roll-over test scenario, the 

mechanisms by which roll-over was initiated and the measures used to define the point at which roll-over occurs. 

Table 1 Scenario 1, sideward over an edge 

Description Vehicle driven at 10 mph at an approach angle of 10 deg over an edge 

Mechanism The vehicle tends to roll laterally 

Test Procedure The gradient of the slope is increased in 1 deg increments until roll-over occurs 

Measure Roll rate and angle are monitored. Roll-over is determined to have occurred when the roll rate does not exhibit 

a reversal through 0 deg/s 

Table 2 Scenario 2, sideward traversing a slope


Description Vehicle traverses a slope of increasing gradient at 4 mph 

Mechanism The vehicle tends to roll laterally 

Test Procedure The gradient of the slope is increased in 1 deg increments until roll-over occurs 

Measure The uphill rear tyre load is monitored. Roll-over is determined to have occurred when the normal tyre force is 

completely removed 
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Table 3 Scenario 3, sideward over a bump 

Description Vehicle driven at 25mph and left side hits bump in road 

Mechanism The vehicle tends to roll laterally 

Test Procedure Size of the bump is increased in 10 mm increments until roll-over occurred 

Measure Roll rate and angle are monitored. Roll-over is determined to have occurred when the roll rate does not exhibit 

a reversal through 0 deg/s 

Table 4 Scenario 4, forward down a slope 

Description Vehicle driven down a slope at 3mph and then made to drop down a dip 

Mechanism The vehicle tends to tip forwards 

Test Procedure Angle of the slope and height of the dip adjusted until roll-over occurs 

Measure Pitch rate, pitch angle and rear tyre force are monitored. Roll-over is determined to have occurred when the 

pitch rate does not exhibit a reversal through 0 deg/s 

Table 5 Scenario 5, rearward up a slope 

Description Vehicle driven up a slope at 4mph 

Mechanism The vehicle tends to tip rearwards 

Test Procedure Angle of the slope is increased in 1 deg increments until roll-over occurs 

Measure Pitch rate, pitch angle and front tyre forces are monitored. Roll-over is determined to have occurred when the 

pitch rate does not exhibit a reversal through 0 deg/s and normal tyre force is removed completely 

3 RESULTS 

3.1 Static test results 

Table 6 shows the measured mass, centre of gravity position and inertia of the ATV at kerb weight with a full tank of 
petrol. These measurements were conducted at Cranfield Impact Centre Limited.2 

The coordinate system is defined as follows: 

XY plane at ground level, positive x to rear, positive y to right 

YZ plane through centre line of vehicle, positive z up 
X = 0 at front axle centre line 

2 Moment of Inertia Measurement of an ATV Bombardier Traxter Max Visco œ Lok 4x4 Quadbike CICL 6999V 2003 
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Table 6 Measured ATV properties


Centre of gravity position Inertia 

Condition Mass (kg) X (mm) Y (mm) Z (mm) Ixx (kgmm 
2
) Iyy (kgmm 

2
) Izz (kgmm 

2
) 

Kerb 389 805.0 7.0 504.7 1.04x10
8 

2.56x10
8 

1.95x10
8 

Table 7 shows the equivalent simulation data for the ATV model in three load conditions: kerb, kerb + rider and kerb 

+ rider and passenger. At kerb, the model data is comparable with the measured data. 

Table 7 Model ATV properties in 3 load conditions 

Centre of gravity position Inertia 

Condition Mass (kg) X (mm) Y (mm) Z (mm) Ixx (kgmm 
2
) Iyy (kgmm 

2
) Izz (kgmm 

2
) 

Kerb 390 803.0 7.0 503.4 1.04x10
8 

2.56x10
8 

1.95x10
8 

Rider (seated) 467 805.0 5.8 597.7 1.38x10
8 

2.89x10
8 

1.98x10
8 

Rider and 544 872.8 5.0 676.3 1.79x10
8 

3.49x10
8 

2.19x10
8 

Passenger 

(seated) 

Table 8 shows the corner weights of the vehicle in each of the three load conditions defined above and gives the 

percentage increase from the kerb condition. 

