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Abstract. This study aims to produce a vertical dynamic load transformation model, 𝐹஽௏ of 
medium weight vehicles that burden the road structure, the form of suspension work 
characteristics on vehicle wheels that experience disturbances and vertical loading, and the 
relationship between vehicle vertical dynamic loads and road structure strength, 𝐹஺଴  in the form 
of a dimensionless parameter. The experiment was carried out at the Pneumatic and Hydraulics 
Laboratory of the State Polytechnic of Ujung Pandang using pneumatic actuators as a substitute 
for vehicle weight. The dynamic load fluctuation of the medium weight category vehicle is 
equivalent to a pressurized air setting from 1 bar to 6 bar which puts a direct load on the suspension 
system on the vehicle’s wheels. The deviation, 𝑌 (cm) that occurs when there is compression on 
the Spring and Shock Absorber can be measured using a distance sensor, while the vertical 
dynamic load, 𝐹஽௏ which burdens the road surface using a Load Cell. The data were analyzed 
using the vehicle dynamic load equation with pressure variable, 𝑃ଶ (bar), spring constant, 𝑘ଶ and 
damping fluid coefficient, 𝑐. A mathematical study of the vibration characteristics of the vehicle 
suspension was obtained using the Mat Lab program. The results showed that the vibration 
characteristics of the vehicle body experienced an overshot at a deviation of 𝑌 is 0.534 m for 
0.131 seconds. The role of the shock absorber in the suspension mechanism can reduce 26.43 % 
of the vertical dynamic load 𝐹஽௏ (N), and in the time interval, t is 3 seconds with acceleration 
deviation, is 0.25 m/s2 begins to feel comfortable. The relationship between vehicle dynamic load, 𝐹஽௏ and road structure strength, 𝐹஺଴  is 0.0178. The data from the comparative analysis is then 
recommended as a consideration for road construction planners to determine the strength and 
service life of the road.  
Keywords: dynamic load, pneumatic cylinder, suspension, vibration, comfortable. 

1. Introduction 

Comfort driving on the road is an important factor that must be experienced for passengers 
and drivers. The current state of affairs is almost all roads that are built, especially in the urban 
sector, are always damaged due to the dynamic load of vehicles which continues to increase 
significantly every time. The problem that occurs today is how to overcome the disturbance of 
driving comfort caused by damage to the road surface. Related to this problem, it is necessary to 
study the work of the suspension system and the dynamic load transformation of the weight of 
vehicles and passengers burdening the road surface. The aim of this research is to obtain comfort 
through the percentage of spring damping and shock absorber on the wheels and the magnitude of 
the effect of the vertical dynamic load of the vehicle being transformed to the road surface. 

The level of comfort when driving according to [1] determined from the acceleration of 
deviation that occurs in an interval of time.  

https://crossmark.crossref.org/dialog/?doi=10.21595/jve.2022.22619&domain=pdf&date_stamp=2022-11-26
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This research is expected to contribute to the application of the development of electro 
pneumatic control technology on suspension test equipment by utilizing a pneumatic actuator as 
a substitute for the weight of the passenger and vehicle body. Variations in the weight of light, 
medium and heavy vehicles that cross the road surface simultaneously and fluctuate will greatly 
affect the stability of the elastic foundation layer of the road to accepting the load. The occurrence 
of the vertical dynamic load of the vehicle according to [2], [3] begins with the loading mechanism 
by weight (sprung mass), 𝑚ଶ and the weight of the axle (un sprung mass), 𝑚ଵ on the suspension 
of each vehicle wheel. Several vibrations generated will affect the stability of the elastic 
foundation of the road in its path.  

The target to be achieved is to form several formula models related to the magnitude of the 
vertical dynamic load of passing vehicles, determine the ability of the elastic foundation of the 
road, comfortable, and produce a ratio between the vertical dynamic load of vehicles and the 
stability of the elastic foundation strength of the inner road in the form of a dimensionless 
parameter.  

