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ABSTRACT

The objective of this study was to determine the effectiveness of vibration
reduction materials made from synthetic rubber. A rubber belt plate and a rubber valve
plate of equa dimensions (360 x 240 x 10 mm) were compared by measuring
vibrations from a weaving machine. Vibrations were measured at X and Y axes
horizontal and the vertical axis Z at 4 points at the base of the machine. A further 6
point 300 mm. from the edge of the machine were measured for vibrations before and
after using the materials. The power was 5HP, 37 kW and 855 rpm.

The physical properties of the rubber belt plate and rubber valve plate were
assessed. The rubber belt plate was strong and lasting. It was more abrasive than the
rubber valve plate. The rubber valve plate had more ability to support tearing and
could return to its previous form after being compressed more than the rubber belt.

The average vibration at the machine along the Z axis was significantly higher
than along the X and Y axes before and after using the vibration reduction materials,
(p-value < 0.001) but the average vibration along the Z axis was not significantly
different when measured before and after using the vibration reduction materias (p-
value = 0.650). Average vibration measured at the floor significantly aong the Z axis
was found to be significantly higher than that for the X and Y axes both before and
after the use of vibration reduction materias (p-value < 0.001). Findings from average
vibration along the Z axis when measured before and after using the vibration
reduction materials revealed significant differences (p-value < 0.001). Also, the
vibration at the weaving machine and the floor was found to be significantly different
(p-value < 0.001).

The effectiveness in reducing vibration at the weaving machine from the use of
rubber belt plate and rubber valve plate was 10.62 % and 16.25 % respectively. The
effectiveness of rubber belt plate and rubber valve plate at the floor was 24.45 % and
51.18 %, respectively; this means that the rubber valve plate was more effective in
vibration reduction than rubber belt plate.

This study indicates that synthetic rubber materials which have flexibility and
suitable properties can be adapted for use as materials to reduce vibration from
machines transmitting vibrations to the floor.

KEY WORDS: VIBRATION / VIBRATION REDUCTION MATERIALS/
STNTHETIC MATERIALS/ WEAVING MACHINE

125 pp.
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CHAPTER|
INTRODUCTION

1.1 Background and Rationale

Industrial development has certain role in the ¢tgudevelopment as being
seen from the developed country mostly with advamwtustrial development.
Thailand is one of the countries aiming activelytta industrial development. An
industry which considered crucial for the countrydgvelopment is the Textile
Industry. There are has many textile factories ist@&d of small garment factories in
Thailand. The current statistic from Industrial temg Information Center, Industrial
Factory Department, Ministry of Industry indicatit in the year 2005, the factories
received the permits to operate were 1,320 factosigh 116,040 workers. In Asia
Pacific, Textile Industry has contributed about g€&cent of worldwide products
which resulted in occupational hygiene and safetyprag workers in the industry of
developed country. This is the important topic vahmeeded more attention.

In developing these industries, the workers cameontact more with the risk
factors and the critical risk factor in the Teximelustry is vibration from operating the
machines during the production process. Vibratiam cause harm to workers’ bodies
when touching vibrated machine, causing discomfedlings, exhaustions, and
injuries as well as reducing work efficiency. Moveq, vibration can damage building
structure and making it unstable and later unsafe.

Many studies were done on the effect of vibraabspecific place and finding
ways to control danger from vibration. Only few dies were done on the danger of
whole-body vibration towards the body working swysteThe following studies are
available:

Kubo and Associates (1) studied the associatitwemn touching whole-body

contact and heartbeat rate, blood pressure andhbrga Findings indicated that
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Whole-body vibration had influenced human physigiggch as heartbeat rate, blood
pressure and breathing.

Griffin (2) studied the association between sizd iequency of vibration and
exhaustion among vehicle drivers. The result reack#hat vibration from driving can
cause exhaustion. Leu and Associates (3) studidemvironmental factors effecting
human body among the persons exposed to vibrattom fvehicles such as
automobiles, buses, trains, boats, and airplametings shaved that vibration was the
cause of discomfort feelings, exhaustions and iegur

Another way to control and prevent the danger fioinole-body vibration, the
vibration could be reduced by using supporting meteeq. cloth, plastic and rubber.
However, it requires the huge budget. The repansnfabove-mentioned studies
revealed the effect and danger from vibration. &fwee, the researcher was interested
in the study of effectiveness in the use of vilmmatreduction materials to support the
machine base in order to reduce vibration transghifrom the machine to the

workers.
1.2 General Objective

To study effectiveness of vibration reduction miaisrto support machine base

in the Textile Factory.

1.3 Specific Objectives

1.3.1 To compare the vibration of machine before ater the use of vibration
reduction materials to support the machine base.

1.3.2 To compare effectiveness reduction of theatibn machine with 2 types
of materials used for supporting the machine baamely used the rubber belt plate
and the rubber value plate

1.3.3 To compare the vibration at floor before afigr the use of vibration
reduction materials to support the machine base.

1.3.4 To compare effectiveness reduction at fleith 2 types of materials
used for supporting the machine base, namely Umedibber belt plate and the rubber

value plate.
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1.4 Hypothesis

1.4.1 The vibration values at machine in each po&iore and after using the
rubber belt plate and the rubber vahiate should be not different.

1.4.2 The vibration values at machine in each ari®re and after using the
rubber belt plate and the rubber vahiiate should be different.

1.4.3 The vibration values at machine before usuilgration reduction
materials and after using the rubber belt plate tedrubber valve plate to reduce
vibration in Z axis should be different.

1.4.4 The vibration values at floor in each poiefdoe and after using the
rubber belt plate and the rubber vahiiate should be not different.

1.4.5 The vibration values at floor in each axifobe and after using the
rubber belt plate and the rubber vahlate should be different.

1.4.6 The vibration values at floor before usingration reduction materials
and after using the rubber belt plate and the nubake plate to reduce vibration in Z
axis should be different.

1.4.7 The vibration values at machine and floorobefusing vibration
reduction materials and after using the rubber plalie and the rubber valve plate to
reduce vibration in Z axishould be different.

1.5 Variables

1.5.1 Independent Variables such as:
1.5.1.1 Materials used for reducing vibration a thachine base such
as used the rubber belt plate and used the rulalhe plate.
1.5.2 Dependent Variables
1.5.2.1 The vibration values at weaving machine
1.5.2.2 The vibration values at floor
1.5.3 Observed Variables
1.5.3.1 Work Nature
1.5.3.2 Machine at work
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1.5.3.3 Physical property of vibration reductroaterials

1.5.3.4 Measurement point of vibration

1.6 Scope of the Study

This study has the following scopes for testing glas1

1.6.1 Making the comparison of vibration machiné &#nor before and after
the use of vibration reduction materials

1.6.2 Making the comparison of vibration machine #ioor from the use of
both types of vibration reduction materials

1.6.3 Vibration reduction materials in tetady were used the rubber belt plate
and used the rubber valve plate.

1.6.4 This study tested vibration resulted from tiweaving machine
TOYOTA, Model JAT710 Air Jet, poweri3P, 37 kW and 85pm.

1.6.5 This study tested vibration resulted fromyane weaving machine.

1.6.6 This study is testing vibration originatedZaaxis as the only axis in the
experiment.

1.6.7 Using the RMS of aceleration to measuremelof vibration

1.6.8 m/§ is the measure unit of vibration

1.7 Outcomes

Research results could be adapted for using theostipg materials to reduce

machine vibration transmitted to employee’s body.

1.8 Expected Benefits

Supporting material can be used for decreasingawrdwr from weaving

machine to the worker in order to reduce dangenfvdration.
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1.9 Conceptual Framework

Independent Variables Dependent Variables
e Type of materials to reduce e The vibration
vibration * values at weaving
- The rubber belt plate machine
- The rubber valve plate e The vibration

values at floor

Observed Variables

e Nature of work

e Machinery
e Physical property of vibration reduction materials

e Measurement point of vibration
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1.10 Definitions

Vibration

Vibration Meter

Vibration Reduction Materials

Synthetic Materials

Textile Industry

Floor

Exhaustion

Introduction / 6

Mechanical energy that made the objeactsed

from the axis. Because of the influence of Inertia,
Elastic and Friction of the objects towards the
environment outcomes of vibration would have

different properties.

A tool for measuring acceleratiordarelocity of

vibration.

Materials used fordweing vibration from

machine to human.

Materials that have been manufactured or
otherwise created by human beings, as opposed

to those occurring in nature.

Spinning, weaving and decorations a
combination of arranging fiber for threads,
spinning threads, weaving, printing fabric,
bleaching, dyeing and decorating threads or
fabrics.

The floor near by the weaving machine where

taken measurement vibration.

It is the combination of both spirit abhddy
together that usually happened after heavy

exercise or excess use of brain.
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Frequency

Direction

Tensile strength

Compression set

Hardness
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Number of vibration per unit of time witie use
of international frequency scale of Hertz = Hz or
round per minute. In some case, it may be
expressed as number of a round, 1 hertz = 60

rounds per minute.

Vibration moved from 3 axes X, Y and Z

Measuring vibration along Z axis is defined as
measuring vibration perpendicular to the floor
passing the body longitudinal from feet to head.
Measuring vibration along X axis is defined as
measuring vibration parallel to the floor passing
from front to back. Measuring vibration along Y

axis is defined as measuring vibration parallel to

the floor passing body from the side.

It is the maximum tensile that tb&ting piece
can tolerate before breaking during the

experiment.

Testing rubber ability to maintasticity after
receiving the pressure for certain period based on
ISO 815 and 1653 for testing standard. Testing
results were percent of compression period for
rubber unable to return to previous form as

compared to compression distance.

Surface resistance towards penetration of
specific indenter and under defined compression
for testing Durometer, having Shore unit (ASTM
D 2240) or IRHD with stiffness as IRHD (ISO
48).
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CHAPTER Il
LITERATURE REVIEW

2.1 Vibration (2)

Vibration was the mechanical energy to move theatldrom the center axis.
Because of the influence from Inertia, Elastic &mittion towards the environment
and stimulated energy, outcomes from vibration diffdrent properties.

Vibration resulted from machines, tools and oteguipment might happen
both longitudinal and lateral. The source of vilmatcame from the tractors, trucks,
street drilling, and electrical saw. Such tools Imigoe used in agriculture,
construction, transportation, and forestry, minemgd general industry. There were
many workers exposed to vibration. Findings indidathat it might cause health
problems among the machine users. In some cadestion might be the cause of
accident.

When human body exposed to vibration, it woulgpoese immediately. Easy
explanation, it was based on the same principleilmftion in the medium. Imagine
human body was one type of medium, after receivibgation converting into energy,
the molecules inside the cells or tissues wouldaloa move, which caused unbalance
in the object molecule or cells tissues or mustisgle the body making it to shake.
Severe shaking could cause exhaustion or fatigoeekample, when a person stood
on the vibrated wood panel, vibration would traveb the body passing through feet
and then the body, stomach, spinal cord then tcsasmoulders and head. For low
vibration, a person might feel on the lower parthsas legs, more vibration, feeling
occurred throughout the body. For the body partchvidirectly exposed or was close
to the source at the origin of the vibration tentlethave more response which make

that organ exhausted, perhaps more than othergfatie body.
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2.2 Type of vibration (2,4)

Vibration was the movement of material under fondech might be internal
or external force. There were 2 types of vibraagrfollowing.

1. Free vibration was a movement of mass insgrstem of internal force
without external force

2. Forced vibration was a movement of mass in theesysdf external
force, this vibration was happened according toctieracteristic of external force and

frequency of force stimulated the system.

2.3 Vibration Characteristic (4,5)

Vibration is characterized by intensity, frequendyration and direction.
2.3.1 Intensity
The intensity of vibration was generally describeg acceleration,
which was normally expressed in terms of meters sgeond squared (m)s The
magnitude of vibration is expressed as a root nseaare (rms) value. When the peak
values are measured, these are converted as appeopo rms values before
comparing with the limits given in ISO 2631.
2.3.2 Frequency
The frequency of vibration was expressed in cyde gecond (hertz,
Hz) affected the extent of vibration transmittedhe body (e.g., to the surface of the
seat or the handle of vibratory tools), the extentvhich it was transmitted through
the body (e.g., from the seat to the head), ancttieet of vibration in the body. The
relationship between the displacement and the e@t&n of a motion was also
depended on the frequency of oscillation at the foeguencies but a very high
acceleration at high frequency; the vibration dispment visible to the human eye did
not provide a good indication of vibration acceliena.
The frequency of vibration could be show in thecsfzefor many types
of whole-body and hand-transmitted vibration, tpecters are complex, with some
motion occurring at all frequencies. Nevertheléissre were often peaks, which show

the frequencies at which most of the vibration escu
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Since human respond to vibration vary accordingthte vibration
frequency, it is necessary to weight the measurlehtion according to how much
vibration occurs at each frequency. Frequency wigigh reflect the extent to which
vibration cause the undesired effect at each frecyuéNeights are required for each
axis of vibration. Different frequency weightingseeaequired for whole-body, hand-
transmitted vibration.

2.3.3 Duration

Human responded to vibration increases with inangathe duration of
exposure, so it is important to define measurecclvimcorporate the exposure time
factor. To determine the effective daily exposutgation, it is necessary to gather
information on the number of minutes or hours p@r @when the exposure to vibration
occurs, then the number of weeks or months per geang which work involving
vibration is carried out.

2.3.4 Direction

The exposure of the human body to vibration is sss® by measuring
vibration entering the body. The vibration is nollnameasured along three
perpendicular directions (Ex. Longitudinal, Lateml Transverse and Rotation). If
there is more than one point at which vibrationeenthe body, there will be more

than one co-ordinate system for obtaining measunesne

2.4 Object response to vibration energy (2,4)

When the object is being stimulated with vibratiea¢ch object would respond
in 3 ways as follows:

1. Displacement: Of the object is vibrated alonghwstimulated energy in
order to release energy. Vibration may be diffefemin the source. It depends an it’s
as a result of own Inertia, Elastic and Frictiond @afso Friction from touching nearby
objects, When its wave is higher than the wavéefdource (Caused of Resonance if
the stimulated energy is the same as the objeairdlatrequency) and perhaps its
wave is layer (Caused damping if there is moreifnicor resistance)

2. Changing into the medium of energy propagatfovidration comes from

the source of suitable frequency with 3 propeiethe object.
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3. Dissipation; from vibration energy transformedboi heat energy. When the
object cannot transfer energy as vibration, thee@binay be harmed from existing

heat.
2.5 Types of experience in vibration (2,4)

There are two classifications for vibration expesu
2.5.1 Whole-body Vibration
It is vibration passing from the floor or workebody structure such as
vibration from the floor to the worker’'s body whitganding and vibration passing
through the seat of the forklift, tractor and trutrkvers and crane operator.

ARM -
SHOULCER
SISTEM -

STIFF ECASTICITY
CF SPiNaL
COLUMN

Figure 2-1 Duplication of whole-body vibration
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2.5.2 Hand-arm Vibration
It is vibration passing through the tools or emuent to the worker’s
organ, mainly hands, fingers and arms. Danger hggb&om vibration, especially on
certain part of the body is different from wholedgovibration because danger is
happened on the specific especially on fingers lauads which touch and handle
vibration tools or equipment organ such as elesiiw, air pumped hammer, pegging
machine and stone drill. Prolong use of these teals cause the abnormality in

workers or users bodies.

Lrzrresr
Kip 1 Tckp
K % b
kl k!

Figure 2-2 Duplication of hand vibration

2.6 Whole-body Vibration (2,4)

An occurrence of Whole-body vibration is inducdy mechanical energy
which comprise of velocity as root-mean-squdRMS) and duration. In these
conditions, most workers may be an exposed to la tos get low back pain.
Picture presents Biodynamic coordination systemagh axis of body.

The occupation which taking a risk to expose t® dlangers of whole-body
vibration comprise of the truck, bus, tractor araikfift drivers, heave tool or
equipment or machine operators, train, and crarezabgr, weavers, steel and cold

mine operator and shoes maker .
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Figure 2-3 Measuring Acceleration in the Biodynamaordination system (adapted
from ISO 2531 ax, ay, az = acceleration in axig and z, axis x = back-chest y= left-

right, z= feet-head)

2.7 Abnormality of Body Functions caused by Vibation (6,7)

Since human body consisted of organs with diffeggmysical properties in
Inertia towards movement and elastic or propertp&intain shape and size, including
the friction of related organs and natural freqyesicown organs. Any abnormality of
internal organs caused by vibration depends onsgieeific property of such organ

causing the response in the following forms:

1. Resonance: Each type of materials has own ndtegliency which
may cause the balance between Inertia and Elastsuah object which could be
vibration non-stop under no resistance conditidrieerefore, when vibration energy
contacts the body in the same frequency as Naftegqliency, resonance could be
occurred which caused the same vibration frequasayatural frequency of the organ.
Then, such organ should move far away from the abpuosition and tear the tissue

connected with that organs and even causing digroh to that organ.
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2. Damping which happened between the orgariesngibration energy
transmit from the target organ to the nearby ordealing to reducing harm to the
target organ. This phenomenon is called DampingaAssult of this damping, such
organ would be vibrated along with the nearby orgsiif being the medium of energy

propagation.

