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ABSTRACT 

Most of all road damage can be caused by dynamic loads of vehicles that fluctuate according to the type of 

vehicle that passes. This study aims to calculate the vertical dynamic load of the vehicle actually which occurs on road 

construction after through the vehicle wheel suspension mechanism. The Pneumatic cylinder that was driven by 

pressurized air directly weighs on the Spring and Shock Absorber that contained on the wheels of the vehicle. The load 

fluctuations of the medium weight category vehicle are determined by the regulation of the amount of pressurized air 

entering into the pneumatic cylinder chamber pushing the piston and connecting rods. The deviation that occurs during 

compression on the spring and Shock Absorber is substituted into the vehicle dynamic load equation by taking also the 

magnitude of the spring stiffness constant, and the fluid or gas coefficient of the damper. The results showed that the 

magnitude of the displacement when the compression force worked has significantly influenced the amount of vertical 

dynamic load of the vehicle that overlies the road construction. Experimental results using pneumatic actuators instead of 

real dynamic vehicle loads illustrate the characteristics of the relationship between work pressure and dynamic load. If the 

working pressure of P2 (bar) is given great, the vertical dynamic load Ft (N) which overloads the structure of the road is 

also greater. From the graph shows that shock absorbers have greater ability to reduce dynamic load vertically when 

compared to spring ability. 

 
Keywords: dynamic load, pneumatic cylinder, pressurized air, suspension, road. 

 

1. INTRODUCTION 

A number of four-wheel vehicles passing over the 

surface of the highway at any time result in a number of 

dynamic loads that fluctuate. Besides this fluctuating 

loading sourced from the dynamic load variation, VBD 

can also be caused by overload, OL and repetition loads 

(RL) [1].  

The effects of fluctuating load (FL) transfer, 

Overloads, and Repetition Loads will decrease the 

capability or stability of the road structure in the form of 

hollow or bumpy surface deformations. The ability of the 

road structure to receive the vehicle's vertical dynamic 

load is dependent on the type of surface layer, the elastic 

foundation layer, and the sliding foundation layer. 

The variations of vehicle weight categories light, 

medium and heavy that pass over the road surface 

simultaneously will greatly affect the ability of the elastic 

foundation road layer to receive the load. Based on these 

problems, it is necessary to study the variables that 

influence either directly or indirectly against the roads 

surface structure. This fluctuating load can also be affected 

by the variable weight of the axle and the body of the 

vehicle.  

The recurrent of loading conditions are also 

strongly influenced by the traffic loop currents, the 

average traffic volume (Number of vehicles/hour) which 

generated by each vehicle type and the duration of the 

vehicle passing. 

An effort which is conducted to assess the 

dynamic load of a medium-weighted vehicle passing 

through the road that required an experiment on the 

loading of a quarter of a vehicle centered on a front wheel 

of a vehicle. This inspiration is based on a basic 

knowledge of the mechanism of vertical load transfer 

through a wheel suspension system consisting of spring 

work and shock absorber.  

A study of dynamic loads transformed through 

the mechanism of suspension work on the wheels of 

vehicles on the road is aimed at knowing  the shape of the 

formula and the magnitude of the vertical dynamic load of 

all types of medium weight vehicles passing by, Knowing 

the path capability characteristics that are receiving 

repetition loads and Overloads, and produces a 

relationship or comparison between the vehicle's vertical 

dynamic load and the path capability in the form of a 

dimensionless parameter. 

A novelty targeted in this study is to utilize 

pneumatic actuators on test equipment or experiments as a 

replacement for real dynamic loads of vehicles 

overloading the road structure. 

The pressurized air from the compressor [1], 

provides compression forces varying extensively to the 

spring and shock absorber contained in the suspension 

system. 

The mechanism of passive suspension work and 

the condition of a quarter vehicle loading structure is 

shown in Figure-1  [2, 3]. The weight of the vehicle (mass 

sprung) m2 with the rigidity of the spring k2 and the 

damping coefficient c will overload the vehicle's wheel 

axle (mass un-sprung) m1 further gives the action force to 

the contours of the road surface. 



                                    VOL. 12, NO. 23, DECEMBER 2017                                                                                                     ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               6976 

For the category of lightweight vehicle has an 

axis load of m1 = 400 kg, and vehicle weight, m2 = 835 to 

1394 kg, the medium weight category vehicle has axis 

load, m1 = 480 to 600 kg and vehicle weight, m2 = 1185 to 

1990 kg, while the heavy category vehicle has axis load, 

m1 = 525 to 850 kg, and vehicle weight, m2 = 5200 to 

8730 kg (source: P.T. Astra International, 2014, Appendix 

1). The overloading conditions OL is depending on the 

constant value, k and the axis load m1 (kg) for each vehicle 

type.  

