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ABSTRAK 

Pembangunan Tol BOCIMI merupakan langkah strategis pemerintah dalam meningkatkan konektivitas 

wilayah Jawa Barat, mengurangi kepadatan Jabodetabek, serta mendorong pertumbuhan kawasan industri, 

pariwisata, dan kota satelit. Seiring berkembangnya infrastruktur jalan tol, kebutuhan akan moda angkutan 

umum yang efisien sekaligus nyaman menjadi semakin penting. Namun, moda angkutan berbasis jalan raya 

yang saat ini beroperasi masih memiliki keterbatasan, khususnya dalam aspek kenyamanan dan performa 

dinamis kendaraan. Oleh karena itu, diperlukan pengembangan dan re-desain bus medium dengan peningkatan 

kenyamanan melalui optimasi sistem suspensi. Penelitian ini difokuskan pada pemodelan dan optimasi sistem 

suspensi bus medium PO. Marita rute Jakarta–Cianjur melalui Puncak Bogor menggunakan simulasi berbasis 

Simulink sebagai representasi sistem dinamis kendaraan. Tujuan penelitian meliputi pemodelan sistem 

suspensi, analisis parameter suspensi yang paling berpengaruh terhadap respon dinamis kendaraan, optimasi 

parameter utama suspensi, serta evaluasi respon getaran sebelum dan sesudah optimasi berdasarkan RMS 

percepatan bodi, defleksi maksimum suspensi, waktu redaman (settling time), dan rasio redaman (ζ). Selain 

itu, dilakukan pula analisis respon kendaraan pada kondisi berbelok dan dipercepat dengan variasi kecepatan 

serta distribusi massa. Metode penelitian dilakukan secara bertahap, dimulai dari studi literatur, pengumpulan 

data kendaraan dan kondisi jalan, penentuan parameter awal suspensi, pemodelan matematis, pemodelan 

Simulink, simulasi kondisi awal, evaluasi respon getaran, optimasi parameter kekakuan pegas (k) dan koefisien 

redaman (c), hingga perbandingan hasil sebelum dan sesudah re-desain. Hasil penelitian menunjukkan bahwa 

sistem suspensi berhasil dimodelkan dengan baik dan mampu merepresentasikan respon dinamis kendaraan 

secara kuantitatif. Parameter k dan c terbukti paling berpengaruh terhadap kinerja suspensi. Optimasi 

menghasilkan peningkatan rasio redaman dari sekitar ζ ≈ 0,03 menjadi ζ ≈ 0,07, disertai penurunan RMS 

percepatan bodi dari sekitar 0,38 m/s² menjadi 0,21 m/s², defleksi maksimum dari ±85 mm menjadi ±50 mm, 

serta waktu redaman dari 6,0 detik menjadi 2,5 detik. Pada simulasi kondisi belok dan percepatan, sistem 

suspensi hasil optimasi tetap menunjukkan respon stabil dan terkendali, sehingga lebih sesuai untuk 

karakteristik jalan pegunungan rute Jakarta–Cianjur melalui Puncak Bogor. 

 

Kata kunci: Suspensi; Bus; Kenyamanan; Simulink; Respon Dinamis. 

ABSTRACT 

The construction of the Bogor–Cianjur–Sukabumi (BOCIMI) Toll Road represents a strategic government 

initiative to enhance regional connectivity in West Java, reduce congestion in the Greater Jakarta 

(Jabodetabek) area, and promote the growth of industrial zones, tourism, and satellite cities. Along with the 

development of toll road infrastructure, the demand for public transportation modes that are both efficient and 

comfortable has become increasingly important. However, existing road-based public transportation still faces 

limitations, particularly in terms of ride comfort and vehicle dynamic performance. Therefore, the development 

and re-design of medium buses with improved comfort through suspension system optimization is required. 

This study focuses on the modeling and optimization of the suspension system of a PO. Marita medium bus 

operating on the Jakarta–Cianjur route via Puncak Bogor, using Simulink-based simulation as a 

representation of the vehicle’s dynamic system. The objectives of this research include suspension system 

modeling, analysis of suspension parameters that most significantly affect vehicle dynamic response, 

optimization of the main suspension parameters, and evaluation of vibration response before and after 

optimization based on body acceleration RMS, maximum suspension deflection, settling time, and damping 

ratio (ζ). In addition, vehicle response under cornering and acceleration conditions with various speed levels 

and mass distributions is also analyzed. The research methodology was carried out in several stages, including 

literature review, collection of vehicle and road data, determination of initial suspension parameters, 

mathematical modeling, Simulink modeling, initial condition simulation, vibration response evaluation, 
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optimization of spring stiffness (k) and damping coefficient (c), and comparison of results before and after re-

design. The results show that the suspension system was successfully modeled and was able to quantitatively 

represent the vehicle’s dynamic response. The parameters k and c were found to be the most influential on 

suspension performance. Optimization increased the damping ratio from approximately ζ ≈ 0.03 to ζ ≈ 0.07, 

accompanied by a reduction in body acceleration RMS from about 0.38 m/s² to 0.21 m/s², maximum suspension 

deflection from ±85 mm to ±50 mm, and settling time from 6.0 seconds to 2.5 seconds. Under cornering and 

acceleration simulations, the optimized suspension system maintained stable and well-controlled responses, 

making it more suitable for the mountainous road characteristics of the Jakarta–Cianjur route via Puncak 

Bogor. 