2.8 Effects Factors of Transmitted Vibration (2,6)

Effect of vibration energy as was depended on tpgrty of such body and
vibration energy. The severity of the effect isamed the following factor:
2.8.1 Factor of body
- Natural frequency of the effected organs &desce.
- The strength of tissue.
- The posture of the body and activity posittturing exposure.
- Muscular tone.
2.8.2 Factor of vibration and Environment
- Degree of displacement or amplitude & Accdiera
- The duration of exposure per working day.Ha frequency interval
between 1-50 Hz, the whole body would be shaking such body would be the
medium of energy propagation in light frequencgiaal.
- The frequency spectrum of vibration
- Direction absorbability of material chaextstics to expose

between the body and energy.

2.9 Health hazard from experiencing whole-body vibation (8,9,10)

Vibration effects on ability of sight lead to powision. The internal organ
would be harmed if the body repeatedly exposeditie frequency of vibration. The
workers who operate heavy equipment often expegienbration. The effect of

vibration on the human body is classified as 3 lolawies.
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1. Comfort boundary is the level of vibration whictethody can expose
in the limited time. High vibration would reducencfort feeling.

2. Fatigue bounding is the level of vibration whichusa fatigue and
reduce efficiency of control.

3. Exposure bounding is the level of vibration whichrms the human
body. Vertical vibration would effect on the heddiost people can receive vibration
in the frequency interval between 4-8 Hz but then @bsorb vibration in the
frequency interval between 1-2 Hz in the lateralsation.

Whole-body Vibration caused health hazard amongkers in the industrial
sector usually in the frequency interval betweeh-Z0) Hz because the frequency
higher than this usually is damped by the matergdsoss the body and energy.
Vibration which could be harmful to health is deged on intensity, exposure
duration and direction.

2.9.1 Motion Sickness and Disequilibrium

Motion sickness is temporary abnormality becausestielar
apparatus’s function has been disturbed, causiagct¢imtrol organ to sending nerve
current to the central nervous system to stimulaée Vomiting center at Medulla,
making the patient feel dizzy, vomit and lose ajpeMotion sickness usually found
among the persons who received low frequency vdndietween 1-1 Hz longitudinal
such as vibration from waves or vehicles runninghengravel road.

2.9.2 Poor Visions

It is the temporary symptom caused by vibrationrduthe frequency
over 2 Hz which lead to eyes’ muscle function abmaly and lack of ability to detect
object’s movement clearly.

2.9.3 Danger to blood circulation, heart and blot vessels

Vibration with the frequency interval between 2-2x with the
intensity about 0.1-1 g lead to the pulse movirgjdiaand increase of Cardiac output
and blood pressure. Furthermore, there were thertee@among the truck drivers
exposed to vibration between 3-10 Hz causing desarfrom reducing the amount of

blood circulated to the brain and cases causinghdmids in some cases.
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2.9.4 Danger to Respiratory System
Increasing the rate of breathing caused Hypenaitil, oxygen
glutting in the blood stream and lower amount ofboa dioxide, leading to
Respiratory alkalosis and shrinking blood vessdlsthe tip so patient would
experience eyes blurry and numbness at the timgéfs and feet.
2.9.5 Danger to Orientation System
The coordination of brain and central nervous sgystentrolling sense
of body, eyes and ears identity the position ofybadd touching object. Since the
body, received vibration at the frequency about 2dz a period of time, the
coordination of the system was damaged leadingngos loss of ability to identify
the actual position of the body and the object.
2.9.6 Danger to Nervous System, Muscles and Bones
High frequency in the range of 10 Hz to 200 Hz ¥iiwn caused
muscle strain and contraction as well as reduciegpDtendon reflex, leading to
backbone deformation from receiving vibration fatesnded duration.
2.9.7 Danger to Internal Organ
If the frequency of vibration matched with Naturiequency of
internal organs, resonance may cause them to swantié bruise.
2.9.8 Easily Tired and Irritable
Receiving excess vibration would cause discomfeelifig and easily
irritated.
2.9.9 Vibration sickness
It is the total symptoms of the of workers who haaerienced
vibration for extended duration, causing irreguarof digestive system such as
wound in the stomach and irregular bowel movemelgigenerative vision and

Labyrinth dysfunction together with muscles strain.
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2.10 Measurement of Vibration (7)

2.10.1 Value of vibration quantity measurement
1. Peak value is maximum value of function :ePgak value
of displacement.
2. Average value is average of time.
3. Root Mean Square value (RMS) is sguesot of average

value square.

Figure 2-4 Averages and Maximush Vibration Value

2.10.2 Parameter

1. Displacement is a value of distance from gtistapoint (in mm).

2. Velocity is a value of distance change to be relatgh duration (in
m/<).

3. Acceleration is a rate of velocity change per dara{in g).

Displacement is a figure with material strain. A aserement of
displacement useable at the low frequency. In Higlguency displacement will
decline and unclear. Normal machines with the Isigised displacement will have low
value and unclear then used velocity is anothesrpater for vibration measurement
because the frequency at 1 kHz will the generateoimfrequency vibration. If the
higher frequency is than 1 kHz, the parameter shdna acceleration because the

displacement and velocity will be dropped quickdythe high frequency.
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2.10.3 Relationship between acceleration, velogiand displacement
Considering graph figure showing displacemenati@hship as Sine
wave for easiest movement as Harmonic motion awshm figure 2-5. Findings from
the study indicated that displacement, velocity aoceleration related to each other.

Then, knowing one value can reveal another onesvasuwell.

: Displacérﬁentt )

Pt :
\/] TR

e

Figure 2-5 Sine wave (f= 1/T)

Formula to reveal association of all 3 values:

a = 2fv
a = (271fd
Given a = acceleration (g)
v = velocity (m/§
d = displacement (mm)
1 = 3141
= frequency (Hz)

2.10.4 Components of vibration measured instrument
The instrument used for measuring vibration #hocontain the
following components, mainly in 3 major parts, sduacer, preamplifier and recorder.
More components are as follows:
- Transducer is the head to measure vibration mgny types based on
principles by changing vibration energy from medbamnergy into electrical energy

before measurement. The most popular transduégerdelectronic.
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- Preamplifier is signal increment from transducenough for
expansion.

- Integrator is changing the measured unit fremmgducer as Velocity
and Displacement.

- Amplifier has two important functions, as tbennector and signal
adaptor from transducer. Even increasing with digmpansion by preamplifier, it is
not enough to display results. This is the stegniarge signal.

- Overload indicator is to prevent signal distor from excessive
signal transmission when expanding circuit.

- Detector acts as signal measurement in vafiouss such as RMS
Peak or average to display results on Monitor.

- Furthermore, there are many devices to ass#sh instrument for

more effective measure meant such as Turntabéediind Graphic-recorders.

2.11 Vibration measurement and evaluation methodsl(,12)

2.11.11S0O 2631 : 1997(E)

Mechanical vibration and shock-evaluation afman exposure to
whole-body vibration to define methods for amgrement of periodic, random
and transient whole-body vibration. Applicabte vibration in the frequency
rang of 0.5 Hz to 80 Hz for health, comfand perception (previous stand rms:
1.0 Hz to 80 Hz). This standard includes informatannexes that indicate current
opinion and provide guidance on the possible efetwibration on health:

- Based mostly on Z-axis research of seated amdigiersons.

- Limited X and Y axis experience incorporated.

- In case of very low frequency and lowbration magnitudes,
e.g. in buildings or ships, velocity measueets may be made and translated
in to accelerations.

- Transducers shall be located so as tacanel the vibration at

the interface between the human body andsthece of its vibration.
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- Vibration shall be measured according toc@ordinate system
originating at a point from which vibratiols considered to enter the human
body.

- For the comfort and the perception ofndiag and recumbent
persons guidance is provided for periodichdmn and transient vibration
occurring in the there the weighted r.m.sceteration shall be determined for
each axis (x, y and z) of translational vilmat on the surface which supports
the person.

2.11.21S0O 10816 : 1997(E)

The standards for measurement and assessment binmatbration in
accordance with 1ISO 10816 in part 1, general spatibn can be concluded as
follows:

Measurement parameters are as follows:

1) Frequency range for selecting frequency in the oreasent
depended on the machine type by choosing frequéacynatch with machine
frequency.

2) Measurement quantity is used for Vibration disphaest in
micrometer, and Vibratiovelocity inmm/s and/ibrationacceleration im/s”.

3) Vibration magnitude

4.) Vibration severity

Measuring positions to measure machine vibratioukhbe done at
the area responded to Dynamic forces and vibragaiterns of all machines. Vertical
or horizontal measurement must be done when ade8 are at perpendicular positions
in the same direction during the measurement psoces

Measuring machine vibration must be done while thachine is
working normally. If the measured vibration appéeahggher than determined values,
vibration of the surrounding environment must beasueed also by measuring while
the machine stopped working.

Vibratory waveform relationships is shown in figi&
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Figure 2-6 Relationship between acceleration, wlaand displacement for

single-frequency harmonic components

Evaluation criteria

There are 2 criteria for evaluation.

1.) Criterion I: Vibration magnitude

It is related to determining Vibration magnitudeigfhallows Bearing
to take over the Dynamic load, transmit vibratian the Support Structure and
Foundation of the machine.

Maximum vibration magnitude doe determining are@sevaluated in
4 areas:

Zone A: New or modern machines
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Zone B: Machine without lifetime limitation

Zone C: Machine with lifetime limitation which reiges the repair after
using for certain period

Zone D: Vibration with potential damage to the maeh

2.) Criterion II: Change in vibration magnitude

Criteria Il is related to change in the magnitudemachine vibration

under normal working conditions by measuring vilmatto compare Transducer
location and orientation. Any changes in the mamgi@t out of ordinary must be

investigated immediately to avoid danger.

Table 2-1 Typical zone boundary limits

R, vibration veloglty Class | Class II Class Class IV
mmy/s
0,28
0.45 A
A
0,71 A
A
1,12
B
18
B
28
c B
4.5 . 5
74
: c
12 5
18 D
D D
28 5
45 -

Table 2-1 Four Classes of machines

Class I: Engine and machine joined together as wonide working
normally (motor power up to 14 kW).

Class Il: Medium size machine (Motor power 15kw7t kW) has no
specific pattern, no elasticity or machine with@pe installment (up to 300 kW).

Class llI: Driving force for machine is big anddarsize machine with
rotating masses mounted on rigid and heavy fouodatwhich are relatively stiff in

the direction of vibration measurements.
Class IV: Driving force for machine is big and largize machinwith

rotating masses mounted on foundations which datively soft in the direction of

vibration measurements.
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2.12 Standard of Vibration (6,11,13)

At present there is no any appropriate standarddtety because of variety in
nature of work and individual. International Stamt$a Organization (ISO)
recommended working procedures related to vibrateweived by the workers by
considering 4 major components including: forcevibfation, frequency of vibration,
direction of vibration and duration of vibration.

In measuring vibration, measuring at each pointhis measurement in 3
direction set perpendicular continuously by express&s RMS of acceleration. For
each axis, analysis must be done to separate fiegue the interval of 1-80 Hz to
compare as shown in the figure 2-7 or 2-8.

If RMS of acceleration of the highest stripe isugqor higher than value
defined at 2-7 or 2-8 for touching duration or toug duration is more than TLV
allowed, the highest axis must be drawn to meeh he graph that required the

lowest duration of exposure.
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adapting from 1ISO 2631
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Table 2-2 Velocity of longitudinal vibration &, (feet - head) (see figure 2-7), TLV
is defined as RMS of vibration in single frequencyr RMS of vibration in various
frequency in 1/3 Octave band (adapted from ISO 2631

Frequency Acceleration (m/9
Duration of exposure
24 16 8 4 2.5 1 25 16 1

hr hr hr hr hr hr min min min

1.0 0.280 0383 063 106 140 236 355 425 5.60
1.25 0.250 0383 056 09 126 212 315 3.75 5.00
1.6 0.224 0302 050 085 112 190 280 335 450
2.0 0.200 0.270 045 0.75 100 1.70 250 3.00 1.00
2.5 0.180 0.239 040 067 090 150 224 265 3.55
3.15 0.160 0.212 0355 060 180 132 200 235 53.1
4.0 0.140 0.192 0.315 053 0.71 118 180 212 280
5.0 0.140 0.192 0.315 053 0.71 118 180 212 280
6.3 0.140 0.192 0.315 053 0.71 118 180 212 2.80
8.0 0.140 0.192 0315 053 0.71 118 180 212 280
10.0 0.180 0.239 0.400 0.67 090 150 224 265 535
125 0.224 0302 050 085 112 190 280 335 450
16.0 0.280 0383 063 106 140 236 355 425 5.60
20.0 0.355 0477 080 130 180 3.00 450 530 7.10
25.0 0.450 0.605 1.0 1.70 224 375 560 6.70 9.00
31.5 0.560 0.765 1.25 212 280 475 7.10 850 11.2
40.0 0.710 0955 160 265 355 6.00 900 106 14.2
50.0 0.900 1.19 2.0 335 450 750 112 132 18.0
63.0 1.120 3 2.5 425 560 950 140 170 224
80.0 1400 191 315 530 7.10 118 180 21.2 28.0
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Table 2-3 Velocity of Lateral vibration ax or ay (back to chest or left side to right
sideways) (see figure 2-8), TLV is defined as RMY single frequency vibration
or RMS of vibration in various frequency in 1/3 Octve band (adapted from ISO
2631)

Frequency Acceleration (m/
Duration of exposure
24 16 8 4 2.5 1 25 16 1

hr hr hr hr hr hr min min min

1.0 0.100 0.135 0.224 0355 050 085 125 1.50 2.0
1.25 0.100 0.135 0.224 0355 050 085 125 1500 2.

1.6 0.100 0.135 0.224 0.355 050 085 1.25 1.50 2.0
2.0 0.100 0.135 0.224 0355 050 085 125 1.50 2.0
2.5 0.125 0.171 0.280 0.450 0.63 1.06 1.6 1.9 2.5
3.15 0.160 0.212 0.355 0560 0.80 1.32 2.0 236 53.1

4.0 0.200 0.270 0.450 0.720 1.0 1.70 2.5 3.0 4.0
5.0 0.250 0.338 0.560 0.900 125 212 3.15 3.75 5.0
6.3 0.315 0428 0.710 1.12 1.6 2.65 4.0 4.75 6.3
8.0 040 054 0.900 1.40 2.0 3.35 5.0 6.0 8.0

10.0 050 0.675 1.12 1.80 2.5 4.25 6.3 7.5 10.0
12.5 063 085 140 224 315 5.30 8.0 9.5 12.5
16.0 080 106 180 2.80 4.0 6.70 100 11.8 16.0
20.0 1.00 135 224 355 5.0 8.5 125 15.0 20.0
25.0 125 171 280 4.50 6.3 10.6 15.0 19.0 25.0
31.5 160 212 355 5.60 8.0 132 20.0 236 315
40.0 200 270 450 710 100 17.0 250 30.0 40.0
50.0 250 3.38 560 9.00 125 212 315 375 50.0
63.0 315 428 710 112 16.0 265 400 457 630
80.0 4.00 5.4 9.00 140 200 335 50.0 600 80.0
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Table 2-4 Balance Weight related to the frequencyfahe highest acceleration.

Responded graph is presented as figure 2-7 and J@lapted from ISO 2631)

Balancing weight

Frequency
Longitudinal vibration Lateral vibration
1.0 0.50 1.00
1.25 0.56 1.00
1.6 0.63 1.00
2.0 0.71 1.00
2.5 0.80 0.80
3.15 0.90 0.63
4.0 1.00 0.5
5.0 1.00 0.4
6.3 1.00 0.315
8.0 1.00 0.25
10.0 0.80 0.2
12.5 0.63 0.16
16.0 0.50 0.125
20.0 0.40 0.1
25.0 0.315 0.08
315 0.25 0.063
40.0 0.20 0.05
50.0 0.16 0.04
63.0 0.125 0.0315
80.0 0.10 0.025

a. 4-8 Hz resonance vibration is£a

1-2 Hz resonance vibration is4@r +a

In short term exposure to vibration with high amyde and severe intensity
together with higher crest factor more than 6 magpgen during the working day. In
this case TLV may unable to protect the workers.
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Table 2-5 ACGIH TLV’'s — maximum frequency — weightel Z — axis RMS

acceleration

Duration Acceleration, m/$
1 min 2.80 mfs
16 min 212 mfs
25 min 1.80 mfs
1 hr 1.18 mfs
2.5 hr 071 mfs
4 hr 0.53 mfs
8 hr 0.315 mfs
16 hr 0.192 mfs
24 hr 0.140 mfs

Table 2-6 ACGIH TLV’'s—maximum frequency—weighted X & Y axis RMS

acceleration

Duration Acceleration, m/$
1 min 20 mfs
16 min 1.50 mfs
25 min 1.25 mfs
1 hr 0.85 mfs
2.5 hr 0.50 mfs
4 hr 0.355 mfs
8 hr 0.224 mfs
16 hr 0.135 mfs

24 hr 0.100 mfs
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The standards and guidelines concerning whole-ldzhation are designed to
reduce vibration to a level where most workers qemform job tasks without
discomfort.

