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Abstract

This paper investigates the combination of hand arm response and the vibration of hand
power tools. The model of the hand power tools used in this paper to analyse cumulative
sequences from the excitation during the operation is the jack hammer. The user subjected to
many diseases during operation of the ‘jack hammer such as (sever pain, numbness, pins,
needles, loss of sense, and touch, loss of grip strength and painful wrist) .These diseases
caused from the successive high amplitudes of vibration transferred from the jack hammer to
the hand arm of the user. Results are presented to study the relationship between the
excitation and the response of the system with the aid of Ansys program to give the
indications of Eigen values and Eigen vectors deformation, to predict the behavior of hand-
arm vibration, to control the risks from the vibration of the tool. This indicates that the high
amplitudes of the jack hammer can be minimized by adding the dynamic vibration absorber
which is a Ssmply-spring mass system to the original mass system to make the system to two
degree of freedom system and the entire system will have two Eigen values one above the
excitation and the other under the excitation and this leads to eliminate the higher response
and will have very small amplitude instead of very large amplitude to protect the users from
the risks of hand arm vibration during the operation.

Keywords: Hand-transmitted vibration, risk-assessments, construction tools.
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1. Introduction

Hand-arm vibration is a vibration transmitted from work processes into workers’
hands and arms. It can be caused by operating hand-held power tools, such as road breakers,
and hand-guided equipment, such as powered lawnmowers, or by holding materials being
processed by machines, such as pedestal grinders[1, 2]

Jack hammer have been in use for years and are utilized to break up concrete, asphalt
and other hard material .A conventional jackhammer is powered by compressed air and emits
asignificant amount of vibration to the operator .This continued vibration can result in fatigue
and possible injury to the operator of the jack hammer .Hence .there is a need for a
jackhammer that has a significantly reduced vibration for the operator [3,4].

2. Model analysis

The model used in the present study is the "jack hammer" as shown in figure (1).
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Figure(l).Jack hammer geometry [3].

The general equations modeling the multi-degree system of the Systematic representation
of jack hammer shown in Figure (2).

myX,+(c; + ¢y + 03+ €)% — 3%y — Cuxs + (ky + ky + ks + ky + ks + kg)xy +

(k3 + k4)X2 - (ks + k6)X3 - FO Slnwt (1)
my¥, + (c3 + c5)xy — 3%y — CsXg + (kz + ky + ky)xy — (ks +ky) —c;%, =0 (2)

m3X3+(C4 + CG)X3 - C4x1 - C6.X.'4 + (k3 + k6 + k8)X3 - (k5 + kG)xl - k8.X4 - O (3)

My X 4 +(Cs5+Cs+Cr) X 4-C5X 5 -CoX 3 H(K7+Ke+KotKig)x 4 -K7x 5 -Kex 3 -(Kot+K10)x5-Crx 5 =0 (4)
Mg X 5+(C7+Ce) X 5-CrX 4-CaX g+ (KotKiotKi1)x5-(Kotki)x4-K11x6=0 (5)
MeXe + CgXe — CgXs + k11Xe — Kyyxs5 = 0 (6)
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Putting equations (1-6) in matrix form

Massof arm

Figure(2). Systematic representation of jack hammer.
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C; +C, +C3+Cy —C3 —Cy 0 0 0 7 (%)
—C3 C3 + Cs 0 0 0 0 [|x,
—Cy 0 Cy +Cq —Cq 0 0 |}x3
{ r +
0 —Csg —Cq Cs + Cq4 —Cy 0 |[x4
0 0 0 —Cy C; +Cg —Cg !l | x5
0 0 0 0 —Cg cg 1 \x,/
ey +ky + kg + kg + ks + kg —(ks + k) —(ks + k) 0 0 0
—(ks + ky) ks + ko + ko, 0 —k, 0 0
—(ks + k¢) 0 ks + ke + kg —kg 0 0
0 —k, —kg  ky+kg+ko+ky, —ko—ky, O
0 0 0 —kg —kqo ko + kig + ki1—kqq
0 0 0 0 —kyy kyy
1\ [fo]
X21 |10
X3 0
1 (" (7)
X4 0
Xs 0
e/ Lo
Mode shapes

The equation of mode shape depended upon the matrixes of stiffness, the stiffness
coefficient and determinate as [5-8]:

k?T
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The matrix stiffness coefficients
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The cofactor transpose of the stiffness matrix
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The Eigen vectors of the system are:
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The determinate] D| can be determined by using Fortran power station program.