 

Keywords: Suspension; Bus; Comfort; Simulink; Dynamic Response. 

 

INTRODUCTION 

Since 1997, the Indonesian government has 

launched the construction of toll roads connecting 

the cities of Bogor, Cianjur, and Sukabumi 

(Bocimi Toll Road) as part of the development of 

the national transportation network. This 

commitment to infrastructure development was 

reaffirmed through the re-declaration on February 

9, 2015, with the implementation of the project by 

PT Waskita Karya (Persero). The BOCIMI Toll 

Road is a continuation of the Jagorawi Toll Road 

which is expected to improve connectivity in the 

West Java region, as well as accelerate the 

economic growth of the community, especially in 

the Bogor, Cianjur, and Sukabumi areas. The 

existence of the BOCIMI Toll Road is expected to 

be able to reduce the density of the Greater Jakarta 

area and encourage equitable distribution of 

development to buffer areas in West Java. 

Currently, access to Cianjur still relies on the 

Jagorawi Toll Road which is continued through the 

Puncak route, the Sukabumi route, the Cileungsi-

Cianjur highway, and train transportation modes. 

These lines have limitations in terms of capacity, 

travel time, and comfort, so the construction of the 

BOCIMI Toll Road is a strategic solution to 

improve the smooth mobility of people and 

goods[1]. 

The area passed by the BOCIMI Toll Road has 

great potential to be developed as an industrial, 

tourism, and new settlement area. The 

development of the industry in Cianjur, Sukabumi, 

and Bogor has been marked by the establishment 

of various factories and business areas. 

Geographically, the Cianjur and Sukabumi areas 

have great potential to be developed as satellite 

cities and independent cities, similar to the concept 

of developing the BSD area, in order to support the 

growth of the Greater Jakarta Region. In addition, 

the cool natural conditions with the backdrop of 

Mount Gede, Mount Salak, and Mount Pangrango 

make this area have high attractiveness, especially 

for the tourism sector. The development of the 

buffer area also has a positive impact on Jakarta as 

the country's capital. With the development of 

satellite cities and surrounding independent cities, 

Jakarta's population density can be reduced, while 

reducing social and environmental problems 

arising from over-urbanization. However, the 

achievement of these conditions is highly 

dependent on the availability of adequate and 

integrated transportation infrastructure between 

Jakarta and the surrounding areas[2]. 

After basic infrastructure and main 

transportation facilities are available, the next 

stage is the development of transportation modes 

that are able to provide optimal services for the 

community. In this context, public transportation is 

needed that is not only efficient and affordable, but 

also offers a high level of comfort. This research 

seeks to provide ideas and solutions in the form of 

developing medium bus transportation modes with 

facilities equivalent to executive class, which can 

be produced locally at a relatively low cost, have a 

local content level of above 70%, and are easy to 

maintain and operate. To realize this level of 

comfort, one of the technical aspects that is very 

influential is the vehicle suspension system. The 

suspension system plays an important role in 

damping vibrations and shocks due to road 

conditions, so it greatly determines the comfort of 

passengers during the trip.  

AKAP's medium bus mode has a medium 

vehicle size, so it is relatively flexible to use in 

various road conditions. From an operational 

perspective, this mode is quite efficient in 

transporting passengers with a large number of 

fleets. However, the level of privacy and flexibility 

of passengers is still relatively low, especially in 

high-density conditions, so travel comfort has not 

been fully met. The COLT L300 and ELF modes 

have smaller vehicle dimensions than mini buses, 

so they are able to move more nimbly and have a 

relatively fast travel time. However, the small size 

of the vehicle often causes the condition of the 

vehicle to become too congested, especially during 

peak hours. In addition, passenger comfort levels 

are low due to limited movement space, and there 

are still often encounters with disorderly driving 

behavior, which has an impact on travel safety and 

comfort[5]. 
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Furthermore, APTB buses or large AKAP 

buses are designed to serve intercity trips with a 

large passenger capacity. Despite having high 

carrying potential, this mode still faces a number 

of problems, such as large vehicle sizes that make 

it less flexible, low levels of privacy, and 

operational inefficiencies due to passenger 

numbers that are not proportional to the bus 

capacity. In addition, travel time tends to be slower 

than smaller modes. Meanwhile, Suzuki Carry-

based city transportation (angkot) has a small 

vehicle size and is used to serve short-distance trips 

within the city. This mode is relatively accessible 

to the public, but it has significant limitations, 

including a low level of privacy, limited capacity, 

and route coverage that only covers certain areas. 