The most widely used document on this topic idguor the evaluation of
human exposure to whole-body vibration (ISO 263hese exposure guidelines have
been adopted as ACGIH TLVs. The ISO standard gihese different types of
exposure limits:

- Areduced-comfort boundary

- The fatigue-decreased proficiency boundary

- Anexposure limit

The reduced-comfort boundary is for the comfortrmary is for the people
traveling in air planes, boats and trains. Excegdhirese exposure limits makes it
difficult for passengers to eat, read or write wheveling. The fatigue-decreased
proficiency boundary is a limit for time-dependeagitects that impair performance.
For example, fatigue source limit is used to assiessnaximum possible exposure
allowed for whole-body vibration.

A separate set of “severe discomfort boundariegjiven for 8-hour, 2-hour
and 30-minute exposures to whole-body vibratiothin 0.1 Hz to 0.63 Hz range. As
with all standards, it is important to read and enstind all the information before
applying it in the workplace.

Directive 2002/44/EC of the European Parliament ahdhe Council (EC)
suggested the use of acceleration 0.5 mssthe action level and 1.15 fmas limit
level of exposure 8 hours per day. For total meabatancing weight of RMS at
acceleration. That includes pro visions for mandafthase-out of non- conforming

equipment.

8-hour Daily Exposure Limit Action Level Limit LeVe
Hand-Arm 2.5 mhk 5 m/$
Whole-Body 0.5mfh 1.15 m/$

Whole-Body (vibration dose) 9.1 m/s 21 m/$
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2.13 Vibration Control (7)

Vibration control can be done in various ways:

1. Source of vibration control should be eliminated using vibration
reducing materials to support the machine baseahsdrb vibration at the handle or
grips of the vibrated machines. Moreover, the ragureventive maintenance is
needed must be immediately to prevent vibrationfumation of machines corrected
or fixed and using materials or technical with gogesign.

2. Receiver vibration-reducing should use personaltegtive devices
such as special gloves and shoes with materiabgorb vibration at the heel, cushion
and head rest.

3.  Administrative controls can be important. Job riotat work and rest
periods can help reduce the risk for workers whokwelated with vibration.

Controlling whole-body vibration of vehicle drivecsan be done by using
hanging cushion or hanging part of the roof, peniag preventive maintenance of
anti-vibration system of vehicles, checking air \afhicle tires and using remote
control with the process which caused vibratione Thair with arm rest, adjusted

waist support and adjusted seat is the very helpful

2.14 Vibration Reducing Materials (14,15,16)

Another method for vibration reduction is the ailsttion of vibration
prevention pedestal involved with High Elasticityreduce vibration frequency during
the normal machine operation and minimize dampamgdw frequency vibration such
as the frequency at the start of the machine. Ydmmaprevention pedestal is being
used for 2 purposes, the reduction of Active Isofaind Passive Isolation. Generally
there are 2 types of vibration prevention peddsisked on type of material including
metal spring, rubber spring and metal fiber spring.

In case of the machine that needed protectioneab#ise to reduce vibration
from transmitting to other machines, the machineu&h be fixed as a part of the
building floor and placing on the elastic and fldgi materials. Installing the elastic

flexible materials between the machine and thedimgl floor may reduce rigidity of
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the connected line and capacity of the machines ptoblem can be solved by starting
from using Inertia Block as well as saving the ¢ardion cost. No matter which type

of Inertia Block used with any type of the machim@ration amplitude can be

reduced. Even though setting elastic materials é&twthe machine and the building
floor can reduce vibration, soil physical propeatyd energy transmitting capability
must also be considered.

Controlling or reducing whole-body vibration re®d from machine vibration
passing to the worker’'s body can be done with mi@oys such as using spring,
materials to support the machine, stand to suppertimachine base. Support at the
base can reduce vibration with the use of flexiblerials with pores. The support
materials should have elasticity and pores suctulalser-in-sheer, ribbed rubber and
rubber-and-cork or other materials with similargedies. Using glass-fiber pads can
reduce vibration also. The ability to reduce vilmatdepended on size and strength of
the materials, type of fiber for making materials.

Furthermore using the materials such as hard wblodk brick and woods
chips to support the machine base as the woodknwpsan reduce vibration passing
from the machine to the worker. Type of vibratiogeygntion:

2.14.1 Rubber Springs

Most rubber springs made from natural fiber maibgcause of high
resistance and strength with more ability to wahst vibration. It has the strength of
68-80 Shore A. Furthermore, other types of materaake being used also such as
Silicone with ability to withstand higher tempenatiand damper than natural rubber
for vibration reduction in the low frequency intahor constantly changing machine
frequency. The installation of the rubber springsstrbe designed with compression
or shear because of the following reasons:

- Compressive strength with maximum value highant8hear strength
5-10 times and having the lowest minimum in Tensitength.

- The design of the rubber to support the tensiutth high risk of
damage from reducing the support area. When thek arathe rubber happened, it
would tear quickly.

Choosing each type of the rubber spring mugpridperly with nature
of work. For example, the certain type of the spria designed to support both
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vertical and side ways pressure. However, usingrthoer spring has limitation
because it cannot be used with temperature hidpiaer 70 Celsius, in strong sunlight
and directly mixed with oil. Then Tensional rublsgrings must be designed so that
rubber installation can withstand any type of ststangth.
2.14.2 Metal Mesh Springs
Metal Mesh Springs are consisted of Stainless .stemig metal is

being pressed into different designs to gain highing’s elasticity as well as
increasing Damping factors much higher than naturbber which reducing strike
force better than metal springs and natural rublaexd be more suitable for the
machines in molding designs and works required teghperature. This type of spring
is expensive and not suitable with the work inviedywith dust or sands because they
would embed between the space and metal fibersingathe loss of elasticity and

damage of the springs.

2.15 Rubbers (17)

Rubbers have similar molecule structure to naturbber. Sometimes, adding
copolymer made molecule net spread wider beforengdihe sulphur mixture and
doing vulcanization and lubing. Rubbers are diviggd 2 types as follows:

2.15.1 Natural rubbers

Natural rubbers is the polymer derived from rublvees as monomer,
namely Isoprene connected from 1,500 to 15,000 Mblecular structure is cis as
the group of the similar structure staying on thens size of double bond.). Most
natural rubber derived from Hevea Brazilliensie$ravhich originated from Amazon
River in South America. Fresh latex from the trees ldense white color with dry
rubber, about 30% suspended in the water. Aftesipgsentrifuge process until the
amount of dry rubber increased to 60 percent, dedccaoncentrated latex. Adding
ammonia can preserve the condition of concentriatiest for lengthy storage. Certain
proportion of concentrated latex would be expored the remainder used as raw
material in the rubber gloves and condom induddgyadding acid in fresh latex, the
latex particles would attach together to becomédsahd separate themselves from

water. Then, pressing rubber into thin sheet witb-toll mill and sun dried to get rid
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of moisture before baking with smoke at the estadaemperature of 60-76 C for 3
days. The finished product is the smoke rubbertshee

Besides using smoke rubber, most industries habstituted chunk
rubber as raw material because chunk rubber qualityore stable than smoke rubber
as well as passing the test and being classifiedgémlity control based on the
principles of raw materials production. The raw enal of the chunk rubber
production is latex or rubber sheet depended orgthde of produced chunk rubber.
For example, producing the chunk rubber grade ST®BIch has very light color
required latex as the raw material. In the cas&TR20 production which is highly
contaminated mixture and dark color the rubber tsbeéeftover rubber may be used
as raw material. The rubber production processatiser complicated, involving with
expensive machines and quality control regularlyer&fore, chunk rubber is more
expensive than smoke rubber sheet.

The chemical name of natural rubber is cis-1, 44goprene by having
isoprene (C5H8) with n value from 15-20, 000 beeatl® component of natural
rubber is non-polar. So, natural rubber can digserell in non-polar solvent such as
Benzene and Hexane. Generally natural rubber haspdumus molecule structure, but
in some condition, the molecule of rubber can arayed to be in order at the low
temperature to form crystallize. Low temperaturgstallization would make rubber
be stronger. If the temperature increased, rublmeddvturn soft and return to normal
stage while strain induced crystallization creatatsile strength and tear resistance as
well as giving high abrasion resistance.

Another part of natural rubber is Cutta Rubberstifrom Cutta trees,
Bara trees and Sicle trees. Cutta rubber is diffefeom Bara rubber where the
molecular structure is Trans (Molecule with simigapup facing on opposite side of
double bond).

H CH,
Y
C=C
PR
H,C H

Figure 2-9 Bonding Molecular Structure as Transaitral rubber
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Another outstanding feature of natural rubber iasttity. Natural
rubber has high elasticity. When the external fatisappeared, rubber would return to
the normal stage and size (or nearly the same)kiguidNatural rubber is also
possessed excellent tack ability which is neces&arthe process of assembling the
different parts together such as rubber tires.

However, raw rubber alone has limited property parformance
because of mechanic property and unstable phyproglerty depended on extreme
changes in temperature. Rubber turns soft andysiickeat but tough and brittle in
low temperature. With these reasons, rubber mustiked with other chemicals such
as sulfur, black carbon and other solutions. Adgending, rubber compound is ready
for vulcanization. This is called “vulcanizate”. &property of vulcanizate rubber is
stable and not varied with temperature much as wagllhaving better mechanic
property.

Natural rubber is being used in the productiomahy rubber products
because of the following reasons:

- Natural rubber has excellent tensile strengthaut adding strength
solution and possessed high elasticity that isablétfor producing certain products
such as rubber gloves, condom and rubber bands

- Natural rubber has good dynamic properties Wit/h elasticity and
slight heat build-up as well as having good taakpprty that is suitable for producing
the rubber tires for trucks, airplane or mixingtwstynthetic rubber in the automobiles
tires industry.

- Natural rubber has high tear resistance both ow lknd high
temperature, suitable for making hot water pouatabse the design must be removed
from the mold while it is still hot. Therefore, rfodr must have high tear resistance
during extreme heat.

Even with good properties for making the differenbber products,
natural rubber has certain disadvantage in quidklyenerated under the sun, Oxygen,
Ozone and heat because the rubber molecules camtih of double bond which
make rubber quickly react to Oxygen and Ozone hynigasunlight and heat as the
catalyst. Therefore, during production, some chahsach as antidegradants must be

added to extend shelf life of the products. Furtiee, natural rubber has low
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capacity to withstand non-polar, oil and chemisaljt is unsuitable for the production
of the products that contact with such chemicals.
2.15.2 Synthetic rubbers

Synthetic rubbers (SR) are imitation of natural beib such as
Polybutadiene (as Monomer) rubber, SBR (Styrenex@ahe Rubber). After passing
vulcanization, synthetic rubbers would be moreteldean natural rubbers.

Vulcanization is the improvement of the rubberlgy by making
rubber reacted with sulphur in the proper amounteatperature higher than the
melting point of sulphur. It makes rubber be motable at various temperatures.
Adding sulphur would generate Covalence bone betweelyisoprene chain and
connection linking between polymer chains with reiblsulphur atom. Rubber that
already passed vulcanization with more stable atows temperatures is called

Vulcanizates rubber.

on-on ]
i

L ca-iad]
L i

Figure 2-10 Vulcanization

2.15.2.1 Styrene-butadiene rubber
SBR is consisted of styrene monomer estimated garbent
and butadiene copolymer estimated 76.5 percent Bmtnomers line up as random
copolymer. Moreover, molecule chains of SBR is imobrder, so crystalline cannot
form when being captured. Then, rubbers usuallyehlaw resistance and require

reinforcing filler support.

- CH,— CH = CH- CH, $ CH, - CH L
|

- [

l"‘-\

i)

Butadiene unit Shyrene unil

Figure 2-11 Structure of SBR
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SBR is used in the same way as natural rubbetdR because
of its ability in wide production. In comparisontiwinatural rubbers, SBR maintains
consistent quality. Therefore, SBR is suitablerfany types of works because of its
stable property and less contaminated substancgsmoriantly, there is no need for
mastication before mixing chemicals during the piibn process. Because SBR is
being synthesized to maintain low molecular weighthas proper stickiness for
chemical to spread well and the rubber can flowleasiring molding. Therefore,
SBR has simpler production process, more econonandl saved more time and
production cost. However, because of double bonthénmolecule of SBR, it has
degenerated quickly in Oxygen, Ozone or sunlighvel as natural rubber, only with
lower elasticity than natural rubber. SBR has alntios same oil tolerance as natural
rubbers. SBR that reinforced with strength solutsich as black carbon would be
able to withstand more scraping, only lower tearstance than natural rubber.

SBR is used in the production of rubber beltpesh soles,
electrical wire insulator, rubber tube, rubber ncatlisupplies, foods containers and
importantly SBR is used in the production of snvalhicles tires by mixing with other
types of rubbers such as BR and NR. The reasonofopeing able to use only this by
type of rubber in the production of vehicle is ttype of rubber accumulated extreme
heat during the process as compared with natulp@lems and butadiene rubbers.

2.15.2.2 Chlorophene (CR)

The trade name of CR is neoprene as being the esisthubber
from chloroprene monomer. CR molecule can line watly under the proper
condition. This type of rubber can crystallize $@ne way as natural rubber which
make CR able to withstand high tension (without ilagldthe same solution).

Furthermore, it has high resistance to tearingadesion.

Cl Cl
| | | I |
~ CHz ~ CH = OH — G4, 4 CH, ~ OH = CH — CH; -}

Chlaroprene unit

Figure 2-12 Structure of CR
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Solid CR is divided for general use and speaifie based on
Grades of Solid CR. Grade G, W and T are usedyfaweral works and grad AC, AD,
AG and FB are used in the specific works for makmgber glue, coating and
sealants. CR structure depended on the temperafuf@olymerized and directly
affects the crystallization or rubber elasticitiytHe temperature of Polymerized gets
higher, the rubber structure would become lesslestabth irregular molecular
structure and lower crystallization. On the cony&R derived from Polymerized at
low temperature has higher crystallized which i desired trait for glue production
that required sudden stickiness. However, this eulgvade is not suitable for other
productions because this type of rubber would becdrarder and loss elasticity
quickly. Therefore, proper CR in the productionregular products must be the one
with less crystallized.

CR has property quite similar to natural rubbgthaving good
tack property used in the process of assemblingo#nes. CR can flow well to join
together without making obvious mark in the conmectof piecework during
molding. This rubber is the rubber with the coreaese it contains atom of chorines.
Therefore, in comparison with non-polar rubberdiings indicated that CR could
withstand swelling in the oil quite well (less infa than NBR). Furthermore, chorine
atoms make CR resist flame weather and Ozone. Hawelilorine atoms affect the
electrical property of rubber by making it has haginductivity. CR is being classified
as “antistatic” rather than being the insulatorefgiore, this type of rubber can be
used as outer cover of cable line instead of be#ide insulator.

CR that can crystallize from less to moderateslleare used
widely in the products that required good mechawicgh with stand fire, oil, normal
weather and ozone. CR is being used in the pramluct seal rubber, hose, rolling,
belt and V-belt, bearing, lining for sole and rubpeoducts used in the construction
such as window and roof edges and cable coveroAGR most crystallized is widely

used in the glue production.
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2.16 Primary Data for designing Vibration Prevenion Base
(16,18,19,20)

2.16.1 Problems during operating machine
- Cracking at the machine base attached to the imatdgs
- Creating loud noises
- Feeling vibration passing through the body
- Other problems
1.16.2 Nature of machine work
- Type of machine for operation
- Location of each machine at each floor and caomst of the floor
underneath the machine
- Weight of machine and other equipment on the mnacpedestal
- Lowest and highest velocity and normal velocity
- Any strike force
- Numbers of legs at machine pedestal
- COG position to calculate weight in each supportt
2.16.3 Desire traits
- Desire to reduce vibration from the machine @ftbor
- Desire to reduce external vibration pass to thehime
- Whether the machine needs to maintain the defidével of machine
constantly
- Acceptable level of machine deflation
2.16.4 Surrounding environment
- Temperature
- Chemical
- Corrosion
2.16.5 Natural frequency of the structure after the instalation
Natural frequency is the independent frequency haf $tructure or
response frequency happened after receiving extearee, especially being specific
value of such structure. This vibration would cong and gradually reduce with

internal resistance or Damping of such structure.
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Most producers would give the natural frequencyestan the manual
depended on deflection period after installationhe Thatural frequency would vary
with deflection period of the spring. Generallytural frequency can be found by
Bump Test and calculation.

In the experiment, tools used for Spectrum Analysist be set up the
measured head with the structure in the same diredtefore generating external
force by tabbing one time at the structure. Vilanativould be recorded with amplitude
and frequency in the tool used for measurementaaadysis of frequency. Derived
frequency is truly natural frequency.

Calculation of the Natural Frequency for the megating (in theory
there is no Damping) is related to deflection pgramd Stiffness in linear that can be
calculated as follows:

Natural Frequencyn = 300 (rpm)
Vs

Natural Frequencyin = _5 (rpm)
VS

Given S = Deflection (cm.) for the metal spring

S = Sub-Tangent (cm.) for the rubber spring

Since the rubber spring associated with springedatin and Nonlinear
stiffness by engaging Sub-Tangent in the calcutatoodefine longitudinal graph (the
machine weight) and drawing in lateral to crosshwite curve line as association of
deflection-stiffness. From there finding the ste=gmat the curve surface at the cross
point, then dragging the line to cut at the latgraph line to get Sub-Tangent value.