The natural frequencies of the system
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Transpose of the mode shape:
(P11 21 31 O bs1 o1
q)lz q)ZZ q)32 q)4-2 q)52 q)62
q)13 q)23 q)33 q)4-3 q)53 q)63
T —
[bi]" =
q)14- q)24- q)34- q)4-4- q)54- q)64-
q)15 q)25 q)35 q)4-5 q)55 q)65
‘q)16 q)26 q)36 q)4-6 q)56 q)66‘
The natural frequencies of the system are:
[k11 ki1 ki1 ki1 k11 k11][¢11]
[k11 k11 ka1 ki1 ki1 kaa||@21]
ki1 ki1 ki1 ki1 ki1 Ka1| P31
[P11 @21 P31 P41 P51 ¢61]|k11 kix kix ki1 kix Kagldanl
llkn k11 ki1 ki1 k11 k11J| ds1
. = kK11 K11 kK11 k11 k11 k1 l¢61J
17 m; 0 0 0 0 07¢u]
|[0 m, O 0 0 0 ¢21|
0 0 m 0 0 0
[p11 P21 P31 Pa1 P51 ¢61]| 0o o0 03 ms 0 0 iiil
|l0 0 0 0 ms 0 |l
o 0o o o o mele,l
[k11 ki1 ki1 kir kgg k11"¢12]
[f11 ki1 ki1 Kix Kax Kag ||z
ki1 ki1 ki1 ki kg Kqg[[ 32|
[d12 d22 b3z Paz 52 ¢'62]|k11 Ki; kg kig Ky Kug ¢42|
ki1 ki1 ki1 ki kii kg lldse
w0, = lkis kin Koy kig Kig kgl
2 mi 0 0 0 0 0 J[12]
[ 0 m, O 0 0 0 ¢'22|
[0 0 mz 0 0 0 [ds
[b12 P22 P32 daz bs2 Pe2ll (5 My 0 0 |bal
|l0 0 0 0 ms O ¢52J|
0 0 0 0 0 melpe,
[k11 ki1 ki1 kir kgg k11"¢13]
[f11 ki1 ki1 Kix Kax Kag || dzs|
ki1 ki1 ki1 Kin kg Kqg[[ 33
[d13 23 d33 sz 53 ¢63]|k11 Kis Kig kg Kig Kog||das
lkip ki ki kin kan kg ¢53J|
. = lkyys iy kn kay Koy Kyglldes
3 [ 0 0 0 0 0][4)13
I 0 m, 0 0 0 0 “¢'23|
|o 0o mz 0 0 0 |33
[b13 P23 P33 daz sz ezl (5 Mms 0 0 |dgs
|l0 0 0 0 ms 0J||¢53|
0 0 0 0 0 meleel

32

2011

(13)

(14)

(15)

(16)



Thi-Qar University Journal for Engineering Sciences, Vol. 2, No. 1 2011

[k11 ki1 ki1 kir kgg k11][¢14]
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[b14 24 d32 bas dsa ¢64]|k11 ki1 kii Kkig Ky Kol dasl

[kyz ki1 Koz Kig Kig Kqpll@sa

o, = K kip kig Kig Ky Kyl (17)
4 mi 0 0 0 0 0 "¢14
I 0 moy 0 0 0 0 “¢'24,|
|o 0o m3 0 0 0 [z
[b1a P2a P3s daa bsa beadl (o My 0 0 b
{0 0o 0 o0 ms 0P¢M|
o 0o 0o 0 0 meleg,l
[k11 ki1 ki1 kg1 ki k11][¢15]
[f11 ki1 Kix Kig Keg Koq || 2s)
ki1 k11 ki1 Ki1 ki1 Kyg [ ds3s]
[¢'15 ¢'25 ¢'35 ¢'45 ¢'55 ¢65]|k11 k11 k11 k11 k11 k11 ¢45
|lk11 kii Kip Kip o ki k11"l¢55J|
_ ki1 ki1 Kg1 Kgg Kig Kyqlldss
W5 = e 0 0 0 0 0qbis) (18)
[0 mz 0 0 0 0 |d2s]
|0 0 m3 0 0 0 |dss|
[d15 25 P35 das dss desl o o me 0 0 [yl
{0 0 0 0 ms 0 ol
0o 0 0 0 o0 melogl
[k11 ki1 ki1 kir kgg k11"¢16]
[f11 ki1 ki1 Kix Kax Kag || dze|
ki1 ki1 ki1 Kix kgn Kqg[[ 36|
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IEERRR-
ms3 36
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Generalized response for the system

