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Abstract:Suspension seats are used to isolate passengers from off-road vehicles, on-road vehicles, trains, ships 

and aircraft from vibrations. Transmissibility factor can be calculated by the percentage ratio of the frequency-

weighted accelerationon the chair surface to the acceleration to the frequency on the floor. Two standards apply 

slightly different frequency weights to the vertical vibration of the seat. For most vehicles, the estimated 

magnitude of the vibration is higher than 0.47 m/s
2
 RMS, which corresponds to the lower limit of the health 

guidance warning zone of 8 hours exposure in the period. Twenty-four hours, according to ISO 2631-1 

standard.Conducting a simulation review study is necessary to determine the appropriate calculation method so 

that the results are not far from the actual real world. 

Background: The use of simulations can help reduce research costs and allow it to be repeated under similar 

conditions. Another advantage of simulation is that it can be conditioned to reach the worst point and with the 

condition of passengers and vehicles according to emergency conditions. The simulation model is an imitation 

of a real world system and never actually mimics a real world system. Therefore, the model must be verified and 

validated to the extent necessary for the intended purpose or application of the model. 

Materials and Methods: The simulation will use SolidWorks and Matlab software. Motion study on solidworks 

will be used to determine the motion geometry of the suspension frame and the dynamic response. Matlab 

programming will be used as a validator using mathematical modeling methods in the simulation produced by 

SolidWorks. 

Results: The precise and easy method for verification and validation of the kinematic and kinetic simulation 

results of the suspension seat frame that adopts the sarrus mechanism is to use the slider-crank and passive 

suspension mathematical modeling and under condition following acceleration of ISO 2631-1. 

Key Word:Passive suspension; Suspension seat; Dynamic vibration;Sarrus mechanism; Kinematic and Kinetic 

Slider-Crank. 
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I. Introduction 
 Environmental factors such as vibration, noise, temperatureplay an essential role in the design or 

development of the transportation system. Factors like these can affect passenger comfort and hence the public 

acceptance of the transportation system. High-speed transport has the potential to experience more severe 

vibrations than those found in most operating systems today. Consequently, passenger acceptance is expected to 

become a more critical design factor and a compromise between "good travel" and the complexity of the 

transportation system and costs will take a more critical role in the design process. 

Then vibration isolation can be realized using seat suspension. Suspension seats are used to isolate 

passengers from off-road vehicles, on-road vehicles, trains, ships and aircraft from vibrations.Transmissibility 

factor can be calculated as the percentage ratio of the frequency-weighted acceleration on the chair surface to 

the acceleration to the frequency on the floor to control chair vibration.Theinvestigations can be carried out in 

the fieldcrank, in laboratories, on real transport vehicles, and recently motion simulators mimicking real 

operating conditions have come into use. Implementing simulators helps reduce the cost of test procedures, 

enabling them to be repeated under the same conditions. Another advantage of the simulator is that the operating 

conditions can be modelled in the worst situations and the combination of loads acting on the means of 

transportation and passengers and emergency conditions can also be carried out. 

Modeling simulation is an approach method with similarity of the actual event and the simulation never 

produces the actual event. therefore, a model should be validated andverified according to boundary conditions 

that are close to reality[1].This study focuses on review validated simulation method by mathematical modelling 

of the suspension seat adopting the Sarrus Linkage design and passive suspension with modifications that allow 

the shape of the force to be accepted in two directions, namely vertical and lateral at a non-linear maximum 

acceptable point. 
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II. Literature Review 
There are four types of suspension seats: passive, semi-active[2], adaptive, and active[3]–[5]. The four 

types of suspension are variations of the mass-spring damping system that are usually ineffective for under 

acceleration1.0 m/s
2
[6], [7]. Research on suspension seats has been done a lot with various methods and 

designs, one of which is using Vibro-isolation [8], [9], air suspension [10], magneto-rheological [11]–[13], and 

pneumatic muscle [8], [14].The horizontal seat had also been researched with lateral, fort and alt[15], [16] to 

make sure passenger is safe in multi-axis forces[17].  The measurement of the whole body of passenger during 

