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Abstract 

With the advancement of the technological eon, Automobiles 

have become one of the most essential part of the engineering 

aspects. Wheels are the crucial parts of the vehicles and 

conventional method for maintenance of wheels includes a 

tool known as pneumatic impact wrench which is used to 

attach or detach the wheels appropriately while the service 

operations are carried out. The pneumatic impact wrench uses 

compressed air as an input power to screw and unscrew the 

bolts of the wheels as per requirement. But in this 

conventional method, there is only one spindle in the 

pneumatic impact wrench and a specialized pattern is required 

to be followed to attach or detach the wheels without attaining 

tension concentration on individual bolts. This whole 

operation consumes lots of time and efforts. Therefore a 

mechanism is developed with a die-cast prepared with 

multiple spindles in it leading the whole mechanism to operate 

all the bolts of a wheel all at once. The mechanism has gear 

systems to prevent the slip and transmit maximum power 

output equally to all the spindles that are driven by the driver 

gear attached to the shaft of the pneumatic impact wrench. 

The mechanism in the die-cast is to be attached to the bolts of 

the wheels and the shaft of the pneumatic impact wrench is to 

be inserted at the slot provided for the respective one and then 

the whole operation is carried out applicably. This mechanism 

can be a revolution as it can conserve the time of the 

operation, optimize the effort required and also increase the 

service rate of the operation. This mechanism is reliable and 

also user-friendly, thus emerging as a great aspect of 

improvisation in the automobile industry. 

 

Keywords: Die-cast, Epicyclic gear train, Multiple spindle, 

Pneumatic Impact Wrench, Analysis of epicyclic gears. 

 

Introduction 
In an ordinary routine of an automobile industry, many 

vehicles endure the maintenance process. Maintenance of 

wheels are also one of the crucial part in the following 

process. Therefore their maintenance at regular interval are 

also necessary. The conventional method of attaching and 

detaching the wheels are immense and requires a tool called 

pneumatic impact wrench that consist of a single spindle in 

which the box stud tools are attached to operate the assembly 

operation of the bolts of the wheels. Also a specified pattern is 

to be followed to prevent the concentration of tension of 

wheels on an individual bolt and the whole process consumes 

time and effort. A mechanism of epicyclic gear train is 

constrained in a die-cast in which the middle gear in the 

epicyclic gear train has a slot in it to withstand the torque 

transmission developed from the pneumatic impact wrench. 

The spindle of the pneumatic impact wrench is inserted in the 

middle gear and the middle gear is meshed equally to other 

four counter-gears to which the spindles are fixed 

respectively. Thus, when the work is produced by the 

pneumatic impact wrench, the gear undergoes the torsional 

motion and simultaneously it does rotate the counter-gears 

meshing with it. The counter-gears have the shafts in which 

the box stud tools are fixed which are required in attaching 

and detaching of the bolts of the wheels, therefore producing 

an equal and efficient work. This results into conservation of 

time and effort and eventually tends to increase the service 

rate. These studies are related to the study on force and stress 

analysis of epicyclic gear train, simulation of pneumatics, 

casting, designing and production. 

 

 

 

 

 

 

 

 

 

Figure -1 Epicyclic gear train isometric view 

 

 

 

 

 

 

 

 

 

Figure-2 Epicyclic gear train wire-frame diagram 
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Calculations 
The nominal pneumatic impact wrench consist of a shaft with 

12mm diameter and 18mm face width. The box stud tool of 

19mm bolt head bore is used in most of the vehicles bolts. The 

torque induced by the pneumatic impact wrench under free-

load condition is 310 N/m and 290 N/m under work-load 

condition.  Therefore force required to operate the bolts are 

48333.33 N. The shown calculations are for an individual 

pneumatic impact wrench consisting of single spindle. 

 

For the new improvised design of the multiple spindled 

pneumatic impact wrench, the torque induced by the 

pneumatic impact wrench is the same. But in the whole gear 

train, all the gears are of equal dimensions. The diameter of 

the gears are 54mm. 

 

Module determined is 2. 

∵ 𝑚 =
𝐷

𝑇
 (𝑤ℎ𝑒𝑟𝑒 𝑚 = 𝑚𝑜𝑑𝑢𝑙𝑒, 𝐷 =

 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑔𝑒𝑎𝑟 𝑎𝑛𝑑 𝑇 = 𝑁𝑜. 𝑜𝑓 𝑡𝑒𝑒𝑡ℎ).  

 

Therefore from the module the teeth of the gear are 27. 

