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Abstract. In today’s automobile, each and every part of vehicle must consider the vibration
management. Damping and isolation are the two aspects of vibration management which uses in
conjunction to attain the required performance. The Logarithmic decrement method and
Bandwidth method are the two major methods for measurement of damping in vibration system.
Time domain method is used in Logarithmic decrement whereas the Half power bandwidth
method is used in frequency domain analysis. In the present work, quarter car model is used to
determine the frequency response analysis of Magnetorheological damper strut. The sprung mass
is varying from 82 kg to 132 kg and excitation force is given by cam mechanism which is designed
as per the bump size specified by Indian Road Congress (IRC) standard. The fabricated MR
damper is tested at different sprung mass with input current from 0.1 A to 0.5 A. It is observed
that the damping ratio is varying from 0.04 to 0.21. The results obtained in this paper will be
helpful for the Indian auto industry to make more economical and reliable damper strut.

Keywords: damping ratio, half band width method, magneto rheological damper strut, quarter car
model.

1. Introduction

Semi-active suspension achieves remarkable improvement in vehicle dynamics performance.
On the one hand, performance improvement of semi-active control is still a research hotspot.
Shock absorber act as a main component for dissipating energy which has a significant impact on
suspension performance. Hard damping can increase energy dissipation efficiency and improve
ride quality when the vehicle body resonance occurs. But it is adverse to the intermediate
frequency range for the increasing of vehicle body acceleration with hard damping. In contrast,
soft damping is adverse to the resonance control of both vehicle body and wheel. But it improves
the ride quality in the intermediate frequency range. Hence, it is not possible to improve vehicle
dynamic performance in a large frequency range with fixed damping. To overcome this problem,
controllable shock absorber is used with different damping so that when input signal changes,
such as voltage and current accordingly damping changes. Semi-active suspension adopts
controllable shock absorber to change damping ratio in real-time. In present work
Magnetorhelogical damper is used as a semi active suspension system.

The MR damper has a property of the friction damper so that the relative magnitude of the
friction force over excitation intensity [1] affects the control performance. The simulation work is
done on semi active suspension system by using the MR damper as actuator to vary the damping
properties of suspension system and to minimize the settling time [2]. The amount of force that is
exerted on the occupant is measured by the transmissibility and work done on the vibration isolator
proposes the concept of output frequency response function to examine the force transmissibility
of MDOF structures with a cubic non-linear viscous damping device [3]. It is observed that vertical
acceleration of main mass is substantially reduced by using a controlled MR damper [4]. The
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increase in damping control force of MRF damper reduces the displacement transmissibility to a
low level [5]. From the literature survey it is observed that many researchers did the work on MR
damper characteristic but damping ratio property still not investigated which is an important
characteristic of MR Strut. The results obtained in this paper will be helpful for the Indian auto
industry to make more economical and reliable damper strut.

2. Calculation of the damping force

The damping force is calculated based on the magnetic flux induced at the ring-shaped gap of
the MR Damper. According to the Bingham plastic model [6-9] of plates, the damping force Fj,
is divided into an induced yield stress, F;, and viscous components, ;. The final damping force
of MR Damper is calculated for 250kg and designed with top and bottom chamfered piston
[10, 11]. This is given as per Eq. (1):

12Qn
12Qn + 0.4wh?t,,

wh,,> 12nQL:A,

FD=FT+F,7:(2.O7+ 20) Wi (1)

T,LA
) yh psgn(v)+<1+

where Q is the volumetric flow rate of the MR fluid, Ap is the effective cross-sectional area of
piston, D is the diameter of the piston, d,, is the diameter of the piston rod, v is the piston velocity,
T, is the yield shear strength of the MR fluid, 7 is the off-state (no magnetic field) viscosity of the
MR fluid, L is the effective axial pole length, h is the gap between piston and cylinder, L, is the
total axial pole length ,w is the mean circumference of the damper’s annular flow path, and sgn(v)
is used to consider the reciprocating motion of the piston. Fig. 1 represents the magnetic circuit of
MR damper.
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Fig. 1. Magnetic circuit of MR damper: L — pole length, L — distance between poles,
R — radius of the piston, r — radius of piston rod, H— radial distance from piston rod to coil width,
h — clearance between piston and cylinder, t — thickness of the cylinder

3. Experimental setup for MR damper

The vibration management always surrounds us every day from buildings to road cars. In
vehicles it is observed that to maintain the visual clarity, mirrors on the vehicle must pass the
vibration test. Neglecting the proper vibration management results in malfunctioning of
components and, in some cases, involving or causing sudden damage or failure of component.
Attia [12] presented the dynamic analysis of MacPherson strut motor vehicle suspension system
for quarter car model and simulation work is performed with dynamic formulation. The
methodology adopted for experimental investigation of damping ratio is shown in Fig. 2.