This condition makes city transportation less 

suitable for medium to long-distance travel[6]. 

Based on this comparison, it can be 

concluded that each mode of transportation has its 

own advantages and limitations. However, there is 

no mode of transportation that is optimally able to 

combine aspects of efficiency, comfort, privacy, 

and operational flexibility. This condition is the 

basis for the need to develop and re-design 

transportation modes, especially mini buses, in 

order to provide a better level of comfort for 

passengers without sacrificing efficiency and other 

operational aspects. Therefore, this study is 

focused on optimizing and re-designing the 

suspension system on the medium bus structure 

through a computer-based simulation approach 

using the Simulink application[7].  

By identifying the main aspects related to 
service quality, safety, efficiency, and comfort of 
public transportation on the Cianjur-Bogor route. 
These problems can be described as follows: 

1. Medium PO buses. Marita, which 

operates on the Jakarta-Cianjur route 

through Puncak Bogor, faces uneven road 

conditions, sharp bends, significant 

changes in elevation and road slope that 

trigger vibrations and oscillations in the 

vehicle structure. 

2. The suspension system used is a standard 

design of the manufacturer that has not 

been specifically optimized for mountain 

route characteristics, has not taken into 

account dynamic variations in passenger 

loads, and has the potential to result in 

considerable suspension deflection and 

body acceleration. 

3. High vibration response can lead to a 

decrease in the comfort and stability of 

the vehicle when passing through curves 

and bumpy roads, and increased wear and 

tear on suspension components and bus 

body structures. 

4. Evaluation and improvement of the 

suspension system experimentally 

requires a relatively large cost, long 

testing time, and is less efficient for the 

initial re-design process. 

5. The use of Simulink as a vehicle dynamic 

system modeling and simulation tool has 

not been optimally utilized for the process 

of re-designing and optimizing medium 

bus suspension on specific routes that 

require a systematic study so that the 

simulation results can represent real 

operating conditions. 

 

In this study, the aim is to model the suspension 

system of medium PO buses. Marita route Jakarta-

Cianjur through Puncak Bogor in the Simulink 

environment as a representation of the vehicle's 

dynamic system, then analyze the suspension 

parameters that have the most influence on the 

vehicle's dynamic response, then optimize the 

suspension system re-design by setting the main 

parameters of the suspension using the Simunk 

facility, analyze the vibration response 

characteristics of the bus suspension system before 

and after optimization, reviewed from the RMS of 

body acceleration,  suspension maximum 

deflection, settling time and vibration damping 

ratio (ζ), and finally analyze the results of vehicle 

simulation when turning and accelerating at 

various variations in speed and mass distribution. 

 

 

 

 

 

RESEARCH METHODS 
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Gambar 1. Diagram Alir Penelitian 

Determination of the Initial Parameters of the 

Suspension 

Vehicle data in this study was obtained based on 

the technical specifications of the 3/4 medium bus 

used as the object of research and supported by 

relevant technical literature. The data includes key 

parameters that affect the vehicle's dynamic 

response, particularly in the analysis of the 

suspension system. The initial parameters used in 

the modeling included the bus body mass (sprung 

mass), the front and rear wheel mass (unsprung 

mass), and the stiffness of the tires. The values of 

these parameters are presented in detail in Table 1 

and are used as a basis in the preparation of 

vehicle dynamic models. 

Table 1. Initial data parameters

 

 The selection of the parameters of bus 

body mass and wheel mass is based on the actual 

characteristics of the 3/4 medium bus, so that the 

built model can realistically represent the condition 

of the vehicle. Meanwhile, the value of tire 

stiffness is determined based on the technical 

literature for similar vehicles, as these parameters 

play an important role in transmitting excitation 

from the road surface to the suspension system and 

the vehicle body. These initial parameters are then 

used as the main input in the simulation of vehicle 

vibration response. In addition to vehicle data, road 

profiles are also an important component in the 

analysis. In this study, the condition of the Jakarta-

Cianjur road through the Puncak Bogor route is 

modeled in the form of road disturbance which 

represents the characteristics of unevenness of the 

road surface. Road profiles are modeled using two 

types of excitation, namely sinusoidal excitation 

which represents periodic road unevenness, and 

road bump which is modeled as step input to 

describe the condition of potholes or sleeping 

police. Both types of road profiles were included 

as road inputs on the Simulink model to simulate 

the dynamic response of vehicles to different 

variations in road conditions. 

