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Abstract— Locomotive machine is the most important part of 

an automobile. Locomotive machine develops the power for 

auto mobile propulsion. Inertia of the moving parts and 

pressure forces developed inside the locomotive machine 

causes vibration of the locomotive machine. Damping of 

these vibrations is very important to prevent damage to the 

locomotive machine. Mounting systems must effectively 

dissipate these vibrations. The vehicle locomotive machine 

mounting system, generally, consists of a locomotive 

machine (vibration source) and several mounts connected to 

the vehicle structure. The modern locomotive machine 

mounting systems have been successfully used to isolate the 

driver and passenger from both noise and vibration generated 

by the locomotive machine the ideal locomotive machine 

mount should isolate locomotive machine vibration caused by 

locomotive machine disturbance force in locomotive machine 

speed range and prevent locomotive machine bounce from 

shock excitation. This implies that dynamic stiffness and 

damping of the locomotive machine mount should be 

frequency and amplitude dependent. Therefore the 

development of locomotive machine mounting system has 

mostly concentrated on improvement of frequency and 

amplitude dependent properties. Various locomotive machine 

mounting systems broadly used in automobiles can be 

classified into Elastomeric, Hydraulic, Semi-active and 

Active hydraulic mounts. In this paper a study of the 

locomotive machine mountings systems has been done. 
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I. INTRODUCTION 

The primary function of the locomotive machine mounting 

system is to support the weight of the locomotive machine 

(also called power plant). The plan view location of the 

locomotive machine centre of gravity should not only be 

contained within the support base, but the locomotive 

machine weight should also be well distributed among the 

load carrying mounts. This will ensure that the locomotive 

machine can be freely maintained in its specific design 

position. Besides supporting the locomotive machine weight, 

the major function of locomotive machine mounts is to isolate 

the unbalanced locomotive machine disturbance force from 

the vehicle structure. For an internal combustion locomotive 

machine, there exist two basic dynamic disturbances: the 

firing pulse due to the explosion of the fuel in the cylinder; 

the inertia force and torque caused by the rotating and 

reciprocating parts (piston, connecting rod and crank). The 

firing pulses will cause a torque to act on the locomotive 

machine block about an axis parallel to the crank. The 

directions of the inertia forces are both parallel to the piston 

axis and perpendicular to the crank and piston axes. The 

inertia torque acts about an axis, which is parallel to the 

crankshaft. For the multi-cylinder locomotive machine, the 

components of the locomotive machine-unbalanced 

disturbance depend on the number and arrangement of the 

cylinders in the locomotive machine. For example, the four-

cylinder locomotive machine has a vertical inertia force, 

which acts on the locomotive machine block in addition to the 

oscillator torque about the crankshaft, while the six- and 

eight-cylinder locomotive machines have no such inertia 

force and have only the torque oscillation. These locomotive 

machine disturbances will excite the locomotive machine six 

degree of freedom (DOF) vibration modes as shown in Fig 

2.1. For example, the torque caused by the firing pulse will 

cause locomotive machine pitch vibration. The frequency of 

unbalance disturbances is correlated to locomotive machine 

speed and depends on the number of cylinders in the 

locomotive machine, the stroke number and the locomotive 

machine Speed. For the four cylinders, four-stroke 

locomotive machine, the frequency of fundamental 

disturbances is at the second order of the locomotive machine 

speed. The frequency range is 20±200 Hz for a locomotive 

machine speed range from 600 to 6000 rpm. For an eight-

cylinder locomotive machine, the frequency of the 

disturbance torque is at the fourth orders of the locomotive 

machine speed and the frequency range is 40±400 Hz for the 

same locomotive machine speeds. 

 
Fig. 1: 

 In general, at low locomotive machine speeds the 

locomotive machine disturbance will result in an annoying 

shaking of the vehicle. At higher speeds, a booming sound is 

created inside the vehicle compartment when the locomotive 

machine disturbance force coincides with an acoustic 

resonance of the passenger compartment. To isolate the 

vibration caused by the locomotive machine-unbalanced 

disturbances, low elastic stiffness and low damping is needed. 