For the metal spring = S. Deflection period for calculation of the naiufrequency

should derive from the period of touching Nicheirsprcurve at the stiffness position

(S period). In case where the spring is the metadS
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Figure 2-13 Graph presenting relationship betwesftection of the metal spring as
linear and the rubber spring for nonlinear (Curve)

In general, the producers would give the valuehefriatural frequency
along with the manual which should be expressdtie@surve of niche spring or being
the interval based on stiffness. The deflectiongoewould be varied with the force of

pressure which varied with the natural frequencgtasvn in the figure 2-14.
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Figure 2-14 The rubber Niche Spring in each linateel to the Rubber Spring in each
model as the thick line is the interval for use #melnatural frequency

Calculation Procedures

1. Calculate the machine weight per the numberlwation protection
pedestal to choose the proper size.

2. Calculate proportion between the natural fregyerin) and

Proportion of frequencyf€) as follows:
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Proportion of frequency fe

fn

Generally, existing problems are divided intoypets, from vibration
and striking. In theory, Proportion of frequencyhse indicator of the following:

- Considering as vibration when the frequency propo >2
(Isolation Range, V <1)

- Considering as striking when the frequency propor < 2
(Amplification Range, ¥#1)

The proportion of frequency as equal as 1 or nhfteguency because
being the cause of Resonance which create moratiibrand damage to the machine.

The proportion of frequency must have value Iatgen\/?in order to
reduce transmissibility which can be seen in thadsharea of the graph and found
transmissibility from the figure. If the proportioof frequency is< V2, it must be
considered striking problem instead. Then, the ntleeeproportion of frequency, the
transmissibility became less.

There is only one value of proportion of frequehmydifferent type of
support pedestal, but the ability to reduce vilbratinay vary differently depended on
Damping factor (D) of different material as showrtlie shade area of the graph 2-15
(the proportion of frequency larger tha/E) which is the interval for reduction in
vibration.
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Figure 2-15 Graph showing association between tamshissibility in longitudinal

axis and Proportion of frequency in lateral axis
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3. Finding effectiveness in vibration reductisonh transmissibility in
the figure 2-15. The longitudinal axis is the dbilof Transmissibility (V) and the
lateral axis is the proportion of frequency. Firgsirfrom the graph indicated that if the
proportion of frequency is higher thal, it would reduce transmissibility. Based on

100 percent, reduction of vibration in term of &an is calculated as follows:

Isolation (%) = 100(1-V)
\% = B
A
2* fe
[1+( *D)Z]
= 2 f
e,
[(1- ) ( D)*]
Given V = Transmissibility Value

A = Size of inbound vibration
B = Size of outbound vibration
fe = Stimulated Frequency (Machine)

fn = Damping Factors

Table 2-7 Damping Factor and Transmissibility at Vnax (Vmax, fe =fn)

Material Damping Factor, D
Steel Spring 0.005
Natural Rubber 0.05
Neoprene 0.05
Butyl 0.12
Metal Mesh 0.12
Air Damping 0.17
Felt and Cork 0.06

Calculation expressed as percentage of vibrationateon of Natural

Rubber is shown in the Table 2-8 as follows:
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Table 2-8 Percentage of vibration reduction basedrmoProportion of Frequency

and Transmissibility at Vmax (Vmax, fe =fn)

Proportion of frequency % lsolation

1 Resonance
1.414 0
1.5 19
2 66
2.5 80
3 87
3.5 90
5 95
7 97
10 98
12 99

Sub-Tangent and the Frequency of the Machine camalyzed out the
natural frequency of the material for vibration wetion to know the efficiency of

vibration reduction of such materials from graphigure 2-15
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Frequency of excitation (rpm)
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Review of Researches Study

Mutsumato and Griffin (21) studied the effect obnation and the vibration
entering the body longitudinal and responses floenréspondents by testing vibration
at the frequency in the range of 3 and 9 Hz anquieacy vibration at 3 and 12 Hz
with the acceleration of 1.0 mMi/sas well as increasing vibration level and test
vibration. Findings from the effect of vibratiorvid towards discomfort feeling from
both types of vibrators indicated that increasirnigration volume 6-12 percent
continuously and vibration increased the discomietth statistical significance.

Randall, Matthews and Stiles (22) studied the itrgusffecting from vibration
into the worker's body. Long-term effects were tensand discomfort feeling.
Resonance frequency occurred within the body teriddegplace in internal organs
and skeleton. Therefore, longitudinal vibration ezimg the body of 113 workers
standing while packing ready-made clothes was medsat the axis and maintained
vibration at the low level at the samples’ feet.e@l frequency results of resonance
found was 9-16 Hz which independent from the weighting the Mean at 12.2 (+/-)
0.1 Hz for female workers and 12.8 (+/-) 0.2 Hz fioale workers and the Mean for
total population was at 12.3 (+/-) 0.1 Hz.

Dupuis and Zerlett (22) studied the vibration entgrthe body and the
abnormality of backbone through the interview anddioal check-up among 352
workers working with Earth-Moving Machines at ledsgears. X-ray of skeleton from
251 machine operators indicated that at workers wdu been working at least 10
years started to experience changes in the backibile 149 workers felt sudden
discomfort after 8 hours work. A group of peoplehnhe symptom was compared
with reference group of 215 persons. Percent dinggssubject experienced the
discomfort at the backbone was 68.7 percent. Ammaaghine operators, 6.8 percent
felt discomfort at the Thoracic and 18.2 percenthat Cervical. Discomfort feeling
resulted from vibration entering the body and deleeinon age also.

Seidle (23) studied sickness caused by vibratiomchwhesulted from low
frequency vibration entering the body causing wtagty in the system of control
nerve, queasiness and digestive system that wasanged by vibration entering the

body only, but associated with working conditionkiet causing certain symptoms
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after vibration entering the body for long time.€Ble symptoms occurred with female
reproductive system such as irregular menstruatietys position in the uterus,

pregnancy problems and miscarriage and delivenédostn. Vibration also created

side effects, including hearing reduction and dtstg backbone structures among
workers who operate the vibrated machines.

Kabacinska, Paradowski and Kwaitkowski (24) tes#idd males who had
received vibration into the body for over 9.8 yeafssting was done to find the
capacity of food passage, maximum pressure witbod fpassage and within the
stomach, Mean and maximum of ticking within thenséch. Findings indicated that
(1/4) of vibration entering the body created abradity in the control system for
digestion.

James (25) studied whole body vibration among fsctorkers in one of
printing factory by installing measure valve nelae place where the workers stand
working to measure vibration in the recording maehiResults were translated by
making comparison with comfortable and safety level accordance with 1SO
standard, findings indicated that workers who weoeking with small printer had the
smallest risk in receiving vibration.

Thomas C Jetser (26) studied the development okglfor reducing vibration
at the worker's hands made from various materiaésnely viscoelastic material,
basically sorbothane and viscolas. Findings inditathat these materials could
prevent vibration well in high frequency, but prevevibration in medium and low
frequency only little. The gloves used while penfiang work were not fit properly and
too hard to wear.

Veejay (27) studied the reduction of vibration fr@ndifferent types of gloves,
Leather gloves, Poron gloves, Sorbot-hane glovemdking comparison between use
and non-use of the gloves among workers who opkitiie metal extract machine.
Findings indicated that wearing Leather gloves daglduce vibration 23.5 percent,
wearing Poron gloves decreased vibration 24.2 pereed wearing Sorbot-hane
gloves decreased vibration 45.5 percent as companeoh-wearing.
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Raynold D D (28) studied vibration protection glsv@aade from air bladder,
gelform, sorbothane, vircolas and akton. FindingBdated that air bladder gloves are
the most effective. Gloves made from gelform, strhoe, viscolas and akton are too
stiff.

Nikhom Thumpanya (29) studied vibration protectigioves made from 3
types of materials. Findings indicated that leatjfleves could reduce vibration about
35.18 percent. From the study of vibration reductibrough wearing leather gloves
with different frequency, findings indicted thaatber gloves reduced vibration well at
100 Hz and 125 Hz.

Polchit Buokaew, Varaporn Kajornchaikoon and Assts (30) studied the
formula and method for the rubber production fgumarting the machine with natural
rubber that already been processed and returneatwoal form for almost 100 percent
suitable for engineering work. The processed rublas applied with designed
formula to support different weight. When it wagddgogether with the metal, it could
be flexible and support vibration well. Testing beb strength with the black soot
N330, Selica and Aromatic oil, indicated that uditgck sootN330, Selica 2-3 would
increase rubber strength about 1 unit shore A.

Chuck Jantalukana (31) studied vibration controthwihe thin sheet by
restraining the sheet layers under the control fputling the control sheet with the
use of viscoelastic or elastomer as well as inanga®straint coefficient by attaching
another thin sheet to succeed at more reductiemadtion.

Pornthip Yenjai (32) studied by making comparisonibration at the grinding
stone worker’s hand with and without wearing 3 g/pé& glovesncluding, Lycra with
viscoelastic, Polyurethane with viscolastic andHeafurniture gloves and using these
glove materials to cover the tool's handle. Frora thsult of studying vibration in
each frequency and total frequency in 3 axes, atditthat gloves and materials made
from Lycra cotton and Polyurethane could reduceatibn at the frequency of 16,
125, 250 and 500 HZ. Furniture leather gloves oaljuced at frequency 16 Hz, but
the same material covers the handle reduced freguenl6, 125, 250, 500 and 1000
Hz. The most effective gloves in vibration redustioverall as compared to Lycra
cotton gloves had the value of 39.96 percent. &oniture leather material covered the

handle had the value of 38.84 percent.
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CHAPTER 11
MATERIALSAND METHODS

3.1 Study Designed

This research was the experimental study and cosgpa of vibration
reduction materials to support machinery, nametyrtibber belt plate and the rubber

valve plate.

3.2 Population

Populations in this study are TOYOTA weaving maekimodel JAT710 Air
Jet and areas surrounding the weaving machinehendgltration reduction sheets used

for supporting machines.

3.3 Sample Size

Experiment was done with the weaving machine irfadlceory at 4 bases of the
machine and 6 points on areas surrounding machimegsepeating the same
measurement at each points 5 times without usioigatron reduction sheets and using

both types of sheets for total 150 samples.

3.4 Materials

Materials used in this study are as follows:
1. Vibration meter

2. The rubber belt plate

3. The rubber valve plate



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial HygienedsSafety) / 49

3.5 Research Methodology

3.5.1 Preparation for vibration reduction sheet
Findings the rubber belt plate and the rubberevgdlate by selecting
each type of material from the same lot, batch ggmet. Each material has different
specification as follows:
3.5.1.1 Rubber belt plate

- Feature Elastomer rubber

- Feature Polyester-Polyamide carcass ERi@0 3 layers of
Polyester
3.5.1.2Rubber valve plate
- FeatureNeoprene Rubber
- FeaturdK-180-72-6 F Rubber
The rubber belt plate and the rubber valve plateevaibjected for
physical properties from dealer in the followingas:
- Thickness (mm.)
- HardnessShoreused standard ASTM D2240

- Tensile Strength (N/mm2) used standat 53504
- Compression Set (%) used standard ASTM 395 (MeB)od
- Abrasion (volume loss, mihused standard DIN 53516
Cut the rubber belt plate and the rubber valveeps different size
based on weaving machine standard 240 mm. wide]d@@&Pand 10 mm. thickness,
punching hole diameter 18.5 mm. before using agtidn reduction sheet as being

shown in the following figure 3-1.
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Scale: 1:2.5

Figure3-1 Preparations for Vibration Reduction Materials

3.5.2 Ingtallation
Placing the rubber belt plate and the embbalve plate from test
weaving machine underneath the weaving machinespadtrough the following
steps:

1. Place the sheet at the base of machine for algg ¢& the concrete
floor in a hole of machine base with the structrbuilding have foundation pile, that
each the legs of machine for to separate struchedloor of the weaving machine
with the structure of building as shown in the fig3-2 and figure 3-3.

2. The vibration reduction materials 70 mm. wide afdrm. long to put
in the side of machines surrounding their legs.

3. Attach the sheet at the base of machine using apghkie for metal
with Chemlok 205 and Chemlok 220 rubber sheetsedbe the prepared sheets with
the weaving machine using screw knot to attach madegs firmly with the floor as
shown in the figure 3-2 to figure 3-8.

4. Installing the vibration reduction material at th@se of a machine by

using the rubber belt plate in the first test ararubber valve plate in the second test.
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Top View of machine base
1¢0

10

Unit: .
Rubber Support Scale: 1.5

Figure3-2 Installations of Vibration Reduction Materials (F¥iew)
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Side View of machine ba
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Side View of machine base

10T Concrete

Foundation pile

Unit: mm.
Scale: 1:2.5

Figure3-3 Installations of Vibration Reduction Materials d8iView)
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Figure3-4 The weaving machine
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Figure3-5 The behind of machine base before using the vidoragduction material
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Figure3-6 A side view of machine base before using the vibnateduction material
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Figure3-7 Installations the rubber belt plate at the machase
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Figure3-8 Installations the rubber valve plate at the maeliase
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3.5.3 Measuring Vibration

In this study, vibration was measured along X, Y @axes at the
legs of the weaving machine and the area surrogntfia machine which was the
vibration passing from the machine to the floor afiécting directly to the worker
operating the machine. These were Personal Humbration meter model HAVPro
Serial 03067 Calibration date 09/01/08. Pladnmagsducer at the measuring point to
read vibration which had given the value as Acegien (m/$) through the following:

3.5.3.1 Measuring Machine Vibration

Determining the measuring point distance furthemfrthe machine
legs 40mm.Measuring point 1 and 2, and between 3 and 4 hadligtance of 2306
mm. The distance of measuring point 1 and 4, atal®were equaled to1219m.as
illustrated in the figure 3-9.

1. Measuring vibration before using the vibratieduction material to
support the machine base by measuring the vibraticall 4 legs at the determined
points 5 times each point.

2. Following instruction in 3.5.2 for the rubber bplate installation to
measure vibration at the base of the machine at bbs at the determined points 5
times each point.

3. Installing the rubber valve plate at the mactbasee as instructed in
3.5.2 by measuring vibration at the base of afigklat the determine points 5 times.

3.5.3.2 Measuring Floor Vibration

Determining the measuring point at the floor aroihd machine,
having the distance from the machine 300 mm. wiuebk the distance for worker to
stand working in front of the machine. And eachnpaiistance form each other 1153
mm. There are 6 points as be shown in figure 3-10.

1. Measuring vibration before using the vibratieduction material to
support the machine base by measuring the vibratiat 6 determined points5 times.

2. Installing the rubber belt plate at the macHase as instructed in
3.5.2 by measuring vibration after placing the sla¢@reas surrounding 6 determined
points 5 times each point.

3. Installing the rubber valve plate at the machiase as instructed in

3.5.2 by measuring vibration at areas surroundidgtérmined points 5 times.
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3.6 Statistical Results Analysis

The data in this study were analyzed using foll@nstatistics:
3.6.1 Descriptive Statistics
To describe the characteristics and property ofernadt and all
measurements, mean = S.D. was applied.
3.6.2 Inferential Statistics
3.6.2.1 The comparison of vibration between pofnK,0Y and Z axes
and comparison of vibration between axis (X, Y @hdxes) at each point and total
vibration before using vibration reduction matesiand after using the rubber belt
plate and the rubber valve plate were tested bKthekal Wallis Test)?-test) at 95%
confident limit.
3.6.2.2 The comparison of vibration between befaseng vibration
reduction materials and after using the rubber fdate and the rubber valve plate of Z
axes at each point and total vibration were tebtethe Kruskal Wallis Testf-test)
at 95% confident limit.
3.6.2.3 The comparison between vibration at machfrié axes before
using vibration reduction materials and after ugimg rubber belt plate and the rubber
valve plate and vibration at floor of Z axes befasing vibration reduction materials
and after using the rubber belt plate and the nuhladve plate were tested by

Independent-Sample t-test at 95 % confident limit.
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CHAPTER IV
RESULTS

The results are being presented as the follow:
4.1 Properties of material
4.2 Vibration Experimental Results at machine
4.2.1 Comparison of vibration at machine in epaimt before and after
using the rubber belt plate and the rubber valagepl
4.2.2 Comparison of vibration at machine in eads arfore and after
using the rubber belt plate and the rubber valagepl
4.2.3 Comparison of vibration at machine beforengisvibration
reduction materials and after using the rubber plalie and the rubber valve plate to
reduce vibration in Z axis
4.3 Vibration Experimental Results at floor
4.3.1 Comparison of vibration at floor in each pdiefore and after
using the rubber belt plate and the rubber valagepl
4.3.2 Comparison of vibration at floor in eachsakiefore and after
using the rubber belt plate and the rubber valagepl
4.3.3 Comparison of vibration at floor before usuiigration reduction
materials and after using the rubber belt plate thedrubber valve plate to reduce
vibration in Z axis
4.4 Comparison of machine and floor vibration befausing vibration
reduction materials and after using the rubber plalie and the rubber valve plate to
reduce vibration in Z axis

4.5 Comparison in vibration reduction
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4.1 Propertiesof material

The rubber belt plate and the rubber valve plateevpdhysical properties by
dealer in accordance with the standard measuresnkiss indicated that the strength
of the rubber belt plate as 7580re Awhich was higher than the rubber valve plate
with the strength 068.1Shore A. Tensile strength indicated tttsd rubber belt plate
had tensile strength as equal as 18 Nframd the rubber valve plate withnsile
strengthi20 N/mnf which suggested the rubber valve plass more ability to support
tearing than the rubber belt plate.

