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ABSTRACT
In this research paper we going to talk about introduction of suspension system and various force effect on suspension system like first we talk about what is the purpose of a suspension system and required of suspension system. Then we going to talk about Suspension Systems Main parameters in suspension, in that I clarify about caster, camber, and toe angle. Moreover, explain about sprung, unsprung mass and sprung mass lord transfer through suspension. Then discuss about method of who to build one, four and seven degrees of freedom. And then explain about result and error and solution. These models can be used to study the behaviour of a suspension system and improve the design of car suspension systems.
   
INTRODUCTION 
In this reserch discussion about how to bild  out how to build one degree freedom of four degree of freedom and seven degree of freedom module in Simulink first we going to talk about  suspension system,  Purpose of Suspension Systems , Requirements of Suspension Systems Main parameters in suspension like Camber, caster, toe. Then  discussion about Sprung & Un sprung Masses then talk about various load transfer on suspension system like Sprung Load Transfer through Suspension Arms and Sprung Load Transfer through Springs & Dampers.In the context of a car suspension system in Simulink, the degree of freedom (DoF) refers to the number of independent variables that are used to model the motion of the car's body relative to the road surface.
1 DoF: A 1 DoF suspension model in Simulink means that only one independent variable, such as the vertical displacement of the car's body, is used to describe the motion of the car's body relative to the road surface. This type of model is commonly used for simple systems, such as a rear-wheel drive car with a live rear axle, and it can be used for analysing the car's behavior under certain conditions.
4 DoF: A 4 DoF suspension model in Simulink means that four independent variables, such as the vertical and longitudinal displacement, are used to describe the motion of the car's body relative to the road surface. This type of model is commonly used for more advanced systems, such as independent suspension systems, and it can be used for analyzing the car's behavior under different road conditions and different driving maneuvers.
7 Dof: A 7 Dof suspension model in Simulink means that seven independent variables, including the three translational and three rotational degrees of freedom, are used to describe the motion of the car's body relative to the road surface. This type of model is commonly used for high-end or racing cars and allows for more precise control of the car's motion and handling. It can be used for analysing the car's behaviour under different road conditions and different driving manoeuvres, it can also be used for designing and tuning of control algorithms.
It's worth noting that the number of degrees of freedom for a car suspension model in Simulink depends on the complexity of the system and the level of detail required for the analysis or control design.




The purpose of a suspension system
The purpose of a suspension system is to provide a smooth ride and improve the handling of a vehicle by absorbing shocks and vibrations caused by uneven road surfaces. It also helps to maintain tire contact with the road, which improves traction and braking performance. Additionally, a suspension system helps to reduce wear and tear on the vehicle's body and components and improve the overall safety of the vehicle by allowing it to respond better to changes in the road surface. e

Requirements of Suspension
There are several requirements for a suspension system in a vehicle:
1. Comfort: The suspension system should provide a smooth and comfortable ride for passengers, even on rough roads. Handling: The suspension should provide stability and control, allowing the vehicle to handle well and respond to driver inputs. Load-carrying capacity: The suspension should be able to support the weight of the vehicle and its load without sagging or bottoming out. Durability: The suspension system should be able to withstand the wear and tear of regular use and maintain its effectiveness over time. Cost-effectiveness: The suspension system should be affordable and cost-effective to maintain and repair. Road Holding: The suspension should provide adequate grip and adhesion between the tires and the road surface to ensure maximum stability and control of the vehicle. Safety: The suspension should be designed to provide adequate protection to the passengers in the event of an accident. Flexibility: The suspension should be flexible enough to adapt to different driving conditions and terrains.


Suspension Systems Main parameters in suspension

Camber
Camber angle is the angle at which the wheels of a vehicle are inclined relative to the vertical plane. The camber angle is measured in degrees and can be either positive or negative.
Positive camber angle occurs when the top of the wheel is tilted outward from the center of the vehicle. This can occur when the suspension is worn or when the vehicle is loaded unevenly. Positive camber can improve stability and handling during straight-line driving, but it can also cause uneven tire wear.                                                                                                      [image: ]fig ;cambar

                                                                                                                               Fig: camber 
Negative camber angle occurs when the top of the wheel is tilted inward towards the center of the vehicle. This can occur when the suspension is worn or when the vehicle is loaded unevenly. Negative camber can improve stability and handling during cornering, but it can also cause uneven tire wear.
Camber angle is an important aspect of vehicle suspension geometry and can have a significant effect on tire wear, handling, and stability. Proper camber angle is essential for the safe and efficient operation of a vehicle.

