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Ride quality:
Ride quality is concerned with the sensation or feel of the passenger in 

the environment of a moving vehicle.

Variety of sources:

•surface irregularities, 

•aerodynamic forces, 

•vibrations of the engine and driveline, 

•Non uniformities (imbalances) of the tire wheel assembly.

surface irregularities - ranging from potholes to  surface elevation profile

Excitations by aerodynamic forces are applied directly to the vehicle body, 

Engine and driveline vibrations are transmitted through engine transmission mounts. 

Excitations resulting from mass imbalances and dimensional and stiffness variations of the 

tirel wheel assembly are transmitted to the vehicle body through the suspension.
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HUMAN RESPONSE TO VIBRATION methods for assessing human tolerance to vibration

1. Subjective Ride Measurements. 

•trained jury to rate the ride comfort, on a relative basis, of different vehicles driven over a

range of road surfaces.

•comparison of the ride quality of different vehicles.

•Disadv: The degree of difference in ride quality, however, cannot be quantitatively 

determined by this type of subjective evaluation.

2. Shake Table Tests. 

•quantitatively study human response to vibration, 

•human response to sinusoidal excitation. It is intended to identify zones of comfort (or

discomfort) for humans in terms of vibration amplitude, velocity, or acceleration in a given 

direction (such as foot-to-head, side-to-side, or back-to-chest) over a specific frequency 

range.
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3. Ride Simulator Tests.

•ride simulators are used to replicate the vibration of the vehicle traveling over different road

surfaces.

•an actual vehicle body is mounted on hydraulic actuators, which reproduce vehicle motions in

pitch, roll, and bounce (or heave).

•Road inputs are fed into the actuators.

•Using the simulator, it is possible to establish a human tolerance limit in terms of vibration 

parameters. 

HUMAN RESPONSE TO VIBRATION

4. Ride Measurements in Vehicles

•on-the road ride measurements,

•This test method attempts to correlate the response  in qualitative terms, such as 

"unpleasant" or "intolerable,"with vibration parameters measured at the location 

situated under actual driving conditions.
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HUMAN RESPONSE TO VIBRATION

Janeway's comfort criterion

•Ride comfort criteria for vertical

vibration - Ride and Vibration Data

Manual J6a of the Society of

Automotive Engineers

•It defines the acceptable amplitude of

vibration as a function of frequency
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HUMAN RESPONSE TO VIBRATION

•as the frequency increases, the allowable amplitude decreases considerably.

The Janeway comfort criterion consists of three simple relationships

•In the frequency range 1-6 Hz, the peak value of jerk, which is the product of the

amplitude and the cube of the circular frequency, should not exceed 12.6 m/s3

•In the frequency range 6-20 Hz, the peak value of acceleration, which is the product of the

amplitude and the square of the circular frequency, should be less than 0.33 m/s2

•frequency range 20-60 Hz, the peak value of velocity, which is the product of the amplitude

and the circular frequency, should not exceed 2.7 mm/s

•It should be noted that Janeway's comfort criterion is based on data for vertical sinusoidal 

vibration of a single frequency. 

Janeway's comfort criterion
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•International Standard IS0 2631- a general guide for defining human tolerance to whole-

body vibration 

•evaluation of vibrational environments in transport vehicles as well as in industry.

•Three distinct limits for whole-body vibration in the frequency range 1-80 Hz

1. Exposure limits, which are related to the preservation of safety (or

health)

2. Fatigue or decreased proficiency boundaries, which are related to the

preservation of working efficiency and apply to such tasks as driving a

road vehicle or a tractor. 

3. Reduced comfort boundaries, which are concerned with the 

preservationof comfort and in transport vehicles are related to such 

functions as reading, writing, and eating in a vehicle. 

HUMAN RESPONSE TO VIBRATION
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HUMAN RESPONSE TO VIBRATION

•vibrations in the frequency range below 1 Hz -associated with symptoms such as motion 

sickness,

•A severe discomfort boundary and a reduced comfort boundary for various exposure times in 

the frequency range of 0.1-1 Hz have been recommended by the International Organization for 

Standardization (ISO).

• The "absorbed power," which is the product of vibration force and velocity transmitted to the 

human body, has also been proposed as a parameter of significance in evaluating human 

response to vibration . 

•It is a measure of the rate at which vibrational energy is absorbed by a human, and it has been 

used to define human tolerance to vibration .

• the tolerance limit is taken as 6 W absorbed power at the driver's position, and the ride-

limiting speed is that speed at which the driver's average absorbed power over the total elapsed 

time reaches a sustained level of 6 W.
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HUMAN RESPONSE TO VIBRATION

•establishing the ride comfort criteria were obtained using sinusoidal inputs, whereas the

actual vehicle vibration is usually of a random nature.