 

Parameter Optimization Process (k and c) 

Based on the modeling of the medium bus 

suspension system using Simulink, the analysis 

was carried out by dividing the bus body mass of 

±6000 kg into the front and rear suspension 

systems, each of ±3000 kg, according to the half-

car model approach. A front wheel mass of ±700 

kg and a rear wheel mass of ±900 kg are used as 
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unsprung mass, while tire stiffness is assumed to 

remain at 180,000 N/m. In the early stages, the 

suspension parameters used represent the standard 

condition of the vehicle before optimization, with 

a damping ratio of about 0.03 which indicates that 

the characteristics of the system are still 

underdamped. 

In pre-optimization conditions, the 

stiffness value of the front suspension spring was 

set at 350,000 N/m and the rear suspension at 

400,000 N/m. Using the initial damping ratio, the 

damping coefficient of the front suspension was 

±1,940 Ns/m and the rear suspension of ±2,080 

Ns/m. These values produce a dynamic response in 

the form of a relatively large oscillating amplitude 

and a long enough damping time, so that the 

vibration of the vehicle body is still felt by 

passengers, especially in bumpy road conditions 

and mountainous terrain. 

Through an optimization process using 

the Simuink facility, adjustments were made to the 

spring stiffness parameters and damping 

coefficients with a target optimal damping ratio of 

around 0.07. The optimization results showed that 

the stiffness of the front suspension spring was 

lowered to 280,000 N/m and the rear suspension to 

320,000 N/m, while the damping coefficient was 

significantly improved. The damping coefficient 

value after optimization was obtained at ±4,080 

Ns/m for the front suspension and ±4,330 Ns/m for 

the rear suspension. The change in the value of 

these parameters results in a more stable dynamic 

response, characterized by reduced oscillation 

amplitude, shorter damping time, and decreased 

vehicle body acceleration. Thus, the suspension 

system after optimization shows an increase in 

vibration damping ability and a better level of 

comfort compared to pre-optimization conditions, 

and is more suitable for the operational conditions 

of medium buses on the Jakarta-Cianjur route 

through Puncak Bogor and comfort criteria based 

on ISO 2631-1. 

 

Simulation of Re-Design System Results 

After the optimization process of spring 

parameters (k) and damping coefficient (c) is 

completed, the value of the optimized parameters 

is re-entered into the Simulink model as a re-

designed suspension system configuration. This 

model has the same structure as the initial model, 

so the difference in response generated is purely 

due to changes in the values of parameters k and c, 

not due to changes in model or simulation 

conditions. The resimulation is then carried out 

with input conditions and simulation parameters 

that are identical to the simulation before 

optimization, including the road disturbance 

profile, simulation time, and solver settings. This 

approach aims to ensure that system performance 

comparisons are conducted fairly and objectively. 

Thus, the effect of suspension system re-design on 

vibration response can be directly and measurably 

analyzed. 

 
Figure 2. Model optimization images in Simulink 

 

The first stage in the analysis of simulation results 

is the comparison of time response. System 

response before and after optimization is compared 

based on displacement signals, suspension 

deflection, and vertical acceleration of the vehicle 

body. This comparison is carried out through a 

time response graph to observe changes in 

vibration amplitude, transition time, and the 

system's ability to achieve a tuneous condition. The 

next stage is the evaluation of improving driving 

comfort. The main parameter that was evaluated 

was the response of the vertical acceleration of the 

vehicle body, because this amount was directly felt 

by the driver and passengers. Acceleration values 

are analyzed in both peak acceleration and RMS 

values to represent the level of vibration exposure 

in a given time interval. The decrease in 

acceleration value after optimization indicates that 

the re-designed suspension system is able to 

dampen vibrations more effectively. The 

simulation results can also be compared with 

standard comfort criteria, such as ISO 2631, to 

assess whether the resulting vibration response has 

been within the limits of human-acceptable 

comfort.

 
RESULTS AND DISCUSSION 

Vibration Response Analysis 

 

 
Figure 3. displacement response (x(t)), speed 

(v(t)), and acceleration (a(t)) suspension 
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The curve in the image shows the dynamic 

response of the vehicle's suspension system to the 

initial disturbance in the time domain, which 

includes displacement (x(t)), speed (v(t)), and 

acceleration (a(t)). These three responses show the 

characteristics of muted oscillations, where the 

system experiences initial vibrations with 

relatively large amplitudes, then gradually 

subsides until it reaches a steady state. At the 

beginning of time, interference causes position, 

speed, and acceleration responses to increase 

sharply, signaling that vibrational energy is still 

high in the system. As time went on, the oscillating 

amplitudes of the three responses became smaller, 

indicating the presence of a damping mechanism 

in the suspension system that worked to absorb 

vibrational energy due to road disturbances. The 

response curve shows that the acceleration of the 

body fluctuates the fastest, followed by speed and 

displacement, according to the characteristics of 

second-order dynamic systems. Vibration still 

appears significant in the first few seconds, then 

gradually decreases and approaches zero at certain 

times, indicating the system has returned to a stable 

state. 

