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PERBANDINGAN KAEDAH REKA BENTUK MENGGUNAKAN REKA 

BENTUK PENGOPTIMUMAN TOPOLOGI DAN REKA BENTUK 

PARAMETRIK DALAM PEMEGANG SUSPENSI DENGAN PELBAGAI 

KEKANGAN UNTUK MENGURANGKAN GETARAN 

 

ABSTRAK 

Mesin rumput merupakan alat yang biasa untuk memotong. Walau 

bagaimanapun, getaran tangan yang tinggi telah dilaporkan semasa menggunakan 

mesin rumput. Pendedahan kepada getaran tangan yang tinggi dalam jangka masa yang 

panjang boleh menyebabkan sindrom getaran tangan. Terdapat bukti saintifik 

menunjukkan bahawa penggunaan penyesuai pemegang suspensi boleh 

mengurangkan getaran tangan dengan berkesan. Bagi memperbaik reka bentuk, 

penyesuai pemegang suspensi baru yang dibuat dengan plastic ABS akan direka 

bentuk melalui kaedah pengoptimuman topologi dan kaedah reka bentuk parametrik. 

Dari aspek kekerapan semulajadi dan tahap tekanan, model reka bentuk dari kaedah 

pengoptimuman topologi berpandu dan tidak berpandu mempunyai kekerapan 

semulajadi dan tahap tekanan yang tinggi kecuali model reka bentuk spring bermesin. 

Sebaliknya, model reka bentuk dari kaedah reka bentuk parametrik mempunyai 

kekerapan semulajadi dan tahap tekanan yang rendah terutamanya model reka bentuk 

tiga lengan. Dari aspek penghantaran getaran, keputusan simulasi menunjukkan 

bahawa model reka bentuk jenis spring bermesin yang terbaik dari kaedah 

pengoptimuman topologi dan kaedah reka bentuk parametrik berkemampuan untuk 

mengurangkan tahap pecutan pada sekitar pemegang mesin rumput sebanyak 78.36% 

and 93.61% pada frekuensi operasi yang dominan (103Hz). Berdasarkan keputusan 

simulasi, model reka bentuk (4d) dari kaedah reka bentuk parametrik telah dipilih 

untuk pembuatan prototaip. Keputusan eksperimen juga menunjukkan bahawa 

menggunakan prototaip boleh mengurangkan penghantaran pecutan dengan ketara 

pada paksi Xh, Yh and Zh. Penghantaran pecutan pada frekuensi operasi yang dominan 

bagi kes yang memakai prototaip adalah lebih rendah sebanyak 63.99%, 86.67% and 

87.09% pada paksi Xh, Yh and Zh berbanding kes yang tidak memakai prototaip. 
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A COMPARISON OF DESIGN APPROACH USING TOPOLOGY 

OPTIMIZATION DESIGN AND PARAMETRIC DESIGN OF SUSPENDED 

HANDLE WITH MULTI CONSTRAINTS OPTIMIZATION FOR 

VIBRATION ATTENUATION 

 

ABSTRACT 

Grass trimmer is a very common tool to clear the weeds. However, the high 

hand-arm vibration level has been reported when using the grass trimmer which is 

undesired as long-term exposure to the high hand-arm vibration level could lead to 

hand-arm vibration syndrome. There is scientific evidence that shows the use of 

suspended handle adaptor can reduce the hand-arm vibration effectively. In order to 

further improve the design, new suspended handle adaptors were designed with ABS 

plastic through topology optimization approach and parametric design approach. In 

term of natural frequency and stress level, the designs models from the guided and 

unguided topology optimization approach have a high natural frequency and stress 

level except the machined spring design. Whereas the machined spring type design 

models from parametric design approach have a relatively low natural frequency and 

stress level especially the 3 arm design models. From the vibration transmission aspect, 

the simulation result shows that the best machined spring type design models from 

guided topology optimization approach and parametric approach were able to reduce 

the acceleration level at the loop handle by 78.36% and 93.61% at the dominant 

operating frequency (103Hz). Based on the simulation result, design model (4d) from 

parametric design approach was chosen for prototype fabrication. The experimental 

result also has showed that using the prototype was able to reduce the acceleration 

transmissibility significantly in Xh, Yh and Zh axes. The acceleration transmissibility 

at the dominant operating frequency for the case with prototype was 63.99%, 86.67% 

and 87.09% lower in Xh, Yh and Zh axes as compared to the case without prototype. 
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CHAPTER 1 INTRODUCTION 

