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ABSTRACT 
Drilling is one of the important metal cutting processes in the industrial sectors. Though there are several research studies 
exclusively pertaining to drilling mechanism and the implications on materials, there are research voids that pertain to the driller’s 
hand-arm posture and the corresponding mechanical responses during the process. Considering the vitality of the ergonomics 
involved, the objective is framed to estimate the stresses acting on the hand while operating handheld drilling machine by 
different subjects and 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. The transmitted vibration will impose the stresses on the anatomical structure of 
the hand-arm system.In this study to determine how the force and vibration transmitted through finger and investigate how much 
vibrations cause by drilling operation using Finger TPS – Wireless Tactile force sensor device and investigate to reduce cause of 
vibration using some material coating over the drilling hand. 
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INTRODUCTION 

 

Literature Survey: 

Daniel E. Welcome, Ren G. Dong., [1], 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. 
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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.  

Dohyung Kee et.al [11] has done systematic experimental study investigates the perceived discomfort 

depending upon levels of varying joint motions and present three systems for stressfulness of joint motions. The 

purpose is to propose ranking of postural stress for joint motion and joint for male and female subject. The 

ranking were based on perceived discomfort for joint motions. These researches have shown that awkward, 

extreme and repetitive body postures are also associated with musculoskeletal disorders in industry. Corlett and 

Bishop, have discovered the different type of discomfort rating scale used for measurement of industrial 

discomfort while person perform any type of physical work. The CP-50 point scale and BPD scale is used in this 

study to measure the intensity of discomfort level. The dose– response relationships involved in the 

development of work-related musculoskeletal disorders (WMSDs) are unknown But the factors involved are 

known to include force, posture and level of repetitiveness. 

  

II Research Methodology: 

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 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. 

 

 
Fig. 2.1: Research Methodology 

 

III Experimental Investigation: 

Twelve healthy subjects who use their left hand for drilling are recruited with anthropometric data listed in 

Table 1 to perform the drilling operation while wearing the pre-calibrated Finger TPS sensors in their hands. A 

force sensor (range 0–50 kg) is then utilized to measure the maximum pinch force of the thumb, index, middle, 

ring and pinky (small) fingers of the dominant (left) hand. Subjects are first explained about the overall 

procedure to be followed for the experiment and instructed to drill four holes on a plywood one after the other 

without stopping against the marked targets on the plywood of size 250 × 250 × 16 mm. The plywood sheet is 

supported and fixed on a wall in the laboratory. Time to drill each hole is calculated by using a stopwatch. 

Figure 3.2 shows the impact drilling machine which is utilized for studying the hand-arm vibration. These 

impact drilling machines produce vibration of high magnitudes during drilling operations. The experiment is 

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

drill bit of 6 mm diameter. 
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Fig. 3.1: Apparatus- TPS Sensor kit 

 

3.1 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 leather gloves material with various density. 

 

3.2The 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 

 

3.3 Coating material: 

These leather materials are thin and strong, extremely durable, flexible and with good sensitivity. The 

flexibility of the material also allows a more advanced ergonomic design, contributing to safety and 

comfort. This produces a material that is very strong and provides an excellent grip. 

 
Fig. 3.3: drilling with coated material 
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Xperimental Work: 

 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 50, 80 and 140 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 4.1: Magnitude of forces in hand as given by Finger TPS System (a) Force values for Subject-1 

Force on each fingers 

 Rt.thump Rt.index Rt.middle 

No coating 10.3  28.4  22.4 

50-d  8.7 23.5  19.5 

80-d 7.2  20.7  18.4 

140-d 5.8  18.2  16.1 

 

 
Fig. 4.1: Showing forces coming over fingers for leather materials for subject-1 

 
(b) Force values for Subject-2 

Force on each finger 

 Rt.thump Rt.index Rt.middle 

No coating  9.4  28.9  22.2 

50-d  8.2  25.05  18.8 

80-d  7.8  22.4  17.2 

140-d  7.2 21.75  16.6 

  

 
Fig. 4.2: Showing forces coming over fingers for leather materials for subject-2 

 
(c) Force values for Subject-3 

Force on each finger 

 Rt.thump Rt.index Rt.middle 

No coating 7.0 23.5 18.6 

50-d 6.2 21.5 17.7 

80-d 5.92 20.4 15.8 

140-d 5.42 18.9 15.1 
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Fig. 4.3: Showing forces coming over fingers for leather materials for subject-3 

  
(d) Force values for Subject-4 

Force on each finger 

 Rt.thump Rt.index Rt.middle 

No coating  9.5  28.2  22.3 

50-d  7.2  21.8  18.5 

80-d  6.6  20.5  17.2 

140-d  6.1  19.8  16.9 

 

 
Fig. 4.4: Showing forces coming over fingers for leather materials for subject-4 

 
(e) Force values for Subject-5 

Force on each finger 

 Rt.thump Rt.index Rt.middle 

No coating 8.9 24.6 18.6 

50-d 7.1 20.1 16.2 

80-d 6.4 19.2 15.8 

140-d 5.9 18.8 15.1 

 

 
Fig. 4.5: Showing forces coming over fingers for leather materials for subject-5 
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RESULTS AND DISCUSSIONS 

 

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 user have to exert more force, thus 

increasing the transmitted vibration exposure. Experimental investigation conducted  leather materials  of 

different densities showed that the maximum forces were reduced by coating the handle with   density 140 

kg/m3 followed by foam of densities 80 and 50 kg/m3. Density is a key specification which is an indicator of 

leather performance with regard to comfort, support and durability. 

 

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. Conclusions which can be drawn from the 

research work carried out are as follows: 

1. Minimum 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 are 

followed by drilling objects located at a height above shoulder level. 

3. Wearing gloves increased the forces coming over fingers but gloves but leather gloves showed the least 

increase in forces compared to the low density leather.  

4. Density 140 kg/m3 was found to be most effective in reducing the forces coming over the fingers 

followed by leather of densities 80 and 50 kg/m3. 
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