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TABLE OF CONTENTS GLOSSARY

) Part 3 Practical Vibration Control Measures 33 Amplitude The maximum extent of a vibration or oscillation, measured
Reduce the excitation! 35 from the position of equilibrium.
Single plane balancing 36 Acceleration The rate of change of velocity.
Multi-plane balancing 36 Cycle A recurring series of successive operations or states, such as
Shaft alignment 37 in the working of an internal-combustion engine, or in the
Structural vibration and resonance 38 alternation of an electric current or a wave.
Anti-vibration mountings 40 Damping A reduction in the amplitude of an oscillation as a result of

energy being drained from the system to overcome frictional
or other resistive forces.

dB Decibel. Logarithmic unit, one tenth of a bel, used for
expressing the loudness of a sound. The faintest audible
sound (2 x 107 pascal) is given an arbitrary value of 0dB.
The human pain threshold is 120dB. Ordinary
conversations occur at 50-60 dB.

dB(A) Decibels representing sound that has been A-weighted.

Displacement The linear distance that a point moves during motion.

Hz Hertz. The SI unit of frequency, equal to one cycle per
second.
Pa Pascal. The SI unit of pressure, equal to one newton per

square metre.

Period The interval of time between successive occurrences of the
same state in an oscillatory or cyclic phenomenon, such as a
mechanical vibration, an alternating current, or an
electromagnetic wave.
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SPL

rms

rpm
Transmissihility

Velocity

Sound Pressure Level. The ratio of a sound’s pressure to a

reference pressure.
Root mean square, a measure of the energy in a signal.
Revolutions per minute.

The passing of heat, light, sound, electricity, or other energy
through a medium.

Rate of motion of a body in a certain direction.

PART 1

GENERAL PRINCIPLES
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SOUND WAVES, SOURCES AND WAVE
PROPAGATION

Mechanical vibration is a primary generator of sound in industry and noise

is usually described as unwanted sound. Sound is necessary for

communication and information, and for enjoyment, e.g. music.

Unfortunately, it is also a side effect of most production processes in

industry, and in this form it is undesired and labelled noise. Noise may be of
such a level that it can cause undesirable effects, such as stress, interference

with communication and, ultimately, hearing loss.

Sound is an oscillation of the air caused by a vibrating source (e.g. a

loudspeaker or a panel of a machine) or an air-moving device (e.g. a fan or
exhaust). Vibration causes compression (and rarefaction) of the air which

causes pressure changes in the direction away from the source. These

pressure changes or waves are transferred through the air to the ear, where a

membrane in the ear vibrates, allowing the person to hear the noise.

Compression Rarefaction

>

Tuning fork

FETrreere e e reeeeer

TR rrreer e teeeerr i (\
IIIIIIIIIIIIIIIIIIIIIIIIII.M EZieivefs
TR rrreer e teeeerr i

TR rrreer e teeeerr i

FEerrrre rererer e rereerr v
—> < >—

Air particles vibrate along
propagation path

SOUND PRESSURE LEVELS, MEASUREMENT
AND dB SCALE

The level or intensity of sounds produced by industrial processes and

commercial activities extends over such a wide range that a normal or linear

numbering scale is inadequate. The greatest sound pressure that the normal

ear can tolerate without pain (20 Pa) is one million times greater than the

lowest sound pressure that the ear can detect (0,00002 Pa or 20

MicroPascals). To manageably cater for the huge range of loudness, the

decibel scale has been devised to measure sound level in logarithmic, rather

than linear or numerical terms. It quantifies the level of a sound as a ratio,

relative to the reference sound pressure of 20 pPa (MicroPascals), which is

arbitrarily assigned a value of 0 on the decibel scale. The resulting value,

because it is a ratio of the sound’s pressure to the reference pressure, is

referred to as the sound pressure level (SPL). The SPLs of typical industrial

and commercial activities are compared below.
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FREQUENCY CONTENT OF NOISE SOUND ABSORPTION AND INSULATION
All noise is composed of a large number of different frequencies of varying The two primary ways in which noise may be controlled are absorption and
sound pressure levels. The ear is more sensitive to high frequencies than low insulation. These are two different physical mechanisms, when used
frequencies and, to represent the response of the ear properly, a measuring individually or together, can be effective in reducing noise from machinery. q
instrument must behave in the same way as the ear. A Sound Level Meter S L . .
ound absorption is the property of a material to accept sound which falls

has an inbuilt filter (the A-weighting filter) that weights the frequencies of
the noise in the same way as the ear, and thereby gives a value for the noise
(in dB) that closely represents the response of the human ear. A Sound
Pressure Level is therefore an objective measurement of a noise to which the

on it without reflecting it. Sound insulation is the property of a material to
prevent sound from passing through it. Many materials possess both
properties in different ratios but, essentially, the two properties are

