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ABSTRACT 
Hand Arm Vibration Syndrome (HAVS) is a group of symptoms related to the use of vibrating hand tools. Symptoms range from 
vascular and neurological to musculoskeletal and affect different parts of the hand arm system. HAVS is caused by the frequent use 
of hand-held power tools over an extended period of time. The hand arm vibration (HAV) is defined as the transfer of vibration 
from a hand tool to an operator’s hands. Operators assume considerable variations in the hand–arm posture while operating hand-
held power tools which results in different biodynamic responses of the hand–arm system. The quantity of absorbed energy is not 
only influenced by vibration intensity but also by several other factors, such as frequency, transmission direction, grip and feed 
forces, hand-arm postures and individual factors. Various vibration-reducing methods have been developed and applied to 
attenuate the vibration transmitted to the hand-arm system. The objective of this study is to determine the most effective and 
economical methods that can attenuate the forces transmitted to the fingers while operating hand held drilling machine by 
different subjects and investigate the effects of various vibration reducing methods on the forces transmitted to hands. Finger TPS 
– Wireless Tactile force sensor device is utilized for measuring the force exerted at fingers while operating hand held drilling 
machine with sensors. 
 
KEYWORDS: HAVS, finger TPS, PU foam material, Hand-arm posture  

 

INTRODUCTION 

 

Literature Review: 

This literature survey, conducted in the areas related to vibrations, occupational diseases incurred due to 

continuous exposure to vibration and finite elemental models for the biomechanical research of the human hand 

and arm is reviewed.  

 

1.1 Towards vibration measurement: 

Margarita Vergara., [13] carried out a field survey to measure the values of hand-arm vibration. Hand arm 

vibration was measured in 70 tools used in industries and found that about 15% of the tools exceeded the action 

limits according to the applicable standards. No preventive action was taken in any of these cases. Furthermore, 

in most of the cases, workers did not perceive these levels as being too high, which represents an additional risk. 
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Y. Aldien., [18] conducted experiments involving grasping the handle with two different postures, consisting in 

flexed forearm with elbow angle of 90⁰ and extended forearm with elbow angle of 180⁰. The results revealed 

that magnitude of total power absorbed by the hand–arm with an extended hand–arm could be up to 96% higher 

than that with the flexed elbow. Sasikumar.R and Lenin.K [3] conduct experiments on investigate the effects of 

various hand-arm postures on the stresses transmitted to the hands. Finger TPS—wireless tactile force sensor 

device is employed for measuring the force exerted at the fingers while operating handheld cordless drilling 

machine. The nature of vibration transmitted to the human hand-arm system is affected by the contact force 

variation between a vibrating tool handle and the hand. Ranjana K. Mehta., [15] The purpose of their study was 

to evaluate age- and gender-dependent effects of shoulder fatigue on task performance and muscular responses 

of a drilling task commonly observed within the construction industry. Results showed that fatigue decreased 

task completion times, irrespective of age and gender & higher errors were observed in the fatigued 

condition.R.G. Dong., [17] proposed a methodology for measuring the vibration energy absorbed into the 

fingers and the palm exposed to vibration is proposed to study the distribution of the vibration energy absorption 

(VEA) in the fingers-hand-arm system and to explore its potential association with vibration-induced white 

finger (VWF). The results of the study suggest that the VEA into the fingers is considerably less than that into 

the palm at low frequencies (25 Hz). Monica Lopez Alonso et al., [14] describes the exposure level of 

construction workers to hand arm vibration. Vibration levels of most common construction tools (plate vibrator, 

compactor, power trowel, electric hammer, pneumatic hammer, demolition hammer, cutting table, ram, circular 

saw, drill, and vibrator) were calculated and compared to the tool vibration data provided by manufacturers and 

the maximum time that each tool could be safely used was established. The result showed that for 42% of the 

tool studied, the daily exposure limit value was exceeded. Ignacio Ainsa et al., [8] investigated which factors 

causing uncertainty in hand arm vibration evaluation and how much they contribute to the total uncertainty of 

measurements. The results show that the fixing method and the accelerometer behavior are the two main sources 

of uncertainty. The total uncertainty of the measurements, considering both instrumentation and fixing method, 