Caster
Caster is the angle of the steering axis when viewed from the side of a vehicle. It is the angle between the vertical line and the line that passes through the center of the upper and lower steering pivot points. Caster is measured in degrees and is positive when the steering axis tilts forward and negative when it tilts backward.[image: ]
                                                                                                                                   Fig: caster
A positive caster angle means that the steering axis is tilted forward, which helps to keep the wheel in a straight-ahead position when driving. This makes the steering feel more stable and less sensitive to small road imperfections. On the other hand, a negative caster angle can make the steering feel more unstable and sensitive to small road imperfections.
Caster is an important aspect of a vehicle's suspension and steering system, as it affects how the vehicle handles and responds to steering inputs. It is typically adjusted during the alignment process to optimize the vehicle's handling and stability.
Toe
Toe refers to the angle of the wheels on a vehicle when viewed from above. It is the difference between the angle of the wheels when they are pointing straight ahead and the angle at which they are set. Toe is measured in degrees and is expressed as either "toe-in" or "toe-out."[image: ]
                                                                            Fig: Toe
Toe-in refers to a situation where the front of the wheels are closer together than the rear of the wheels. This results in a slight angle towards the center of the vehicle. On the other hand, toe-out refers to a situation where the front of the wheels are farther apart than the rear of the wheels, resulting in a slight angle away from the center of the vehicle.
Toe plays an important role in a vehicle's handling and stability, as it affects the tire wear, fuel efficiency and stability. A proper toe alignment can help improve the vehicle's handling, stability, and tire wear. Toe is typically adjusted during the alignment process to optimize the vehicle's handling and stability.
Too much toe-in will cause the inside edges of the tires to wear out faster, and too much toe-out will cause the outside edges of the tires to wear out faster.

Sprung mass
Sprung mass refers to the part of a vehicle's mass that is supported by the suspension system. This includes the vehicle's body, the passengers, and any cargo. The sprung mass is "sprung" or supported by the suspension system, which is made up of the springs, shocks, and other components that absorb and dampen the forces caused by the vehicle's movement and the road surface.
The sprung mass is in contrast to the unsprang mass, which refers to the part of the vehicle's mass that is not supported by the suspension system. This includes the wheels, tires, brakes, and other components that are directly connected to the road.
In general, the sprung mass is an important consideration when designing and tuning a vehicle's suspension system, as it affects the vehicle's ride comfort, handling, and overall performance.

Unsprung mass
Unsprung mass refers to the part of a vehicle's mass that is not supported by the suspension system. This includes the wheels, tires, brakes, and other components that are directly connected to the road. These components are said to be "unsprung" because they are not supported by the springs and shocks that make up the suspension system.
The unsprung mass is in contrast to the sprung mass, which refers to the part of the vehicle's mass that is supported by the suspension system. This includes the vehicle's body, the passengers, and any cargo.
Unsprung mass is an important consideration when designing and tuning a vehicle's suspension system, as it affects the vehicle's ride comfort, handling, and overall performance. Lowering unsprung mass allows the suspension to respond more quickly to road imperfections, which can improve the vehicle's handling and stability. However, it is important to balance this with other considerations such as durability, cost, and weight distribution.


Sprung Load Transfer through Suspension Arms
In a vehicle suspension system, the suspension arms transfer the load or weight of the vehicle from the wheel hub to the frame or chassis of the vehicle. The load transfer occurs through the use of bushings, which are typically made of rubber or polyurethane, that connect the suspension arm to the frame. The bushings allow for a small amount of movement, or "deflection," in the suspension arm, which helps to absorb and dampen road vibrations and impacts. This is known as "sprung load transfer." The suspension arms also play a critical role in steering and suspension control by allowing the wheels to move up and down while maintaining proper alignment with the road                                                                                                                                                                                                                      fig: sprung transfer through suspension arms
        same basic eq:                                                                                   [image: ]
Sprung Load Transfer through Springs & Dampers.
The first thing to comprehend is the direction of the forces. The CoG outside of the corner is subject to centrifugal force. This causes the body to roll at an angle. The suspension's roll stiffness regulates how much roll the body endures. The body rotates around the roll centre. Momentum is produced by the difference in height between CoG and RC.
[image: ]is steady state cornering, the forces from the springs, dampers, and anti-roll bars balance the roll moment.
Calculating the moment produced at the CoG is necessary since the roll centre serves as the pivot.
Moment = force  Distance 
Force @CoG =
Moment = a (hcg- hrc)    
An opposing torque is produced by the opposing response of the springs, dampers, and AR bars.
Tar = К X  
Where:
K = Roll stiffness of suspension
 = Roll angle of body
Since in steady state cornering, everything is in equilibrium, this has to be equal to the moment
Tar=                  (hcg- hrc)