Table 8 Model ATV corner weights in 3 laden conditions 

Condition Measured (kg) Change from Kerb (percent) 

Left Right Left Right 

Kerb Front 92.5 93.0 0.0 0.0 

Rear 99.0 105.0 0.0 0.0 

Rider (seated) Front 111.0 111.0 20.0 19.4 

Rear 118.5 124.5 19.7 18.6 

Rider and passenger (seated) Front 117.0 117.0 26.5 25.8 

Rear 152.0 158.0 53.5 50.5 
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Table 9 shows the effect on the corner weights of the rider on board and leaning. Results are given for 30 deg 

sideways lean, 30 deg forward lean and 21 deg rearward lean. Percentage changes are also given. 

Table 9 Model results for vehicle corner weights with rider leaning 

Condition Measured (kg) Change from Kerb (percent) 

Left Right Left Right 

Rider (30deg sideward) Front 111.0 112.0 0.0 0.9 

Rear 123.0 119.0 3.8 -4.4 

Rider (30deg forward) Front 113.0 113.0 1.8 1.8 

Rear 117.0 123.0 -1.3 -1.2 

Rider (21deg rearward) Front 110.0 111.0 -0.9 0.0 

Rear 120.0 126.0 1.3 1.2 

Table 10 shows the effect on the corner weights of the rider and passenger on board and both leaning. Results are 

given for both rider and passenger with a 30 deg sideward lean, 30 deg forward lean and 21 deg rearward lean. Again, 
percentage changes are also provided. 

Table 10 Model results for vehicle corner weights with rider and passenger leaning 

Condition Measured (kg) Change from Kerb (percent) 

Left Right Left Right 

Rider and Passenger (30deg 

sideward) 

Front 119.0 116.0 1.7 -0.9 

Rear 162.0 146.5 6.6 -7.3 

Rider and Passenger (30deg Front 121.0 120.0 3.4 2.6 

forward) 

Rear 148.0 154.0 -2.6 -2.5 

Rider and Passenger (21deg Front 114.0 114.5 -2.6 -2.1 

rearward) 

Rear 154.0 160.5 1.3 1.6 
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Table 11 shows the effect on the corner weights of the vehicle with rider and passenger on board, but with just the 

rider leaning. Results are given for the rider with a 30 deg sideward lean, 30 deg forward lean and 21 deg rearward 

lean. Percentage changes are also provided. 

Table 11 Model results for vehicle corner weights with only rider leaning 

Measured (kg) Change from Kerb (percent) 

Condition Left Right Left Right 

Rider and Passenger (Rider 

30deg sideward) 

Front 117.5 116.5 0.4 0.4 

Rear 157.0 152.0 3.3 -3.8 

Rider and Passenger (Rider Front 118.0 119.0 0.9 1.7 

30deg forward) 

Rear 150.0 156.0 -1.3 -1.3 

Rider and Passenger (Rider Front 115.5 116.0 -1.3 -0.9 

21deg rearward) 

Rear 152.5 159.0 0.3 0.6 

3.2 Roll-over test results 

Simulation results for Scenario 1 are given in Table 12. Corresponding animations for these results are provided on 

the accompanying CD. 

Table 12 Simulation results for scenario 1 

Configuration Slope angle at which roll-over occurred (deg) 

Rider only 27 

Rider resist 28 

Rider and passenger 24 

Rider and passenger resist 25 

Rider and passenger assist 24 

Rider and passenger, Rider resist 24 

Results for Scenario 2 are given in Table 13. Corresponding animations for these results are provided on the 

accompanying CD. 
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Table 13 Simulation results for scenario 2 

Configuration Slope angle at which roll-over occurred (deg) 

Rider only 24 

Rider resist 25 

Rider and passenger 23 

Rider and passenger resist 24 

Rider and passenger assist 22 

Rider and passenger, Rider resist 24 

Results for Scenario 3 are given in Table 14. Corresponding animations for these results are provided on the CD. 