2. Suspension system working mechanism 

2.1. Suspension system on vehicle body and wheels 

In general, the vehicle suspension system according to [4], [5] consists of a spring and a shock 
absorber arranged in parallel as shown in Fig. 1. The main function of this suspension is to support 
the weight of the vehicle, provide rider comfort to the road conditions, maintain wheel traction on 
the road surface, and maintain wheel alignment. 

 
a) 

 
b) 

Fig. 1. Mechanism of suspension system on vehicle wheels 

 
a) 

 
b) 

Fig. 2. a) The main components of the heavy vehicle  
wheel suspension system, b) The position of the leaf spring on the wheel 

The layout of the working mechanism of the suspension system on the wheels of heavy 
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vehicles to withstand weight and load is as shown in Fig. 2. 
Experiments that have been carried out by [6] using three types of leaf spring materials, namely 

Mild Steel, Kevlar and S2-Glass have stresses of 40,367 (N/mm2), 63,512 (N/mm2), and 
71,634 (N/mm2), respectively. The magnitude of the deviations generated by the experiment for 
the three materials are 0.169732 (mm), 1.126 (mm), and 1.616 (mm). 

2.2. Mathematical model 

The non-linear mathematical equation of the suspension system on the vehicle wheels [7], [8] 
is formulated in Eq. (1) and Eq. (2). 

The equation for the motion and the transfer function for the wheel, 𝑚ଵ is: 𝑚ଵ 𝑥ሷ + 𝑐𝑥ሶ + ሺ𝑘ଵ + 𝑘ଶሻ𝑥 =  𝑐𝑦ሶ + 𝑘ଶ𝑦 + 𝑘ଵ𝑢, 𝑚ଵ𝑠ଶ + 𝑐𝑠 + ሺ𝑘ଵ + 𝑘ଶሻ𝑋ሺ𝑠ሻ = ሺ𝑐𝑠 + 𝑘ଶሻ𝑌ሺ𝑠ሻ + 𝑘ଵ𝑈ሺ𝑠ሻ. (1)

The equation for the motion and the transfer function for the body, 𝑚ଶ is: 𝑚ଶ𝑦ሷ + 𝑐𝑦ሶ + 𝑘ଶ𝑦 = 𝑐𝑥ሶ + 𝑘ଶ𝑥, (𝑚ଶ𝑠ଶ + 𝑐𝑠 + 𝑘ଶ)𝑌(𝑠) = (𝑐𝑠 + 𝑘ଶ)𝑋(𝑠). (2)

By eliminating 𝑋(𝑠) in Eq. (2), the transfer function of the suspension system to the vehicle 
body for a front wheel view with two degrees of freedom (2DOF) is obtained by comparing the 
output 𝑌(𝑠) and input 𝑈(𝑠) [9]: 𝑌(𝑠)𝑈(𝑠) = 𝑘ଵ(𝑐𝑠 + 𝑘ଶ)𝑚ଵ𝑚ଶ𝑠ସ + (𝑚ଵ + 𝑚ଶ)𝑐𝑠ଷ + ሾ𝑘ଵ𝑚ଶ + (𝑚ଵ + 𝑚ଶ)𝑘ଶሿ𝑠ଶ + 𝑘ଵ𝑐𝑠 + 𝑘ଵ𝑘ଶ. (3)

If 𝑌(𝑠) in Eq. (2) is eliminated and substituted into Eq. (1) then the equation of motion on the 
wheel axis 𝑚ଵ is: 

ሾ𝑚ଵ𝑠ଶ + 𝑐𝑠 + 𝑘ଵ + 𝑘ଶሿ − ቈ (𝑐𝑠 + 𝑘ଶ)ଶ𝑚ଶ𝑠ଶ + 𝑐𝑠 + 𝑘ଶ቉𝑋(𝑠) = 𝑘ଵ𝑈(𝑠). (4)

If on the wheel axis 𝑋(𝑠) as output and road surface disturbance, 𝑈(𝑠) as input, then Eq. (4) 
is simplified by [10] to become: 𝑋(𝑠) 𝑈(𝑠) = 𝑘ଵሾ𝑚ଶ𝑠ଶ + 𝑐𝑠 + 𝑘ଶሿሾ𝑚ଵ𝑠ଶ + 𝑐𝑠 + 𝑘ଵ + 𝑘ଶሿሾ𝑚ଶ𝑠ଶ + 𝑐𝑠 + 𝑘ଶሿ − (𝑐𝑠 + 𝑘ଶ)ଶ. (5)

