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Abstract: This paper focused on mechanically operated 

carpenters nail gun. It has generally considered replacing 

traditionally carpenters hammer by semi-modern carpenters 

nail gun to reduce fatigue of Ethiopian carpenters. In each stage 

material selection is done for individual component. The 

effectiveness of human power checked with an experiment with 

leading by ergonomically data. The experiment is held on local 

materials by using balancing weight, locally existed wood, 

hammer and different types of nail in order to check the amount 

of output force, 300Newtons resulted by analytical method is 

sufficient or not. According to test this carpenter nail gun is 

functioning on wood workshops for thickness of 25millimetre -

35 millimeter pair of wood, by 50 millimeter -70 millimeter nail 

length. According to the result each types of nail size have 

different force to penetrate the bond between the elements, 

because of difference in width of nail.  
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1. INTRODUCTION 

In our country, traditionally carpenters are used hammers to 

join woods. Hammers are an energy consumed tools, in 

addition to this, to insert the nail in to the wood it need a 

perfect target, otherwise the nail may be deflect in to the 

operator or it may be bended, The working conditions of the 

carpenters are not conformable and it is tiresome. In order to 

join two woods, they should be hit up to on average up to ten 

times for a single nail. But this joining technique is energy 

consuming method.  

Stud guns have become an indispensable tool in modern 

building construction and maintenance. 

They are used to attach materials like woods, steel, and 

concretes. They were first introduced in the early 1950s; now, 

perhaps as many as a hundred may be found at a single 

construction site. This device is known by many names, such 

as powder-actuated tool, explosive-actuated fastening tool, 

nail gun, masonry gun etc. 

This tool uses as an energy medium like compressed air, 

compressed inert gas, internal combustion and also an electric 

power for actuating nails well. When it used to deliver force 

it may be damage body tissue, to minimize this sever 

accidents proper standards and recommended work practices 

are must be followed. 

 

Generally modern technology with its accompanying labor-

saving devices are seldom which is free from potential 

hazards. So we must substitute mechanically powered 

carpenter’s nail gun instead of traditional carpenter’s 

hammer. 

1.1. THE DESIGN PROCESS 

Design is an iterative process. The starting point is a market 

need captured in a set of design requirements. Concepts for a 

product that meet the need are devised. The design proceeds 

to the embodiment stage: working principles are selected, 

size and layout are decided, and initial estimates of 

performance and cost are made. If the outcome is successful, 

then we proceeds to the detailed design stage: full analysis of 

critical components, preparation of detailed production 

drawings, and specification of tolerance, precision, and so 

forth. 

 
FigureI.Design flow chart, 

Materials selection enters each stage of the design. The nature 

of the data needed in the early stages differs greatly in its 

level of precision and breadth from that needed later on 

(Figure I). 
 

1.2. Test on Wood Hardness with Different Nail Size 

In the designing process the force to penetrate bond between 

wood particles is required. For this reason, it is recommended 

to refer available data with related to mechanical properties 

of wood specious. But, most of the available data is, wood 

specious that are not usually used in our country, because of 
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this, an experiment is needed to be conducted. The 

experiment is conducted by using oscillating weight balance, 

hand pressing machine and different types of nail size. 

 

To conduct this experiment some considerations are made;   

 The wood specious Cordiana Africana (wanza) is 

selected  

 The strength or hardness of the wood is depending 

on the content of water, hence the content of the 

water of the wood is assumed equally distributed, 

 Significant change will be appear when there is 

change on, 

 Specific gravity of the wood and 

 Diameter of nails  

 The considered wood type is free from knot, 

 The joining surface of the two woods is in the 

radial direction. 

Hence our aim is to insert the indicated nail in to the pair of 

wood. Force is applied on the nail gradually, because it is 

difficult to record the digits during impact load.  Recording is 

taken after penetrating of the wood when the nail is start 

going down.  