. . . o i independent of each other.
human ear responds in a subjective way, allowing objective comparisons to

be made. . Absorbed d
Incident sound sorved soun

The sound absorption and sound insulation, which can be provided by a

particular noise control measure, depend on the frequencies of the noise that

needs to be reduced.

Noise is an irregular combination of tones at all frequencies.

5

Transmitted sound
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WHAT IS VIBRATION?

Vibration is the oscillatory motion of a structure or machine.
Motion: It moves!
Oscillatory: It goes back and forth! i.e. the motion repeats itself.

Structure or machine: That which moves.

/Accelerometer On;\cycle o

AR LLLARQ AL ARL - Jamptiene
S

A machine that rotates at N 7pm generates a vibration at a frequency (f) of:
f= N He

in a period of: T= 71[ sec

Hertz (Hz) or cycles per second is the unit of frequency.

EXAMPLES OF MACHINES THAT VIBRATE

e Pumps ¢ Locomotives ¢ Conveyors /

¢ Crushers conveyances

¢ Electrical motors
¢ Internal combustion ° TQOIS SUFh as: rock
engines drills, grinders,

jackhammers, etc.

e Vibrating screens

e Vehicles
e Fans

PART 1 GENERAL PBII}IP[ES))))

Qi

Motor Rock Drill

Dump Truck

FREQUENCY AND AMPLITUDE

5s

Y
Y

Frequency is measured in Hertz (Hz) (cycles per second). One Hertz means
that the motion completes one cycle in one second. Ten Hertz means that
there are ten cycles in one second. Frequency (f) can be calculated by
counting the cycles (or revolutions) and dividing that number by the time in
seconds:

f= number of cycles

_ 10 pulses _
T(in seconds) eg. f= 55 2Hz

as shown in diagram)

or for revolutions:

rpm 300 rpm
f= _% e.g. f=—60L=5HZ

1
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Amplitude (A) of vibration can be represented and measured as: Therefore, the natural frequency is related to the mass and stiffness properties

. of a system or structure. If the mass increases, the natural frequency will
Displacement (pm, mm or m)

decrease. If the stiffness increases, the natural frequency will increase.
Velocity (pm/s, mm/s or m/s) is the rate of change of displacement

The natural frequency is that frequency at which the system will oscillate if it
Acceleration ((pm/s*>, mm/s*>, m/s* or g (1g = 9.8 m/s?)) is the rate of change of is disturbed from rest and allowed to vibrate naturally. If a system is excited q
velocity at its natural frequency it will respond with large amplitudes; this is known
For vibration displacement, velocity and acceleration are related by: as resonance.
1 Hz 10 Hz
FREQUENCY RESPONSE
Displacement: x(#)= A sin(wr) 1 mm 1 mm
Velocity: v(t)= Awcos(wr) 6,3 mm/s 63 mm/s Some structures have multiple natural frequencies so they will respond with
Acceleration: a(t)= —Aa?sin(ax) 39,5 mm/s’ 3 950 mm/s? large amplitudes at not only one but many resonance frequencies.

_—

Note: A is the physical displacement measured and w is the angular velocity
in radians per second.
1 mm displacement at 10 Hz leads to 100 times the acceleration that

occurs with vibration at 1 Hz. Amplitude Less damping
The frequency St -
response of a 457
WHAT IS A NATURAL FREQUENCY? structure shows these 3:_
natural frequencies .
Any system with mass () and stiffness (k) will have a natural frequency(w,): as peaks. Note: the 3t
effect of damping is 2.57
Wn = «/7 in radians per second to reduce the 2
or: amplitudes of peaks. 15¢
= W m 1r
fn= 311 in Hertz (cycles per second) 0.5}
00 _I—F 3 & 5
% k More damping Frequency

12 13



A PRACTICAL GUIDE TO NOISE AND VIBRATION GCONTROL IN THE SOUTH AFRICAN MINING INDUSTRY

VIBRATION ISOLATION

Isolation is achieved by decoupling the vibration from the structure by
making use of an anti-vibration mount (vibration isolator).