The magnitude of the values of 𝑐, 𝑘ଵ and 𝑘ଶ is highly dependent on the axle weight 𝑚ଵ and 
body weight 𝑚ଶ of each type of vehicle. The values of these constants have been tested by [11], 
[4] with values of 𝑐 = 4153 Ns/mm, 𝑘ଵ = 40576.1 N/m, and 𝑘ଶ = 32167 N/m. Based on Eqs. (3) 
and (5) will be obtained the magnitude of the output deviation that occurs in the body and wheel 
axis of the vehicle. 

2.3. Effective vertical force 

If the spring and the shock absorber are subjected to varying loads from pressure 𝑃ଶ is 1 (bar) 
to 6 bar, there will be a compression of 𝑥 (mm) which varies as well [12]. The pneumatic cylinder 
piston compression force generated by air pressure 𝑃ଶ (bar) is expressed on Eq. (6) as: 𝐹௞ = 𝜋4𝐷ଶ𝑃ଶ. (6)
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The magnitude of the effective vertical dynamic force by the pneumatic actuator which is 
equivalent to the gravity on the vehicle body Eq. (2) has been formulated by [5], [13], [14] namely: 𝐹௘௙ = 𝐹௣ଶ =  𝑘ଶ𝑦 + 𝑐𝑦ሶ . (7)

If the dimensions of the cylinder used in the experiment are 𝐷 = 100 mm (0.100 m), then based 
on Eq. (7) the compressive force on the suspension mechanism is obtained by substituting the 
value of 𝐹௞ = 785×𝑃ଶ from Eq. (6) to Eq. (7) so that the equation is obtained: 𝐹௣ଶ = 0.9𝑥785 𝑃ଶ = 707 𝑃ଶ = 𝑘ଶ𝑦 + 𝑐𝑦ሶ . (8)

If the spring constant 𝑘ଶ (N/mm), deviation 𝑦 (m) and damping coefficient 𝑐 (Ns/mm) in 
Eq. (8) are determined, then the magnitude of the displacement velocity in the sprung mass, 𝑚ଶ 
is: 

𝑦ሶ = 707 𝑃ଶ−𝑘ଶ𝑦𝑐 . (9)

If the spring and shock absorber are subjected to varying loadings from pressure 𝑃ଶ is 1 (bar) 
to 6 bar on Eq. (9), there will be compression in the direction of compression as far as y (mm) 
which varies as well [15], [9]. 

2.4. Dimensionless parameters 

A dimensionless parameter value in Eq. (10) according to [10], [16] is obtained from the 
comparison between the vehicle's vertical dynamic load stress 𝐹஽௩ (N) against the tire contact area 𝐴௩ (m2) with the road construction surface tension, 𝐹஺௢ (N) on the area, 𝐴௢ (m2) then the 
relationship is obtained: 

𝜎஽௩𝜎௢ = 𝐹஽௏ 𝐴௩ൗ 𝐹௢ 𝐴௢ൗ = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡. (10)

If the tire width 𝑆 is 215 mm (0.215 m), the contact length 𝐿 is 14.5 cm (0.145 m), then the 
contact area is 𝐴௩ = 0.145×0.215 = 0.0312 (m2) and the area of the compression test on the road 
structure 𝐴𝑜 is 1 cm2 (10-4 m2).  