1.1 Research Background 

In many countries including Malaysia, grass trimmer is a very common tool 

which is used to clear the weeds. The portable grass trimmer has a single nylon string 

that is attached to its rotating head is rotationally unbalanced. The vibration generates 

by the rotating nylon string will be transmitted to the handle through the shaft and then 

the vibration will be transmitted to human hands directly. Long term exposure to the 

high level of hand arm vibration is undesired and can lead to hand-arm vibration 

syndrome (HAVs) if the operator does not equip any protection tools. 

Hand-arm vibration (HAV) is vibration transmitted from a work process into 

human hands which is usually caused by operating hand-held power tools, hand-

guided equipment, or by holding materials being processed by machines. Long term 

exposure to the high HAV level can cause the complex vascular, neurological and 

musculoskeletal disorder, collectively named hand-arm vibration syndrome (HAVs) 

which is a widespread hazard in many industries and occupations. Thus, it is important 

to control the vibration at the handle or equip the protection tool in order to prevent 

HAVs. 

According to the Guidelines on Occupational Vibration, 2003 by the 

Department of Occupational Safety and Health (DoSH) Malaysia, the maximum 

component acceleration at each direction (Xh, Yh and Zh) is 4 m/s2 for the duration of 

4 hours and less than 8 hours (Department of Occupational Safety and Health Ministry 

of Human Resources Malaysia, n.d.). In addition, European Union (2005) also has 

defined the exposure action value of 2.5 m/s2 and exposure limit value of 5.0 m/s2 for 

daily vibration exposure A(8). However, the measurement of the current grass trimmer 

has recorded a vibration total value (ahv) of 11.30 m/s2 (3.88 m/s2 in Xh, 9.24 m/s2 in 

Yh and 3.96 m/s2 in Zh) which has exceed the exposure limit value of 4 m/s2 (Ko et al., 

2011).  
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Figure 1.1: Threshold Limit Values for Exposure of the Hand to Vibration in Either Xh, Yh 

and Zh (Department of Occupational Safety and Health Malaysia) 

 

There are many techniques for controlling vibration at the handle such as 

mounting a dynamic vibration absorber on the source of vibration, isolate the hand 

from the vibrating handle with the use of anti-vibration gloves and isolate the tool 

handle from the vibrating source by using isolators. In 2011, the use of suspended 

handle has showed that vibration level is reduced by 76% which is an effective tool to 

suppress the vibration level at the handle of the grass trimmer. After that, some 

researchers have tried other techniques to reduce the vibration level at the handle, but 

the vibration attenuation effect is not as good as the suspended handle. Thus, topology 

optimization design approach will be used in this present research to find a new 

possible and effective solution in reducing the vibration level at the handle. Besides 

that, parametric design approach will be used as well to compare the effectiveness of 

using topology optimization approach. 

 

Figure 1.2: Universal Suspended Handle Adaptor for Petrol Engine Grass Trimmer 
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The natural frequency of the design is a very important parameter to be 

controlled and it should be far away from the operating frequency of the grass trimmer. 

The natural frequency of an object is mainly depended on its mass and stiffness. For 

example, lower mass and stiffer object increases natural frequency whereas higher 

mass and softer object lowers natural frequency (Fundamentals of Vibration, n.d.). 

Besides that, the natural frequency of an object is also affected by the material and the 

geometry as well (Kamath et al., 2014). Thus, various designs with different size, 

length and structures will be created in parametric design approach and a best optimum 

design could be found. 