Table 14 Simulation results for scenario 3 

Configuration Height of bump at which roll-over occurred (deg) 

Rider only 200mm 

Rider resist 200mm 

Rider and passenger 190mm 

Rider and passenger resist 180mm 

Rider and passenger assist 180mm 

Rider and passenger, Rider resist 190mm 

Results for Scenario 4 are given in Table 15. It was evident when conducting the simulations that the vehicle‘s 

behaviour was dependant on how much load there was on the rear tyres as the vehicle descended the slope and 

dropped down the dip. If the gradient of the slope was steep, the load was on the rear tyres was light and the vehicle 

was difficult to control down the slope and dip. If the gradient of the slope was shallow, the vehicle was more stable 

and hence required a high drop to initiate roll-over. A good compromise was found with a gradient of 40 deg. This 
was sufficient to keep the vehicle stable and under control, but in combination with the dip, could initiate roll-over. 

Therefore, the gradient of the slope was fixed at 40 deg for all configurations and just the height of the dip adjusted 

until roll-over occurred. Corresponding animations for these results are provided on the CD. 
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Table 15 Simulation results for scenario 4 

Configuration Height of dip at which tip-over occurred (mm) 

Rider only 310 

Rider resist 310 

Rider and passenger 300 

Rider and passenger resist 310 

Rider and passenger assist 310 

Rider and passenger, Rider resist 290 

Results for Scenario 5 are given in Table 16. Corresponding animations for these results are provided on the CD. 

Table 16 Simulation results for scenario 5 

Configuration Angle at which tip-over occurred (deg) 

Rider only 36 

Rider resist 37 

Rider and passenger 35 

Rider and passenger resist 37 

Rider and passenger assist 34 

Rider and passenger, Rider resist 36 

4 DISCUSSION 

4.1 Static tests 

Comparing Table 6 with the model results for kerb condition in Table 7, it can be seen that the overall mass, position 
of centre of gravity, and orthogonal inertias all correlate well. 

Adding the rider to the vehicle increases the total vehicle mass by 77 kg to 467 kg and the centre of gravity height by 

93 mm to 598 mm. This represents a 19.7 % increase in mass and an 18.7 % increase in height of centre of gravity. 

Adding both rider and passenger to the vehicle increases the total vehicle mass to 544kg and raises the centre of 

gravity height by 173 mm to 676 mm. This represents an increase in mass of 39.5 % and an increase in the centre of 

gravity height of 34.3 %. 

Examining the vehicle corner weights in Table 8, illustrates how the additional load is distributed. The addition of the 

rider gives an increase in tyre load of approximately 20 % at each corner, signifying that the rider is seated near the 
longitudinal and lateral centre of gravity position of the unladen ATV. The addition of both rider and passenger 

together produces an increase in front and rear axle weights of 25 % and 50 % respectively over those of the unladen 

ATV. Most of the passengers‘ weight is positioned over the rear axle. 
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The effects of rider and passenger leaning is less significant. With just the rider on board, the greatest effect is a 

sidewards lean of 30deg. This generates a 4 % transfer in load across the rear axle with very little change on the front. 

It is important to note that as the rear suspension incorporates a single trailing arm assembly, the rear suspension has a 

very high roll stiffness. This means that any lateral weight transfer, from either vehicle cornering or occupants leaning 

sidewards, will mainly be reacted across the rear axle. With the rider leaning 30 deg forwards and 21 deg rearwards, 

the changes are smaller still, between 1and 2 percent. 

With both the rider and passenger on board, the potential to affect corner weight distribution is increased. The greatest 

effect is achieved by a 30 deg sidewards lean by both rider and passenger, producing a 7 % load transfer across the 
rear axle. Forward and rearward leans generate corner weight changes of between 3.5 % and 1.5 % respectively. 