Vibrating motor

$ # Anti-vibration mount

~«—— Structure that needs to be

protected form vibration

Amplitude

Y

Frequency

Note: the effect of damping is to reduce the peak at resonance.

14

ADVERSE HEALTH EFFECTS OF NOISE
AND VIBRATION

Vibration is one of the primary causes of noise in an

industrial environment. Noise has a number of

disadvantages:

- Makes verbal communication difficult

- Annoys and fatigues workers in a noisy area

- Causes Noise Induced Hearing Loss (NIHL) when a
person works in a very noisy environment for many
years.

Excessive vibration can lead to fatigue of metallic
components. This is usually a problem only when the
system is being excited at its resonance frequency.

Vibration, similar to noise, can cause annoyance and
fatigue of workers and operators. This may result in
lapses of concentration and hence pose a safety risk.

Sufficiently high levels of vibration can lead to
occupational diseases such as HAVS (Hand Arm
Vibration Syndrome) and lower back pain which is
usually associated with whole body vibration.

PART 1 GENERAL PBII}IP[ES))))
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LEGAL REQUIREMENTS

See Franz RM and Phillips J1. In: SIMRAC Handbook of Occupational
Health Practice in the South African Mining Industry. Guild R, Ebrlich RI,
Jobnston JR, Ross MH (eds). SIMRAC, Johannesburg, 2001. pp 193 - 230.

SABS 083 and the Mine Health and Safety Act, Act No. 29 of 1996 requires

that:

Workers should not be exposed to noise levels of more than 85 dB(A)

for eight hours per day. This means that higher levels are possible for

shorter durations, i.e.

85 dB(A)
88 dB(A)
91 dB(A)
94 dB(A)
97 dB(A)
100 dB(A)

8 hours
4 hours
2 hours
1 hour
30 minutes

15 minutes

Note that every increase of 3 dB(A) halves the allowed exposure time. For

example, a single rock drill operating in a stope produces levels higher than

100 dB(A) and therefore it is illegal for any person to operate a rock drill

without hearing protection.

Currently, there are no regulations in the South African mining industry that
place a limit on the vibration to which a worker may be subjected. However,
the EU (European Union) has legislated that, from 2007, the action level will
be 2.5m/s?* and the exposure limit Sm/s* for an equivalent 8 hour exposure
period per day, measured as the geometric mean in all three axes.

Both NIHL and HAVS are compensable occupational diseases according to
Schedule 3 of the Compensation for Occupational Injuries and Disease Act,
Act No. 130 of 1993.

In 2003 approximately R52 million was paid out to more than 7 000 mine
workers as compensation for NIHL. This represents around 22% of total
payments for occupational injuries and diseases in the mining industry, in
terms of the Compensation for Occupational Injuries and Disease Act, Act
No. 130 of 1993 (Arthur Begley, personal communication).

1
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INTRODUCTION
Methods of noise reduction fall into 3 categories:

© Reducing noise at source, which usually involves the practical application
of engineering knowledge and, ultimately, redesign of the equipment by
the manufacturer to reduce the inherent sound power. This is the primary
focus of this section.

© Changing to quieter work procedures may be possible in many instances,
e.g. the bonding or screw fitting, rather than riveting, of panels.

@ Preventing propagation by the use of full or partial enclosures, setting up
absorbent ceilings or hanging panels, or setting up local screens at
especially noisy operations to reduce noise at remote workstations in the
same plant. However, these are not the preferred methods.

Current noise control legislation is aimed at reducing noise-induced hearing
loss by encouraging engineering design to reduce noise at source. To this end
it is a requirement that the sound power output of new machinery is
measured and the machine labelled with the measured value. This enables
the purchaser to compare the noise of competitive machinery, and also to
calculate the total noise level in the area in which it is to be used along with
other noisy machinery.

The noise to which one is exposed in the mining industry comes from many
individual noise sources, such as drills, pumps, gearboxes, fans and motors.
Each machine generates a large number of different types of noise, some of
which may be common to several machine types. The mechanical methods
by which noise is produced are referred to as mechanisms of noise
generation.

The aims of a noise control programme are to identify these mechanisms of
noise generation in every machine or process and to apply engineering
modifications to reduce the noise output of the most significant sources. For
example, the noise in a pump room is composed of noise from the pump,
motor, gearbox and ventilation fan, each of which has a number of different
mechanisms of noise generation.