In addition, by using the topology optimization design approach such as 

topology study in Solidworks, all the important parameters can be controlled and set 

as the constraints for topology optimization. After that, a best optimum design can be 

created as well based on the result generated in the topology study. The best optimum 

design might have a very complex shape which is not able to fabricate easily through 

the traditional manufacturing way due to the complex geometry. However, it can be 

produced easily by using the additive manufacturing such as 3D printer with high 

precision. 

A comparison will be made between the designs produced by the topology 

optimization design approach and parametric design approach. Only a best optimum 

design will be selected for additive manufacturing. The best design will be printed with 

ABS plastic using 3D printer. Originally, the adapter was made of mild steel and 

natural rubber that is strong enough to withstand high stress and able to attenuate the 

vibration level at the handle. This adapter served as the base design to compare with 

the new design and the several experiments will be conducted to test the prototype. 

Ideally, the new design must be strong enough to lift up the shaft of grass trimmer 

without any deformation and able to attenuate the vibration level at the handle. 

1.2 Problem Statement 

The portable grass trimmer has a single nylon string that attached to its rotating 

head is rotationally unbalanced. Thus, high level of vibration will be produced which 

is undesired as the operator might be suffered to the large magnitude of hand arm 

vibration (HAV) and may cause complex vascular and neurological and 

musculoskeletal disorder, collectively named as hand-arm vibration syndrome. The 
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commercial handle of the petrol engine driven grass trimmer has a vibration total level 

of 11.30 ms-2 which has exceed the maximum exposure limit of 8 hours as stated in 

DoSH and EU's action limit for HAV. 

1.3 Objectives 

This research aims to achieve the objectives as listed: 

1. To optimize the current suspended handle adaptor using topology optimization 

design and parametric design approach. 

2. To compare the outcomes from the topology optimization design approach and 

parametric design approach in term of stress level and natural frequency. 

3. To determine the acceleration transmissibility of the best optimum design 

obtained from different approaches using harmonic analysis simulation. 

4. To fabricate a prototype with the best optimum design model obtained from 

different design approaches using additive manufacturing. 

5. To verify the prototype through experimental approaches such as modal 

analysis and acceleration transmissibility test. 

1.4 Scope of Research 

In this research, different design model was created using parametric design 

approach and topology optimization design approach. For parametric design approach, 

different machined spring type designs were created. For the topology optimization 

approach, it was divided into two part which were guided and unguided topology 

optimization design. The unguided topology optimization design uses the simple shape 

model whereas the guided topology optimization design uses the baseline design as 

the reference for topology optimization. All the design models were validated using 

static and frequency analysis in Solidworks. Comparison between the outcomes from 

different approaches was made and the best design model from each approach was 

selected to perform harmonic analysis simulation to study the acceleration 

transmissibility of each design. Then, fabrication of prototype was done using additive 

manufacturing and verification was done by conducting experimental modal analysis 

and acceleration transmissibility test.
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CHAPTER 2 LITERATURE REVIEW 

In this section, relevant resources are reviewed to obtain sufficient knowledge 

about hand-arm vibration, vibration control techniques and topology optimization 

design. 

2.1 Hand Arm Vibration 

When the hands or fingers hold or grasp the vibrating objects, the vibration can 

be transmitted from the vibrating objects into human hand. This process is known as 

the harm arm vibration (HAV). Nowadays, there are many machines or powered hand-

held tools have high vibration level as shown in Figure 2.1 which are undesired as 

long-term exposure to these vibration sources can cause serious health issue and 

diseases such as white finger, carpel tunnel syndrome, sensory nerve damage, muscle 

and joint damage in the hands and arm, collectively known as hand-arm vibration 

syndrome (HAVs). 