reaches up to 8% of the values measured. R.G. Dong et al., [17] this study investigated the effectiveness of the 

on-the-hand measurement methods for assessing the vibration isolation performance of gloves when used with 

chipping hammers. The results suggested that the on-the-hand methods offer some unique advantages over the 

palm adapter method outlined in ISO-10819, Glove assessment based on transmitted vibration measurements 

taken at the head of the third metacarpal are more reliable than those based on the wrist vibration measurements 

using the instrumented watch. K.N. Dewangan et al., [5] studied the Vibration transmitted from the handles of 

the hand tractor to the metacarpal, wrist, elbow and acromion in actual field conditions during transportation on 

tarmacadam road, rota-tilling in a dry land and rota-puddling in wet land. An aluminium adaptor was designed 

and developed to measure vibration in the hand-arm. Parameters such as frequency unweighted and frequency 

weighted root mean square acceleration and work-related body pain of operators was evaluated. Vibration 

transmissibility was computed for various operations. The result indicate that vibration acceleration and posture 

of operation influenced vibration transmissibility. The transmissibility ratio during rota tilling operation were 

0.91, 0.47, 0.30, 0.21 at metacarpal, wrist, elbow and acromion respectively and during transportation were 

0.89, 0.44, 0.24 and 0.12 and during rota pudding were 0.80, .85, .43, 0.22 and 0.18. 

 

1.2 Towards vibration mitigation efforts: 

Daniel E. Welcome, Ren G. Dong., [4], A study was conducted to determine whether VR gloves can 

attenuate the vibration transmitted to the fingers or not. Seven adult male subjects participated in the 

experiment. A 3-D laser vibrometer was used to measure the vibrations on the fingers with and without wearing 

gloves. This study finds that the effect of VR gloves on the finger vibration depends on not only the gloves but 

also on the grip effort. Jagvir Singh , Abid Ali Khan, conducted a study whose aim was to evaluate the effects of 

different coatings on the handle of hand-held drilling machines. The vibration levels were recorded at the 

surface of handle and wrist of the operators. Coating materials used for the research work were rubber sheet, 

sponge, jute, cotton etc.  Previous studies have indicated that operators using hand held tools and equipment are 

badly affected by Hand – arm vibration syndrome. From this review, it is clear that how hand transmitted 

vibration from the work are important risk factors that contribute to development of Hand arm vibration 

syndrome among operators. In spite of this, little research have been performed that systematically characterizes 

the exposure of operators to these hazards and find out efforts which can be employed to reduce these hazards. 

The quantification of vibration is necessary for developing a better comprehension of the exposure levels that 

are present in different industrial equipment performing various tasks. 

  

Research Methodology: 

In the present study, it is proposed to analyze the effects of hand-arm posture on mechanical responses of a 

human hand to vibrations by performing experiment using finger tactile pressure sensor (TPS) system and 

further carry out experimental investigations to find out the most feasible mitigation measures to attenuate the 

forces being transmitted to the hands while working with powered hand tools. These experimental studies were 
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conducted on five male subjects to get the values of forces transmitted to hand during drilling plywood using 

Finger TPS system. Each subject is made to perform the drilling operation in three different hand-arm postures. 

Overall three experiments were conducted to evaluate the effectiveness of the following measures in mitigating 

the forces being transmitted to the hands of the subjects during drilling operation:- 

1. Personal protection in the form of vibration reducing gloves. 

2. Provide coating using damping material on tool handle. 

 
Fig. 2.1: Research Methodology   

 

This Chapter provides an idea how to carry out the entire work in order to determine the effects of various 

hand-arm postures on the distribution of dynamic stresses on hand while performing the drilling operation and 

find out the most effective method which can help in reducing the forces being transmitted to the hands of the 

operators. 