The magnitude of the 𝐹஽௩ value is based on Eq. (7) while the 𝐹஺௢ value refers to the surface 
tension value of the asphalt-coated road previously carried out by [10][17] for Lataston material, 
the surface tension on the road is 𝜎௢ = 100 (kg/cm2) = 1×107 (N/m2) = 1×107 Pa = 10 MPa which 
is: 𝜎௢ = 𝐹஺௢𝐴଴      (N mଶ⁄ )   or   𝐹஺௢ = 𝜎௢𝑥𝐴଴     (N). (11)

Several dynamic loads generated by vehicle loads are transferred to the pavement through the 
contact area between the tires and the road surface evenly. The relationship between the load from 
the vehicle and the type of pavement layer in Eq. (11) that is subjected to loading is described in 
Fig. 3. The layer that receives the largest dynamic load according to [18] is the surface course. 
The point of action of the vertical load 𝐹஽௩ (N) is distributed at an angle of 45° to the point of 
action of each force on the contact surface. The magnitude of the load will burden the road starting 
at the surface course, the base course, the sub base course and the subgrade.  

Furthermore, [19], [20] explained that the surface layer must be strong to withstand all types 
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of forces acting while the top and bottom layers of the foundation must be able to accept vertical 
loads and vibrations. At the bottom of the road layer, namely the subgrade, only gets vertical loads 
from vehicles. 

The dynamic load of the vehicle transferred through each axle which is formulated in Eq. (12) 
is shown in Fig. 4. The amount of pavement surface tension caused by standard vehicle wheels is 
in the range of 550 -700 kPa which is equivalent to (5.5-7) kg/cm2 with the coefficient of rolling 
friction between rubber tires and asphalt surface is 𝑠 = 0.50 [3], [10]. 

The magnitude of the frictional force of the tires wheels rolling against the asphalt-covered 
road surface and the surface tension is: 𝐹௚ = 𝐹௛ =  𝜇௦ ൈ 𝐹஽௩௞, 𝜎 =  𝐹௚𝐴 = 𝐹஽௩௞𝐿 ൈ 𝑠     kg/cmଶ. (12)

 
Fig. 3. Distribution of vertical dynamic load on flexible pavement layers: 𝑅ଵ, 𝑅ଶ= reaction force,  𝐿 = contact area length, 𝑊 = weight/cm, s = tire width, 𝐴 = contact area = 𝐿 ൈ 𝑠, 𝑡 = layer thickness 

 
Fig. 4. Dynamic load transfer and components of the acting forces 

3. Experimental methods and design control 

Medium weight category vehicle according to P.T. Astra International, 2014 has axle load 
(mass un sprung) 𝑚ଵ = 480-600 kg and vehicle weight (mass sprung) 𝑚ଶ= 1185-1990 kg. If an 
experiment is carried out on a quarter wheel of the vehicle, then the axle weight is determined, 𝑚ଵ 
= 150 kg and the body weight 𝑚ଶ= 416 kg. Based on the weights of 𝑚ଵ and 𝑚ଶ the total weight 
obtained is: 𝑚 = 𝑚ଵ + 𝑚ଶ = 566  kg. (13)
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3.1. Experimental testing 

Experimentally, the loading of the pneumatic system on the road structure after going through 
the suspension mechanism was carried out by equilibrating the total body weight of the vehicle 𝑚ଶ (kg) with the effective piston thrust, 𝐹𝑒𝑓 (N) of the cylinder at working pressure 𝑃ଶ is 1 to 6 
(bar). The pneumatic cylinder used as a dynamic load trigger for the vehicle wheel suspension is 
the type DNU – 100 – 300 – PPV-A with dimensions of piston diameter, 𝐷 is 100 mm, connecting 
rod diameter, 𝑑 is 50 mm and stroke length, 𝐿 is 300 mm.  

Several pressure gauges, control valves and test specimens used in this study are shown in 
Figs. 5(a), (b), and (c). The regulator equipped with a manometer is used to regulate the amount 
of working pressure entering the double-acting cylinder.  

 
a) 

 
b) 

 
c) 

Fig. 5. a) Pneumatic system dynamic load testing simulation tool,  
b) load cells, and c) pneumatic cylinders, symbols and dimensions 

Analysis of the shock absorber was carried out by using different springs. The research, which 
was conducted through experimental and mathematical methods, was supported by research 
instrumentation materials and tools, namely: 

a) Optimization of the physical model, by [10] using a pneumatic cylinder of the Type, 
DNU-100-300-PVA (Fig. 5(c)), as a dynamic suspension simulator for the road surface layer with 
the following specifications: 