The constant value of k =1 for a single axis; k = 

0.086 for double axis and k = 0.031 for triple axis. 

 

P2 = m2

m1

k2 c

x

u

a b

m1

ck2

k1
Surface Layers
Top Base Layer
Bottom foundation layer
 Basic Soil Layer

P2

y

P1 A1

 
 

Figure-1. (a) Passive suspension model (b) Suspension 

unit, shock absorber, spring and wheel of vehicle on road 

layer structure. 

 

The reaction force of the road contour to the tire 

will be distributed in the direction of u through the tire 

elasticity constant of k1. The magnitude of the vertical 

dynamic force by the equivalent pneumatic actuator in the 

weight of the vehicle body (2) is described in (2.5). 

Compression drifts as far as x2 (cm) will vary according to 

the magnitude of the working pressure of P2 (bar) which 

varied from 1 to 8 bar, the addition of 1 bar. 

 𝐹௣ଶ = 𝐹௘௙ = 𝐹௞ − 𝑅௙ = 𝐹௞ − Ͳ.ͳ𝐹௞ = Ͳ.ͻ𝐹௞∑𝐹𝑣=଴𝐹௘௙ − ሺ𝐹௞ଶ + 𝐹௖ଶሻ = ͲͲ.ͻ 𝐹௞ − ሺ𝑘ଶ + 𝑐ሻ𝑥ଶ = Ͳ 𝐹௞ = ሺ௞2+௖ሻ௫2଴.9 𝐹௣ଶ = 𝐹௞ = ͳ.ͳሺ𝑘ଶ + 𝑐ሻ𝑥ଶ }   
  
   

              (1) 

 

If the force Fp2 works collaboration with the axis 

force on the wheel (1) then the relationship is obtained: 

 𝐹௧ଵ = 𝐹௣ଶ + 𝐹௥ଵ𝐹௧ଵ = Ͳ.ͻ𝐹௞ + ሺ𝑚ଵ. 𝑔ሻ}  (N)                            (2) 

 

If the diameter of piston, D = 100 mm (0.100 m), 

k is spring constant, c is damping coefficient, m1 is axle 

weight, gravity acceleration g = 10 m / s2 and pneumatic 

cylinder thrust force, Fk = π / 4 D2
P2, then equation (2) 

becomes: 

 𝐹௧ଵ =  ͹ͺͷ 𝑃ଶ + ͳͲ𝑚ଵ  (N)                            (3) 

 

The effective force Fef. (N) of piston cylinder in 

the step forward is the difference between the theoretical 

forces, Fk (N) and friction force Rf (N) [4, 5]. If the 

friction force Rf is set to ͳͲ % 𝑥 𝐹௞ (N) the overall load 

transfer mechanism on the asphalt road structure is 

referring to the following Free Body Diagram (FDB): 
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Figure-2. (a) Mechanism of loading process with 

experimental pneumatic systems, (b) Free body 

diagram of the forces. 

 

If the springs and the shock absorber are 

subjected to varying loads of the pressure, P from   1 to 8 

bar, there will be a deviation toward the compression as 

far as x (mm). Under the action-reaction law, it is 

explained that the load applied to the spring is proportional 

to the magnitude of the deflection multiplied by the spring 

constant.  

The magnitude of the average displacement in the 

optimized suspension system x = 0.009264 m with 

maximum vertical acceleration is 15.5707 m / s
2
. 

In this condition, the coefficient of stiffness 

coefficient of the suspension spring ks = 41821 N / m, and 

the suspension damper coefficient cs = 68574 N.s / m  and 

cs = 1920 J / kg.K  [6, 7].  

The suspension prototype tested by [8]  has 

spring constant data ks = 10581.292 N / m, shock damping 

coefficient, cs = 96,073 Ns / m and tire elastic constants, to 

= 98041,246 N / m. A study of the relationship between 

piston diameter D and hole diameter di in the preliminary 

study  [4] in the form of equation (4). 
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di = 0.065713 D                                             (4) 

 The dimension of the air distribution channel that will be 

used is adjusted to the dimensions of the selected 

pneumatic cylinder piston. Based on the specifications of 

tires and wheels, that for light and medium weight 

vehicles used standard air pressure in tires of 2 bar, and 

5.86 bar for heavy vehicles. 