With just the rider leaning when both the rider and passenger are on board, the magnitude of the changes are reduced. 
By leaning sidewards, the rider is only able to effect a lateral load transfer of 3.5 %. Forward and rearward leans only 

generate between 1.5 % and 3.5 % load transfers. 

4.2 Dynamic roll-over tests 

To assess the sensitivity of adding a passenger to roll-over stability of the ATV, the results of rider-only roll-over 

simulations are compared to those of rider and passenger for each scenario. Table 17 summarises the findings. 

Table 17 Sensitivity of roll-over to addition of passenger for all scenarios 

Scenario Change in threshold Percentage Change 

1 -3 deg -11.1 % 

2 -1 deg -4.2 % 

3 -10 mm -5.0 % 

4 -10 mm -3.2 % 

5 -1 deg -2.7 % 

For all scenarios except 4, the effect of adding a passenger reduces the roll-over threshold and therefore makes the 

vehicle more unstable. However, in every case, the changes are reasonably small with the greatest difference 

occurring in scenario 1 where an 11 % reduction in slope angle was required to avoid roll-over. 

To assess the sensitivity of rider position on roll-over stability, the results of rider ”fixed‘ are compared to those of 

rider ”resisting‘ roll-over for each scenario. Table 18 summarises these findings. 

Table 18 Sensitivity of roll-over to rider position 

Scenario Change in threshold Percentage Change 

1 1 deg 3.7 % 

2 1 deg 4.2 % 

3 0 mm 0.0 % 

4 0 mm 0.0 % 

5 1 deg 2.7 % 

With the rider resisting roll-over, the threshold increases for scenarios 1, 2 and 5. Again however, the change is small, 

with scenario 2 giving the greatest increase at 4.2 %. 
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To assess the sensitivity of rider and passenger position on roll-over stability, results of the rider and passenger ”fixed‘ 

tests are compared to those of rider and passenger ”assisting‘ and ”resisting‘ roll-over for each scenario. Table 19 

summarises these findings. 

Table 19 Sensitivity of roll-over to rider and passenger position 

Scenario Rider and passenger resist Rider and passenger assist Rider resist 

Change in Percentage Change in Percentage Change in Percentage 

threshold Change threshold Change threshold Change 

1 1 4.2 % 0 0.0 % 0 0.0 % 

2 1 4.3 % -1 -4.3 % 1 4.3 % 

3 -10 -5.3 % -10 -5.3 % 0 0.0 % 

4 +10 3.3 % +10 3.3 % -10 -3.3 % 

5 2 5.7 % -1 -2.9 % 1 2.9 % 

With the rider and passenger leaning to resist roll-over, the effect is to reduce the roll-over threshold, but by no more 

than 5.7 %. The only exception to this is scenario 3 which records a reduction of 5.3 %. This is likely to be an 

anomaly in the simulation results. In 3 of the 5 scenarios with the rider and passenger both leaning to assist roll-over, 

the threshold reduces. The exception is scenario 4, which records an increase in threshold. With only the rider leaning 

to resist roll-over, the roll-over threshold is reduced for scenarios 2 and 5, increased for scenario 4 and unchanged in 

scenarios 1 and 3. 

CONCLUSIONS 

The results presented in the static tests demonstrate that the model generated correlates well with the mass and inertia 

properties of the physical vehicle. The results from the dynamic tests demonstrate that the model is capable of 

simulating the motion of the real ATV during a number of roll-over scenarios. However, as tyre handling properties 
and soil friction coefficients have been selected to give worst-case results for roll-over, the results of the dynamic 

simulations should not be used to derive actual operating envelopes of the ATV. 

The results from the static tests show that adding a 50th percentile rider to the ATV increases the vehicle‘s mass by 

nearly 20 % and raises the height of the centre of gravity by nearly 19 %. The additional mass is evenly distributed 

between the front and rear axles of the vehicle. The effect of adding both a rider and passenger to the vehicle 

increases the mass by nearly 40 % and raises the height of the centre of gravity by 34 %. In this configuration, the 

additional mass is biased to the rear of the vehicle. 