T = (F). (R) 

Where torque T = 310 N.m and radius R = 27mm 

∴ 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑓𝑜𝑟𝑐𝑒 𝐹 =  11481.48 𝑁 

 

For Beam stress,  

𝐹 = (𝜎𝑏). (𝑏). (𝑚). (𝑦). (𝜋)  

 

∵ Face width b = 18mm, module m = 2,  

     

∵ Form factor 𝑦 = 0.154 −  
0.912

27
 = 0.377, 

 

Therefore putting the given values in the equation,  

11481.48 = (𝜎𝑏). (18). (2). (0.377). (3.14) 

 

Then, we get   

𝐵𝑒𝑎𝑚 𝑆𝑡𝑟𝑒𝑠𝑠 𝜎𝑏 = 845.96 𝑚𝑃𝑎 

 

Volume Calculation,  

             𝑉 = 32107.663𝑚𝑚3 
Mass Calculation, 

𝑀 =
𝜌

𝑉
   

  ∵  𝜌 = 7850 𝑘𝑔/𝑚3 
Mass M = 244.44 g    (Of each gear) 

 

For Shaft-port,  

𝑙 =  20𝑚𝑚, 𝑏 = 80𝑚𝑚 , ℎ = 20𝑚𝑚  
∴ 𝑇𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 of the shaft-port  

= Volume of the inner shaft + volume of the outer shaft + 

volume of bearing slot 

= (𝑙 × 𝑏 × ℎ) + (𝑙 × 𝑏 × ℎ) + (
𝜋

4
× 𝑑2 × 𝑙))   

= (8000) + (22,220) + (88.35) 

 = 30,308.35𝑚𝑚3 

∴ 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠ℎ𝑎𝑓𝑡 − 𝑝𝑜𝑟𝑡 = 239.8 g 

 

For shaft spindle,  

𝑙 =  12𝑚𝑚, 𝑏 = 80𝑚𝑚 , ℎ = 12𝑚𝑚  
 

∴ 𝑇𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 of the shaft  

= Volume of the inner shaft + volume of the outer shaft + 

volume of bearing slot 

 = (𝑙 × 𝑏 × ℎ) + (𝑙 × 𝑏 × ℎ) + (
𝜋

4
× 𝑑2 × 𝑙))   

 = (2880) + (7992) + (353.42)  

= 11,225.42𝑚𝑚3 

∴ 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠ℎ𝑎𝑓𝑡 = 600 g 

 

For Design of die-cast, 

Volume of the Die-cast = 269,480.77mm3 

Mass of the Die-cast = 727.60 g 

Material density = 2.7 g/cm3 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-3 Measurement of Die-cast body 
 

 

 

 

 

 

 

 

 

Figure-4 Die-cast body 

 

Design Analysis 

Displacement Analysis 

 

 

 

 

 

Figure-5 Displacement Analysis 

 

The displacement analysis here represents the force generated 

on that part of the component which gets displaced. From the 

above analysis, it can be determined that the maximum force 

is generated at the teeth of the gears and the force decreases 

gradually to the core part of the gear that is the centre of the 

gear. The shafts of the gears undergo very less forces as they 

are rigid in the whole construction as well as they do not 

induce any displacement during the whole working. 
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Stress Analysis 

 

 

 

 

 

Figure-6 Stress Analysis 

 

The stress analysis here represents the different levels of 

stresses inducing in the individual components of the 

mechanism. The stress induced on the components may result 

into the result of the efficiency of the components of the 

mechanism. The above analysis study shows moderate stress 

level on the whole gear that is under mesh and very less stress 

is induced in the shafts of the gears. The table beside the 

figure shows different amount of stress induced with respect 

to the colour representation. 
 

Strain Analysis 

 

 

 

 

 

 

 

 

Figure-7 Strain Analysis 

 

The strain analysis here represents the deformation every 

component undergoes while under working condition. Due to 

many forces acting on the components, the deformation takes 

place and more deformation may lead to failure of the 

components. Thus due to these analysis, assumptions can be 

made about the design and durability of the materials of the 

components. The results from the above figures show the 

amount of strain induced on the components and the 

determination about the consistency of the materials of the 

components and of the mechanism. 

 

Result 

 

Table-1 Results of the different torque 

 

From the above analysis, the results can determined are that 

the maximum force for displacement takes place at the teeth 

of the gear, while the lowest force takes place at the core of 

the gear and at the surface of the gear, the levels are at 

moderate level. While in the scenario of the stress, the 

maximum stress takes place at the teeth and the minimum 

stress takes place at the core and the surface of the gear 

consist of moderate level of stress. The maximum and the 

minimum strain takes place at the teeth and the core of the 

gear respectively. While the strain level are average at the 

surface of the gear. 

 
Conclusion 

From the about results it can be concluded that, the 

displacement forces induces on the teeth of the gear and has 

low force inducing at the centre of the gear. The stress and 

strain inducing are at moderate level therefore the durability 

of the components increases. Thus the transmission force to 

the counter-gears from the middle gears takes place equally 

without any loss or deformation. Therefore the effort can be 

reduced and the service rate can also be increased 

simultaneously. 
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Torque 

transmitted at 

different parts 

of gears 

Displacement  

Analysis 
Stress 

Analysis 

Strain 

Analysis 

Teeth 9.635 × 1011 

Ures (mm) 
1.128× 103 

ESTRN 

4.063 × 1014 von 

Mises(N/m∧2) 
Core  2.409 × 1011 

Ures (mm) 
7.517 × 102 

ESTRN 

2.032 × 1014 von 

Mises(N/m∧2) 
Surface 7.226 × 1011 

Ures (mm) 
5.638× 102 

ESTRN 

3.386 × 1014 von 

Mises(N/m∧2) 
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