 

Experimental Investigation: 

As the handling of vibrating tools is effective on fingers, we need to recognize the minute force variation on 

each location. The sensor which is preferable for measuring is touch sensitive sensor. Tactile sensor is one such 

touch sensitive sensor that is widely used for various applications. The sensor is 12 mm square and 2.5 mm 

thick. The sensor is composed of a thin rubber sheet that is 0.5 mm thick and a silicon rubber with a void in the 

centre. On the centre of the rubber sheet, two strain gauges (gauge length: 1 mm, grid width: 1.5 mm) are 

attached point-symmetrically. Furthermore, Teflon tape is attached on the rubber sheet in order to reduce the 

influence of friction. The bottom of the sensor is the sensing area. The user puts his/her finger on the silicon 

rubber of the sensor and slides the sensor over the objective surface. The sensor is very soft and flexible. The 

sensor can be applied to the curved surface as well as the plane surface. Furthermore, the pressure applied by the 

finger does not convey directly to the strain gauges on the sensor because of the above mentioned structure. The 

applied pressure conveys to the silicon rubber and the relatively uniform pressure is applied to the sensing area 

including the strain gauges. 

 
Fig. 3.1: Apparatus- TPS Sensor kit 
 

 



690        R. Sasikumar and Dr.K.lenin., 2017/Advances in Natural and Applied Sciences. 11(7) May 2017, Pages: 687-695 

 

Table 3.1: Finger Tactile Pressure sensor (TPS) specifications 

Specifications 

Sensor Thickness 2-3 mm 

Full Scale Range 10 – 50 lbs  (4.55 – 22.73  kg) 

Sensitivity 0.1 lbs  (.045 kg) 

Temperature  Range 0-50 

Repeatability < 4% FSR 

Creep @ 3 lb load (FSR) 2% @ 1 sec, 8% at 10 sec 

Scan Rate 40 Hz 

Power USB rechargeable 

Operation Duration ~ 4 hours 

 

3.1 Experimental Investigation- I: 

3.1.1 Forces Involved in Fingers during Operation of Vibrating Machine Tool: 

Three healthy subjects were chosen to perform the drilling operation while wearing the Finger TPS sensors 

in their hands. Subjects were first explained about the overall procedure to be followed for the experiment. 

Participants were instructed to drill four holes on a plywood one after the other with flexed forearm with elbow 

angle of 90⁰ without stopping against the marked targets on the plywood. Subjects were instructed to first 

perform the operation without gloves and then with wearing the three gloves i.e. cotton, rubber and leather 

gloves. 

 

3.1.2 The Drilling Machine:  

Impact drilling machines are known to produce high vibration magnitude during operation. The experiment 

was carried out using Bosch GSR 9.6 Cordless Drill Driver Professional impact drilling machine by using a 

HSS drill bit of 6 mm diameter. 

 
Fig. 3.2: Drilling Machine 

 

3.1.2.1 Features of drilling machine: 

1. Excellent handling due to the compact size  

2. Soft grip for best handling and convenient working  

3. Forward/reverse rotation  

 
Table 3.2: Specifications of the Driller 

Technical data  

Torque, max 25 Nm 

Battery type NiCd 

No-load speed 0 - 400 / 1000 rpm 

Battery voltage 9.6 V 

Chuck clamping range 1 - 10 mm 

Weight incl. Battery 1.5 Kg 

 

               

 

 

 

 

 

 

Fig. 3.3: 6mm Drill Bit 
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3.2.3 Plywood Dimensions: 

1. Thickness= 1.6 cm 

2. Length= 25 cm 

 

3.2.4 PU Foam as coating material: 

Most of the flexible polyurethane foam produced is made for cushioning. This includes furniture, 

packaging, shoe soles and transportation. Furnishings use polyurethane foam for carpet underlay, bedding, and 

home furniture. The transportation industry uses it in seating cushions for the airlines, trains and bicycles and 

cars. It is also used in a wide range of other applications for cars such as sound insulation and vibration 

dampening. Other applications include clothing, toys, electronics and other applications for protection or 

cushioning issues. 

 

3.3 Experimental Investigation II: 

Five healthy subjects were chosen to perform the drilling operation with flexed forearm with elbow angle of 

90⁰ while wearing the Finger TPS sensors in their hands. Subjects were instructed to drill four holes on a 

plywood one after the other firstly when there is no coating over the handle and then with four PU coatings of 

different densities over the handle of the driller. 