In order to obtain a low transmissibility, the natural frequency 

of the mounting system in a certain direction should be below 

the locomotive machine disturbance frequency of the 

locomotive machine idle speed to avoid excitation of 

mounting system resonance during normal driving 

conditions. This means that the locomotive machine mount 

stiffness coefficient should be as low as possible to obtain a 

low transmissibility. If the elastic stiffness of an locomotive 

machine mount is too low, then the transient response of the 

locomotive machine mount system can be problematic for the 

shock excitation. Shock excitation can be caused by sudden 
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acceleration and deceleration, braking and riding on uneven 

roads. The locomotive machine resonance mode in the low 

frequency range can be excited by such kinds of excitation. 

Stiffness values that are too low will lead to large static and 

quasi-static locomotive machine displacement and damage 

the locomotive machine components. So from this point of 

view, high stiffness and high damping are required to 

minimize the locomotive machine motion and absorb 

locomotive machine shake and resonance. From the above 

discussion, it can be easily inferred that the locomotive 

machine mount system should support the locomotive 

machine at static state, prevent locomotive machine bounce 

from shock excitation and isolate locomotive machine 

vibration caused by locomotive machine disturbances in the 

complete speed range. To isolate the locomotive machine 

vibration in a relatively high frequency range, the locomotive 

machine mounts are required to be soft low elastic stiffness 

and low damping. To prevent locomotive machine bounce in 

the low frequency range, locomotive machine mounts should 

be hard high elastic stiffness and high damping. This means 

that the dynamic stiffness and damping of a locomotive 

machine mount should be frequency-dependent. 

 Since lower frequencies usually lead to larger 

amplitude of displacement and higher frequencies lead to 

smaller amplitude of displacement, the mounting system with 

an amplitude dependent characteristic meet this requirement. 

The development of locomotive machine mounting systems 

has mostly concentrated on improvement in such frequency-

and amplitude-dependent properties. Mounts should function 

in a very harsh environment such as very low and high 

temperatures combined with aggressive substances such as 

oil, gasoline and cleaning liquid. The cost, maintenance, 

reliability and life of mounts should also be considered during 

the design of mounts. 

II. TYPES OF LOCOMOTIVE MACHINE MOUNTS 

A. Elastomeric Mounts 

Elastomeric (or rubber) mounts have been used to isolate 

vehicle structure from locomotive machine. Vibration Since 

then, much significant advancement, was made to improve 

the performance of the elastomeric mounts .Elastomeric 

mounts can be designed for the necessary elastic stiffness rate 

characteristics in all directions for proper vibration isolation. 

They are compact, cost-effective and maintenance free. The 

elastomeric mount can be represented by the familiar Voigt 

model which consists of a spring and a viscous damper. The 

dynamic stiffness of an elastomeric mount will be greater at 

higher frequencies than its stiffness at lower frequencies. This 

characteristic makes it difficult to design a mount system that 

satisfies the design requirements. A high stiffness or high 

damping elastomeric mount can yield a low shake level at low 

frequency, but its performance at high frequency will be poor. 

On the other hand, low stiffness and low damping yields low 

noise levels, but it induces a high shake level at low frequency 

because of the shock excitation. The solution is to obtain a 

compromise between locomotive machine isolation and 

locomotive machine bounce. The elastomeric mounts offer a 

trade-off between static deflection and vibration isolation. 

 Elastomeric mounts have been successfully used for 

vehicle locomotive machine mounts for many years. The 

recent vehicle development trends like small, light, front 

wheel drive vehicles with low idle speed need to use better 

performance mounts instead of the elastomeric mounts. 

However, there is still a Substantial room for improvement in 

passive elastomeric mounts by using nonlinear stiffness and 

damping characteristics. The use of specific nonlinear 

characteristics to obtain constant natural frequency in a broad 

weight-load range, use of materials with high internal 

damping, as well as materials with highly amplitude-

dependent damping and stiffness are desirable stress will 

occur. 