According to the result each types of nail size have different 

energy requirement to penetrate the bond between the 

elements, because of difference in width of nail.  

For Dia.2.09x44mm length of nails, need 20kg or 196.20N 

      Dia.2.40x50mm length of nails, need 27kg or 266.30N 

      Dia.2.87x57mm length of nails, need 30kg or 294.30N 

force is applied. 

From the experiment result the maximum force required to 

penetrate the bond between wood particles is 295N force. 

The aim is to design mechanically operated carpenter nail 

gun that can produce greater than or equal to 295N force. 

1.3. Mechanism and Operating Principle of Nail gun 

Mechanically operated carpenters nail gun is powered with 

compressed spring; the compression force is done by 

mechanically meshing spur gear and rack gear, with 

including buttress thread, in order to fire nails there are 

slightly small procedures. 

Once the nail is available in the magazine, the operator is pull 

rotationally to compress the spring, when the handle is rotate, 

arm and shaft is also rotates with the handle. To create one 

directional motion and force application we use buttress 

thread. When compression spring is reached at ultimate 

compression limit, we just loose our hand, to make it free 

from force applying. So the spring is pushing the hammer.    

When the handle is pull backward the force is transmit in to 

the arm length that rotate shaft and then into the spur gear 

with the help of ratchet and pawl mechanism the rack will 

compresses the spring. When the spring is fully compressed it 

is released quickly by press the trigger at this time the 

hammer is driving into the nail. The spring returns to its 

neutral position, ready to be compressed for the next nail. 

 

Pre-conditions 

i. The nails are available in the magazine; the capacity of 

the magazine is about 15 nails.  

ii. The operator is being held the fixed holding with the 

right hand. 

The benefits of the new mechanically powered carpenters nail 

gun available in the market, even if it is not available in 

Ethiopia, 

 Reduce the designed total product cost 

 Reduce number of components from 100 to 20 

 Change working principle mechanism from complex to 

simple ( from explosive, electrical, and compressed air in 

to  mechanical) 

1.4. Design for Manufacturing 

In the design of mechanically powered carpenters nail gun 

the mechanism starts at the handle powered by the working 

man. Ergonomically literatures indicate that “one person can 

apply 196.4N force in case of radial motion continuously for 

8 hours” [10]. It is assumed that for safety reason at the 

handle 60N force is exerted, this force is transmitted in to the 

spur gear with the help of arm length through shaft and then 

in to the rack. The rack compress the spring, at this stage the 

power is induced in to the spring, when the stopper is 

removed the spring push off the rack, then the rack that is 

connected with the hammer exerts a force into the head of the 

nail then the nail will penetrate the woods and  join them. 

The moment of a force, or torque, is a measure of the force's 

tendency to cause rotation. It is defined as the product of the 

magnitude of the force and the perpendicular distance from 

the axis of rotation to the line of action of the force. In Figure 

1, the moment of force, F about an axis of rotation through 

moment arm is given by F x d. (Of course, the units of torque 

are those of force distance). 

 
    60N perpendicular force is applied on it 

 
Figure II the handle and moment of arm 

Given: - r=150mm=0.15m and F=60N 

Torque the at the handle is become  

T = F × r ,T = 60Nx150 then T = 9000 = 9kN 

Hence these amounts of torques develop at the conjunction of 

the shaft and the arm length. The indicated torque is crate a 

force between at the conjunction of the arm and the gear. 

 

1.5. Design of Shaft 

The shafts may be designed on the basis of 

 Strength, and  

 Rigidity and stiffness. 

In this case the shaft is subjected to twisting moment or 

torque only; we only consider Shafts Subjected to Twisting 

Moment Only 

150mm 
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When the shaft is subjected to a twisting moment (or torque) 

only, the diameter of the shaft may be obtained by using the 

torsion equation. 

Where d=diameter of the shaft or diameter of the hole in the 

hub. By taking safety factor of 2, 𝑑 = 2 × 7.1 =
14.2~15𝑚𝑚. 