Moreover, compression set indicated that rubber belt platead compression
set as equal as 34.8 % and the rubber valve plabetaimed compression set 32.6 %
which suggested that the rubber valve plate coetidrmn to previous form after being
compressed more than the rubber belt plate. Abraedicated thathe rubber belt
plate had abrasioras equal a80 volume loss, mfand the rubber valve platead
abrasioras equal a§50 volume loss, miwhich suggested théte rubber belt plate

more lasting abraside rubber valve plate.

Table 4-1 Results from testing physical properties of therubber belt plate and the
rubber valve plate

Properties of material The rubber belt plate THbaun valve plate
Thickness (mm.) 10 10
Hardness (Shore A) 72.9 68.1
Tensile strength (N/mf 18 20
Compression set (%) 34.8 32.6
Abrasion (volume loss, mi 90 150
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4.2 Vibration Experimental Results at machine

The experimental of vibration at machine measurémesults were from x , y
and z axis before using the rubber belt plate bedubber valve plate as the vibration
reducing materials by measuring vibration at alegs of the machine 5 times for
each point for the total vibration 20 times.

The highest vibration 3.6220 riwas measured at point 1 before using the
vibration reducing material in Z axis and the lotuébration 0.2581 mfsat point 2 in
Y axis derived from using the rubber valve plateréoluce vibration. Vibration
happened in each axis is shown in the Appendix C.

The measurement results indicated different. Befostng the vibration
reducing materials, vibration measurement reswuisge from 0.2270 to 1.0300,
0.1950 to 0.7750 and 0.5770 to 4.8700%tle mean were 0.60864606and2.3230

m/s’ in X, Y andZ axis respectively. Vibration while using the rebtbelt plate to
reduce vibration were from 0.2250 to 1.000.2116to 0.7027and 0.5810 t@.5520

m/s” with the Mean as equal as 0.5504244and 2.0764m/s’ in X, Y andZ axis

respectively. Vibration while using the rubber \@alglate as the vibration reducing
material indicated value from 0.21&50.92350.2185t0 0.6982and0.5458 ta3.8120

m/s” with the Mean as equal as 0.5502193and 1.9456 mfsin X, Y andZ axis ,

having the average vibration at each point beirayvshin Table 4-2.
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Table 4-2 The vibration at machine of before using vibration reduction materials

and after using different type of materials classified by axes X, Y and Z

AXxis X
Mean + S.D.

AXis 'Y
Mean + S.D.

AXis Z
Mean = S.D.

Before using vibration

reduction materials

Point 1
Point 2
Point 3
Point 4
Total

Using the rubber belt

plate as vibration

reduction material

Point 1
Point 2
Point 3
Point 4
Total

Using the rubber valve

plate as vibration

reduction material

Point 1
Point 2
Point 3
Point 4
Total

0.8278 £ 0.1617
0.3679 + 0.1896
0.6265 + 0.3376
0.6122 + 0.3420
0.6086 + 0.2994

0.7731 £ 0.1393
0.3405 +0.1464
0.5723 +0.2802
0.5186 + 0.2977
0.5511 + 0.2623

0.7008 + 0.0928
0.3528 +0.1845
0.5797 + 0.2904
0.5674 + 0.2963
0.5502 + 0.2485

0.6497 + 0.1238
0.2697 = 0.0990
0.4551 +0.2172
0.4678 + 0.2589
0.4606 + 0.2199

0.5865 + 0.0564
0.2589 +0.0475
0.4346 +0.1114
0.4176 + 0.1847
0.4244 + 0.1584

0.5597 + 0.0972
0.2581 +0.0433
0.4193 +0.1039
0.4404 + 0.0834
0.4193 +0.1351

3.6220 + 0.8352
1.2089 + 0.6152
1.9677 £1.5770
2.4936 + 1.5397
2.3230 +1.4355

3.3337 +0.7449
1.0893 + 0.4663
1.6821 £ 0.9071
2.2006 + 1.0365
2.0764 +1.1311

3.1525 + 0.4184
1.0622 + 0.5088
1.6762 £ 0.7056
1.8913 +1.0166
1.9456 +1.0111
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4.2.1 Comparison of vibration at machine in each point before and after
using therubber belt plate and therubber valve plate

After testing vibration at machine from each pahi, Y and Z axes acquired
before using vibration reduction materials and miythe use of the rubber belt plate
and the rubber valve plate through test of Homoiggwé variance, findings indicated
uneven variation with statistical significant pwal<0.05. Non-parametric which had
been used together with the application of Kruskallis test §*-test) revealed
vibration measured before and after using the nubk# plate and the rubber valve
plate as vibration reduction materials, having agervibration from each point of X,
Y and Z axes acquired before using vibration radacinaterials with statistical not
significance different from X axis with p-value 164,Y axis with p-value = 0.059
and Z axis with p-value = 0.063 and 95% reliabiéisybeing shown in Table 4-3.

Table4-3 Comparison of vibration at machine between point of X, Y and Z axes

before using vibration reduction materials

n X SD df. y*test p-value
Axis X
Point 1 20 0.8278 0.1617 3,16 5.103 0.164
Point 2 20 0.3679 0.1896
Point 3 20 0.6265 0.3376
Point 4 20 0.6122 0.3420
AXxisY
Point 1 20 0.6497 0.1238 3,16 7.434 0.059
Point 2 20 0.2697 0.0990
Point 3 20 0.4551 0.2172
Point 4 20 0.4678 0.2589
AXisZ
Point 1 20 3.6220 0.8325 3,16 7.297 0.063
Point 2 20 1.2089 0.6152
Point 3 20 1.9677 1.5770

Point 4 20 2.4963 1.5397
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Average vibration from each point of X, Y and Z syaxzquired after using the
rubber belt platdad statistical significance different from X axisralue = 0.063 but
Y and Z axes had statistical significant differes)cé axis with p-value = 0.010 and Z
axis with p-value = 0.010 and 95% reliability asngeshown in Table 4-4.

Table 4-4 Comparison of vibration at machine between position of X, Y and Z

axes after using therubber belt plate

n X SD df. y*test  e-value
Axis X
Point 1 20 0.7731 0.1393 3,16 7.290 0.063
Point 2 20 0.3405 0.1464
Point 3 20 0.5723 0.2802
Point 4 20 0.5186 0.2977
AXxisY
Point 1 20 0.5865 0.0564 3,16 11.314 0.010
Point 2 20 0.2589 0.0475
Point 3 20 0.4346 0.1114
Point 4 20 0.4176 0.1847
AXisZ
Point 1 20 3.3337 0.7449 3,16 11.425 0.010
Point 2 20 1.0893 0.4663
Point 3 20 1.6821 0.9071
Point 4 20 2.0764 1.0365

Average vibration from each point of X, Y and Z syexquired after using the
rubber valve platdad statistical significant not different from Xisop-value = 0.205
butY and Z axes had statistical significant differes)cé axis p-value = 0.005 and Z

axis p-value = 0.004 and 95% reliability as beihgwen in the Table 4-5.
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Table 4-5 Comparison of vibration at machine between position of X, Y and Z

axes after using therubber valve plateto reduce vibration

n X SD df.  y*test  P-value
Axis X
Point 1 20 0.7008 0.0928 3,16 4.589 0.205
Point 2 20 0.3528 0.1845
Point 3 20 0.5797 0.2904
Point 4 20 0.5674 0.2963
AXxisY
Point 1 20 0.5597 0.0972 3,16 12.989 0.005
Point 2 20 0.2581 0.0433
Point 3 20 0.4193 0.1039
Point 4 20 0.4404 0.0834
AXxisZ
Point 1 20 3.1525 0.4184 3,16 13.129 0.004
Point 2 20 1.0662 0.5088
Point 3 20 1.6762 0.7056
Point 4 20 1.8913 1.0166

4.2.2 Comparison of vibration at machine in each axis before and after
using therubber belt plate and therubber valve plate

After testing vibration from average vibration aachine measured in X, Y
and Z axes before using vibration reduction materiduring the use of the rubber
belt plate and the rubber valve plate each poirduh Test of Homogeneity of
variance, findings indicated uneven variation watiatistical significant p-value <
0.05. Non-parametric which had been used togetlitertive application of Kruskal-
Wallis test ¢*test) revealed vibration from average vibratiorameed in X, Y and Z
axes before using vibration reduction materialsinduthe use of the rubber belt plate
and the rubber valve plate each point.

Findings after comparing differences from averadpation measured in X,
Y and Z axes before using vibration reduction makgrduring the use of the rubber

belt plate and the rubber valve plate each poditated that vibrations in X, Y and Z
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axes and all 4 pointsad no statistical significant differences. Onlyinpo3 had
vibration values before using the vibration reductimaterial along X, Y and Z with

statistical significant differences at p-value £Z1. as shown in Table 4-6toTable 4-9.

Table 4-6 Comparison of vibration at machine between X, Y and Z axes before
using vibration reduction materials and after using the rubber belt plate and the
rubber valve plateto reduce vibration (point 1)

n X SD df.  y*test p-value
Before using vibration
reduction materials
- Axis X 5 0.8278 0.1617 2,12 10.220 0.006
- AxisY 5 0.6497 0.1238
- AxisZ 5 3.6220 0.8352
Using the rubber belt
plate as vibration
reduction material
- AxisX 5 0.7731 0.1393 2,12 11.180 0.004
- AxisY 5 0.5865 0.0564
- AxisZ 5 3.3337 0.7449
Using the rubber valve
plate as vibration
reduction material
- AxisX 5 0.7008 0.9277 2,12 11.580 0.003
- AxisY 5 0.5597 0.0972

- AXisZ 5 1.4710 0.4184
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Table4-7 Comparison of vibration at machine between X, Y and Z axes before
using vibration reduction materials and after using the rubber belt plate and the

rubber valve plateto reduce vibration (point 2)

n X SD df.  y*test  p-value
Before using vibration
reduction materials
- Axis X 5 0.3679 0.1896 2,12 9.140 0.010
- AxisY 5 0.2670 0.0990
- AxisZ 5 1.2089 0.6152
Using the rubber belt
plate as vibration
reduction material
- AxisX 5 0.3405 0.1464 2,12 9.980 0.007
- AXisY 5 0.2589 0.0475
- AxisZ 5 1.0893 0.4663
Using the rubber valve
plate as vibration
reduction material
- AxisX 5 0.3528 0.1845 2,12 8.180 0.017
- AxisY 5 0.2581 0.4330

- AXxisZ 5 1.0622 0.5088
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Table 4-8 Comparison of vibration at machine between X, Y and Z axes before
using vibration reduction materials and after using the rubber belt plate and the

rubber valve plateto reduce vibration (point 3)

n X SD df.  y*test  p-value
Before using vibration
reduction materials
- Axis X 5 0.6265 0.3376 2,12 4.220 0.121
- AxisY 5 0.4551 0.2172
- AxisZ 5 1.9677 1.5770
Using the rubber belt
plate as vibration
reduction material
- AxisX 5 0.5723 0.2802 2,12 7.760 0.021
- AxisY 5 0.4346 0.1114
- AxisZ 5 1.0164 0.9071
Using the rubber valve
plate as vibration
reduction material
- AxisX 5 0.5797 0.2904 2,12 9.620 0.008
- AxisY 5 0.4193 0.1039 2,12

- AxisZ 5 1.6762 0.7056 2,12




Umarin Temee Results / 72

Table 4-9 Comparison of vibration at machine between X, Y and Z axes before
using vibration reduction materials and after using the rubber belt plate and the

rubber valve plateto reduce vibration (point 4)

n X SD df.  y*test  p-value
Before using vibration
reduction materials
- Axis X 5 0.6122 0.3420 2,12 6.500 0.039
- AxisY 5 0.4678 0.2589
- AxisZ 5 2.4936 1.5397
Using the rubber belt
plate as vibration
reduction material
- AxisX 5 0.5186 0.2977 2,12 9.620 0.008
- AxisY 5 0.4176 0.1847
- AxisZ 5 2.2006 1.0365
Using the rubber valve
plate as vibration
reduction material
- AxisX 5 0.5674 0.2963 2,12 7.580 0.023
- AxisY 5 0.4400 0.0834
- AxisZ 5 1.8913 1.0166

Findings after comparing differences from total rage vibration at machine
measured in X, Y and Z axes before using vibratemuction materials, during the use
of the rubber belt plate and the rubber valve pladécated that vibrations in X, Y and
Z axes had statistical significant differences-ofgtue < 0.001 as shown in Talld0.
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Table 4-10 Comparison of vibration at machine between X, Y and Z axes before
using vibration reduction materials and after using the rubber belt plate and the

rubber valve plateto reduce vibration (Total)

n X SD d.f.  y*test p-value
Before using vibration
reduction materials
- Axis X 20 0.6086 0.2994 2,57  26.952 <0.001
- AxisY 20 0.4606 0.2199
- AXisZ 20 2.3230 1.4355
Using the rubber belt
plate as vibration
reduction material
- AxisX 20 0.5511 0.2623 2,57 34.089 <0.001
- AxisY 20 0.4244 0.1584
- AxisZ 20 2.0764 1.1311
Using the rubber valve
plate as vibration
reduction material
- AxisX 20 0.5502 0.2485 2,57 32.462 <0.001
- AxisY 20 0.4193 0.1351
- AxisZ 20 1.9456 1.0111

Measured vibration at machine before using theatibn reducing materials
and during the use of different vibration reducingterials was expressed as the graph,
it revealed that measured vibration in Z axis highan value in X and Y axis before
and after using the rubber belt plate to reduceatitn as shown in the Graph 4-1.
Findings indicated measured vibration in Z axisobefand after using the rubber belt

plate and the rubber valve plate as equal as 2.32BWB4and1.9456m/s” respectively.
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Figure 4-1 Comparison of average vibration at maezhiefore using the vibration
reducing materials and after using different typematerial classified by X, Y and Z

axis

4.2.3 Comparison of vibration at machine before using vibration reduction
materials and after using the rubber belt plate and the rubber valve plate to
reducevibration in Z axis

After testing vibration at machine in Z axes acgdibefore using vibration
reduction materials and during the use of the rulbed#t plate and the rubber valve
plate through Test of Homogeneity of variance, ifigd indicated uneven variation
with statistical significant p-value €.05. Non-parametric which had been used
together with the application of Kruskal-Wallis te®vealed vibration measured
before and after using the rubber belt plate amdrtibber valve plate as vibration
reduction materials, having average vibration fdir @oints with no statistical
significant differences at point 1 with p-value 502, point 2 with p-value = 0.932,
point with p-value = 0.932 and point 4 with p-valeed.533and 95% reliability as
being shown in Table 4-11.
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Table 4-11 Comparison of vibration at machine from Z axis before using
vibration reduction materials and after using the rubber belt plate and the

rubber valve plateto reduce vibration in each point

n X SD df y*test p-value

Point 1
-Before using the vibration 5 3.6220 0.8352 2,12 1.340 0.512

reducing materials
-Using the rubber belt plate as5 3.3337 0.7449

the vibration reducing material
-Using the rubber valve plags 5 3.1525 0.4184

the vibration reducing material

Point 2
- Before using the vibration 5 1.2089 0.6152 2,12 0.141 0.932

reducing materials
- Using the rubber belt plate as5 1.0893 0.4663

the vibration reducing material
-Using the rubber valve plate a® 1.0622 0.5088

the vibration reducing material

Point 3
- Before using the vibration 5 19677 1.5770 2,12 0.140 0.932

reducing materials
- Using the rubber belt plate a 1.6821 0.9071

the vibration reducing material
-Using the rubber valve plags 5 1.6762 0.7056

the vibration reducing material
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Table 4-11 Comparison of vibration at machine from Z axis before using

vibration reduction materials and after using the Rubber belt plate and the

Rubber valve plateto reduce vibration in each point (continued)

n X SD df  y*test p-value
Point 4
- Before using the vibration 5 2.4936 15397 2,12 1.260 0.533
reducing materials
-Using the rubber belt plate as5 2.2006 1.0365
the vibration reducing material
-Using the rubber valve plags 5 1.8913 1.0166

the vibration reducing material

Findings after comparing differences from total rage vibration at machine

from Z axis before using vibration reduction matkyiand after using the rubber belt
plate and the rubber valve plate to reduce vibnaitlicated that vibrations in Z axes
had no statistical significant differences with glae = 0.650 and 95% reliability as

being shown in Table 4-12.

Table 4-12 Comparison of total vibration at machine from Z axis before using
vibration reduction materials and after using the rubber belt plate and the

rubber valve plateto reduce vibration (Total)

n X SD df  y*test p-value
- Before using the vibration 20 2.3230 14355 2,57 0.862 0.650
reducing materials
- Using the rubber belt plate as20 2.0764 1.1311
the vibration reducing material
- Using the rubber valve plate a0 1.9456 1.0111

the vibration reducing material
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4.3 Vibration Experimental Results at floor

The experimental of vibration at floor measuremesults were from X , Y
and Z axis before using the rubber belt plate &edbber valve plate as the vibration
reducing materials by measuring vibration at 6nfgion areas surrounding the
machine 5 times each point for the total vibratrafues 30 times.