Piston diameter, 𝐷 = 100 mm, Rare length, 𝐿 = 300 mm and Forward thrust, 𝐹𝑚𝑓 = 4496 N 
and reverse thrust 𝐹𝑚𝑏 = 4221 N at working pressure 𝑃 = 6 (bar), weight of piston,  
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𝑊 = 3.864 kg = 38.64 N, weight/10 mm of piston rod, 𝑤 = 0.090 kg/10 mm. 
b) Optimization of the Mathematical model, using Mat-Lab operating programming with 

reference to Eq. (10) which outputs a suspension vibration graph on a quarter wheel vehicle. The 
block diagram for the optimization of the mathematical model of the suspension work shown in 
Fig. 7 is a stage of the experimental process that uses the vehicle body weight as the INPUT, which 
burdens the suspension work system consisting of spiral springs, shock absorbers, and wheels tires 
that are above the road surface as OUTPUT [7], [20], [21]. 

 
a) 

 
b) c) 

 
d) 

 
e) 

Fig. 6. a) Electro pneumatic control, b) 5/2 Actuation solenoid valve and selection lever,  
c) shock absorber, d) suspension spring, and e) leaf spring 

The mechanism for controlling the motion of the pneumatic actuator on the working 
mechanism of the suspension system on the vehicle wheels is stabilized using electro pneumatic 
control as shown in Fig. 6(a). If the solenoids 𝑌ଵ and 𝑌ଶ are energized when pressing the T button, 
the pneumatic cylinder will load the suspension in the down and up directions. The amount of the 
load can be adjusted by adjusting the air pressure 𝑃ଶ  on the regulator from 1 to 6 bar. Fig. 6(b), 
(c), (d), and (e) shows the 5/2 actuation solenoid valve control device, shock absorber and 
suspension spring and leaf spring respectively. 
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3.2. Motion control design 

The control valve 5/2 which functions as a control valve for the direction of the piston 
movement is equipped with a solenoid actuation or mechanical lever which can be used at any 
time during the initial preparation of the experiment. For the development of digital control, 
according to [12], [22] the actuation of the lever can be replaced by a solenoid actuation which is 
actuated by electric power of 24 volts DC.  

 
a) 

 
b) 

Fig. 7. a) Mathematical model suspension work optimization, b) block diagram 

The mathematical equation of the schematic diagram shown in Fig. 7(a) is simplified in the 
block diagram in Fig. 7(b) as follows: 

ቐ𝑌(𝑠) = 𝐹𝑈(𝑠),𝑍(𝑠) = 𝐹𝐺𝑈(𝑠),𝑋(𝑠) = 𝐹𝐺𝐻𝑈(𝑠), (14)

where 𝑋, 𝑌, 𝑍 are the output signals from the axle, pneumatic actuator, and suspension system, 
respectively, while (𝑠) is a complex variable, whereas 𝐹, 𝐺, 𝐻 and 𝑈 are respectively a transfer 
function of the pneumatic actuator, suspension system, and axle, while 𝑈 is the input signal in the 
form of compressed air from the compressor. 

If the actuator force 𝐹 = 𝐹௘௙ =707𝑃ଶ as in Eq. (8) whereas 𝑋(ௌ) 𝑢(ௌ)⁄ = 𝐹𝐺𝐻 =  707𝑃ଶGH 
then based on Eq. (8) Eq. (14) is obtained as follows: 𝑋(ௌ)𝑢(ௌ) = 𝐹𝐺𝐻 =  707𝑃ଶGH = 707𝑃ଶ𝑘ଵሾ𝑚ଶ𝑠ଶ + 𝑐𝑠 + 𝑘ଶሿሾ𝑚ଵ𝑠ଶ + 𝑐𝑠 + 𝑘ଵ + 𝑘ଶሿሾ𝑚ଶ𝑠ଶ + 𝑐𝑠 + 𝑘ଶሿ − (𝑐𝑠 + 𝑘ଶ)ଶ. (15)

The transfer function equation in Eq. (13) is a combination of tiered transfer functions starting 
at the pneumatic actuator producing a force 𝐹௘௙ = 707𝑃ଶ. The magnitude of the force will actuate 
the suspension system and the wheel axis so as to produce a fluctuating deviation. As a result of 
the fluctuating drift, it will also produce variations in vertical dynamic loads on the road surface, 
as shown in Eq. (14). 