Design of Spur Gear 

 Gear having straight teeth cut on the rim, parallel to the axis 

of rotation. Most common and cost-effective type of gear, 

designed to transmit motion and power between parallel 

shafts which rotates in the opposite direction. The 20-degree 

PA gear tooth forms have wider bases and can transmit 

greater loads. 20-degree PA tooth forms will not mesh 

with14.5-degree PA teeth. Be certain to verify the Pressure 

angle of the gear is use. 

 Pressure angle=20o and Module of the gear is 2.5 

Diametric Pitch (DP)= m × N = 2.5 × 24 = 60 

Circular Thickness or Reference pitch (t) 

t =
πDp

2N
=

60 × π

2 × 24
=

141.4

48
= 3.9mm 

Addendum (A) =
1

P
=

1

0.4
= 2.5mm 

Dedendum (B) =
1.157

P
=

1.157

0.4
= 2.89mm 

Root Diameter (RD) =
𝑁−2

𝑃
=

24−2

0.4
= 55 mm 

Base Circle (BC) = 𝐷𝑃 × 𝑐𝑜𝑠𝑃𝐴 = 60 × 𝑐𝑜𝑠20𝑜 = 56.4mm 

Circular Pitch (CP) =
πDp

2N
=

3.14×60

2×24
=3.9mm 

Whole Depth (WD) =
2.257

𝑃
=

2.157

0.4
= 5.39mm 

In designing a gear, it is important to analyze the magnitude 

and direction of the forces acting upon the gear teeth, shafts, 

bearings, etc. the Spur Gear's transmission force Fn, which is 

normal to the tooth surface, as in Figure3.4, can be resolved 

into a tangential component, Ft, and a radial component, Fr. 

Ft =
2T

DP
-----------------------------------------------1 

Ft =
2×9000

60
= 300N, which transferred in to the pitch of the 

rack gear teeth 

 
Figure III Directions of forces in spur gear [2] 

The force is transferred from the operator in to the handle and 

then in to diametric pitch of the gear. 

Torque At the diametric pitch is became, 

TDP
= FKW × rDp

-----------------------------------2 

FKW = 300N. 

TDP
= 300N × 60 

TDP
= 18,000N 

By using the Lewis Bending Equation the tangential force 

exerted in to the gear became.  

Ft = σw × f × pc × y-------------------------------3 

 

Ft = 17,464.68N, Ultimate capacity of the spur gear which 

withstand without failure. Hence the tangential force 

developed at the spur gear is 3000N, so the ultimate force, 

which is, Ft=13,971.7N, with stand without failure is more 

than the developed force. 

Design of Helical Springs  

The helical spring are made up of a wire coiled in the form of 

a helix and is primarily intended for compressive or tensile 

loads. Our aim is to select helical compression spring which 

absorbs a maximum load of 300N for a deflection of 60 mm. 

Hence our purpose is to select spring to induce the above load 

and compressive stress. 

With this requirement I have select or decide material of 

carbon steel with its advantageous the requirement of 60mm 

deflection. Carbon steel has maximum allowable shear stress 

of 483Mpa.with average service, and modulus of rigidity of 

80MN/mm2. 

Given, Ft=17,464.68N and  𝛿 = 60𝑚𝑚 

Mean diameter of the spring coil d=0.83mm 

Take factor of safety 4, d=0.55×4=2.49mm  

From Table, we shall take a standard wire of size standard 

wire gage (SWG14) having diameter (d) = 2.337mm. 