21
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The ventilation fan, for example, can produce noise in a number of separate
ways, each having identifiable characteristics and standardised methods of
potential noise reduction:

1) Prohlem - out of balance forces in a motor that appear at speed and
radiate from the motor, the fan, and any attached surrounding
structure.

Solution - balance the unit; isolate it from the structure using anti-
vibration mounts; reduce the area of attached panelling that
can radiate noise like a loudspeaker.

2) Problem - vortex-shedding at regular blade-passing frequency, which
causes a tone.

Solution - use irregularly spaced and/or curved blades to avoid regular
impulsive blade passing.

3) Prohlem — noisy turbulent airflow over crudely shaped blades.

Solution — use blades with aerodynamically correct cross-sections and
overall shape to promote smooth flow.

ATTENUATION OF DRILLS AND
JACKHAMMERS

Noise control of these machines is particularly difficult and concentrates on
three primary mechanisms of noise generation:

1) Problem - noise from the impact of a drill steel at the the rock surface.
Solution — placement of a local sound attenuating cover.

2) Problem — mechanical noise from this and the drive mechanism radiated
from all external surfaces.

Solution — improved mechanical design with the mechanism enclosed
within a separate housing from the outside casing.

3) Problem - violent exhaust of compressed air.
Solution — attenuated by an efficient remote silencer can.
Retracting cover

over steel and

impact zone Air inlet

Rock Minimise
mass h mechanical noise in
( drive mechanism

and enclose in
separate housing

Labyrinthine path for

Minimum

exhaust air separating Sm line Annular
sound-attenuating silencer bsorb
two-wall structure | pp— A soroey,
‘yzzzzzzz {'na'teﬂal
i in internal
Perforations on all ] walls
internal surfaces and exit =

plate to absorb noise
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COMPRESSORS AND GENERATOR REDUCING PANEL VIBRATION
ENCLOSURES
Large panels on equipment, such as safety covers, control panels, access
The principle is to enclose the noisy machinery (e.g. diesel engine or panels and collection bins, are subject to vibration or shock and, as such, are
compressor) inside a box-within-a-box so that the double-wall enclosure very efficient radiators of noise, acting exactly like loudspeakers. The larger
between the walls provides much greater sound insulation than a single wall they are, the greater the noise level they are able to generate.
of equivalent mass. The space between the two walls (provided with sound
absorbing surfaces) carries not only the motor intake air and exhaust, but The approach to effective noise reduction is three-fold: q
also the cooling/compressor air along sound absorbent ducts to attenuate the
1) reduce the vibration to which a panel is subjected by removing it from

intake, exhaust, and airflow noise. All panels and ducts in such a system braci '
must be well sealed to prevent cross flow of air and noise leaks. All intake any vibrating equipment

and exhaust outlets in both walls should be fitted with effective acoustic 2) reduce the area of the panel as far as possible to reduce the loudspeaker
louvres. effect
External panel Motor llg:rif:?nucjfth 3) increase the amount of noise cancellation which can occur around the
Cooling air outlet exhaust absorbent edges by using perforated or mesh panels
lining
Sealed external \ Internal
and internal S —— = \_ I = panel with
panels
/ Z / absorbent
Compressor 4 > ~ Z |A/ lining
and cooling i Z I S di
air flow ~["Z&——  ———————= 7 | 4+— gZ[Zmun e Solid panel
Combressor \I\: | radiates sound
P : well - poor  ——1

and cooling

|
; : — Internal cancellation

(LS
)

I
air intake \ I B _ z panel
with acousti | o | z Cooling
louvres \ L~ air outlet

Vzbratzon 5 Combustion air
isolators ﬁ 7 ducted to motor
L 7 via gap between

walls

Mesh wire or expanded
metal reduces area of
radiation and noise
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VENTILATION FANS

Fans generate noise by inducing mechanical vibration in the surrounding
structure which radiates it as noise, and also by regularly shedding vortices
from the blades. The noise radiation can be reduced by normal maintenance
procedures such as balancing, proper alignment, lubrication, and vibration
isolation from the rest of the structure. The shedding of vortices can be
reduced by choosing the correct type of fan for the purpose required,
minimising the fan speed, choosing the aerodynamically correct blade shape
and profile, and avoiding obstacles and sharp changes of the duct profile
upstream which generate turbulence noise.