 

  
Fig. 3.4: Driller while performing the operation with PU coating on handle 

 

Experimental Work: 

4.1 Experimental work I: 

This section discusses the magnitudes of forces obtained at fingers while performing the manual drilling 

operation firstly with bare hand and then while wearing three different gloves i.e. cotton, rubber and leather 

gloves by three subjects with flexed forearm with elbow angle of 90⁰. The force values are calculated for the 

drilling of 6 mm hole in plywood material which is widely used in the industries. 

 

 
 

Fig. 4.1: Finger TPS readings during drilling operation 

 

Following Table 4.1 (a) - (c) shows the mean of maximum values of forces for each of the drilled holes on 

the plywood. Average of the values are calculated to get the mean force acting over the fingers. 

 

 

 

 

 



692        R. Sasikumar and Dr.K.lenin., 2017/Advances in Natural and Applied Sciences. 11(7) May 2017, Pages: 687-695 

 

Table 4.1: Magnitude of forces in hand as given by Finger TPS System  

        (a) Force values for Subject-1 

Forces (in N) on each finger 

          Type Rt. thumb Rt. index Rt. Middle Rt. ring Rt. pinky 

Without gloves 1.565 16 2.55 0.38 0.68 

Cotton gloves 3.44 30.11 3.55 2.34 2.33 

Rubber gloves 3.8 33.5 3.45 3.55 3.14 

Leather gloves 4.82 37.4 4.81 5 3.8 

 

(b) Force values for Subject- 2 

Forces (in N) on each finger 

          Type Rt. thumb Rt. index Rt. Middle Rt. ring Rt. pinky 

Without gloves 1 9.22 2.57 3.48 3.522 

Cotton gloves 1.2 21.8 3 3.7 4.05 

Rubber gloves 1.74 27.87 4.77 5.94 5.12 

Leather gloves 2.91 28.7 5.62 7.5 6.5 

 

(c) Force values for Subject- 3 

Forces (in N) on each finger 

          Type Rt. thumb Rt. index Rt. Middle Rt. ring Rt. pinky 

Without gloves 1.41 10.22 0.82 1.5 1.5 

Cotton gloves 3.55 27 2.1 3.54 2.82 

Rubber gloves 5.5 31.7 3.9 5.1 3.94 

Leather gloves 6.26 35 7.53 6.84 5.26 

 

4.2 Experimental Work II: 

Following Table 4.1 (a) - (e) shows the mean of maximum values of forces coming on each of the fingers 

firstly when there was no coating and when coatings of different densities i.e. of 55, 75 and 120 kg/m3 were 

applied over the handle of the driller. Averages of the values are calculated to get the mean force acting over the 

fingers. 

 
Table 4.2: Magnitude of forces in hand as given by Finger TPS System  

        (a) Force values for Subject-1 

Forces on each fingers (in N) 

 Rt. Thumb Rt. index Rt. middle Rt. ring Rt. pinky 

No coating 7.8 21.5 18.23 5.4 8.5 

55-d 6.21 17.6 14.28 3.91 7.2 

75-d 5.84 16.51 14.1 3.8 6.71 

120-d 4.62 14.63 12.4 2.19 5.43 

 

 
Fig. 4.2: Showing forces coming over fingers for various PU foam for subject-1 

 
(b) Force values for Subject-2 

    Forces on each fingers (in N) 

 Rt. Thumb Rt. index Rt. middle Rt. ring Rt. pinky 

    No coating 6.32 20.8 18.4 4.72 7.6 

55-d 4.89 18.9 16.8 3.68 7.1 

75-d 4.63 18.1 16.33 3.4 6.89 

120-d 3.86 16.23 15.12 2.56 5.21 
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Fig. 4.3: Showing forces coming over fingers for various PU foam for subject-2 

 

(c) Force values for Subject-3 

  Forces on each fingers (in N) 

 Rt. Thumb Rt. index Rt. middle Rt. ring Rt. pinky 

No coating 5.92 23.5 18.64 4.1 11.52 

55-d 4.23 18.89 15.3 3.01 8.68 

75-d 4.11 17.6 14.98 2.9 7.84 

120-d 3.86 16.33 14.01 2.53 7.01 

 