Mean Diameter of the Spring Coil, =14.0mm 

Number of Turns of the Coils 𝑛 =
60

1.12
= 54.1 ≅ 55 𝑡𝑢𝑟𝑛𝑠 

For squared and ground ends, the total number of turns, 

𝑛, = 𝑛 + 2 = 55 + 2 = 57 𝑡𝑢𝑟𝑛𝑠  

Solid Length 𝐿𝑆 = 𝑛′ × 𝑑 = 57 × 2.337 = 133.2𝑚𝑚 

Free Length of the spring LF = 202.6mm 

Pitch of the Coil p =
202.6−133.2

57
+ 2.337 = 3.554mm 

Springs are almost always subject to fatigue loading. In many 

instances the number of cycles of required life may be small, 

say, several thousand for a padlock spring or a toggle-switch 

spring. But the valve spring of an automotive engine must 

sustain millions of cycles of operation without failure; so it 

must be designed for infinite life. 

Then a steady component and an alternating component can 

be constructed as follows 

Fa = [
Fmax−Fmin

2
]------------------------------------4 

Fmid =
Fmax+Fmin

2
-----------------------------------5 

The maximum force that exert on the spring is that 300N. We 

apply 80% of the force, which is became 240N, the remaining 

20% of force is pre-loaded 60N; with this load we have 

minimum and maximum load and also maximum and 

minimum shear stress. [11] 

The amplitude and midrange force is became, 

Free length of the spring is 300mm, when it is pre-loaded, 

that is 80% of the force is applied the spring length became, 

Maximum force =240N 

Minimum force =60N 

Fa = [
Fmax−Fmin

2
] =

240−60

2
= 90N And  

 

Fmid =
Fmax+Fmin

2
   =

240+60

2
= 150N 
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The midrange shear stress is given by the equation 

τm = kB
8FmD

πd3 ----------------------------------------6 

τm = 1.15
8 × 150 × 11.7

π × (2.337)3
= 402.6Pa 

The maximum and minimum shear stress is, 

τmax = kB
8FmaxD

πd3 -----------------------------------7 

τmax = 1.15
8 × 240 × 11.7

π × (2.337)3
= 644.2Pa 

τmin = kB
8FminD

πd3 ------------------------------------8 

τmin = 1.15
8 × 60 × 11.7

π × (2.337)3
= 161.1Pa 

Then the shear stress amplitude is  

τa = kB
8FaD

πd3 -----------------------------------------9 

τa = 1.15
8 × 90 × 11.7

π × (2.337)3
= 241.6Pa 

There is always a risk that the working stress to which a 

member is subjected will exceed the strength of its material. 

The purpose of a factor of safety is to minimize this risk. 

Factors of safety can be incorporated into design calculations 

in many ways.  

 

Table1: Values of Lewis Form Factor Y [4] 

Number of 

Teeth 

Y Number of 

Teeth 

Y 

12 0.245 28 0.353 

13 0.261 30 0.359 

14 0.277 34 0.371 

15 0.29 38 0.384 

16 0.296 43 0.397 

17 0.303 50 0.409 

18 0.309 60 0.422 

19 0.314 75 0.435 

20 0.322 100 0.447 

21 0.328 150 0.46 

22 0.331 300 0.472 

24 0.337 400 0.8 

26 0.346 Rack 0.485 

 

From the above table we find A = 2211Mpa and m = 0.145. 

The ultimate tensile 

Strength is estimated as 

Sut =
A

dm---------------------------------------------- 10 

Sut =
2211

2.3370.145
= 1954.9Mpa 

Also the shearing ultimate strength is estimated from 

Ssu = 0.67Sut--------------------------------------- 11 

Ssu = 0.67 × 1954.9 = 1309.8Mpa 
 

 

 

 

The Gerber ordinate intercept for shear 

Sse =
Ssa

1−(
Ssm
Ssu

)
2--------------------------------------- 12 

Sse =
398

1 − (
534

1309.8
)

2 = 477.34Mpa 

The amplitude component of strength Ssa 

𝑆𝑠𝑎 =
𝑟2(𝑆𝑠𝑢)2

2𝑆𝑠𝑒
[−1 + √1 + (

2𝑆𝑠𝑒

𝑟𝑆𝑠𝑢
)

2

]------------- 13 

 

𝑆𝑠𝑎 =
0.672(1309.8)2

2 × 447.7
[−1 + √1 + (

2 × 447.7

0.67 × 1309.8
)

2

] 

𝑆𝑠𝑎 = 806.68 × [0.4776] = 385.3Mpa 
The fatigue factor of safety is given by 

𝑛𝑓 =
𝑆𝑠𝑎

𝜏𝑎
---------------------------------------------- 14 

nf =
379.267

257.7
 

nf = 1.47 

Since the factor of safety is greater than 1, the allowable 

working stress will be less than the strength of the material. 