If the size of tires and wheels are used 

dimensionless: 215/60/16 which it means, the width of the 

tire, S=215 mm, high T=60%xS (mm) = 129 mm=0.129 

m, and wheel diameter, D1=16 “(inches) = 16x25 mm = 

400 mm= 0.4 m,  air pressure in the tires, P1=2 bar = 

200000 N/m
2
, and tire area 𝐴ଵ = 𝜋[𝑟௢ଶ − 𝑟𝑖ଶ] =͵.ͳͶ[Ͳ.ͳͲʹଶ − Ͳ.ͲʹͲଶ] = Ͳ.Ͳ͵ͳͶͳʹ  𝑚ଶ ,  Then the inner 

force of the tire and the wheel holding the vehicle's 

vertical load is Ft1= P1 x A1 = 6282.4 N. 
The magnitude of the vehicle dynamic load 

coefficient is formulated [9] as a comparison between the 

average dynamic load and the static load as follows: 

ܥ𝐿ܦ  = 𝐴𝑣௘௥𝑎௚௘ ௢௙ ௗ௬௡𝑎௠𝑖௖ ௟௢𝑎ௗ௦𝑆௧𝑎௧𝑖௖ ௟௢𝑎ௗ = 𝐹𝐷ೝ𝑚ೞ𝐹ೞ                           (5) 

 

For vehicles with hydro-pneumatic suspension, 

the dynamic load can be reduced by 20%. [10]Under these 

conditions, The Dynamic Load Coefficient (DLC) 

formulated as,  ܦ𝐿ܥ = ሺଵ଴଴−ଶ଴ሻ%ଵ଴଴ % = Ͳ.ͺͲ. When the ¼ 

vehicle wheel is rolling over the road surface, the vehicle's 

vertical dynamic load is formulated as follows: 

 𝐹𝐷𝑉 = Ͳ.ͺ 𝑥 𝐹௧ଵ  = ͸ʹͺ𝑃ଶ + ͺ𝑚ଵ ≤ 𝐹𝐴଴}  (N)                                (6) 

 

2. RESEARCH METHODS 

Experimentally, the loading of the road 

foundation structure was performed by equaling the total 

vehicle weight of m1 and m2 with the pneumatic cylinder 

thrust force, Fef. (N). The magnitude of the thrust is varied 

according to the working pressure setting, P2 = 1 to 8 

(bar). 

This research is oriented on the simulation of 

pneumatic cylinder piston thrust as a replacement for real 

dynamic vehicle load as shown in Figure-3(a).  

If the compressive force of the pneumatic 

cylinder piston thrust the spring and the shock absorbers, 

there will be a compression process indicated by the 

designation of the needle x at the displacement scale 

(mm). 

Based on the loading simulation, the 

experimental data collection is done by reading the scale 

(11) of needle designation or dial displacement indicator, x 

(mm) at the time of occurring compression on the spring 

(10).  

Control of pneumatic cylinder piston motion 

which overloads the suspension system on the wheels, is 

carried out by the method of electrically conducting, 24 

Volt DC at the control valve 5/2 solenoid single actuation. 

The magnitude of the change in displacement is 

determined by the amount of air pressure P2 (bar) which 

arranged from 1 (bar) to 8 (bar). 
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Figure-3. (a) Simulation of wheel suspension loading with 

pneumatic actuators (b) Control of electro- 

pneumatic system. 

 
In order for the measurement of the deviation, x 

(mm) can be closed to the real state, at every working 

pressure setting condition, it is necessary to measure the 

deviation, x (mm) 5 times. The real state can be obtained 

by calculating the average value of x (mm). 

The magnitude of the average displacement,  𝑥 

(mm) Which has been obtained, can substituted further 

into the equation (2) and  (3) to derive the weight of the 

vehicle, 𝐹𝑝ଶ (N)  and the vehicle's real vertical dynamic 

force, Ft1 (N) against the road construction. With the help 

of Mat-Lab / Simulink program analysis, then the 

magnitude 𝐹𝑝ଶ (N) and, 𝐹𝑡ଵ (N) can be obtained, as well 

as the loading characteristics performed on the road 

construction can be shown through graphic drawings. 
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3. RESULTS AND DISCUSSIONS 
The dynamic load simulation of vehicles which 

acted by the pneumatic cylinders as actuator, can result in 

the magnitude of the dynamic load of vehicles that 

overload the road structure is referring to equation (4). 

If the working pressure, P2 which acts as a load of 

m2 is varied from 1 bar to 8 bar, the characteristics of the 

pressurized air pressure working against the vertical 

dynamic load are shown in Figure-4. 

 

 
 

Figure-4. Dynamic load characteristics of 

pneumatic systems. 