 

Figure 2.1: One-third octave band spectra on 20 powered hand tools such as (A) Pneumatic 

rock drill; (B) pneumatic road breaker; (C) petrol-driven Wacker compressing road surface 

after mending; (D) a non-antivibration chain saw; (E) an antivibration chain saw; (F) a 

pneumatic metal-chipping hammer; (G) pole scabbler; (H) needle gun; (I) random orbital 

sander; (J) impact wrench; (K) riveting gun; (L) dolly used with riveting gun; (M) nutrunner; 

(N) metal drill; (O) wire swaging; (P) etching pen; (Q) electric 9-in angle grinder; (R) 

pneumatic rotary file; (S) pneumatic 5-in straight grinder; (T) pneumatic 7-in vertical 

grinder: continuous lines, unweighted spectra; dashed lines, weighted spectra. (Disorders, 

2001)  
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Harm-arm vibration syndrome (HAVs) is an occupational hazard which must 

be controlled to avoid long term health problems. Workers affected by HAVs might 

loss of light touch, feel pain and cold during white finger attacks and loss of grip 

strength. Long exposure to the hand-arm vibration (HAV) from the grass trimmer have 

been associated with the increase of signs of occupational diseases related to the harm-

arm vibration syndrome (HAVs). However, most of the workers are not aware of the 

health issues caused by the vibration exposure. In a study to investigate the prevalence 

of hand-arm vibration symptoms among employees at a mechanical company, it was 

found that 21% of the employees were judged to have vibration-related problems even 

though the exposure to vibrations was judged to be relatively low  (Azmir et al., 2018). 

From the Italian National Vibration Database, it has showed that the vibration values 

for a brush-cutter can go up from 1.5 m/s2 to 16 m/s2 which is very high and exceed 

the exposure limit as stated in DoSH and EU's action limit for HAV  (Vihlborg et al., 

2017). In a statistical study about the prevalence of HAVs among hand-held grass-

cutting workers in Malaysia, it has showed that there were positive HAVS symptoms 

relationships between the low–moderate exposure group and the high exposure group 

among hand-held grass-cutting workers. The prevalence ratio was 3.63 which was 

considered high and 36.3 of the workers have experienced finger colour changes and 

numbness (Azmir et al., 2016). Thus, it is important to impose some technique or 

equipment to attenuate the vibration level at the handle of the grass trimmer to prevent 

HAVs. 

 

Figure 2.2: Vibration white finger (Voelter-Mahlknecht et al., 2012) 
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2.2 Common Vibration Control Techniques 

Generally, the vibration control can be done by controlling the vibration from 

the source, path and receiver. In the case of using hand-held tools, the source was 

referred to a mechanical disturbance generated by the machine such as rotationally 

unbalanced forces from the rotating component. The path is the structural medium that 

transmit the vibration to the receiver. The path and receiver were referred to the shaft 

and the handle that grip the shaft. Any or all of these areas were studied and modified 

based on some common vibration control techniques in order to reduce the vibration 

level and transmissibility. 

Vibration control can be done by reducing the excitation input due to the 

unbalance or misalignment (5 Vibration Control, n.d.). This can be done by improving 

the balance of the rotating part. The center of gravity should be moved to the center of 

rotation and the net dynamic force acting on the shaft and moments about any point 

should be closer to zero to prevent rotationally unbalanced (Stevensen, 1972). Besides 

that, mass addition is another method which reduces the constant excitation forces by 

adding mass. This method obeys the principle of Newton’s second law as the mass of 

a system is increased while the forces are remained constant, the acceleration which is 

the vibration response will be decreased (Geiss, 1956).  