 
Fig. 4.4: Showing forces coming over fingers for various PU foam for subject-3 

 
(d) Force values for Subject-4 

    Forces on each fingers (in N) 

 Rt. Thumb Rt. index Rt. middle Rt. ring Rt. pinky 

No coating 7.4 25.05 19.3 5.6 13.01 

55-d 6.1 19.8 16.3 3.96 9.7 

75-d 5.88 18.7 15.8 3.5 9.2 

120-d 5.21 17.95 15.2 2.86 8.5 

 

 
Fig. 4.5: Showing forces coming over fingers for various PU foam for subject-4 
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(e) Force values for Subject-5 

    Forces on each fingers (in N) 

 Rt. Thumb Rt. index Rt. middle Rt. ring Rt. pinky 

No coating 6.8 21.89 15.6 3.42 13.8 

55-d 5.2 17.5 13.3 3.01 12.6 

75-d 4.86 17.01 13.1 2.96 12.01 

120-d 3.91 16.53 12.06 2.53 11.6 

 

 
Fig. 4.6: Showing forces coming over fingers for various PU foam for subject-5 

 

RESULTS AND DISCUSSION 

 

The push and grip forces produced during operation of equipment are major factors that affect the vibration 

levels that reach the hand. Any increase in these forces will also have an increasing effect on the vibration 

intensity that will reach the hand tool, thus increasing the vibration exposure. Outcomes of the first experimental 

analysis showed that the values of forces transmitted to hands were more while wearing gloves as compared to 

when drilling with bare hands. Wearing gloves reduces hand movement and dexterity, and hence increases the 

performance time needed to complete the task. Wearing gloves also reduces the grip force and the users have to 

exert more force, thus increasing the transmitted vibration exposure. Although forces increased for all the three 

gloves but cotton gloves showed the least increase in forces compared to the rubber and leather gloves.  

Second experimental investigation conducted to evaluate the efficacy of PU foam of different densities 

showed that the maximum forces were reduced by coating the handle with PU foam of density 120 kg/m3 

followed by foam of densities 75 and 55 kg/m3. Density is a key flexible PU foam specification which is an 

indicator of foam performance with regard to comfort, support and durability. Long term repetitive and 

forcefully use of index finger may result into a disease called trigger finger, using both index and middle fingers 

reduces the chances of occurrence of this disease. Another experimental analysis was carried out to find out the 

variations in forces being transmitted to the fingers when only index finger was used for triggering and when 

both the index as well middle fingers were used for triggering purpose. Results of the experimentation showed 

that total triggering force was observed to be double when two fingers i.e. index and middle were used 

compared to when single index finger was used for triggering purpose. Simultaneously the holding forces 

coming over the ring and pinky increased because the middle finger which was contributing to hold the driller in 

its required place in first case was later used as trigger finger in the second case. 

 

Conclusions: 

Experiments were conducted on suitable number of subjects to determine the most effective and economical 

methods of reducing the forces coming over fingers while performing drilling operation on wooden plywood by 

Bosch GSR 9.6-2 cordless drill driver using Finger TPS system. As the impact drilling operation results in high 

contact pressure and vibration exposure the operators are highly susceptible to different musculoskeletal 

disorders and HAVS. So efforts should be made to considerably reduce these vibrations to a minimum safe 

level. Operators assume considerable variations in the hand–arm postures while operating hand-held power 

tools. The results of the study clearly suggests high significance of the hand-arm posture and mitigation efforts 

which can be employed in industries to reduce the problems occurring due to vibrations coming over the hands 

while performing the drilling operation.Conclusions which can be drawn from the research work carried out are 

as follows: 

1. Least values of Von-mises stress as well as maximum principal stress were obtained while drilling in 

flexed forearm with elbow angle of 90⁰. 
2. Stress values obtained were highest while drilling in flexed forearm with elbow angle of 180⁰ and is 

followed by drilling objects located at a height above shoulder level. 
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3. Wearing gloves increased the forces coming over fingers but gloves but cotton gloves showed the least 

increase in forces compared to the rubber and leather gloves. 

4. PU foam of density 120 kg/m3 was found to be most effective in reducing the forces coming over the 

fingers followed by foam of densities 75 and 55 kg/m3. 
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