The measurement results indicated different. Befoseng the vibration
reducing materials, vibration measurement reswudisge from 0.0269 to 0.0306,
0.0266 to 0.0290 and 0.0506 to 0.0528rthe mean were 0.027®0270 and 0.0513

m/s’ in X, Y andZ axis respectively. Vibration while using the rebtbelt plate to
reduce vibration were from 0.0253 to 0.0200242 to 0.0273 and 0.034® 0.0441

m/s* with the Mean as equal as 0.026D256and 0.0388m/s’ in X , Y and Z axis

respectively. Vibration while using the rubber \@alglate as the vibration reducing
material indicated value from 0.0238 to 0.0220238to 0.0257and 0.0238 t0.0272

m/s” with the Mean as equal as 0.02@8®240and 0.0250 mfsin X, Y andZ axis

respectively as average vibration at each poimdoshown in Table 4-13.
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Table 4-13 Vibration at the floor before using vibration reduction materials and

after using different type of materials classified by axis X, Y and Z

Axis X
Mean = S.D.

Axis Y
Mean = S.D.

AXxis Z
Mean = S.D.

Before using vibration

reduction materials

Point 1
Point 2
Point 3
Point 4
Point 5
Point 6
Total

Using the rubber belt

plate as vibration
reduction material

Point 1

Point 2

Point 3

Point 4

Point 5

Point 6

Total

Using the rubber valve

plate as vibration
reduction material

Point 1

Point 2

Point 3

Point 4

Point 5

Point 6

Total

0.0288 + 0.0016
0.0271 + 0.0002
0.0272 + 0.0005
0.0283 + 0.0003
0.0275 + 0.0007
0.0283 + 0.0013
0.0280 + 0.0010

0.0266 + 0.0003
0.0258 + 0.0002
0.0259 + 0.0002
0.0262 + 0.0001
0.0258 + 0.0004
0.0262 + 0.0002
0.0261 + 0.0003

0.0253 + 0.0022
0.0240 + 0.0001
0.0240 + 0.0001
0.0249 +0.0016
0.0247 + 0.0005
0.0247 + 0.0008
0.0245 +0.0012

0.0274 + 0.0009
0.0270 + 0.0001
0.0268 + 0.0001
0.0269 + 0.0001
0.0269 + 0.0001
0.0271 + 0.0002
0.0270 + 0.0004

0.0258 + 0.0002
0.0256 + 0.0008
0.0255 + 0.0004
0.0254 + 0.0004
0.0254 + 0.0009
0.0256 + 0.0010
0.0256 + 0.0006

0.0243 + 0.0008
0.0238 + 0.0000
0.0238 + 0.0001
0.0237 +0.0001
0.0240 + 0.0004
0.0240 + 0.0001
0.0240 + 0.0004

0.0517 + 0.0007
0.0515 + 0.0005
0.0515 + 0.0005
0.0511 +0.0002
0.0512 + 0.0002
0.0509 + 0.0002
0.0513 + 0.0005

0.0388 + 0.0049
0.0389 + 0.0015
0.0387 + 0.0007
0.0391 + 0.0010
0.0388 + 0.0023
0.0385 + 0.0003
0.0388 + 0.0021

0.0255 + 0.0014
0.0253 + 0.0014
0.0250 + 0.0012
0.0250 + 0.0006
0.0247 +0.0013
0.0250 + 0.0011
0.0250 + 0.0011
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4.3.1 Comparison of vibration at floor in each point before and after using
therubber belt plate and therubber valve plate

After testing vibration at floor from each point X, Y and Z axes acquired
before using vibration reduction materials and miyithe use of the rubber belt plate
and rubber valve plate through Test of Homogeneityariance, findings indicated
uneven variation with statistical significant p4wal<0.05. Non-parametric which had
been used together with the application of Kruskallis test §*test) revealed
vibration measured before and after using the nubk# plate and the rubber valve
plate as vibration reduction materials, having agervibration from each point of X
and Y axes acquired before using vibration reduactioaterials with statistical
significant differences, X axis with p-value = 0¥ axis with p-value = 0.040 bt
axis had no statistical significant differencemirY axes at p-value = 0.066 and 95%

reliability as being shown in the Table 4-14.
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Table 4-14 Comparison of vibration at floor between point of X, Y and Z axes

before using vibration reduction materials

n X SD df.  y*test p-value
Axis X
Point 1 30 0.0288 0.0016 524 11.818 0.037
Point 2 30 0.0271 0.0002
Point 3 30 0.0272 0.0005
Point 4 30 0.0283 0.0003
Point 5 30 0.0275 0.0007
Point 6 30 0.0283 0.0013
AXxisY
Point 1 30 0.0274 0.0009 524 11.647 0.040
Point 2 30 0.0270 0.0001
Point 3 30 0.0268 0.0001
Point 4 30 0.0269 0.0001
Point 5 30 0.0269 0.0001
Point 6 30 0.0271 0.0002
AXxisZ
Point 1 30 0.0517 0.0007 5,24 10.329 0.066
Point 2 30 0.0515 0.0005
Point 3 30 0.0515 0.0005
Point 4 30 0.0511 0.0002
Point 5 30 0.0512 0.0002
Point 6 30 0.0509 0.0002

Average vibration from each point of X axes acaqliiedter using the rubber
belt platewith statistical significant differences, X axevglue = 0.002 buY and Z
axes had no statistical significance different frgnaxis with p-value = 0.827 and Z
axis with p-value = 0.943 and 95% reliability asngeshown in the Table 4-15.
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Table 4-15 Comparison of vibration at floor between point of X, Y and Z axes

after using therubber belt plate

n X SD df.  y*test p-value
Axis X
Point 1 30 0.0266 0.0003 524 18.873 0.002
Point 2 30 0.0258 0.0002
Point 3 30 0.0259 0.0002
Point 4 30 0.0262 0.0001
Point 5 30 0.0258 0.0004
Point 6 30 0.0262 0.0002
AXxisY
Point 1 30 0.0258 0.0002 5,24 2.156 0.827
Point 2 30 0.0256 0.0008
Point 3 30 0.0255 0.0004
Point 4 30 0.0254 0.0004
Point 5 30 0.0254 0.0009
Point 6 30 0.0256 0.0010
AXxisZ
Point 1 30 0.0388 0.0049 5,24 1.220 0.943
Point 2 30 0.0389 0.0015
Point 3 30 0.0387 0.0007
Point 4 30 0.0391 0.0010
Point 5 30 0.0388 0.0023
Point 6 30 0.0385 0.0003

Average vibration from each point of X, Y and Z syexquired after using the
rubber valve platevith no statistical significance different from Xes at p-value =
0.813 Y axis at p-value = 0.084 and Z axis at jpa 0.597 and 95% reliability as
being shown in the Table 4-16.
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Table 4-16 Comparison of vibration at floor between point of X, Y and Z axes

after using therubber valve plate

n X SD df.  y*test p-value
Axis X
Point 1 30 0.0253 0.0022 5,24 2.257 0.813
Point 2 30 0.0240 0.0001
Point 3 30 0.0240 0.0001
Point 4 30 0.0249 0.0016
Point 5 30 0.0247 0.0005
Point 6 30 0.0247 0.0008
AXxisY
Point 1 30 0.0243 0.0008 5,24 9.691 0.084
Point 2 30 0.0238 0.0000
Point 3 30 0.0238 0.0001
Point 4 30 0.0237 0.0001
Point 5 30 0.0240 0.0004
Point 6 30 0.0240 0.0001
AXxisZ
Point 1 30 0.0255 0.0049 5,24 3.677 0.597
Point 2 30 0.0253 0.0015
Point 3 30 0.0250 0.0007
Point 4 30 0.0250 0.0010
Point 5 30 0.0247 0.0023
Point 6 30 0.0250 0.0003
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4.3.2 Comparison of vibration at floor in each axis before and after using
therubber belt plate and rubber valve plate

After testing vibration from average vibration ktdr measured in X, Y and Z
axes before using vibration reduction materialsinduthe use of the rubber belt plate
and the rubber valve plate each point through eésHomogeneity of variance,
findings indicated uneven variation with statistisgnificant p-value <0.05. Non-
parametric which had been used together with tipdicagtion of Kruskal-Wallis test
(y*-test) revealed vibration from average vibrationaswed in X, Y and Z axes
before using vibration reduction materials, durihg use of the rubber belt plate and
the rubber valve plate each point.

Findings after comparing differences from averadpation measured in X,
Y and Z axes before using vibration reduction matgriduring the use of the rubber
belt plate and the rubber valve plate each poditated that all point of vibrations in
X, Y and Z axes had no statistical significant eliéinces, only vibration when using
the rubber valve plate at point 1,5and 6, havirlgation values at X,Y and Z axes
with statistical significant differences with p-ual= 0.164 as shown in Table 4-17 to
Table 4-22.



Umarin Temee Results / 84

Table 4-17 Comparison of vibration at floor between X, Y and Z axes before
using vibration reduction materials and after using the rubber belt plate and the

rubber valve plateto reduce vibration (point 1)

n X SD df.  ytest  p-value
Before using vibration
reduction materials
Axis X 5 0.0288 0.0016 2,12  10.770 0.005
AXisY 5 0.0274 0.0009
AxisZ 5 0.0517 0.0007
Using the rubber belt
plate as vibration
reduction material
AxisX 5 0.0266 0.0003 2,12  12.567 0.002
AXisY 5 0.0258 0.0002
AXxisZ 5 0.0388 0.0050
Using the rubber valve
plate as vibration
reduction material
AxisX 5 0.0253 0.0022 2,12 3.616 0.164
AxisY 5 0.0243 0.0008

AXxisZ 5 0.0255 0.0014
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Table 4-18 Comparison of vibration at floor between X, Y and Z axes before
using vibration reduction materials and after using the rubber belt plate and the

rubber valve plateto reduce vibration (point 2)

n X SD df.  ytest  p-value
Before using vibration
reduction materials
Axis X 5 0.0271 0.1896 2,12  10.255 0.006
AXisY 5 0.0270 0.0990
AxisZ 5 0.0515 0.6152
Using the rubber belt
plate as vibration
reduction material
AxisX 5 0.0258 0.1464 2,12 9.514 0.009
AxisY 5 0.0256 0.0475
AXxisZ 5 0.0389 0.4663
Using the rubber valve
plate as vibration
reduction material
AxisX 5 0.0240 0.0001 2,12 12.374 0.002
AxisY 5 0.0238 0.0000

AXxisZ 5 0.0253 0.0010
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Table 4-19 Comparison of vibration at floor between X, Y and Z axes before
using vibration reduction materials and after using the rubber belt plate and the

rubber valve plateto reduce vibration (point 3)

n X SD df.  y*test p-value
Before using vibration
reduction materials
Axis X 5 0.0272 0.0005 2,12 12.410 0.002
AXisY 5 0.0268 0.0001
AxisZ 5 0.0515 0.0005
Using the rubber belt
plate as vibration
reduction material
AxisX 5 0.0259 0.0002 2,12 10.917 0.004
AXisY 5 0.0255 0.0004
AxisZ 5 0.0387 0.0007
Using the rubber valve
plate as vibration
reduction material
AxisX 5 0.0240 0.0001 2,12 11.385 0.003
AxisY 5 0.0238 0.0000

AXxisZ 5 0.0248 0.0012
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Table 4-20 Comparison of vibration at floor between X, Y and Z axes before
using vibration reduction materials and after using the rubber belt plate and the

rubber valve plateto reduce vibration (point 4)

n X SD df.  ytest  p-value
Before using vibration
reduction materials
Axis X 5 0.0283 0.0003 2,12  12.590 0.002
AXisY 5 0.0269 0.0001
AxisZ 5 0.0511 0.0002
Using the rubber belt
plate as vibration
reduction material
AxisX 5 0.0262 0.0001 2,12 12.774 0.002
AXisY 5 0.0254 0.0004
AxisZ 5 0.0390 0.0010
Using the rubber valve
plate as vibration
reduction material
AxisX 5 0.0249 0.0016 2,12 7.609 0.022
AxisY 5 0.0237 0.0001

AXxisZ 5 0.0249 0.0006
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Table 4-21 Comparison of vibration at floor between X, Y and Z axes before
using vibration reduction materials and after using the rubber belt plate and the

rubber valve plateto reduce vibration (point 5)

n X SD d.f.  y*test p-value
Before using vibration
reduction materials
Axis X 5 0.0277 0.0006 2,12  11.667 0.003
AXisY 5 0.0269 0.0001
AxisZ 5 0.0512 0.0002
Using the rubber belt
plate as vibration
reduction material
AxisX 5 0.0258 0.0004 2,12 9.551 0.008
AXisY 5 0.0254 0.0009
AXxisZ 5 0.0388 0.0023
Using the rubber valve
plate as vibration
reduction material
AxisX 5 0.0241 0.0005 2,12 1.465 0.481
AxisY 5 0.0240 0.0004

AXxisZ 5 0.0247 0.0013
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Table 4-22 Comparison of vibration at floor between X, Y and Z axes before
using vibration reduction materials and after using the rubber belt plate and the

rubber valve plateto reduce vibration (point 6)

n X SD df.  y*test  p-value
Before using vibration
reduction materials
Axis X 5 0.0283 0.0013 2,12 12.343 0.002
AXisY 5 0.0271 0.0002
AxisZ 5 0.0509 0.0002
Using the rubber belt
plate as vibration
reduction material
AxisX 5 0.0262 0.0002 2,12 10.538 0.005
AXisY 5 0.0256 0.0010
AXxisZ 5 0.0385 0.0003
Using the rubber valve
plate as vibration
reduction material
AxisX 5 0.0247 0.0008 2,12 5.048 0.080
AxisY 5 0.0240 0.0001
AxisZ 5 0.0250 0.0011

Findings after comparing differences from total rage vibration at floor
measured in X, Y and Z axes before using vibratemuction materials, during the use
of the rubber belt plate and the rubber valve piladécated that vibrations in X, Y and
Z axes had statistical significant differences-ofgtue < 0.001 as shown in Tall3.
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Table4-23 Comparison of vibration at floor between X, Y and Z axes before using
vibration reduction materials and after using the rubber belt plate and the rubber

valve plateto reduce vibration (Total)

n X SD df.  y*test  p-value
Before using vibration
reduction materials
Axis X 5 0.0283 0.0013 2,12  69.497 <0.001
AXisY 5 0.0271 0.0002
AxisZ 5 0.0509 0.0002
Using the rubber belt
plate as vibration
reduction material
AxisX 5 0.0262 0.0002 2,12 67.139 <0.001
AXisY 5 0.0256 0.0010
AXxisZ 5 0.0385 0.0003
Using the rubber valve
plate as vibration
reduction material
AxisX 5 0.0247 0.0008 2,12  35.933 <0.001
AxisY 5 0.0240 0.0001
AxisZ 5 0.0250 0.0011

Measured vibration before using the vibration reédgianaterials and during
the use of different vibration reducing materialaswexpressed as the graph, it
revealed that measured vibration in Z axis highantvalue in X and Y axis before
and after using the rubber belt plate to reduceatitn as shown in the Graph 4-2.
Findings indicated measured vibration in Z axisobefand after using the rubber belt
plate and the rubber valve plate as equal as 0.0%D388 and 0.0250 m/s’

respectively.
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Figure 4-2 Comparison of average vibration at fldmfore using the vibration
reducing materials and after using different typematerial classified by X, Y and Z

axis

4.3.3 Comparison of vibration at floor before using vibration reduction
materials and after using the rubber belt plate and the rubber valve plate to
reducevibration in Z axis

After testing vibration from X, Y and Z axes acaurbefore using vibration
reduction materials and during the use of the rulbed#t plate and the rubber valve
plate through Test of Homogeneity of variance, ifigd indicated uneven variation
with statistical significant p-value €.05. Non-parametric which had been used
together with the application of Kruskal-Wallis ltescz-test )revealed vibration
measured before and after using the rubber beté @ad the rubber valve plate as
vibration reduction materials, having average wibraall points(point 1 to 6) with
statistical significant differences at p-value 8@2and 95% reliability as being shown
in Table 4-24.



Umarin Temee Results / 92

Table 4-24 Comparison of vibration at floor from Z axis before using vibration
reduction materials and after using the rubber belt plate and the rubber valve

plateto reduce vibration in each point

n X SD df  y*test p-value

Point 1
-Before using the vibration 5 0.0255 0.0014 2,12 12522 0.002

reducing materials
-Using the rubber belt plateas 5 0.0388 0.0049

the vibration reducing material
-Using the rubber valve plate as5  0.0255 0.0014

the vibration reducing material

Point 2
-Before using the vibration 5 0.0515 0.0005 2,12 12545 0.002

reducing materials
-Using the rubber belt plate as5 0.0389 0.0015

the vibration reducing material
-Using the rubber valve plate as5  0.0253 0.0014

the vibration reducing material

Point 3
-Before using the vibration 5 0.0515 0.0005 2,12 12545 0.002

reducing materials
-Using the rubber belt plateas 5 0.0387 0.0007

the vibration reducing material
-Using the rubber valve plate as5 0.0248 0.0012

the vibration reducing material
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Table 4-24 Comparison of vibration at floor from Z axis before using vibration
reduction materials and after using the rubber belt plate and the rubber valve

plateto reduce vibration in each point (continued)

n X SD df y*test p-value

Point 4
-Before using the vibration 5 0.0511 0.0002 2,12 12567 0.002

reducing materials
-Using the rubber belt plateas5 0.0391 0.0010

the vibration reducing material
-Using the rubber valve plate as5  0.0249 0.0006

the vibration reducing material

Point 5
-Before using the vibration 5 0.0512 0.0002 2,12 12.613 0.002

reducing materials
-Using the rubber belt plate as5 0.0388 0.0023

the vibration reducing material
-Using the rubber valve plate as5  0.0247 0.0013

the vibration reducing material

Point 6
-Before using the vibration 5 0.0509 0.0002 2,12 12.567 0.002

reducing materials
-Using the rubber belt plateas5 0.0385 0.0003

the vibration reducing material
-Using the rubber valve plate as5  0.0250 0.0011

the vibration reducing material
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Findings after comparing differences from totalrage vibration at machine

from Z axis before using vibration reduction matkriand after using the rubber belt

plate and the rubber valve plate to reduce vibmnaitnalicated that vibrations in Z axis

had statistical significant differences at p-vatu®.001 and 95% reliability as being

shown in Table 4-25.