Aerodynamic blade

profile to improve

efficiency and reduce
aerodynamic noise

~

No obstacles
upstream of fan
<« to disturb flow
and cause
turbulence noise

Vibration isolate from supporting structure
to avoid noise radiation from structure

Balanced fan/drive
unit to minimize
vibration and structure
—borne noise \

Select fan

for required
operating
conditions of

Air flow

centrifugal or
mixed flow
unit may be
optimal

7
Blade shape and random \ Select lowest speed unit
distribution to reduce for required airflow. 2

noise at blade passing x speed = 15dB noise
frequencies increase

NB: Intake or exhaust silencers
may be required in some cases

26

airflow. Axial,
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DUCT SYSTEMS

The flow of air over any obstacle or past any obstruction, or a change of
cross-section, can generate turbulence which invariably leads to an increase
in noise. This occurs in free airflow over objects, but is of greatest practical
importance in air-conditioning and air supply ducts where air speeds are

high.

The reduction of turbulence, and therefore of noise, within ducts and pipes
is of primary importance. For best results, the duct should be smooth, with
smooth changes of direction, smooth changes of cross-section such as at
diffusers and, where obstructions are inevitable (e.g. at fans and regulators),
a suitable settling distance must be allowed to settle the turbulent flow.

Vibration isolators to
minimize vibration
transfer to supports and

noise radiation from \
attached structures %

A

Smooth bends
to minimize

z turbulence
T Streamlined fan
Long settling boss to minimize
distances after y': turbulence

regulators, obstacles
or bends to allow —>

Smooth transitions turbulence to settle

at junctions to k
minimize turbulence
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GAS AND STEAM VENTS

Exhaust noise from excess steam or gas vented to the atmosphere at high

pressure and velocity can be effectively reduced by controlled expansion to a

lower velocity, and therefore lower potential noise levels, through a diffuser

with bore tubes much smaller than the original supply pipe. These produce

much higher sound frequencies than the original pipe, which are then much

easier to absorb by the traditional means of perforations backed by absorbent

material. The spiral divider greatly increases the available area of absorption

and the absorbent cap minimises direct noise radiation from the top.

Perforations
to absorb
noise

Sound
absorbent
material

Spiral centre
/ divider to give
greater area of
absorption

Diffuser with
small channels
reduces noise and
slows gases

PART 2 PRACTICAL NOISE CONTROL MEASUHES))))

FLOW IN PIPELINES

Many of the same noise control measures which are effective for air

movement are also appropriate for liquids in pipelines. These include the

maintenance of steady flow, smooth changes of direction, and the avoidance

of obstructions in the pipeline. The interior of the pipeline, particularly at

bends, should be smooth to avoid generating turbulence. Flanges should be

flush with the pipe inner surface. Distances between valves must be sufficient
for any induced turbulence to settle and steady flow to be maintained.

Vibration isolator
between pipe and
support structure

T~

Flanges to be flush on

inside surface of pipe

to avoid turbulence
Large valve
for low local
velocity

Smooth transition where
pipe diameter changes to
avoid turbulence

i /
Small change in

speed and direction
minimizes noise

Gentle bends

Regulating
2 valve
Shut-off
/ valve
-
I’

Long settling
distance
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ROTATING PARTS NOISE RADIATION FROM PANELS

When air flows past an object (e.g. a projection in a duct) or when an object Natural resonances in structures and panels, especially in lightly damped

moves in the air (e.g. a rotating tool), a pure tone can be caused by the homogenous panels, amplify the radiated noise level significantly. The

regular shedding of vortices from discontinuities such as a cutter, a notch, a addition of damping, in the form of a laminated or a stick-on or spray-on

projection, or even a hole. If the air volume associated with the discontinuity layer, reduces the noise in two ways. The overall noise level is reduced

has a cavity resonance close to the vortex-shedding frequency, a powerful significantly, as is the ‘ringing’ of the panel after an impact. This is

whine may be generated. This can be minimised by reducing the sharpness, particularly important in workshops where high levels of impact noise are

number and size of projections and by eliminating cavities behind them to the leading cause of hearing damage. Examples are plater welder and truck q
prevent resonance. buster shops. Temporary damping pads on work-pieces are widely used in

industries where riveting, cutting and hammering are part of the
All rotating parts, saw blades, planning cutters,
or flywheels with discontinuities can shed
vortices which cause a high-pitched whine

manufacturing process.