on vehicle was conducted to get valid data to improve suspension seat [18], measurement by project vibseat[19], 

and measurement transmissibility of an agricultural tractor seat[20].Many issues with passenger health have 

happened during on high-speed vehicle, for the example when a passenger on high speed craft or on speed-boat, 

this is already concerned by many researcher [21], [22]. The aircraft acceleration was the most effecting on 

mental health body[23], such as G-Force[24] during take-off, landing, and maneuver [25], [26].To produce 

suspension seat in effective way, we need to simplification the engineering design for isolated vibration seat 

from vertical and horizontal force, and the simulator is the lower cost before real testing vibration[27], by 

matlab dynamic simulation on single degree of freedom [28], and also for comparison with three different type 

of suspension of passive, semi active [29], and active suspension seat [30]. 

 

III. Methodology andDiscussion 
To predict the response of a moving saddle and a passenger to the input of wave motion or windshear 

or road conditions, the passenger-seat model, as described,will be simulated using Solidworks and Matlab 

programs. The suspension seat frame design will be carried out first using Solidworks, then proper geometry, 

followed by using MatLab for dynamic response simulation. The data used by the author in this study were 

obtained from previous research and relevant literature, such as scientific articles and books. 

Motion simulation is capable of importing time history data from tests. In this way, the movements of 

the existing mechanisms can be easily reproduced and thoroughly analyzed, including all combined reactions, 

inertia effects, power consumption and much more. Use an inexpensive computer model rather than a time-

consuming and expensive test. 

 
Fig 1. Suspension seat adopted sarrus linkage 

 

Fig 1 is shown as a link for suspension seat, which was expected to absorb double-acting force vertical 

and lateral. The simulation will be compared with the mathematical method to make sure the result of the 

simulation was accurate and can be implemented into a prototype test. 

 

Passive suspension 

There are physical dampers themselves and equations covering motion and damper control. Hydraulic 

dampers are the most common type used in private cars. An attractive and relatively inexpensive design variant 

of the vibration shock absorber (damper) with the self-pumping levelling feature is featured in fig 1[31], [32].  
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Fig 2. Passive suspension with self-levelling 

 

This damper action exerts a force generated only at the relative speed of the damping element. 

However, modern research is exploring whether a damper can be given a non-linear response or a response 

determined by other factors.Concerning light vehicles, the acceleration and road hardness experienced by 

passengers increases along with decreasing weight, for the classic single-degree system using a passive damper, 

as illustrated in fig 2. 

 
Fig 3. Single degree of freedom suspension 

 

𝑚𝑧 + 𝑐 𝑧 2 − 𝑧 1 + 𝑘 𝑧2 − 𝑧2 = 0        (1) 

Where m is the mass of the spring, 𝑧 is the acceleration of the mass of the spring, c is the damping coefficient, 

𝑧 2 − 𝑧 1 is the relative velocity of the mass of the spring and the ground surface, k is the spring constant and the 

relative displacement of the mass of the spring and the surface 𝑧2 − 𝑧2 . Take the relationship between the 

damping coefficients: 

𝑐 = 2∁ 𝑚𝑘           (2) 
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Where ∁ is the damping ratio, which is the ratio of the damper damping coefficient to the critical damping 

coefficient of 2𝑚 𝑘/𝑚. Then (2) can be substituted into equation (1) and then equation (1) can be rearranged 

into equation (3): 

𝑧 =
2∁ 𝑚𝑘 𝑧 2−𝑧 1 +𝑘 𝑧2−𝑧2 

𝑚
         (3) 

Looking at the relationship between damping and mass, this can be seen in (4): 

𝑧  𝛼 
1

 𝑚
            (4) 

From this relationship, it can be seen that the less the mass of the vehicle, the acceleration will increase 

so that the violence felt by passengers will increase. 

 

The relation between Sarrus linkage and slider-crank 

Since Sarrus "platform", link 3, is translated as 1DOF, each "leg" movement can be viewed as a slider-

crank movement[33], [34]. 