The Quarter Car Model is used [13-16] with different road profile and surface. The
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experimental work is associated with simulation work to determine performance of suspension
system to investigate the responses of the vehicle due to road disturbances with different
suspension system.

Quarter Road Halfband Damping
Car Profile Acceleration Transmi Width Ratio
Model Input Measurement ssibility Method Calculation

Fig. 2. Methodology adopted for experimental investigations of damping ratio

In present research work, to investigate damping characteristic of MR strut and to study the
Ride comfort and Road holding, the experimental setup of Quarter Car Model is used. The
schematic representation of Setup, block diagram with NI and actual test setup is represented by
Fig. 3, 4 and 5 respectively. The test set up has arrangement for varying the sprung mass to test
the suspension on different loading conditions. The sprung mass is connected to vertical column
by means of linear bearing to minimize the friction. The double wishbone suspension system is
used for testing. Also, it is compatible for MacPherson type of suspension. Various suspensions
can be tested at different inclination according to their eye to eye length. The test setup is equipped
with cam exciter which is designed according to constant wave form and powered by PMDC
electric motor. It contains instruments like data acquisition hardware, accelerometer, loaded
personal computer with required power supply, MR Damper and power cables connected to
current controller and accelerometer. The quarter car model is equipped with Accelerometer in
order to measure acceleration of sprung mass and unsprung mass and mounting points of it at
required positions were provided to assist data acquisition system, such that the desired effect can
be measured with the highest possible precision and minimum noise.

Supporting
Pillar Supporting
Bracket
Sprung Mass
Linear Bearing
Accelerometer 1 —|_ §§ r'e
i
MR Damper
Accelerometer 2
Tyre (Unsprung Mass) X Bracket
DAQ
System
~ J PMDC
PC - Motor
Cam (Road I/P)
Table E q

Fig. 3. Schematic diagram of test setup
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Fig. 4. Block diagram of test set up with NI Fig. 5. uarter car model experimetai setﬁp

3.1. Road input via cam

In vehicle there are many sources of vibrations which related to cause of vibration, it may be
free or forced. Wang et al. [17] and Pau et al. [18] studied effectiveness of road bumps, road profile
and effectiveness of speed of a vehicle. The free vibration may occur when the vehicle passes over
an irregularity road surface, which may disappear as a result of damping. The forced vibration
may result when disturbances occur determinedly such as passing over obstacles on a proving
road. In this case even if there may be damping, the vibration may carry on & build up an
undesirable level [19]. In India, the number of deaths on the road are increasing due to the extended
road system as well as the nature of roads in India is also worrisome [20]. Hence it is necessary to
decide a framework for road anomaly like road bump and pothole on road in order to simulate the
real-time situation of wheels passing over a bump, a sinusoidal cam was designed. Cam is made
of hard plywood of base radius of 12 cm and max radius of 14 cm at the cam angle of 120 degree.
It is actuated by PMDC motor and transferring motion to the tyre over a bump.

As per Indian Road Congress [21] the height of speed breaker is in the range of 50 mm to
100 mm for highway to rural area represented in Table 1. As per availability of resources average
value 40 mm is selected for cam.