For general n-degree of freedom system with mass m;, stiffness matrix k;, and damping c; the
response in each mode are:

6 6

xi(t) = Z Z A;dyj sin(wjt + )
i=1 j=1

The system responses are:

x1 (1)=A1d11 SN (o1t+y1)+ Azxdiz SN (o2t+y2)+ Asdisz SN (ost+ys) + Asdia SIN (04t+ya)+
A5(1)15Sin (0)5t+\|15)+ Aeq)le sin (036t+\lf6) (20)

XZ(t): Alq)21 sin (0)1t+\|/1)+ Azq)zz sn (0)2t+\|/2)+ A3(1)23 sn (0)3t+W3) + A4(1)24 sn (0)4t+\|l4)+
A5(1)25$in (0)5t+\|15)+ Asdos sin (w6t+\|/6) (21)

33



Thi-Qar University Journal for Engineering Sciences, Vol. 2, No. 1 2011

X3 ()= A1dz1 Sin (at+y1)+ Azxdszz SN (o2t+y2)+ Asdss SIN (ost+ys) + Asdas SIN (04t+ya)+
Asbdss SiN(wst+ys)+ Asdss SIN (wst+ye) (22
X4(t)= A1daz SIN (aat+ya)+ Azdaz SN (oot+y2)+ Asdaz SIN (ost+ys) + Asdag SN (04at+ys)+
A5(1)45Sin (0)5t+\|15)+ Aeq)46 sin (036t+\lf6) (23)

X5 (t): Alq)sl sin (0)1t+\|/1)+ Azq)sz sin (0)2t+\|/2)+ A3(1)53 sin (0)3t+W3) + A4(1)54 sin (0)4t+\|l4)+
Asdss (ost+ys)+ Asdss Sin (st +ye) (24)

x6(t)= A1de1 SIN (w1t+y1)+ Axdez SIN (02t+y2)+ Asdes SN (ost+ys) + Asdes SIN (04t+ya)+
Asdessin (wst+ys)+ Agdes SIN (et +ye) (25

The system velocities are:
(1) = Xiog Xty wjAid; sin(wjt + ;)

Xe()=m1 A1d61C0S (m1t+y1)+m2 A2de2C0S (0ot +y2)+mz AzdesCoS (wst+ys) +ms AsdesCOS

(0)4t+\|l4)+035 A5(1)65COS (035t+\lf5)+036 Aed)eeCOS (036t+\lf6) (26)

Xs(t)=m1 A1d51€0S (m1t+y1)+m2 A2ds2C0S (mot+y2)+mz AzdssCos (ost+ys) +ms AsdsaCOS

(0)4t+\|/4)+0)5 A5(1)55COS (0)5t+\|/5)+0)5 Aed)ssCOS (0)6t+\|16) (27)

X 4 (t):(Dl Alq)41COS (0)1t+\|11)+032 A2¢42COS (0)2t+\|12)+033 A3(1)43COS (0)3t+\|/3) +04 A4(1)4400$

(at+ya)+ms AsdasCoS (wst+ys)+ms AsdasCOS (et+ye) (28)

X3(t)=m1 A1d31€0S (m1t+y1)+m2 A2d32C0S (0ot +y2)+mz AzdzsCos (wst+ys) +ms Asdz4COS

(w4at+ya)+os AsdzsCOS (wst+ys)+we Asd3sC0S (w6t +ys) (29)

X, (t):w 1 A1¢21COS (0)1t+\|11)+032 Azd)zzCOS (0)2t+\|12)+033 A3(1)23COS (0)3t+\|/3) +M4 A4(1)24COS

(0)4t+\|l4)+035 A5(1)25COS (0)5t+\|15)+036 Aed)zeCOS (0)6t+\|16) (30)