4. Results and discussion 

Programming with Mat-Lab software which refers to Eqs. (3) and (5) produces vibration 
characteristics on the body which are very dependent on the dimensions of the obstacles on the 
road surface. If the wheel of the vehicle is experiencing obstacles, 𝑈 as high as 10 cm or equal to 
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0.1 m is used as an INPUT in the program, then a graph of the vibration characteristics of the 
vehicle body is obtained as in Fig. 8(a) with an overshot amplitude of 0.156 m in 0.613 seconds. 
The characteristic of the largest deviation that occurs in the wheel with the tire after passing 
through an obstacle as high as 𝑈 = 0.1 m is to produce an amplitude of 0.155 m in a very short 
time of 0.126 seconds. 

The overshot condition that occurs is caused by a sudden reaction in a very short time of 
0.65 (s) to the suspension system beyond its stable state, 0.1 m. The magnitude of the overshot 
amplitude is obtained from the difference between the maximum deviation, 0.153 m and the steady 
state deviation, 0.1 m, which is 0.053 m. The overshot condition will disrupt the stability of the 
vehicle’s motion which has implications for driving discomfort. 

4.1. Percentage of damping in suspension 

The results of the above program execution produce vibration characteristics in the suspension 
as a result of dynamic loads that occur vertically. If given INPUT resistance, 𝑈 is 10 cm (0.1 m), 
then the suspension on the wheels will experience vibration with a maximum deviation,  𝑋 = 0.155 m with a vibration time of 0.126 s. Conditions started to stabilize at 𝑋 = 0.0995 m with 
a period of 1.6 (s). Previous researchers [20] obtained a proportional displacement of 0.12 m at 
the wheel of the vehicle which was measured as strain using a WIM sensor placed just below the 
tire. To optimize the damping that occurs in the suspension system, it can be done by comparing 
the damping force of the overshot condition, 𝐹𝑐 (N) to the dynamic load of the vehicle, 𝐹𝐷௩ (N). 
The magnitude of the opposing force that dampens during the overshot condition, is equal to: 𝐹𝑐 = 𝐶(𝑋𝑑 − 𝑌𝑑) = 1000 Ns m⁄ × 1.496 m s⁄ = 1496 N. (16)

The dynamic load of the vehicle, 𝐹𝐷௩ is 5660 N, which is obtained from the total weight of 
the axle 𝑚ଵof 150 kg (1500 N) and the weight of the vehicle body 𝑚ଶ of 416 kg (4160 N). So the 
optimal damping percentage is: 𝐹஼𝐹𝐷௏ × 100 % =  14965660 × 100 % =  26.43 %. (17)

4.2. Vibration characteristics 

It should be noted that the comfort felt on the vehicle is often disturbed by the uneven shape 
of the road surface, defects with potholes, bumps and filled with mound-shaped materials and so 
on. Comfort can also be felt by passengers and drivers when the shock absorber (despot) 
dampening mechanism is able to absorb the energy from the vertical dynamic load of the vehicle 
properly. This is caused by the circulation of liquid or gas fluid which is determined by the 
arrangement of the flow control valve in the cylinder chamber.  

The characteristic form of vibration on the wheel suspension of a medium weight vehicle as 
shown in Fig. 8(a), (b) caused by obstacles on the road surface as high as 𝑈 = 0.1 (m) is a reaction 
to the total dynamic load of the vehicle which produces a maximum deviation (Overshot). Each 
of these conditions occurs in the body of 𝑌 = 0.156 m with a vibration time of 𝑡 = 0.613 s and on 
the wheel axis of 𝑋 = 0.155 m with a vibration time of 𝑡 = 0.126 s. 