 

1.6. Driving Nails 

Toe nailing, a common method of joining wood framework, 

involves slant driving a nail or group of nails through the end 

or edge of an attached member and into a main member. Toe 

nailing requires greater skill in assembly than does ordinary 

end nailing but provides joints of greater strength and 

stability. Tests show that the maximum strength of toe nailed 

joints under lateral and uplift loads is obtained by 

 Using the largest nail that will not cause excessive 

splitting,  

 Allowing an end distance of approximately one-third the 

length of the nail,  

 Driving the nail at a slope of 30°with the attached 

member, and  

 Burying the full shank of the nail but avoiding excessive 

mutilation of the wood from hammer blows [12].  

According to the American society of civil engineers manuals 

and reports on engineering practice on no. 84, mechanical 

connections in wood structures, test loads at joint slips of 

0.38 mm (approximate proportional limit load) for bright 

common wire nails in lateral resistance driven into the side 

grain (perpendicular to the wood fibers) of seasoned wood 

are expressed by the empirical equation 

 

P=KD 3/2 -------------------------------------------------------- 15 

Where  

 P - Lateral load per nail,  

 K- Coefficient, and  

 D - Diameter of the nail 

Conditions 

 Wood with a moisture content of 12%, 

 Specific gravity based on oven dry weight and 

volume at 12% moisture content. 

Coefficients based on load at joint slip of 0.38 mm (Refer 

Table1) 
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 P5d=kd3/2=50.04 x (2.87)3/5=243.30N 

 P6d=kd3/2 =50.04 x (2.87)3/5=281.07N 

 P7d=kd3/2=50.04 x (2.87)3/5=293.18N 

 P8d=kd3/2=50.04 x (2.87)3/5=304.09N 

The working condition of the test considered as the specific 

gravity of the wood is in range of between 0.29-0.42 for hard 

wood and 0.33-0.47 for soft wood. So any type of wood that 

fail between this ranges can be joined with this nail gun 

hammer. 

The above results are indicates, according to ‘ASTM’, the 

maximum working capacity of the designed mechanically 

operated carpenters nail gun is , p7d ,which required 293.18N. 

So it is bellow or equal to the maximum output of nail gun 

hammer 

 

1.7. Simulation of Critical Components with Solid Work 

Software 

Static studies calculate displacements, reaction forces, strains, 

stresses, and factor of safety distribution. Material fails at 

locations where stresses exceed a certain level. Factor of 

safety calculations are based on a failure criterion. The 

software offers 4 failure criteria. 

 
Figure2: Simulation of stress analysis (a) and static displacement (b) on shaft 

when force applied on the keyway 

 

 
Figure3: Simulation of stress analysis (a) and static displacement (b) on spur 

gar when force applied on teeth 

 
Figure4: Stress simulation (a) and static displacement of rack (b), the green 
indicates the fixture, and the pink color for location of applied of force 

 
Figure5: stress simulation (a) and static displacement simulation of hammer 

(b), the green 
 

As we have seen all critical components of the machines are 

in under the maximum yield strength that the material can 

absorb without fracture or failure.  

 

1.8. Mechanism of Operating Principle of Nail gun 

As we seen mechanically operated carpenters nail gun is 

powered with compressed spring, the compression force is 

done by mechanically meshing spur gear and rack gear ,with 

including buttress thread, in order to fire nails there is slightly 

small procedures. 