X 1 (t):(Dl Alq)nCOS (0)1t+\|11)+032 A2¢12COS (0)2t+\|12)+033 A3(1)13COS (0)3t+\|/3) +04 A4(1)14COS

(w4at+ya)+ms Ash15C0S (0st+1Ps)+0s Asd16C0S (wet+ye) (31)

3. Resultsand discussion

One could see that as predicted by physical inspections, constraining the boundaries
results in increments of the amplitudes .1t may seem that natural condition of the hand-arm are
most closely described as single degree of freedom system. From a modal analysis point of
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view, modeling of hand-arm and hand arm tool vibration are two challenging problems and
they might have no unique answer especially in terms of classic boundary condition or what
seems to be logically valid. For the identification of correct analysis is to do theoretical
investigation and compare the results with model frequencies and shapes and to identify
which set boundary conditions best describes the problem. Thus ,values of natural frequencies
and the shape of natural modes are necessary for the jackhammer Model Updating of the hand
.These values are important in three other senses .First ,these natural frequencies along with
natural modes ,which are presented here, could be used for the development of lumped —
parameter models of the hand —arm vibration .The procedure is one of the model analysis
inverse problems domains . These models are typically easier to deal with and at the same time
they could be integrated with other existing lumped-parameter models of the system. It is
especially more important known that most of the vibrational models of the system are
lumped-parameter models. Second, these values could be used for the determination of the
type of vibrational loading that the hand-arm is exposed to and to determine if these
vibrational risks could result in cumulative of the amplitudes situation of the system .Third,
these values are of importance and change of values could be regarded as a case of probable
hand-arm injuries. Forther the papers are presented acomplete analysis of the system in single
and combined modes of boundary condition are necessary to be in hand-arm vibration injuries
especially in the cases of large amplitude deficiency. Effects of geometry on natural
frequencies of the humerus are of special interest mainly because of the fact that one could
expect the range of natural frequencies of a humerus. Knowing how the vibrational properties
are affected by geometry calls for a huge number of computational investigations among
which the most important ones are presented here and some are mitted due to constraints .The
natural frequencies are affected by the hand of individual human samples being considered.
theoretical concerned with the hand arm vibration indicate that the design of jack hammer can
be improved by predicting the hand-arm jack hammer behavior using the simulation .the
simulation figures are being performed. First, simulation assumes that the humerus is subject
to change in different amplitudes without dynamic vibration absorber. Second simulation,
assumed that the humerus is subject to change in different amplitudes with dynamic vibration
absorber. Qualitatively, in both simulations natural frequencies are being decreased by using
dynamic vibration absorber of the geometrical dimensions. Values of the first simulation are
presented here;could be consulted for computed values of the second simulation.The original
geometry dimension are being considered.
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4. System vibration control

By dividing the jack hammer system into discrete masses as shown in Fig.(3); my=10kg
,Mp3=5Kg ,mMu=15kg,ms=5kg,ms which represent to the mass of hand arm of the
worker=(4.5K g).determining the six responses of the jack hammer system by one can add the
dynamic vibration absorber between the masses(1,2,and3). The dynamic vibration absorber is
as a simply single degree of freedom system ,usually used in the form of a simply spring —
mass system .When it added to another single degree of freedom system as an auxiliary
system ,it will transform the hole system in two degree of freedom with two natural
frequencies of vibration .One of the natural frequencies is set above the excitation frequency
while the other is set below it ,so0 that the main mass of entire system will have very small
amplitude of vibration instead of very large amplitude under the given excitation. Then we
can see how the response by adding the dynamic vibration absorber which will make the
amplitude of response that reaches to the Hand-Arm very small .This reduces the risks, and
protect the workers.

Mass of arm

Figure (3). Systematic representation with dynamic absorber.
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5. Thedeformationsin jack hammer geometry

The vibration tool” jack hammer” can be drawn in Ansys v(5.4) program by putting the
key point in the worksheet and connect it by lines then putting the force in the lower point
(that means forced vibration )which its value will be between (10-20)N. After that it becomes
easy to carry out the program and we will see how the deformation will be clear in the truss of
the jack hammer due to the higher amplitude of response and how this deformation would
reach the hand in high amplitude.

The uses of Ansys in this projects are to understand how the high amplitude of response
will reach to the arm of the worker and causes the damage of the hand.