Table 4-25 Comparison of total vibration at machine from Z axis before using

vibration reduction materials and after using the rubber belt plate and the

rubber valve plateto reduce vibration

X SD

n df y-test p-value

-Before using the 2.3230 1.4355

vibration reducing
materials
-Using the rubber belt 2.0764 1.1311

plate as the vibration
reducing material
-Using the rubber valve 1.9456 1.0111

plate as the vibration

reducing material

20 2,57 79.287 <0.001

20

20
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4.4 Comparison of vibration machine and floor before using vibration
reduction materials and after using the rubber belt plate and the

rubber valve plateto reduce vibration in Z axis

After comparing vibration in Z axis measured frdme machine and floor with
t-test, findings indicated that vibration in Z akiad statistical significant differences
at p-value < 0.001 as being shown in Table 4-2@h liefore and after using the

rubber belt plate and the rubber valve plate tocedsibration.

Table 4-26 Comparison of vibration machine and floor before using vibration
reduction materials and after using the rubber belt plate and the rubber valve

plateto reducevibration in Z axis

n X SD d.f. t-test p-value
Before using vibration
reduction materials
Machine 20 2.3230 1.4352 48 7.083 <0.001
Floor 30 0.0513 0.0005
Using the rubber belt
plate as vibration
reduction material
Machine 20 2.0764 1.1311 48 7.589 <0.001
Floor 30 0.0388 0.0021

Using the rubber valve

plate as vibration

reduction material
Machine 20 1.9450 1.0111 48 8.004 <0.001
Floor 30 0.0250 0.0011
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The measurement results of total average vibratiomaghine and floor before
using vibration reduction materials in Z awisre 2.323@nd0.0513m/s” respectively.
Vibration while using the rubber belt plaite Z axiswas 2.0764and 0.0388m/s
respectivelyVibrations while using the rubber valve plateZ axiswere 1.945@nd
0.0250m/<’, respectively.Findings after comparison in differences, total rage
vibration from Z axis at machine was higher thataltaverage vibration from Z axis
at the surrounding floor before using vibrationuettbn materials and after using the
rubber belt plate and the rubber valve plate tocedsibration.

Findings from the comparison of average vibratiopasured at the machine
and the floor before and after using the rubbet pkte indicate that the building
structure of machine have foundation pile at edehlégs of machine could be absorb
vibration transsferred from the machine to the rflaoquired before using vibration
reduction materials as 97.79 % and after usingrtisder belt plate and the rubber
valve plate could be increase absorb vibrationsfeaned from the machine to the
floor as 98.13 %, 98.71 % respectively. Before gshre vibration reduction materials
the floor receives the vibration from the machinasvat 2.21 %. After using of the
rubber belt plate and the rubber valve plate therfreceives the vibration from the

machine was 1.87 % and 1.28 % respectively as sirowable 4-27.

Table 4-27 Comparison of average vibration transferred from the machine to the
floor using vibration reduction materials and after using the rubber belt plate

and rubber valve platetoreducevibration in Z axis

Average vibratio| Absorbtion | The floor receives

(m/s) vibration of | the vibration from

Machine Floor | structure (%), the machine (%)

Before using vibration

_ _ 2.3230| 0.0513 97.79 221
reduction materials '
Using the ubber belt plate ¢

. ' . | 2.0764| 0.0388 98.13 1.87
vibration reduction materia '
Using the rubber valve plate

as vibration reduction 1.9450| 0.0250 98.71 1.28

material
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4.5 Comparison in vibration reduction

Findings from the comparison of average vibratioeasured at machine
before and after using the rubber belt plate indatahat it reduced vibration all

points. The rubber belt plate reduced vibrationA@6 %9.89 %14.51%and11.75%

in point 1 to 4, respectively which indicated thaerage values combined were able to
reduce vibration as much as 10.62 %. Compariscavefage vibration measured at
machine before and after using the rubber valvéegladicated that it could reduce
vibration at all points. The rubber valve plateueed 12.96 %, 12.13 %, 14.81 % and
24.15 % in point 1 to 4, respectively. By averagié points combined could reduce

vibration as much as 16.25 percent as shown ineT4x28.

Table 4-28 Comparison of average vibration reduction at machine after using the

rubber belt plate and the rubber valve plate as the vibration reducing material in

Z axis
Vibration |Vibration after use material (nffs Vibration reduction (%)
) before use

Point ) The rubber The rubber | The rubber| The rubber

material
belt plate valve plate belt plate | valve plate

(m/s)

1 3.6220 3.3337 3.1526 7.96 12.96
2 1.0209 1.0893 1.0622 9.89 12.13
3 1.9677 1.6821 1.6762 14.51 14.81
4 2.4936 2.2001 1.8913 11.75 24.15
Total 2.3230 2.0764 1.9456 10.62 16.25

Findings from the comparison of average vibratiorasured at machine
before and after using the rubber belt plate irtdatdhat it reduced vibration at all
points. The rubber belt plate could reduce vibratip to 25.05 %24.59%, 24.94 %,

23.55 %, 24.2%and24.24% in point 1to 6, respectivelyBy average, all points
combined could reduce vibration as much as 24.45C@mparison of average
vibration measured at machine before and afterguia rubber valve plate indicated

that it reduced vibration at all points.
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The rubber valve plate could reduce vibration upad4 %50.81 %51.78 %,

51.17 %, 51.81 % an®0.88% in point 1to 6, respectively. By average, all points

combined could reduce vibration as much as 51.H %own in Table 4-29.

Table 4-29 Comparison of average vibration reduction at floor after using the

rubber belt plate and the rubber valve plate as the vibration reducing material in

Z axis
Vibration | Vibration after use material (M)s Vibration reduction (%)
. before use
Point . The rubber The rubber | The rubber | The rubber
material
belt plate valve plate belt plate | valve plate
(m/s)
1 0.0517 0.0388 0.0255 25.05 50.64
2 0.0516 0.0389 0.0253 24.59 50.81
3 0.0516 0.0387 0.0248 24.94 51.78
4 0.0511 0.0390 0.0250 23.55 51.17
5 0.0512 0.0388 0.0247 24.29 51.81
6 0.0509 0.0385 0.0250 24.24 50.88
Total 0.0513 0.0388 0.0250 24.45 51.18

Findings from the comparison of average vibratiorasured at machine
before and after using the rubber belt plate afdbeu valve plate indicated that the
rubber valve plate reduced more vibration thanguitie rubber belt plate 5.63 %.

Findings from the comparison of average vibratioasured at floobefore
and after using the rubber belt plate and the nublaé/e plate indicated that the
rubber valve plate reduced more vibration thangiiie rubber belt plate 26.73 %.
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CHAPTER YV
DISCUSSION

5.1 Results Discussions

5.1.1 Vibration Measured from the Machine
M easuring machine vibration indicated the following results:

1 Vibration in each axis, point 1-4 in X axis, point 1-4in'Y axis, point

1-4in Z axis, before using the rubber belt plate and the rubber valve plate. Findings no
differences in statistical significance, comparison results in Table 4-3, perhaps from
the average vibration in each point of the same axis has nearly the same value and
gone in the same direction.

2. After using the rubber belt plate, it is found that vibrations measured

at X axis of point 1 to 4 had no differences and opposite at point 1 to 4 of Y and Z
axes, results comparison in Table 4-4. Findings are similar with the use of the rubber
valve plate, results comparison in Table 4-5. Overal results had been explained in
Table 4.2 with similar average vibration in X axis before and after the use of the
rubber belt plate and the rubber valve plate, but average vibration in Y and Z axes
showed differences. Therefore, all 4 pointsin X axis show no differences in vibration
whilevibrationinY and Z both is different.

3. After comparing vibration in each point in al 3 axes, point 1 of X, Y

and Z, before and after the use of the rubber belt plate and the rubber valve plate, it is
found that vibration at each point in each axis before and after using vibration
reduction materials revealed statistical significant differences (p-value < 0.05) with the

exception at point 3 where there is no difference before using such materials (p-value =

0.121), results comparison in Table 4-6 to 4-9, perhaps the vibration from the thread
spinning machine made the measured vibration indifferent. However, after using

vibration reduction material made from the rubber, results in axes are different.
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4. After comparing vibration in each point in each axis, from point 1 to
4in X, Y and Z axes, before and after the use of the rubber belt plate and the rubber

valve plate, findings reveal statistical significant differences in each point (p-vaue <
0.05), results comparison in Table 410, which gives the indications of dissimilar

vibration values in X, Y and Z axes before and after using vibration reduction
materias, perhaps from measuring vibration at different machine locations.

5. After judging vibration in Z axis and making comparison in each and

every points before and after the use of the rubber belt plate and the rubber valve plate,
results comparison in Table 4-11 and 4-12. The findings showed no statistical
significant differences (p-value > 0.05) which indicated that the use of the rubber belt

plate and the rubber valve plate was unable to reduce machine vibration or reduce only
minimal vibration along Z axis judging from vibration values derived before and after
using the materials. However, judging the average vibration measured at Z axis,
findings suggested that the rubber valve plate could reduce more vibration than the
rubber belt plate.

6. As seen in figure 4-1 the findings suggested the highest acceleration

in X, Y and Z axes before using the vibration reduction materials. Next, the rubber belt
plate and the rubber valve plate, respectively, suggest the ability of the rubber valve
plate to reduce the most vibration from having the least accel eration.
5.1.2Vibration Measured at the Floor

Findings derived from vibration measured at the floor appear as
follows:

1. Results from measuring vibration in each point along each axis, point
1-6 in X, Y and Z axes, before using the rubber belt plate and the rubber valve plate
indicated statistical significant differences in X and Y axes (p-vaue > 0.05). As for
vibration in Z axis, there is no difference, comparison results in Table 4.14, perhaps
vibration that passed from machine to the floor more is more at X and Y axes
(horizontal vibration) than Z axis (vertical vibration).

2. The vibrations measured at points 1 to 6 of X axis are different after
using the rubber belt plate, but the vibration measured at points 1to 6 of Y and Z axes
are indifferent, results comparison in Table 4-15. From this indication, using the
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rubber belt plate can reduce vibration in X axis or front and back roll as well, and the
vibrations measured at point 1 to 6 along X, Y and Z axes are indifferent, results
comparison in Table 4-16, the rubber valve plate can reduce only minimal vertical and
horizontal vibrations, in X, Y and Z axes.

3. After comparing vibrations in al 3 axes in each point (point 1 X, Y
and Z axes) before and after the use of the rubber belt plate, findings indicate the
vibrations with statistical significant differences (p-value < 0.05), except at point 1,4-6
which suggest no differences (p-value > 0.05), results comparison in Table 4-17 to 4-
22, perhaps from using the rubber valve plate, the vibration reduction values from all
three axes are not different and without statistical significant differences. However, the
study still reveals other differencesin the vibration.

4. After comparing vibrations of al pointsin each axis, point 1-6 in X,
Y and Z axes, before and after the use of the rubber belt plate and the rubber valve
plate, findings indicate the vibration with statistical significant differences (p-value <
0.05), results comparison in Table 4-23, perhaps from using the rubber belt plate and
the rubber valve plate, the vibration reduction values are lower. In another words,
judging from the average vibration in Table 4-23, the vibrationsin X, Y and Z axes are
higher before the use of vibration reduction materials

5. After comparing vibrations in all 3 axes in each point (point 1 in X,
Y and Z axes) before and after the use of the rubber belt plate and the rubber valve
plate, findings indicate the vibrations with statistical significant differences (p-value <
0.05), results comparison in Table 4-24 to 4-25, and the use of the rubber belt plate
and the rubber valve plate at the machine base can help to reduce the vibrations.
Judging from the average vibration measured at Z axis, the rubber vave plate can
reduce more vibrations than the rubber belt plate.

6. Judging the acceleration from figure 4-2, findings indicate that the
acceleration in X, Y and Z before using vibration reduction material has the highest
value, next, the rubber belt plate and the rubber valve plate, respectively, which
suggests that the use of the rubber valve plate can reduce the most vibration due to the
lowest acceleration, thus, giving similar results as the acceleration measured at the

machine.
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5.1.3Vibrations Measured from the Machineand the Floor

Findings from the vibrations measured at the machine and the floor in Z
axis before and after the use of the rubber belt plate and the rubber valve plate suggest
the vibration with statistical significant differences (p-value < 0.001), results
comparison in Table 4-26. Also, from the graph showing the relationship between
acceleration in each axis (figure 4-1 and 4-2), the rubber valve plate has less
acceleration than the rubber belt plate before the use of materials. Judging from
reduction percentage at the machine and the floor in Table 4-28 and Table 4-29, it
indicates higher reduction percentage from the use of the rubber valve plate than the
rubber belt plate.

The results indicate that the building structure of machine have
foundation pile a each the legs of machine could be absorb vibration transsferred from
the machine to the floor. To explain further, before using the vibration reduction
materials vibration transmitted from the machine to the floor was as 97.79 percent and
after using the rubber belt plate and the rubber valve plate could be increase absorb
vibration transferred from the machine to the floor was as 98.13 percent, 98.71 percent
respectively in Table 4-27. Before using the vibration reduction materials the floor
receives the vibration from the machine was at 2.21 percent, after the use of such
materias, the vibration had been reduced. With the use of the rubber belt plate and the
rubber valve plate the floor receives the vibration from the machine was 1.87 percent
and 1.28 percent. It is found that the rubber belt plate and the rubber valve plate both
have the elasticity and ability to absorb vibration, but they are unable to withstand
high temperature and less durable. With less damping factor, vibration reduction can
be more effective. As for the machine frequency at 14.25 Hz (J.C. Snowdon),
neoprene pads which is the same synthesis rubber as the rubber valve can withstand
the force in vertical direction well and reduce damages from severe vibration (Semih
S.Tezcan and Ahmet Civi).

Judging from the graph figure 2-16 (16) where the machine frequency
isequaled to 14.25 Hz, velocity = 855 rpm and the effectiveness in vibration reduction
at the floor from using the rubber valve plate 51.18 percent, it suggests that the normal
frequency of the material is about 8 Hz. If the material has normal frequency less than
8 Hz, the vibration can be reduced more effectively. This graph recommends vibration
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reduction effectiveness over 50 percent. However, the effectiveness of vibration
reduction from the use of the rubber belt plate in this study is 24.45 percent, lower
than using the rubber valve plate, perhaps the normal frequency of the rubber belt
plate may be too high which decreased the ability to reduce vibration. Another
possible reason is the rubber belt plate that is harder than the rubber valve plate may
be too hard for making vibration reduction material for the machine under the study.
Somehow, testing physical properties of the material reveas the ability of the rubber
valve plate to resist more tear and wear than the rubber belt plate. The rubber valve
plate can withstand more compression than the rubber belt plate. When being crushed
by the weight, it can return to former shape without damages. Besides, the quantities
of the rubber valve plate and rubber belt plate are different for the former contains 100
percent rubber while the latter only 60 percent per sample because the rubber belt plate
mixed with polyester fibers which caused less elasticity than the rubber valve plate.

Even though the vibrations measured from the machine and the floor
are not exceeded beyond the standard that could harm the machine and human, but
average vibration measured more than fifty percent of alert, fit persons can just detect a
vibration with perception threshold is approximately 0.015 m/s>. Exposure it for
lengthy period may create nuisance that can effect concentration and work efficiency.
In the condition where a machine has been transformed, machine vibration may
increase even further, resulting more vibration transmitted to the floor. Therefore,
supporting the machine base with the vibration reduction materials can prevent
vibration from the machine to the floor.

Then, results of this study support the use of the rubber valve plate at
the base of the machine to reduce machine vibration and vibration passing from the
machine better than using the rubber belt plate or not using any materials.
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5.2 Limitations of the study

In the study, there are few limitations as follows:
5.1.1 Limitation of Tools
Vibration measured by Vibration Meter is expressed as RMS from
determining Frequency whetting in each phase made it unable to differentiate the
existing frequency. To conduct the diagnostics or determine duration for acceptable
TLV, one must engage the tool that can separate frequency at 1-80 Hz (1SO 2631-
1978).
5.1.2Limitation of Materials Analysis
Finding effectiveness in the reduction of machine vibration requires
knowing normal frequency of material which generally derived from finding Sub-
Tangent to calculate normal frequency. During the study, it was discovered that Sub-
Tangent analysis can perform in the Laboratory. Therefore, this study used the
vibration reduction percentage from the experiment to find the normal frequency
(namely, the rubber belt plate and the rubber valve plate) from figure 2-17.
5.1.3 Limitation of Measuring
In this study, machine vibration was measured both before and after the
use of vibration reduction materials, norma machine operated, even with the difficulty
in stopping the machine and placing materials to support the machine without waiting
for al machines to stop working. Then, the experiment was done with one machine
only by selecting a machine with same made and features, same installation, motor
power, velocity, machine size, made and model.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Industrial Hygiene and Safety) / 105

CHAPTER VI
CONCLUSION AND RECOMMENDATION

6.1 Conclusions

The purpose of this study was to compare vibration reduction materials to
support weaving machine base in the Textile Factory In this study, materials such as
the rubber belt plate and the rubber valve plate were used.