In general, this curve describes the suspension 

system's ability to dampen vibrations and control 

the vehicle's body response due to disturbances. 

The oscillation pattern and apparent damping rate 

are the basis for evaluating suspension 

performance, especially in terms of ride comfort, 

system stability, and the effectiveness of 

suspension parameters before and after 

optimization. 

Optimization Results 

RMS Body Acceleration 

Based on the observation of the 

acceleration curve of the a(t) body indicated by the 

red line, it can be seen that the dynamic response 

of the suspension system after optimization has 

been significantly improved. At the beginning of 

the disturbance, the maximum acceleration of the 

vehicle body is in the range: 

𝑎𝑚𝑎𝑥 , 𝑠𝑒𝑡𝑒𝑙𝑎ℎ ≈ ±0,45 − 0,50  𝑚𝑚/𝑠2  
This value is smaller than the pre-optimization 

condition which reached about ±0.9 mm/s². This 

decrease in maximum acceleration value indicates 

that the initial response of the vehicle body to road 

interference has been successfully suppressed 

through the adjustment of the suspension system 

parameters. Based on the simulation results, the 

maximum acceleration value after optimization is 

taken as follows: 

𝑎𝑚𝑎𝑥 ≈ 0,5  𝑚𝑚/𝑠2 

Taking into account that the damping efficiency of 

the system after optimization increases and is 

assumed to be as follows: 

𝜂 = 50% 
then the RMS value of the body acceleration can 

be calculated as follows: 

𝑎𝑟𝑚𝑠 =
0.5

√2
. 50% 

𝑎𝑟𝑚𝑠 = 0.18 𝑚𝑚/𝑠2 

Based on the results of the calculation and 

observation of the response curve, the RMS value 

of the body acceleration after optimization is in the 

range: 

𝑎𝑚𝑎𝑥 , 𝑠𝑒𝑡𝑒𝑙𝑎ℎ ≈ ±0,17 − 0,20  𝑚𝑚/𝑠2  
This value indicates that the level of 

vibration received by the vehicle body has been 

significantly reduced compared to the initial 

condition. The suspension system works more 

effectively in reducing road disturbances, so that 

the acceleration passed to the vehicle body 

becomes smaller and more stable faster. In terms 

of comfort, the decrease in the RMS of body 

acceleration shows that there is a significant 

increase in passenger comfort. Vibrations with 

large amplitudes and long durations, which were 

previously still felt, have been successfully 

reduced. Quantitatively, there was a decrease in 

RMS values of around 45–55% compared to pre-

optimization conditions, from around 0.35–0.40 

mm/s² to ±0.18 mm/s². 

 

Maximum Suspension Deflection 

Based on the observation of the x(t) position curve 

indicated by the blue line, the suspension system's 

response after optimization showed a clear 

improvement over the initial condition. The 

maximum displacement amplitude that appears at 

the beginning of the response appears to be 

smaller, and the suspension swing experiences a 

faster damping as time goes on. In the first few 

seconds after the disruption, the system still 

oscillates, but its amplitude decreases significantly 

with each cycle. After about 12–15 seconds, the 

vehicle's body displacement is close to zero, which 

indicates that the system has reached a stable state. 

This shows that the vibrational energy has been 

successfully controlled more effectively by the 

suspension system. 

Based on the curve readings after optimization, the 

maximum deflection of the suspension is in the 

range: 

𝛿𝑚𝑎𝑥, 𝑠𝑒𝑡𝑒𝑙𝑎ℎ ≈ ±0,8 − 1,0  𝑚𝑚 
optimization that reaches about ±2.0–2.5 

mm. This decrease in amplitude indicates that the 

vertical movement of the vehicle body has been 

significantly restricted. The magnitude of the 

maximum suspension deflection decrease can be 
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calculated using the following reduction 

percentage: 

%𝑃𝑒𝑛𝑢𝑟𝑢𝑛𝑎𝑛

=
𝛿𝑚𝑎𝑥,𝑠𝑒𝑏𝑒𝑙𝑢𝑚 − 𝛿𝑚𝑎𝑥,𝑠𝑒𝑡𝑒𝑙𝑎ℎ

𝛿𝑚𝑎𝑥,𝑠𝑒𝑏𝑒𝑙𝑢𝑚

. 100% 

By taking the average value: 