Table 1. Height of bump for speed breaker in India

Sr. No | Application | Height of road bump
1. Highway 50 mm-100 mm
2. City 75 mm
3. Local area 50 mm

Table 2. Specification of data acquisition system

Sr Parameter Specification
1 Brand make National instruments
2 | Number of channels 4
3 | Maximum sampling | 51.2 ks/s per channel
4 Voltage input 5V
5 Dynamic range 102 DB
Table 3. Specification of accelerometer
Sr. Parameter Specification
1 Brand make National instruments
2 Model No PCB 352C33
3 Voltage sensitivity 100 mv/g
4 Frequency range 0.3 to 12000 Hz
5 | Electrical connector | Type/location 5-44 coaxial/side
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In order to determine the transmissibility of the suspension and to obtain raw data, NI Lab
VIEW Data acquisition system (DAQ) is used along with accelerometer sensors. Two
accelerometers are placed on a test rig to measure acceleration of two different parts. One is placed
on wishbone which measures acceleration of unsprung mass as shown in Fig. 6 and second is
placed on the carriage as shown in Fig. 7 which measures the acceleration of sprung mass. For
recording real time data, test set up is equipped with Data Acquisition System (DAQ). Two
accelerometers of IEPE type with BNC connector are directly attached to NI 9423 DAQ card
which is compatible to measure acceleration of the system. The Specification of DAQ System and
accelerometer are represented in Table 2 and 3 respectively.

Fig. 6. Accelerometer on carriage Fig. 7. Accelerometer on wishbone

4. Transmissibility

It is observed that higher the transmissibility, the higher the force that will be transmitted into a
vehicle operator, causing them discomfort. Therefore, it is desirable to minimize transmissibility in
most cases. The transmissibility is the ratio of output force to input force, the input force being exerted
on a mass system and that mass system transmitting an output force onto another system. It is the ratio
between output and input amplitude:

Output Amplitude
Input Amplitude

@

Transmissibility =

In the above case, the input amplitude is the height of the speed bump, with output amplitude
being vertical movement of the body. The experimental results are summarized in Table 4.

Table 4. Frequency and transmissibility for 0.3 A to 0.5 A from 82 kg to 132 kg

Frequ Transmissibility
ency For0.3 A | For0.3 A | For0.4 A | For04 A | For0.5A | For0.5A | For0.5A | For0.5A
and 82 kg | and 97 kg | and 82 kg | and 97 kg | and 82 kg | and 97 kg | and 117 kg | and 132 kg
1.50 0.26 0.3 0.29 0.3 0.22 0.4 0.34 0.9
1.58 0.28 0.31 0.31 0.42 0.52 0.56 0.7 1.00
1.67 0.3 0.34 0.33 0.55 0.78 0.87 1.3 1.25
1.83 0.35 0.45 0.37 0.68 0.91 1.08 1.45 1.18
2.00 0.4 0.54 1.24 0.8 0.84 1.1 1.6 1.05
2.35 2.3 0.9 1.45 1.2 2.14 1.5 1.1 0.8
2.50 3.2 1.2 2.8 1.3 1.9 1.24 0.53 0.5
2.63 1.8 1.81 2.6 1.1 0.82 0.56 0.48 0.35
2.67 0.65 1.32 0.61 0.9 0.52 0.38 0.32 0.3
2.75 0.38 0.44 041 0.35 0.36 0.32 0.28 0.25
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4.1. Half power band method

Suspensions in real vehicles don’t have constant frequency and damping ratio at all times. The
vehicle suspension damping ratio is usually direction and velocity dependent. The damping is
small in compression (bump) but large in extension (rebound). The damping rate is relatively high
at low speed to control the vehicle attitude; it is relatively low at high speed for improved ride.
The damping ratio provides a mathematical means of expressing the level of damping in a system.
A damping ratio greater than 1.0 means over-damping, a value of exactly 1.0 is critically-damped,
and a value less than 1.0 is under-damped. Damping and isolation are the two aspects of vibration
management. In case of isolation which deals with the prevention of vibration from entering into
the system whereas in case of damping which deals with the absorption of vibration energy
entering to the system and changing the mechanical form of energy into a other form of energy.
These two forms of vibration are completely different from each other but always utilized in
conjunction to attain the required performance. There are three kinds of damping like viscous,
coulomb, and structural or solid damping. The damping which depends upon surface friction and
also the pressure between surfaces is known as coulomb damping. The Logarithmic decrement
method and Bandwidth method are the two major methods for measurement of damping in
vibration system. Time domain method is used in Logarithmic decrement whereas half power
bandwidth method [22-24] is used in frequency domain analysis. The main concept behind
frequency domain analysis is forced vibration which can be determined experimentally. The main
limitation is of this method is that the horizontal line representing the half power must intersect
the frequency response curve at two points defining the two limit frequencies. This implies that
the damping has to be less than about 38 %. For systems that do not have real modes, the
comparisons show that the results obtained with the half-power bandwidth method are reasonable,
make physical sense, and are in fact very close to those predicted by approximate procedures used
in practice [25-27]:

T,
%;" = 0.707 Tpear, 3)
Damping ratio for viscous damping is derived as:
(1)2 - (1)1
(=——— 4
(20,) @

From Fig. 8, w; and w, are the frequency at 0.707Tpqx and natural frequency w, = w, peak
frequency at Tpeqx-

Bandwidth

Transmissibility «

W0, @

Frequen&'
Fig. 8. Determination of equivalent viscous damping from frequency response curve
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4.2. Sample calculation for 0.3 A at 82 kg

The Table 5 represent the observed data for sprung mass 82 kg and from Fig. 9 the values for
w; and w, are 2.35 and 2.58 at 0.707 Tp,eqx Whereas wy, is observed at 2.5. The maximum

transmissibility T,.qx observed as 3.2. Hence damping ratio calculated as:

{= 7o, = 7775 = 0.046. ®)

Vs

Trarismiibdity

i |
oo 180 200 280 .00

Fregquenoy

Fig. 9. Half power bandwidth frequency for 0.5 A and 132 kg

Table 5. Frequency and transmissibility Table 6. Frequency and transmissibility
for 0.3 A and 82 kg for 0.5 A and 132 kg
Frequency | Transmissibility Frequency | Transmissibility
1.50 0.26 1.50 0.9
1.58 0.28 1.58 1.00
1.67 0.3 1.67 1.25
1.83 0.35 1.83 1.18
2.00 0.4 2.00 1.05
2.35 2.3 2.35 0.8
2.50 3.2 2.50 0.5
2.63 1.8 2.63 0.35
2.67 0.65 2.67 0.3
2.75 0.38 2.75 0.25

4.3. Sample calculation for 0.5 A at 132 kg

The Table 6 represent the observed data for sprung mass 132 kg and from Fig. 10 the values
for w; and w, are 2.22 and 1.5 at 0.707 Tpeq, Whereas wy, is observed at 1.67. The maximum

transmissibility Tpeqx Observed as 1.25. Hence damping ratio calculated as:

(.UZ - (1)1 _ 2.22 - 1.5

= = = 0.21. 6
‘=", 2167 0 ©

The calculated results are summarized in Table 7 for 82 kg to 132 kg sprung mass and current
from 0.3 A to 0.5 A.
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Fréaugncy

Fig. 10. Half power bandwidth frequency for 0.3 A and 82 kg

Table 7. Damping ratio for sprung mass 82 kg to 132 kg for 0.3 A t0 0.5 A

SrNo. | Current | Sprung mass (kg) Transmissibility Wy Wy Wy Damping ratio
1 03 82 32 25 | 235 | 2.58 0.046
2 ) 97 1.81 25 | 236 | 2.61 0.05
3 04 82 2.88 245 | 2.27 | 2.52 0.05
4 ) 97 1.3 233 | 1.98 | 248 0.11
5 82 2.14 217 | 2.1 | 2.38 0.06
6 0.5 97 1.5 233 | 1.92 | 2.52 0.13
7 ’ 117 1.6 20 | 1.62 | 2.18 0.14
8 132 1.25 1.67 | 1.5 | 222 0.21

5. Conclusions

The damping characteristic of semi-active suspension provides scientific basis for shock
absorber design optimization. A suspension system, as the link between vehicle body and wheel,
should be able to isolate vibration from the road surface irregularity to provide good ride comfort,
and keep the tyre road gripping. The effect of current on vibration characteristic of MR damper is
investigated in this paper. The observations show that the damping ratio is varies from 0.046 to
0.05 for 0.3 A, 0.05 to 0.11 for 0.4 A whereas it varies from 0.06 to 0.21 for 0.5 A from 82 kg to
132 kg sprung mass. From the result obtained it is concluded that semi active suspension system
offered the superior damping ratio over a wider range of sprung mass. The low price model
developed will have wide application to Indian auto industry, which is right now limited to
expensive vehicle.
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