Method
With the help of the given data, we must create 1Dof, 4Dof and 7D0f modal in Simulink in Matlab so now I am going to explain about all models.
  1 Degree of freedom
One  degree of freedom is very simple process create blocks with help of formula which is given by  side 
[image: ]
To model a 1 DOF system in Simulink, the following steps can be followed
         1 DOF system in Simulink, the following steps can be followed:
2. Open Simulink and start a new model.
3. In the Sim Mechanics library, add a "Mechanical Translational" block to the model. This block represents a 1 DOF translational mechanical system.
4. Connect the Mechanical Translational block to a "Ground" block. The Ground block represents the fixed reference frame for the system.
5. Add a "Force" or "Torque" block to the model and connect it to the Mechanical Translational block. This represents the external force or torque acting on the system.
6. To add a damper to the system add a "Damping" block, connect it to the Mechanical Translational block, and set the appropriate value for the damping coefficient.
7. Add a "Scope" block to the model and connect it to the Mechanical Translational block. This will allow you to view the position, velocity, and acceleration of the system.
8. Set the appropriate parameters for the Mechanical Translational block, such as the mass and spring constant.
9. Run the simulation to see the response of the system to the applied force or torque.
You can also use a "Sim Mechanics Link" block to connect the 1 DOF system to other systems or subsystems to create a multi-DOF system.
This is a basic example of 1 DOF system in Simulink, you can also use other blocks such as blocks of actuator or sensor to create more complex systems.


4 degrees of freedom 
To build a system with four degrees of freedom in Simulink, you can use a combination of blocks from the Simulink library such as the Joint block, the Transform block, and the Inverse Kinematics block ther is few step to build 4 degrees of freedom which is depended on Formule.
    
    [image: ]
To model a 1 DOF system in Simulink, the following steps can be followed 
 1 There is few steps use Comen in this equation, Then Coman steps use as seam block
 2 Then start with  crating modal first we create sprung mass position block in that two input    and one out put. In Sprung mass block use first equation Ksf +Ksr. 
3 Then create Ksf and Ksr bracket there is three input and one each  output which is connected to sprung mass position. 
4 After all this process we need to build pitch block in that there is two in put (eq1+eq2) and one out put which is (theta) 
5 than we have crate two other block Wich is (Ktf+Ktr) there is two from block and one Goto block and connect  to pitch 
6 Then we build signal builder and set for  give dumper or bump moment and delay and connected to appropriate block. 
7 In Matlab we need to generate variables to rum Simulink modal.  
8 For graph we need to use data inspector and it build each graph.   
This is a general overview of the process of building a 4 DOF robot in Simulink. You may need to refer to the documentation of the Robotics System Toolbox and the Sims cape Multibody toolbox for more detailed information on how to use the blocks and customize your model.


   7 degrees of freedom 
Seven degrees of freedom is on of the complicated modal in Simulink modal in this  formula is all kind of forces  we consider in equations   The fundamental components of a driveline diagram are: Connecting lines, restrictions, such as branch ings,  movable components sources and sensors using motion sources to move drivelines and motion sensors to capture motion stopping DoFs there stepes explain how to build seven degrees of freedom modal.
                                      [image: ]
1 first we have find coman in this equation and make Coman list and find how many time use this Coman bracket and where.
2 then we have to create start build modal, then build Comen  bracket which is around 16 equation we need for theat. 
3 After that we have build four main equation and contact to all 16 equations carefully and with proper equation.
4 Then we have to build signals builder and designed with given Deta in my design there is total six signal builder. 
5 in  given data they mention variables we have to define proper and put in Matlab script and load that data and double check it is match with your Simulink modal.
6 the next step is after load matlab script we need to run modal in Simulink and check in data inspector also is there any defect in mention in this modal.
7 In this step we need to compeer our graph with original graph and do required change in modal. 
It's worth mentioning that simulating a 7 DOF robot in Simulink can be computationally demanding and require high computational power, it may be necessary to optimize the model to run efficiently.     
     Result and discussion 

In this topic discuses about and compression with original position with result and graphs what I get. 
There is taking about suspension position, Roling angel, pitch angle and sprung mass position.
 