 

 
Fig 4. (a) Seat adopted sarrus linkage and (b) from the above overview 

 
Fig 5. Slider crank mechanism 

 

To get a precise picture in the kinematic and kinetic analysis of the slider-crank, the following is an 

example of another kinematic and kinetic pad application that can be used as shown in Figure 6, θ (crank angle 

to the X-axis) is chosen as the only degree of freedom. Hence, the position 𝑟𝐵 , the linear velocity 𝑣𝐵 , and the 

linear acceleration of the vector 𝑎𝐵  point B in the X-Y coordinate system[35]–[37]. 
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Fig 6. Kinematic slider-crank 

 

The mobile coordinate system is used at point B to determine the angular velocity and angular 

acceleration of the connecting rod, since the position vectors, linear velocity, and linear acceleration are related 

to point A. A is a point on the slider; its velocity and acceleration have the only components. Nonzero in the X 

direction which can be obtained. The velocity and acceleration of point A can be calculated for any θ, the 

acceleration of the crankmass centre, and the connecting rod. TheC1and C2are the centres of mass of the crank 

and connecting rods. It should be noted that it can have nonzero components in both the X and Y directions. 

The free-body diagram is depicted in Figure 7. It should be noted that the sliders are assumed to be 

concentrated masses. It is displayed as a distributed mass for easy drawing of its free body diagram.Force P also 

contains two parts: 𝑃1 due to Coulomb friction created by 𝑁1 and 𝑃2 developed by viscous damping on 

bearings. 

 
Fig 7. Free body diagram slider-crank 

𝑂𝑋 − 𝐹𝐵𝑋
= 𝑚𝑐𝑟𝑎𝑛𝑘𝑎𝑐𝑋𝑐𝑟𝑎𝑛𝑘

         (5) 

𝑂𝑌 − 𝐹𝐵𝑌
− 𝑚𝑐𝑟𝑎𝑛𝑘𝑔 = 𝑚𝑐𝑟𝑎𝑛𝑘𝑎𝑐𝑌𝑐𝑟𝑎𝑛𝑘

        (6) 

𝑀𝐵1 + 𝑀𝑂 + 𝑇 = 𝐼𝑐𝑟𝑎𝑛𝑘𝜃          (7) 

𝐹𝐵𝑋
− 𝐹𝐴𝑋

= 𝑚𝑟𝑜𝑑𝑎𝑐𝑋𝑟𝑜𝑑
         (8) 

𝐹𝐵𝑋
− 𝐹𝐴𝑌

− 𝑚𝑟𝑜𝑑𝑔 = 𝑚𝑟𝑜𝑑𝑎𝑐𝑌𝑟𝑜𝑑
        (9) 

𝑀𝐵2 + 𝑀𝐴 = 𝐼𝑟𝑜𝑑𝜑           (10) 

𝐹𝐴𝑋
+ 𝑃 = 𝑚𝑠𝑙𝑖𝑑𝑒𝑟𝑎𝐴          (11) 

𝐹𝐴𝑋
+ 𝑁 − 𝑚𝑠𝑙𝑖𝑑𝑒𝑟𝑔 = 0         (12) 

The magnitude of some of the forces appearing in the above equation is defined as follows: 𝑂𝑋 and 𝑂𝑌 

are the reaction forces of the O connection applied to the crank, 𝐹𝐵𝑋
 and 𝐹𝐵𝑌

 the reaction force of the B 

connection on the crank and connecting rod, and 𝐹𝐴𝑋
 and 𝐹𝐴𝑌

Connection reaction forces A on the connecting 

rod and slider. The subscripts X and Y represent X and Y components, respectively. Then 𝑀𝑂  is the moment O 

around 𝑐1, 𝑀𝐵1 moment 𝐹𝐵  around 𝑐1, 𝑀𝐵2 moment 𝐹𝐵  around 𝑐2, and 𝑀𝐴  moment 𝐹𝐴  around 𝑐2. M is the 
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mass, and I is the moment of inertia of the mass for the centre of mass and g the acceleration due to gravity. 

Equations (5 - 12) form a set of 8 equations and nine unknowns. The magnitude and orientation of P or T must 

be determined to complete the set. 