6.1.1 Vibration Measured from the Machine

Findings from the experiment indicated the results:

1. The highest vibration measured at machine in this study before using
vibration reduction materials and after using the rubber belt plate and the rubber valve
plate to reduce vibration was 4.8700 m/s?, 4.5520 m/s” and 3.8120 m/s’ respectively in
Z axis. After the comparison with graph figure 2-6, vibration as velocity yielded 2.0-
2.5 mm/s. Since the machine under the study had the power of 37 kW, the machine
was classified as Class II. After the comparison with Table 2-1, it was found that the
vibration measured at Zone B represented norma vibration for the machine to
continue working without scheduling the maintenance.

2. Vibration at machine between point before using vibration reduction
materials revealed statistical not significant differences at p-value = 0.164, 0.059 and
0.063 and 95 percent reliability of X, Y and Z axes respectively.

3. Vibration at machine between point after using the rubber belt plate
to reduce vibration in X axes reveaed statistical not significant differences at p-value
=0.063 but Y and Z axes revealed statistical significant differences at p-value = 0.010
and 95 percent reliability.

4. Vibration at machine between point after using the rubber valve plate
to reduce vibration in X axes reveaed statistical not significant differences at p-value
=0.205 but Y and Z axes reveded statistical significant differences at p-vaue = 0.005
and p-value = 0.004 respectively and 95 percent reliability.
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5. Vibration a machine between X, Y and Z axes before using
vibration reduction materials and after using the rubber belt plate and the rubber valve
plate to reduce vibration revealed not differences all point intense at Z axis with more
average vibration than X and Y axis.

6. Vibration measured in Z axis at machine before using the vibration
reducing materials and after using the rubber belt plate and the rubber valve plate
revealed not differences all point. Total values vibration statistical not significant

differences at p-value = 0.650 and 95 percent reliability.

7. Average vibration measured at machine before and after using the
rubber belt plate and the rubber valve plate indicated that the rubber valve plate and
the rubber belt plate reduction have average vibration less than before using the

vibration reducing materias

6.1.2 Vibration Measured at the Floor

Findings from the experiment indicated the results:

1. The highest vibration measured in this at floor in this study before
using vibration reduction materials and after using the rubber belt plate and the rubber
valve plate to reduce vibration was 0.0528 m/s%, 0.0441 m/s? in Z axis and 0.0291 m/s?
in X axis respectively. Average vibration measured more than fifty percent of aert, fit
persons can just detect a vibration with perception threshold is approximately 0.015
m/s” but less than 0.315 m/s” that value of not uncomfortable with recommendation of
SO 2631.

2. Vibration at floor between point before using vibration reduction
materialsin Y and Z axes revealed statistical significant differences at p-vaue = 0.037
and 0.040 respectively but Z axes reveaded statistical not significant differences at p-
value = 0.066 and 95 percent reliability.

3. Vibration at floor between point after using the rubber belt plate to
reduce vibrationin X axesreveaed statistical significant differences at p-value = 0.002
but Y and Z axes revealed not statistical significant differences at p-value = 0.827 and
0.943 respectively and 95 percent reliability.

4. Vibration at floor between point after using the rubber valve plate to
reduce vibration revealed statistical not significant differences at p-value = 0.813,
0.084 and 0.597 and 95 percent reliability of X, Y and Z axes respectively.
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5. Vibration at floor between X, Y and Z axes before using vibration
reduction materials and after using the rubber belt plate and the rubber valve plate to

reduce vibration reveaed differences al point. After using the rubber valve plate to

reduce vibration at point 2in X, Y and Z revealed differences is intense at Z axis with
more average vibration than X and Y axis.

6. Vibration measured in Z axis at floor before using the vibration
reducing materials and after using the rubber belt plate and the rubber vave plate
revealed differences al point. Total values vibration statistical significant differences

at p-value < 0.001 and 95 percent reliability.

7. Average vibration measured at floor before and after using the
rubber belt plate and the rubber valve plate indicated that the rubber valve plate and
the rubber belt plate reduction have average vibration less than before using the

vibration reducing materials

6.1.3Vibrations M easur ed from the M achineand the Floor

Findings from the experiment indicated the results:

1. Total average vibration from Z axis at machine higher than total
average vibration from Z axis at floor all aver before using vibration reduction
materials and after using the rubber belt plate and the rubber valve plate to reduce
vibration dtatistical significant differences at p-value < 0.001 and 95 percent
reliability.

2. Before using vibration reduction materials could be absorb vibration
transferred from the machine to the floor as 97.79 % and after using the rubber belt
plate and the rubber valve plate could be increase absorb vibration transferred from the
machine to the floor as 98.13 %, 98.71 % respectively.

2. Before using the vibration reduction materials the floor receives the
vibration from the machine was at 2.21 percent. After using of the rubber belt plate
and the rubber valve plate the floor receives the vibration from the machine was 1.87
percent and 1.28 percent respectively.

6.1.4 Vibration reduction
Findings from comparing percentage in vibration reduction before and

after using the different types of the vibration reducing materials indicated the results:
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1. The rubber belt plate could reduce vibration at machine al point that
could reduce vibration 10.62 percent.

2. The rubber valve plate could reduce vibration at machine all point
that could reduce vibration 16.25 percent.

3. The rubber belt plate could reduce vibration at floor all point that
could reduce vibration 24.45 percent.

4. The rubber valve plate could reduce vibration at floor al point that
could reduce vibration 51.18 percent.

5. The rubber valve plate could reduce vibration more than using the
rubber belt plate.

6.2 Recommendations

6.2.1 Recommendations from this study are asfollows:

The proper elasticity and properties of the materials could reduce vibration at
floor. The suitable material used in this study is the rubber valve plate. Therefore,
materials with proper properties should be place at the machine base for reducing
danger of vibration to the worker.

If the normal frequency of the materials placed at the machine base to reduce
vibration had been known the materials with natural frequency less than 8 Hz. Should
be selected because it is effective for reducing vibration when using the machine with
velocity 855 rpm or frequency of 14.25 Hz.

6.2.2 Recommendations for further studies

For further studies, the researcher should study the following
recommendations:

6.2.2.1 Studying vibration reduction in the different materials by
separating frequency to observe intensity of vibration in each frequency interval and
ability to reduce vibration of the different materialsin each frequency.

6.2.2.2 Studying thickness and ability in vibration reduction from the
different materials.
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APPENDI X
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APPENDIX A
THEPERSONAL HUMAN VIBRATION METER

Figure A-1 The Personal Human Vibration Meter
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APPENDIX B
FIGURE OF MATERIAL IN THISSTUDY

Figure B-2 The rubber valve plate
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APPENDIX C
VIBRATION EXPERIMENTAL RESULTS

Table C-1 Vibration at machine beforethe use of vibration reduction materials

_ M easured Vibration m/s)
Point
X Axis Y Axis Z AXxis
1 0.6460 0.4640 3.4300
1.0300 0.7750 4.8700
0.8520 0.7220 3.6890
0.6850 0.5900 2.5310
0.9260 0.6977 3.5900
mean 0.8278 0.6497 3.6220
2 0.2270 0.1950 2.2342
0.2714 0.2020 0.5770
0.3660 0.2810 1.0700
0.2800 0.2345 1.0050
0.6950 0.4360 1.1583
mean 0.3679 0.2697 1.0289
3 0.8949 0.6450 1.3820
1.0012 0.7110 3.9560
0.6775 0.4240 3.3250
0.2810 0.2565 0.5835
0.2780 0.2390 0.5920
mean 0.6265 0.4551 1.9677
4 0.2280 0.1990 1.0950
0.2977 0.2156 0.6330
0.8570 0.6895 3.2200
1.0100 0.7560 4.1660
0.6685 0.4790 3.3540
mean 0.6122 0.4678 2.4936
Total 12.1722 9.2118 46.461
mean 0.6086 0.4606 2.3230
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Table C-2 Vibration at machine when using rubber belt as vibration reduction

material
_ M easured Vibration m/s)
Point _ _ _
X AXxis Y Axis Z Axis
1 0.6100 0.6230 2.5560
0.9450 0.5620 3.2415
0.8280 0.6285 45520
0.6505 0.4980 3.3350
0.8320 0.6210 2.9841
mean 0.7731 0.5865 3.3337
2 0.5850 0.2116 1.5755
0.3015 0.2575 0.5985
0.3548 0.3330 0.6505
0.2250 0.2241 1.0855
0.2363 0.2685 1.5365
mean 0.3405 0.2589 1.0893
3 0.6742 0.5575 2.6820
0.8780 0.4827 1.0485
0.2560 0.4213 1.5980
0.2965 0.4550 0.5810
0.7568 0.2568 2.5010
mean 0.5723 0.4346 1.6821
4 0.5245 0.2750 2.8825
1.0010 0.4634 1.1370
0.5232 0.7027 3.4540
0.2556 0.2366 2.3775
0.2890 0.4105 1.1523
mean 0.5186 0.4176 2.2006
Total 11.0229 8.4887 41.5289
mean 0.5511 0.4244 2.0764
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Table C-3 Vibration at machine when using rubber valve as vibration reduction

material
_ M easured Vibration m/s)
Point _ _ _
X Axis Y AXis Z Axis
1 0.6050 0.4685 3.0560
0.8285 0.5827 2.9787
0.7356 0.4640 3.8120
0.6150 0.5850 3.2320
0.7200 0.6982 2.6841
mean 0.7008 0.5597 3.1525
2 0.2155 0.2185 0.5458
0.3710 0.2880 1.5930
0.2360 0.3189 0.5505
0.2765 0.2285 1.0855
0.6650 0.2365 1.5365
mean 0.3528 0.2581 1.0622
3 0.9235 0.5360 2.6825
0.6954 0.3850 1.1320
0.7262 0.4516 2.1580
0.2580 0.4640 1.2565
0.2955 0.2601 1.1523
mean 0.5797 0.4193 1.6762
4 0.9120 0.4815 2.4820
0.2977 0.3934 1.0285
0.6310 0.3325 0.5680
0.2280 0.5513 2.7803
0.7685 0.4415 2.5980
mean 0.5674 0.4404 1.8913
Total 11.0039 8.3857 38.9122
mean 0.5502 0.4193 1.9456
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Table C-4 Vibration at floor beforethe use of vibration reduction materials

Measured Vibration m/s
Point
X Axis Y Axis Z Axis
1 0.0298 0.0272 0.0516
0.0272 0.0270 0.0528
0.0270 0.0269 0.0513
0.0303 0.0290 0.0509
0.0298 0.0270 0.0521
mean 0.0288 0.0274 0.0517
2 0.0270 0.0271 0.0515
0.0271 0.0270 0.0513
0.0270 0.0268 0.0518
0.0275 0.0271 0.0523
0.0271 0.0268 0.0509
mean 0.0271 0.0270 0.0515
3 0.0269 0.0268 0.0522
0.0270 0.0266 0.0515
0.0270 0.0268 0.0509
0.0282 0.0269 0.0515
0.0271 0.0268 0.0517
mean 0.0272 0.0268 0.0515
4 0.0286 0.0271 0.0510
0.0280 0.0269 0.0514
0.0285 0.0269 0.0509
0.0285 0.0268 0.0514
0.0278 0.0270 0.0509
mean 0.0283 0.0269 0.0511
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Table C-4 Vibration at floor before the use of vibration reduction materials
(continued)

_ Measured Vibration m/s?
Point _ _ _
X AXis Y AXis Z Axis
5 0.0273 0.0269 0.0514
0.0275 0.0269 0.0514
0.0288 0.0272 0.051
0.0274 0.0269 0.0514
0.0269 0.0268 0.0509
mean 0.0275 0.0269 0.0512
6 0.0282 0.0273 0.0511
0.0306 0.0272 0.0511
0.0276 0.0272 0.0508
0.0279 0.0269 0.0506
0.0273 0.0269 0.0509
mean 0.0283 0.0271 0.0509
Total 0.8369 0.8107 1.5405
mean 0.0280 0.0270 0.0513
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Table C-5 Vibration at floor when using the rubber belt as vibration reduction

material
_ Measured Vibration m/s?
Point _ _ _
X AXis Y AXis Z Axis
1 0.0264 0.0260 0.0441
0.0268 0.0258 0.0440
0.0263 0.0259 0.0340
0.0264 0.0258 0.0359
0.0270 0.0255 0.0359
mean 0.0266 0.0258 0.0388
2 0.0255 0.0260 0.0398
0.0259 0.0258 0.0398
0.0258 0.0259 0.0384
0.0261 0.0242 0.0399
0.0258 0.0260 0.0365
mean 0.0258 0.0256 0.0389
3 0.0260 0.0251 0.0399
0.0259 0.0256 0.0380
0.0255 0.0259 0.0385
0.0261 0.0259 0.0388
0.0261 0.0250 0.0383
mean 0.0259 0.0255 0.0387
4 0.0263 0.0254 0.0398
0.0263 0.0251 0.0406
0.0263 0.0260 0.0383
0.0261 0.0251 0.0383
0.0263 0.0256 0.0384
mean 0.0262 0.0254 0.0391
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Table C-5 Vibration at floor when using the rubber belt as vibration reduction

material (continued)

_ Measured Vibration m/s?
Point _ _ _
X AXis Y AXis Z Axis
5 0.0263 0.0244 0.0426
0.0258 0.0244 0.0377
0.0256 0.0258 0.0365
0.0253 0.0263 0.0383
0.0261 0.0260 0.0388
mean 0.0258 0.0254 0.0388
6 0.0265 0.0256 0.0384
0.0263 0.0273 0.0384
0.0260 0.0255 0.0385
0.0261 0.0248 0.0392
0.0261 0.0249 0.0383
mean 0.0262 0.0256 0.0385
Total 0.7830 0.7666 1.1639
mean 0.0261 0.0256 0.0388
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Table C-6 Vibration at floor when using rubber valve as vibration reduction

material
_ Measured Vibration m/s?
Point _ _ _
X AXis Y AXis Z Axis
1 0.0239 0.0242 0.0270
0.0243 0.0239 0.0249
0.0240 0.0239 0.0272
0.0253 0.0257 0.0244
0.0291 0.0239 0.0242
mean 0.0253 0.0243 0.0255
2 0.0242 0.0238 0.0272
0.0240 0.0238 0.0244
0.0239 0.0238 0.0265
0.0239 0.0238 0.0244
0.0240 0.0239 0.0243
mean 0.0240 0.0238 0.0253
3 0.0239 0.0238 0.0244
0.0239 0.0238 0.0241
0.0242 0.0239 0.0244
0.0240 0.0239 0.0271
0.0240 0.0238 0.0243
mean 0.0240 0.0238 0.0250
4 0.0251 0.0236 0.0248
0.0277 0.0238 0.0259
0.0238 0.0239 0.0245
0.0238 0.0236 0.0244
0.0241 0.0238 0.0252
mean 0.0249 0.0237 0.0250
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Table C-6 Vibration at floor when using rubber valve as vibration reduction

material (continued)

_ Measured Vibration m/s?
Point _ _ _
X AXis Y AXis Z Axis
5 0.0239 0.0235 0.0244
0.0239 0.0238 0.0244
0.0238 0.0243 0.0239
0.0251 0.0244 0.0238
0.0251 0.0239 0.0269
mean 0.0247 0.0240 0.0247
6 0.0256 0.0240 0.0243
0.0254 0.0239 0.0250
0.0249 0.0238 0.0244
0.0238 0.0238 0.0270
0.0238 0.0239 0.0243
mean 0.0247 0.0240 0.0250
Total 0.7364 0.3599 0.7520
mean 0.0245 0.0240 0.0250
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APPENDIX D
CERTIFICATE OF CALIBRATION AND CONFORMANCE

No. 9151

DEPARTMENT OF SCIENCE SERVICE
MINISTRY OF SCIENCE AND TECHNOLOGY

CERTIFICATE OF CALIBRATION

FOR : VIBRATION METER (LAB NO.L51/00697.1)
MODEL : HAVPro
SERIAL NO. : 03067

MAKER : QUEST TECHNOLOGIES

TO

DEPARTMENT OF OCCUPATIONAL HEAL'I:'H AND SAFETY,
FACULTY OF PUBLIC HEALTH, MAHIDOL UNIVERSITY

DATE OF CALIBRATION : JANUARY 29, 2008.EXPIRED DATE: -
REPORT OF CALIBRATION WITH OUR REF.NO. 0307/2893, FEBRUARY 20, 2008.

oy

(MR. SUN JHITKRAIKROUN)
SCIENTIST 8
ACTING DIRECTOR, PHYSICS AND ENGINEERING PROGRAM
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