. Without
Vortices O noise Withldamping damping
pane i
Projection into airflow © Sp‘lzeczizm R
I Overall
Airflow OOO G noise noise level

Vibrating spectrum

plate \
/ frequency

\ Temporary

damping panel
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REDUCE THE EXCITATION!

The most effective action is to reduce the primary source of the vibration.
This is usually the easiest way to reduce the negative impacts of high
vibration levels, including noise and structural fatigue.

A reduction of the vihration levels can he achieved hy:
© Balancing machines, shafts, motors, etc.
© Reducing the operating speed of the machine

© Using alternative power sources, e.g. electrical machines instead of
internal combustion engines

© Changing the method of operation

© Regular and proper maintenance of equipment

More vibration
due to any one or
combination of
above

Less vibration due
to appropriate
corrective action

g2 -

vibration

Before control After
measures
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SINGLE PLANE BALANCING

Unbalanced motors, fans, pumps, etc. cause excessive vibration. To reduce
the vibration the machine must be balanced. Single plane balancing is the
easiest to accomplish and can be done statically, i.e. no expensive equipment
is required. Typically, such systems include wheels, fans, flywheels, and
discs.

A balancing mass is attached ton the opposite side of the system to cancel
the effect of the primary imbalance.

e a

Imbalance

Balancing
mass

MULTI-PLANE BALANCING

Where the rotating component does not consist mainly of a disc, it is
necessary to use more advanced techniques to determine the most
appropriate positions for the balancing weights. More sophisticated
equipment is required and the system can only be balanced using
measurements taken while it is rotating. This is called dynamic balancing.

Balancing
weights

- T~

Example: A propshaft needs to be balanced in two planes

PART 3 PRAGTICAL VIBRATION GONTROL MEASUHES))))

SHAFT ALIGNMENT

If machines are not aligned, the shaft connecting them will not rotate around
its centreline and will cause unnecessary vibrations. It is therefore important
to align shafts correctly. There are laser-based systems that can align these

systems very accurately.

Motor

Flexible
couplings

Flexible couplings, for example, rubber bellow or universal joints, allow for
misalignment between two rotating shafts.
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STRUCTURAL VIBRATION AND RESONANCE

All structures have natural modes of vibration. If they are excited at these Stiffening the structure will not only change the natural frequency but will
frequencies, they tend to vibrate with high levels of amplitude, known as also reduce the level of the vibration by creating a node at the point where
resonance. However, if damping material is attached, the vibration is the machine is attached.

damped and the peaks decrease in amplitude.

—

Undamped

4.5t

3.5

2.5t

21 Stiffening the structure increases the frequency and decreases the amplitude.

1.5}

0.51

—

amped

»
(
(
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ANTI-VIBRATION MOUNTINGS

Anti-vibration mounts

The principle of vibration isolation depends on the introduction of a compliant Typical examples are motors,
structure (e.g. a spring) between the vibrating component/surface and the fans and pumps that need to o reduce the vibration
from the machine
A
P g

system that needs to be isolated. To specify the stiffness, it is usual to refer to be isolated from the structure. entering the foundation.

the static deflection of the system when it is positioned on the springs. |

10 Anti-vibration mounts to
reduce the motion from the
vibrating base that enters the
104 sensitive equipment that
I, needs to be isolated. % %
=
3|10
g More damping
AP Anti-vibration mountings (or isolators) can be used to isolate operators from
% L f . . . . . . .
& Increasing machinery, e.g. engine mountings on vebicles and seats in passenger vebicles.
damping
107 Less damping
Typical materials used for anti-vibration mountings include:
104 1 1 J . . .
o 10° 10 100 © Steel: coil and leaf springs, wire rope, etc.

Frequency © Elastomers: natural and silicon rubbers, polymers etc.

© a vibrating machine from the foundation or structure on which it stands,
in order to reduce the forces that enter the foundation or structure and

© a vibration-sensitive piece of equipment from the vibrating structure or

surface.

A variety of anti-vibration mountings are available commercially.

i
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Advanced vibration Transmissibility of beavy persons (4-6), for seat B
isolation systems T
include vehicle 1.8 - h?;r/‘ level ]
AR L ectten] |

seats, and even anti-

vibration gloves which
are used to hold
vibrating hand-operated
tools such as rock drills.

Suspension seat being Anti-vibration gloves with
tested in the laboratory air-bladders in the palms
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