Pre-conditions 

iii. The nails are available in the magazine; the 

capacity of the magazine is about 15 nails.  

iv. The operator is being held the fixed holding 

with the right hand. 

Once the nail is available in the magazine, the operator is pull 

rotationally to compress the spring, when the handle is rotate, 

arm and shaft is also rotate with the handle. To create one 

directional motion and force application we use buttress 

thread. When compression spring is reached at ultimate 

compression limit, we just loose our hand, to make it free 

from force applying. So the spring is pushing the hammer.   
 

1.9. Conclusion 

In our country, traditionally carpenters are using hammers to 

join woods. Hammers are labour intensive tools, in addition 

to this, to insert the nail in to the wood it need a perfect 

target, otherwise the nail may be deflected in to the operator 

or it may be bended. The working conditions of the 

carpenters are not conformable and it is tiresome. In order to 

join two woods, they should hit it up to an average of ten 

times for a single nail. But this joining technique is labour 

intensive method.  

The current nail guns use compressed air, explosive gases or 

charge, or an electric motor.  The disadvantage of an electric 

motor nail gun is consumption of electric power and it is 

difficult to rural areas , the pneumatic nail gun have a hose 

and an extra equipment, like a pump, that has to be on site at 

all times. The explosive gas nail guns get rid of the need of 

the hose, but must be regularly cleaned, and require a battery. 

The mechanically powered carpenters nail gun solves such 

type of backwards without any consumption of power source 

or any other type of accessories. 

a b 
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The designed gun is meant to shoot a hammer to penetrate 

wood by nails, in order to do so the hammer must move with 

fast velocity to pierce the wood by the nail. In the design of 

mechanically powered carpenters nail gun the mechanism 

starts at the handle powered by the working man. 

Ergonomically literatures indicate that one person can apply 

196.4N force in case of radial motion continuously for 8 

hours. 

 It is assumed that for safety at the handle 60N force is 

exerted on the handle, this force is transmitted in to the gear 

with the help of arm length through the shaft then in to the 

rack. When the operator pull the handle in radial direction 

rack will compress the spring, at this stage the energy will 

store in the spring. While the trigger is released the hammers 

hits the nail and pierce the woods because of the energy 

stored in the spring. In the connection between shaft and spur 

gear there is ratchet and pawl mechanisms, which is capable 

of transmitting force in one direction and while the rivers is 

being idle. 

By the use of the data generated in the experiment of wood 

hardness as an input, the analytical result of  mechanically 

operated nail gun have the capacity of producing 300N force. 

Force and Stress analysis of the selected of critical 

components of nail gun machine was simulated by using 

SOLID WORKS Explorer 2012 commercial software, 

according to the output data (Refer Table 3.4 up to Table 3.7 

in the full document ), the maximum force and stresses are 

bellow the ultimate strength of the selected material. The 

designed Mechanically Operated Carpenter Nail Gun has the 

capacity penetrate locally available Cordiana Africana 

(wanza) wood spacious with different nail size (5cm, 6cm 

and 7cm). 

 

1.10. Recommendation 

The following are recommendations for related research in 

Mechanically Operated Carpenters Nail Gun 

1. This gun machine can solve the problem of power source 

and working condition of the carpenters, but it is limited 

with space utilization, so it is  recommend that if this 

machine is reduced in length it can be more comfortable 

for the operator. 

2. Mechanically Operated Carpenters Nail Gun is portable 

machine, the outer cover of the body is made from sheet 

metal, it can be modify by using composite material to 

reduce the weight and increase appearance of the 

machine.  

3. The experiment of wood hardness is tested on Cordiana 

Africana (wanza) wood specious which is free from knots 

type of wood; an interested person can test by considering 

different type of wood specious and the formation of 

knots. 

4.  The designed mechanically operated carpenters nail gun 

is limited up to 7centimetre diameter nail length; so for 

further work any interested person or group can upgrade it 

in to the preceding higher nail length and diameter. 
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