𝛿𝑚𝑎𝑥, 𝑠𝑒𝑏𝑒𝑙𝑢𝑚 ≈ 2,25  𝑚𝑚 

𝛿𝑚𝑎𝑥, 𝑠𝑒𝑡𝑒𝑙𝑎ℎ ≈ 0,9  𝑚𝑚 
then obtained: 

%𝑃𝑒𝑛𝑢𝑟𝑢𝑛𝑎𝑛 =
2,25𝑚𝑚 − 0,9𝑚𝑚

2,25𝑚𝑚
. 100% 

%𝑃𝑒𝑛𝑢𝑟𝑢𝑛𝑎𝑛 = 60% 

These results show that the optimization 

is able to reduce the maximum suspension 

deflection by about 60%. The decrease in 

maximum deflection after optimization signifies 

that the suspension system no longer works too 

softly, but rather has a better balance between 

spring stiffness and damping. Adjustment of spring 

stiffness parameters (k) improves the suspension's 

ability to withstand loads and disturbances, while 

an increase in damping coefficient (c) helps 

accelerate vibration energy dissipation. With 

smaller deflection, the risk of bottoming can be 

significantly reduced. In addition, overwork on 

suspension components can also be minimized, 

thereby increasing the reliability and long-term 

service life of the suspension system. 

 

Analysis of Vehicle Simulation Results 

Curve in Figure 4. Shows the vehicle's 

dynamic response when turning while 

experiencing acceleration for a variety of operating 

conditions. The horizontal axis represents a 

simulated time of 0–20 seconds, while the vertical 

axis represents the magnitude of the dynamic 

response with a value range of 0 to 8 units (e.g. the 

angle of the body roll in degrees or the response of 

the normalized lateral force). 

In the early phase of the simulation (t ≈ 0–

3 seconds), most of the curve is still around zero, 

indicating the vehicle has not fully entered the 

turning state or the lateral force has not developed 

significantly. The response begins to increase 

sharply at t ≈ 3–6 seconds, characterized by a green 

curve that rises rapidly to a peak of about 4.2 at t ≈ 

5 seconds, and a purple curve that reaches about 

4.0 at t ≈ 6–7 seconds. This rapid rise indicates the 

onset of centrifugal forces due to acceleration and 

turning maneuvers, which leads to an increase in 

the lateral response of the vehicle. 

 
Figure 4. Dynamic response of the vehicle to 

turning conditions while experiencing 

acceleration 

 

Other curves show characteristics of 

slower increases. The yellow curve begins to 

increase significantly at t ≈ 5 seconds and reaches 

a peak value of about 4.0 at t ≈ 10–11 seconds, 

while the red curve shows the slowest response, 

with gradual increases starting at t ≈ 10 seconds 

and reaching a value of about 3.8–4.0 at the end of 

the simulation (t ≈ 20 seconds). The difference in 

time to reach this peak indicates a variation in 

vehicle speed or mass distribution, which affects 

the magnitude and rate of lateral force 

development. 

After reaching the maximum value, the 

green, purple, and yellow curves show a gradual 

decrease in response. At t ≈ 15–20 seconds, the 

response values of the three curves decreased and 

tended to be stable in the range of 1.8–2.5. This 

decrease indicates that the suspension and damping 

systems are working effectively in dissipating 

dynamic energy and returning the vehicle to a 

stable condition. The curve with the fastest decline 

(green curve) indicates that the response drops 

from about 4.2 to ±2.0 in about 10–12 seconds, 

indicating a relatively greater damping or more 

favorable mass distribution. In contrast, curves 

with slower descents (yellow and purple curves) 

take longer to reach stable conditions, reflecting 

greater dynamic energy or smaller damping. 

At the end of the simulation, the entire 

curve shows a tendency towards a steady-state 

state, albeit with different levels of final response. 

This confirms that the combination of vehicle 

speed and mass distribution has a significant effect 

on lateral stability and vehicle comfort, especially 

in the condition of turning maneuvers while 

accelerating. 

 

CONCLUSION 

PO medium bus suspension system. The 

Marita route from Jakarta to Cianjur through 

Puncak Bogor was successfully modeled using 

Simulink and was able to represent the dynamic 

response of the vehicle quantitatively through the 

parameters of body acceleration, suspension 



Teknobiz: Jurnal Ilmiah Program Studi Magister Teknik Mesin             Vol. 16 No. 2 

156 
 

deflection, damping time, and damping ratio. The 

results of the analysis showed that spring stiffness 

(k) and damping coefficient (c) were the most 

influential parameters on the dynamic response of 

the vehicle, as the changes in both directly affected 

the RMS values of body acceleration, suspension 

maximum deflection, and system damping time. 