Figures (4-13) show the deformation which happened to the geometry due to the
excitation in different masses ,and the red color shows the highest stress that affect the device
,and the other colors will be the decreasing of stresses gradually.
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Figure (14) shows the responses of the system . The six equations of response which have 12
unknown like (A,B,C,D,E,F)and the six phase angle now can find the velocity of every
response ,and by finding it there are 12 varabile and 12 equations . By using Fortran power
station one can find the data that used a program to draw the curves for all responses Figure
(14).
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Figure (14). System responses without dynamic vibration absorber.

By adding the dynamic vibration absorber between the masses (1, 2, 3) this will vanish

the response of these masses as shown in Figure(15). This response of (4, 5, 6) will also
reduced to be safer for the arm.
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Figure(15) .System responses with dynamic vibration absorber.
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The difference between the two Figures (14) and (15) shows that the dynamic vibration
absorber will reduce the very large amplitude and the response that reaches to the arm will be
less in the presence of dynamic vibration absorber ,and this will make the vibration reached to
the arm less so that the risks will be reduced .

7. Conclusions

The jack hammer was of the hand-operated type in common use. Accelerations caused
by it were taken as a point of reference since most persons have heard, if not seen, this type of
machine in operation. These particular ground accelerations were the most periodic of any
obtained in this investigation. The distance from the source was measured from the point of
application of the bit.

Most papers on the investigation of the dynamics of jackhammer system it is usually
assumed that during the operating process the parameters of these systems remain constant.
However, the parameters, especially the stiffness and damping coefficients under impact.
Therefore a study of jackhammer systems under conditions close to the actual ones leads to
the problem of investigating dynamic systems in the presence of randomly varying
parameters.

The simulation proves the presented mathematical model in terms of more accurate
model parameters and analyzes the dynamic characteristics of the jackhammer structure when
it is subjected to vibrational loading, studies the propagation taking into account the response
vector (elements representing the response in each DOF), the excitation vector (elements
representing the force in each DOF), degree of freedom (points & directions), frequency
response matrix, and frequency response function.

Based on the optimal parameters, we design dynamic vibration absorber (spring —
dashpot system ) whose stiffness and damping are independently adjustable, to reduce the
propagation of amplitudes to the desired value by decreasing the high amplitudes to very
small amplitudes to protect the operator from the hand vibration risks.Hand Arm Vibration
will often affect the people who regularly use high vibration equipment such as a jack
hammer tool .The vibration of the tool or any material being vibrated is transmitted to the
hands. Regular and frequent exposure to hand-arm vibration can lead to permanent health
effects. This is most likely when contact with a vibrating tool or work process is regular part
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of a person’s job. Occasional exposure is unlikely to cause ill health , the exposure limit value
is the maximum amount of vibration an employee may be exposed to on any single day. For
hand-arm vibration the exposure limit value is a dailexposure of 5 m/s” It represents a high
risk above which employees should not be exposed. The degree of risk will depend on many
factors such as the amount of vibration, how long the tools are used for, the working posture
and how cold it is will all make a difference. Using ansys programs version (5.4) will help us
to predict the eigenvectors (mode shapes) and the natural frequency of jack hammer..the main
aim of this research was to reduce the high amount of vibration and this can be done by using
the dynamic vibration absorber which is a simply-spring mass system (single degree of
freedom system) added to the original mass system to transform the system to degree of
freedom system and the entire system will have two eigenvalue one above the excitation and
the other under the excitation .And this will protect the employees from the risk and it is clear

how amplitude of response is different after adding dynamic vibration absorber.
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9. Nomenclature

Symbols

AB,CDEF

C

Fo

K
[k<]
[kT"
bij
[by]"

DI

x(t)
()
0,

Description

Variables

Damping matrix

Force applied to the system
Stiffness matrix

Cofactor of the stiffness matrix.

Cofactor transpose of the stiffness matrix.

Mode shape (eigenvectors)
Transpose of the mode shape matrix
Determinate of stiffness matrix.
Natural frequency

Phase angle

Mass

Response of the system

Velocity

Acceleration
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Unit

[N/
[N]
[N/m]
[N/m]

[m/ N]

[Kd]
[mm]
[mn/s]

[mmVs7]