 
Fig. 2: 

B. Passive Hydraulic Mounts 

In 1962, Richard Rasmussen patented a hydraulic mount for 

increasing damping .The rising popularity of hydraulic 

mounts appears due to two reasons. The first reason is that the 

current vehicle development trends for small, light, front 

wheel drive vehicles with low idle speeds require more 

sophisticated mounting systems. The second reason is that the 

hydraulic mounts have evolved into highly tuneable devices. 

Various types of hydraulic mounts have been developed for 

the vehicle mount systems. It has been reported that 

significant improvement in ride comfort and reduced noise 

levels have been achieved by using hydraulic mounts 

compared with the conventional elastomeric mounts .Three 

typical hydraulic mounts are: hydraulic mount with simple 

orifice; hydraulic mount with inertia track; hydraulic mount 

with inertia track and de coupler Fig4.2.1. Although there are 

differences in some ways between orifice and inertia track, 

all of them cause damping at low frequency ranges.  

Hydraulic mounts with simple orifice or inertia track can be 

tuned to have high damping at the frequency corresponding 

to shock excitation that can be used to reduce shock level. 

Usually, the dynamic stiffness of hydraulic mount with 

simple orifice or inertia track is greater than that of a 

comparable elastomeric mount. 

 Although these kinds of hydraulic mounts greatly 

increase damping at low frequencies, they also degrade 

isolation performance at higher frequencies. Incorporating a 

de coupler in the hydraulic mount has resolved this problem. 

A de coupler functions as amplitude limited floating piston. 

It makes hydraulic mount amplitude-dependent at low 

amplitude displacement. It allows the mount to behave like 

an elastomeric mount to provide good vibration isolation at 

large displacement. It also allows the hydraulic mount to 

behave like a normal hydraulic mount providing the damping 

for shock excitation. The hydraulic mount with decoupler 

seems to have desirous dynamic performance and is used in 

many vehicles. 
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A typical hydraulic mount with decoupler requires 

incorporation of the following features: 

 An elastomeric mount capable of supporting the load and 

acting piston to pump the liquid into the button chamber. 

 Two separate chambers for fluid transfer. 

 An orifice or inertia track to generate damping. 

 A fluid medium. 

 Sealing between chamber and the outside. 

 De coupler to permit low amplitude by-pass of the 

damping 

 
Fig. 3: 

 
Fig. 4: 

III. SEMI-ACTIVE ENGINE MOUNTS 

A locomotive machine mount with a semi-active control 

mechanism is called a semi-active locomotive machine 

mount. Semi-active control can change the dynamic response 

of the system through controlling system parameters. The 

controlled parameters for a semi-active locomotive machine 

mount system can be elastic stiffness and damping. In most 

cases, damping control is preferred because of its simplicity. 

Magneto-rheological (MR) fluids have drawn much attention 

in the semi active control of locomotive machine mounts 

because of their rapid change in viscosity properties when a 

magnetic field is applied. These properties can easily be used 

to control the damping of the system. A semi-active 

locomotive machine mount system usually consists of a 

passive mount with controllable elements and a control 

mechanism. Almost all semi-active mounts reported in the 

literature are of hydraulic type. A typical example of a 

mechanical model for a hydraulic mount is shown in fig. In 

this model, the moving mass M can be adjusted to change the 

damping force to control the dynamic response of the system. 

A typical semi-active MR mounts and its control system is 

shown in Fig. The structure of the MR fluid mount is similar 

to that of a conventional hydraulic mount except the liquid is 

an MR fluid and when a magnetic field is applied 

microstructure is changed thereby increases the viscosity of 

suspension. The MR fluid has got the ability to change from 

a free flowing liquid to semi solid with in mille seconds and 

come back to the initial stage when magnetic field is 

removed.  The dynamic response of most semi-active 

hydraulic locomotive machine mount systems is very 

sensitive to the system parameters. Research work done on 

these systems show that only through extensive parametric 

study, it is possible to achieve the optimal turning of the 

mounting system. The semi-active locomotive machine 

mounting systems are used mainly to improve the system 

performance at the low frequency range. For improving the 

high frequency vibration isolation, active control techniques 

are employed 

 
Fig. 5: 