 

Discussion 

Currently, there are two primary standards for evaluating vibrations to the human response to whole-

body vibrations. There are some differences in measurement, evaluation and assessment procedures defined in 

the two standards. For example, BS 6841, recommends measuring four axes of vibration in a seat (front and 

rear, lateral and vertical vibrations). on the seat surface and front and rear vibrations in the backrest) 

Furthermore, incorporate this into the evaluation procedure before assessing the severity of the vibration. In ISO 

2631, it is recommended that vibrations in multiple axes be measured, but the rating is based only on the most 

severe axis. The two standards apply slightly different frequency weights to the vertical vibration of the seat.For 

most vehicles, the estimated magnitude of the vibration is higher than 0.47 m / s¬2 RMS, which corresponds to 

the lower limit of the health guidance warning zone of 8 hours exposure in the period. Twenty-four hours, 

according to ISO 2631-1 standard. 

 

 
Fig 8. The median RMS acceleration value uses ISO 2631-1 and BS 6841 for different vehicles[4], [18] 

 

Acute health effects refer to brief exposure to whole-body vibrations, which usually do not cause significant 

physiological changes in the human body, and most of the impacts can be eliminated by eliminating the 

vibration source. 

 

Table no1:Uncomfortable reaction rate to vibration magnitudes (ISO 2631-1). 

Comfortable level 
The RMS acceleration range is 

frequency weighted𝑎¬v (m/s2) 

Extreme uncomfortable > 2.0 

Very uncomfortable 1.25 – 2.5 

uncomfortable 0.8 – 1.6 

Fairly uncomfortable 0.5 – 1.0 

A little uncomfortable 0.315 – 0.63 

Not uncomfortable < 0.315 

 

To determine the response of the suspension and passenger seats to given motion input, it requires 

specific physical characteristics of the seat, the start of the simulation, the location and name of the parameter 

configuration input file and the desired input motion file for the output file to be determined. Here is an 

accelerometer measurement of the floor surface of several vehicles based on measurements. 
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Table no2: measurement of vibration on a chair at constant speed.  

Kendaraan Velocity Distance 
Vertical(z) 

(m/s2) 

Lateral(y) 

(m/s2) 

Semi Trailer 70km/jam 100 m 0.35 0.12 

Tractor 24 km/jam 100 m 5.14 1.31 

Industrial loader 14 km/jam 100 m 3.08 1.06 

Locomotive 90 km/jam 100 m 0.15 0.23 

 

Table no3: The shock vibration of the fast boat, 35 knots[38].  

Description 

Peak Accelaration Shock Pulse Duration 

Longitudinal 

(g’s) 

Lateral 

(g’s) 

Vertical 

(g’s) 

Longitudinal 

(sec) 

Lateral 

(sec) 

Vertical 

(sec) 

Max 10.4 2.84 7.13 0.037 0.201 0.346 

Min 0.22 0.17 0.36 0.004 0.002 0.002 

Average 1.43 0.86 2.99 0.012 0.018 0.033 

 

While many measurements can be used to evaluate ride comfort, such as historical speed, acceleration 

and jerk time or in terms of RMS value, ISO 2631-1, much of the literature suggests acceleration magnitude 

with a suitable frequency-weighted filter to assess ride quality. Hence, the frequency-weighted RMS 

acceleration value is considered here as an essential quantity for analyzing the effects of whole-body vibrations 

in terms of comfort, health and perception, as suggested by the ISO 2631-1 standard.Equations (5 - 12) form a 

set of 8 equations and nine unknowns. The magnitude and orientation of P or T must be determined to complete 

the set. 

 

IV. Conclusion 

This review was intended to get a detailed understanding simulation study for simplification of double-

acting movement with a single degree of freedom dynamic response of suspension seat adopted sarrus 

linkage.Result simulation of passive suspension seat was compared with mathematic modelling to ensure 

simulation on track before heading up into the prototype test. Kinematic and kinetic of the slider-crank method 

were used to get more easily calculation between geometry and dynamics of suspension seat. Standard 

measurement ISO 2631-1 as references to evaluate vibration passenger were enough for passenger vehicle 

afterthe simulation result. 
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