The leaning positions of the rider and passenger do not significantly affect the mass distribution. The greatest effect is 

produced from both the rider and passenger leaning sidewards, giving a rear axle lateral load transfer of 7 %. The high 

roll stiffness of the rear suspension, compared to that of the front, means that the majority of lateral weight transfer is 
reacted by the rear axle. 

As the addition of a passenger to the vehicle raises the centre of gravity by 15 % over the rider only configuration, it is 
not unexpected to see a reduction in the roll-over threshold of the vehicle during the dynamic events. This is more 

pronounced for scenarios 1, 2 and 3 which are initiated by a sideward roll-over, and less so for scenarios 4 and 5 that 

are initiated by foreward and rearward tip-over. The greatest degradation in stability is noted in scenario 1 at 11.1 % 

whilst the rest of the scenarios record smaller decreases in stability. 

With only the rider seated on board the vehicle and leaning to resist roll-over, the stability of the vehicle is generally 

increased. The greatest change is noted for scenario 2, with an increase of 4.2 %, but scenarios 3 and 4 show no 
improvement in stability over that of the ”fixed‘ position rider. These small changes are supported by evidence from 

the static tests that show that the rider‘s position has little effect on the mass distribution. 
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When the vehicle is laden with both rider and passenger, the effect of positioning both rider and passenger to resist 

roll-over is reflected in a general increase in vehicle stability of about 5 %. When both the rider and passenger are 

leaning to assist roll-over, the stability is reduced in only 2 of the 5 scenarios, and then only marginally. Scenario 1 

records no change in roll-over threshold and scenario 4 records an increase in the threshold. When only the rider 

resists roll-over, with both rider and passenger on board, the results are split between a small increase in stability, no 

change in stability and a small reduction in stability. Again, these findings are substantiated by the results from the 

static tests. 

RECOMMENDATIONS 

In accordance with the conclusions drawn from this work, the following recommendations are proposed: 

•	 Riders of the ATV should exercise caution when operating the vehicle with a passenger on board, as the presence 

of the passenger reduces the ATV‘s stability. However, with a maximum recorded reduction in stability of 11 %, 

the increased hazard is not considered to be overtly high 

•	 It should be made clear to both riders and passengers that although their position on the vehicle has only a small 

effect on its stability, at all times they should try and resist the motion of the vehicle as this will act to increase the 

ATV‘s stability 

•	 The stability of the ATV is most sensitive to rider and passenger positioning when it is involved in scenarios that 

induce sidewards roll-over. Riders and passengers should therefore be made aware that their position on the 

vehicle is more important when encountering situations involving traversing slopes, driving sidewards over an 

edge and negotiating bumps 

•	 This study only considers low speed roll-over stability and the results cannot be interpreted to cover high speed 

handling stability or low friction surfaces. It is advised that additional tests and analyses are conducted if these 

situations are to be considered 
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APPENDIX 1 FIGURE PRESENTATION


Figure 1 Model of ATV generated in ADAMS/Car


Figure 2 Body model of 50th percentile figure 
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Figure 3 Position of rider and passenger on ATV in normal seated position


Figure 4 Rider only astride ATV in normal seated position
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Figure 5 Rider only, leaning sidewards at 30 deg


Figure 6 Rider only, leaning forwards at 30 deg
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Figure 7 Rider only, leaning rearwards at 21 deg


Figure 8 Rider and passenger astride ATV in normal seated position
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Figure 9 Rider and passenger both leaning sidewards at 30 deg


Figure 10 Rider and passenger both leaning forwards at 30 deg
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Figure 11 Rider and passenger both leaning rearwards at 21 deg


Figure 12 Rider and passenger, only rider leaning sidewards at 30 deg
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Figure 13 Rider and passenger, only rider leaning forwards at 30 deg


Figure 14 Rider and passenger, only rider leaning rearwards at 21 deg
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