Next, vibration isolation is a commonly used technique as well to suppress the 

undesired vibrations in a system. A simple vibration isolation system is shown Figure 

2.3. The isolator is an additional medium that keep the vibration apart between two 

surface which are in contact and one of them is vibrate continuously. The effectiveness 

of an isolator can be determined by calculating the transmissibility. The 

transmissibility is the ratio of the amplitude at the system to the amplitude of the 

vibration source. For example, if x(t) is the amplitude response of the system and y(t) 

is the amplitude from vibration source. Then the transmissibility would be x(t) divided 

by y(t) as shown in the figure below. The smaller the transmissibility implied that the 

less vibration is transmitted to the system, and vice versa. 
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Figure 2.3: Schematic diagrams of vibration isolation system 

 

Besides that, changing the natural frequency of a system by modified the 

stiffness of the system or manipulate the mass of the system is able to eliminate or 

reduce the amplification due to the resonance (Clarke, 1999). Once the natural 

frequency of the system was far away from the operating frequency, the magnitude of 

vibration can be reduced effectively. Furthermore, introducing damper into the system 

such as using vibration absorber as a secondary mass to dissipates the mechanical 

energy and converts io thermal energy which is also an effective way for vibration 

attenuation (Craig, n.d.).  

Generally, these are the common techniques most of the designer and engineer 

were used for controlling the vibration. Most of the techniques mentioned here have 

also been applied to the grass trimmer to reduce the vibration level that will be 

transmitted to the human hands. The detail of the application of vibration control 

techniques in grass trimmer will be discussed in the next section. 

2.2.1 Vibration Control in Grass Trimmer 

It has been reported that the grass trimmer has the high vibration total value 

which can lead to HAVs. Therefore, vibration control in grass trimmer is essential and 

necessary to ensure that the vibration transmissibility from the grass trimmer to the 

human hands is maintained at a safe level. 

In the past, anti-vibration gloves are used to isolate the hand from the vibrating 

handle  (Brown, 1990). However, most of the commercial anti-vibration gloves are not 
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able to attenuate the low frequency vibration (below 100 Hz) and only effective to 

attenuate the high frequency vibration (Dong et al., 2003). Thus, it is not suitable to 

use as the protection equipment as most of the hand-held tool has the low operating 

frequency including the grass trimmer. In addition, the vibration perception are 

different at different locations on the hand such as fingers and palm with the use of 

anti-vibration gloves (Dong et al., 2010). Thus, using anti-vibration gloves to attenuate 

the vibration level at the handle is not a feasible solution. 

Insertion of anti-vibration systems could be a possible solution to attenuate the 

vibration level at the handle. For example, a tuned vibration absorber (TVA) can be 

applied to the grass trimmer to suppress the HAV. One of the studies has showed that 

install the tuned vibration absorber to the electric grass trimmer was able to reduce the 

vibration total value by 67% which has significantly reduced the risk of hand-arm 

vibration syndrome (Hao et al., 2011). In other study also has showed that the TVA 

installed at the particular location was effective in reducing acceleration level of 

vibration which has successfully reduce the vibrations of the handle by 80%. for both 

cutter head position (P, 2011). However, in practical the petrol engine of the brush 

cutter can operate in a wide range of frequency. For example, it can be varied from 

6000 rpm to 10000 rpm. In a recent study, it has showed that the TVA was effective 

for small speed range only (up to about 40% vibration reduction), otherwise the 

absorber resonance frequency needs to be changed (Patil, 2018). Therefore, TVA 

might not be suitable for all type of grass trimmer as well if the operating frequency 

range is very wide. However, if the operating frequency was fixed at certain level, 

using multi-axial vibration absorber was able to further suppress the hand-arm 

vibration from grass trimmer as compared to the single direction absorber (Patil, 2019). 

Other than using TVA, inserting rubber mounts between the handle and the 

source of excitation (suspended handle) was a feasible solution to isolate the handle 

from the vibrating source. From a study in 2011, different handle prototypes were 

designed with different material and the distance between the rubber mounts were 

varied and compare with the existing commercial handle  (Ko et al., 2011). It can be 

noticed that the commercial handle has the highest vibration total value whereas the 

handle that was made of mild steel with rubber mount has the lowest vibration total 

value of 2.69 m/s2 which was 75% reduction in vibration level. In addition, the distance 

between the rubber mounts will affect the vibration attenuation performance as well. 
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