 

The dynamic load characteristics which obtained 

from the relation between the working pressure and the 

spring constant, k2, the pneumatic cylinder piston force, 

Fp2, the absorbing shock absorber, c2 and the magnitude of 

the vertical dynamic load that weighs the Ft1 road structure 

are shown in Figure-5 (a).   

The damping of the shock absorber gives a huge 

influence on the dynamic load of the vehicle overloading 

the road structure. Such a condition causes the dynamic 

load of Ft1 (N) according to Figure-5 (b) to be around 

10000 (N) or equivalent to 1000 kg. 

So if the vehicle of the weight category being 

tested has the weight of wheel axis, m1 = 600 kg, body 

weight, m2 = 1665 kg and total weight / net, mt = 2265 kg 

according to the data in Table 4.1, then the reduced 

dynamic vehicle load is mr = mt - 1000 kg = 2265-1000 = 

1265 kg. 

The dynamic load drop presentation that weighs 

the structure of the path by the attenuation of the shock 

absorber is    
ଶଶ଺ହଵଶ଺ହ 𝑥ͳͲͲ% = ͷͷ.ͺͷ %.  

Figure-1.6 (a) shows an adequate fantastic picture 

that the attenuation of the shock absorber attached to the 

vehicle suspension mechanism gives a damping value, c 

(Ns/cm) to a very large dynamic load, ranging from 

4523.729 Ns/cm and 48702.041 Ns/cm. 

 

 
(a) 

 

 
(b) 

 

Figure-5. (a) Characteristics of the dynamic load by piston 

force, FP2 against spring and shock absorber. (b) The 

relationship between the FP2 piston force and the dynamic 

load Ft1 which overloads the road structure. 

 

The smallest effect of attenuation that is also used 

in vehicle suspension system is the contribution of coil 

spring-attenuation, k2 (N / cm) whose value is between 

1330.508 N / cm and 6408.163 N / cm.  

The gap value that occurs between the absorbers of the 

shock absorber and the coil spring indicates that the shock 

absorber has a very large function to reduce the vibration 

caused by the vehicle's vertical dynamic load. 

Figure-6 (b) describes the relationship 

characteristics between the dynamic load of the 

experimental results and the actual dynamic load that 

occurs.  

By using a 20% Dynamic Load Coefficient value 

which applicable to the vehicles with hydro-pneumatic 

suspension, the actual vertical vehicle dynamic load 

transformation according to equation (2.10) has a value of 

between 5332 (N) and 9728 (N) or less than the Weighted 

value of 10000 (N).  
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(a) 

 
 

(b) 
 

Figure-6. (a) The relationship between the piston force FP2 

(N) and the shock absorber and the coil spring, (b) The 

relationship between the piston force, FP2 (N) of the 

pneumatic cylinder and the dynamic load, Ft (N) of the 

test vehicle and the dynamic load real vertical, FDv (N). 

 

It can also present the results of dynamic load 

analysis using equations (2.2), (2.4) and equations (2.7). 

 A number of important data obtained from 

several formulas for experimental test vehicles are shown 

in Table-1. 

 

Table-1. Results of dynamic vertical load analysis for medium weight vehicles. 
 

Working 

pressure P2 

(bar) 

Weight axle 

W1=m1.g 

Dynamic load 

on the road 

Ft1=Fr0 (N) 

Real vertical 

dynamic load 

FDv (N) 

Pneumatic 

cylinder thrust 

force Fp2 (N) 

1 5880 6665 5332 3799.400 

2 5880 7450 5960 10534.700 

3 5880 8235 6588 19428.750 

4 5880 9020 7216 46974.400 

5 5880 9805 7844 34108.250 

6 5880 10590 8472 43002.300 

7 5880 11375 9100 53796.050 

8 5880 12160 9728 59408.800 

 

The magnitude of the vertical dynamic load, FDv 

(N) as contained in Table-1 can be identified as the normal 

force, FN (N) acting in a direction perpendicular to the 

horizontal force, FH (N) and the tangential force, FT (N). 

 

4. CONCLUSIONS 

a) Characteristics of the suspension mechanism on the 

wheels of a quarter vehicle for medium-weight 

vehicle type, experienced the largest deviation 0.98 

cm with a vibration time of 1.5 seconds. Within 30 

seconds later, the vibrations begin to shrink and 

disappear in the last 10 seconds. 

b) Medium weight category vehicle with total weight: 

2265 kg > 1942.8 kg, obtained real vertical dynamic 

load greater than 658.8 kg. The percentage decrease 

of dynamic load of vehicles that overload the structure 

of the road by the absorption of the shock absorber is 

55.85%. 
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