IV. ACTIVE LOCOMOTIVE MACHINE MOUNTS 

In active vibration control, a counteracting dynamic force is 

created by one or more actuators in order to suppress the 

transmission of the system disturbance force. In other words, 

an active energy source should be continuously supplied to 

counteract the continuously generated energy source. A 

typical active mount consists of a passive mount (elastomeric 

or hydraulic), force generating actuator, a structural vibration 

sensor and an electronic controller. The passive mounts are 

used to support the locomotive machine in the event of an 

actuator failure. The actuator provides dynamic force, which 

is reasonable in magnitude and responds quickly enough to 

the control signal. The structural vibration sensor is a force 

sensor or an accelerometer providing the controlled signal to 

the controller, which adjusts the amplitude and phase of the 

force generated by the actuator to minimize the measured 

sensor signal, so as to reduce the vibration. Different types of 

controllers are used to active the locomotive machine mounts. 

The controller can be either feedback or a feed forward type. 

The active vibration control is typically implemented with the 

closed-loop controller utilizing on line sensor measurement. 

The mechanical models of elastomeric and hydraulic active 

mounts are shown in Fig 4.4.1 and 4.4.2. In these models, F 

represents the dynamic force generated by the actuator. . 

More recently, active locomotive machine mounts with piezo 
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actuators were also developed to isolate vehicle vibration. 

Piezo actuators have a very high-speed response, but the 

displacement is very small and requires a suitable mechanism 

to increase the amplitude. The active mount stiffness is 

equivalent to the stiffness of the passive mount (elastomeric 

and hydraulic) at every frequency except where locomotive 

machine vibration occurs. At the disturbance frequency, a 

tonal controller commands the mount to be very soft 

(reducing the accelerometer or force sensor signal). 

 The active mounts can overcome the limitations of 

passive mounts. That is, active elastomeric mounts can be 

very stiff at low frequencies and very soft at high frequencies. 

Active hydraulic mounts can be tuned to achieve adequate 

damping at the locomotive machine bounce frequency and 

have very low dynamic stiffness at higher frequency. The 

active locomotive machine mounting system can be very stiff 

at low frequency and must be tuned to be very soft at high 

frequency range. Active mounts use sensors, control units and 

an energy source. Compared with the passive locomotive 

machine mounting systems, the active locomotive machine 

mounting system will result in increased weight, cost and 

energy consumption and reduce reliability of the system the 

performance, reliability and economics still need further 

improvement. The active locomotive machine mounts are 

considered to be the next generation of locomotive machine 

mounts. 

 
Fig. 6: 

 
Fig. 7: 

V. CONCLUSION 

The ideal locomotive machine mounts should isolate 

locomotive machine vibration caused by locomotive machine 

disturbances in the locomotive machine speed range and 

prevent locomotive machine bounce from shock excitation. 

This implies that the stiffness and damping of locomotive 

machine mount should be frequency-and amplitude-

dependent. The development of a locomotive machine 

mounting system should concentrate on improvement of such 

frequency- and amplitude-dependent properties. 

 The elastomeric mounts do not meet all the 

requirements and can only offer a trade-off between static 

deflection and vibration isolation. But elastomeric mount 

properties like compactness, cost-effectiveness and low 

maintenance make elastomeric mounts still very effective. 

 Passive hydraulic mounts provides better 

performance than elastomeric mounts especially in the low 

frequency range, but they cannot solve all the inherent 

problems that arise during vehicle operations. Semi-active 

techniques are used to further improve the performance of 

hydraulic mounts by making them more tuneable. 

 The active locomotive machine mounting system 

can be very stiff at low frequencies and be tuned to be very 

soft at higher frequencies to isolate the vibration. Since the 

active mounts use sensors, control units and an energy source, 

the active locomotive machine mounting system will increase 

weight, cost and energy consumption. The active locomotive 

machine mounting systems have been considered to be the 

next generation of locomotive machine mounts. 
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