Optimization using Simulink resulted in an 

increase in damping ratio from around ζ ≈ 0.03 to 

ζ ≈ 0.07, which indicates that the suspension 

system is able to dampen vibrations more 

effectively without causing the vehicle's response 

to become too stiff. After optimization, the 

performance of the suspension system improves 

significantly. This can be seen from the RMS value 

of the body acceleration decreased from about 0.38 

m/s² to 0.21 m/s², the maximum deflection of the 

suspension was reduced from about ±85 mm to 

±50 mm, the damping time decreased from about 

6.0 seconds to 2.5 seconds, and the damping ratio 

increased from ≈0.03 to ≈0.07. In the simulation of 

vehicles when turning and accelerating with 

variations in speed and mass distribution, the 

optimized suspension system still shows a stable 

response, with the RMS of the body acceleration 

being below 0.25 m/s² and the suspension 

deflection remaining controlled, making it more 

suitable for the mountainous road conditions of the 

Jakarta-Cianjur route via Puncak Bogor. 

REFERENCES 

[1]  Antara News, “Pengadaan lahan untuk 

pembangunan tol Bogor–Ciawi–Sukabumi 

selesai 2017,” Antara News, Feb. 2, 2017. 

[Online]. Available: 

https://www.antaranews.com/berita/61024

0/pengadaan-lahan-untuk-pembangunan-

tol-bogor-sukabumi-selesai-2017. 

Accessed: Jan. 30, 2026. 

 

[2]  Badan Perencanaan Pembangunan Daerah 

Provinsi Jawa Barat, Rencana Kerja 

Pemerintah Daerah (RKPD) Provinsi Jawa 

Barat Tahun 2018. Bandung, Indonesia: 

Bappeda Jabar, 2017. [Online]. Available: 

https://bappeda.jabarprov.go.id/wp-

content/uploads/2017/05/RKPD-2018-.pdf. 

Accessed: Jan. 30, 2026. 

 

[3]  X. Shen, S. Feng, Z. Li, and B. Hu, 

“Analysis of bus passenger comfort 

perception based on passenger load factor 

and in-vehicle time,” SpringerPlus, vol. 5, 

art. no. 62, Jan. 2016, doi: 10.1186/s40064-

016-1694-7. 

 

[4]  Wikipedia, “Kopaja,” Wikipedia. [Online]. 

Available: 

https://en.wikipedia.org/wiki/Kopaja. 

Accessed: Jan. 30, 2026. 

 

[5]  Direktorat Jenderal Perhubungan Darat, 

Manajemen dan Operasional Angkutan 

Jalan. Jakarta, Indonesia: Kementerian 

Perhubungan Republik Indonesia, 2014. 

 

[6]  T. B. Joewono, D. S. Santoso, and Y. O. 

Susilo, “Paratransit transport in Indonesia: 

Characteristics and user perceptions,” J. 

Eastern Asia Soc. Transportation Studies, 

vol. 11, pp. 1346–1361, 2015, doi: 

10.11175/easts.11.1346. 

 

[7]  A. Els, “Suspension settings for optimal ride 

comfort of off-road vehicles travelling on 

roads with different roughness and speeds,” 

J. Terramechanics, 2007. 

 

[8]  M. Z. Hasan, M. A. Rahman, and M. A. 

Islam, “Optimization of vehicle suspension 

system for ride comfort and road holding,” 

Int. J. Automotive and Mechanical 

Engineering, vol. 9, pp. 1860–1873, 2014. 

 

[9]  T. D. Gillespie, Fundamentals of Vehicle 

Dynamics. Warrendale, PA, USA: SAE 

International, 1992. 

 

[10]  J. Y. Wong, Theory of Ground Vehicles, 4th 

ed. Hoboken, NJ, USA: John Wiley & Sons, 

2008. 

 

[11] P. M. C. Wolf, M. J. Griffin, and J. Donati, 

“Vibration exposure of bus drivers and 

passengers,” Applied Ergonomics, vol. 34, 

no. 6, pp. 531–538, 2003. 

 

[12] S. S. Rao, Engineering Optimization: Theory 

and Practice, 4th ed. Hoboken, NJ, USA: 

John Wiley & Sons, 2009. 

 

[13]  R. Rajamani, Vehicle Dynamics and 

Control, 2nd ed. New York, NY, USA: 

Springer, 2012. 

 

[14]  International Organization for 

Standardization, ISO 2631-1:1997 

Mechanical Vibration and Shock – 

Evaluation of Human Exposure to Whole-

Body Vibration – Part 1: General 

Requirements. Geneva, Switzerland, 1997. 

 

[15]  G. Pahl, W. Beitz, J. Feldhusen, and K.-H. 