•Hence, the ride comfort criteria thus far proposed may require revision as new data

become available.

•With defining a specific ride comfort criterion, the designer should then select an

appropriate suspension system to ensure that the level of vehicle vibration is below the

specified limits when operating over a particular range of environments.
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Full car automotive suspension model
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Half car automotive suspension model
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Quarter-car active automotive suspension

A two-degree-of-freedom "quarter-car" automotive 

suspension system is shown in Figure . 

It represents the automotive system at each wheel i.e. 

the motion of the axle and of the vehicle body at any 

one of the four wheels of the vehicle. 

The suspension itself is shown to consist of a spring ,

damper , and an active force actuator 

RAJALAKSHMI ENGINEERING COLLEGE

DEPARTMENT OF AUTOMOBILE ENGINEERING

AT 6604 VD UNIT III - P.M SUBRAMANIAN, ASST PROF, DEPT OF AUE, REC,CHENNAI 14

The active force can be set to zero in a passive suspension. 

The sprung mass m, represents the quarter car equivalent of the vehicle body mass. 

The unsprung mass mu represents the equivalent mass due to the axle and tire. 

Quarter-car active automotive suspension
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1.To isolate a car body from road disturbances in order to provide good ride quality. Ride

quality - vertical acceleration of the passenger locations.

In the case of the quarter car suspension, sprung mass acceleration can be used to quantify 

ride quality.

2.To keep good road holding: -cornering, braking and traction abilities- the variations in 

normal tire loads are to be minimized. 

•This is because the lateral and longitudinal forces generated by a tire depend directly on the 

normal tire load. 

•Since a tire roughly behaves like a spring in response to vertical forces, variations in normal 

tire load can be directly related to vertical tire deflection( zu -zr) . 

•The road holding performance of a suspension can therefore be quantified in terms of the tire 

deflection performance.
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3. To provide good handling:

The roll and pitch accelerations of a vehicle during cornering, braking and traction are 

measures of good handling. 

Half-car and full-car models can be used to study the pitch and roll performance of a vehicle.

A good suspension system should ensure that roll and pitch motion are minimized.

4.To support the vehicle static weight

This task is performed well if the rattle space requirements in the vehicle are kept small. 

In the case of the quarter car model, it can be quantified in terms of the maximum suspension 

deflection (z s - zu ) undergone by the suspension.
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension

Example for State Space Model
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension

Example for State Space Model



AT 6604 VD UNIT II  NOTES 5/19/2016

P M SUBRAMANIAN, ASST PROF,REC 12

RAJALAKSHMI ENGINEERING COLLEGE

DEPARTMENT OF AUTOMOBILE ENGINEERING

AT 6604 VD UNIT III - P.M SUBRAMANIAN, ASST PROF, DEPT OF AUE, REC,CHENNAI 23

Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension

Example for State Space Model
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension

Example for State Space Model
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension

Sky Hook Damper
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension

Sky Hook Damper
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Quarter Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Half Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Half Car Suspension

RAJALAKSHMI ENGINEERING COLLEGE

DEPARTMENT OF AUTOMOBILE ENGINEERING

AT 6604 VD UNIT III - P.M SUBRAMANIAN, ASST PROF, DEPT OF AUE, REC,CHENNAI 48

Design and Analysis of Passive Automotive Suspensions – Half Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Half Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Half Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Half Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Half Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Half Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Half Car Suspension
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Design and Analysis of Passive Automotive Suspensions – Half Car Suspension
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Design and Analysis of Active  Automotive Suspensions –Quarter Car Suspension
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Design and Analysis of Active  Automotive Suspensions –Quarter Car Suspension
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Design and Analysis of Active  Automotive Suspensions –Quarter Car Suspension



AT 6604 VD UNIT II  NOTES 5/19/2016

P M SUBRAMANIAN, ASST PROF,REC 30

RAJALAKSHMI ENGINEERING COLLEGE

DEPARTMENT OF AUTOMOBILE ENGINEERING

AT 6604 VD UNIT III - P.M SUBRAMANIAN, ASST PROF, DEPT OF AUE, REC,CHENNAI 59

Design and Analysis of Active  Automotive Suspensions –Quarter Car Suspension

RAJALAKSHMI ENGINEERING COLLEGE

DEPARTMENT OF AUTOMOBILE ENGINEERING

AT 6604 VD UNIT III - P.M SUBRAMANIAN, ASST PROF, DEPT OF AUE, REC,CHENNAI 60

Design and Analysis of Active  Automotive Suspensions –Quarter Car Suspension
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Design and Analysis of Active  Automotive Suspensions –Quarter Car Suspension
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Design and Analysis of Active  Automotive Suspensions –Quarter Car Suspension –

LQR FORMULATION
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Design and Analysis of Active  Automotive Suspensions –Quarter Car Suspension –

LQR FORMULATION
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