         [image: ]    
                                                  Graph 1 : sus positionorignal
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In suspension position graphs I get is minor  different then original The suspension position refers to the location and orientation of the suspension components (such as the shocks and springs) on a vehicle. If the suspension position is "various then original", it means that the position of these components has been changed from their original factory settings. This might  be problem in  for a variety of reasons, such as to improve handling or to lower the vehicle for aesthetic reasons. It is important to note that changing the suspension position can affect the vehicle's handling and ride comfort and may also void the vehicle's warranty.

pitch angle
[image: ][image: ]
                                                                 graph: pitch angale 

In this graph I get all most  similar value. In this graph at similar point we can see small  different A pitch angle graph that is different from the original can indicate a change in the pitch angle of an object over time. This change can be caused by a variety of factors such as, external forces, control inputs, or malfunctions in the object's control system. In the case of aircraft, a deviation from the original pitch angle graph could indicate a problem with the aircraft's control surfaces or with the pilot's control inputs. In other fields such as robotics, shipbuilding, and mechanical engineering, a deviation from the original pitch angle graph could indicate a problem with the object's control system or with external forces acting on the object.

Roll angel
                                                  [image: ]
[image: ][image: ]
This graph represent roll angel.  In a car suspension system, a roll angle graph that is different from the original can indicate a change in the roll angle of the car's body while it is in motion. This deviation can be caused by a variety of factors such as worn or damaged suspension components, incorrect alignment settings, uneven tire wear or overloading of the vehicle.
A deviation from the original roll angle graph in a car suspension system can affect the handling and stability of the car, and can also lead to uneven tire wear and accelerated wear on other suspension components. It can also be caused by modification of the suspension system by adding aftermarket components or changing the spring rate, or height of the vehicle.
It is important to diagnose and fix the problem as soon as possible, in order to maintain the vehicle's safety, performance, and longevity. Consultation with a mechanic or professional suspension tuner is recommended to troubleshoot and fix the problem.
sprung mass position
                                 [image: ]

A sprung mass position graph in a car suspension system is a visual representation of the position of the car's body (or "sprung mass") relative to the road surface over a period of time. The position is typically measured in inches or millimeters and the time is usually represented on the x-axis. This type of graph is used to analyze the car's suspension behavior and identify any issues with the suspension system.
The sprung mass position graph can show how the car's body is moving relative to the road surface and can help identify any issues such as excessive body roll, bounce, or dive. It can also be used to evaluate the effectiveness of different suspension components or settings.
A deviation from the original sprung mass position graph can indicate issues such as worn or damaged suspension components, incorrect alignment settings, uneven tire wear or overloading of the vehicle. It can also be caused by modification of the suspension system, by adding aftermarket components or changing the spring rate or height of the vehicle.
It is important to diagnose and fix the problem as soon as possible, to maintain the vehicle's safety, performance, and longevity. Consultation with a mechanic or professional suspension tuner is recommended to troubleshoot and fix the problem.
1 degree of freedom modal
[image: ].

4 degree of freedom modal
[image: ]
7 degree of freedom modal 
[image: ]
Conclusion
In this reserch I did different modal in Simulink A one degree of freedom suspension system in Simulink modal would represent a simple model of a single spring and damper and would be useful for understanding the basic behavior of a suspension system. A four degree of freedom system would include additional components such as lateral and longitudinal forces and would be more representative of a real-world suspension system. A seven degree of freedom system would include even more components, such as wheel and tire dynamics, and would be even more representative of a real-world suspension system. The conclusion would be that the more degree of freedom you have in a suspension system the more accurate the simulation will be to the real-world scenario. In all modal I get similar result which is not accurate to the original modal. There might be problems in making Matlab script or design modal.  
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