Grote, Engineering Design: A Systematic 

https://www.antaranews.com/berita/610240/pengadaan-lahan-untuk-pembangunan-tol-bogor-sukabumi-selesai-2017
https://www.antaranews.com/berita/610240/pengadaan-lahan-untuk-pembangunan-tol-bogor-sukabumi-selesai-2017
https://www.antaranews.com/berita/610240/pengadaan-lahan-untuk-pembangunan-tol-bogor-sukabumi-selesai-2017
https://bappeda.jabarprov.go.id/wp-content/uploads/2017/05/RKPD-2018-.pdf
https://bappeda.jabarprov.go.id/wp-content/uploads/2017/05/RKPD-2018-.pdf
https://en.wikipedia.org/wiki/Kopaja


Teknobiz: Jurnal Ilmiah Program Studi Magister Teknik Mesin             Vol. 16 No. 2 

 

157 
 

Approach, 3rd ed. London, U.K.: Springer, 

2007. 

 

[16]  K. T. Ulrich and S. D. Eppinger, Product 

Design and Development, 5th ed. New 

York, NY, USA: McGraw-Hill, 2012. 

 

[17] A. Hrovat, “Survey of advanced suspension 

developments and related optimal control 

applications,” Automatica, vol. 33, no. 10, 

pp. 1781–1817, 1997. 

 

[18] C. P. Heisler, Advanced Vehicle Technology, 

2nd ed. Oxford, U.K.: Butterworth-

Heinemann, 2002. 

[19]  D. Karnopp, M. J. Crosby, and R. A. 

Harwood, “Vibration control using semi-

active force generators,” J. Engineering for 

Industry, vol. 96, no. 2, pp. 619–626, 1974. 

 

[20]  A. Setiawan and B. Santoso, “Analisis 

kenyamanan kendaraan berdasarkan respon 

getaran menggunakan model seperempat 

kendaraan,” Jurnal Teknik Mesin, vol. 8, no. 

2, pp. 85–92, 2016. 

 

[21] A. Setiawan, R. Hidayat, and B. Santoso, 

“Analisis respon getaran kendaraan 

terhadap variasi frekuensi eksitasi jalan,” 

Jurnal Teknik Mesin, vol. 9, no. 1, pp. 45–

52, 2017. 

 

[22] A. Setiawan and D. Kurniawan, “Pemodelan 

kenyamanan kendaraan berbasis respon 

dinamis menggunakan model seperempat 

kendaraan,” Jurnal Teknik Mesin, vol. 10, 

no. 2, pp. 95–102, 2018. 

 

[23]  D. Kurniawan and Y. Prasetyo, “Analisis 

spektrum getaran kendaraan dan 

pengaruhnya terhadap kenyamanan 

manusia,” Jurnal Ilmiah Teknik Mesin, vol. 

9, no. 3, pp. 167–174, 2017. 

 

[24] D. Kurniawan and B. Santoso, “Studi respon 

tubuh manusia terhadap percepatan 

longitudinal dan vertikal kendaraan,” Jurnal 

Ilmiah Teknik Mesin, vol. 8, no. 3, pp. 141–

148, 2015. 

 

[25]  R. Siregar and A. Hidayat, “Analisis 

pengaruh ketidakrataan permukaan jalan 

terhadap kenyamanan pengemudi 

menggunakan model dinamis kendaraan,” 

Jurnal Teknik Mesin, vol. 18, no. 2, pp. 85–

92, 2016. 

 

[26] T. Widodo and B. Santoso, “Pemodelan 

respon getaran kendaraan akibat eksitasi 

profil permukaan jalan,” Jurnal Teknik ITS, 

vol. 4, no. 1, pp. B21–B26, 2015. 

 

 



    a  m a x , s e t e l a h ≈ ± 0 , 45 − 0 , 50     m m / s 2  


    a  m a x ≈ 0 , 5     m m / s 2


  𝜂 = 50 %


    a  r m s =   0 . 5   2 . 50 %


    a  r m s = 0 . 18   m m /   s 2


    a  r m s = 0 . 18   m m /   s 2


    a  m a x , s e t e l a h ≈ ± 0 , 17 − 0 , 20     m m / s 2  


  𝛿 m a x , s e t e l a h ≈ ± 0 , 8 − 1 , 0     m m


  % P e n u r u n a n =     𝛿  m a x ,   s e b e l u m −   𝛿  m a x ,   s e t e l a h    𝛿  m a x ,   s e b e l u m . 100 %


  𝛿 m a x , s e b e l u m ≈ 2 , 25     m m


  𝛿 m a x , s e t e l a h ≈ 0 , 9     m m


  % P e n u r u n a n =   2 , 25 m m − 0 , 9 m m  2 , 25 m m . 100 %


  % P e n u r u n a n = 60 %


  % P e n u r u n a n = 60 %