The characteristic form of the displacement velocity on the body and axle of the vehicle in 
Fig. 9(a) shows that moderate at 𝑌𝑑 is 0.534 m/s when 𝑡 is 0.131 s, and in Fig. 9(b), it occurs at 𝑋𝑑 is 2.03 (m/s), when 𝑡 is 0.0569 (s ), while the drift rate at the lowest body 𝑌𝑑 is 0.0015 m/s 
when the vibration time 𝑡 is 3.32 s and then at the wheel axis 𝑋𝑑 is 0.000547 m/s on a vibration 
time 𝑡 is 2.0 s. The magnitude of the relative displacement speed of the wheel axle with respect to 
the vehicle body in the medium weight category is: (𝑋𝑑 − 𝑌𝑑) = (2.03-0.534)= 1.496 m/s. 

The graph shows that the deviation speed is quite large due to a sudden shock to the wheel. 
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This overshot condition cannot last long because of the opposing force from the spring and shock 
absorber. The magnitude of the opposing force that dampens the overshot condition can be 
calculated by: 𝐹𝑐 = 𝐶(𝑋𝑑 − 𝑌𝑑)=1000 Ns/m×1.496 m/s = 1496 N. 

 
a) 

 
b) 

Fig. 8. a) Characteristics of deviation on the vehicle body, b) axle of vehicle  
with INPUT resistance, 𝑈 is 0.1 m 

Fig. 10 shows a maximum displacement acceleration of 6.31 m/s2 when experiencing a short 
overshot for 0.059 s. Convenience is felt by the driver when experiencing an acceleration of 
deviation with an amplitude of 0.85 m/s2 in an interval of 1 s. 

If the standard tire dimensions for a medium-weight vehicle are; width 𝑠 is 0.215 m, contact 
length, 𝐿 is 0.145 m, then the area of contact between the tire and the road surface is obtained,  𝐴௩ = 0.0312 m2. 

The transformation of the 𝐹஽௏ vertical dynamic load of 5660 N to the surface contact area 
between the tire and the road is 𝐹஽௩ 𝐴௩⁄ =  5660 0.0312⁄ = 177853 N/m2. If the standard strength 
of the road structure receives a vehicle dynamic load of 𝜎௢ = 𝐹஺௢ 𝐴௢⁄  = (10000) MPa = 1.0×107 
Pa  = 1.0×107 N/m2, then based on Eqs. (10) and (11) obtained the relationship between dynamic 
load transformation and road strength to withstand the load in the form of a dimensionless 
parameter of: 

𝑘ௗ௩௧ = 𝐹஽௩/஺௩𝐹஺଴/஺௢ = 1778531𝑥10଻ = 0.0178. (18)
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a) 

 
b) 

Fig. 9. a) Characteristics of displacement velocity on the vehicle body with resistance 𝑈 is 0.1 m;  
b) characteristics of speed deviation on the wheel axis of the vehicle 𝑖th resistance, 𝑈 is 0.1 m 

 
Fig. 10. Deviation acceleration on the vehicle body 

5. Conclusions 

The vertical dynamic load transformation model that supports the road structure is obtained 
from the graph which is shown by the relationship between the deviations, each on the body of 𝑌 
is 0.156 m, vibration time 𝑡 is 0.613 s and on the wheel axis of 𝑋 is 0.155 m, time vibrates 𝑡 is 
0.126 s with the displacement speed of the wheel axis relative to the vehicle body (𝑋𝑑 − 𝑌𝑑) is 
1.496 m/s.  

From the graph of the acceleration of the vibration displacement, 𝑌ሷ = 𝜕𝑣 𝜕𝑡⁄  which is 
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obtained is 0.85 m/s2 in vibration time, 𝑡 is 1 second, indicating that the passengers and drivers do 
not feel comfortable driving, but in the time interval, 𝑡 is 3 seconds with acceleration deviation, is 
0.25 m/s2 begins to feel comfortable. 

The relationship between the vertical dynamic load of vehicles and the strength of the road 
structure is a contribution to the study of road strength which is expressed in the form of a 
dimensionless parameter of 𝑘ௗ௩௧ is 0.0178. 
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